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Abstract
Introduction  Tiered social health insurance (SHI) schemes exist in many countries and may lead to significant 
disparities of healthcare and financial protection. The degree of cancer care inequalities under tiered SHI in China and 
other low- and middle-income countries (LMICs) remain poorly understood.

Methods  We obtained hospital discharged summary for 319,677 patients diagnosed with lung cancer between 
2017 and 2021 in Shandong, China, and established propensity score-matched samples under the Urban and Rural 
Resident Basic Medical Insurance (URRBMI) and those under the Urban Employee Basic Medical Insurance (UEBMI). We 
ran multivariable regressions to assess the effects of SHI schemes on cancer treatment and expenditures. Subgroup 
analyses of cancer treatment were conducted based on whether the cancer had metastasized.

Results  In the matched samples, utilization of inpatient cancer care increased under both schemes from 2017 to 
2021. Higher proportions of inpatient cancer care utilization were seen in those under UEBMI compared those under 
URRBMI, consistently with statistical significance. UEBMI was associated with a higher probability of receiving surgery 
in patients without metastasis, and higher probabilities of receiving radiotherapy or chemotherapy, targeted therapy, 
and immunotherapy in patients with metastasis. Patients under UEBMI were also less likely to be discharged against 
medical advice than those under URRBMI. Furthermore, UEBMI beneficiaries had 13.3% higher total expenditures but 
19.1% lower out-of-pocket expenditures.

Conclusions  Significant gaps remained in access to inpatient treatment and financial protection for lung cancer, 
particularly in surgery for non-metastatic cancer. Targeted harmonization of benefit packages is needed to address 
pressing disparities in cancer care in LMICs with tiered SHI.
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Introduction
Risk pooling for health care, frequently established 
through social health insurance (SHI), is expected to 
enable patients to access essential health services when 
needed without financial hardship [1, 2]. Many coun-
tries are working on attaining universal health coverage 
(UHC) by implementing health insurance plans for their 
residents. However, unequal SHI coverage, particularly 
for diseases associated with high expenditures like can-
cer, could make substantial differences in both access 
to quality services and financial vulnerability [3, 4]. In 
health systems with tiered pools of SHI, which are com-
mon in low- and middle-income countries (LMICs) [5, 
6], disparity of benefit package or copayment rates means 
potentially significant disparities of cancer care and 
financial protection [7–11].

In China, approximately 95% of the population was 
covered by two main types of SHI in 2023 [12]. The 
Urban Employee Basic Medical Insurance (UEBMI, 
established in 1998) funded through premiums contrib-
uted by employers and individuals covers employees and 
retirees in the formal sector, who constitute about 28% 
of all SHI beneficiaries, merged in 2016 from two other 
previously existing schemes that respectively covered 
urban and rural residents outside the formal employ-
ment sector [13]. The other main scheme is the Urban 
and Rural Resident Basic Medical Insurance (URRBMI) 
[13]. UEBMI and URRBMI share the same benefit pack-
age. However, the former is more generous reimburse-
ment rates than the latter, though the gap in-between 
has been narrowing. In 2023, the average reimbursement 
rates for inpatient expenses under UEBMI and URRBMI 
were 84.6% and 68.1%, respectively [12]. Detailed back-
ground information on China’s SHI can be found in Part 
1 of Supplemental Material. Understanding the dispari-
ties in cancer care between schemes may provide impor-
tant insights for narrowing the benefit gaps in the context 
of tiered SHI [5, 14].

A literature review from the United States found that 
cancer patients with no or inferior insurance cover-
age had lower utilization of high-cost treatments and 
systemic treatments, and higher chances of treatment 
delays [15]. In the context of lung cancer, despite recent 
advancement in treatment technology for patients with 
this condition, international studies consistently dem-
onstrated significant disparities in cancer care and eco-
nomic burden across health insurance schemes [7–11, 
16]. A small number of studies from China indicated 
that SHI coverage was associated with improved inpa-
tient service utilization [9, 17]. One study found that low 
reimbursement rates of precursors of URRBMI schemes 

restricted access to tertiary facilities, relative to schemes 
with higher reimbursement rates [9]. Meanwhile, health 
insurance has been shown to protect some households 
from the impact of catastrophic health expenditure [18], 
though the overall effect was limited [19]. Few existing 
studies have explored the effects of tiered SHI on cancer 
care disparities, particularly in China and other LMICs.

Lung cancer is the leading cause of cancer incidence 
and mortality in China [20], with age-standardized inci-
dence rates of 209.6 and 197.0 per 100,000 for males and 
females, respectively, and mortality rates of 127.5 and 
67.8 per 100,000 in 2022 [21]. This situation imposes 
a substantial medical and economic burden on both 
patients and society [21, 22]. However, little is known 
about the inequalities regarding lung cancer care and 
expenditure caused by the tiered SHI in China. Enabled 
by a large real-world dataset of hospital discharge data 
from Shandong province (one of the most populous 
provinces in China with a reported lung cancer incidence 
rate of 327.52 per 100,000 in 2018 [23]), we sought to 
investigate the disparities of inpatient lung cancer treat-
ment and related expenditures between the URRBMI and 
UEBMI beneficiaries.

Materials and methods
Data source and study population
Data were sourced from Shandong Province, a coastal 
province in eastern China, selected for its population 
of approximately 101.2  million, economic development 
comparable to that of an upper-middle-income country 
[24], and a notably high prevalence of lung cancer [23]. 
We used standardized hospital discharge data, formally 
known as hospitalization record front pages (HRFPs) 
from all secondary and tertiary hospitals in Shan-
dong stored in the Cheeloo Lifespan Electronic Health 
Research Data-library (Cheeloo LEAD) (see Supplemen-
tal Material for details). HRFPs cover basic socio-demo-
graphics of patients, detailed information about disease 
diagnosis, treatment, and expenditure. Data on the plat-
form were deidentified, with data for an individual linked 
via a unique encrypted identity number.

We selected patients who were diagnosed with lung 
cancer (ICD-10: C34) and under URRBMI or UEBMI 
from January 1, 2017 to December 31, 2021. We set a 
window of at least four years to exclude patients with 
whom lung cancer had been previously diagnosed, by 
washing out repeated diagnoses emerging in the follow-
ing years. The four-year wash-out period was adopted as 
the number of new cancer cases in 2021 remained stable 
when the time window was reset from four years (2017–
2021) to eight years (2013–2021). Only cancer cases in 
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individuals who received no cancer-specific diagnosis or 
treatment during the washout period were considered 
index cases [25–27] and thus included in our analysis 
(see Methodological Appendix Part 2 for details). We 
further excluded patients aged < 18 years or > 100 years 

at diagnosis. Figure  1 summarizes how the sample was 
derived. We followed up all patients for lung cancer-spe-
cific hospitalizations until one year after the incidence 
hospitalization (see Supplementary Table S1 in details).

Fig. 1  Sample derivation. Note. Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical 
Insurance
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As this study used pre-existing secondary data for 
analysis, informed consent was waived. This study was 
approved by the Ethics Committee for Public Health of 
Shandong University (LL20241105). We followed the 
Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) reporting guidelines to ensure 
the reporting of this observational study [28].

Health insurance status and covariates
Health insurance status was categorized as URRBMI and 
UEBMI, based on the insurance type recorded in HRFPs. 
For the fewer than 10% of individuals who showed 
changes in scheme enrolment, we used the one that cov-
ered the bigger share of their hospitalization counts.

Building on previous literature [29], we included 
patient socio-demographics, clinical and healthcare pro-
vider characteristics as covariates. Socio-demographic 
characteristics included sex, age, marital status, ethnic-
ity and occupation at diagnosis. Clinical characteristics 
included the histologic type of lung cancer, whether the 
cancer has metastasized, and non-cancer comorbidities. 
Patient comorbidities were assessed using the Charlson 
Comorbidity Index (CCI), as described by Deyo and col-
leagues (see Supplementary Table S2 for the score for 
each diagnostic code) [30]. We categorized patients into 
three groups based on non-cancer CCI score: 0, 1, and 2 
or more. We specifically focused on non-cancer comor-
bidities to examine their impacts on the lung cancer care 
[31]. Meanwhile, we obtained information about the level 
of hospital (tertiary, secondary, and unclassified or other) 
from the official database of China’s National Health 
Commission (https://zgcx.nhc.gov.cn). The sites of ​h​o​s​p​i​t​
a​l​s were categorized into four regions based on proximity 
in geography and economic development.

Outcomes
Our main outcome variables include inpatient cancer 
care and expenditures within one year after the index 
hospitalization, because the intensity of medical treat-
ment and expenditures for cancer patients are sig-
nificantly higher in the first year compared to the years 
afterwards [32, 33], and that in the first year after diag-
nosis has a substantial impact on the prognosis of lung 
cancer [34, 35].

We examined a range of inpatient cancer care variables, 
including surgery, radiation therapy or chemotherapy, 
targeted therapy, and immunotherapy identified via a 
series of ICD-10 and ICD-9-CM3 codes [36] (see Supple-
mentary Table S3), as well as discharge against medical 
advice (DAMA). DAMA refers to the practice where 
a patient chooses to leave the hospital against medi-
cal assessment based on the patient’s conditions [37]. It 
is associated with higher risks of morbidity and mortal-
ity [38]; therefore, we included it as a key indicator of 

disparities in cancer care. Besides, we assessed expendi-
tures, including total, out-of-pocket, surgical, drug, and 
diagnostic expenditures. The expenditures have been 
adjusted for Consumer Price Index (CPI) using 2021 as a 
reference level. 

Statistical analysis
Categorical variables are reported as frequencies (%) 
while continuous variables are summarized as means 
with standard deviation (SD). Pearson’s Chi-square test 
was used for assessing differences of categorical variables.

To control for differences between beneficiaries of the 
two main categories of SHI, we established propensity 
score-matched samples (see Methodological Appendix 
Part 4). One-to-one propensity score matching (PSM) 
was performed using calipers of width equal to 0.2 of the 
standard deviation of the logit of the propensity score 
[39]. Logistic regression was used to calculate a pro-
pensity score, which evaluates confounding by indica-
tion and/or baseline covariates between two insurance 
groups. The matching variables used in the PSM models 
were year of diagnosis, age group, gender, race, marital 
status, and occupation.

The primary analytical approach was multivariable 
regression analysis of the propensity score-matched 
sample (see Methodological Appendix Part 3 for details). 
We utilized multivariable logistic regressions to mea-
sure associations between health insurance status and 
the receipt of treatment, and conducted subgroup analy-
ses based on whether the cancer had metastasized. We 
reported average marginal effects, which are interpreted 
as average differences in the probability of receiving any 
type of treatment had a beneficiary of URRBMI been 
covered by UEBMI [40]. Then, we applied a generalized 
linear model (GLM) with a gamma distribution and log 
link function to estimate the difference in expenditure 
attributed to health insurance status. All models were 
adjusted for covariates mentioned above. We also incor-
porated the timing of cancer diagnosis by considering 
fixed effects of the year of diagnosis. Additionally, expen-
ditures were log transformed after adding 1 to all values 
to allow for zeros.

P values were 2-sided with P < 0.05 considered indica-
tive of statistical significance. All statistical analyses were 
performed using R version 4.3.1.

Results
Patient characteristics and matching
319,677 patients were diagnosed with lung cancer 
between Jan 1, 2017, and Dec 31, 2021, of which 60.3% 
were insured by URRBMI and 30.5% were insured by 
UEBMI. The mean age of those covered by URRBMI was 
65.5 (SD, 10.1) years, with males accounting for 58.7%. 
The mean age of UEBMI beneficiaries was 63.5 (SD, 11.6) 

https://zgcx.nhc.gov.cn
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years, with males accounting for 62.9%. Table  1 shows 
descriptive statistics for the unmatched and matched 
samples.

Socio-demographic characteristics across the 2 
matched groups were well balanced, with all standardized 
mean differences smaller than 0.1. After matching, 68.7% 
of UEBMI patients were diagnosed with NSCLC, and 
12.3% had CCI ≥ 2, both higher than the 63.9% and 11.5% 
observed in URRBMI patients. Furthermore, UEBMI 
patients were more likely to receive treatment at ter-
tiary hospitals (83.0% vs. 76.8%) and at hospitals located 
in the Central Region (40.3% vs. 36.4%). Notably, 22.1% 
of URRBMI patients had tumor metastasis, which was 
higher than the 18.2% occurred among UEBMI patients.

Cancer treatment disparity after PSM
Figure 2 demonstrates trends in inpatient cancer treat-
ment among URRBMI and UEBMI beneficiaries diag-
nosed with lung cancer. From 2017 to 2021, there were 
increasing proportions of matched samples receiving sur-
gery (UEBMI: 29.7% in 2017 to 54.0% in 2021; URRBMI: 
24.6% in 2017 to 46.7% in 2021), targeted therapy 
(UEBMI: 4.7% in 2017 to 20.2% in 2021; URRBMI: 2.2% 
in 2017 to 19.5% in 2021), and immunotherapy (UEBMI: 
2.9% in 2017 to 13.2% in 2021; URRBMI: 1.1% in 2017 to 
12.8% in 2021), with the gradually decreasing difference 
between the two schemes. Meanwhile, the proportions of 
DAMA were decreasing among matched samples in both 
groups (UEBMI: 13.0% in 2017 to 7.8% in 2021; URRBMI: 
15.0% in 2017 to 10.4% in 2021).

Table  2 displays cancer-directed inpatient treatment 
and the average marginal effects of UEBMI beneficiaries 
over URRBMI beneficiaries on the likelihood of receiving 
cancer therapy for the matched sample. UEBMI benefi-
ciaries were more likely, compared with URRBMI ben-
eficiaries, to receive surgery (46.0% vs. 34.7%), targeted 
therapy (11.5% vs. 9.6%), and immunotherapy (6.4% vs. 
5.4%). According to the results of the multivariable logis-
tic regression, UEBMI was associated with increased 
probabilities of receiving surgery (average marginal dif-
ference [AME]: 6.76%; 95% CI, 6.31 to 7.20%), targeted 
therapy (AME, 2.39%; 95% CI, 2.05 to 2.73%) and immu-
notherapy (AME, 1.26%; 95% CI, 1.00 to 1.53%). In con-
trast, UEBMI was associated with lower probabilities to 
experience chemotherapy or radiotherapy (AME, -0.55%; 
95% CI, -1.09 to -0.02%) and DAMA (AME, -1.56%; 95% 
CI, -1.92 to -1.20%).

Subgroups analysis of cancer treatment disparity
Table 3 presents the cancer-directed inpatient treatment 
and the AMEs of UEBMI over URRBMI on the likelihood 
of receiving cancer therapy for matched subgroups, cat-
egorized by the presence or absence of metastasis. Dis-
tribution of the propensity scores for the unmatched and 

matched subgroups is provided in Supplementary Tables 
S4-5.

In patients without metastasis, UEBMI was associated 
with a higher rate of surgery (AME, 8.04%; 95% CI, 7.52 
to 8.57%) but a lower rate of chemotherapy or radio-
therapy alone (AME, -1.40%; 95% CI, -1.98% to -0.82%). 
Among patients with metastasis, the AME of UEBMI 
was 1.13% (95% CI, 0.52 to 1.74%) for surgery, and 3.49% 
(95% CI, 2.27 to 4.71%) for chemotherapy or radiother-
apy. Additionally, in both subgroups, UEBMI beneficia-
ries were consistently associated with higher likelihoods 
of receiving both targeted therapy and immunotherapy 
(particularly among the group with metastatic cancer), 
and a lower likelihood of DAMA (non-metastatic group: 
AME, -1.79%; 95% CI, -2.16 to -1.41%; metastatic group: 
AME, -1.15%; 95% CI, -2.14 to -0.16%).

Disparity in expenditures after PSM
Table  4 presents differences in inpatient expenditures 
for the matched sample of lung cancer patients under 
URRBMI and UEBMI(see Supplementary Table S6 for 
further descriptive statistics about the unmatched and 
matched samples). Patients under UEBMI had 13.34% 
higher total expenditures compared with those under 
URRBMI (95% CI, 13.08 to 15.47%). Specifically, surgi-
cal expenditures were 18.57% higher for UEBMI patients 
(95% CI, 17.68 to 23.19%), drug expenditures were 8.21% 
higher (95% CI, 6.87 to 10.26%), and diagnostic expendi-
tures were 8.21% higher (95% CI, 6.90 to 10.25%). How-
ever, out-of-pocket expenditures for UEBMI patients was 
19.09% lower than for URRBMI patients (95% CI, -18.39 
to -16.36%).

Discussion
Taking advantage of population-wide discharge data 
from one of the most populous provinces in China, we 
analyzed the inequalities between URRBMI and UEBMI 
beneficiaries in inpatient lung cancer treatment and 
related expenditures. Using the PSM method to adjust for 
different patient characteristics across the two schemes, 
we observed an increase in utilization of treatment ser-
vices for lung cancer patients in Shandong, China. How-
ever, significant inequalities remained in both cancer 
treatment and financial protection between URRBMI 
and UEBMI beneficiaries in China, with a notable dispar-
ity in surgical treatment, particularly among those with-
out metastatic cancer.

Our findings about the treatment inequalities between 
cancer patients under different SHI schemes in China, 
particularly in terms of surgery, are consistent with find-
ings from multiple existing studies showing more gen-
erous insurance to be associated with higher rates of 
receiving cancer treatment (especially curative surgery) 
[41–44]. Crucially, we found the inequalities in surgery 
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Full sample2 Propensity score–matched sample

No. (%)3 No. (%)3

Overall1 URRBMI UEBMI SMD4 URRBMI UEBMI SMD4

Characteristic (N = 319677) (N = 192684) (N = 97639) (N = 58389) (N = 58389)
Matching Variables
Year of diagnosis
  2017 48,010 (15.0) 28,577 (14.8) 14,247 (14.6) -0.0024 9303 (15.9) 10,850 (18.6) 0.0265
  2018 55,579 (17.4) 32,906 (17.1) 16,716 (17.1) 0.0004 10,667 (18.3) 9161 (15.7) -0.0258
  2019 64,703 (20.2) 38,147 (19.8) 20,059 (20.5) 0.0075 12,033 (20.6) 13,378 (22.9) 0.0230
  2020 70,761 (22.1) 42,973 (22.3) 21,884 (22.4) 0.0011 13,258 (22.7) 12,738 (21.8) -0.0089
  2021 80,624 (25.2) 50,081 (26.0) 24,733 (25.3) -0.0066 13,128 (22.5) 12,262 (21.0) -0.0148
Age at diagnosis
  Mean (SD), years 64.8 (10.7) 65.5 (10.1) 63.5 (11.6) 63.7 (10.8) 63.3 (11.2)
  < 45 10,932 (3.4) 4362 (2.3) 5418 (5.5) 0.0329 2329 (4.0) 1931 (3.3) -0.0068
  45–59 83,109 (26.0) 46,563 (24.2) 28,787 (29.5) 0.0532 17,703 (30.3) 20,987 (35.9) 0.0562
  60–75 175,602 (54.9) 111,920 (58.1) 48,424 (49.6) -0.0849 30,079 (51.5) 26,488 (45.4) -0.0615
  > 75 50,034 (15.7) 29,839 (15.5) 15,010 (15.4) -0.0011 8278 (14.2) 8983 (15.4) 0.0121
Gender
  Male 191,603 (59.9) 113,187 (58.7) 61,383 (62.9) 35,738 (61.2) 36,078 (61.8)
  Female 128,074 (40.1) 79,497 (41.3) 36,256 (37.1) -0.0413 22,651 (38.8) 22,311 (38.2) -0.0058
Ethnicity
  Han 316,257 (98.9) 190,634 (98.9) 96,725 (99.1) 57,872 (99.1) 57,741 (98.9)
  Other 3420 (1.1) 2050 (1.1) 914 (0.9) -0.0013 517 (0.9) 648 (1.1) 0.0022
Marital status
  Single 7227 (2.3) 4985 (2.6) 1469 (1.5) -0.0108 631 (1.1) 1215 (2.1) 0.0100
  Married 305,317 (95.5) 183,039 (95.0) 94,328 (96.6) 0.0161 56,906 (97.5) 56,112 (96.1) -0.0136
  Divorced 7133 (2.2) 4660 (2.4) 1842 (1.9) -0.0053 852 (1.5) 1062 (1.8) 0.0036
Occupation
  Employees/workers 29,829 (9.3) 7292 (3.8) 20,224 (20.7) 0.1693 7292 (12.5) 5988 (10.3) -0.0223
  Non-practitioners5 158,322 (49.5) 130,156 (67.5) 16,045 (16.4) -0.5112 16,045 (27.5) 16,045 (27.5) 0.0000
  Special Employees6 39,191 (12.3) 5130 (2.7) 30,833 (31.6) 0.2892 5130 (8.8) 6990 (12.0) 0.0319
  Unspecified 92,335 (28.9) 50,106 (26.0) 30,537 (31.3) 0.0527 29,922 (51.2) 29,366 (50.3) -0.0095
Non-Matching Variables
Types of lung cancer < 0.001 < 0.001
  SCLC 29,934 (9.4) 20,651 (10.7) 7439 (7.6) 6065 (10.4) 4589 (7.9)
  NSCLC 203,011 (63.5) 115,477 (59.9) 68,673 (70.3) 37,296 (63.9) 40,115 (68.7)
  Unspecified 86,732 (27.1) 56,556 (29.4) 21,527 (22.0) 15,028 (25.7) 13,685 (23.4)
Tumor metastasis < 0.001 < 0.001
  No 250,591 (78.4) 146,405 (76.0) 80,374 (82.3) 45,469 (77.9) 47,741 (81.8)
  Yes 69,086 (21.6) 46,279 (24.0) 17,265 (17.7) 12,920 (22.1) 10,648 (18.2)
CCI < 0.05 < 0.001
  CCI = 0 198,764 (62.2) 119,260 (61.9) 60,608 (62.1) 37,088 (63.5) 36,535 (62.6)
  CCI = 1 81,587 (25.5) 49,762 (25.8) 24,782 (25.4) 14,592 (25.0) 14,687 (25.2)
  CCI > = 2 39,326 (12.3) 23,662 (12.3) 12,249 (12.5) 6709 (11.5) 7167 (12.3)
Hospital level < 0.001 < 0.001
  Secondary hospitals 82,728 (25.9) 59,222 (30.7) 15,840 (16.2) 13,244 (22.7) 9633 (16.5)
  Tertiary hospitals 234,941 (73.5) 132,318 (68.7) 81,350 (83.3) 44,819 (76.8) 48,468 (83.0)
  Unclassified or other 2008 (0.6) 1144 (0.6) 449 (0.5) 326 (0.6) 288 (0.5)
Hospital region7 < 0.001 < 0.001
  Eastern (Peninsula) Region 74,962 (23.4) 32,515 (16.9) 32,765 (33.6) 18,446 (31.6) 21,999 (37.7)
  Northern Region 41,561 (13.0) 30,494 (15.8) 8761 (9.0) 6122 (10.5) 4768 (8.2)

Table 1  Descriptive statistics for the study sample, 2017–2021
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Fig. 2  Trends in incidence of inpatient lung cancer treatments among URRBMI and UEBMI beneficiaries in China from 2017 to 20211. Note Abbrevia-
tions: SHI, social health insurance; UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical Insurance; DAMA, 
discharge against medical advice. 1Samples contain propensity score–matched lung cancer patients in 2017-21

 

Full sample2 Propensity score–matched sample

No. (%)3 No. (%)3

Overall1 URRBMI UEBMI SMD4 URRBMI UEBMI SMD4

Characteristic (N = 319677) (N = 192684) (N = 97639) (N = 58389) (N = 58389)
  Southern Region 80,323 (25.1) 60,804 (31.6) 12,869 (13.2) 12,582 (21.5) 8092 (13.9)
  Central Region 122,831 (38.4) 68,871 (35.7) 43,244 (44.3) 21,239 (36.4) 23,530 (40.3)
Note. Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical Insurance; NSCLC, non-small cell lung 
cancer. SCLC, Small cell lung cancer; CCI, the Charlson Comorbidity Index; SMD, standardized mean difference (absolute value of difference in means divided by the 
standard deviation)
1Other insurance types (e.g., public health insurance, private health insurance, supplementary health insurance, poverty assistance, etc.) and no insured patients 
(i.e., all paid out of pocket) represented 6.9% and 2.3% of the cohort and are not included in this table
2Sample is drawn from the overall data of URRBMI and UEBMI populations and is used for analyzing treatments and expenditures
3Values are written as No. (%) unless otherwise stated
4SMD is presented for matching variables as the PSM result, while P-value from Pearson’s Chi-square test is shown for non-matching variables to evaluate intergroup 
difference significance
5Non-practitioners: Self-employed /Unemployed/ Freelance/Students /Farmers
6Special Employees: Retired (retired) staff/civil servants/Professional and technical staff
7Based on the topography, population and culture of Shandong Province, the hospital regions are divided into four regions: the Jiaodong Peninsula region (Eastern 
(Peninsula) Region), the Luzhong region (Central Region), the Lubei region (Northern Region) and the Lunan region (Southern Region)

Table 1  (continued) 
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to be more pronounced among patients with non-met-
astatic lung cancer. Similar findings have been reported 
in the United States, where uninsured and Medicaid 
patients were less likely to receive surgery among patients 
with early-stage lung cancer compared with Medicare 
patients [45, 46]. Comparable studies also identified 
discrepancies in delays of care and receipt of resection 
related to insurance within pancreatic, colorectal and 
hepatocellular cancers [47–49]. As early surgical inter-
vention is associated with significantly longer survival for 
lung cancer [50], the treatment inequalities in early-stage 
cancer likely translate into inequalities in survival. Mean-
while, the observed rapid increase in cancer treatment 
rates, with surgical rates nearly doubling during the study 
period, may reflect improved access to surgical care and 
the effectiveness of cancer screening programs in China. 
However, this trend could also suggest the possibility of 
overdiagnosis or overuse of surgery, a hypothesis that has 
not been investigated in this study and warrants further 
research.

The centralized procurement of innovative anticancer 
drugs by China’s National Healthcare Security Adminis-
tration since 2018 led to an increasing number of receiv-
ing SHI reimbursement, which likely contributed to the 
rising proportion of people receiving targeted therapy 
or immunotherapy observed in our study. Particularly 
among patients with metastatic lung cancer, the main 
care advantage associated with UEBMI in comparison to 
URRBMI shifted to the utilization of radiotherapy, che-
motherapy, targeted therapy and immunotherapy.

Previous studies also found the type of health insur-
ance might affect patients’ treatment choices and the 

continuity of care they receive [51]. Consistent with these 
findings, our study found that URRBMI (with UEBMI as 
reference) was associated with a higher rate of DAMA, 
which might result in rapid deterioration of the disease 
and shortened survival time [52]. Similar results have 
been observed in stage IV non-small-cell lung cancer 
patients, where Medicare and uninsured patients were 
more likely to refuse treatment compared to those with 
private insurance [29]. Additionally, we observed that 
URRBMI patients receive care at secondary hospitals, 
which may have limited medical resources compared to 
tertiary hospitals frequented by UEBMI patients. This 
reliance, influenced by higher cost-sharing for tertiary 
care in urban areas [53], may exacerbate disparities in 
clinical outcomes due to systemic inequities in care 
quality.

In our study, the persisted disparities in lung cancer 
care across SHI schemes after controlling for potential 
confounders, reveal potentially substantial unwarranted 
variations in cancer that could not be explained by illness 
severity or patient preference [14, 54].Besides factors on 
the demand-side, potential explanation from the pro-
vider perspectives is that physicians adjust their clinical 
management in response to patients’ insurance schemes 
[55] that provide differed financial incentives and con-
straints. Specifically, the more generous reimbursement 
rates of UEBMI may encourage physicians to take more 
aggressive cancer care. Empirical evidence supports this, 
showing physicians respond to financial incentives by 
changing prescribing behavior [56], or elective procedure 
use [57].

Table 2  Differences in lung cancer treatment in the first year after diagnosis, by health insurance schemes, 2017-21
Treatment Outcomes No. (%) UEBMI vs. URRBMI1

UEBMI (N = 58389) URRBMI (N = 58389) AME [95% CI] (%)2 P-value
Surgery 6.76 [6.31, 7.20] < 0.001
  Yes 26,866 (46.0) 20,253 (34.7)
  No 31,523 (54.0) 38,136 (65.3)
Radiotherapy / Chemotherapy -0.55 [-1.09, -0.02] < 0.05
  Yes 21,890 (37.5) 22,725 (38.9)
  No 36,499 (62.5) 35,664 (61.1)
Targeted Therapy 2.39 [2.05, 2.73] < 0.001
  Yes 6731 (11.5) 5623 (9.6)
  No 51,658 (88.5) 52,766 (90.4)
Immunotherapy 1.26 [1.00, 1.53] < 0.001
  Yes 3759 (6.4) 3132 (5.4)
  No 54,630 (93.6) 55,257 (94.6)
Discharge Against Medical Advice -1.56 [-1.92, -1.20] < 0.001
  Yes 6013 (10.3) 7467 (12.8)
  No 52,376 (89.7) 50,922 (87.2)
Note. Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical Insurance. AME, Adjusted Marginal Effect
1Models adjust for patient socio-demographics, year of diagnosis, clinical characteristics and healthcare provider characteristics. Treatment outcomes were 
analyzed using a multivariate regression analysis
2 Values for this column are rounded to two decimal places
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In terms of expenditures, patients under UEBMI expe-
rienced better financial protection than those under 
URRBMI, which is consistent with previous research [58, 
59]. This economic advantage appears to translate into 
disparities in cancer healthcare, where UEBMI patients 
demonstrated greater access to cancer care than their 
URRBMI patients [5]. The heightened financial burden 
faced by URRBMI beneficiaries carries particular impli-
cations for vulnerable populations. Moreover, a previ-
ous study [60] demonstrated that cancer patients over 60 

years old faced a heavier financial burden, with high hos-
pitalization costs potentially becoming a barrier for the 
elderly.

Implications for policy and practice
Several implications can be drawn for this study. First, 
the double inequalities in treatment and financial pro-
tection for lung cancer patients imply that inadequacy in 
cancer care for the URRBMI beneficiaries. To improve 
access, especially for non-metastatic or early-stage lung 

Table 3  Comparison of treatment between URRBMI and UEBMI in Non-metastatic and metastatic lung Cancer patients, 2017–2021
Treatment No. (%) UEBMI vs. URRBMI2

UEBMI
(N = 47170)

URRBMI
(N = 47170)

AME [95% CI] (%)3 p-value

Non-metastatic Group1

Surgery 8.04 [7.52, 8.57] < 0.001
  Yes 26,916 (57.1) 20,482 (43.4)
  No 20,254 (42.9) 26,688 (56.6)
Radiotherapy / Chemotherapy -1.40 [-1.98, -0.82] < 0.001
  Yes 15,811 (33.5) 17,114 (36.3)
  No 31,359 (66.5) 30,056 (63.7)
Targeted Therapy 1.16 [0.82, 1.50] < 0.001
  Yes 3983 (8.4) 3395 (7.2)
  No 43,187 (91.6) 43,775 (92.8)
Immunotherapy 0.86 [0.59, 1.14] < 0.001
  Yes 2572 (5.5) 2190 (4.6)
  No 44,598 (94.5) 44,980 (95.4)
Discharge Against Medical Advice -1.79 [-2.16, -1.41] < 0.001
  Yes 3971 (8.4) 5349 (11.3)
  No 43,199 (91.6) 41,821 (88.7)

No. (%) UEBMI vs. URRBMI2

Treatment UEBMI
(N = 11298)

URRBMI
(N = 11298)

AME [95% CI] (%)3 p-value

Metastatic Group1

Surgery 1.13 [0.52, 1.74] < 0.001
  Yes 732 (6.5) 571 (5.1)
  No 10,566 (93.5) 10,727 (94.9)
Radiotherapy / Chemotherapy 3.49 [2.27, 4.71] < 0.001
  Yes 5873 (52.0) 5352 (47.4)
  No 5425 (48.0) 5946 (52.6)
Targeted Therapy 7.87 [6.89, 8.86] < 0.001
  Yes 2893 (25.6) 1967 (17.4)
  No 8405 (74.4) 9331 (82.6)
Immunotherapy 3.41 [2.69, 4.14] < 0.001
  Yes 1222 (10.8) 849 (7.5)
  No 10,076 (89.2) 10,449 (92.5)
Discharge Against Medical Advice -1.15 [-2.14, -0.16] < 0.05
  Yes 1900 (16.8) 2099 (18.6)
  No 9398 (83.2) 9199 (81.4)
Note. Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical Insurance. AME, Adjusted Marginal Effect
1This table is based on two subgroup samples including the presence or absence of cancer metastases. Descriptive statistics for the samples are provided in 
Appendix Table
2Models adjust for patient socio-demographics, year of diagnosis, clinical characteristics and healthcare provider characteristics. Treatment outcomes were 
analyzed using a multivariate regression analysis
3 Values for this column are rounded to two decimal places
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cancer patients, it is crucial to consider narrowing the 
reimbursement gaps for surgery between URRBMI and 
UEBMI, enabling URRBMI beneficiaries to afford nec-
essary surgery at the right stage and avoid catastrophic 
expenditure. Indeed, policies on benefit packages and 
reimbursement rates may be further coordinated, so 
that incremental harmonization of SHI schemes priori-
tize raising reimbursement rates for good value cancer 
care. Additionally, clear clinical guidelines and oversight 
mechanisms are necessary to prevent resource mis-
use and mitigate moral hazard. Second, the disparity 
in radiotherapy/chemotherapy, targeted therapy and 
immunotherapy in (particularly metastatic) lung cancer 
patients across SHI schemes in China should also raise 
discussions about standardization of cancer care and 
“value for money”. It is possible that some expenditures 
of UEBMI in the late-stage cancer care could be made to 
much better use in URRBMI for patients with an earlier 
stage cancer. Third, given that a much larger proportion 
of URRBMI patients receive care at the secondary hos-
pitals than UEBMI patients, it is critical to enhance the 
quality and continuity of medical services at secondary 
hospitals to minimize disparities in care quality relative 
to tertiary hospitals.

Limitations
Several limitations of our study warrant caution in inter-
pretation. First, there is an absence of comprehensive 
staging information for lung cancer patients in our data-
set. While this precluded a more nuanced analysis of how 
detailed stages of lung cancer affect outcomes across SHI 
schemes, our subgroup analysis stratified by whether 
the cancer was metastatic should have addressed a sub-
stantial part of the patient’s cancer stage upon diagnosis. 

Second, limited socio-economic data prevented us from 
distinguishing the effects of SHI scheme from confound-
ers like health literacy, attitudes towards surgery, and 
social or family support. Lower health literacy and risk-
averse attitudes toward surgery may reduce treatment 
adherence and uptake of aggressive treatments [61, 62], 
while stronger social support likely enhances treatment-
seeking [61]. Third, while our study did not delve into 
the quality or health outcome of treatment received, or 
whether the unwarranted disparity represents under- or 
over-treatment, these aspects present important avenues 
for future research. Fourth, given the mobility of patients, 
the HRFPs would not capture hospitalizations outside 
Shandong Province, which means an underestimation 
of treatments and expenditures. However, due to the 
province’s large population and well-developed health-
care resources, cancer patients often rely heavily on local 
care. Hence, this underestimation is likely to be small. 
Finally, the data were obtained from medical institutions 
in Shandong Province means our results are not directly 
generalizable to other provinces or countries. However, 
the significant disparities we found may have some ref-
erence value for understanding the situation in China, as 
the tiered SHI exists nation-wide.

Conclusion
Utilization of inpatient cancer treatment services 
improved in recent years for lung cancer patients under 
both UEBMI and URRBMI in China. Compared to 
URRBM, UEBMI coverage was associated with a substan-
tially higher likelihood of receiving surgery, radiotherapy, 
and chemotherapy, especially surgery among patients 
with non-metastatic cancer. They also experienced lower 
out-of-pocket expenditures, indicating better financial 

Table 4  Differences in medical expenditure in the first year after diagnosis, by health insurance schemes, 2017 − 211

Expenditures, RMB Adjusted mean (95%CI) GLM results (UEBMI vs. URRBMI)2

URRBMI1

(N = 40820)
UEBMI1

(N = 40820)
Exp(coefficient)-1 [95% CI] (%)3 P-value

Total expenditures 60,383.08
(59,868.90–60,897.26)

69,812.93
(69,268.91–70,356.94)

13.34 [13.08, 15.47] < 0.001

Out-of-pocket expenditures 33,258.46
(32,940.02–33,576.90)

27,193.36
(26,921.38–27,465.35)

-19.09 [-18.39, -16.36] < 0.001

Surgical expenditures 7,929.47
(7,793.81–8,065.13)

9,606.28
(9,466.10–9,746.46)

18.57 [17.68, 23.19] < 0.001

Drug expenditures 18,157.26
(17,906.03–18,408.48)

19,963.04
(19,679.57–20,246.51)

8.21 [6.87, 10.26] < 0.001

Diagnosis-related expenditures 14,828.55
(14,700.75–14,956.34)

15,420.04
(15,298.49–15,541.60)

8.21 [6.90, 10.25] < 0.001

Note. Abbreviations: UEBMI, Urban Employee Basic Medical Insurance; URRBMI, Urban and Rural Residents Basic Medical Insurance. GLM, generalized linear model
1This table is based on a PSM sample that excludes cases with zero or missing medical expenditure. Descriptive statistics for the sample are provided in Appendix 
Table
2Models adjust for patient socio-demographics, year of diagnosis, clinical characteristics and healthcare provider characteristics. Expenditures outcomes were 
analyzed using a GLM with a gamma distribution and log link, with outcomes in 2021 inflation-adjusted terms
3 Exp (coefficient) -1 (%) reflects the relative change proportion of the medical expenditures in the UEBMI group compared to the URRBMI group. Values for this 
column are rounded to two decimal places
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protection. These findings highlight the need to better 
harmonize benefits within China’s tiered SHI system to 
reduce disparities in cancer care.
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