Additional file 1: Rationale for Covariate Selection
Covariates were selected according to Andersen’s Behavioral Model of Health Service Use, which conceptualizes that healthcare utilization is determined by three domains: predisposing, enabling, and need factors. Predisposing factors describe inherent individual characteristics that influence the propensity to seek care; enabling factors represent the resources and contextual conditions that facilitate or constrain access to healthcare; and need factors reflect perceived and evaluated health conditions that directly generate demand for services. Guided by this framework, we included variables covering demographic, socioeconomic, and health-related dimensions to control for potential confounding and to better estimate associations of health check-up type with healthcare utilization and inequality
Predisposing factors included age, gender, education level, and marital status. These variables capture demographic and social characteristics shaping health perceptions and care-seeking behavior. Age, gender, and marital status reflect differences in health risk and social support; education level represents health literacy and capacity to engage effectively with the healthcare system.
Enabling factors comprised residential area, health insurance coverage, and per capita household consumption. Residential area captures the urban–rural divide in healthcare resource availability and geographic accessibility. Health insurance coverage reduces financial barriers. Per capita household consumption serves as a proxy for household income or wealth and reflects financial capacity to meet out-of-pocket healthcare expenses.
Need factors included self-rated health status, chronic disease status, smoking habit, drinking habit, physical activity, and depression risk. Self-rated health indicates perceived health burden, while chronic disease status reflects objective medical need. Health behaviors (smoking, drinking, and physical activity) measure both risk exposure and health awareness, and depression risk captures mental health needs that are prevalent among older adults and linked to higher service utilization.
By controlling for these predisposing, enabling, and need factors, this study aims to minimize confounding bias and provide a more comprehensive assessment of the associations between health check-up type and healthcare utilization and inequality.

Additional file 2: Sensitivity analyses
Table S1.
Sensitivity analyses additionally adjusting for lagged healthcare utilization and expenditure outcomes (FE-Logit for binary outcomes and FE-OLS for continuous outcomes)
	Variables
	Monthly outpatient visit (OR)
	Annual hospital admission (OR)
	Log monthly outpatient expenditure (β)
	Log annual inpatient expenditure (β)
	Log total annual medical expenditure (β)

	Free health check-up
	1.02 (0.19)
	0.97 (0.20)
	0.01 (0.12)
	-0.02 (0.17)
	0.00 (0.20)

	Self-paid health check-up
	1.25 (0.23)
	2.08*** (0.47)
	0.32** (0.14)
	0.53*** (0.19)
	0.68*** (0.21)

	Lagged dependent variable
	0.10*** (0.02)
	0.07*** (0.02)
	-0.41*** (0.02)
	-0.41*** (0.03)
	-0.39*** (0.02)

	Age: 71–75 years vs 65–70 years
	0.84 (0.20)
	0.81 (0.20)
	0.02 (0.14)
	-0.20 (0.20)
	-0.22 (0.23)

	Age: ≥76 years vs 65–70 years
	0.67 (0.27)
	0.90 (0.42)
	0.13 (0.26)
	-0.27 (0.36)
	-0.20 (0.43)

	Marital status: others vs married
	1.70 (0.79)
	2.00 (1.06)
	0.04 (0.28)
	0.40 (0.40)
	0.46 (0.46)

	Health insurance coverage: yes vs no
	1.00 (0.28)
	2.43** (0.87)
	-0.16 (0.20)
	0.47* (0.24)
	0.20 (0.31)

	Log of per capita household consumption
	1.14 (0.10)
	1.25** (0.12)
	0.09* (0.05)
	0.26*** (0.07)
	0.29*** (0.08)

	Self-rated health: fair vs poor
	0.99 (0.18)
	0.44*** (0.09)
	-0.08 (0.15)
	-0.85*** (0.20)
	-0.64*** (0.24)

	Self-rated health: good vs poor
	0.52** (0.14)
	0.24*** (0.08)
	-0.43** (0.17)
	-1.36*** (0.25)
	-1.55*** (0.30)

	Chronic disease: single chronic disease vs none
	1.02 (0.39)
	1.14 (0.53)
	0.09 (0.19)
	-0.14 (0.23)
	-0.06 (0.29)

	Chronic disease: multiple chronic diseases vs none
	1.64 (0.66)
	3.49** (1.90)
	0.17 (0.22)
	0.51* (0.27)
	0.70** (0.34)

	Drinking habit: yes vs no
	0.57** (0.14)
	0.56* (0.17)
	-0.41** (0.16)
	-0.55** (0.22)
	-0.81*** (0.26)

	Smoking habit: yes vs no
	0.79 (0.26)
	0.81 (0.29)
	-0.49** (0.23)
	-1.26*** (0.33)
	-1.54*** (0.37)

	Physical activity: yes vs no
	0.89 (0.13)
	0.92 (0.17)
	-0.11 (0.10)
	-0.21 (0.14)
	-0.23 (0.16)

	Depression risk: high risk vs low risk
	1.02 (0.19)
	1.67*** (0.32)
	0.02 (0.12)
	0.50*** (0.17)
	0.48** (0.19)

	Survey year: 2015 vs 2013
	1.11 (0.18)
	2.04*** (0.43)
	-0.03 (0.10)
	0.34** (0.14)
	0.15 (0.17)

	Survey year: 2018 vs 2013
	1.07 (0.30)
	5.13*** (1.94)
	-0.20 (0.17)
	1.17*** (0.24)
	0.65** (0.29)

	Observations
	1,347
	1,269
	6,045
	6,045
	6,045


Notes:
The reduced sample size in the lagged models is attributable to three factors. First, the baseline wave (2011) does not have prior-wave information, leading to the exclusion of these observations. Second, the lagged specification requires individuals to participate in at least two consecutive survey waves, which excludes respondents with attrition. Third, Gender, education level, and residential area were omitted in fixed-effects models because of no within-person variation. Robust standard errors clustered at the individual level are shown in parentheses. * P<0.10, ** P<0.05, *** P<0.01.

Additional file 3: Heterogeneity analysis
Table S2. 
Heterogeneity analysis in the association between health check-up type and healthcare utilization by household consumption tertiles
	Variables
	Low consumption
	Middle consumption
	High consumption

	Monthly outpatient visit(OR)
	
	
	

	Free health check-up
	0.807(0.188)
	1.174(0.269)
	1.036(0.204)

	Self-paid health check-up
	1.193(0.236)
	1.733**(0.412)
	1.758**(0.416)

	Annual hospital admission(OR)
	
	
	

	Free health check-up
	1.425(0.435)
	1.118(0.287)
	0.839(0.160)

	Self-paid health check-up
	1.589*(0.385)
	1.427(0.375)
	1.420(0.331)

	Log of monthly outpatient expenditure(β)

	Free health check-up
	-0.212(0.130)
	0.087(0.161)
	-0.084(0.171)

	Self-paid health check-up
	0.261*(0.134)
	0.585***(0.190)
	0.586***(0.210)

	Log of yearly inpatient expenditure(β)

	Free health check-up
	-0.031(0.175)
	-0.055(0.233)
	-0.156(0.244)

	Self-paid health check-up
	0.257(0.163)
	0.202(0.241)
	0.677**(0.305)

	Log of total annual medical expenditure(β)

	Free health check-up
	-0.272(0.223)
	0.059(0.277)
	0.025(0.276)

	Self-paid health check-up
	0.427**(0.216)
	0.667**(0.285)
	1.040***(0.334)


Notes:
The sample was stratified into low, middle, and high consumption groups based on tertiles of per capita household consumption. No health check-up was the reference group. For binary outcomes, odds ratios from conditional fixed-effects logistic regressions are reported. For expenditure outcomes, coefficients from two-way fixed-effects linear regressions are reported. Models adjusted for predisposing factors, enabling resources excluding household consumption, need factors, and year fixed effects. Robust standard errors clustered at the individual level are shown in parentheses. *p<0.1, **p<0.05, ***p<0.01.


Additional file 4: Robustness checks
Table S3. 
Robustness checks based on sequential model specifications following Andersen’s Behavioral Model
	
	(1)FE Only
	(2)+predisposing characteristics
	(3)+enabling resources
	(4)+Need (Full)

	Monthly outpatient visit（OR）
	
	
	
	

	Free health check-up
	0.992(0.087)
	0.992(0.087)
	0.990(0.087)
	0.968(0.086)

	Self-paid health check-up
	1.196**(0.104)
	1.197**(0.105)
	1.193**(0.104)
	1.188*(0.105)

	Observations
	4,485
	4,485
	4,485
	4,485

	Annual hospital admission(OR)
	
	
	
	

	Free health check-up
	1.059(0.099)
	1.061(0.100)
	1.058(0.100)
	1.041(0.100)

	Self-paid health check-up
	1.554***(0.149)
	1.560***(0.149)
	1.554***(0.150)
	1.519***(0.148)

	Observations
	4,168
	4,168
	4,168
	4,168

	Log of monthly outpatient expenditure(β)
	
	
	
	

	Free health check-up
	-0.037(0.067)
	-0.038(0.067)
	-0.038(0.067)
	-0.054(0.067)

	Self-paid health check-up
	0.294***(0.073)
	0.293***(0.074)
	0.290***(0.073)
	0.280***(0.073)

	Observations
	13,429
	13,429
	13,429
	13,429

	Log of annual inpatient expenditure(β)
	
	
	
	

	Free health check-up
	-0.075(0.096)
	-0.073(0.096)
	-0.074(0.096)
	-0.098(0.095)

	Self-paid health check-up
	0.434***(0.101)
	0.439***(0.101)
	0.428***(0.100)
	0.412***(0.099)

	Observations
	13,429
	13,429
	13,429
	13,429

	Log of total annual 
medical expenditure(β)
	
	
	
	

	Free health check-up
	-0.039(0.115)
	-0.039(0.115)
	-0.040(0.114)
	-0.074(0.113)

	Self-paid health check-up
	0.624***(0.120)
	0.626***(0.120)
	0.615***(0.120)
	0.591***(0.118)

	Observations
	13,429
	13,429
	13,429
	13,429


Notes:
The reference group was no health check-up. Columns (1)–(4) present sequential model specifications: (1) includes individual and year fixed effects only; (2) adds predisposing characteristics; (3) adds enabling resources; and (4) further adds need factors. For binary outcomes, odds ratios from conditional fixed-effects logistic regressions are reported. For expenditure outcomes, coefficients from two-way fixed-effects linear regressions are reported. Robust standard errors clustered at the individual level are shown in parentheses. *p<0.1, **p<0.05, ***p<0.01.

Table S4.
Robustness checks using alternative estimators for healthcare utilization outcomes (FE-LPM for binary outcomes and FE-OLS for continuous outcomes)
	
	Monthly outpatient visit(FE-LPM)
	Annual hospital admission(FE-LPM)
	Log of monthly outpatient expenditure(FE-OLS)
	Log of annual inpatient expenditure(FE-OLS)
	Log of total annual medical expenditure(FE-OLS)

	Free health check-up
	-0.003 (0.011)
	-0.002 (0.011)
	-0.054 (0.067)
	-0.098 (0.095)
	-0.074 (0.113)

	Self-paid health check-up
	0.026** (0.012)
	0.048*** (0.011)
	0.280*** (0.073)
	0.412*** (0.099)
	0.591*** (0.118)

	Age 71–75 years
	-0.004 (0.015)
	-0.017 (0.014)
	-0.067 (0.088)
	-0.082 (0.118)
	-0.116 (0.142)

	Age ≥76 years
	-0.016 (0.026)
	-0.017 (0.024)
	-0.159 (0.158)
	-0.025 (0.211)
	-0.203 (0.256)

	Married
	0.006 (0.022)
	0.046** (0.021)
	0.004 (0.140)
	0.233 (0.183)
	0.190 (0.228)

	Health insurance coverage
	0.004 (0.018)
	0.055*** (0.015)
	0.072 (0.108)
	0.370*** (0.135)
	0.329* (0.172)

	Log of per capita household consumption
	0.012** (0.005)
	0.027***(0.005)
	0.085*** (0.028)
	0.307*** (0.045)
	0.323*** (0.051)

	Self-rated health: fair
	-0.052***(0.013)
	-0.069***(0.012)
	-0.415***(0.081)
	-0.667***(0.108)
	-0.869***(0.130)

	Self-rated health: good
	-0.083***(0.016)
	-0.107***(0.016)
	-0.581***(0.094)
	-0.983***(0.135)
	-1.359***(0.163)

	One chronic disease
	0.012 (0.017)
	-0.023 (0.016)
	0.096 (0.100)
	-0.195 (0.140)
	-0.050 (0.170)

	Multiple chronic diseases
	0.038* (0.020)
	0.051*** (0.019)
	0.252** (0.115)
	0.425** (0.166)
	0.624*** (0.196)

	Drinking habit
	-0.013 (0.015)
	-0.045***(0.014)
	-0.117 (0.089)
	-0.418***(0.121)
	-0.389***(0.147)

	Smoking habit
	-0.040* (0.022)
	-0.081***(0.021)
	-0.434***(0.141)
	-0.872***(0.195)
	-1.115***(0.223)

	Physical activity
	0.003 (0.010)
	-0.008 (0.010)
	0.002 (0.063)
	-0.057 (0.088)
	-0.029 (0.104)

	Depression risk
	0.012 (0.011)
	0.024** (0.011)
	0.110* (0.066)
	0.221** (0.094)
	0.341*** (0.112)

	2013.year
	0.027** (0.012)
	0.063*** (0.011)
	0.312*** (0.071)
	0.489*** (0.093)
	0.702*** (0.116)

	2015.year
	0.002 (0.014)
	0.091*** (0.013)
	0.217** (0.087)
	0.736*** (0.113)
	0.736*** (0.138)

	2018.year
	-0.038* (0.020)
	0.143*** (0.019)
	0.020 (0.117)
	1.177*** (0.161)
	0.888*** (0.195)

	Observations
	13,429
	13,429
	13,429
	13,429
	13,429


Notes:
1. Columns (1)–(2) report results for binary healthcare utilization outcomes (monthly outpatient visits and annual hospital admissions), estimated using individual fixed-effects linear probability models (FE-LPM) as a robustness check against the baseline fixed-effects logit models.
2. Columns (3)–(5) report results for continuous healthcare expenditure outcomes (log of monthly outpatient expenditure, log of annual inpatient expenditure, and log of total annual medical expenditure), estimated using two-way fixed-effects linear models (FE-OLS), consistent with the baseline specification.
3. All models control for the same set of covariates as in the main analysis, including predisposing factors, enabling resources, and need factors based on the Andersen behavioral model, as well as individual and year fixed effects.
4. * p<0.1, **p<0.05, ***p<0.01; Robust standard errors clustered at the individual level.

Additional file 5: Inequality analyses
Table S5. 
Comparison of concentration index (CI) and horizontal inequity index (HI) for healthcare utilization outcomes
	Outcome
	Index
	2011
	2013
	2015
	2018
	Total

	Monthly outpatient visit
	CI
	0.06**
	0.06**
	0.08***
	0.14***
	0.05***

	
	HI
	0.05**
	0.04**
	0.06***
	0.11***
	0.04***

	Annual hospital admission
	CI
	0.22***
	0.16***
	0.18***
	0.11***
	0.20***

	
	HI
	0.17***
	0.12***
	0.15***
	0.09***
	0.15***

	Log monthly outpatient expenditure
	CI
	0.11***
	0.11***
	0.14***
	0.17***
	0.11***

	
	HI
	0.09***
	0.10***
	0.12***
	0.15***
	0.10***

	Log annual inpatient expenditure
	CI
	0.26***
	0.19***
	0.21***
	0.15***
	0.23***

	
	HI
	0.22***
	0.16***
	0.18***
	0.13***
	0.19***

	Log total annual medical expenditure
	CI
	0.16***
	0.13***
	0.16***
	0.16***
	0.16***

	
	HI
	0.12***
	0.10***
	0.13***
	0.12***
	0.12***


Notes: 
CI indicates concentration index; HI indicates horizontal inequity index. Positive values indicate pro-rich inequality. HI was calculated after standardizing healthcare utilization for health need variables. The table compares crude inequality and need-standardized inequality by survey year and for the full sample. * p<0.10, **p<0.05, ***p<0.01

Table S6. 
Pairwise comparisons of horizontal inequity index (HI) across health check-up groups
	Outcomes
	No health check-up HI
	Free health check-up HI
	Self-paid health check-up HI
	Free vs. no difference 
(P value)
	Self-paid vs. no difference 
(P value)
	Free vs. self-paid difference 
(P value)

	Monthly outpatient visit
	0.0266
	0.0555
	0.0502
	0.0289(0.235)
	0.0236(0.264)
	0.0053(0.844)

	Annual hospital admission
	0.1617***
	0.1013***
	0.1837***
	-0.0604**(0.015)
	0.0220(0.350)
	-0.0824***(0.004)

	Log of monthly outpatient expenditure
	0.0785***
	0.1202***
	0.1158***
	0.0416(0.119)
	0.0372(0.103)
	0.0044(0.878)

	Log of annual inpatient expenditure
	0.2062***
	0.1432***
	0.2232***
	-0.0630**(0.018)
	0.0170(0.491)
	-0.0800***(0.008)

	Log of total annual medical expenditure
	0.1193***
	0.1193***
	0.1368***
	0.0001(0.998)
	0.0175(0.275)
	-0.0174(0.394)


Notes: 
HI refers to the horizontal inequity index after standardizing healthcare utilization outcomes for health needs. Need-standardization adjusted for age, gender, self-rated health status, chronic disease status, and depression risk. Positive HI values indicate pro-rich inequity.Pairwise differences were calculated as the difference between the two group-specific HI values. P values were obtained using 500 bootstrap simulations with resampling clustered at the individual level. * p<0.10, ** p<0.05, *** p<0.01.
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Table S7. 
Overall RIF-I-OLS decomposition of inequality in healthcare utilization
	Variables
	Monthly outpatient visit 
	Annual hospital admission 
	Log monthly outpatient expenditure 
	Log annual inpatient expenditure 
	Log total annual medical expenditure 

	
	Coef.
	Contr. (%)
	Coef.
	Contr. (%)
	Coef.
	Contr. (%)
	Coef.
	Contr. (%)
	Coef.
	Contr. (%)

	Free health check-up vs no health check-up
	0.0086
	16.4
	-0.0174
	-8.7
	0.0088
	8.7
	-0.0139
	-6.7
	-0.0002
	-0.2

	Self-paid health check-up vs no health check-up
	0.0040
	7.7
	-0.0095
	-4.8
	0.0027
	2.7
	-0.0117
	-5.7
	-0.0036
	-2.7

	Health check-up type jointly
	0.0126
	24.1
	-0.0269
	-13.5
	0.0115
	11.4
	-0.0257
	-12.4
	-0.0038
	-2.9

	Age
	0.0235
	45.1
	0.0377
	19.0
	0.0103
	10.2
	0.0234
	11.3
	0.0180
	13.9

	Gender
	-0.0212
	-40.7
	-0.0099
	-5.0
	-0.0172
	-17.1
	-0.0041
	-2.0
	-0.0173
	-13.3

	Education level
	0.0231
	44.4
	0.0097
	4.9
	0.0194
	19.3
	0.0051
	2.5
	0.0097
	7.5

	Marital status
	-0.0042
	-8.1
	0.0157
	7.9
	0.0007
	0.7
	0.0152
	7.4
	0.0090
	6.9

	Residential area
	0.0191
	36.7
	0.0017
	0.9
	0.0085
	8.5
	-0.0037
	-1.8
	0.0012
	0.9

	Self-rated health status
	0.0493
	94.6
	-0.0486
	-24.5
	0.0313
	31.1
	-0.0311
	-15.0
	0.0084
	6.5

	Health insurance coverage
	-0.0249
	-47.8
	-0.0088
	-4.4
	-0.0407
	-40.4
	-0.0015
	-0.7
	-0.0134
	-10.3

	Chronic disease
	-0.0723
	-138.7
	-0.1009
	-50.8
	-0.0795
	-79.0
	-0.0965
	-46.6
	-0.0811
	-62.5

	Smoking habit
	-0.0062
	-11.8
	-0.0089
	-4.5
	-0.0035
	-3.5
	-0.0064
	-3.1
	-0.0062
	-4.8

	Drinking habit
	-0.0137
	-26.3
	-0.0146
	-7.3
	-0.0140
	-13.9
	-0.0110
	-5.3
	-0.0131
	-10.1

	Physical activity
	-0.0131
	-25.1
	0.0172
	8.7
	-0.0182
	-18.1
	0.0098
	4.7
	-0.0048
	-3.7

	Depression risk
	0.0081
	15.6
	-0.0096
	-4.8
	0.0055
	5.5
	-0.0109
	-5.3
	-0.0015
	-1.2

	Log of per capita household consumption
	-0.2082
	-399.5
	-0.0098
	-4.9
	-0.2000
	-198.7
	-0.1573
	-76.1
	-0.1610
	-124.0

	Survey year
	0.0432
	82.9
	-0.1084
	-54.5
	0.0278
	27.6
	-0.1008
	-48.7
	-0.0213
	-16.4

	Intercept/reference categories
	0.2370
	454.7
	0.4631
	233.0
	0.3587
	356.3
	0.6020
	291.1
	0.4070
	313.4

	Observed inequality index
	0.0521
	100.0
	0.1988
	100.0
	0.1007
	100.0
	0.2068
	100.0
	0.1299
	100.0


Notes: 
This table reports the overall RIF-I-OLS decomposition of inequality in healthcare utilization using the full sample. No health check-up was used as the reference group for health check-up type. “Coef.” indicates the RIF-I-OLS contribution value, and “Contr. (%)” indicates the proportion of the observed inequality index accounted for by each factor. Negative values indicate offsetting contributions. Contribution percentages may exceed 100% in absolute value because different factors contribute in opposite directions.



