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1. Introduction on the “Secondary” and “tertiary” hospitals in China
China has a 3-tiered hospital accreditation system, where hospitals are evaluated periodically according to the “Accreditation Criteria” issued by the government. The National Health Commission (NHC) and the provincial Health Commissions would grant the hospital with tertiary, secondary or primary status based on several measures of “hospital infrastructure, staffing, size and clinical capacity” [1]. According to the National Health Statistics Yearbook, only 7.8% (2548/33009) of all the hospitals in China were accredited as tertiary hospitals in 2018. The secondary hospitals accounted for 27.3% of all hospitals in 2018.
This 3-tiered hospital accreditation system is in correspondence with the hierarchical medical system of China, where the ideal scenario is for patients to seek help in primary healthcare facilities first and then moving up the tiers as the difficulty of treating their illnesses increases. However, the tertiary hospitals are mostly large in scale and may receive more funding from the government. They are also assumed to provide higher quality care compared with secondary hospitals. Compared with primary and secondary healthcare institutions, tertiary hospitals tended to have more experienced medical professionals and advanced equipment. Therefore, patients in China tended to bypass the primary and secondary healthcare and go directly to tertiary hospitals in almost all disease areas [2], not just for psychiatric patients.
This context explained why it would be of particular importance to investigate the difference in hospitalization pattern across the 3 tertiary psychiatric hospitals. Among specialty psychiatric hospitals, tertiary specialty psychiatric hospitals were much larger in size and treated more than 80% of the psychiatric inpatients in Beijing [3]. In this study we only included patients whose index psychiatric hospitalization was at one of the 3 tertiary psychiatric hospitals in Beijing.

2. Psychiatric care resources in Beijing
[bookmark: _Hlk63716759]Apart from the 3-tiered hospital accreditation system, hospitals in China can also be divided into general and specialty hospitals. Although some general hospitals in Beijing did provide outpatient psychiatric services, inpatient psychiatric service (especially for patients with psychiatric disorders as their primary diagnoses) was almost exclusively provided by psychiatric hospitals. This was because 1) almost all the mental health professionals in China worked in specialty psychiatric hospitals; 2) mental health services provided by general hospitals are not very comprehensive [4].
[bookmark: _Hlk63714299]In terms of the psychiatric care resources in Beijing, there are 14 secondary and tertiary psychiatric hospitals in Beijing and the database used by this study covered 10 out of these 14 hospitals (71.43%). The 10 hospitals consisted of 3 tertiary and 7 secondary psychiatric hospitals. Although the database did not cover all the psychiatric hospitals in Beijing we did include all the tertiary psychiatric hospitals in the city, which should cover a substantial portion of the regional psychiatric services.
The separation in the service provision (psychiatric hospitals provided mental health service but not much general healthcare while the general hospitals provided general healthcare and very limited mental healthcare service) promoted this study in examining the non-psychiatric service use (most likely happened in general hospitals). This context also stressed the importance of using a regional, multicenter database that included both psychiatric and general hospitals so that the patients’ inpatient service utilization can be better tracked and understood. 
In order to understand the hospital-level difference of inpatient service use, this study included patients whose index psychiatric hospitalization was at one of the 3 tertiary psychiatric hospitals in Beijing (For full inclusion criteria please see part 2.2 of the main text). The 3 psychiatric hospitals were coded as hospital 1, 2, and 3 in the results session to represent each hospital and their differences.

3. The Charlson comorbidity index and its utilization in this paper
The Charlson comorbidity index (CCI) was originally developed by Charlson et al. in 1987. It was an index that included 19 categories of comorbidity and each patient would have a single comorbidity score to indicate their comorbidity status. The CCI was originally created to predict one-year mortality but was then used to indicate comorbidities in a range of studies [5, 6]. Sprah et al 2017 systematically reviewed the association between psychiatric readmissions and their association with physical comorbidity, and found that CCI was associated with increased risk of readmission in patients with substance use disorders [7]. Han et al. found that an increased number of comorbidities as measured by the Elixhauser comorbidity index was associated with both 30-day and 1-year readmission risk for psychiatric inpatients [3]. Since readmission is a key component of the long-term inpatient service utilization and the CCI has proved to be an influence factor of psychiatric readmission, this study included CCI as one of the factors to profile the patient characteristics in each hospitalization pattern.
The CCI version used in this study was published in Quan et al 2005 [8], which contained 17 categories of comorbidities (Supplementary table 1). It was the basis of a Stata module to calculate Charlson index of comorbidity (“CHARLSON”), which was used in this study. The CCI presented in this study was not weighted but a count of comorbidities listed in the CCI. 

4. The healthcare insurance system in China
China is working towards achieving universal health coverage and have been expanding its health insurance coverage to all residents [9]. There are two social health insurance schemes for urban residents—the Urban Employee Basic Medical Insurance (UEBMI; launched in 1998) and the Urban Resident Basic Medical Insurance (URBMI; launched in 2007) [10]. There is also the New Cooperative medical scheme (NCMS) for rural residents. There are also a variety of other payment methods that existed like the private medical insurances but UEBMI, URBMI and NCMS were the 3 main insurance types in China. Since 2016, URBMI and NCMS have been combined as Basic medical insurance for urban and rural residents. Hence, we classified the payment methods in this paper as UEBMI, other insurances and uninsured.
Although the coverage of these social insurances is getting higher, different social insurance types do have different funding sources and therefore different benefit packages [10]. Xu et al had found that insurance types and reimbursement ratios can have significant association with the utilization of inpatient services. In this study we also included insurance types as one of the factors to profile the patient characteristics in each hospitalization pattern [11].

	Supplementary table 1. The ICD-10 Codes for the Charlson Comorbidities

	Comorbidities 
	ICD-10 

	Myocardial infarction 
	I21.x, I22.x, I25.2 

	Congestive heart failure 
	I09.9,I11.0, I13.0, I13.2, I25.5, I42.0, I42.5-I42.9, I43.x, I50.x, P29.0 

	Peripheral vascular disease 
	I70.x, I71.x, I73.1, I73.8, I73.9, I77.1, I79.0, I79.2, K55.1, K55.8, K55.9, Z95.8, Z95.9 

	Cerebrovascular disease 
	G45.x, G46.x, H34.0, I60.x-I69.x 

	Dementia 
	F00.x-F03.x, F05.1, G30.x, G31.1 

	Chronic pulmonary disease 
	I27.8, I27.9, J40.x-J47.x, J60.x-J67.x, J68.4, J70.1, J70.3 

	Rheumatic disease 
	M05.x, M06.x, M31.5, M32.x-M34.x, M35.1, M35.3, M36.0 

	Peptic ulcer disease 
	K25.x-K28.x 

	Mild liver disease 
	B18.x, K70.0-K70.3, K70.9, K71.3-K71.5, K71.7, K73.x, K74.x, K76.0, K76.2-K76.4, K76.8, K76.9, Z94.4 

	Diabetes without chronic complication 
	E10.0, E10.l, E10.6, E10.8, E10.9, E11.0, E11.1, E11.6, E11.8, E11.9, E12.0, E12.1, E12.6, E12.8, E12.9, E13.0, E13.1, E13.6, E13.8, E13.9, E14.0, E14.1, E14.6, E14.8, E14.9 

	Diabetes with chronic complication 
	E10.2-E10.5, E10.7, E11.2-E11.5, E11.7, E12.2-E12.5, E12.7, E13.2-E13.5, E13.7, E14.2-E14.5, E14.7 

	Hemiplegia or paraplegia 
	G04.1, G11.4, G80.1, G80.2, G81.x, G82.x, G83.0-G83.4, G83.9 

	Renal disease 
	I12.0, I13.1, N03.2-N03.7, N05.2-N05.7, N18.x, N19.x, N25.0, Z49.0-Z49.2, Z94.0, Z99.2 

	Any malignancy, including lymphoma and leukemia, except malignant neoplasm of skin 
	C00.x-C26.x, C30.x-C34.x, C37.x-C41.x, C43.x, C45.x-C58.x, C60.x-C76.x, C81.x-C85.x, C88.x, C90.x-C97.x 

	Moderate or severe liver disease 
	I85.0, I85.9, I86.4, I98.2, K70.4, K71.1, K72.1, K72.9, K76.5, K76.6, K76.7 

	Metastatic solid tumor 
	C77.x-C80.x 

	AIDS/HIV 
	B20.x-B22.x, B24.x 




5. Further clarifications on data cleansing
After patients were identified, their index admission in 2013 and any subsequent hospitalization records for either psychiatric or non-psychiatric conditions were identified using the unique identification code of each patient. Since the observation period was 3 years after the index admission date, Day-1 in this study would be the index admission date for each patient, and Day-1095 would be the last day of follow-up. Admissions after Day-1095 were excluded. For patient records with admission dates before Day-1095 and discharge date after Day-1095, the length of stay (LOS) of that hospitalization was calculated from the admission date to Day-1095. For these admissions, we adjusted the included expenses of that inpatient stay: adjusted expenses=total expenses*(LOS within the 1095 day period/ total LOS). For the patients who appeared to be readmitted on the same day of previous discharge, perhaps due to a scheduled transfer, we reduced by 1 day the LOS of the latter admission.

6. Details regarding the sequence analysis method used in this study
This study used a combination of state-sequence analysis and the cluster analysis to capture the inpatient service utilization in the included psychiatric patients. 
The analyses were conducted using the TraMineR package in R (version 3.4.4) [12]. The package enables discrete sequential-state analysis on a sequence of event or state.
Essentially, this method has 4 steps: 1) data transformation and hospitalization sequence building; 2) Analyzing the sequences with the optimal matching algorithm which forms a dissimilarity matrix; 3) Applying cluster analysis on the dissimilarity matrix; 4) Determining the number of clusters and summarizing the hospitalization pattern for patients included in each cluster. Sequences in each identified cluster were visualized. This method has been described and used in Han et al, 2020 [13] and Golay et al, 2019 [14].

Step 1: A state in the state-sequence analysis means the status of the patients (e.g. admitted, not admitted), and the state can be represented by numbers. For each patient, their admissions were aggregated into a string that contained 1095 digits, each digit represented one in the 1095 days (3 years) of observation [13, 14]. The digit was determined by the status of the patients, and there were 2 options (states): 0-not admitted, 1-admitted for major psychiatric disorders (MPD). For example, if a patient was admitted for MPD for 3 days, got discharged and then readmitted after 2 days of staying at home, the first few digits of the patient’s sequence would be: 111001…
After the data transformation, each patient would have the corresponding sequence to represent the hospitalization pattern in the 3-year period. 

Step 2: The sequences were then analyzed using the optimal matching algorithm. Specifically, the dissimilarity of each pair of sequences was computed using the optimal matching algorithm which generates edit distances that are the minimal cost, in terms of insertions, deletions and substitutions, for transforming one sequence into another [15]. This step produced a dissimilarity matrix.

Step 3: A cluster analysis using the Ward’s method was then performed on this dissimilarity matrix to group patients with similar individual trajectories into clusters. It should be noted that the cluster analysis was not based on total hospital stay or the frequency of hospitalization alone, it was the cluster analysis on a dissimilarity matrix which would reflect the hospitalization sequence of each patient. 

Step 4: The number of clusters were determined based on the dendrogram of cluster analysis and interpretability. The visualization tools in the TraMineR package were utilized to illustrate the hospitalization pattern of patients in each cluster.
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