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Introduction: While numerous studies have examined the effects of diagnosis-related groups (DRG) payment on hospital healthcare, evidence regarding its impact on the quality of hospital healthcare is poor and findings have been inconsistent. This study evaluates how DRG payment reform influences rational use of antibiotics in hospital using the World Health Organization (WHO) Access, Watch, Reserve (AWaRe) classification in China.

Methods: We employed a natural experiment design with difference-in-differences analysis, comparing 10 hospitals implementing DRG payment in two pilot cities with 27 hospitals maintaining fee-for-service (FFS) payment in three control cities in Sichuan Province. Using medicine consumption data from 2016 to 2020 (185 hospital-years), we assessed total antibiotic use/expenditure, Access/Watch group proportions, and Access-to-Watch ratios.

Results: Compared with FFS payment, DRG payment had no significant impact on the total quantity or expenditure of antibiotic use. However, DRG payment led to −13.01% (95% CI: −25.32% to - 0.70%) reduction of proportion of Access antibiotics use and 13.90% (95% CI: 1.97 to 25.83%) increase of proportion Watch antibiotics use. Subgroup analysis showed similar results in both secondary and tertiary hospitals, but greater in the former.

Discussion: TDRG hospital payment reform may not affect the total quantity or expenditure of antibiotics use, but decrease the proportion of WHO Access antibiotics use and increase the Watch antibiotics use. Close monitoring and interventions are warranted to improve rational use of antibiotics for health systems during hospital payment reform.
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Introduction

The overuse and misuse of antibiotics has been a major public health challenge globally (1). The World Health Organization (WHO) listed antimicrobial resistance as one of 10 threats to global health (2). To improve monitoring and rational use of antibiotics globally, the WHO Expert Committee on Selection and Use of Essential Medicines developed the Access, Watch, Reserve (AWaRe) classification list of antibiotics in 2017 (3). By definition, Access antibiotics have low costs, clear efficacy, and a low likelihood of leading to drug resistance, making them highly cost-effective. It is recommended that antibiotics in the Access group should be available at all times as treatments for many types of common infections. With a broader spectrum and a higher resistance potential, Watch antibiotics are recommended only for specific, limited indications. Their use should be monitored for appropriateness as part of routine stewardship activities and reduced to avoid further development of resistance. The Reserve group consists of last-resort antibiotics for targeted use in multidrug-resistant infections when all alternatives have failed (3–7). The AWaRe classification provides useful tool and indicators to monitor and evaluate the rational use of antibiotics in terms of its volume and structure (6, 7).

Hospital payment reform, such as diagnosis-related groups (DRGs) payment, is being implemented or considered in China and many low- and middle- income countries (8). It has the potential to improve rational use of medicines by providing incentive for healthcare providers in removing unnecessary treatments or procedures in healthcare. Technically, it classified inpatient healthcare into several hundred to a thousand groups based on patients’ diagnoses, procedures, and risk factors (such as age), and predefines the reimbursement rate for each group. It allowed hospitals to retain surplus but also share cost of overspending. Theoretically, DRGs payment could motivate hospitals to improve providing more cost-effective interventions and reducing unnecessary diagnosis and treatment regimens and procedures, curbing overuse or misuse of antibiotics, for each patient compared with traditional fee-for-service (FFS) payment (9–12).

A large number of studies have been conducted to evaluated the impact of DRGs payment on hospital healthcare (13, 14). There is consistent evidence that DRGs payment has a mild effect in controlling medical expenditure, and a moderate effect in improving the efficiency of medical care by reducing hospital length of stay and increasing the number of patients being treated in defined period (15). However, evidence on the impact of DRGs payment on the quality of hospital healthcare is poor and findings have been inconsistent (16). A systematic review suggests that the DRG intervention had no demonstrable impact on patient quality of life and the quality of care received by patients may have decreased (14). For example, a study involving 297 US hospitals with over 14,000 patients found that the use of DRGs payment lead to reduction of in-hospital mortality and 30-day mortality (17). However, another study in Japan found that DRGs payment had no effect on the mortality rate of patients with acute myocardial infarction (AMI), but increased the readmission rate (18). A study in China found that the reform of DRGs payment in public hospitals was associated with significant reduction of using guideline recommend medicines (Aspirin and B-blocker), but had no effect on other quality indicators in patients with AMI compared to FFS payment. However, there has been no research on the impact of DRGs payment reform on rational use of antibiotics in hospital healthcare.

Therefore, we conducted this natural experiment with difference-in-differences (DID) analysis to evaluate the impact of DRGs payment reform on rational use of antibiotics in hospitals. We made two hypotheses: (1) compared with FFS payment, DRGs payment reform would reduce the total quantity and expenditure of antibiotic use in hospitals; (2) increase the proportion of Access antibiotics use (%), reduce the proportion of Watch antibiotics use (%) and increase the Access to Watch antibiotics ratio.



Methods


Study design

We employed a natural experiment design and DID analysis method to estimate the impact of the DRGs payment reform on antibiotics use in hospital healthcare compared to FFS payment system. The natural experiment with DID analysis commonly used to study the impact of health policy (19, 20).

In 2018, DRGs payment reform in hospital healthcare was piloted in Pan Zhi Hua city and Mei Shan city in Sichuan province. The DRG reform involved all inpatients who participate in basic medical insurance for urban workers, and that for urban and rural residents, which covered more than 95% of the population. The reform in Pan Zhi Hua city achieved full coverage of all hospitals in 2018. Mei Shan City started the DRGs payment reform from 2018, and achieved full coverage of all hospitals in 2020. Therefore, hospitals in Pan Zhi Hua city and Mei Shan city were selected as the experimental group. Hospitals in Neijiang, Leshan cities and Ganzi Tibetan Autonomous Prefecture, which continued the FFS payment system during the same period, were selected as the control group. The unit of observation in this study was hospital.



Data source

Data were obtained from the Medicine Use Monitoring Database from Sichuan Health Commission, which contains basic information and medication use of hospitals in Sichuan province from 2016 to 2020. Secondary and tertiary hospitals in the above five cities were included and antibiotics usage data of all hospitals from 2016 to 2020 were extracted, including the volume and expenditure of antibiotics, the formulation unit and specification dosage of each category of antibiotics. The total volume of antibiotics, the volume of Access and Watch antibiotics are calculated by using defined daily dose (DDD) as the unit of measurement. After excluding missing values, 185 hospital-year data were finally obtained. In order to avoid the influence of extreme values on the research results, all the data in our study were winsorized with the level of 1%.



Outcome measures

Eight outcomes derived from the WHO AWaRe classification were used to reflect the impact of DRGs payment on rational use of antibiotics, including: total volume and total expenditure of antibiotics, volume and expenditure of Access and Watch antibiotics (respectively), their shares in the total volume and total expenditure, and Access-to-Watch index as the ratio of the volume and expenditure between Access and Watch antibiotics (3). The total quantity of antibiotics, the quantity of Access and Watch antibiotics were calculated by using DDD as the unit of measurement.



Covariables

Based on literature and availability of data (21), the following six control variables were finally introduced, including number of hospital beds per thousand people, number of doctors per thousand people, health expenditure per capita, degree of government support for local healthcare measured by the proportion of government health expenditure to total health expenditure, hospital grade (tertiary hospitals or secondary hospitals) and number of inpatients. Data of co-variables were obtained from Sichuan Statistical Yearbook and Sichuan Health Statistical Yearbook 2016–2020.



Statistical analysis

We employed DID method to compare the pre- and post- changes between the experimental group (DRGs payment) and the control group (FFS payment), using the hospital as an observation unit. Multi-level linear regression analyses using fixed effect model were conducted using the following Equation 1:

Yi,t=α+βDRGi,t+γControl_Vari,t+CityFE+YearFE+HospitalFE+εi,t      (1)

Yi,t presents the dependent variables, among which total quantity and total expenditure are log transformed because the distributions of quantity and expenditure were skewed. The key explanatory variable is DRGi,t. It is a dummy variable indicating the DRG reform status. It equals one if the observations were from DRGs payment reform cities (Panzhihua city and Meishan city) and the time was after January 2018. Otherwise, it equals zero. The estimated coefficient β captures the average treatment effect of the DRGs payment reform. The Control_Var is the set of control variables, CityFE is the city fixed effect, YearFE is the year fixed effect, HospitalFE is the hospital fixed effect and ε is the disturbance. Subgroup analyses were conducted by level of hospitals (secondary and tertiary hospitals), to examine if the impact was different for the two level of hospitals. The parallel trends between the control group and the experimental group before implementation of the DRG reform were tested. We also conducted placebo test to guarantee the robustness of the regression results. Statistical analyses were two tailed, with a significance level of 5%. Standard errors were calculated based on maximum likelihood estimation. All analyses were conducted using Stata, version 17.0.




Results


Descriptive statistics

Table 1 shows the descriptive statistics of various variables, based on the observed values of experimental and control hospitals before (2016–2017) and after (2018–2020) the DRG payment reform at 2018 (see Appendix A, which shows the contrast before and after.)


TABLE 1 Summary of Antibiotics utilization in experimental and control hospitals before and after the introduction of DRGs Payment reform at 2018 (N = 185 hospital-year observations).


	Characteristics
	Pre-policy
	Post-policy



	Experimental
	Control
	Experimental
	Control

 

 	Total hospital-year 	20 	54 	30 	81


 	Secondary hospital-year 	8 	34 	12 	51


 	Tertiary hospital-year 	12 	20 	18 	30


 	Total quantity of antibiotics, median (p25, p75), thousand DDDa 	555.07 (311.21, 1479.26) 	277.01 (93.57, 767.66) 	473.80 (330.93, 1472.79) 	292.33 (76.30, 816.05)


 	Total quantity of antibiotics (ln)b 	13.37 (0.80) 	12.54 (1.41) 	13.34 (0.89) 	12.50 (1.46)


 	Total expenditure of antibiotics, median (p25, p75), million yuan 	9.32 (4.64, 22.87) 	6.86 (1.25, 17.81) 	8.95 (5.49, 32.03) 	6.96 (0.97, 20.30)


 	Total expenditure of antibiotics (ln)b 	15.41 (2.84) 	15.65 (2.44) 	15.74 (2.41) 	15.67 (2.34)


 	Proportion of quantity of Access antibiotics, % 	24.24 (19.23) 	33.65 (21.30) 	20.90 (15.47) 	32.98 (20.83)


 	Proportion of expenditure of Access antibiotics, % 	12.68 (6.75) 	19.00 (15.45) 	10.82 (59.3) 	19.32 (12.70)


 	Proportion of quantity of Watch antibiotics, % 	55.10 (18.88) 	51.26 (18.32) 	62.62 (15.98) 	55.70 (18.77)


 	Proportion of expenditure of Watch antibiotics, % 	62.56 (12.15) 	58.55 (18.14) 	65.84 (11.86) 	62.86 (17.48)


 	Access to Watch quantity ratio 	0.69 (1.0) 	1.61 (3.81) 	0.45 (0.62) 	1.22 (2.87)


 	Access to Watch expenditure ratio 	0.22 (0.12) 	0.46 (0.64) 	0.17 (0.11) 	0.46 (0.64)





DRGs, diagnosis-related groups; DDD, defined daily dose.

a The total quantity of antibiotics, the quantity of Access and Watch antibiotics were calculated by using DDD as the unit of measurement.

b Since their distributions were skewed, the total quantity and total expenditure were ln transformed to be included in the regression model.
 



Total quantity and total expenditure of antibiotics

In multivariate regression analysis model 1, DRG payment reform was significantly associated with increase of total quantity (mean difference [MD]: 1.04, 95%CI: 0.53 to 1.56%, p < 0.001), and total expenditure of antibiotics (MD: 1.09, 95%CI: 0.07 to 2.12%, p = 0.036), adjusted for hospital grade. However, multivariate regression analysis in model 2 adjusting for both hospital level and city level covariates, though DRG payment reform was still associated with increase of total quantity (MD: 0.32, 95%CI: −0.98 to 0.34%, p = 0.339) and total expenditure (MD: 0.63, 95%CI: −0.80 to 2.06%, p = 0.387) of antibiotics, the effect became non-significant (Table 2).


TABLE 2 Impact of hospital payment reform on hospital antibiotic utilization using multivariate difference-in-differences analysis.


	Outcomes
	Model 1a
	Model 2b



	
β

	95%
	CI
	
p

	
β

	95%
	CI
	
p


 

 	Total quantity(ln)c 	1.04 	0.53 	1.56 	<0.001 	0.32 	−0.98 	0.34 	0.339


 	Total expenditure(ln)c 	1.09 	0.07 	2.12 	0.036 	0.63 	−0.80 	2.06 	0.387


 	Access quantity % 	−14.59 	−22.66 	−6.53 	<0.001 	−13.01 	−25.32 	−0.70 	0.038


 	Access expenditure % 	−7.85 	−13.08 	−2.62 	0.003 	−1.41 	−8.99 	6.17 	0.714


 	Watch quantity% 	9.75 	1.91 	17.59 	0.015 	13.90 	1.97 	25.83 	0.023


 	Watch expenditure % 	4.11 	−3.38 	11.61 	0.281 	−1.87 	−13.31 	9.57 	0.748


 	Access to Watch quantity ratio 	−0.51 	−1.82 	0.78 	0.434 	−1.65 	−3.60 	0.30 	0.098


 	Access to Watch expenditure ratio 	−0.31 	−0.55 	−0.07 	0.012 	−0.02 	−0.38 	0.35 	0.924





CI, confidence interval.

a In model 1, control variable is hospital grade.

b In model 2, control variables included hospital grade, number of hospital beds per thousand people, number of doctors per thousand people, Health expenditure per capita, and proportion of government financial support.

c Since their distributions were skewed, the total quantity and total expenditure were ln transformed to be included in the regression model.
 



Proportion of access quantity and expenditure

In multivariate regression model 1, DRGs payment reform was associated with a significant decrease of Access quantity % (MD: −14.59, 95%CI: −22.66% to −6.53%, p < 0.001) and Access expenditure % (MD: −7.85, 95%CI: −13.08% to −2.62%, p = 0.003) compared with FFS payment. In multivariate regression model 2, the DRGs payment reform was still associated with significant decrease of Access quantity % (MD: −13.01, 95%CI: −25.32% to - 0.70%, p = 0.038) but non-significant decrease of Access expenditure % (MD: −1.41, 95%CI: −8.99 to 6.17%, p = 0.714; Table 2).



Proportion of watch quantity and expenditure

In multivariate regression model 1, DRGs payment reform led to a significant increase of the proportion of Watch antibiotic quantity (MD: 9.75, 95%CI: 1.91 to 17.59%, p = 0.015) compared to FFS payment, with a non-significant increase of the proportion of Watch expenditure (MD: 4.11, 95%CI: −3.38 to 11.61%, p = 0.281). In multivariate regression model 2, DRGs payment reform was still significantly associated with increase of Watch antibiotics usage quantity (MD: 13.90, 95%CI: 1.97, to 25.83%, p = 0.023), and the increase of Watch antibiotics expenditure was still not significant (MD: −1.87, 95%CI: −13.31 to 9.57%, p = 0.748; Table 2).



Access to watch index (ratio) of quantity and expenditure

In multivariate regression model 1, there was a non-significant decrease of Access to Watch quantity Ratio (MD: −0.51, 95%CI: −1.82 to 0.78, p = 0.434) but a significant decrease of Access to Watch expenditure ratio (MD: −0.31, 95%CI -0.55 to −0.07, p = 0.012) after the DRGs payment reform. In model 2, there was decrease of Access to Watch quantity ratio (MD: −1.65, 95%CI: −3.60 to 0.30, p = 0.098) and Access to Watch expenditure ratio (MD: −0.02, 95%CI: −0.38 to 0.35, p = 0.924) after the DRG payment reform, but the effects became non-significant for both outcomes (Table 2).



Subgroup analysis

The results of the subgroup analysis by hospital grade showed that the impact of DRGs payment reform was consistent for both secondary and tertiary hospitals, and was similar to the results of the main analysis. However, it showed that the impact of DRGs payment reform was larger on secondary hospitals than tertiary hospitals (Table 3). For secondary hospitals, DRGs payment reform was associated with a significant increase of total quantity (MD: 1.76, 95% CI: 0.92% to 2.59, p < 0.001) and total expenditure (MD: 1.76, 95% CI: 0.92 to 2.59%, p < 0.001), but a significant reduction of Access quantity % (MD: −21.69, 95% CI: −34.63% to −6.74%, p = 0.004) and Access expenditure % (MD: −14.86, 95% CI: −24.13% to −5.59%, p = 0.002) and Access to Watch expenditure ratio (MD: −0.55, 95% CI:-0.95 to −0.15). In model 2, the impact of DRG payment was similar to that of model 1, it was still significantly associated with reduction of Access quantity % (MD: −22.96, 95% CI: - 45.07% to −00.84%, p = 0.042) and increase of Watch quantity % (MD: 21.38, 95% CI: 9.20 to 41.84%, p = 0.041), though the impact on other outcomes became non-significant. For tertiary hospitals, the impact of DRGs payment on outcomes of rational use of antibiotics was similar to that of secondary hospitals, but the effects were all non-significant (Table 3).


TABLE 3 Impact of hospital payment reform on hospital antibiotic utilization using multivariate difference-in-differences analysis by hospital grade.


	Outcomes
	Model 1a
	Model 2b



	
β

	95%
	CI
	
p

	
β

	95%
	CI
	
p


 

 	Secondary hospital n = 105


 	Total quantity (ln)c 	1.76 	0.92 	2.59 	<0.001 	−0.71 	−1.79 	0.37 	0.195


 	Total expenditure (ln)c 	2.55 	1.25 	3.86 	<0.001 	0.59 	−1.44 	2.61 	0.566


 	Access quantity % 	−21.69 	−34.63 	−6.74 	0.004 	−22.96 	−45.07 	−00.84 	0.042


 	Access expenditure % 	−14.86 	−24.13 	−5.59 	0.002 	−1.16 	−15.92 	13.60 	0.877


 	Watch quantity % 	13.36 	0.74 	25.98 	0.038 	21.38 	9.20 	41.84 	0.041


 	Watch expenditure % 	7.03 	−5.62 	19.70 	0.273 	−7.01 	−27.88 	13.85 	0.506


 	Access to Watch quantity ratio 	1.05 	−3.53 	1.43 	0.405 	−4.17 	−7.88 	−0.45 	0.028


 	Access to Watch expenditure ratio 	−0.55 	−0.95 	−0.15 	0.008 	0.04 	−0.61 	0.68 	0.908


 	Tertiary hospital n = 80


 	Total quantity (ln) c 	0.05 	−0.48 	0.58 	0.848 	0.20 	−0.94 	0.54 	0.597


 	Total expenditure (ln) c 	1.36 	−2.87 	0.15 	0.078 	0.02 	−1.96 	1.99 	0.988


 	Access quantity % 	−4.46 	−10.93 	1.99 	0.172 	−5.74 	−14.51 	3.02 	0.196


 	Access expenditure % 	−0.71 	−4.07 	2.63 	0.670 	−2.91 	−7.32 	1.50 	0.193


 	Watch quantity % 	3.02 	−6.09 	12.13 	0.511 	8.69 	−4.21 	21.60 	0.184


 	Watch expenditure % 	2.26 	−5.94 	10.46 	0.584 	3.64 	−7.70 	14.99 	0.524


 	Access to Watch quantity ratio 	−0.17 	−0.38 	0.05 	0.123 	−0.20 	−0.49 	0.09 	0.180


 	Access to Watch expenditure ratio 	−0.05 	−0.31 	0.20 	0.683 	−0.12 	−0.49 	0.25 	0.521





CI, confidence interval.

a In model 1, no adjustment of other variables.

b In model 2, control variables included hospital grade, number of hospital beds per thousand people, number of doctors per thousand people, Health expenditure per capita, and proportion of government financial support.

c Since their distributions were skewed, the total quantity and total expenditure were ln transformed to be included in the regression model.
 



Parallel trend test

The results indicate that the coefficients of the relative time dummy variables before the policy change are not significant. This suggests that before the policy piloted, there were no significant differences between the experimental and control groups in terms of the total expenditure and quantity of antibiotic usage, the proportion of Access and Watch usage relative to the total quantity, and the proportion of Access and Watch expenditures relative to the total expenditure, indicating the parallel trend assumption was satisfied (Appendix B).



Placebo test: random generation of experimental group

Taking the results of the dependent variable Watch quantity % an example, the β random generated during the randomization process is mainly concentrated around 0, whereas the estimated coefficient for the actual policy is 0.13, showing a significant difference from the placebo test results. This also suggests that the quantitative assessment results in this study are not significantly influenced by this potential factor, indicating results were robust (Appendix C).




Discussion

There were three main findings. First, DRGs payment system had no significant impact on the total quantity and total expenditure of antibiotic usage in hospitals compared to FFS payment. Second, DRGs payment reform resulted in a significant reduction in the proportion of quantity of Access antibiotics, and an increase in the proportion of quantity of Watch antibiotic. Third, the impact of the DRGs payment reform might be greater in secondary hospitals than in tertiary hospitals.

This study found that DRGs payment reform did not affect the total quantity or expenditure of antibiotics used in hospitals. In theory, DRGs payment can offer incentive of cost-containing by removing over-treatment compared with FFS payment, which may reduce the quantity and cost of antibiotic use (22). However, our study found that DRGs payment did not lead to a significant decrease in total quantity and cost of antibiotic utilization compared to FFS payment. These findings were consistent with findings from study of Dong and colleagues, which found that DRGs payment reform did not affect use of antibiotics (23). One reason may be that in the DRG payment reform, the standard of payment for each DRG was calculated according to the retrospective data of medical costs of former inpatients of reform hospitals, and allowed a corresponding percentage growth rate every year, which to a certain extent considered the historical continuity of the expenses of medical services (24). Therefore, the pressures on hospitals to reduce cost may not be so great, and may not have a dramatic impact on provision of medical services and antibiotics, especially in the short-term.

Another important finding of our study is that the DRGs payment reform resulted in a decrease of the percentage of Access antibiotic usage and an increase of the percentage of Watch antibiotic usage, which implied that the pattern of rational use of antibiotics was worse (25). According to the WHO AWaRe classification of antibiotics, Access antibiotics referred to the antibiotics that should be widely available, cheaper, therapeutically effective, narrow-spectrum with a lower risk of inducing resistance, and should be used as the preferred first-line drugs. On the other hand, Watch antibiotics are broader-spectrum antibiotics with a wider antimicrobial spectrum, and have a higher likelihood of resistance. Therefore, WHO has endorsed the priority use of Access antibiotics, and set a goal of 60% of its share in total use of antibiotics (15). The significant decrease of share of Access antibiotics after transition from FFS payment to DRGs payment is worrisome.

There may be several reasons for the above findings. First, the antibiotic classification management lists in China are different from the WHO AWaRe classification (26). As a management tool to deal with the challenge of bacterial resistance in various regions and countries, the AWaRe classification focuses on the situation of bacterial resistance (27, 28) and considers the effectiveness and accessibility of the included drugs (29). In the past decade, China has established a comprehensive management system for antimicrobial stewardship. The provincial health administrations were authorized to develop a hierarchical management catalog based on a national catalog, considering the characteristics, efficacy, safety, bacterial resistance, and drugs price of various antibiotics, among other factors. In the national catalog, antibiotic preparations were classified into non-restricted, restricted and highly-restricted classifications (30). Prior authorization is not needed to use non-restricted antibiotics, which physicians can apply directly based on clinical needs. However, prescriptions of restricted antibiotics must be authorized by the attending (or chief) physician before use, while highly-restricted antibiotics can be used only when the evidence and indications are clear, and prior authorization is needed by at least two authorized senior physicians.

In total, there are 182 kinds of antibiotics included in the national catalogue of antibiotics and the AWaRe classification catalogue. However, 91 antibiotics listed in the national catalogue were not in the AWaRe classification catalogue, and 93 antibiotics listed in the AWaRe classification catalogue were not included in the Chinese national catalogue. In terms of categories, 30 of the 90 kinds of antibiotics listed as non-restricted class in the Chinese national catalogue were classified as within the Watch group and 1 within the Reserve group in the WHO AWaRe classification. A total of 98 antibiotics were classified to highly-restricted antibiotics in the Chinese national catalogue, of which 9 were classified as Access antibiotics in the WHO AWaRe classification (26). The large difference between the two catalogs may be one of the reasons for our findings (31). However, we have supplemented our Appendix D with information on the impact of DRG under the Chinese antibiotic classification, which shows a significant downward trend in the non-restricted to restricted quantity ratio, consistent with changes in antibiotic use under the AWaRe classification.

Secondly, under the DRGs payment, physicians may tend to use Watch antibiotics for the sake of time and short-term clinical benefit. There was strong evidence that DRGs payment created an incentive for hospitals to improve clinical efficiency, to reduce length of stay and increase the number of admissions, which may be transferred to physicians (22, 32). Because of their broad spectrum, Watch antibiotics are more likely to be empirically used by physicians, to secure a faster and more efficient cure and shorter hospital stay, especially when results of etiology examination were not feasible or yet obtained. The possible harms are worthy of attention.

These findings imply that more measures are needed to improve the rational use of antibiotics. DRGs payment may not be the best way to facilitate rational prescribing.

The incentive function of the payment system may be fully utilized to promote healthcare providers to improve rational use of antibiotics. The experience from many countries to use pay-for-performance with indicators and incentives for rational use of antibiotics may be considered and adopted (15, 33–35). Second, the regulation of antibiotics may be improved. The hierarchical antibiotics management list may be refined in line with the WHO AWaRe classification, informed by evidence-based medicine and account to population needs, prevalence of drug resistance in China (36). This will not only be in line with international best practice, but also be better applied to China’s antibacterial drugs management system.

At the same time, the health authorities, as the administrator and regulator of the rational use of antibiotics, may take additional economic or behavioral interventions to improve the use of antibiotics. For example, public reporting of health care performance can positively influence antibiotic prescribing patterns of physicians, and thus may promote the rational use of antibiotics (37, 38). Besides, the theory of behavioral economy could be applied with hospital information system (HIS) to reduce unnecessary use of antibiotics. For example, a previous study found that behavioral economic intervention, which required doctors to specify the detailed reasons in the electronic HIS, when prescribing antibiotic after a ceiling of antibiotics prescribed every day, significantly reduced the quantity of antibiotics prescriptions (39).

Third, clinical pharmacists may contribute more in promoting rational use of antibiotics. By increasing the responsibility and function of hospital drug committees, pharmacy departments and clinical pharmacists may make a greater contribution in rational prescribing, using monitoring, prescription audit, prior authorizing (of restricted antibiotics), regular training, education, consultation for clinicians and patients on rational use of antibiotics, which have shown to be effective measures (40).

During the period of 2016–2020, China has also introduced some policies that control medical expenses, such as zero-mark up policy implemented in 2017 in tertiary hospitals, the two-invoice system policy and the pooling procurement policy implemented since 2019 (41, 42). Of course, the COVID-19 pandemic that began at the end of 2019 may also have a significant impact on the use of antibiotics (43). Assuming that these events have almost the same effect on the use of antibiotics in different public hospitals, in this study, we first divide the experimental group and the control group according to whether they started the DRGs payment reform, and applying DID analysis to examine the rational use of antibiotics, which may control these confounding policies to some extent.

This study had several limitations. First, due to the availability of data, only hospitals with complete data from 2016 to 2020 in the cities were chosen (the percentage of complete data is 96.98%). Therefore, selection bias may not be ruled out. Second, this study only evaluated the short-term impact of DRGs payment reform on rational use of antibiotics in hospitals. Its long-term impact warrant further investigation. Third, this study revealed the impact of the DRGs payment reform on rational use of antibiotics in hospitals, but the underlying mechanisms of these behavioral changes is of interest and warrant in-depth research to inform tailored interventions.



Conclusion

DRGs payment reform may not affect the total quantity or expenditure of antibiotics use compared with FFS payment. However, it may negatively affect the structure of antibiotics utilization by reducing the proportion of Access antibiotics and increasing the proportion of Watch antibiotics, which are more likely to introduce bacteria-resistance. In transition from FFS payment to DRGs payment, more measures including regulation improvement, economic, behavioral, and pharmacist interventions might be warranted to promote the rational use of antibiotics in hospitals.
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