Supplementary material 1. Occupational therapy interventions

Interventions
Time and frequency of occupational therapy (OT) implementation for both the individualized OT (IOT) + group OT (GOT) and the GOT alone group were adjusted according to recovery progress; however, these were generally 1–2 hours per session, 3–5 times per week. If possible, this was started immediately after hospitalization. Notably, more than half of the OT time was devoted to IOT in the GOT + IOT group. Occupational therapists provided support, such as consultations concerning challenges encountered by patients in daily living, preparation support for discharge, and provision of information concerning available social resources and community services for all patients, regardless of the type of OT intervention (GOT + IOT or GOT alone). In addition, support personnel, including hospital staff other than the occupational therapists, provided necessary support for all the patients, regardless of the type of OT intervention. All patients underwent standard treatment over the course of the study, which included a broad array of clinical interventions used to treat schizophrenia.

IOT program
The IOT program was an intervention strategy for inpatients with schizophrenia for facilitating proactive participation in treatment and adaptive behavior, improving outcomes. The IOT was provided on a one-on-one basis with occupational therapists and was tailored to each patient. Therapeutic structure factors such as time, frequency, and place were set for each patient. The IOT consisted of a combination of effective psychosocial treatment programs that were relevant to OT practice: motivational interview, self-monitoring, individualized visits, craft activities, individualized psychoeducation, and discharge planning.

Motivational interview
Motivational interview [1] was regularly implemented 2–3 times per week in 15–30-minute sessions to improve motivational deficits [2] and enhance motivation for treatment. Intrinsic motivation is a factor that enhances cognition [2–5] and is a mediator of cognition and functional outcome [6–9]. Occupational therapists confirmed the course of OT and its effects and modify OT planning and goals. Furthermore, occupational therapists promoted independence through OT by addressing individuals’ hospitalization and discharge challenges.

Self-monitoring
A self-monitoring program was implemented on a weekly basis to improve disturbances in self-body [10], subjective experience deficits [11], and metacognition [12–14]. Recovery from self-body disturbance was promoted through physical exercise, such as stretching, on a one-on-one basis with an occupational therapist. Positive feedback was provided to improve confidence, self-efficacy, and subjective experience deficits by addressing challenges and completing specific occupational activities. Subjective experience and metacognition in schizophrenia are moderators of cognitive and social functioning [15] and affect insight [16, 17]. Metacognitive training was implemented to improve cognitive insight [18, 19].

Individualized visits
Individualized visits were used as a support strategy for conducting activities of daily living away from the hospital. Early OT may improve the functional independence of patients with acute schizophrenia [20]. During the first half of patient hospitalization, this was implemented 2–3 times per week. During the second half of hospitalization, support was provided as necessary in a community setting for going out, social resource utilization, and home visits prior to discharge.

Craft activities
Basic framework. The therapeutic use of craft activities was one feature of OT for schizophrenia. Craft activities were started 1 to 2 weeks after hospitalization when the symptoms were decreased with antipsychotic treatment and the patient can get out of bed. The implementation place for craft activities included a ward room, ward hall, or occupational therapy room, according to the patient’s recovery status. Craft activities were conducted 3–5 times per week. The duration was approximately 30 minutes per session at the start of OT and was gradually extended to approximately 60 minutes. Even if the patient could concentrate, we paid attention to “too much effort” and took breaks as appropriate.
Types of craft activities. Constructive craft activities with clear procedures and good feasibility and completion in a short period, such as Japanese paper collages, plastic models, Japanese paper crafts, and jigsaw puzzles, were used in the craft activities program. Constructive craft activities included the therapeutic structural elements with the craft activity that made heavy use of cognition, including understanding instructions, matching materials with instructions, and appropriate use of tools. The patients selected the desired craft activity. Consideration was given to the materials, tools, and places used so that the patient could occupy them.
Coaching method. To activate cognition such as vigilance, attention, executive function, and matching function, the patients were asked to attend to, concentrate on, precisely perform, and efficiently use the craft tools along with the individualized coaching. Occupational therapists observed the occupational performance characteristics of each patient. Interventions bridging the gap between improvements in cognitive impairment as observed in OT situations and daily functioning were implemented [21–23]. Bridging intervention helped patients apply their cognition to daily functioning and promoted socialization. Topics in this intervention included preparation for community living, role of cognition in social skills, and problem solving concerning compensatory strategies for dealing with daily living challenges.
Ingenuity to enhance intrinsic motivation. At the beginning, goals that were most relevant to the patient, such as “improve concentration,” “regain thinking,” “practice how to activities accurately,” and “enjoy activities” were set. In the course of the process, these were used as keywords to convey their changes and degree of improvement and enhance the patient’s intrinsic motivation and self-efficacy.

Individualized psychoeducation
Psychoeducation for schizophrenia is effective for improving symptoms and insight and preventing relapse [24, 25]. During the first half of hospitalization, even if some tension and anxiety remained, if one-on-one conversation with an occupational therapist was possible, a short psychoeducation program was commenced about twice a week. The content dealt with the anxiety, doubts, and worries including the recovery process, the need for rest/sleep, medication, and the flow of future treatment. During the second half of hospitalization, illness management and relapse prevention programs were implemented 1–2 times per week for 45–60 minutes each, and a crisis plan was developed as part of the individualized psychoeducation program. Occupational therapists supported each patient in identifying relapse signs and finding practical coping methods to address them [26]. A crisis plan was developed and shared with family members and other support persons through care conferences [27, 28]. Post-discharge care and weekly action plans, including information on how to manage living time within a community setting, were developed to promote a smooth transition from the hospital setting to community living. These developments were conducted in collaboration with each patient 1–2 times per week.

Discharge planning
Discharge planning is effective for preventing relapse and improving social functioning [29–31]. In addition, previous studies have reported the need to enhance functioning at discharge in treating schizophrenia [32, 33]. Discharge planning in this study included a life schedule and a developing a care plan after discharge through an individual interview, required 1–2 times per week during the second half of hospitalization. Skill training [34, 35], including training focused on skills for daily living such as how to manage living time, money, and diet preparation were conducted as necessary. Interpersonal skills training focused on how to greet people and ask for help if needed. These training sessions were implemented to improve aspects of daily functioning, such as instrumental activities of daily living, education, and work. If using disability welfare services, cooperation with community support staff was required.

GOT program
The GOT program is an activity-oriented group treatment program usually implemented at each site. The GOT in this study included the following programs: a group physical fitness program (stretching exercise, relaxation, and breathing); a group craft activities program, where patients choose and participate in desired activities programs; a group cooking program; a group music program (music appreciation and singing); a recreation program; and a group psychoeducation program. In the group craft activities program, each patient voluntarily completed the craft activities based on their preferences. The patients voluntarily selected any desired program among these and participated at an individualized rate. These programs were held either in hospital ward halls or OT rooms. Several patients simultaneously participated in each program and engaged with the activities in accordance with the program.

References
1. Miller WR, Rollnick S. Motivational interviewing: preparing people to change. 2nd ed. New York: Guilford Press; 2002.
2. Fervaha G, Zakzanis KK, Foussias G, Graff-Guerrero A, Agid O, Remington G. Motivational deficits and cognitive test performance in schizophrenia. JAMA Psychiatry. 2014; 71: 1058-1065.
3. Medalia A, Saperstein A. The role of motivation for treatment success. Schizophr. Bull. 2011; 37 (Suppl 2): S122-128.
4. Keefe RS. Cognition and motivation as treatment targets in schizophrenia. JAMA Psychiatry. 2014; 71: 987-988.
5. Saperstein AM, Medalia A. The role of motivation in cognitive remediation for people with schizophrenia. Curr. Top. Behav. Neurosci. 2016; 27: 533-546.
6. Gard DE, Fisher M, Garrett C, Genevsky A, Vinogradov S. Motivation and its relationship to neurocognition, social cognition, and functional outcome in schizophrenia. Schizophr. Res. 2009; 115: 74-81.
7. Nakagami E, Hoe M, Brekke JS. The prospective relationships among intrinsic motivation, neurocognition, and psychosocial functioning in schizophrenia. Schizophr. Bull. 2010; 36: 935-948.
8. Green MF, Hellemann G, Horan WP, Lee J, Wynn JK. From perception to functional outcome in schizophrenia: modeling the role of ability and motivation. Arch. Gen. Psychiatry. 2012; 69: 1216-1224.
9. Foussias G, Siddiqui I, Fervaha G, et al. Motivated to do well: an examination of the relationships between motivation, effort, and cognitive performance in schizophrenia. Schizophr. Res. 2015; 166: 276-282.
10. Ferri F, Frassinetti F, Mastrangelo F, Salone A, Ferro FM, Gallese V. Bodily self and schizophrenia: the loss of implicit self-body knowledge. Conscious Cogn. 2012; 21: 1365-1374.
11. Waters F, Woodward T, Allen P, Aleman A, Sommer I. Self-recognition deficits in schizophrenia patients with auditory hallucinations: a meta-analysis of the literature. Schizophr. Bull. 2012; 38: 741-750.
12. Flavell JH. Metacognitive aspects of problem solving. In LB Resnick ed., The nature of intelligence. Hillsdale, New Jersey: Lawrence Erlbaum Associates, 1976.
13. Nelson TO, Narens L. Metamemory: a theoretical framework and new findings. In Bower GH edition, The psychology of learning and motivation. New York: Academic Press, 1990.
14. Lysaker PH, Vohs J, Minor KS, et al. Metacognitive deficits in schizophrenia: presence and associations with psychosocial outcomes. J. Nerv. Ment. Dis. 2015; 203: 530-536.
15. Lysaker PH, Shea AM, Buck KD, et al. Metacognition as a mediator of the effects of impairments in neurocognition on social function in schizophrenia spectrum disorders. Acta Psychiatr. Scand. 2010; 122: 405-413.
16. Lysaker PH, McCormick BP, Snethen G, et al. Metacognition and social function in schizophrenia: associations of mastery with functional skills competence. Schizophr. Res. 2011; 131: 214-218.
17. Chan KK, Mak WW. Shared decision making in the recovery of people with schizophrenia: the role of metacognitive capacities in insight and pragmatic language use. Clin. Psychol. Rev. 2012; 32: 535-544.
18. Moritz S, Woodward TS. Metacognitive training in schizophrenia: from basic research to knowledge translation and intervention. Curr. Opin. Psychiatry. 2007; 20: 619-625.
19. Vitzthum FB, Veckenstedt R, Moritz S. Individualized metacognitive therapy program for patients with psychosis (MCT+): introduction of a novel approach for psychotic symptoms. Behav. Cogn. Psychother. 2014; 42: 105-110.
20. Tanaka C, Yotsumoto K, Tatsumi E, et al. Improvement of functional independence of patients with acute schizophrenia through early occupational therapy: a pilot quasi-experimental controlled study. Clin. Rehabil. 2014; 28: 740-747.
21. McGurk SR, Twamley EW, Sitzer DI, McHugo GJ, Mueser KT. A meta-analysis of cognitive remediation in schizophrenia. Am. J. Psychiatry. 2007; 164: 1791-1802.
22. Medalia A, Revheim N, Herlands T. Remediation of cognitive deficits in psychiatric patients: a clinician’s manual. New York: Montefiore Medical Center Press, 2002.
23. Wykes T, Huddy V, Cellard C, McGurk SR, Czobor P. A meta-analysis of cognitive remediation for schizophrenia: methodology and effect sizes. Am. J. Psychiatry. 2011; 168: 472-485.
24. Mueser KT, Deavers F, Penn DL, Cassisi JE. Psychosocial treatments for schizophrenia. Annu. Rev. Clin. Psychol. 2013; 9: 465-497.
25. Xia J, Merinder LB, Belgamwar MR. Psychoeducation for schizophrenia. Cochrane Database Syst. Rev. 2011; 6: CD002831.
26. Morriss R, Vinjamuri I, Faizal MA, Bolton CA, McCarthy JP. Training to recognise the early signs of recurrence in schizophrenia. Cochrane Database Syst. Rev. 2013; 2: CD005147.
27. Dickey B, Normand SL, Hermann RC, et al. Guideline recommendations for treatment of schizophrenia: the impact of managed care. Arch. Gen. Psychiatry. 2003; 60: 340-348.
28. Murphy SM, Irving CB, Adams CE, Waqar M. Crisis intervention for people with severe mental illnesses. Cochrane Database Syst. Rev. 2015; 12: CD001087.
29. Gonçalves-Bradley DC, Lannin NA, Clemson LM, Cameron ID, Shepperd S. Discharge planning from hospital. Cochrane Database Syst. Rev. 2016; 1: CD000313.
30. Johnstone P, Zolese G. Systematic review of the effectiveness of planned short hospital stays for mental health care. BMJ. 1999; 318: 1387-1390.
31. Nurjannah I, Mills J, Usher K, Park T. Discharge planning in mental health care: an integrative review of the literature. J. Clin. Nurs. 2014; 23: 1175-1185.
32. Odes H, Katz N, Noter E, Shamir Y, Weizman A, Valevski A. Level of function at discharge as a predictor of readmission among inpatients with schizophrenia. Am. J. Occup. Ther. 2011; 65: 314-319.
33. Uchiyama N, Ikeno T, Kurihara T, et al. Predictive factors of readmission in patients with schizophrenia: a nationwide retrospective cohort study. Clin. Psychiatry. 2012; 54: 1201-1207 (in Japanese).
34. Almerie MQ, Okba Al Marhi M, Jawoosh M, et al. Social skills programmes for schizophrenia. Cochrane Database Syst. Rev. 2015; 6: CD009006.
35. Kreyenbuhl J, Buchanan RW, Dickerson FB, Dixon LB. The Schizophrenia Patient Outcomes Research Team (PORT): updated treatment recommendations 2009. Schizophr. Bull. 2010; 36: 94-103.




[bookmark: _Hlk196645052]Supplementary material 2. Details of efficacy outcome measures

	Domain
	Measurement
	Description

	Cognition
	Brief Assessment of Cognition in Schizophrenia (BACS)1, 2
	The BACS comprises six domains: verbal memory (list learning), working memory (digit sequencing task), motor speed (token motor task), verbal fluency (category instances, letter fluency), attention and processing speed (symbol coding), and executive function (Tower of London test). Each domain is standardized by creating z-scores, where the mean of healthy controls is set to zero, and the standard deviation is set to one. The BACS composite z-score is calculated as the average z-scores from the six subdomains, which is then re-normed based on the SD of the normative sample data for the same age range and sex.2

	Intrinsic motivation
	Quality of Life Scale (QLS)3, 4
	The sum of the scores for three items from the QLS—sense of purpose, motivation, and curiosity—3, 4 was used. Each item was rated on a scale ranging from 0 to 6, with higher scores indicating better function. These characteristics are connected to the self-determination theory, which explains intrinsic motivation—the inherent interest in, drive toward, and enjoyment of activities and goals, not because of external rewards but for the satisfaction and fulfillment they provide on their own.5

	Health-related quality of life
	European Quality of Life 5 Dimensions 5 Level Version (EQ-5D-5L)6, 7
	The EQ-5D-5L is a standardized, patient-reported, generic instrument for measuring health outcomes and provides a simple descriptive profile and a single index value for the health status. The instrument consists of the EQ-5D-5L descriptive system and the visual analog scale (VAS). The descriptive system consists of five dimensions (mobility, self-care, usual activities, pain/discomfort, anxiety/depression) with five levels of severity (no problems, slight problems, moderate problems, severe problems, extreme problems) for each dimension. These are used to generate the index score range from 0 (really bad/death) to 1.0 (perfect health). The VAS records the respondent’s self-rated health on a 20-cm, 100-point vertical VAS with endpoints labeled “The worst health you can imagine” at 0 and “The best health you can imagine” at 100. Therefore, the VAS scores range from 0 (worst health you can imagine) to 100 (best health you can imagine).

	Social functioning
	Life Assessment Scale for the Mentally Ill (LASMI)8
	The LASMI comprises 40 items in five categories: daily living, interpersonal relations, work, endurance and stability, and self-recognition. Each item is rated from 0 to 4, with higher scores indicating more severe disability.

	Psychopathology
	Positive and Negative Syndrome Scale (PANSS)9
	The PANSS is a 30-item rating scale designed to assess the severity of psychotic symptoms and consists of three domains: positive, negative, and general psychopathology. Each item is rated from 1 to 7, with higher scores indicating more severe symptoms.

	Functional level
	modified Global Assessment of Functioning (mGAF-original) for subscale of social functioning (mGAF-F)10, 11
	Functional level is assessed with the modified Global Assessment of Functioning (mGAF-original) scale.10 Eguchi et al.11 translated the mGAF-original scale10 to Japanese and developed the psychological symptom (mGAF-S) and social functioning (mGAF-F) subscales by dividing the items and anchor points of the mGAF-original scale. The mGAF-F, a single-item rating scale for measuring patient social functioning, is used in this study. Scores on each scale are rated from 21 to 90, with higher scores indicating better functioning.
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Supplementary material 3. Change of scores of efficacy outcomes

	
	Mean
	(SD)
	95 % CI
	p-value
	Cohen's d
	95 % CI

	Post-treatment from baseline
	
	
	
	
	
	

	  BACS Composite score
	2.35
	(1.17)
	1.94 to 2.76
	< 0.001
	1.17
	1.42 to 2.59

	  QLS
	4.71
	(2.68)
	3.77 to 5.64
	< 0.001
	2.68
	1.21 to 2.29

	  EQ-5D-5L Index score
	0.15
	(0.16)
	0.10 to 0.21
	< 0.001
	0.16
	0.55 to 1.36

	  LASMI Daily living
	-0.72
	(0.58)
	-0.92 to -0.52
	< 0.001
	0.58
	-1.69 to -0.79

	  LASMI Interpersonal relations
	-0.68
	(0.73)
	-0.94 to -0.43
	< 0.001
	0.73
	-1.33 to -0.53

	  LASMI Work
	-1.04
	(1.60)
	-1.60 to -0.49
	< 0.001
	1.60
	-1.02 to -0.28

	  LASMI Endurance and stability
	0.17
	(1.41)
	-0.33 to 0.66
	0.496
	1.41
	-0.22 to 0.46

	  LASMI Self-recognition
	-0.66
	(0.95)
	-0.99 to -0.33
	< 0.001
	0.95
	-1.07 to -0.32

	  PANSS Total
	-24.65
	(17.93)
	-30.90 to -18.39
	< 0.001
	17.93
	-1.84 to -0.90

	  mGAF-F
	8.29
	(8.31)
	5.39 to 11.20
	< 0.001
	8.31
	0.58 to 1.41

	12-month from post-treatment
	
	
	
	
	
	

	  BACS Composite score
	-0.43
	(1.93)
	-1.11 to 0.26
	0.213
	1.93
	-0.57 to 0.13

	  QLS
	-0.16
	(2.46)
	-1.05 to 0.73
	0.722
	2.46
	-0.41 to 0.28

	  EQ-5D-5L Index score
	0.01
	(0.15)
	-0.05 to 0.06
	0.720
	0.15
	-0.28 to 0.41

	  LASMI Daily living
	-0.02
	(0.43)
	-0.17 to 0.13
	0.789
	0.43
	-0.39 to 0.30

	  LASMI Interpersonal relations
	0.01
	(0.45)
	-0.16 to 0.16
	0.950
	0.45
	-0.33 to 0.35

	  LASMI Work
	-0.15
	(1.70)
	-0.75 to 0.45
	0.613
	1.70
	-0.43 to 0.25

	  LASMI Endurance and stability
	-0.61
	(1.30)
	-1.07 to -0.15
	0.011
	1.30
	-0.83 to -0.11

	  LASMI Self-recognition
	-0.37
	(0.66)
	-0.60 to -0.14
	0.003
	0.66
	-0.92 to -0.19

	  PANSS Total
	-1.18
	(7.33)
	-3.78 to 1.42
	0.361
	7.33
	-0.50 to 0.18

	  mGAF-F
	5.18
	(6.00)
	3.05 to 7.31
	< 0.001
	6.00
	0.46 to 1.26

	24-month from post-treatment
	
	
	
	
	
	

	  BACS Composite score
	-0.23
	(1.03)
	-0.59 to 0.14
	0.218
	1.03
	-0.56 to 0.13

	  QLS
	0.76
	(2.68)
	-0.19 to 1.71
	0.114
	2.68
	-0.07 to 0.63

	  EQ-5D-5L Index score
	0.04
	(0.13)
	-0.01 to 0.08
	0.116
	0.13
	-0.07 to 0.63

	  LASMI Daily living
	-0.01
	(0.44)
	-0.17 to 0.15
	0.875
	0.44
	-0.37 to 0.31

	  LASMI Interpersonal relations
	0.18
	(0.45)
	0.02 to 0.34
	0.029
	0.45
	0.04 to 0.75

	  LASMI Work
	-0.05
	(1.64)
	-0.63 to 0.53
	0.866
	1.64
	-0.37 to 0.31

	  LASMI Endurance and stability
	-0.44
	(1.22)
	-0.88 to -0.01
	0.045
	1.22
	-0.71 to -0.01

	  LASMI Self-recognition
	-0.07
	(0.64)
	-0.29 to 0.16
	0.550
	0.64
	-0.45 to 0.24

	  PANSS Total
	6.46
	(7.60)
	3.76 to 9.15
	< 0.001
	7.60
	0.45 to 1.24

	  mGAF-F
	5.09
	(6.58)
	2.76 to 7.43
	< 0.001
	6.58
	0.38 to 1.16

	BACS, Brief Assessment of Cognition in Schizophrenia; CI, Confidence Interval; EQ-5D-5L, European Quality of Life 5 Dimensions 5 Level Version; LASMI, Life Assessment Scale for the Mentally Ill; mGAF-F, modified Global Assessment of Functioning social functioning subscale; PANSS, Positive and Negative Syndrome Scale; QLS, Quality of Life Scale; SD, Standard Deviation






Supplementary material 4. A sensitivity analysis restricted to participants with complete data at all assessment time points (n = 32)

	Dependent variable
	Independent variable
	β
	SE
	t
	p
	95% CI Lower
	95% CI Upper

	BACS post-treatment from baseline
	BACS composite at baseline
	-0.33
	0.13
	-2.47
	0.020
	-0.60
	-0.06

	
	Total number of hospital stays
	-0.07
	0.05
	-1.55
	0.132
	-0.16
	0.02

	
	Number of interview sessions
	0.03
	0.02
	1.95
	0.062
	-0.00
	0.06

	BACS 12 month from post-treatment
	BACS composite at post-treatment
	0.46
	0.30
	1.55
	0.133
	-0.15
	1.06

	
	Total number of hospital stays
	-0.21
	0.09
	-2.27
	0.031
	-0.40
	-0.02

	
	EQ-5D-5L at post-treatment
	1.15
	2.49
	0.46
	0.647
	-3.93
	6.24

	BACS 24 month from post-treatment
	BACS composite at post-treatment
	-0.01
	0.12
	-0.09
	0.932
	-0.26
	0.24

	
	Total number of hospital stays
	-0.01
	0.04
	-0.27
	0.792
	-0.09
	0.07

	
	EQ-5D-5L at post-treatment
	5.61
	1.02
	5.52
	< 0.001
	3.53
	7.69

	mGAF-F post-treatment from baseline
	mGAF-F at baseline
	-0.58
	0.10
	-5.57
	< 0.001
	-0.79
	-0.36

	
	Physical comorbidities
	-5.47
	2.70
	-2.03
	0.052
	-11.01
	0.06

	
	Total number of hospital stays
	-0.17
	0.26
	-0.66
	0.517
	-0.70
	0.36

	mGAF-F 12 month from post-treatment
	BACS composite at post-treatment
	0.03
	0.81
	0.04
	0.967
	-1.63
	1.70

	
	Number of self-monitoring sessions
	0.09
	0.11
	0.79
	0.438
	-0.14
	0.32

	
	Total number of hospital stays
	0.35
	0.27
	1.33
	0.195
	-0.19
	0.90

	mGAF-F 24 month from post-treatment
	BACS composite at post-treatment
	2.27
	0.87
	2.62
	0.014
	0.50
	4.05

	
	Number of self-monitoring sessions
	0.27
	0.11
	2.36
	0.026
	0.04
	0.49

	
	Total number of hospital stays
	0.08
	0.28
	0.30
	0.765
	-0.48
	0.65

	BACS, Brief Assessment of Cognition in Schizophrenia; CI, Confidence Interval; EQ-5D-5L, European Quality of Life 5 Dimensions 5 Level Version; LMM, Linear Mixed-Effects Model; LASMI, Life Assessment Scale for the Mentally Ill; mGAF-F, modified Global Assessment of Functioning social functioning subscale; QLS, Quality of Life Scale; SE, Standard Error





