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Background: Previous studies have reported a relatively low utilization of family doctor contract services (FDCS) in China, while the associated factors are unknown. The current study aimed to explore the factors associated with the utilization of FDCS, and then developed and validated a predictive model based on these identified factors.

Methods: We conducted a nationwide cross-sectional study using an online questionnaire, from March 2019 to April of 2019. Routinely collected variables in daily practice by family doctors were used to develop a derivation model to determine the factors associated with FDCS utilization, and then the external performance of the model was tested.

Results: A total of 115,717 and 49,593 participants were included in the development and validation datasets, respectively. Nearly 6.8% of the participants who signed a contract with FDCS received healthcare services from family doctors in China. Factors associated with the utilization of FDCS included age, male sex, self-reported household income, education attainment, insurance status, self-reported health status, smoking, drinking, self-reported physical activity status, chronic disease, walking distance from the nearest community center, and illness in the last 2 weeks, with an area under the receiver operating characteristic curve (AUC) of 0.660 [95% confidence interval (CI), 0.653–0.667] and good calibration. Application of this nomogram in the validation dataset also showed acceptable diagnostic value with an AUC of 0.659 (95% CI, 0.649–0.669) and good calibration.

Conclusion: Twelve easily obtainable factors in daily practice of family doctors were used to develop a model to predict the utilization of FDCS, with a moderate performance.
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INTRODUCTION

The family doctor contract service (FDCS), a core component of primary healthcare system, was expected to open a new prospect for a tiered medical system in China (1). FDCS system provides a proactive, consistent, comprehensive, stable, and affordable service to the general population by establishing a stable connection between family doctors and community residents.

The FDCS was first launched in China in 2009 as an innovative and fundamental policy of the New Medical Reform, and was officially implemented nationwide since 2016. Over the years, different practice models of FDCS have been explored and implemented in several large and well-developed cities, such as the “first contact care” model in Beijing, “1 (family doctor) + 1 (district hospital) + 1 (municipal hospital)” model in Shanghai, and the “Medication-Rehabilitation-Nursing Service” model in Hangzhou, while the FDCS system in other relatively underdeveloped areas has not yet been well established.

The FDCS system has been carried out in over 50 countries and regions worldwide, including Germany, (2) the United Kingdom, (3) the United States, (4) and Australia (5). Unlike European and American countries where the FDCS is mandatory, in China it is voluntary and free for local residents to sign with family doctors, with a contract period lasting for only 1 year. Although the Chinese medical care system has greatly improved medical access by reducing financial barriers and expanding community hospitals and family doctors, the FDCS system is still in an early stage and its potential is yet to be realized. Surveys reported a relatively low signing rate or utilization in China, which could be due to a shortage of family doctors and absence of supporting policies. The signing rate of FDCS ranged from 21.5 to 39.1% (6–8) and the utilization rate was from 23.8 to 34.3% according to different regional surveys with very small sample size (9, 10).

Investigating factors associated with the utilization of FDCS, rather than the willingness to renew contract, may help improve the generalizability and utilization of FDCS (11). Furthermore, establishing a predictive model for FDCS utilization may help improve the implementation of FDCS in other developing countries. To our knowledge, no studies have established a model with social demographics and environmental indicators to predict the utilization of FDCS. In addition, there were only small sample-size studies in China to assess the impact of social demographics on the service coverage and health management services. To address these knowledge gaps, we derived and validated a prediction model to predict the utilization of FDCS, leveraging on a national study with the largest sample size in China.



METHODS


Study Design and Population

Two-stage cluster random sampling design was used to create a nationally representative sample of community people in China from March 2019 to April 2019. Surveys included 31 provinces [including four direct-controlled municipalities (Beijing, Tianjin, Shanghai, and Chongqing)] across China. In the first stage, we stratified China into six groups of economic-geographical regions (eastern rural, central rural, western rural, eastern urban, central urban, and western urban). We used these groups because the community health center volumes and clinical capacities differed significantly among the six official economic-geographical regions of mainland China. In each province, we selected primary health institutions (community health centers or township health centers) in proportion to the local population size and the total number of districts/counties.

In the second stage, we used systematic random sampling procedures to select permanent residents (defined as those who had lived in the district for more than 6 months, regardless of registration type and location) from the local health center database of the sampled community centers. In total, 165,308 subjects from 31 provinces in mainland China participated in the present study. The sample size and locations of these areas are shown in Supplementary Figure S1.



Data Collection

Adults (aged >18 years) who were able to read and complete the questionnaire independently were recruited to the study. Only one member of a family (generally the primary income earner or the main service user) in contract with a family doctor was recruited in this study. We excluded residents with reading problems or with documented psychiatric disorders. An electronic questionnaire was used to collect the residents' socio-demographic characteristics, self-evaluation of health status, lifestyle, medical insurance, medical history, access of health services, and the status of FDCS. We used the question “Currently, have you signed with a family doctor and received healthcare services from them?” to define the status of FDCS.

All procedures performed in this study were in accordance with the 1964 Helsinki declaration and its later amendments. Patients voluntarily participated in the study. Before filling out the questionnaire, all participants provided informed consent on the first page of the questionnaire. Our study was approved by the Ethics Committee of Tongji Medical College institutional review board, Huazhong University of Science and Technology, Wuhan, China. All investigations were performed in accordance with the institutional guidelines. All data were anonymized and handled confidentially.



Sample Size Consideration

The sample size was post-hoc calculated based on the rule of thumb recommended by Peduzzi et al. and Steyerberg et al., namely, events per variable (EPV) being 10 or greater under this setting of multiple regression model (12, 13). We considered around 15 significant clinical factors in developing a model. This would have required a minimum sample size of 150 participants who had events to predict the outcome of FDCS. We included 7,874 subjects in training dataset and 3,375 subjects in validation dataset.



Statistical Analysis

We constructed multivariate prediction models that followed the TRIPOD statement (Transparent Reporting of a Multivariable Prediction Model for Individual Prognosis or Diagnosis) (14). Missing data were not imputed because <1% of data for any predictor variable were missing from the dataset. Descriptive statistics for categorical variables were reported as number (percentage) and were compared using the Pearson χ2 test or Fisher's exact test, as appropriate. Variables significant at the 0.1 level in univariate analyses were considered. Collinearity diagnosis was performed using the Spearman correlation and Belsley collinearity test. We tested for collinearity of all covariates and eliminated covariates that showed collinearity with other variables.

Stepwise multi-variable logistic regression analysis with backward selection was performed. Covariates included geographical regions, residence location, age, gender, ethnicity, population property, self-reported household income, education, marital status, occupation type, medical insurance, self-reported health status, smoking and drinking habits, self-reported exercise situation, chronic disease, walking distance from nearest community center, and illness in the last 2 weeks. Besides, we also applied the adaptive least absolute shrinkage and selection operator (LASSO) penalized regression models to select the most important variables to avoid overfitting. In the adaptive LASSO penalized regression model, 10-fold cross-validation was applied to determine the minimum value of λ, with no penalty on the same covariates of the multivariable logistic model. Odds ratios (OR) and 95% confidence intervals (CI) were obtained. Discrimination was evaluated using the area under the curve (AUC) derived from the conventional receiver operating characteristic curves (ROC). AUC as a measure of classification accuracy was further compared among the two models using the nonparametric approach of DeLong and Clarke-Pearson (15). Finally, a nomogram was obtained from a multivariable model and included 11 variables. The points of each predictor in the nomogram were first determined by drawing a vertical line from the factor to the point axis. The sum of all the points from all the predictors was then used to generate the total points. Next, validation and calibration of the best-fit model and nomogram were performed using bootstrapping methods (16). The bootstrap method was used with 1,000 resamples, and the bootstrap-corrected AUC and 95% CI were reported. Hosmer–Lemeshow test was used to assess the calibration plots of the nomogram (17). The validity of the model was verified in the validation dataset with respect to discrimination and calibration. All tests were two-sided with an alpha level of 0.05.

The statistical analysis was carried out using the programs SAS software (SAS v9.4; SAS Institute, NC, USA) and R v3.6.0 (R Foundation for Statistical Computing, Vienna, Austria).




RESULTS


National Cross-Section Data Description

A total of 115,715 subjects were randomly assigned to the training group (70% of the total cases) to develop prediction models. The rest of 49,593 subjects (30% of the total cases) were assigned to the validation groups to assess the model performance (Figure 1).


[image: Figure 1]
FIGURE 1. The flow chart for the sampling in this study: 31 provincial administrative regions, China.


Overall, the median age of the participants was 28 years. The total FDCS utilization rate was 6.8%. Descriptive characteristics for the participants are summarized in Table 1. Residence location, age, gender, population property, self-reported household income, education, occupation type, medical insurance, self-reported health status, smoking and drinking habits, self-reported exercise situation, chronic disease, walking distance from nearest community center, illness in last 2 weeks, and treatment for illness in last 2 weeks were different between the FDCS and the no-FDCS groups in the development dataset in univariate regression analysis (p < 0.05), which was also observed in the validation dataset (Table 1).


Table 1. Baseline characteristics of the derivation dataset and validation dataset.
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Multivariable Logistic Regression Analysis for Predictors of FDCS

On the basis of initial screening, multivariable logistic regression analysis was performed including 12 variables (age <45 years, male, high self-reported household income, education level of master or above, having medical insurance, good self-reported health status, cigarettes >20 per day, alcohol drinking, more self-reported exercise situation, chronic disease, less walking distance from nearest community center, illness in last 2 week) that were statistically significant (P <0.05) in the univariate analysis. Subjects with above characteristics were more likely to utilize and receive FDCS service, with the ORs ranging from 1.08 (1.06–1.11) to 2.72 (2.59–2.86) (Figure 2).


[image: Figure 2]
FIGURE 2. Multivariable logistic regression analysis of predictors for the family doctor contract service (FDCS) in the development dataset.


In sensitivity analysis, an altered model that included category forms of scale insurance, self-reported health status, self-reported exercise situation, and walking distance from nearest community center showed similar findings as in the primary analysis (Supplementary Figure S2).



Prediction Nomogram for Application

The model that incorporated the identified independent predictors in the multivariable logistic analysis was completed and presented as the nomogram (Figure 3). ROC analyses of predictors for the utilization of FDCS in the development and validation cohort are shown in Figure 4. The AUC for the development and validation cohorts were 0.660 (0.653–0.667) and 0.659 (0.649–0.669), respectively, without significant difference (DeLong test, p = 0.881). The calibration curve for the probability of FDCS in the development and validation cohorts demonstrated good agreement between prediction and observation (Figures 5A,B). Both plots are slightly non-linear and agreed well in predicting a low utilization rate of FDCS <30%, and the disagreement between the two plots slightly grows with the predicted probability of success of utility of FDCS ≥30%.


[image: Figure 3]
FIGURE 3. The nomogram for the family doctor contract service. The points of each predictor were firstly determined by drawing a vertical line from the factor to the point axis. The sum of all the points from all predictors was then used to generate the total points. By drawing a vertical line from the total point axis to the risk of RAS axis, the estimated probability of the family doctor contract service could be obtained.
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FIGURE 4. Receiver operating characteristic curve (ROC) analyses of predictors for the family doctor contract service in the development and validation datasets.
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FIGURE 5. Calibration plot for nomogram in the (A) development dataset and (B) validation dataset. The 45◦ dashed line represents ideal predictions. The plot illustrates the accuracy of the multivariable model (“Apparent”) and the bootstrap model (“Bias-corrected”) for predicting willingness of family doctor. Locally weighted scatterplot smoothing was used to illustrate the relationships of the two models with the ideal line. Both plots are linear and agree well in low predicted probabilities ≤ 0.3, but the disagreement between the two plots grows with the predicted probability >0.3. The 0.9 quantile absolute errors of the predicted probability are 0.012 (development cohort) and 0.013 (validation cohort), respectively. The black dots illustrate the relationship between the predicted probability and observed probability of the nomogram for predicting family doctor contract service in the original data set.





DISCUSSION

In this national, population-based cross-sectional study, the utilization of FDCS can be predicted moderately based on age, male, self-reported household income, education, insurance, self-reported health status, cigarettes smoked per day, alcohol drinking, self-reported exercise situation, chronic disease, walking distance from nearest community center, and illness in the last 2 weeks. The model incorporates routinely available variables that are obtainable in daily primary practice. Public health workers can apply this handy tool to identify high-utility groups for individualized counseling or contract. Our simple nomogram is designed to facilitate the use of the model in primary healthcare practice.

In the present study, approximately 13% residents who contracted with and received healthcare services from family doctors were older than 80 years. Severe illness and the need for targeted, convenient, and continuous healthcare were the main drivers of FDCS among older adults (18). Compared with females and low household income, males and high-income participants were more likely to receive FDCS service. It could be due to their better understanding of social information and government politics among the residents with high social status (19). Educational level is directly related to the level of health status, as individuals with health illiteracy have difficulty understanding medical information and advice (20). In the present study, medical insurance and better self-reported health status were associated with higher FDCS utilization. The reason could be that this population had stronger economic capacity, better access to medical services, and paid more attention to their own health status. In addition, we found that residents who were more health-conscious chose a healthier lifestyle, including lesser consumption of cigarettes and alcohol. It is likely that these people had greater health awareness, healthier behavior, better education, and higher personal income (21).

In China, improving FDCS utilization was a key breakthrough in establishment of a tiered medical system of primary healthcare, diagnosis, and treatment. However, the utilization rate was found to be 6.8% in this study, which was lower than that in previous studies with regional design and very small sample size (utilization rate, 23.8–34.3%) (9, 10). This discrepancy could be attributed to multiple reasons, including limited educational level of family doctors, mutual-mistrust between doctor and patient, and lack of healthcare providers. The levels of education and qualification among primary healthcare professionals in China are relatively low. In 2018, 25% of family doctors had less than a junior medical college level of education (22, 23). Moreover, due to a shortage of qualified physicians, more than 20% of doctors practicing in community health centers were not licensed (23). As a result, patients were inclined to bypass primary healthcare institutions when they needed clinical care (32%), and 26% of patients responded that they distrusted community health centers (24). Besides, the shortage of FDCS teams has persisted, with 3.7 licensed physicians per one thousand people in urban China and 1.3 in rural areas, (25) which limits their functional response to the needs of the community (26).

To our knowledge, this study is the first attempt to establish a nomogram for predicting the utilization of FDCS in a nation-represented study. We developed the model using data from a national, high-quality, cross-sectional study. We evaluated predictors that were epidemiologically relevant and routinely available to primary healthcare providers, so that the model can be easily applied in primary healthcare practice. In addition, the data for external validation of nomogram was also from large, randomized, and multicenter data. A convenient and easy-to-use nomogram of the FDCS model allows for immediate use of the model to predict the utilization of FDCS.

Despite the strengths of this study, several limitations need to be acknowledged. First, the cross-sectional design of this study limits its ability to identify the causal relationships. Second, other factors that might impact FDCS use were not included in our survey, such as residents' psychological status, income, or expenditure, and the publicity of FDCS. Third, since the proportion of participants aged 65 years and older was low in this study, the implication of our findings for the elder population might be limited. Therefore, our results need further validation in a multi-institution study with larger samples. Additionally, the performance of the nomogram is only slightly higher than 0.65. Considering that all predictors are easily accessible in primary healthcare with low cost, the moderate diagnostic performance of the prediction nomogram in our study should be acceptable. Although it provides insights into novel domain discovery, the nomogram model might be affected by factors such as sample quality variations and variables such as the income or expenditure information, and further validations are needed. Finally, since the present study was conducted only in Chinese population, these results might not be extrapolated to other countries.



CONCLUSIONS

A prediction nomogram that incorporates 12 easily accessible variables in daily practice of community primary healthcare can be used to predict residents' utilization of FDCS. These findings provide an important insight for the government to guide the focus of primary healthcare at individual, community, and national levels. To further improve the performance of the predictive model, more clinically important variables need to be considered.
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107,824 (93.2)
37,444 (92.8)

14,143 (93.2)
13,048 (93.4)
26,482 (93.8)
7,989 (92.8)
8,768 (92.8)
86,212 (93.2)
19,061 (93.0)
2,275 (94.9)
276 (86.8)
58,696 (94.1)
49,128 (92.0)
10,026 (93.0)
97,798 (93.2)
36,123 (94.9)

71,701 (92.3)
23,347 (94.1)

59,620 (94.4)
24,848 (89.5)
35,125 (93.9)

14,804 (93.8)

52,838 (93.4)
5,057 (88.8)
65,458 (93.3)
42,366 (93.0)
67,043 (93.6)
40,781 (92.5)

9,030 (95.1)
58,625 (94.9)

3,997 (93.9)
5927 (91.9)
30,245 (90.7)
6,036 (95.0)

41,351 (94.5)
60,437 (92.1)
84,366 (93.1)
21,673 (93.6)
1,785 (912)
23,458 (93.4)
84,366 (93.1)
50,351 (93.9)

35,102 (93.1)
15,431 (92.5)
6,850 (90.4)
16,698 (94.0)
91,126 (93.0)
87,555 (94.6)
20,269 (87.5)
87,555 (94.6)

6,321 (80.4)
7,289 (92.4)
3526 87.7)
3,133 (02.4)

21211 (95.9)

35,788 (94.2)
50,825 (91.4)

FDCS

7,893 (6.8)
2,896 (7.2)

1,028 (6.8)
915 (6.6)
1758 (6.2)
614(7.2)
682(7.2)
6,300 6.8)
1,429 (7.0)
122 (5.1)
42(13.2)
3,649 (5.9)
4,244 8.0)
749 (7.0)
7,144 (6.8)
1,946 (5.1)

547 (7.7)
1,470 (6.9)

3517 (56)
2,906 (10.5)
2,534 6.7)

972 (6.2)

3751 (6.6)
636 (11.2)
4,723(6.7)
3,170 (7.0)
4,608 (6.4)
3,285 (7.5)

468 (4.9)
3,533 (5.7)

260 (6.1)
525 (8.1)
3,107 93)
318(5.0)

2411(55)
5,164 (7.9)
6,246 (6.9)
1,475 (6.4)
172(88)

1,647 (6.6)

6,246 (6.9)

3,205 (6.1)

2620 (6.9)
1250 (7.5)
728(9.6)
1,067 (6.0)
6,836 (7.0)
4,997 (5.4)
2,896 (12.5)
4,997 (5.4)

1545 (19.6)
600 (7.6)
493 (12.3)
258(7.6)

902 (4.1)

2,203 (5.8)
4,788 (8.6)

p-value

<0.001

<0.001

<0.001

0.573

<0.001

<0.001

<0.001

0.127

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Total

49,593 (100.0)
17,361 (30.1)

6,511 (30.0)
6,029 (30.2)
11,990 (20.8)
3711 (303)
3,989 (20.7)
39,593 (30.0)
8,836 (30.1)
999 (29.4)
163 (33.9)
26,926 (30.2)
22,665 (29.8)
4,652 (30.2)
44,939 (30.0)
16,208 (30.0)

33,293 (30.0)
10,745 (30.2)

27,105 (30.0)
11,741 (29.7)
16,179 (30.1)

6,586 (29.5)

24,400 (30.1)
2,426 (29.9)
30,022 (30.0)
19,569 (30.1)
18,671(20.8)
30,920 (30.1)

4,020 (20.7)
26,753 (30.1)

1,829 (30.1)
2,701 (295)
14,288 (30.0)
2,782 (305)

18,806 (30.1)
28,003 (29.9)
38,837 (30.0)
9,936 (30.0)
818 (29.5)

10,754 30.0)

38,837 (30.0)

22,770 (208)

16,384 (30.2)
7,175 (30.1)
3,262 (30.1)
7,500 (20.7)
42,091 (30.1)
39,653 (30.0)
9,938 (30.0)
39,653 (30.0)

3,329 (29.7)
3,478 (30.6)
1,698 (29.7)
1,433 (29.7)

9,543 (30.1)

16,195 (20.9)
23,853 (30.0)

Validation dataset, n (%)

No FDCS

46,234 (93.2)
16,118 (92.8)

6,065 (93.2)
5,621 (93.2)
11,284 (94.1)
3,448 (92.9)
3,698 (92.7)
36,917 (93.2)
8,223 (93.1)
950 (95.1)
144 (88.3)
25,286 (93.9)
20,948 (92.4)
4,354 (93.6)
41,880 (93.2)
16,414 (94.6)

30,820 (92.6)

10,159 (94.5)

25,543 (94.2)
10,582 (89.7)
15,128 (93.5)

6,165 (93.6)

22,788 (93.4)
2,153 (88.7)
28,039 (93.4)
18,195 (93.0)
28,971 (93.7)
17,263 (92.5)

3,828 (95.2)
25,245 (94.4)

1,704 (93.2)

2,484 (92.0)

12,973 (90.8)

2,651 (95.3)

17,775 (94.5)
25,808 (92.2)
36,166 (9.1)
9,308 (93.7)
760 (92.9)

10,068 (93.6)

36,166 (93.1)

21,370 (23.9)

15,285 (93.3)
6,628 (92.4)
2,951 (90.5)
7,059 (94.1)
39,175 (93.1)
37,620 (94.6)
8,714 87.7)
37,520 (94.6)

2,672 (80.3)
3,230 (92.9)
1,617 (89.9)
1,295 (90.4)

9,163 (96.0)

16,265 (94.3)
21,806 (91.4)

FDCS

3,357 (6.8)
1,243 (7.2)

446 (6.8)
408 (6.8)
706 (5.9)
263 (7.1)
291 (7.9)
2,676 (6.8)
613 (6.9)
4949
19(11.7)
1,640 (6.1)
1,717 (7.6)
298 (6.4)
3,059 (6.8)
884 (5.4)

2,473(7.4)

586 (5.5)

1,562 (5.8)
1,209 (10.3)
1,051 (65)

421 (6.4)

1,612 (6.6)
273(113)
1,983 (6.6)
1,874 (7.0)
1,949 (6.3)
1,408 (7.5)

192 (4.8)
1,508 (5.6)

125 (6.8)

21780

1,815 (9.2)

131 (4.7)

1,081 (5.5)
2,195(7.8)
2,671(6.9)
628(6.9)
58(7.1)
686 (6.4)
2671(6.9)
1,400 (6.1)

1,099 (6.7)
547 (7.6)
311(95)
4416.9)

2916(6.9)

2,133 (5.4)

1,224 (12.3)

2,133 (5.4)

657 (19.7)
248 (7.1)
181 (10.7)
138 (9.6)

380 (4.0)

930 (5.7)
2,047 (8.6)

p-value

0.001

0.007

<0.001

0.300

<0.001

<0.001

<0.001

0.071

<0.001

<0.001

<0.001

0.134

<0.001

<0.001

0.001

<0.001

<0.001

<0.001
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