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Supplementary Material S1. Pubmed search string
("Schizophrenia Spectrum and Other Psychotic Disorders"[Mesh] OR "Schizophrenia"[Mesh] OR Schizo* [tiab] OR Psych*[tiab])AND (“Pharmacological” [tiab] OR "Antipsychotic Agents"[Mesh] OR "Tranquilizing Agents"[Mesh] OR Antipsychotic*[TIAB] OR “Major Tranquilizers” [TIAB] OR “Tranquillizing Agents” [TIAB] OR “Major Tranquillizing Agents” [TIAB] OR Neuroleptic* [TIAB] OR Antipsychotic* [TIAB] OR Amisulpride[TIAB] OR Aripiprazole[TIAB] OR Asenapine[TIAB] OR Chlorpromazine[TIAB] OR Clozapine[TIAB] OR Droperidol[TIAB] OR Fluphenazine[TIAB] OR Haloperidol[TIAB] OR Iloperidone[TIAB] OR Loxapine[TIAB] OR Lurasidone[TIAB] OR Mesoridazine[TIAB] OR Molindone[TIAB] OR Olanzapine[TIAB] OR Paliperidone[TIAB] OR Periciazine[TIAB] OR Perphenazine[TIAB] OR Pimozide[TIAB] OR Promazine[TIAB] OR Quetiapine[TIAB] OR Risperidone[TIAB] OR Sertindole[TIAB] OR Sulpiride[TIAB] OR Thioridazine[TIAB] OR Trifluoperazine[TIAB] OR Ziprasidone[TIAB] OR Zotepine[TIAB] OR Zuclopenthixol[TIAB] OR  levomepromazine [TIAB] OR promethazine [TIAB] OR tiapride[TIAB] OR clotiapine[TIAB] OR cariprazine [TIAB] OR brexpiprazole[TIAB]) AND ("Metformin"[Mesh] OR “Metformin” [tiab] OR "Hypoglycemic Agents" [Mesh] OR “Antidiabetic” [tiab] OR “Hypoglycemic” [tiab] OR “Weight control”[tiab] OR “weight loss”[tiab] OR “weight reduction” [tiab] OR “weight decrease” [tiab] OR “overweight”[tiab] OR “obese”[tiab] OR “obesity”[tiab] OR “antipsychotic-induced weight”[tiab])


Supplementary material S2. Creation of the scale priority order. 
We calculated, where possible, the ratio between the number of items concerning cognition and the total number of items available in each scale. The following ratio were calculated for the scale here presented in alphabetic order.
1. BACS: 5 items concerning cognition/5 total items=1
1. BPRS: 2 items concerning cognition/18 total items=0,11 
1. CGI: no specific items on cognition
1. GAF: no specific items on cognition
1. PANSS: 6 items concerning cognition/30 total items=0,2
1. PHQ-9: 1 item concerning cognition/9 total items=0,11
1. SAPS and SANS: 3 items concerning cognition/59 total items=0,05
GAF and CGI scales lack specific items on cognition. GAF scale measures how much symptoms affect the patient's general functioning on a scale of 0 to 100 [1]. CGI scale is a seven-point scale in which the clinician must rate the severity of the patient's illness at the time of assessment [2]. Considering the extensive clinical use of these scales in patients with schizophrenia and the strong association between cognitive deficits, severity of illness, and low functioning in schizophrenia [3,4], we placed GAF and CGI scales in an intermediate position in relation to the others. SAPS and SANS scales were considered together since they are always performed in pairs. They also separately investigate two areas of schizophrenia (positive and negative symptoms) that in the PANSS are considered together and affect its total score [5,6]. The PHQ9 scale was used in only one study. We placed it at the bottom of our priority order since it is the only self-report scale, thus less reliable than the other clinical rating scales. Moreover, it was constructed to investigate symptoms of depression [7], so we consider its use in patients with schizophrenia somewhat improper. 
We therefore created the following priority list:
1. BACS
1. PANSS
1. BPRS
1. GAF 
1. CGI 
1. SAPS and SANS
1. PHQ-9
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Table S1: Additional information of the included randomized controlled trials.
	Author
Year
	Patients’ characteristics
	Intervention
	Antipsychotics
	Other concomitant treatments

	
	N
	Males [n(%)]
	u18
	age at diagnosis
[yrs]
	Disease
Dur [yrs]
	age [yrs]
	Stable disease
	DM
	BMI at baseline
(Kg/m2)
	Type &
Dose
(mg/die)
	Type
[n(%)]
If more than one AP, the most used is in bold.
	naïve
	Dur
[yrs]
	Fixed
dose
	Life
style
	Others [n(%)]

	Agarwal 2021
	21
	12 (57.1)
	Y
	23.8 (7.66)
	7.53 (6.16)
	31.4 (6.51)
	Y
	Y
	38.8 (15.1)
	Metformin
(1000-1500)
	ARI: 1 (4.76)
CLO: 5 (23.8)
FLU: 1 (4.76)
OLA: 2 (9.52)
PAL-P: 1 (4.76)
PERPH: 1 (4.76)
QUE: 3 (14.3)
RIS: 2 (9.52)
ZIP: 1 (4.76)
ZUCL: 1 (4.76)
Poly: 3 (14.3) 
	N
	-
	-
	Y
	-

	
	9
	2 (22.2)
	
	21.3 (4.90)
	10.94 (7.58)
	32.2 (6.14)
	
	
	42.4 (9.86)
	Placebo
	ARI: 4 (44.4)
CLO: 1 (11.1) 
PAL: 1 (11.1)
RIS-in: 1 (11.1)
Poly: 2 (22.2)
	
	
	
	
	

	Baptista 2006
	19
	10 (52.6)
	-
	-
	-
	M: 47.9 (10.6)
F: 47.4 (5.9)
	Y
	N
	23.1 (2.8)
	Metformin
(850-1750) 
	OLA+FLUPH-dec or HAL: 19(100)
	N
	30.7 (10.1)
	Y
	Y
	-

	
	18
	12 (66.7)
	
	
	
	
	
	
	23.0 (3.3)
	Placebo 
	OLA+FLUPH-dec or HAL: 
18 (100)
	
	
	
	
	

	Baptista 2007
	36
	23 (63.9)
	N
	-
	-
	M: 42.4 (11.7)
F: 46.2 (11.3)
	-
	N
	25.0 (4.9)
	Metformin
(850-2550, adjusted to individual tolerance)
	OLA: 36 (100)
	N
	OLA:
6,7 (10,8) months
	N
	N
	-

	
	36
	19 (52.8)
	
	
	
	M: 43.2 (14.5)
F: 46.0 (9.1)
	
	
	26.18 (5.7)
	Placebo
	OLA: 36 (100)
	
	
	
	
	

	Carrizo 2009
	31 
	20 (83.3)
	N
	-
	-
	39.6 (9.7)
	-
	N
	28.7 (5.3)
	Metformin
(1000)
	CLO: 31 (100)
	N
	8.2 (3.4)
	N
	Y
	-

	
	30
	23 (76.7)
	
	
	
	38.3 (8.7)
	
	
	27.4 (5.7)
	Placebo
	CLO: 30 (100)
	
	6.6 (3.3)
	
	
	

	Chen 2013
	28
	13 (46.4)
	N
	21.2 (5.8)
	-
	41.8 (7.2)
	-
	N
	25.9 (3.9)
	Metformin
(1500)
	CLO: 28 (100)
	N
	5.7 (4.5)
	Y
	N
	-

	
	27
	15  (55.6)
	
	20.8 (5.3)
	
	41.4 (10.2)
	
	
	25.7 (4.3)
	Placebo
	CLO: 27 (100)
	
	5.1 (4.0)
	
	
	

	Chiu 
2016
	18
	8 (44.4)
	N
	21.7 (5.9)
	21.4 (8.5)
	42.1 (8.4)
	-
	N
	24.6 (3.5)
	Metformin (500)
	CLO: 18 (100)
	N
	-
	Y
	N
	-

	
	19
	8 (42.1)
	
	20.8 (5.6)
	27.8 (6.0)
	50.3 (6.1)
	
	
	26.6 (3.2)
	Metformin (1000)
	CLO: 19 (100)
	
	
	
	
	

	
	18
	8 (44.4)
	
	20.8 (6.5)
	25.1 (9.7)
	44.2 (10.0)
	
	
	26.7 (3.8)
	Placebo
	CLO: 18 (100)
	
	
	
	
	

	Hebrani
2015
	30 
	10 (55)
	N
	-
	21.1 (9.2)
	47.2 (10.4)
	-
	N
	30.2 (3.3)
	Metformin (1000)
	CLO: 30 (100)
	N
	0.42 (0.42)
	N
	N
	-

	
	30 
	7 (41.5)
	
	
	19.3 (10.2)
	45.8 (10.2)
	
	
	28.8 (4.7)
	Placebo
	CLO: 30 (100)
	
	0.59 (0.51)
	
	
	

	Mondal 2014
	41
	-
	-
	-
	-
	-
	-
	-
	-
	Control
	OLA: 41 (100)
	
	-
	Y
(OLA 5 - 20 mg/die)
	-
	-

	
	41
	
	
	
	
	
	
	
	
	Metformin (1000)
	OLA: 41 (100)
	
	
	
	
	

	
	41
	
	
	
	
	
	
	
	
	Topiramate
(100)
	OLA: 41 (100)
	
	
	
	
	

	Siskind 2021
	10
	7 (70)
	N
	-
	-
	36.2 (13.8)
	-
	N
	25.5 (1.5)
	Metformin
(2000)
	CLO: 10 (100)
	Y
	-
	N
	Y
	-

	
	10
	10 (100)
	
	
	
	30.7 (7.7)
	
	
	29.9 (4.3)
	Placebo
	CLO: 10 (100)
	
	
	
	
	

	Tang 
2021
	8
	4(50)
	Y
	-
	-
	25.0 (3.9)
	Y
	N
	27.9 (6.4)
	Metformin
(1201.2)
	AMI: 1 (12.5)
ARI: 1 (12.5)
FLU: 1 (12.5)
PAL: 2 (25.0)
RIS: 3 (37.5) 

	N
	-
	N
	N
	Anticholin: 
1 (12.5)
AD:
2 (25)
Mood st: 
2 (25)

	
	9
	5(55.6)
	
	
	
	24.0 (6.0)
	
	
	30.7 (4.8)
	Placebo
	ARI: 2 (22.2)
CLO: 1 (11.1)
FLU: 2 (22.2)
OLA: 1 (11.1)
PAL: 1 (11.1)
RIS: 3 (33.3)


	
	
	
	
	AD:
3 (33.3)
Mood st:
1 (11.1)
BDZ 1(11.1)

	Wang 2012
	32
	15 (47)
	N
	-
	9 (2.6) months
	26.8 (4.2)
	Y
	N
	24.7 (1.0)
	Metformin
(1000)
	CLO: 10 (31.2) 
SUL: 6 (18.8)
RIS: 8 (25.0)
OLA: 8 (25.0)
	N
	7.7 (2.8) months
	Y
	N
	-

	
	34
	19 (56)
	
	
	9.1 (2.3) months
	25.6 (4.6)
	
	
	24.3 (1.2)
	Placebo
	CLO: 11 (32.4)
OLA: 7 (20.6)
RIS: 8 (23.5)
SUL: 8 (23.5)
	
	7.8 (2.2) months
	
	
	

	Wu 
2008a
	32
	16 (50)
	N
	-
	9.3 
(8.4-10.2)* months
	26.8 
(25.2-28.3)*
	Y
	N
	24.6 (24.2-25.1)*
	Metformin
(750)
	CLO: 11 (34.4)
OLA: 8 (25.0),
RIS: 7 (21.9), 
SUL: 6 (18.8)
	N
	8.1 (7.2-8.9)* months
	Y
	N
	Trihexyphenidyl or
Lorazepam 
as needed


	
	32
	16 (50)
	
	
	8.9 
(8.1-9.8)* months
	25.8 
(24.1-27.6)*
	
	
	24.5 (24.2-24.9)*
	Placebo
	CLO: 10 (31.3)
OLA: 7 (21.9)
RIS: 8 (25.0)
SUL: 7 (21.9)
	
	7.7 (6.8-8.5)* months
	
	
	

	
	32
	15 (46.9)
	
	
	8.9 (7.8-10.0)* months
	26.1 
(24.3-27.8)*
	
	
	24.6 (24.1-25.0)*
	Metformin 
(750)
	CLO: 10 (31.3)
OLA: 8 (25.0)
RIS: 7 (21.9)
SUL: 7 (21.9)
	
	7.6 (6.5-8.6)* months
	
	Y
	

	
	32
	17 (53.1)
	
	
	9 (8.0-10.0)* months
	26.4 
(24.8-28.1)*
	
	
	24.6 (24.1-24.9)*
	Placebo 
	CLO: 9 (28.1) 
OLA: 10 (31.3)
RIS: 6 (18.8)
SUL: 7 (21.9)
	
	7.7 (6.7-8.7)* months
	
	
	

	Wu 
2008b
	20 
	10 (55.6)
	N
	25.4 (3.9)
	6,8 (3,1) months
	25.4 (3.9)
	N
	N
	21.32 (0.56)
	Metformin
(750)
	OLA: 18 (100)
	Y
	-
	Y
(OLA 15 mg/die)
	Y
	-

	
	20 
	10 (52.6)
	
	24.8 (3.5)
	7,6 (3,6) months
	24.8 (3.5)
	
	
	21.57 (0.62)
	Placebo
	OLA: 19 (100)
	
	
	
	
	

	Wu 
2016
	103
	-
	N
	26.27 (4.53)
	9.05 (2.69) months
	26.27 (4.53)
	N
	N
	24.57 (1.29)
	Metformin
(1000)
	CLO: 17 (16.5)
OLA: 51 (49.5)
RIS: 27 (26.2)
SUL: 8 (7.8)
	Y
	-
	Y
	N
	trihexyphenidyl or Lorazepam as needed


	
	98
	
	
	25.74 (4.68)
	8.46 (2.50) months
	25.74 (4.68)
	
	
	24.83 (1.19)
	Placebo
	CLO: 12 (12.2)
OLA: 45 (45.9)
RIS: 28 (28.6) 
SUL: 13 (13.3)
	
	
	
	
	


If not specified, continuous variables are reported as mean(SD). *Median (IQR).
AMI: amisulpride; AP: antipsychotic; ARI: aripiprazole; CHLO: chlorpromazine; CLO: clozapine; DM: diabetes mellitus; FLU: flupentixol; FLUPH: fluphenazine; FLUPH-dec: fluphenazine decanoate; HAL: haloperidol; IOX: ioxitane; OLA: olanzapine; PAL: paliperidone; PAL-P: paliperidone palmitate; PERPH: Perphenazine; Poly: polytherapy; QUE: quetiapine; RIS: risperidone; RIS-in: risperidone, injectable; SUL: sulpiride; TCA: THIO: thiothixene; ZIP: ziprasidone; ZUCL: Zuclopenthixol.

Table S2. Adverse Events (AEs) reported in every single trial
	Author, year
	Treatment
(n° of patients)
	General AEs [n (%)]

	Psychiatric AEs
[n (%)]

	Agarwal, 2021
	Metformin
(21)
	Abdominal bloating 3 (14.3); Abdominal pain 2 (9.52); Acid reflux 2 (9.52); Constipation 4 (19.0); Death 1 (4.8); Decreased appetite 2 (9.52); Diarrhoea 8 (38.1); Dizziness 3 (14.3); Dysgeusia 2 (9.52); Fatigue 1 (4.8); Functional dyspepsia 1 (4.8); Headache 1 (4.8); Increased appetite 1 (4.8);  Influenza-like illness 1(4.8); Lightheadedness 1(4.8); Muscle spasm 2 (9.52); Myalgia 1 (4.8); Nausea 9 (42.9); Paraesthesia 2 (9.52); Pregnancy (4.8); Pruritus 1 (4.8); Pulmonary Embolism 1 (4.8); Vomiting 3 (14.3); Xerostomia 2 (9.52)
	Increase in psychosis 1(4.8);
Irritated/Bad mood 1 (4.8)

	
	Placebo
(9)
	Abdominal pain 1 (11.1); Constipation 4 (44.4); Decreased appetite 2 (22.2); Diarrhoea 7 (77.8); Difficulty concentrating 1 (11.1); Dizziness 3 (33.3);  Fatigue 2 (22.2); Functional dyspepsia 2 (22.2); Headache 1 (11.1); Increased appetite 1 (11.1); Influenza-like illness 1 (11.1); Lightheadedness 1 (11.1); Myasthenia 1 (11.1); Nausea 5 (55.6); Palpitations 1(11.1); Rash 1(11.1); Vomiting 2(22.2)
	Depression 1 (11.1)




	Baptista, 2006
	Metformin 
(19)
	Mild gastrointestinal discomfort
	-

	
	Placebo
(18) 
	-
	-

	Baptista, 2007
	Metformin
(36)
	Mild gastrointestinal discomfort
	-

	
	Placebo
(36)
	 -
	-

	Carrizo, 2009
	Metformin
(31)
	Epigastric uneasiness 1 (4.2)
	Unstable disease 6 (19.3)

	
	Placebo
(30)
	-
	-

	Chen, 2013
	Metformin
(28)
	Diarrhoea 9 (32.1); Nausea and vomiting 7 (25.0)
	-

	
	Placebo
(27)
	Diarrhoea 5 (18.5); Nausea and vomiting 3 (11.1)
	-

	Chiu, 2016
	Metformin 500 mg
(18)
	Diarrhoea 2 (11.1); Nausea or vomiting 4 (22.2)
	-

	
	Metformin 1000 mg
(19)
	Diarrhoea 5 (26.3); Nausea or vomiting 4 (21.1)
	-

	
	Placebo
(18)
	Diarrhoea 5 (27.8); Nausea or vomiting 3 (16.7)
	-

	Hebrani, 2015
	Metformin
(30)
	Gastrointestinal discomfort and nausea
	-

	
	Placebo
(30)
	-
	-

	Mondal, 2014 
	Control (41)
	-
	-

	
	Metformin (41)
	-
	-

	
	Topiramate (41)
	-
	-

	Siskind, 2021
	Metformin
(10)
	Abdominal discomfort 1 (10); Constipation 1 (10); Diarrhoea 2(20); Dizziness 1(10); Foot drop 1(10); Heartburn 3(30); Hypertension 3(30); Nausea 1(10);  Postural Hypotension 1 (10); Tachycardia 6 (60); URTI 2 (20)
	-

	
	Placebo
(10)
	Abdominal discomfort 2 (20); Constipation 1 (10); Decreased Appetite 1 (10); Heartburn 1 (10); Hypertension 4 (40); Nausea 1 (10);
Myocarditis 1 (10); Tachycardia 4 (40); URTI 1 (40)
	-

	Tang, 2021
	Metformin
(8)
	Diarrhoea 2 (25); Nausea and vomiting 1 (12.5); Soft stools 1 (12.5)
	Psychotic relapse 1 (12.5)

	
	Placebo
(9)
	Asthenia 1 (11.1); Diarrhoea 1 (11.1); Dizziness 1 (11.1); Flatulence 2 (22.2); Headache 1 (11.1); Indigestion 1 (11.1); Light-headedness 1 (11.1) Nausea 1 (11.1); Vomiting 2 (22.2);
	-

	Wang, 2012
	Metformin
(32)
	Dry mouth 11 (34.4); EPS 11 (34.4); Nausea 9 (28.1)
Somnolence 9 (28.1)
	Insomnia and agitation 7(21.9); Exacerbation of psychosis 2 (6.3)

	
	Placebo
(34)
	Dry mouth 8 (23.5); EPS 10 (29.4) Nausea 7 (20.6)
Somnolence 9 (26.5)

	Insomnia and agitation 8 (23.5); Exacerbation of psychosis 1 (2.9)

	Wu, 2008(a)*
	Metformin
(32)
	Dry mouth 3 (9.4); EPS 6 (18.8); Headache 3 (9.4); Nausea 6 (18.8); Somnolence 3 (9.4)
	Insomnia and agitation 6 (18.8)

	
	Placebo
(32)
	Diabetes 2 (6.3); Dry mouth 2 (6.3); EPS 9 (28.1); Headache 2 (6.3); Nausea 4 (12.5); Somnolence 2 (6.3)

	Insomnia and agitation 6(18.8); Exacerbation of psychosis 1 (3.1)

	
	Metformin +Life style
(32)
	Dry mouth 3 (9.4); EPS 8 (25); Headache 3 (9.4); Nausea 4 (12.5); Somnolence 2 (6.3)

	Insomnia and agitation 5(15.6); Exacerbation of psychosis 2 (6.3)

	
	Placebo +Life style
(32)
	Dry mouth 2 (6.3); EPS 7 (21.9); Headache 2 (6.3); Nausea 5 (15.6); Somnolence 3 (9.4)

	Insomnia and agitation 6(18.8); Exacerbation of psychosis 2 (6.3)

	Wu, 2008(b)*
	Metformin
(20)
	Nausea 2 (10.0)
	-

	
	Placebo
(20)
	Nausea 2 (10.0)
	-

	Wu, 2016
	Metformin
(103)
	Dry mouth 8 (7.8); EPS 21 (20.4); Nausea 23 (22.3); Somnolence 7 (6.8)
	Insomnia and agitation 10 (9.7)

	
	Placebo
(98)
	Dry mouth 5 (5.1); EPS 19 (19.4); Nausea 18 (18.4); Somnolence 4 (4.1)
	Insomnia and agitation 9 (9.2)


AE: adverse events; EPS: extrapyramidal symptoms; URTI: upper respiratory tract infections.

*Wu, 2008(a): Wu, R.R., et al. (2008). "Lifestyle intervention and metformin for treatment of antipsychotic-induced weight gain: A randomised controlled trial." JAMA - Journal of the American Medical Association 299(2): 185-193.
Wu, 2008(b): Wu, R.R., et al. (2008). "Metformin addition attenuates olanzapine-induced weight gain in drug-naive first-episode schizophrenia patients: A double-blind, placebo-controlled study." American Journal of Psychiatry 165(3): 352-358.


Figure S1: Metformin compared to Placebo considering PANSS
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Figure S2: Metformin compared to Placebo considering BPRS
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Figure S3: Metformin compared to Placebo considering GAF
[image: Immagine che contiene tavolo

Descrizione generata automaticamente]
image2.tif
Metformin Placebo Mean Difference
Study or Subgroup 3 g o e
28

Chen 2013 54639 27 1e%
Chiu 2016 56256 a7 18 0%
Siskind 2021 59682 0 10 9%
39268 2 o 2%

20082 35753 2 @ o

Wu 2008a(Lfestyle) 14 43685 2 @ e
Total (35% C1) 71 153 100.0%

Heterogeneity: Tau = 0.00; Chi? = 2.12, df =

Test for overall effect: Z = 1.21 (P = 0.23)

=083 1=

670 [17.41, 4.01)
386 [-14.89, 7.16]
658 [-18.28,5.12]
190 [-9.60, 5.80]
-0.90 [7.91,6.11)
1.40(-7.16, 9.96)

226 -5.90, 1.39]

EED 0 20
Favours Metormin  Favours Placebo




image3.tif
Metformin Placebo Mean Difference
Study or Subgroup M sE ight _IV, Random, 95% CI 1V, Random, 95% C1
‘Agarwal 2021 08333 21 9 285% -235(398,-072) -

Baplista 2006 23097 19 18 118%  -180(650,290] — T
Baptita 2007 1526 3 36 152%  180[:203,563 -+
Carrizo 2009 16158 24 30 188%  -290[607,027) —
Hebrani 2015 24004 19 18 118%  210[260,680] I
Tang 2021 20894 3 9 141%  230[180,640) -+
Total (35% C1) 127 120 1000% 057 (256 1.41]

=007) 1= 51%

Helerogenety: T =200 O = 1011, 1=
5

10 5 10
Testfor overall effect: 7) Favours Metformin  Favours Placebo





image4.tif
rence Mean Difference
Study or Subgroup _ Mean Difference __SE_Weight _IV, Random, 95% CI IV, Random, 95°% CI
‘Aganwal 2021 072 13866 740%  072(:2.00,3.44] B

Siskind 2021 216 3303 1% 216[449.881) —
62 48016 89% -620[1561,321] —

Total (85% CI) 000%  03s(251,321) -

Heterogeneiy: Tau = 0.95; Chi* =221, df =2 (P = 0.33) F = 10% R P

Testfor overall effect: Z

O 5 0
24(P=081) Favours Placebo  Favours Metformin




image1.jpeg
’ frontiers




