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Objective: The family doctor system plays a crucial role in promoting the gradient utilization of health resources. However, empirical evidence regarding the use of health services across different levels of care by diabetic patients under family doctor contracts remains limited. This study aimed to investigate the impact of the family doctor system on the gradient utilization of health services among diabetic patients using real-world data.



Methods: We conducted an eight-year cohort study in Shanghai from 2014 to 2021, with a final sample size of 491,674 participants, including 459,600 contracted and 32,074 non-contracted patients. We employed inverse probability weighted regression adjustment (IPWRA) and zero-inflated negative binomial regression models to estimate the net effects. Among contracted patients, 52.08% were female, with an average age of 66.31 years; in comparison, non-contracted patients were younger, and over 60% resided in urban areas. The annual number of outpatient and inpatient visits was 32.47 and 0.42 for contracted patients, and 34.63 and 0.35 for non-contracted patients, respectively.



Results: Study results showed that, outpatient visits decreased across all levels of hospital (coef. = −7.37%, IRR = 0.92 P < 0.01), with a more pronounced reduction in secondary and tertiary hospitals compared to community health centers. This translated to a notable decrease of 2.43 days in the total number of outpatient visits. Conversely, hospitalization rates increased, particularly in community health centers (coef. = 26.88%, IRR = 1.30, P < 0.01). Overall, the data suggest that having a family doctor is associated with reduced outpatient visits, especially in higher-level hospitals, while hospitalizations are more concentrated in community health centers.



Conclusion: Hospitalization rates can be reduced through targeted measures: strengthening early screening for diabetic complications; implementing a health-focused digital management system with outcomes-linked performance evaluations; enhancing clinical decision support and re mote monitoring systems to enable timely interventions by family doctors; developing clear referral protocols to minimize unnecessary hospital admissions; and conducting regular competency training for primary care providers.
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Introduction

According to the International Diabetes Federation (IDF) Diabetes Atlas, 10th Edition (2021), approximately 537 million adults aged 20–79 years are living with diabetes globally, accounting for nearly 10% of the world's population. China bears the highest burden, with an estimated 140 million adults affected in 2021, projected to rise to 170 million by 2045 (1). Without effective management, diabetes can lead to acute and chronic complications, resulting in increased hospitalizations and healthcare costs (2, 3), thereby posing a significant challenge to healthcare systems.

In most countries, primary care plays a central role in diabetes management. Family doctors act as “gatekeepers,” establishing contractual relationships with patients and providing standardized services including risk assessment, disease screening, chronic disease management, follow-up interventions, and health education (4). The family doctor contracting system facilitates primary care engagement and two-way referrals, promoting the rational and hierarchical utilization of healthcare resources and reducing resource wastage (5).

It is generally hypothesized that diabetic patients receiving family doctor services are more likely to seek care at primary healthcare institutions, thereby reducing visits to secondary and tertiary hospitals and fostering a graded healthcare utilization pattern. Moreover, family doctor services are regarded as key to improving health outcomes and reducing healthcare costs. However, this premise remains debated among both patients and physicians. A considerable body of research from various countries has explored the impact of the family doctor system on outpatient visits, emergency department visits, hospitalizations, and avoidable admissions (6, 7). For instance, in Australia, potentially preventable hospitalizations were significantly lower among patients with general practitioner (GP) utilization compared to those without (IRR = 0.67) (8), whereas Welberry et al. found no evidence that GP management significantly reduced avoidable hospitalizations (9). In the United States, In America, the pilot practices found that GP collaborative practice has statistically significantly lower rates of all-cause hospitalization, emergency department visits and higher rates of primary care visits, little evidence of substantial changes in the use of specialty services by adults in the first 18 months after the elimination of gatekeeping (10, 11). In China, studies have shown that family doctor contracting increased follow-up and outpatient visits among patients with hypertension but not diabetes, while in Taiwan province, the Family Physician Integrated Care Program reduced hospital admissions in the long term (12). In Europe, research by Van Loenen et al. found that countries with better perceived access to care paradoxically had higher rates of hospital admissions for long-term diabetes complications (13).

In 2011, S City launched the pilot family doctor contracting service in 10 administrative districts, expanding citywide by 2013. In 2015, S City introduced the innovative “1 + 1 + 1” combined contracting model, allowing residents to voluntarily select a community health center, a district-level hospital, and a municipal hospital (including traditional Chinese medicine hospitals) for integrated care. This pioneering approach empowers residents with the flexibility to voluntarily choose a community, district, and central hospital for combined contracting (14–16).

Three main reasons underlie the present study. First, existing research rarely examines how family doctor contracting influences patients' graded utilization of different healthcare institution levels. Prior studies have largely focused on primary care usage, awareness of the family doctor system, signing determinants, chronic disease management outcomes, and cost control effects, without exploring hierarchical healthcare patterns. Second, methodological limitations prevail: most studies rely on cross-sectional data, small sample sizes, short study durations, and lack control groups, limiting causal inferences. Third, previous research has often employed simple comparisons and descriptive analyses without addressing endogeneity or confounding, which are critical for establishing causality.

Thus, the objective of this study was to investigate the impact of family doctor contracting on the graded utilization of healthcare services among diabetic patients, using real-world longitudinal data.



Methods


Study design

This was a retrospective cohort study. Diabetic patients were identified based on the International Classification of Diseases, 10th Revision (ICD-10) codes. Participants were categorized into contracted and non-contracted groups according to whether they had signed a family doctor contract.

Diabetic patients with and without family doctor contracts often differ in baseline characteristics (e.g., age, income, health status). Direct outcome comparison between these groups risks selection bias, complicating isolation of the family doctor system's net effect on healthcare utilization. After carefully evaluating the core methodological rationale and data specifications, the inverse probability-weighted regression adjustment (IPWRA) approach was selected as the most appropriate analytical method. The IPWRA method, widely used for causal inference, addresses baseline imbalances through inverse probability weighting, approximating a randomized trial population. By eliminating selection bias and controlling for confounding variables, IPWRA enables estimation of the intervention's net causal impact. Given this observational study's inherent baseline disparities between contracted and non-contracted patients, IPWRA was selected to balance group characteristics and quantify the system's true causal effect (17–19).



Data sources and population selection

Data were extracted from the Health Information Center Database of S City, which consolidates municipal-level patient data, including demographics, contracting status, lifestyle behaviors, chronic disease records, healthcare utilization across primary, secondary, and tertiary hospitals, healthcare costs, mortality, and complication information.

We retrieved annual patient records from January 1, 2014, to December 31, 2021, yielding up to eight observations per patient. A total of 554,486 diabetic patients were identified. After excluding patients under 18 years and cases with missing data (n = 62,801), the final sample included 491,674 patients: 459,600 contracted and 32,074 non-contracted. Inclusion criteria include: (1) Patients diagnosed with diabetes according to ICD-10; (2) Patients aged 18 years or older with diabetes; (3) Complete baseline data; (4) Complete health service utilization data (number of outpatient and inpatient visits). Exclusion criteria include: (1) Baseline data with >20% missing values for key variables (e.g., BMI, smoking status, blood pressure values, etc.); (2) Patients aged under 18 years with diabetes; (3) Duplicate data exported from the system; (4) Patients with incomplete healthcare utilization data; (5) Patients who were lost to follow-up during the follow-up period. This study restricted the research sample according to the following criteria (Figure 1):


[image: Flowchart depicting a study from the Health Information Center Database with an initial count of diabetic patients. The chart starts with 554,486 diabetic patients, filtered to 554,475 adult diabetic patients by excluding 11 patients under 18 years old. After accounting for 32,074 missing or incomplete samples, 491,674 diabetic patients remain. This is divided into two groups: 459,600 and 32,074 diabetic patients. Arrows indicate the progression and filtering criteria at each stage.]
FIGURE 1
Flow chart of data sources and sample selection.




Research variables


Dependent variables

Eight outcome measures, including total outpatient visits, total inpatient visits, and outpatient/inpatient visits by hospital level (primary, secondary, tertiary).



Independent variables

The main independent variable was contracting status (1 = contracted, 0 = non-contracted). Control variables included gender (male and female), age group (<65and ≥85), residential location (urban and outskirts), ethnicity (Han vs. others), BMI categories (<<18.5, 18.5–23.9, 24–27.9, ≥28), smoking status (yes or no), alcohol consumption (yes or no), blood pressure levels (normal, upper normal range, grade 1, grade 2, grade 3), and physical activity status (yes or no).




Statistical analyses

IPWRA and Zero-Inflated Negative Binomial Regression (ZINB) were used in this study, the two methods were combined to estimate the net effect. IPWRA used to minimize the baseline bias to increase the reliability of differences in comparisons between the two groups, according to gender, age, BMI, blood, smoking, frequency of alcohol, regular activity and area as matching variables. Generate to propensity scores, for individuals who have signed up for a family doctor, the weight w = 1/p, for those who have not signed up for a family doctor, the weight w = 1/(1-p). Given that the utilization of health services is count data and the sample mean is not equal to the variance in this study, a negative binomial regression model was selected (20, 21). According to the Vuong test, if| Vuong |≥1.96, then a zero-inflated negative binomial regression model was chosen. For all data sets, differences were considered statistically significant when p value < 0.05. All analyses were performed using STATA software (version 16.0).




Results


Baseline characteristics

As shown in Table 1, contracted patients were older (mean 66.31 years), predominantly female (52.08%), and had higher BMI and blood pressure levels compared to non-contracted patients. Non-contracted patients tended to be younger and more likely to reside in urban areas, highlighting baseline imbalances that justified the use of IPWRA.



TABLE 1 Descriptive statistics for study participants.



	Variable
	Total (N = 491,674)
	Contracted (N = 459,600)
	Non-contracted (N = 32,074)
	P





	Gender (%)
	
	
	
	0.000a



	Male
	48.07
	47.92
	50.29
	



	Female
	51.93
	52.08
	49.71
	



	Age (M ± SD, year)
	66.30 ± 10.15
	66.31 ± 10.01
	66.24 ± 11.95
	0.000b



	Age classification (%)
	
	
	
	0.000a



	<65
	42.76
	33.31
	50.52
	



	≥65
	57.24
	66.69
	49.48
	



	Region(%)
	
	
	
	0.000a



	Urban
	50.54
	49.46
	63.27
	



	Suburban
	49.73
	50.54
	36.73
	



	Ethnicity (%)
	
	
	
	0.000a



	Han
	96.41
	96.21
	99.21
	



	Other
	3.59
	3.79
	0.79
	



	Height (M ± SD, cm)
	163.61 ± 7.84
	163.56 ± 7.83
	164.27 ± 7.83
	0.476b



	Height classification (%)
	
	
	
	0.000a



	<160
	30.78
	30.99
	27.85
	



	160–169
	40.64
	40.66
	40.38
	



	≥170
	28.58
	28.35
	31.77
	



	Weight（M ± SD, kg）
	65.35 ± 9.67
	65.34 ± 9.66
	65.38 ± 9.78
	0.000b



	Weight classification (%)
	
	
	
	0.000a



	<55
	10.73
	10.72
	10.87
	



	55–64
	35.27
	35.29
	34.91
	



	65–74
	36.46
	36.47
	36.30
	



	≥75
	17.54
	17.52
	17.91
	



	BMI(M ± SD, kg/m2)
	24.37 ± 2.92
	24.38 ± 2.91
	24.18 ± 2.93
	0.004b



	BMI classification (%)
	
	
	
	0.000a



	<18.5
	1.24
	1.20
	1.28
	



	18.5–23.9
	46.44
	46.17
	46.67
	



	24.0–27.9
	41.91
	42.22
	41.65
	



	>28.0
	10.41
	10.41
	10.41
	



	SBP (M ± SD, mmHg)
	128.89 ± 7.82
	128.90 ± 7.86
	128.68 ± 7.30
	0.000b



	SBP classification (%)
	
	
	
	0.000a



	<120
	4.99
	5.06
	4.92
	



	120–139
	89.79
	89.65
	89.91
	



	140–159
	4.50
	4.57
	4.44
	



	160–179
	0.61
	0.60
	0.62
	



	≥180
	0.11
	0.11
	0.12
	



	Drinking (%)
	
	
	
	0.000a



	Yes
	9.97
	10.04
	8.98
	



	No
	90.03
	89.96
	91.02
	



	Smoking (%)
	
	
	
	0.000a



	Yes
	10.05
	10.13
	8.92
	



	No
	89.95
	89.87
	91.08
	



	Regular Activity (%)
	
	
	
	0.000a



	Yes
	29.29
	29.58
	25.23
	



	No
	70.71
	70.42
	74.77
	




	aPearson chi-square test.


	bstudent-t test.









Health service utilization

Table 2 summarizes healthcare utilization patterns. The average number of outpatient visits among diabetic patients was 32.61 visits per year, while the average inpatient hospitalization rate was 0.38 admissions per year. Contracted patients had slightly fewer outpatient visits but higher inpatient admissions compared to non-contracted patients. Patients in the contracted group had more visits to community health centers (20.92 vs. 19.95) but fewer visits to secondary and tertiary hospitals.



TABLE 2 Health service utilization in patients with diabetes (M ± SD).



	Variable
	Total
	Contracted
	Non-contracted
	P



	Outpatient
	Inpatient
	Outpatient
	Inpatient
	Outpatient
	Inpatient





	Total visits
	32.61 ± 32.31
	0.38 ± 1.28
	32.47 ± 31.60
	0.42 ± 1.33
	34.63 ± 41.04
	0.35 ± 1.24
	0.000a



	Community health centers visits
	20.85 ± 24.25
	0.05 ± 0.58
	20.92 ± 23.78
	0.06 ± 0.65
	19.95 ± 30.28
	0.04 ± 0.52
	0.000a



	Secondary hospitals visits
	6.75 ± 12.50
	0.17 ± 0.82
	6.65 ± 12.20
	0.19 ± 0.84
	8.22 ± 16.13
	0.16 ± 0.80
	0.000a



	Tertiary hospitals visits
	5.00 ± 10.91
	0.16 ± 0.72
	4.91 ± 10.61
	0.15 ± 0.71
	6.44 ± 14.45
	0.15 ± 0.72
	0.000a




	aPearson chi-square test.









Regression results

In outpatient care, IPWRA analysis revealed that the family doctor system exerted a statistically significant negative effect on health service utilization across all care levels. Compared to non-contracted patients, contracted diabetics showed a 7.30% reduction in total outpatient visits (IRR = 0.92, P < 0.01), corresponding to 2.43 fewer outpatient visits. The reduction was most pronounced in secondary hospitals (−19.53%, IRR = 0.82, P < 0.01) and tertiary hospitals (−17.02%, IRR = 0.84, P < 0.01), followed by primary care facilities (−4.90%, IRR = 0.95, P < 0.01), demonstrating greater utilization decline in higher-level hospitals, as shown in Table 3 and Supplementary S1.



TABLE 3 The results for the impact of the family doctor system on outpatient visits in patients with diabetes.



	Variables
	Total
	Community health centers outpatient visits
	Secondary hospitals outpatient visits
	Tertiary hospitals 
outpatient visits



	IRR
	95%CI
	IRR
	95%CI
	IRR
	95%CI
	IRR
	95%CI





	Contract Status



	Non-contracted
	Ref.
	
	
	
	
	
	
	



	Contracted
	0.92***
	0.92–0.93
	0.95***
	0.95–0.96
	0.82***
	0.81–0.82
	0.84***
	0.84–0.85



	Gender



	Femal
	Ref.
	
	
	
	
	
	
	



	Male
	0.81***
	0.80–0.81
	0.79***
	0.79–0.80
	0.82***
	0.82–0.83
	0.89***
	0.89–0.90



	Age



	<65
	Ref.
	
	
	
	
	
	
	



	≥65
	1.52***
	1.52–1.53
	1.65***
	1.65–1.66
	1.30***
	1.30–1.31
	1.20***
	1.20–1.21



	Region



	Urban
	Ref.
	
	
	
	
	
	
	



	Suburban
	0.76***
	0.76–0.77
	0.80***
	0.80–0.81
	0.86***
	0.86–0.87
	0.44***
	0.43–0.44



	BMI



	<18.5
	Ref.
	
	
	
	
	
	
	



	18.5–23.9
	0.97***
	0.96–0.98
	1.01***
	1.00–1.02
	0.94***
	0.93–0.96
	0.89***
	0.87–0.91



	24.0–27.9
	0.99
	0.98–1.00
	1.04***
	1.03–1.05
	0.96***
	0.95–0.98
	0.87***
	0.55–0.89



	>28.0
	1.04***
	1.03–1.05
	1.09***
	1.07–1.10
	1.04***
	1.02–1.06
	0.88***
	0.86–0.90



	SBP



	<120
	Ref.
	
	
	
	
	
	
	



	120–139
	1.00***
	1.00–1.01
	1.01***
	1.01–1.02
	0.97***
	0.96–0.97
	1.02***
	1.01–1.03



	140–159
	1.01***
	1.01–1.02
	1.05***
	1.04–1.06
	0.96***
	0.94–0.97
	0.90***
	0.89–0.91



	160–179
	1.01***
	1.01–1.02
	1.09***
	1.07–1.10
	0.87***
	0.85–0.89
	0.81***
	0.78–0.83



	≥180
	0.98
	0.96–1.01
	1.04***
	1.01–1.07
	0.90***
	0.85–0.95
	0.76***
	0.71–0.82



	Drinking



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	0.94***
	0.94–0.95
	0.98***
	0.97–0.98
	0.91***
	0.90–0.92
	0.85**
	0.84–0.86



	Smoking



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	0.91***
	0.91–0.92
	0.93***
	0.93–0.94
	0.92***
	0.91–0.93
	0.84***
	0.84–0.86



	Regular Activity



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	1.08***
	1.07–1.08
	1.10***
	1.10–1.11
	1.05***
	1.05–1.06
	1.01***
	1.00–1.02




	*P < 0.05; **P < 0.01; ***P < 0.001.


	IRR, incidence rate ratio; CI, confidence intervals; BMI, body mass index; SBP, systolic blood pressure.







For inpatient care, a contrasting pattern emerged. Contracted patients exhibited an 8.2% increase in total hospitalizations (IRR = 1.08, P < 0.01), equivalent to 0.03 additional hospitalization days. The rise was predominantly observed in primary hospitals (+26.88%, IRR = 1.30, P < 0.01), with secondary hospitals showing moderate growth (+8.3%, IRR = 1.08, P < 0.01) and tertiary hospitals minimal change (+2.30%, IRR = 1.02, P < 0.01). The hospitalization increase was most significant at the primary care level, as shown in Table 4 and Supplementary S2.



TABLE 4 The results for the impact of the family doctor system on inpatient visits in patients with diabetes.



	Variables
	Total
	Community health centers inpatient visits
	Secondary hospitals inpatient visits
	Tertiary hospitals 
inpatient visits



	IRR
	95%CI
	IRR
	95%CI
	IRR
	95%CI
	IRR
	95%CI





	Contract Status



	Non-contracted
	Ref.
	
	
	
	
	
	
	



	Contracted
	1.08***
	1.07–1.09
	1.30***
	1.27–1.34
	1.08***
	1.07–1.09
	1.02***
	1.01–1.03



	Gender



	Femal
	Ref.
	
	
	
	
	
	
	



	Male
	1.05***
	1.04–1.06
	0.95***
	0.93–0.98
	1.03***
	1.02–1.04
	1.14***
	1.13–1.15



	Age



	<65
	Ref.
	
	
	
	
	
	
	



	≥65
	1.52***
	1.51–1.53
	3.12***
	3.03–3.20
	1.54***
	1.52–1.55
	1.22***
	1.21–1.23



	Region



	Urban
	Ref.
	
	
	
	
	
	
	



	Suburban
	0.91***
	0.91–0.92
	1.19***
	1.16–1.22
	1.20***
	1.19–1.21
	0.61***
	0.60–0.61



	BMI



	<18.5
	Ref.
	
	
	
	
	
	
	



	18.5–23.9
	0.82***
	0.80–0.85
	0.61***
	0.55–0.68
	0.85***
	0.82–0.89
	0.88***
	0.84–0.92



	24.0–27.9
	0.82***
	0.79–0.84
	0.57***
	0.52–0.64
	0.87***
	0.84–0.91
	0.87***
	0.83–0.91



	>28.0
	0.89***
	0.86–0.92
	0.61***
	0.55–0.68
	0.99
	0.95–1.03
	0.90***
	0.86–0.9



	SBP



	<120
	Ref.
	
	
	
	
	
	
	



	120–139
	0.97***
	0.96–0.99
	0.82***
	0.78–0.87
	0.99
	0.97–1.01
	1.01
	0.98–1.03



	140–159
	0.93***
	0.91–0.95
	0.73***
	0.67–0.78
	0.99
	0.96–1.02
	0.92***
	0.89–0.95



	160–179
	0.89***
	0.85–0.93
	0.57***
	0.49–0.66
	0.94
	0.88–0.99
	0.93
	0.87–0.99



	≥180
	0.91***
	0.84–0.99
	0.74***
	0.56–0.97
	1.03***
	0.92–1.16
	0.83***
	0.73–0.95



	Drinking



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	0.81***
	0.80–0.82
	0.66***
	0.63–0.70
	0.82***
	0.80–0.83
	0.83**
	0.81–0.85



	Smoking



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	0.96***
	0.95–0.98
	0.93***
	0.88–0.98
	1.01
	0.99–1.03
	0.93***
	0.81–0.85



	Regular Activity



	Yes
	Ref.
	
	
	
	
	
	
	



	No
	1.24***
	1.23–1.25
	1.65***
	1.60–1.69
	1.28***
	1.27–1.29
	1.10***
	1.09–1.12




	*P < 0.05; **P < 0.01; ***P < 0.001.


	IRR, incidence rate ratio; CI, confidence Intervals; BMI, body mass index; SBP, systolic blood pressure.







ZINB models confirmed the robustness of these findings, as shown in Supplementary Tables S3 and S4.

The difference between the standardized differences of the original data before inverse probability weighting and the two groups of data after inverse probability weighting tends to be close to 0, and the variance ratio tends to be close to 1, which indicates that the baseline difference between the samples of the contracted group and the uncontracted group has been balanced very well, which effectively reduces the selection bias and the effect of the confounding caused by the non-randomness of contracting behaviours, and enhances the comparability of the samples of the contracted group and the uncontracted group, as shown in Table 5.



TABLE 5 Results of the balance test of the distribution of covariates before and after inverse probability weighting.



	Variable
	Standardized differences
	Variance ratio



	Before matching
	After matching
	Before matching
	After matching





	Gender
	0.028
	0.000
	0.997
	0.999



	Age



	≥65
	0.352
	0.000
	0.888
	1.000



	BMI



	18.5–23.9
	0.009
	0.000
	0.998
	1.000



	24.0–27.9
	0.111
	0.000
	1.003
	0.999



	>28.0
	0.000
	0.000
	1.000
	1.000



	SBP



	120–139
	0.008
	0.000
	1.021
	0.999



	140–159
	0.006
	0.000
	1.027
	0.999



	160–179
	0.002
	0.000
	0.971
	0.998



	≥180
	0.002
	0.000
	0.915
	0.997



	Drinking Status (%)



	Yes
	0.010
	0.000
	0.973
	0.998



	Smoking Status (%)
	0.009
	0.000
	0.970
	0.997



	Yes
	0.020
	0.000
	0.947
	0.998



	Regular Activity
	0.012
	0.000
	0.988
	0.999



	Region
	0.142
	0.000
	0.999
	1.000










Discussion

To the best of our knowledge, this is among the few studies assessing the long-term net effect of the family doctor system on healthcare utilization among diabetic patients in China using real-world longitudinal data. The findings suggest that the family doctor system was associated with a significant decrease in outpatient visits for diabetic patients, decreased by 3.7% in community health centers, 19.2% in secondary hospitals and 16.6% in tertiary hospitals. Regarding inpatient visits, the research appears that compare with non-contracted group, higher utilization of inpatient services among diabetic patients in the contracted group, and increase in inpatient services mainly concentrated in community health centers. The family doctor system in China aims to provide basic medical care, public health, health management, convenient drug refills, optimization of referral services for chronic patients, formation of an orderly order of medical care and a mechanism for the gradual utilization of resources, address their basic health service needs, and promote a hierarchical system of diagnosis and treatment. These results are consistent with previous studies reporting reduced outpatient utilization following implementation of family doctor services (22, 23), but contrast with others suggesting increased outpatient visits (24, 25).

Here are the reasons for the differences and similarities between the study findings and those of previous studies. First of all, the impact of long-term prescription policy of family doctor system on outpatient visits (26). S City is a coastal city in eastern China where the government is actively promoting the high-quality development of contracted family doctor services. To strengthen the role of primary care as the first point of contact and to meet the long-term medication needs of patients, S City gives priority to eligible contracted patients with chronic illnesses by providing long-term prescription services and prescribing prolonged dosages of medication, which reduces the frequency of patients’ visits to the doctor's office.

Secondly, with a developed economic and informatization base, S City has developed the “Internet+” family doctor contracting service information platform and the Health Cloud APP, which allows patients to ask for consultation and advice online and prescribe medication online from their smartphones, thus reducing the number of outpatient visits by eliminating the need for patients to go to the hospital for consultation (6).

Thirdly, the decrease in the number of outpatient visits and the increase in the number of hospitalizations of contracted diabetic patients may be due to the transfer of outpatient services to inpatient services, and there is published literature confirming higher rates of hospitalization of patients in European countries with well-developed healthcare delivery systems and in those countries/regions where patients are more likely to have access to care (26).

Fourthly, as diabetics are at a higher risk of having complications (diabetic foot disease, diabetic nephropathy, diabetic retinopathy, diabetic neuropathy, etc.), signing up for a family doctor who can detect complications at an early stage of the disease will increase the number of hospital admissions.

Fifth, the outpatient reimbursement rate is lower than the inpatient reimbursement rate in S city. This may lead to an increase in the number of hospitalizations for contracted patients.

Sixth, the annual hospitalization rate of Chinese residents in 2023 was 21.4%, and the annual hospitalization rate of residents in S City was also high, which may have induced demand for overhospitalization and increased the frequency of hospitalization of diabetic patients.

Adjusting the family doctor system to reduce hospitalization rates while maintaining efficiency necessitates a multifaceted strategy integrating prevention, management, collaboration, and technological innovation. Key measures include: strengthening early complication screening for diabetic patients, developing personalized health plans to control disease onset/progression, and reducing diabetes-related hospitalizations; establishing a health-outcome-oriented digital diabetes management platform with performance evaluation linked to health indicators; leveraging digital systems to visualize management effectiveness, enabling real-time outcome monitoring by clinicians, administrators, and policymakers; implementing clinical decision support and remote monitoring systems to facilitate timely interventions; developing clear referral protocols and optimizing Shanghai's “decentralized appointment allocation” policy to establish bidirectional referral pathways between primary and specialist care; and providing regular training to enhance family doctors' capacity in managing common chronic diseases, thereby reducing avoidable hospital transfers (13, 27).


Limitations

First, although we controlled for major confounders, we were unable to include certain socioeconomic variables such as education level, income level, treatment compliance, referral patterns and resource accessibility, which may correlate with both family doctor contracting behavior and health service utilization. Second, the mechanisms underlying the observed decrease in outpatient visits and increase in hospitalizations among contracted diabetic patients were not directly explored. While we discussed possible explanations, future research using methods such as structural equation modeling is needed to better elucidate these mechanisms. Third, as the study was conducted in a pilot city with higher socioeconomic status and an earlier adoption of the family doctor system than most parts of China, the findings, while applicable to areas with similarly advanced systems, may not be generalizable to rural or less-developed regions where registration rates are lower. Four, due to data limitations, we have not yet obtained information on changes in the contract status of diabetic patients, the analysis assumes static grouping, which could introduce misclassification bias. Static grouping may underestimate or overestimate the effect, we consider this limitation to be an area for improvement in future studies. Five, Shanghai is one of China's most economically developed regions. Factors such as the concentration of medical resources, developed public transportation network, advanced medical equipment, and high levels of resident health literacy may have influenced the study results and limit their applicability to rural or less-developed regions. Future research will conduct stratified comparative studies between developed and underdeveloped regions.



Strengths

Despite its limitations, this study provides valuable insights. Several strengths should be recognized. First, regarding study design, we tracked the impact of family doctor contracting on health service utilization over an extended period, using eight years of panel data. This approach avoids the limitations associated with cross-sectional designs and shorter follow-up periods. Second, in terms of study population selection, this study employed a census of diabetic patients in S City, thereby overcoming the patient selection bias commonly associated with sampling methods. Finally, from a methodological perspective, the decision to contract with a family doctor is not random but is closely related to patients' health status, personal preferences, and other factors, introducing the risk of endogenous selection bias and potential baseline differences between contracted and non-contracted patients. To address this, we applied the Inverse Probability Weighted Regression Adjustment (IPWRA) method to mitigate selection bias and further evaluated the impact of family doctor contracting using zero-inflated negative binomial regression analysis. These methodological strengths likely enhanced the robustness and accuracy of the study findings.




Conclusion

This study evaluated the net effect of the family doctor system on hierarchical healthcare utilization among diabetic patients. Family doctor contracting was associated with significantly reduced outpatient visits across all hospital levels but increased inpatient admissions, particularly at primary care institutions. Future research should further explore underlying mechanisms and assess impacts on patient outcomes and healthcare costs to support evidence-based policymaking.



Data availability statement

The data analyzed in this study was obtained from Johns Hopkins University, the following licenses apply by Johns Hopkins University. Requests to access these datasets should be directed to Yin Fan, gpfanyin@jhu.edu.



Ethics statement

The requirement of ethical approval was waived by Institutional Review Board Office of Johns Hopkins University for the studies involving humans because Secondary Data Analysis involving the use of existing, de-identified data/specimens, including publicly available data. The studies were conducted in accordance with the local legislation and institutional requirements. The ethics committee/institutional review board also waived the requirement of written informed consent for participation from the participants or the participants' legal guardians/next of kin because Secondary Data Analysis involving the use of existing, de-identified data/specimens, including publicly available data.



Author contributions

YF: Data curation, Writing – original draft, Conceptualization. MS: Data curation, Conceptualization, Writing – original draft. LS: Methodology, Writing – review & editing, Supervision. LX: Project administration, Methodology, Writing – review & editing, Supervision. SX: Methodology, Project administration, Writing – review & editing, Supervision.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This study was supported by Major Project for the Cultivation of Young Talents in the Four Major Chronic Diseases: An Implementation Study on the Promotion of Integrated Community Multimorbidity Care Model: Based on an Implementation Science and Multi-Stage Optimisation Strategies（NO.:2024ZD0543500); Shanghai Municipal Commission of Science and Technology, Shanghai Municipal “Science and Technology Innovation Action Plan” Soft Science Research Project “Implementation Research on Promoting the Implementation of the Integrated Community Multimorbidity Care Model” (NO.: 23692114200).



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/frhs.2025.1618955/full#supplementary-material



References


	1. International Diabetes Federation. IDF Diabetes Atlas. 10th ed. Brussels, Belgium: International Diabetes Federation (2021).


	2. Kringos DS, Boerma WG, Hutchinson A, van der Zee J, Groenewegen PP. The breadth of primary care: a systematic literature review of its core dimensions. BMC Health Services Res. (2010) 10:65. doi: 10.1186/1472-6963-10-65


	3. Dye C, Willoughby D, Aybar-Damali B, Grady C, Oran R, Knudson A. Improving chronic disease self-management by older home health patients through community health coaching. Int J Environ Res Public Health. (2018) 15(4):660. doi: 10.3390/ijerph15040660


	4. Yip WN, Fu HQ, Chen AT, Zhai TM, Jian WY, Xu RM, et al. 10 Years of health-care reform in China: progress and gaps in universal health coverage. Lancet. (2019) 394(10204):1192–204. doi: 10.1016/S0140-6736(19)32136-1


	5. Huang J, Liu Y, Zhang T, Wang L, Liu S, Liang H, et al. Can family doctor contracted services facilitate orderly visits in the referral system? A frontier policy study from Shanghai, China. Int J Health Plann Manage. (2022) 37(1):403–16. doi: 10.1002/hpm.3346


	6. Zheng QM, Shi L, Pang TT, Leung W. Utilization of community health care centers and family doctor contracts services among community residents: a community-based analysis in Shenzhen, China. BMC Fam Pract. (2021) 22(1):100. doi: 10.1186/s12875-021-01444-6


	7. Rosano A, Loha CA, Falvo R, van der Zee J, Ricciardi W, Guasticchi G, et al. The relationship between avoidable hospitalization and accessibility to primary care: a systematic review. Eur J Public Health. (2013) 23(3):356–60. doi: 10.1093/eurpub/cks053


	8. Ha NT, Harris M, Preen D, Robinson S, Moorin R. Identifying patterns of general practitioner service utilisation and their relationship with potentially preventable hospitalisations in people with diabetes: the utility of a cluster analysis approach. Diabetes Res Clin Pract. (2018) 138:201–10. doi: 10.1016/j.diabres.2018.01.027


	9. Welberry H, Barr ML, Comino EJ, Harris-Roxas BF, Harris E, Dutton S, et al. Do general practice management and/or team care arrangements reduce avoidable hospitalisations in central and eastern Sydney, Australia? BMC Health Serv Res. (2019) 19(1):811. doi: 10.1186/s12913-019-4663-3


	10. Friedberg MW, Rosenthal MB, Werner RM, Volpp KG, Schneider EC. Effects of a medical home and shared savings intervention on quality and utilization of care. JAMA Intern Med. (2015) 175(8):1362–8. doi: 10.1001/jamainternmed.2015.2047


	11. Ferris TG, Chang Y, Blumenthal D, Pearson SD. Leaving gatekeeping behind–effects of opening access to specialists for adults in a health maintenance organization. N Engl J Med. (2001) 345(18):1312–7. doi: 10.1056/NEJMsa010097


	12. Huang PT, Kung PT, Kuo WY, Tsai WC. Impact of family physician integrated care program on decreasing utilization of emergency department visit and hospital admission: a population-based retrospective cohort study. BMC Health Serv Res. (2020) 20(1):470. doi: 10.1186/s12913-020-05347-7


	13. Van Loenen T, Faber MJ, Westert GP, Van den Berg MJ. The impact of primary care organization on avoidable hospital admissions for diabetes in 23 countries. Scand J Prim Health Care. (2016) 34(1):5–12. doi: 10.3109/02813432.2015.1132883


	14. Xiaolin H. Reform of Shanghai’s family doctor system under the “three doctors’ linkage":practical experience and policy thinking. China Med Insur. (2018) (11):31–5. doi: 10.19546/j.issn.1674-3830.2018.11.007


	15. Shuxian X. The “Shanghai model” of family doctor contracting system. China Hospital Chief Exec. (2017) (14):49–52.


	16. Jinglei W. “1+1+1” signing system: the road to Shanghai for graded diagnosis and treatment. China Health. (2017) (07):38–9.


	17. Barry KM, Gomajee R, Benarous X, Dufourg MN, Courtin E, Melchior M. Paternity leave uptake and parental post-partum depression: findings from the ELFE cohort study. Lancet Public Health. (2023) 8(1):e15–27. doi: 10.1016/S2468-2667(22)00288-2


	18. Sui M, Xue L, Ying X. Association of acupuncture treatment with mortality of type 2 diabetes in China: evidence of a real-world study. Int J Environ Res Public Health. (2020) 17(21):7801. doi: 10.3390/ijerph17217801


	19. Chesnaye NC, Stel VS, Tripepi G, Dekker FW, Fu EL, Zoccali C, et al. An introduction to inverse probability of treatment weighting in observational research. Clin Kidney J. (2022) 15(1):14–20. doi: 10.1093/ckj/sfab158


	20. Storey S, Luo X, Ofner S, Perkins SM, Von Ah D. The role of glycemic control and symptoms and symptom clusters in breast cancer survivors with type 2 diabetes. Support Care Cancer. (2025) 33(5):371. doi: 10.1007/s00520-025-09434-5


	21. Batool N, Raban MZ, Seaman K, Westbrook J, Wabe N. Impact of potentially inappropriate psychotropic medicines on falls among older adults in 23 residential aged care facilities in Australia: a retrospective longitudinal cohort study. BMJ Open. (2025) 15(4):e096187. doi: 10.1136/bmjopen-2024-096187


	22. Yu C, Zhang L, Zhang L, Chen W. The impact of long-term prescription policy on primary care utilisation and costs among hypertensive patients in China: a six-year longitudinal study. J Glob Health. (2025) 15:04021. doi: 10.7189/jogh.15.04021


	23. Zhang L, Zhang P, Chen W. Can family doctor system improve health service utilization for patients with hypertension and diabetes in China? A difference-in-differences study. BMC Health Serv Res. (2024) 24:454. doi: 10.1186/s12913-024-10903-6


	24. Lin Q, Yi C, Huang T, Yuan X, Li T. The effect of long prescription policy of chronic diseases on the medical cost and behavior of residents. Health Economics Research. (2018) 35(2):57–60.


	25. Yu Y, Ye A, Chen C, Dai W. Liu X.the impact of family doctor system on patients’ utilisation of general practitioner in primary care facilities—evidence from China. Int J Health Plann Manage. (2022) 37:3089–102. doi: 10.1002/hpm.3540


	26. Jia Y, Xiao Y, Chen H, Gebel K, Li C, Sun S, et al. Effects of group communication norms on daily steps in a team-based financial incentive mobile phone intervention in Shanghai, China. Int J Behav Nutr Phys Act. (2025) 22(1):9. doi: 10.1186/s12966-025-01707-w


	27. Wang L, Liu W. Effects of family doctor contract services on the health-related quality of life among individuals with diabetes in China: evidence from the CHARLS. Front Public Health. (2022) 10:865653. doi: 10.3389/fpubh.2022.865653






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Impact of family doctors on gradient utilization of health services among diabetic patients: evidence from a real-world study

		Introduction



		Methods



		Study design



		Data sources and population selection



		Research variables



		Dependent variables



		Independent variables











		Statistical analyses











		Results



		Baseline characteristics



		Health service utilization



		Regression results











		Discussion



		Limitations



		Strengths











		Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Conflict of interest



		Generative AI statement



		Publisher's note



		Supplementary material



		References



















OPS/images/frhs-05-1618955-g001.jpg
e Diabetic Adult diabetic
Center patients patients
Database (n=554486) (01=554475)

Diabetic
patients
(n=491674)

Revision (ICD-10)

. Excluding the Missing and
Classification of
e patients under 18 incomplete sample
: years(n=11) (1=32074)

Diabetic
patients
(n=459600)

Diabetic
patients.
(n=32074)







OPS/images/cover.jpg
& frontiers | Frontiers in Health Services

Impact of family doctors on gradient utilization
of health services among diabetic patients:
evidence from a real-world study








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Health Services





