Additional file 3: Risk factors for hospital-acquired conditions
	INDIVIDUAL FACTORS RELATED TO THE PATIENTS: personal factors

	Risk factors
	Hospital-acquired conditions
	Results
	Citations

	Age
	Functional decline/disability
	Age 65-74 (OR 1.68; 95% CI 1.15-2.47)
Age 75-84 (OR 2.19; 95% CI 1.50-3.20)                       

	Chase et al., 2018


	
	Functional decline/disability
	Age 75-84 (OR 2.48; 95% CI 1.83-3.36)
Age ≥85 (OR 4.01; 95% CI 2.83-5.69)

	Chou et al., 2021

	
	Functional decline/disability
	For loss of ≥ 1 ADL: age (for each 1-year increase; OR 1.11; 95% CI 1.05-1.18) 
For loss of ≥ 3 ADLs: age (for each 1-year increase; OR 1.11; 95% CI 1.03-1.18)

	Corsonello et al., 2009

	
	Functional decline/disability
	Patients with no decline between baseline and admission who were more likely to decline in ADLs during hospitalization: age 85-89 (OR 2.89; 95% CI 1.78-4.69); age ≥ 90 (OR 3.43; 95% CI 1.92-6.12)

Patients with decline between baseline and admission who were more likely to decline in ADLs during hospitalization: age 85-89 (OR 1.72; 95% CI 1.06-2.77); age ≥ 90 (OR 2.09; 95% CI 1.20-3.65)

	Covinsky et al., 2003

	
	Functional decline/disability
	Older age (OR 1.07; 95% CI 1.02-1.11)

	Law et al., 2018

	
	Functional decline/disability
	Age ≥ 75 years (OR 3.0; 95% CI 1.9-4.8)

	Mudge, McRae, Hubbard et al., 2019


	
	Functional decline/disability
	Age ≥ 80 years (OR 2.71; 95% CI 2.09-3.51)

	Yaku et al., 2020


	Age
	Delirium
	Age (OR 1.07; 95% CI 1.01-1.13)

	Janssen et al., 2019

	
	Delirium

	Higher age (OR 1.72; 95% CI 1.24-2.27)

	Jeon & Sohng, 2021

	
	Delirium
	Age ≥ 75 years (OR 2.6; 95% CI 1.5-4.4)

	Mudge, McRae, Hubbard et al., 2019


	
	Postoperative delirium
	Advanced age > 65 years (OR 3.03; 95% CI 1.19-7.71)

	Rizk et al., 2016

	Age
	Hospital-associated complications in older people

	Age ≥ 75 years (OR 2.4; 95% CI 1.6-3.5)

	Mudge, McRae, Hubbard et al., 2019


	Age
	Fecal incontinence

	Age ≥ 85 years (OR 3.7; 95% CI 1.4-10.2)

	Mecocci et al., 2005

	Age
	Urinary incontinence

	Age ≥ 85 years (OR 3.2; 95% CI 1.1-9.8)

	Mecocci et al., 2005

	Age
	Falls

	Age ≥ 85 years (OR 1.8; 95% CI 1.2-2.8)  
	Mecocci et al., 2005

	Functioning
	Functional decline/disability
	Premorbid Modified Barthel Index (per unit increase; OR 1.05; 95% CI 1.03-1.08)

	Basic et al., 2017


	
	Functional decline/disability
	Dependence in ≥ 1 ADL at admission (OR 3.5; 95% CI 2.2-5.6)

	Mudge, McRae, Hubbard et al., 2019


	
	Functional decline/disability
	Higher Barthel score at admission (RR 1.019; 95% CI 1.014-1.024)

	Palese et al., 2016

	Functioning
	Hospital-acquired incontinence
	Pre-fracture dependence on others for ambulation (OR 2.51; 95% CI 1.64-3.85)
Use of a wheelchair or device for walking (OR 1.53; 95% CI 1.29-1.83)

	Palmer et al., 2002

	
	Fecal incontinence
	Severe disability (6 ADLs) (OR 2.5; 95% CI 1.1-5.5)

	Mecocci et al., 2005

	
	New urinary incontinence
	Being partially dependent in ADLs at admission with Barthel Index 40-79 (OR 2.96; 95% CI 1.01-8.71)
Being dependent in ADLs at admission with Barthel Index < 40 (OR 3.27; 95% CI 1.49-7.15)

	Zisberg et al., 2011


	Functioning
	Geriatric syndromes
	Preexisting dependence in ADLs (OR 2.9; 95% CI 1.5-3.6)

	McRae et al., 2014

	Functioning
	Hospital-associated complications in older people

	Dependence in ≥ 1 ADL at admission (OR 2.2; 95% CI 1.5-3.3)

	Mudge, McRae, Hubbard et al., 2019


	Functioning
	Adverse drug reactions
	History of falls and dependency in at least 1 ADL (OR 2.18; 95% CI 1.13-4.19)

	Lattanzio et al., 2012

	Functioning
	In-hospital complications
	Functional dependence with Barthel Index < 90 (OR 3.87; 95% CI 1.45-10.33)

	Venegas-Sanabria et al., 2018

	Functioning
	Postoperative complications
	Poor performance status defined by the Eastern Cooperative Oncology Group score or the Karnofsky Index (OR 2.58; 95% CI 1.56-4.25)
Impairment in instrumental ADLs (OR 2.27; 95% CI 1.65-3.14)
Cumulative number of impairments in the comprehensive geriatric assessment (OR 1.84; 95% CI 1.27-2.65)

	Watt et al., 2018

	Functioning
	Pressure sores
	Severe disability (6 ADLs) (OR 8.4; 95% CI 3.2-21.5)

	Mecocci et al., 2005

	Comorbidities
	Fecal incontinence
	Charlson Comorbidity Index ≥ 3 (OR 5.5; 95% CI 1.6-18.4) 

	Mecocci et al., 2005

	Comorbidities
	Falls
	Charlson Comorbidity Index ≥ 3 (OR 1.6; 95% CI 1.1-2.4)                                                       

	Mecocci et al., 2005

	Comorbidities
	Acute kidney injury
	Charlson Comorbidity Index ≥ 4 (OR 3.10; 95% CI 1.98-4.87)

	Wiedl et al., 2021

	Acute illness
	Postoperative delirium
	Severe illness (affecting ADLs) (OR 3.49; 95% CI 1.48-8.23)

	Rizk et al., 2016

	INDIVIDUAL FACTORS RELATED TO THE PATIENTS: physical-physiological factors

	Frailty
	Delirium
	Frailty with Clinical Frailty score ≥ 5 (OR 4.09; CI 95% 1.08-15.53) 

	Chroinin et al., 2021

	
	Delirium
	Frailty (for each increase of 0.1 in Frailty Index derived from the interRAI Comprehensive Geriatric Assessment for Acute Care) (OR 2.34; 95% CI 2.08-2.63)  
	Hubbard et al., 2017

	
	Delirium
	Association between delirium and frailty: 
In Presico et al.: (RR 2.19; CI 95% 1.65-2.91)
In Fu et al.: (OR 3.23; CI 95% 2.56-4.09)
In Zhang et al.: (OR 2.96; CI 95% 2.36-3.17)

	Kwak, 2021


	
	Delirium
	Pre-frailty with 1-2 positive criteria described by Fried (OR 6.43; 95% CI 1.31-31.64)
Frailty with 3-5 positive criteria described by Fried (OR 6.3; 95% CI 1.18-33.74)

	Nomura et al., 2019


	
	Delirium
	Frailty with Rockwood Frailty Index > 0.25 (OR 5.64; CI 95% 1.47-21.68)
Frailty with Clinical Frailty Scale ≥ 5 (OR 4.12; CI 95% 1.14-15.50)

	Thillainadesan, Mudge et al., 2021 

	
	Delirium
	Sarcopenia (OR 1.46; CI 95% 1.02-2.09)

	Wiedl et al., 2021

	Frailty
	Functional decline/disability
	Frailty (for each increase of 0.1 in Frailty Index derived from the InterRAI-AC) (OR 1.20; 95% CI 1.04-1.40)

	Hubbard et al., 2017

	
	Functional decline/disability
	In Gandossi et al.: combination of frailty and postoperative delirium (RR 2.47; CI 95% 1.28-169)

	Kwak, 2021


	
	Functional decline/disability
	Among patients with no/mild prehospital disability: prehospital frailty with Clinical Frailty Scale (OR 2.18; 95% CI 1.02-4.65) 

	Law et al., 2018


	Frailty
	Complications
	Pre-frailty with 1-2 positive criteria described by Fried (OR 1.778; 95% CI 1.043-3.052)
Frailty with ≥ 3 positive criteria described by Fried (OR 2.078; 95% CI 1.212-3.596)

	Birkelbach et al., 2019

	
	Postoperative complications
	Frailty (OR 2.16; 95% CI 1.29-3.62)

	Watt et al., 2018

	Frailty
	Falls
	Frailty (for each increase of 0.1 in Frailty Index derived from the InterRAI-AC) (OR 1.29; 95% CI 1.10-1.50)

	Hubbard et al., 2017

	Frailty
	Pressure ulcers
	Frailty (for each increase of 0.1 in Frailty Index derived from the InterRAI-AC) (OR 1.51; 95% CI 1.23-1.87)

	Hubbard et al., 2017

	Frailty
	Composite adverse event
	Frailty (for each increase of 0.1 in Frailty Index derived from the InterRAI-AC) (OR 2.21; 95% CI 1.98-2.46)

	Hubbard et al., 2017

	Frailty
	Swallowing disorders
	Possible sarcopenia with the Mini Nutritional Assessment Short Form (OR 1.62; 95% CI 1.028-2.559)

	Maeda et al., 2019


	Frailty
	Geriatric syndromes
	Frailty (OR 6.7; 95% CI 2.0-22.1) 

Frailty if presence of one or more of the following: baseline functional dependency (in 1 or more ADLs), cognitive impairment (Abbreviated Mental Test < 7), or nutrition risk (Malnutrition Screening Tool ≥ 2)

	McRae et al., 2016

	Physiological changes
	Delirium
	Albumin level below the normal range (≥ 3.5 g/dL) (OR 2.65; 95% CI 1.4-9.61)
Creatinine level above the normal range (≤ 1.17 mg/dl) (OR 2.97; 95% CI 1.18-4.60)

	Jeon & Sohng, 2021


	Physiological changes
	Geriatric syndromes
	Higher physiological severity with V-POSSUM score ≥ 25 (OR 5.5; 95% CI 1.1-26.8, p 0.01)
	McRae et al., 2016

	Physiological changes
	Functional decline
	Albumin < 3.0g/dL (OR 1.76; 95% CI 1.32-2.34)
Sodium < 135 mEq/L (OR 1.49; 95% CI 1.10-2.03)
Estimated glomerular filtration rate < 30ml/min/1-73m2 (OR 1.55; 95% CI 1.22-1.98)

	Yaku et al., 2020


	Sensory impairment
	Delirium
	Visual impairment (OR 2.3; p 0.003)

	Foroughan et al., 2016

	
	Delirium
	Changes in vision (OR 2.09; 95% CI 1.10-4.00)

	Plaza-Carmona et al., 2020

	
	Delirium
	Vision impairment (OR 2.93; 95% CI 1.29–6.67)

	Radinovic et al., 2015

	
	Postoperative delirium
	Poor vision/hearing (OR 1.7; 95% CI 1.01-2.85)

	Rizk et al., 2016

	Sensory impairment
	Functional decline
	Hearing impairment (OR 1.48; CI 95% 1.09-2.00)

	Chou et al., 2021

	Sensory impairment
	Decline in ambulation
	Hearing impairment (OR 1.58; 95% CI 1.12-2.23)                       

	Chase et al., 2018

	Sensory impairment

	Falls
	Poor vision (mean incidence rate ratio 1.46)
	Clyburn & Heydemann, 2011

	Physical impairment and mobility
	Functional decline
	Patients with low mobility (OR 5.6; 95% CI 2.9-11.0)
Patients with intermediate mobility (OR 2.5; 95% CI 1.5-4.1)

	Brown et al., 2004

	
	Functional decline
	Phase angle in all models: model 1 (OR 0.54; CI 95% 0.31-0.95); model 2 (OR 0.54; CI 95% 0.31-0.97); model 3 (OR 0.53; CI 95% 0.31-0.90); model 4 (OR 0.53; CI 95% 0.31-0.91); model 5 (OR 0.54; CI 95% 0.32-0.91)

PhA using bioelectrical impedance analysis has been attracting attention as a new indicator of “physical health” because it is related to nutritional status, physical function, and geriatric syndrome (frailty/sarcopenia)

	Morisawa et al., 2021

	
	Functional decline
	Ambulatory before admission (OR 1.74; 95% CI 1.29-2.35)

	Yaku et al., 2020


	Physical impairment and mobility
	Delirium
	Preoperative dependent mobility status (assistance, invalidity) (OR 3.84; 95% CI 2.16-12.84)

	Jeon & Sohng, 2021

	Physical impairment and mobility
	Swallowing disorders

	Inactive status (Eastern Cooperative Oncology Group-defined Performance Status score 3-4) (OR 1.28; 95% CI 1.12-1.46)
Ambulatory dependency (OR 1.72; 95% CI 1.09-2.71)

	Maeda et al., 2019

	Physical impairment and mobility
	Hospital-acquired complication
	Higher corrected Echo intensity (for every 10-point increase; OR 1.036; CI 95% 1.001-1.072)
Echo intensity (EI) of the quadriceps femoris: related to intramuscular fat content and reflects muscle quality. An increase in EI is negatively correlated with a decrease in muscle strength and physical function. Corrected EI: adjusted by subcutaneous fat thickness, is also related to knee extensor strength and gait speed.

	Nagae et al., 2021

	INDIVIDUAL FACTORS RELATED TO THE PATIENTS: psychological-psychiatric-cognitive factors

	Cognition
	Delirium
	Cognitive impairment with Preoperative Mini-Cog score ≤ 2 (OR 4.52; 95% CI 1.3-15.68)
	Culley et al., 2017

	
	Delirium

	Cognitive impairment at admission with Short Portable Mental Status Questionnaire score < 8 (OR 2.9; 95% CI 1.7-4.8)

	Mudge, McRae, Hubbard et al., 2019



	
	Delirium
	Moderate cognitive impairment with Mini Mental State Examination (OR 3.85; 95% CI 2.05-7.25)

	Plaza-Carmona et al., 2020


	
	Delirium
	Chronic cognitive decline/dementia (OR 6.3; 95% CI 2.89-13.74)

	Rizk et al., 2016

	
	Acute confusional syndrome
	Preoperative: cognitive impairment with Red Cross Mental Scale ≥ 3 (OR 11.04; CI 95% 1.3-89.1); cognitive impairment with Pfeiffer test ≥ 3 (OR 6.94; CI 95% 1.08-44.7)

Postoperative: cognitive impairment (OR 766 ??; CI 95% 8.95-65.589)

	Roche-Albero et al., 2021

	Cognition

	Hospital-associated complications in older people
	Cognitive impairment at admission with Short Portable Mental Status Questionnaire score < 8 (OR 2.8; 95% CI 1.8-4.3)

	Mudge, McRae, Hubbard et al., 2019


	
	Complications
	Cognitive impairment (OR 2.01; 95% CI 1.44-2.81)

	Watt et al., 2018

	Cognition
	Urinary incontinence
	Cognitive impairment with Hodkinson's Abbreviated Mental Test < 7 (OR 5.3; 95% CI 2.3-12.0)

	Mecocci et al., 2005

	
	Urinary incontinence
	Cognitive impairment at admission with Short Portable Mental Status Questionnaire score < 8 (OR 2.1; 95% CI 1.2-3.8; p 0.01)

	Mudge, McRae, Hubbard et al., 2019


	Cognition
	Falls
	Cognitive impairment with Hodkinson's Abbreviated Mental Test < 7 (OR 1.6; 95% CI 1.2-2.3)   
                                 
	Mecocci et al., 2005

	Cognition
	Fecal incontinence
	Cognitive impairment with Hodkinson's Abbreviated Mental Test < 7 (OR 6.3; 95% CI 3.0-13.0)

	Mecocci et al., 2005

	Cognition
	Pressure ulcers
	Cognitive impairment with Hodkinson's Abbreviated Mental Test < 7 (OR 4.9; 95% CI 2.4-9.9)

	Mecocci et al., 2005

	Cognition
	Functional decline
	Cognitive impairment at admission with Short Portable Mental Status Questionnaire score < 8 (OR 2.0; 95% CI 1.3-3.2) 

	Mudge, McRae, Hubbard et al., 2019


	Cognition
	Cognitive decline
	Cognitive status at admission with Short Portable Mental Status Questionnaire Test < 8 (OR 1.475; 95% CI 1.156-1.882)

	Smichenko et al., 2020


	Dementia
	Delirium
	History of dementia (OR 5.23; CI 95% 1.38-19.90) 

	Chroinin et al., 2021

	
	Delirium
	Dementia (OR 3.63; CI 95% 2.52-5.29)

	Wiedl et al., 2021

	
	Postoperative delirium
	Chronic cognitive decline/dementia (OR 6.3; 95% CI 2.89-13.74)

	Rizk et al., 2016

	Dementia
	Adverse events
	Patients with dementia (RR 4.3; 95% CI 2.05-8.80)
Predictor of adverse events during hospitalization: patients with dementia (OR 5.0, p <0.05)

	Fox et al., 2020

	Dementia
	In-hospital falls-related major injuries

	Dementia (OR 2.34; 95% CI 1.87-2-92)
	Jorgensen et al., 2015

	Dementia
	Functional decline
	Dementia (OR 2.26; 95% CI 1.74-2.95)

	Yaku et al., 2020

	Depression
	In-hospital falls-related major injuries
	Depression (OR 1.24; 95% CI 1.09-1.41)

	Jorgensen et al., 2015

	Depression
	Poor oral intake during hospitalization
	Depressive symptoms at admission with positive Patient Health Questionnaire regardless of history (OR 1.35; CI 95% 1.02-1.79)

	Laura et al., 2022

	Depression
	Cognitive decline
	Depression with Tucker’s Short Zung Instrument ≥ 70 (OR 2.100; 95% CI 1.211-3.641)

	Smichenko et al., 2020

	Delirium
	Frailty (postoperative)
	Delirium (HR 2.98; CI 95% 1.46-6.20)

	Kwak, 2021


	Delirium
	Hospital-acquired complications

	Delirium (OR 2.3, 95% CI 1.7-5.0) 

	O'Keeffe & Lavan, 1997

	Delirium
	Change in functional status during hospitalization
	Delirium as significant predictor of change in functional status during hospitalization (p = 0.002)

	O'Keeffe & Lavan, 1997

	INDIVIDUAL FACTORS RELATED TO THE PATIENTS: social factors

	Living place
	Functional decline
	Admission from nursing homes (RR 2.464; 95% CI 1.642-3.697)

	Palese et al., 2016

	Living place
	Hospital-acquired incontinence
	Admission from a nursing home or other long-term care facility (OR 1.68; 95% CI 1.29-2.19)

	Palmer et al., 2002

	FACTORS RELATED TO THE PROCESSES: medications

	Number of medications
	Delirium
	> 3 medications added (RR 2.9; 95% CI 1.6-5.4)

	Inouye & Charpentier, 1996

	
	Delirium
	Number of drugs prescribed (change, per one drug prescribed; OR 1.15; 95% CI 1.10-1.30)

	Tarazona-Santabalbina et al., 2019


	Number of medications

	Adverse events
	Number of psychiatric medications used (OR 1.44, p 0.01)
Number of pro re nata medications administered (medications given on an as-needed basis) (OR 1.37, p 0.002)  

	Baumann et al., 2018

	
	Iatrogenic events
	Intake of more than 5 drugs during hospitalization (RR 6.1; 95% CI 1.8-20.5)

	Essomba et al., 2017

	
	Adverse drug reactions
	Number of medications taken during hospitalization (OR 1.12; 95% CI 1.06-1.18)

	Lattanzio et al., 2012

	Class of medications

	Falls
	Use of neuroleptics (OR 2.1; 95% CI 1.4-3.0)
Use of benzodiazepines (OR 1.9; 95% 1.4-2.5)  

	Mecocci et al., 2005

	Class of medications

	Delirium
	In the cohort study: 
Diphenhydramine (OR 1.22; 95% CI, 1.09-1.36)
Short-acting benzodiazepines (OR 1.18; 95% CI 1.03-1.34)
Greater numbers of medications were associated with greater risk of delirium (test of trend <0.001)

In the nested case-control study: 
Diphenhydramine (OR 2.31; 95% CI 1.78-2.99)
Short-acting benzodiazepines (OR 3.79; 95% CI 3.16-4.55)
Long-acting benzodiazepines (OR 1.51; 95% CI 1.08.2.09) 
Promethazine (OR 1.3; 95% CI, 95% 1.02-1.66) 

	Rothberg et al., 2013

	Adverse drug reactions
	Functional decline
	For loss of ≥ 1 ADL: occurrence of adverse drug reactions (OR 7.80; 95% CI 3.53-17.3)
For loss of ≥ 3 ADLs: occurrence of adverse drug reactions (OR 3.98; 95% CI 1.50-10.50)

Relationship between ADRs and loss of ≥ 1 ADL: 
Having 1 adverse drug reaction (OR 11.1; 95% CI 4.18-29.5)
Having 2 adverse drug reactions (OR 4.30; 95% CI 1.09-16.9)
Having ≥ 3 adverse drug reactions (OR 6.20; 95% CI 1.40-27.4)
Mild severity of adverse drug reactions (OR 7.62; 95% CI 3.0-19.3)
Moderate to severe severity of adverse drug reactions (OR 8.11; 95% CI 2.67-24.6)

Relationship between adverse drug reactions and loss of ≥ 3 ADLs: 
Having ≥ 3 adverse drug reactions (OR 9.63; 95% CI 2.13-43.60)
Moderate to severe severity of adverse drug reactions (OR 5.32; 95% CI 1.49-18.9)

	Corsonello et al., 2009


	FACTORS RELATED TO THE PROCESSES: medical devices/equipment

	Physical restraints
	Functional decline/disability
	Physical restraint (OR 3.27; CI 95% 1.56-2.65)

	Chou et al., 2021

	
	Functional decline/disability
	Patients with physical restraints (RR 1.73; 95% CI 1.20-2.49)  

	Jonckers et al., 2018

	Physical restraints
	Delirium
	Use of physical restraints (RR 4.4; 95% CI 2.5-7.9)

	Inouye & Charpentier, 1996

	Physical restraints
	Pressure ulcers
	Mechanical restraints (OR 8.09; 95% CI 2.47-26.41)

	Peralta Vargas et al., 2009


	Urinary catheter
	Delirium
	Use of bladder catheter (RR 2.4; 95% CI 1.2-4.7)

	Inouye & Charpentier, 1996

	
	Delirium
	Urinary catheter (OR 8.53; 95% 3.21-22.7)

	Janssen et al., 2019

	Urinary catheter
	Functional decline/disability
	Bladder catheter insertion (RR 1.599; 95% CI 1.128-2.268)

	Palese et al., 2016

	Urinary catheter

	Urinary incontinence
	Urinary catheters (OR 4.26; 95% CI 1.53–11.83)
Adult diapers (OR 2.62; 95% CI 1.17–5.87)

	Zisberg et al., 2011


	FACTORS RELATED TO THE PROCESSES: hydration/nutrition/fluids

	Malnutrition
	Delirium
	Malnutrition (RR 4.0; 95% CI 2.2-7.4)

	Inouye & Charpentier, 1996

	FACTORS RELATED TO THE STRUCTURE

	Skill mix
	Functional decline
	Higher skill mix (mainly by nurse's aides) (RR 2.221; 95% CI 1.763-2.797)

Skill mix: proportion of care offered by RNs of the total care offered to patients (RNs + NAs)

	Palese et al., 2016

	Hospital size
	Functional decline
	Larger hospital size (RR 1.002; 95% CI 1.001-1.003)

	Palese et al., 2016


ADL = activity of daily living; CI = confidence interval; HR = hazard ratio; OR = odds ratio; RN = registered nurse; RR = relative risk 
