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Abstract:  26 

Background: Population aging and public health emergencies pose challenges to the 27 

sustainability of healthcare systems for older adults. This study aims to assess the 28 

resilience of urban healthcare system for older adults and to examine whether, how, and 29 

under what conditions nationwide reforms in home and community care have enhanced 30 

the resilience of this system. 31 

Methods: Using the pilot program for reforming home- and community-based elderly 32 

care services (PHC), rolled out in five batches from 2016, as a quasi-natural experiment, 33 

we analysed 4774 city-year observations from Chinese prefecture-level and higher 34 

cities over 2010–2024. The urban healthcare services resilience index (LCRI) is 35 

constructed from two dimensions: service supply resilience and cost guarantee 36 

resilience. Spatial analysis, kernel density estimation, and Dagum Gini decomposition 37 

characterised its distributional evolution and regional disparities. A staggered 38 

difference-in-differences (DID) model identified the average treatment effect, dynamic 39 

effects, and transmission mechanisms, with multiple robustness tests. 40 

Results: During the sample period, the overall urban LCRI rose steadily, areas with 41 

low LCRI values contracted significantly, and regional disparities showed a fluctuating 42 

trend toward narrowing. Its spatial distribution did not exhibit a typical “higher in the 43 

east, lower in the west” gradient, but rather varied more in accordance with population 44 

density. PHC significantly improved the LCRI, and the policy effects gradually 45 

emerged and continued to accumulate as PHC progressed. Mechanism analysis 46 

indicates that PHC primarily exerted its effects by stimulating healthcare supply and 47 
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strengthening cost coverage, as evidenced by an increase in the number of seats for 48 

community meal assistance services and care personnel, as well as a decrease in per 49 

capita healthcare expenditure. Heterogeneity analysis shows that the effects of PHC 50 

were more evident in cities with higher degrees of economic development, more 51 

advanced aging populations, abundant medical resources, well-developed digital 52 

infrastructure, and greater fiscal capacity. 53 

Conclusions: PHC can enhance the LCRI by stimulating healthcare supply and 54 

strengthening cost coverage, with gains accumulating over time and concentrated in 55 

better-resourced cities. This study provides evidence at the urban level for enhancing 56 

the resilience of healthcare systems for the elderly. 57 

Keywords: Healthcare services; Home and community care services; Healthcare 58 

equity; Spatial distribution; Kernel density analysis 59 
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Background 70 

 71 

Population aging and increased life expectancy are reshaping global health 72 

systems and have made equitable access to sustainable care for older adults a central 73 

issue on the global health agenda. According to data from the World Health 74 

Organization, the global population aged 60 and older reached 1 billion in 2020 and is 75 

projected to rise to 1.4 billion by 2030 and 2.1 billion by 2050. The demand for care 76 

resulting from disability and cognitive impairment continues to grow, and its 77 

distribution is uneven across regions with varying resource endowments. Long-term 78 

care has evolved from a matter arranged by families into a public issue concerning 79 

health, finance, and equity, and its accessibility directly influences disparities in health 80 

outcomes among older adults. In recent years, public health emergencies and rising care 81 

costs have demonstrated that the equity and sustainability of the system are not 82 

determined by its static scale, but rather by its ability to maintain service accessibility 83 

during disruptions and to prevent families from falling into financial distress due to care 84 

expenses. Therefore, scale indicators such as the number of beds and the number of 85 

facilities can only indicate the size of the system; they cannot answer questions about 86 

who the system serves fairly or whether it can withstand shocks. It is against this 87 

backdrop that the concept of resilience from health systems research has been 88 

introduced into the field of health care services for older adults to describe the system’s 89 

ability to maintain equity and accessibility, absorb shocks, and resume operations in the 90 

face of exogenous disturbances [1, 2]. Resilience represents a reserve of capacity built 91 
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up through sustained investment and may be distributed unevenly across different cities, 92 

manifesting primarily in two capacities: service supply redundancy and cost buffers. 93 

Accordingly, this paper defines the LCRI for older adults as the system’s ability to 94 

maintain service provision, stabilize cost burdens, and ensure equitable and sustainable 95 

operations in the face of expanding demand or external shocks, and characterizes it 96 

from two dimensions: service provision resilience and cost protection resilience.   97 

How to build this capacity and ensure it benefits cities at different stages of 98 

development is a common equity challenge facing all countries as they reform their 99 

elderly health care systems. The prevailing trend in international practice is highly 100 

consistent: shifting the focus of care from institutional settings to home and community-101 

based care, and replacing high-cost institutional services with continuous care that is 102 

closely integrated into daily life. Since 2016, China has been advancing pilot reforms 103 

for home- and community-based elderly care services, using central lottery public 104 

welfare funds to provide incentive-based subsidies that support the construction of 105 

community care facilities, the establishment of service platforms, and the participation 106 

of social forces. The design of this initiative implicitly addresses disparities in regional 107 

resource allocation and represents a concrete implementation of the transition toward a 108 

de-institutionalized elderly health care system in China. Its phased implementation, 109 

supported by ongoing fiscal incentives, provides favorable conditions for identifying 110 

policy effects and examining their distribution patterns at the urban level. The key lies 111 

not in increasing the total volume of resources, but in simultaneously optimizing the 112 

structure of care provision and cost coverage, so that cities with different resource 113 
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endowments all have the opportunity to enhance their capabilities [3]. On the supply 114 

side, stable, targeted funding has driven the regular establishment of community service 115 

centers and professional staff, transforming care capacity into mobilizable reserves, 116 

which particularly benefits older adults in resource-scarce areas [4]. On the cost side, 117 

universal access to home- and community-based services replaces high-cost 118 

institutional care and reduces the marginal demand for medical services through health 119 

management, thereby lowering household out-of-pocket expenses [5]. It is evident that 120 

pilot programs may enhance the resilience of urban health and medical service systems 121 

for the elderly through two pathways: stimulating supply and ensuring cost coverage; 122 

however, whether this improvement can be achieved simultaneously across different 123 

cities remains to be seen. 124 

Research related to this study primarily falls into two categories. The first category 125 

of studies examines the implementation effects of supply-side policies for elder care 126 

services, with research outcomes largely focusing on service accessibility, the health of 127 

older adults, unmet care needs, and the burden of family caregiving [6, 7]. Previous 128 

studies show that these pilot programs improve older adults’ health, slow declines in 129 

daily living ability, and reduce unmet care needs [8, 9]. Expanding community care 130 

may also substitute for informal family care and reduce the use of intensive medical 131 

services [10, 11]. A second strand of the literature centers on the resilience of healthcare 132 

systems and long-term care frameworks, primarily addressing conceptual frameworks, 133 

evaluation indicators, and regional differences [12-14]. Overall, these two strands have 134 

not yet been effectively integrated: On the one hand, policy evaluations rarely treat the 135 
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system’s combined capacity to maintain services and stabilize costs as an outcome 136 

variable, making it difficult to determine whether supply-side reforms have improved 137 

the system’s scale or its resilience to disruptions. On the other hand, research on 138 

resilience largely remains at the cross-sectional or descriptive level, lacking causal 139 

identification based on quasi-experimental designs. Consequently, questions remain as 140 

to whether and to what extent reforms in home- and community-based care have 141 

enhanced the LCRI, through what mechanisms these effects are transmitted, and under 142 

what urban conditions such reforms are most effective. 143 

Compared with existing research, this paper’s marginal contributions are primarily 144 

reflected in four aspects. First, it expands the outcome variables for evaluating elderly 145 

care service policies from service quantity and health outcomes to the resilience of the 146 

elderly health care system. Second, it constructs the urban elderly LCRI based on two 147 

dimensions: service supply resilience and cost coverage resilience. This index provides 148 

a comparable, quantitative assessment of the resilience of the elderly health care system. 149 

Third, this study combines distributional analysis with policy effect identification. On 150 

the one hand, it uses spatial distribution, kernel density estimation, and the Dagum-Gini 151 

decomposition to illustrate the evolution of resilience levels and inter-city differences; 152 

on the other hand, it employs an interleaved difference-in-differences method to 153 

identify the net effects and dynamic impacts of policies. Descriptive findings and effect 154 

identification mutually corroborate one another, collectively painting a comprehensive 155 

picture of resilience enhancement. Fourth, this study identifies two transmission 156 

mechanisms: the stimulation of healthcare service supply and the strengthening of cost 157 
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coverage. At the same time, the study examines the heterogeneity of policy effects 158 

across different levels of economic development, degrees of population aging, 159 

healthcare resources, digital infrastructure, and fiscal capacity. This provides a 160 

reference for cities and countries at different stages of development to advance 161 

healthcare reforms for the elderly. 162 

The rest of the study proceeds as outlined below. Section 2 outlines the policy 163 

backdrop, theoretical frameworks, and research hypotheses. Section 3 details the data, 164 

methodologies, and variables. Section 4 reports the distribution analysis, regional 165 

disparities, baseline results, and robustness tests. Section 5 looks into the mechanisms 166 

and urban heterogeneity. Section 6 explores the results and limitations. Section 7 167 

concludes and presents policy implications. 168 

 169 

Policy Background and Theoretical Analysis 170 

 171 

Policy context of home- and community-based care reform in China 172 

 173 

PHC is a representative policy initiative by the central government to advance 174 

supply-side reform in elderly care services, and it also serves as the institutional 175 

precursor to the current inclusive network of universal elderly care . Fig. 1 outlines the 176 

institutional evolution and key policy milestones of PHC. Evaluating the effectiveness 177 

of PHC not only helps summarize existing reform experiences but also informs the 178 

policy implementation for the subsequent expansion of inclusive elderly care services. 179 
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 180 

Fig. 1 Institutional Evolution of PHC in China and Key Policy Milestones 181 

 182 

Fig. 2 further illustrates the pace of PHC’s implementation and its staggered 183 

treatment structure. The differences in the timing at which cities in each batch entered 184 

the treatment phase provide the necessary variation in treatment timing for the 185 

staggered two-way DID analysis. 186 

 187 

 188 

Fig. 2 Timeline of PHC and Allocation of Overlapping Implementation Phases 189 
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Conceptual framework and study hypotheses 190 

 191 

Resilience is essentially a system’s capacity to maintain core services, stabilize 192 

costs, and recover quickly in the face of disruptions; this capacity can only be gradually 193 

built up through sustained and predictable resource investments under normal 194 

conditions [15-17]. The institutional characteristics of PHC lie precisely in this: the 195 

central government’s special lottery public welfare fund, through its “incentive-based 196 

funding” approach, provides local governments with stable, predictable dedicated 197 

funding and institutional support, transforming scattered, spontaneous local initiatives 198 

into sustained investments backed by standards, performance evaluations, and 199 

supporting measures [18]. Unlike one-time subsidies or purely demand-side subsidies, 200 

this approach simultaneously transforms both the supply structure and cost structure of 201 

the system, thereby affecting the system’s overall capacity rather than a single outcome 202 

[19]. Evaluations of PHC have already shown that the pilots significantly slowed the 203 

decline in older adults’ activities of daily living and reduced unmet care needs, while 204 

also improving their health status [20-22]; these widespread improvements at the 205 

individual level are a direct reflection of the alleviation of pressure at the system level. 206 

Based on this, we propose the following hypothesis: 207 

Hypothesis 1. PHC significantly enhances the LCRI. 208 

The aforementioned improvement in resilience can be broken down into two 209 

pathways: strengthening financial protection and enhancing care provision. The effect 210 

of strengthening financial protection stems from the fundamental characteristics of 211 
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long-term care risks: expenditures are highly uncertain and potentially catastrophic, and 212 

the ability to cushion these costs therefore constitutes a key pillar of resilience [23, 24]. 213 

This effect operates through price and health channels. Under the price channel, 214 

universal pricing and government procurement reduce out-of-pocket care costs. They 215 

also allow households to shift spending away from reactive medical treatment [25, 26]. 216 

Under the health channel, continuous community health management helps preserve 217 

older adults’ health and reduces demand for intensive medical services [27]. Consistent 218 

with this, the expansion of long-term healthcare supply and subsidies has repeatedly 219 

been found to curb older adults’ use of hospitalizations and medical services [28-30]. 220 

This process improves access to services, replaces some high-cost institutional and 221 

medical care, reduces household cash expenditure, and strengthens financial buffers. 222 

With this in mind, we propose the following hypothesis: 223 

Hypothesis 2. PHC enhances the cost protection resilience dimension of the LCRI by 224 

reducing the economic burden of personal care and strengthening the stability of 225 

funding. 226 

The healthcare supply activation effect manifests as the expansion and structural 227 

optimization of formal care services in the community. PHC established community 228 

meal centers, day care centers, and embedded elderly care facilities across local service 229 

grids. This reduced the distance and time required to obtain care and shifted some 230 

family-based informal care to accessible formal services [31]. Existing evidence also 231 

shows that community care reduces the time families spend on informal care, especially 232 

for older adults with greater care needs [32, 33]. At the same time, government 233 
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procurement and social participation have lowered entry barriers and operating risks 234 

for private elderly care facilities. They have also expanded the workforce of 235 

professional caregivers, social workers, and senior care assistants. However, whether 236 

this supply can truly be realized depends on the support provided by the allocation of 237 

medical resources and interdepartmental coordination [34, 35]. The significance of this 238 

goes beyond the current scale of the sector: service outlets and human resources that 239 

operate on a routine basis constitute the system’s capacity for rapid mobilization and 240 

accessibility when demand surges. Fiscal incentives and subsidies support facilities and 241 

service platforms. They also attract social providers and expand the care workforce, 242 

thereby increasing supply reserves and improving accessibility. Consequently, the 243 

following hypothesis is put forward: 244 

Hypothesis 3. PHC enhances the “service supply resilience” dimension of the LCRI 245 

by stimulating the supply of community care services, expanding the care workforce, 246 

and increasing supply redundancy and accessibility. 247 

Fig. 3 summarizes the theoretical mechanism through which PHC affects the LCRI. 248 
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 249 

Fig. 3 Theoretical Framework of the Impact of PHC on the LCRI 250 

 251 

Methods 252 

 253 

Study design and data sources 254 

 255 

Information was derived from three primary sources. First, national, provincial, 256 

and municipal statistical yearbooks and reports are used to construct the LCRI, 257 

mechanism variables, and controls. Second, five official lists along with supporting 258 

documents released by the Ministry of Civil Affairs and the Ministry of Finance have 259 

specified the pilot urban areas and their respective implementation timelines. Third, 260 

population yearbooks and city statistical bulletins provide supplementary data on 261 

population structure and public finance. 262 

 263 
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Statistical analysis 264 

 265 

Spatial pattern analysis 266 

Spatial distribution analysis is used to intuitively present the geographical pattern 267 

of the LCRI and its temporal changes [36]. Based on the calculated LCRI, this study 268 

denotes the LCRI of city i  in year t  as LCRIit , and divides it into several grade 269 

intervals according to the natural breaks method or the quantile method. If the lower 270 

and upper bounds of the q th grade interval are cq-1  and cq , respectively, then the 271 

spatial distribution category of city i in year t can be expressed as: 272                                           Sit=q, if cq-1≤LCRIit<cq, q=1,2,…,Q                        (1) 273 

where Sit denotes the resilience grade to which city i belongs in year t, and Q 274 

is the number of grades divided. By comparing the spatial distributions at different time 275 

points Sit , the spatial agglomeration, gradient differences, and evolutionary 276 

characteristics of high-resilience and low-resilience cities can be observed, providing a 277 

descriptive factual basis for the subsequent decomposition of regional differences and 278 

identification of policy effects. 279 

 280 

Regional inequality analysis 281 

To more comprehensively depict the regional disparities in the LCRI and their 282 

underlying causes, this study employs the Dagum Gini coefficient decomposition 283 

approach. Unlike the traditional Gini coefficient, which fails to account for overlapping 284 

regions, the Dagum version can break down the total disparity into three components: 285 
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intra-regional variance, inter-regional differences, and transvariation density, offering a 286 

more precise insight into the structural origins of LCRI variations across regions [37]. 287 

The overall Dagum Gini coefficient can be expressed as: 288 

                                             G=
∑ ∑ ∑ ∑ |yji-yhr|nh

r=1
nj
i=1

k
h=1

k
j=1

2n2y‾                                 (2) 289 

where yji  and yhr  denote the LCRI of cities in region j  and region h , 290 

respectively; nj  and nh  are the numbers of cities in region j  and region h , 291 

respectively; n is the total number of sample cities; y‾ is the mean LCRI of the full 292 

sample; and k is the number of regions. Furthermore, the overall difference can be 293 

decomposed as: 294 

                                                        G=Gw+Gnb+Gt                                               (3) 295 

where Gw  denotes the contribution of intra-regional differences, Gnb  denotes 296 

the contribution of net inter-regional differences, and Gt denotes the contribution of 297 

transvariation density. On this basis, the study further explores the evolving patterns 298 

and contribution framework of LCRI disparities across the eastern, central, and western 299 

regions. 300 

 301 

Distributional analysis 302 

Kernel density estimation serves as a data-driven approach to describing 303 

probability distributions without assuming a specific functional form. Its advantage is 304 

that it does not presuppose a specific functional form of the overall distribution; instead, 305 

the shape of the density curve is determined by the sample data themselves. It is 306 

therefore suitable for characterizing the distributional position, shape, extension, and 307 
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polarization characteristics of the LCRI. Let the observed values of the LCRI be 308 

xi(i=1,2,…,n); then the kernel density estimator at any point x is: 309 

                                                    f̂(x)=
1
nh ∑ K

n

i=1

(x-xi

h )                                     (4) 310 

where n is the sample size, K(⋅) is the kernel function, and h is the bandwidth. 311 

In this study, a Gaussian kernel is employed: 312 

                                                     K(u)=
1√2π

exp (-
u2

2 )                                    (5) 313 

The bandwidth is determined according to the rule of thumb, and is re-estimated 314 

later using 1.5 times and 0.5 times the bandwidth to test the sensitivity of the 315 

distributional characteristics to bandwidth selection [38]. It should be emphasized that 316 

kernel density analysis characterizes descriptive facts at the distributional level, which 317 

are used to present stylized facts and provide an empirical background for causal 318 

analysis; the identification of the net policy effect still relies on the DID and event-319 

study designs below. 320 

 321 

Difference-in-differences analysis 322 

PHC was implemented in five batches. Because the timing at which different cities 323 

entered PHC varied, a typical multi-period treatment structure was formed. To examine 324 

the causal impact of PHC on the LCRI, this study employs a staggered DID model [39]. 325 

The baseline model is specified below: 326 

                                     LCRIit=α+βPHCit+γXit+μi+λt+εit                                 (6) 327 

Here, LCRIit denotes the LCRI for city i in year t. PHCit equals 1 after city i 328 
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enters PHC in year t  and 0 otherwise. β  captures the average policy effect on the 329 

LCRI, and Xit is a vector of city-level controls. μi and λt denote city and year fixed 330 

effects, while εit  is the error term. Robust standard errors for each regression are 331 

adjusted by clustering at the city level. 332 

To verify the parallel-trends hypothesis and explore how policy impacts evolve 333 

over time, this study develops an event-study framework: 334 

                                  LCRIit=α+ ∑ βk

5

k=-5,k≠-1

Dit
k+γXit+μi+λt+εit                          (7) 335 

where Dit
k  is a relative-time dummy variable, taking the value 1 when city i in 336 

year t  is exactly k  periods away from the year in which it entered PHC, and 0 337 

otherwise; the period immediately before policy implementation (k=-1) is used as the 338 

reference group. If βk in all pre-policy periods are not significantly different from zero, 339 

the parallel-trends assumption is supported; βk in the post-policy periods characterize 340 

the dynamic changes in the policy effect. 341 

To examine how the effect is transmitted, this study substitutes the dependent 342 

variable in Equation (6) with variables representing potential transmission paths, and 343 

develops the model below [40]: 344 

                                              Mit=α+θPHCit+γXit+μi+λt+εit                                   (8) 345 

where Mit sequentially denotes per capita healthcare consumption expenditure, 346 

the number of community meal-service places, and the number of community elderly 347 

care service workers; θ  characterizes the average treatment effect of PHC on the 348 

corresponding mechanism variable. 349 

 350 
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Measures 351 

 352 

Primary outcome: healthcare services resilience index 353 

The measure of urban elderly healthcare services resilience index (LCRI) focuses 354 

on the system’s potential level of resilience. In this study, we developed a 355 

comprehensive urban metric called the LCRI, which is built upon two key aspects: 356 

service supply resilience and cost coverage resilience. The former characterizes the 357 

system’s supply capacity, redundancy, and accessibility when demand expands, while 358 

the latter characterizes the system’s funding stability and cost-buffering capacity. These 359 

two dimensions complement each other, ensuring that the resilience assessment covers 360 

both the service supply side and the cost coverage side, thereby providing a relatively 361 

comprehensive portrayal of the urban healthcare service system for older adults' overall 362 

capacity to withstand disruptions and maintain sustainable operations. The indicator 363 

system consists of two dimensions and a total of 10 third-level indicators, all of which 364 

are available at the city level, as presented in Table 1.  365 

The index is synthesized by determining weights using the entropy method and 366 

then performing a weighted aggregation. 367 

 368 

Exposure: PHC pilot reform  369 

The explanatory variable in this study is PHC. The treatment variable, PHCit, is 370 

constructed as follows: it equals 1 once city i has been designated a PHC pilot at time 371 

t, and 0 otherwise. 372 
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 373 

Table 1 374 

Indicator System for Evaluating the LCRI 375 

Composite 

Index 

Primary 

Indicators  

Secondary 
Indicators   

Indicator Definition Attributes Weight 

LCRI 

Resilience of 

Service 

Provision 

Number of hospital 

and health center 

beds per 10,000 

people 

ln(Number of hospital 

and health center beds / 

Urban permanent resident 

population) 

+ 0.0022 

Number of elderly 

care facilities per 

capita 

Number of elderly care 

facilities / Urban 

permanent resident 

population per 100,000 

+ 0.3414 

Number of 

healthcare 

professionals per 

10,000 people 

ln(Number of healthcare 

professionals / Urban 

permanent resident 

population) 

+ 0.0155 

Number of licensed 

physicians per 

1,000 people 

Number of licensed 

physicians / Urban 

permanent resident 

population 

+ 0.0328 

Number of 

hospitals and health 

centers per 1,000 

people 

Number of hospitals and 

health centers / Urban 

permanent resident 

population 

+ 0.1625 

Number of elderly 

care beds per capita 

Number of elderly care 

beds / Urban permanent 

resident population 

+ 0.3546 

Resilience of 

Cost Coverage 

Basic medical 

insurance coverage 

rate 

ln(Number of participants 

in the basic medical 

insurance program for 

employees / Urban 

permanent resident 

population) 

+ 0.0114 

Per capita 

government 

spending on 

healthcare 

Healthcare and family 

planning expenditures / 

Urban permanent resident 

population 

+ 0.0085 

Old-age insurance 

coverage rate 

ln(Number of participants 

in the basic pension 

insurance program for 

urban employees / Urban 

permanent resident 

population) 

+ 0.0117 

Per capita 

disposable income 

Per capita disposable 

income of urban residents 
+ 0.0594 

 376 

Covariates  377 
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The selection of control variables follows two principles: first, they must influence 378 

both a city’s care provision capacity and the probability of being selected for PHC; 379 

second, they must be reliably available at the city-year level. Accordingly, this study 380 

controls for the following city characteristics: Economic scale (GDP), urbanization rate 381 

(URB), digital infrastructure (MOB and BB), industrial structure (PRI and SEC), the 382 

extent to which a city engages with the wider economy (TRADE), and fiscal revenue 383 

and expenditure capacity (EXP and REV).  384 

To address possible non-linear relationships between the control variables and the 385 

dependent variable, this study further includes the quadratic terms of the 386 

aforementioned control variables in the initial regression model [41]. 387 

 388 

Potential pathway variables  389 

This study examines two pathways: activating healthcare supply and strengthening 390 

cost coverage. Per capita healthcare expenditure (CHE) measures the financial burden 391 

of family care. Community meal service seats (CMS) measure service capacity, while 392 

community care workers (CEW) measure workforce supply. 393 

Table 2 presents descriptive statistics for every variable included in the analysis. 394 

 395 
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Table 2 396 

Statistical Summary of Variables 397 

Type of 
Variable 

Variable 
Symbol Variable Definition 

Sample 
Size 

Mean 
Standard 
Deviation 

Minimum 
Value 

Maximum 
Value 

Dependent 

variable 
LCRI 

Resilience of the 

urban healthcare 

service system 

4774 0.08 0.04 0.02 0.66 

Independent 
Variable 

PHC 

Pilot program for 

reforming home- and 

community-based 

elderly care services 

4774 0.20 0.40 0 1 

Mechanism 

variable 

CHE 
per capita healthcare 

expenditure 
4774 4.63 0.03 4.57 4.81 

CMS 

Number of Meal 
Seats in the 
Community 

4774 3.09 3.10 0 11.12 

CEW 

Number of 

Community Elderly 

Care Service Staff 

4774 1.91 2.14 0 9.44 

Control 

variables 

GDP 
Regional Gross 

Domestic Product 
4774 16.42 1.00 13.15 19.66 

URB Urbanization Rate 4774 0.55 0.17 0.13 1 

MOB 
Number of Mobile 

Phone Subscribers 
4774 5.67 0.78 3.19 8.11 

BB 

Number of 

Broadband 

Subscribers 

4774 4.08 1.05 0.65 6.73 

PRI 

Share of Primary 

Industry Value 

Added in GDP 

4774 0.13 0.08 0.01 0.5 

SEC 

Share of Secondary 

Industry Value 

Added in GDP 

4774 0.43 0.11 0.09 0.9 

TRADE 
Total Imports and 

Exports 
4774 8.99 2.24 0.08 15.17 

EXP 
General Public 

Budget Expenditures 
4774 14.82 0.73 11.71 17.73 

REV 
General Public 

Budget Revenues 
4774 13.81 1.08 9.9 17.57 

 398 

Results 399 

 400 

Descriptive findings and geographic distribution of the LCRI 401 

 402 

This study calculated LCRI values for China’s cities at the prefecture level and 403 

above spanning the period 2010–2024. Table 3 reports the measurement results. Fig. 4 404 
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shows their spatial distribution in 2010, 2015, 2020, and 2024. Overall, during the 405 

sample period, the LCRI remained generally low but showed a steady upward trend. 406 

While there were some fluctuations from year to year, significant differences existed 407 

among cities, and the spatial distribution exhibited strong disparities. 408 

Based on the annual measurement results, the average LCRI in Chinese cities from 409 

2010 to 2024 ranged between 0.0521 and 0.1375, remaining overall in the lower range, 410 

suggesting that their LCRI scores still have much room to grow. Specifically, the 411 

average in 2010 was 0.0521. Thereafter, it generally showed a steady upward trend, 412 

rising to 0.0765 by 2018 and further increasing to 0.0917 and 0.0929 in 2019 and 2020, 413 

respectively; in 2021, the average rose to 0.1375, the highest value during the sample 414 

period; it subsequently declined slightly, reaching 0.0873, 0.0887, and 0.0843 in 2022–415 

2024, respectively, and stabilized at a relatively high level. It should be noted that in 416 

2021, the high value was accompanied by a simultaneous rise in both the standard 417 

deviation (0.0841) and the maximum value (0.6551), while the median rose only from 418 

0.0840 to 0.1084. This indicates that the sharp increase in the annual mean was 419 

primarily driven by extreme values from a small number of cities and does not represent 420 

a general leap in the overall level. Overall, the LCRI underwent an evolution during the 421 

study period, progressing from a steady rise to a temporary peak in 2021 and then 422 

stabilizing at a high level; the level at the end of the sample period showed a marked 423 

improvement compared to the beginning. 424 

 425 
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Table 3 426 

Annual LCRI Results for Chinese Cities 427 

Year Mean Median Standard Deviation Minimum Maximum 

2010 0.0521 0.0698 0.0308 0.0172 0.3898 

2011 0.0554 0.0506 0.0262 0.0191 0.2647 

2012 0.0552 0.0528 0.0179 0.0209 0.1771 

2013 0.0611 0.0579 0.0212 0.0223 0.2157 

2014 0.0658 0.0614 0.0224 0.0247 0.2057 

2015 0.0734 0.0628 0.0521 0.0281 0.5883 

2016 0.0733 0.0690 0.0250 0.0344 0.3046 

2017 0.0723 0.0677 0.0224 0.0359 0.1744 

2018 0.0765 0.0711 0.0226 0.0395 0.2335 

2019 0.0917 0.0836 0.0354 0.0446 0.2634 

2020 0.0929 0.0840 0.0431 0.0440 0.5099 

2021 0.1375 0.1084 0.0841 0.0497 0.6551 

2022 0.0873 0.0835 0.0218 0.0483 0.2306 

2023 0.0887 0.0859 0.0201 0.0432 0.1955 

2024 0.0843 0.0812 0.0193 0.0478 0.1847 

 428 

Looking further at the distribution characteristics, the median was lower than the 429 

mean in most years during the sample period, suggesting that the distribution has a 430 

noticeable positive skew, with a small number of cities with high LCRI values 431 

significantly driving up the overall mean. The standard deviation fluctuated over the 432 

sample period, rising significantly in 2015 and 2020–2021 due to sharp increases in 433 

individual cities’ LCRI values. In other years, it mostly remained within the range of 434 

0.02–0.035, before falling back to 0.0193 by 2024, indicating that the absolute 435 

differences among cities had narrowed somewhat. In terms of extremes, the maximum 436 

value was significantly higher in some years, reaching 0.6551 in 2021, indicating that 437 

a few cities had much higher LCRI values; the minimum value gradually rose from 438 

0.0172 in 2010 to 0.0478 in 2024, indicating that cities with lower LCRI values are also 439 

steadily improving; however, absolute disparities among cities persist, and regional 440 

development imbalances remain pronounced. 441 
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In terms of spatial distribution, Fig. 4 presents the LCRI classification results for 442 

four representative years. In 2010, the lowest category covered more than half of the 443 

country’s land area, while the highest covered less than 10 percent. By 2015, these 444 

shares had changed to about one-quarter and nearly 20 percent. In 2020 and 2024, the 445 

lowest tier covered less than 10 percent, while the highest expanded to about one-third 446 

and nearly 40 percent, respectively. This overall shift from lower to higher tiers is 447 

corroborated by the rise in mean values shown in Table 3 and the rightward shift of the 448 

main peak in the kernel density shown in Fig. 5, indicating that the improvement in 449 

LCRI values during the sample period was widespread and not limited to a few regions. 450 

In terms of spatial patterns, the distribution of the LCRI does not follow the typical 451 

economic gradient of “high in the east, low in the west,” but rather shows greater 452 

differentiation along lines of population density. In 2010, contiguous high-ranking 453 

areas were mainly found in sparsely populated regions such as Heilongjiang, eastern 454 

Inner Mongolia, and northern Xinjiang. Densely populated areas, including the 455 

Huanghuaihai Plain, the middle and lower reaches of the Yangtze River, and South 456 

China, generally fell into the two lowest categories. This pattern is directly related to 457 

the per capita calculations of the LCRI’s three-tier indicators: in regions with smaller 458 

population bases, the same stock of resources corresponds to higher per capita levels. 459 

It should be emphasized that Fig. 4 presents the classification results in terms of area, 460 

which visually magnifies a few geographically vast cities in the west; their placement 461 

in higher tiers does not imply an overall advantage for the western region. In terms of 462 
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the number of cities, the relative disadvantage of the western region persists, a point 463 

corroborated by the Gini coefficient decomposition results in Section 4.2. 464 

 465 

 466 

Fig. 4 Spatial Distribution of the LCRI in China 467 

 468 

From an evolutionary perspective, the improvement in the LCRI has followed 469 

distinct phases. From 2010 to 2015, improvements were concentrated in the Northeast, 470 

Northwest, and several provincial capitals. Changes in the densely populated central 471 

and eastern regions were limited. From 2015 to 2020, improvement spread to the 472 

Northwest, Southwest, and most of South China, while persistently low-scoring areas 473 

contracted. From 2020 to 2024, the pattern stabilized. High-level areas became more 474 
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contiguous, and the remaining low- and medium-level cities were scattered across 475 

Central and Southwest China. Overall, the LCRI underwent a transition from generally 476 

low levels to a nationwide improvement during the sample period. Spatial disparities 477 

also shifted from an early-stage structural gap characterized by “overall low levels in 478 

densely populated areas” to localized, dispersed shortcomings in the later stage. This 479 

provides a descriptive foundation for the subsequent examination of policy effects and 480 

their regional variations. 481 

 482 

Regional inequalities and distributional patterns  483 

 484 

Tables 4 and 5 display the Dagum Gini coefficient for the LCRI along with the 485 

outcomes of its decomposition. Overall, the aggregate variation in the LCRI fluctuated 486 

from 0.2049 to 0.1229 between 2010 and 2024, reaching a peak of 0.2884 in 2021. The 487 

trend generally showed a narrowing of this variation, indicating that disparities among 488 

cities have narrowed overall, though regional imbalances persist. 489 

Transvariation was generally one of the largest sources of overall variation, 490 

contributing about 30% to 50%, particularly in the early years. Within-group variation 491 

remained relatively stable at around 30% to 35%. Between-group variation rose from 492 

17.32% in 2010 to 41.06% in 2019 and stood at 29.74% in 2024, indicating its growing 493 

importance. This indicates that the overall variation in the LCRI stems not only from 494 

development gaps among eastern, central, and western China but also from the spatial 495 
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overlap among these regions, with the impact of interregional disparities increasing 496 

over time. 497 

 498 

Table 4 499 

Results of the Dagum Gini Coefficient Decomposition of Regional Disparities 500 

Year 

Overal

l 

Differe

nce 

Intra-

regional 

Contribu

tion 

Intra-

regional 

(%) 

Inter-

regional 

Contribut

ion 

Inter-

regional 

(%) 

Transvari

ation 

Density 

Contributi

on 

Transvar

iation 

(%) 

2010 0.2049 0.0720 35.1287 0.0355 17.3180 0.0974 47.5533 

2011 0.2011 0.0701 34.8407 0.0426 21.2067 0.0884 43.9525 

2012 0.1608 0.0536 33.3282 0.0325 20.2334 0.0747 46.4384 

2013 0.1698 0.0572 33.6912 0.0337 19.8510 0.0789 46.4578 

2014 0.1713 0.0578 33.7252 0.0203 11.8225 0.0933 54.4523 

2015 0.2194 0.0780 35.5376 0.0462 21.0539 0.0952 43.4085 

2016 0.1637 0.0528 32.2750 0.0345 21.0819 0.0764 46.6431 

2017 0.1608 0.0491 30.5570 0.0581 36.1090 0.0536 33.3340 

2018 0.1497 0.0452 30.1938 0.0578 38.6282 0.0467 31.1780 

2019 0.1930 0.0568 29.4460 0.0792 41.0585 0.0569 29.4955 

2020 0.1824 0.0564 30.9188 0.0497 27.2573 0.0763 41.8240 

2021 0.2884 0.0888 30.7900 0.1113 38.6049 0.0883 30.6052 

2022 0.1331 0.0415 31.1639 0.0415 31.1731 0.0501 37.6630 

2023 0.1243 0.0389 31.3047 0.0357 28.7044 0.0497 39.9909 

2024 0.1229 0.0389 31.6761 0.0365 29.7351 0.0474 38.5889 

 501 

The western region had the greatest intraregional variation, although it declined 502 

over the sample period. Disparities in the central region were initially small, increased 503 

briefly, and then fell. The eastern region showed relatively small and stable disparities, 504 

generally ranging from 0.13 to 0.20. This indicates that not only is the overall LCRI in 505 

the western region relatively low, but the issue of internal development imbalances was 506 

also more pronounced in the early stages of the sample period; however, internal 507 

disparities across all regions generally tended to converge over time. 508 

As for differences across regions, the disparity between the eastern and western 509 

areas remained the most pronounced overall, followed by the Central–West gap, while 510 
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the East–Central gap was relatively smaller. From an evolutionary perspective, all three 511 

gaps generally showed a fluctuating trend toward narrowing, with the East–West gap 512 

decreasing from 0.2255 in 2010 to 0.1365 in 2024; during this period, the East–Central 513 

and Central–West gaps spiked abnormally in 2021, primarily due to significant 514 

fluctuations in the LCRI within the central region that year. Overall, the most striking 515 

difference in the LCRI exists between the eastern and western regions, serving as the 516 

main driver of interregional inequalities. Consequently, reducing this structural divide 517 

between the east and west should be a central focus in tackling national regional 518 

disparities. 519 

Consequently, regional disparities in the LCRI have generally shown a fluctuating 520 

trend toward narrowing. In terms of composition, the system is primarily characterized 521 

by a leading contribution from ultra-high-density areas and an increase in inter-group 522 

contributions over time. Among interregional disparities, the East–West gap is the most 523 

pronounced, followed by the Central–West gap, while the East–Central gap is relatively 524 

smaller; moreover, internal disparities within the western regions were relatively more 525 

pronounced in the early stages of the sample period. This indicates that future efforts 526 

should focus on enhancing overall adaptability while narrowing structural differences. 527 

Specifically, efforts should focus on narrowing the development divide between eastern 528 

and western areas, as well as promoting coordinated growth across different regions. 529 

 530 

Table 5 531 

Dagum Gini Coefficients Within and Between Regions 532 

Year Eastern Western Central East-West East-Central Central-West 

2010 0.1585 0.2792 0.1218 0.2255 0.1505 0.2153 

2011 0.1621 0.2618 0.1254 0.2173 0.1576 0.2110 
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Year Eastern Western Central East-West East-Central Central-West 

2012 0.1605 0.1819 0.1132 0.1815 0.1484 0.1519 

2013 0.1597 0.2009 0.1167 0.1889 0.1522 0.1647 

2014 0.1411 0.1979 0.1553 0.1783 0.1503 0.1814 

2015 0.1483 0.3124 0.1260 0.2446 0.1445 0.2355 

2016 0.1302 0.1735 0.1579 0.1740 0.1559 0.1695 

2017 0.1581 0.1340 0.1519 0.1824 0.1743 0.1475 

2018 0.1491 0.1193 0.1421 0.1728 0.1629 0.1359 

2019 0.1989 0.1415 0.1797 0.2255 0.1950 0.1896 

2020 0.1504 0.1634 0.1925 0.1894 0.1735 0.2033 

2021 0.1958 0.2814 0.2869 0.2478 0.3206 0.3266 

2022 0.1326 0.1106 0.1334 0.1392 0.1337 0.1402 

2023 0.1253 0.1068 0.1189 0.1375 0.1277 0.1206 

2024 0.1290 0.1071 0.1138 0.1365 0.1287 0.1142 

 533 

In addition, Fig. 5 shows the kernel density estimates of the LCRI in 2010, 2015, 534 

2020, and 2024. Overall, the LCRI has a mainly unimodal distribution. Its main peak 535 

shifted from about 0.05 in 2010 to about 0.08 between 2020 and 2024, indicating a 536 

general improvement. The curve was flatter in 2015 and 2020. By 2024, the peak had 537 

risen and narrowed, showing renewed convergence at a higher level. A distinct right 538 

tail was present in every year and grew longer over time, indicating that a small number 539 

of cities with high LCRI values continued to lead the pack. The distribution never 540 

formed a stable bimodal or multimodal structure, suggesting that no significant 541 

polarization has yet emerged; instead, it exhibits only a slight tendency toward tiered 542 

differentiation. 543 

 544 
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545 

Fig. 5 Kernel Density Estimation Results for the LCRI 546 

When viewed regionally, the eastern area shows the most scattered kernel density 547 

curve distribution, with its primary peak gradually shifting significantly to the right as 548 

time progresses, along with the appearance of several secondary peaks and a relatively 549 

extended right tail. This suggests that the eastern area shows a high average LCRI, yet 550 

it also features the largest fluctuations in LCRI figures across its cities; certain urban 551 

centers have attained a high LCRI, whereas others stay at a middle level. For the central 552 

area, its distribution shows a tighter spread, as the kernel density curve mainly clusters 553 

within the low-middle and middle value intervals. Over time, the primary peak moves 554 

to the right, while the high-value tail remains relatively underdeveloped. This suggests 555 

that despite some internal disparities in the central region, the overall pattern tends to 556 
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converge towards the mid-range level. In contrast, the western region shows a more 557 

intense concentration of lower figures, accompanied by a long tail at the higher end. Its 558 

main peak within the low-value range is comparatively high, and several secondary 559 

peaks persist on the right-hand side. This suggests notable internal differences within 560 

the Western Region, where cities with low LCRI scores coexist alongside a limited 561 

number of cities with high LCRI scores, leading to a more distinct division within the 562 

area. 563 

In addition to the above findings, the analysis of kernel density estimation 564 

combined with the Gini coefficient decomposition method proposed by Dagum reveals 565 

that the LCRI experienced a consistent upward trend throughout the study period, while 566 

regional structural differences still exist. The distribution patterns across the Eastern, 567 

Central, and Western regions are distinct from one another. The eastern region has the 568 

most scattered data points, the Central region shows a concentration in the middle, 569 

while the Western region features a cluster at lower values with a pronounced trailing 570 

tail. Each of the three regions presents predominantly single-peak distributions, with 571 

their primary modes gradually shifting toward the right as time progresses. Notably, 572 

none of the regions exhibit a stable bimodal distribution. When decomposing the Gini 573 

coefficient, transvariation is found to be the primary driver of overall disparities. The 574 

contribution of interregional variations has also risen, particularly the divide between 575 

the eastern and western regions. This indicates that the LCRI’s distribution and changes, 576 

along with regional differences, cannot be attributed to arbitrary variations. Instead, 577 

they stem from the joint influence of various factors, such as regional development 578 
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foundations, fiscal capabilities, demographic traits, and the external environment. 579 

Building on this, the remainder of this study will further explore the identification of 580 

policy effects, the examination of mechanisms of action, and heterogeneity analysis to 581 

reveal the causal impact of PHC on the LCRI. 582 

 583 

Estimated effect of PHC on the LCRI  584 

 585 

Table 6 presents the baseline regression findings, where both columns account for 586 

fixed effects of city and year. Column (1) includes only the first-order terms of the 587 

control variables; the estimated coefficient for PHC is 0.0060, which is significantly 588 

positive at the 1% level. Column (2) additionally incorporates the quadratic terms of 589 

the control variables; the estimated coefficient of PHC is 0.0044, showing a statistically 590 

significant positive relationship at the 10% significance level. Based on these findings, 591 

the baseline regression indicates that PHC has a robust positive impact on the LCRI. 592 

These results provide strong evidence in favor of Hypothesis 1. 593 

Although an increase of about 0.006 is small in absolute terms, it is statistically 594 

meaningful given the LCRI mean of about 0.08 and its limited variation. The gradual 595 

increase is also consistent with resilience being a capacity built over time. The direction 596 

of the control variables is largely consistent with expectations, and the core coefficients 597 

remain stable after including quadratic terms, indicating that the results are not sensitive 598 

to the specified model form. However, Table 6 reflects only the average treatment effect; 599 
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its dynamic characteristics still need to be examined using the event study model 600 

discussed below. 601 

 602 

Table 6 603 

Baseline Regression Results 604 

Variables 

(1) (2) 

 LCRI  LCRI 

PHC 
0.0060*** 

(0.0023) 

0.0044* 

(0.0026) 

Controls YES YES 

Controls2 NO YES 

Year YES YES 

City YES YES 

N 4774 4774 

Note: Robust standard errors are presented within parentheses. ***, **, and * indicate significance 605 

at the 1%, 5%, and 10% thresholds. 606 

 607 

Sensitivity analyses  608 

 609 

Parallel trends assessment  610 

Before implementing policy interventions, researchers must ensure that the 611 

treatment and control groups follow identical trends to meet the assumptions of the DID 612 

framework, which is crucial for reliable test results. To verify this assumption, this 613 

study employs the event-study model specified in Equation (7), and the empirical 614 

results are presented in Fig. 6. Prior to the policy’s enforcement, the dynamic effect 615 

coefficients for each phase were statistically insignificant, showing minor fluctuations 616 

around zero. This implies that the treatment and control groups maintained a parallel 617 

trend before the PHC initiative took effect. Following the policy’s introduction, the 618 
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dynamic effect coefficients rose steadily, turning significantly positive over time, which 619 

implies that the policy’s impacts unfolded gradually and grew in magnitude as PHC 620 

initiatives advanced. This result is consistent with the parallel trends hypothesis, 621 

indicating that the policy’s impact began to manifest and strengthen as PHC continued 622 

to develop. 623 

 624 

 625 

Fig. 6 Parallel Trends Check               Fig. 7 PSM Common Support 626 

 627 

Propensity score-matched DID analysis  628 

To reduce potential biases caused by pre-existing disparities in measurable 629 

attributes across pilot and non-pilot cities, the research adopts propensity score 630 

matching combined with difference-in-differences (PSM-DID) to ensure the robustness 631 

of the results. As shown in Fig. 7, the scores of the treatment and control groups overlap 632 

significantly, with only a small number of treatment group samples falling outside the 633 

support region, indicating minimal loss of sample representativeness. Following the 634 

matching process, the standardized deviations of each covariate showed a sharp decline, 635 

effectively erasing intergroup disparities. After re-estimation based on the matched 636 

samples, the impact of PHC on the LCRI remains significantly positive, and the 637 
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magnitude of the effect is close to that of the baseline regression. This suggests the 638 

initial findings hold steady even after accounting for potential selection biases. 639 

 640 

Placebo analysis  641 

To eliminate the potential impact of random factors or unmeasured variables on 642 

the estimation outcomes, this study adopts a randomization approach for the placebo 643 

test: an equal number of cities to the real pilot cities are randomly chosen to serve as a 644 

“dummy treatment group,” with “dummy policy dates” also randomly assigned. After 645 

the dummy policy variable is constructed, the model is re-estimated, and this simulation 646 

process is repeated 500 iterations, with the results presented in Fig. 8.  647 

 648 

 649 

             Fig. 8 Placebo Test                    Fig. 9 Callaway–Sant’Anna Dynamic Effect 650 

 651 

The dummy estimated coefficients exhibit a kernel density distribution centered 652 

approximately at 0, with the vast majority concentrated near zero; their corresponding 653 

p-values are mostly greater than 0.1, suggesting policy effects are generally 654 

insignificant under random conditions. By comparison, the actual estimated 655 
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coefficients lie in the right-hand tail of the dummy coefficient distribution, distinctly 656 

beyond the clustered area, which implies that the policy impacts detected in this study 657 

cannot be attributed to random occurrences or unaccounted variables. 658 

 659 

Alternative staggered DID estimation 660 

Traditional two-way fixed effects models in staggered DID settings might suffer 661 

from bias when treatment impacts are heteroskedastic. To address this, this study adopts 662 

the Callaway–Sant’Anna method to re-examine dynamic treatment effects. As 663 

illustrated in Fig. 9, the estimates are insignificant before the policy but gradually 664 

become positive and significant afterward. This pattern aligns with prior event-study 665 

outcomes and indicates that the core results are not skewed by the “bad comparison” 666 

issue. 667 

 668 

Additional sensitivity analyses  669 

To further confirm the stability of the baseline findings, this study carried out 670 

sensitivity analyses, such as removing the four municipalities directly under the central 671 

government and other special samples, implementing two-tailed truncation on the 672 

dependent variable at the 1% and 99% percentiles, and employing the instrumental 673 

variables (IV) approach to tackle possible endogeneity issues. Table 7 reports the 674 

outcomes of these robustness checks. In Column (1), after excluding the four 675 

municipalities directly under the central government and other special cases, the PHC 676 

coefficient is 0.0063 and is significant at the 1% level, indicating that the findings are 677 
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not driven by cities with special administrative statuses or those with larger economic 678 

scales. In Column (2), after applying two-sided truncation at the 1% and 99th 679 

percentiles to the dependent variable, the PHC coefficient is 0.0060 and remains 680 

significant at the 1% level, indicating that the results are not affected by outliers. To 681 

tackle potential endogeneity, Column (3) adopts the IV approach, with the interaction 682 

between “the scope of Confucian cultural influence” and national PHC intensity serving 683 

as the instrumental variable. This instrumental variable is significantly positively 684 

correlated with PHC implementation, and the direct effect of historical and cultural 685 

endowments on current LCRI values can be accounted for by city fixed effects. The 686 

two-stage estimation results show that PHC’s effect on the LCRI remains at 0.0060 and 687 

is significantly positive at the 1% level, indicating that the baseline conclusions remain 688 

robust after addressing the issue of endogeneity. 689 

 690 

Table 7 691 

Results of Other Robustness Checks 692 

Variables 
(1) (2) (3) 

Excluding Samples Winsorization IV 

PHC 
0.0063*** 

(0.0023) 

0.0060*** 

(0.0017) 

0.0060*** 

(0.0023) 

Controls YES YES YES 

Controls2 NO NO NO 

Year YES YES YES 

City YES YES YES 

N 4705 4774 4774 

 693 

Extended Analysis 694 

 695 

Potential pathways  696 
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 697 

Cost protection pathway  698 

PHC may not only directly affect the operational performance of the elderly care 699 

service system but may also play an indirect role by replacing high-cost care options 700 

and reducing older adults’ reliance on intensive medical services. Based on this, this 701 

study further examines the transmission mechanism of PHC from the perspective of 702 

cost burden, choosing CHE as the mechanism variable. 703 

As presented in the first column of Table 8, the findings from the mechanism 704 

analysis reveal that when CHE serves as the dependent variable, the estimated 705 

coefficient of PHC is −0.0059, showing a statistically significant negative relationship 706 

at the 5% significance level. This implies that PHC has significantly reduced residents’ 707 

out-of-pocket healthcare expenses. This is consistent with theoretical expectations and 708 

suggests that PHC does not function solely through the provision of services itself but 709 

also further strengthens the system’s cost-coverage capacity through two pathways: the 710 

substitution of care modes and the early resolution of medical needs. Hypothesis 2 is 711 

supported. 712 

PHC replaces some high-cost institutional and medical care with accessible 713 

community and home care. It shifts care needs from hospitals and nursing homes to 714 

community and household settings, reducing out-of-pocket expenditure. Continuous 715 

health management also supports earlier detection and intervention, which lowers 716 

demand for intensive medical services. As fixed medical expenses fall, households 717 

retain a larger financial buffer against rising demand and external shocks. 718 
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 719 

Service supply pathway  720 

Another channel through which PHC operates is by expanding resources on the 721 

supply side. The injection of central government incentive and subsidy funds may not 722 

only improve the operational quality of existing services but also play an indirect role 723 

by expanding facility capacity and increasing the care workforce. Based on this, this 724 

study further examines the impact pathways of PHC from the perspectives of facility 725 

supply and workforce supply, selecting the number of CMS and the number of CEW 726 

as mechanism variables, respectively. 727 

The results of the mechanism analysis for CMS and CEW are presented in 728 

Columns (2) and (3) of Table 8. Specifically, the estimated PHC coefficients are 0.5026 729 

and 0.4193, respectively, both of which are positive and statistically significant at the 730 

1% level. PHC therefore expanded both facility capacity and workforce supply. This 731 

suggests that PHC does not function solely through fiscal investment itself but also 732 

enhances the system’s responsiveness to demand shocks through two pathways: 733 

improving facility accessibility and alleviating labor constraints. Hypothesis 3 is 734 

supported. 735 

First, PHC’s special funds and supporting policies promote community meal 736 

centers, day care centers, other service facilities, and information platforms. This 737 

directly improves the spatial accessibility and capacity of community care, enabling 738 

older adults to receive basic care within a shorter service radius. Second, by relaxing 739 

entry requirements, purchasing services, and providing operational subsidies, PHC has 740 
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encouraged the participation of social forces, thereby expanding the workforce of 741 

professional caregivers and support staff and alleviating the most pressing labor 742 

constraints in care services. Together, these measures create a clear transmission 743 

process. Central government funding supports facilities and platforms, attracts social 744 

providers, and expands the workforce. The resulting supply reserves can be mobilized 745 

when demand rises. 746 

 747 

Table 8 748 

Results of the Mechanism Tests 749 

Variables 

(1) (2) (3) 

Cost Protection Mechanism Healthcare supply Mechanism 

CHE CMS CEW 

PHC 
-0.0059** 

(0.0024) 

0.5026*** 

(0.1425) 

0.4193*** 

(0.0973) 

Controls YES YES YES 

Controls2 YES YES YES 

Year YES YES YES 

City YES YES YES 

N 4774 4774 4774 

 750 

Subgroup analyses 751 

 752 

Subgroup analyses by economic development and population aging  753 

External heterogeneity is analyzed based on the economic environment and 754 

demographic conditions of each city, including economic level (measured by GDP) as 755 

well as the extent of population aging, which is represented by the share of individuals 756 

aged 65 or more in the total population. Table 9 presents these findings. 757 

 758 

Table 9 759 
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Results of the External Heterogeneity Tests 760 

Variables 

EDL PAL 

High Low High Low 

(1) (2) (3) (4) 

PHC 
0.0057** 

(0.0029) 

0.0078 

(0.0056) 

0.0100*** 

(0.0033) 

-0.0019 

(0.0033) 

Controls YES YES YES YES 

Controls2 YES YES YES YES 

Year YES YES YES YES 

City YES YES YES YES 

N 2372 2402 2386 2388 

 761 

In terms of economic development level (EDL), the PHC coefficient of the higher-762 

tier group stood at 0.0057, which was statistically significant at the 5% significance 763 

level, while the corresponding value for the lower-tier group stood at 0.0078, but not 764 

significant. A possible reason is that the positive effect of PHC on the LCRI is 765 

consistently identified only in developed cities with a high degree of marketization and 766 

well-established privately operated elderly care facilities; the strength of this effect in 767 

less developed cities requires more precise testing. In the population aging level (PAL) 768 

dimension, the coefficient for the “deeply aged” group was 0.0100, showing a marked 769 

positive relationship at the 1% significance level, with a magnitude roughly double that 770 

of the economic level grouping; the coefficient for the “mildly aged” group was 771 

−0.0019, which was not significant and had a negative sign. The differences in 772 

coefficient magnitude and sign suggest that the same policy investment produces larger 773 

gains in the LCRI in cities with severe population aging and more urgent care needs. 774 

 775 

Subgroup analyses by health resources, digital infrastructure, and fiscal 776 

capacity  777 
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Internal heterogeneity is examined based on a city’s own resource endowments 778 

and capacity conditions, including medical resource endowments (MRE) (as 779 

determined by the count of beds in hospitals and health centers per 10,000 individuals), 780 

the level of digital infrastructure (DIL) (measured by the number of mobile phone 781 

subscribers), and fiscal capacity (FIS) (measured by the fiscal self-sufficiency rate). 782 

Table 10 presents the findings. 783 

 784 

Table 10 785 

Results of the Internal Heterogeneity Tests 786 

Variables 

MRE DIL FIS 

High Low High Low High Low 

(1) (2) (3) (4) (5) (6) 

PHC 
0.0076** 

(0.0038) 

0.0037 

(0.0035) 

0.0056** 

(0.0028) 

0.0041 

(0.0049) 

0.0068** 

(0.0026) 

0.0035 

(0.0044) 

Controls YES YES YES YES YES YES 

Controls2 YES YES YES YES YES YES 

Year YES YES YES YES YES YES 

City YES YES YES YES YES YES 

N 2371 2403 2383 2391 2001 2773 

 787 

A consistent pattern emerges across all three dimensions: in the groups with higher 788 

medical resource endowments, more developed digital infrastructure, and stronger 789 

fiscal capacity, the PHC coefficients are 0.0076, 0.0056, and 0.0068, in each case 790 

showing a statistically significant positive association at the 5% significance level; 791 

while the corresponding coefficients for the lower-end groups are also positive, none 792 

are significant. The effect of PHC on the LCRI is consistently identified in cities with 793 

stronger resources and implementation capacity. Abundant medical resources support 794 

the integration of community care and healthcare. Better digital infrastructure helps 795 

convert policy resources into accessible services. Stronger fiscal capacity also improves 796 
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the implementation of central government funding. In general, the impact of PHC on 797 

the LCRI is more significant in urban areas with greater economic prosperity, more 798 

advanced aging populations, abundant medical resources, well-developed digital 799 

infrastructure, and strong fiscal capacity. 800 

 801 

Discussion 802 

 803 

Geographic inequalities and health equity implications  804 

 805 

The results of the analysis of measures and distributions indicate that the 806 

improvement in urban LCRI is not a homogeneous process. The spatial distribution 807 

does not follow an economic gradient of high values in the east and low values in the 808 

west, but rather diverges along lines of population density. Given the same stock of 809 

resources, sparsely populated areas correspond to higher per capita levels. This suggests 810 

that resource inputs do not automatically translate into equitable service capacity; the 811 

interaction between resource allocation methods and population structure warrants 812 

greater attention from policymakers. The Dagum Gini decomposition reveals that 813 

although overall disparities have fluctuated and narrowed, the east-west gap has 814 

consistently been the primary source of inequality, and the contribution of interregional 815 

disparities has increased over time. This indicates that regional inequality does not 816 

resolve naturally but requires sustained governance interventions. Estimates of the core 817 

density further indicate that the distribution has not yet become polarized, but a right-818 
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tail skew persists, with a small number of cities continuing to lead. This pattern remains 819 

in a malleable phase, representing a critical window of opportunity to strengthen 820 

equitable governance and prevent the solidification of disparities [42]. These findings 821 

suggest that advancing the development of the Elderly LCRI should not focus solely on 822 

raising the national average but should also incorporate equity considerations within 823 

the framework of universal health coverage. Differentiated resource allocation helps 824 

bridge structural disparities across regions, which is a crucial step toward building a 825 

more equitable and resilient society [43].  826 

 827 

Interpretation of subgroup differences  828 

 829 

PHC plays a significant role in promoting urban elderly LCRI, primarily through 830 

two channels. The first channel is the stimulation of healthcare supply, and the second 831 

is the strengthening of cost coverage. Targeted investments on the supply side promote 832 

the regular deployment of service outlets and professional personnel, while universal 833 

access to services on the cost side reduces the financial burden on households. However, 834 

this promotional effect is not evenly distributed. Heterogeneity tests show that the 835 

policy effects can be consistently identified only in certain cities. These cities share 836 

common characteristics: a high level of economic development, ample fiscal resources, 837 

abundant medical resources, and well-developed digital infrastructure. The institutional 838 

root cause of this disparity lies in the “incentives in lieu of subsidies” design, whereby 839 

central government incentives primarily support investments during the project launch 840 
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phase. Subsequent operations and service procurement still rely on local fiscal 841 

resources and market capacity; consequently, resource endowments constitute a 842 

threshold determining whether the policy’s effects can be fully realized. Cities with 843 

more advanced aging populations have responded more actively to the policy, 844 

indicating that demand pressures can stimulate local willingness to implement the 845 

policy and allocate resources. Based on this, policy expansion should prioritize needs 846 

while also addressing capacity gaps [44]. Efforts should be directed toward cities facing 847 

greater aging pressures, while also providing complementary support to cities with 848 

weaker fiscal and market capacity. 849 

 850 

Implications for policy and practice 851 

 852 

The findings discussed above have implications that extend beyond a single 853 

country. First, the resilience of home- and community-based care stems from 854 

simultaneous improvements in supply redundancy and cost buffers; therefore, 855 

traditional evaluation metrics centered on the number of beds and facilities may 856 

systematically misjudge the effectiveness of reforms, making it essential to incorporate 857 

service accessibility and the financial burden on families into routine monitoring. 858 

Second, the effects accumulate gradually as PHC progresses rather than manifesting 859 

immediately. This suggests that care reforms driven by project-based, one-time 860 

investments struggle to build resilience; a stable and predictable mechanism for 861 

sustained, routine funding is key. This is particularly important for low- and middle-862 
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income countries that primarily rely on special-purpose grants or short-term pilot 863 

programs to advance care reforms [45]. Third, the effectiveness of reforms is 864 

constrained by local fiscal matching funds and market capacity. Without capacity-865 

building arrangements targeting vulnerable regions, the expansion of universal care 866 

policies may raise overall standards while simultaneously widening regional disparities 867 

in resilience. 868 

 869 

Limitations of the study and future directions 870 

 871 

This paper identifies two areas for future research. First, the resilience index 872 

developed in this study is synthesized from publicly available statistical data and 873 

primarily reflects the system’s capacity reserves. Future research could integrate micro-874 

level care data to further characterize the system’s actual recovery rate. Second, the 875 

heterogeneity analysis currently relies on group-based regression. Future studies could 876 

introduce formal tests of differences in coefficients across groups and, combined with 877 

a longer observation window, dynamically track the evolution of policy effects. 878 

Looking ahead, as healthcare data infrastructure improves, the academic community 879 

can further explore methods for measuring resilience at the individual level. Such 880 

approaches can identify disparities in benefits across different groups, providing more 881 

detailed empirical evidence to support the design of targeted healthcare policies. This 882 

holds significant practical implications for advancing reforms in elderly healthcare 883 

systems across countries at different stages of development. 884 
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 885 

Conclusions and Policy Implications 886 

 887 

Conclusions 888 

 889 

To summarize the key findings of this study, they can be outlined as follows: (1) 890 

Over the sample period, the LCRI generally increased steadily; areas with low LCRI 891 

values shrank significantly; and overall regional disparities narrowed, although spatial 892 

imbalances persisted. Because the indicators are measured per capita, their distribution 893 

follows population density rather than the usual east-west gradient. (2) PHC 894 

significantly improved the LCRI, and its effect accumulated over time. The result 895 

remains robust across a series of robustness checks, including outlier exclusion, sample 896 

trimming, PSM-DID estimation, placebo tests, Callaway and Sant’Anna estimation, 897 

and instrumental-variable analysis. (3) The program increased community meal service 898 

seats and elderly care staff while reducing per capita healthcare expenditure. It therefore 899 

strengthened both healthcare supply and cost coverage. (4) The effects were 900 

concentrated in cities with stronger economies, more advanced aging, better medical 901 

and digital resources, and greater fiscal capacity. 902 

 903 

Policy Recommendations 904 

 905 
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Building on the findings presented above, this study puts forward four policy 906 

recommendations. First, the reform of home- and community-based care should be 907 

treated as a routine institutional arrangement for building resilience rather than a phased 908 

project. Stable and predictable fiscal investment should be used to maintain the normal 909 

operation of community service centers and care personnel, thereby enabling the 910 

sustained accumulation of supply reserves and cost buffers. Second, policy expansion 911 

should balance efficiency and equity: while leveraging the capacity and exemplary role 912 

of developed cities, targeted funding and capacity-building support should be provided 913 

to cities with high levels of aging but weak fiscal and market capacity, thereby 914 

preventing excessive disparities in policy benefits across cities. Third, efforts should be 915 

coordinated on both the supply and cost sides: while expanding community facilities 916 

and professional care staff, the level of out-of-pocket expenses for families should be 917 

stabilized through inclusive pricing and government procurement of services, and 918 

digital platforms should be leveraged to enhance the accessibility and availability of 919 

services. Fourth, resilience should be incorporated into the standard evaluation criteria 920 

for elderly care service reforms. Beyond metrics like the count of beds and available 921 

amenities, the system should simultaneously monitor supply excess, accessibility, and 922 

cost burdens, thereby providing a comparable evaluation basis for the 923 

deinstitutionalization of elderly healthcare service systems worldwide. 924 

 925 
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LCRI   healthcare services resilience index 927 
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PHC   pilot program for reforming home- and community-based elderly care services  928 

PAL   population aging level 929 

EDL   economic development level 930 

MRE   medical resource endowments 931 

DIL   digital infrastructure level 932 

FIS   fiscal capacity 933 

CHE   per capita healthcare expenditure 934 

CMS   community meal service seats 935 

CEW   community elderly care service workers 936 

GDP   gross domestic product 937 

URB   urbanization rate 938 

MOB   mobile phone subscribers 939 

BB    broadband subscribers 940 

PRI    share of primary-industry value added in GDP 941 

SEC   share of secondary-industry value added in GDP 942 

TRADE   total imports and exports 943 

EXP   general public budget expenditures 944 

REV   general public budget revenues 945 

DID   difference-in-differences 946 

PSM   propensity score matching 947 

PSM-DID   propensity score matching difference-in-differences 948 

IV   instrumental variable 949 
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