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Modifiable Preoperative Physiological Predictors 1 

of Length of Stay Following Shoulder 2 

Arthroplasty: A Systematic Review 3 

 4 

Abstract: 5 

 6 

Background: Shoulder arthroplasty volumes have increased markedly, intensifying pressure 7 

on hospital resources. Prolonged hospital length of stay (LOS) elevates costs, complications, 8 

and societal burden. Identifying modifiable preoperative predictors of LOS may enable 9 

targeted optimisation to improve outcomes and efficiency. 10 

Methods: A systematic search of PubMed, Embase, Medline, Scopus, and Web of Science 11 

was conducted through July 20, 2025, following PRISMA 2020 and SWiM guidelines. 12 

Studies including adults undergoing shoulder arthroplasty, reporting patient- or procedure-13 

related factors associated with LOS, were included. Due to heterogeneity, qualitative 14 

synthesis was performed. 15 

Results: Sixty-four studies (n = 2,435,166) were included. Prolonged LOS was consistently 16 

associated with anaemia (7 studies, 1.8-5.0 days depending on severity), malnutrition or 17 

nutritional risk (2 studies, 2.2-3.7 days), hypoalbuminemia (3 studies, 2.3-3.5 days), insulin-18 

dependent or complicated diabetes (9 studies, 0.5-0.7-day increase), higher ASA grade (7 19 

studies, 2.6-4.3 days), frailty or functional indices (3 studies, graded increases), cumulative 20 

comorbidity burden (≥10 studies), and preoperative opioid use (7 studies, 1.4-2.3 days). 21 

Dehydration (2 studies), electrolyte disturbances (3 studies), and mental health disorders 22 

particularly depression (7 studies, 2.0-3.0 days) were also associated with longer LOS. 23 

Morbid obesity (BMI ≥40 kg/m²) modestly increased LOS (mean difference 0.3-0.4 days), 24 

whereas general obesity (BMI 30-40) showed inconsistent associations across 13 studies. 25 

Global physiological measures (ASA grade, frailty, comorbidity burden) outperformed 26 

individual comorbidities in predicting LOS. 27 

Conclusions: Physiological reserve, metabolic factors and mental health are key modifiable 28 

determinants of LOS after shoulder arthroplasty. Preoperative optimisation targeting 29 

anaemia, nutrition, glycaemic control, and mental health may reduce hospital LOS and 30 

facilitate short-stay or same-day pathways. These findings provide an evidence-based 31 

framework for perioperative planning to improve patient outcomes and resource utilisation. 32 

 33 

Keywords: Shoulder Arthroplasty; Hospital Length of Stay; Preoperative Risk Factors; 34 

Frailty; Anaemia; Malnutrition; Diabetes Mellitus; Opioid Use 35 

 36 

Level of Evidence: Level III; Systematic Review  37 
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 38 

Shoulder arthroplasty is indicated for glenohumeral pathology and proximal humeral 39 

fractures causing pain and functional limitation. In the United States, annual shoulder 40 

arthroplasty volume increased from approximately 12,000 procedures in 2000 to over 41 

110,000 by 2019, with continued growth projected 12. International registry data show similar 42 

trends, with annual growth rates of 6-15% in Europe and Asia over the last decade (2011-43 

2019) 76. This increasing procedural volume places substantial pressure on perioperative 44 

resources, hospital capacity, and surgeon workload. 45 

Hospital length of stay (LOS) after shoulder arthroplasty is a key determinant of healthcare 46 

efficiency, cost, and patient outcomes 20. Prolonged LOS is associated with increased 47 

complications, delayed access to care, and greater healthcare and societal burden 20,32,42. 48 

Extended LOS also negatively impacts patient quality of life and recovery trajectories and 49 

contributes to societal costs through lost productivity and caregiver burden 15,34. Identifying 50 

modifiable preoperative predictors of LOS is therefore critical for optimising outcomes and 51 

supporting short-stay or same-day arthroplasty pathways. 52 

This systematic review aims to identify and synthesise modifiable preoperative physiological 53 

predictors of LOS following shoulder arthroplasty, offering actionable insights to inform 54 

clinical optimisation strategies and enhance healthcare efficiency. We hypothesised that 55 

modifiable preoperative physiological, metabolic, and psychosocial factors are associated 56 

with prolonged LOS following shoulder arthroplasty, and that these factors can be 57 

synthesised into clinically actionable domains to inform perioperative optimisation strategies. 58 

 59 

Methodology   60 

Adherence to guidelines: The systematic review was conducted in line with the Preferred Reporting 61 

Items for Systematic Reviews and Meta-Analyses (PRISMA) 2020 guidelines (10). The completed 62 

PRISMA flowchart is shown in Figure 1. Analysis was conducted in line with Synthesis Without 63 

Meta-analysis (SWiM) guidelines (11).  64 

PROSPERO registration: CRD420261284138.  65 

Electronic databases: A multi-database search was performed from conception to July 20th, 2025, 66 

encompassing PubMed, Embase, Medline, Scopus and Web of Science. Our full search string can be 67 

found in Supplementary Table 1.  68 

Eligibility Criteria: Eligible studies included adult patients (≥18 years) undergoing shoulder 69 

arthroplasty that evaluated patient- or procedure-related factors associated with LOS, prolonged LOS, 70 

or risk of extended hospitalisation. Observational studies, including retrospective and prospective 71 

cohort studies, case-control studies, and registry/database analyses, were included. Studies were 72 

excluded if they involved paediatric populations, non-arthroplasty procedures, interventions unrelated 73 

to LOS, or lacked LOS data or a comparator group. Only full-text articles published in English were 74 

considered. Supplementary table 2 outlines the Population, Intervention, Comparison, and Outcomes 75 

(PICO) criteria.  76 

Screening and Data Extraction: Studies were imported into Covidence, where duplicates were 77 

removed, and titles/abstracts screened independently by three reviewers (HS, BC, HC) following 78 
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Cochrane recommendations. Full-text articles were reviewed for eligibility based on the PICO 79 

framework. Data extraction was performed independently by three reviewers (HS, BC, HC). 80 

Discrepancies were resolved by discussion, with final arbitration by the senior author (KS). Data were 81 

extracted using an Excel (Microsoft Inc., Washington, USA) spreadsheet including study 82 

characteristics, study design, patient demographics, location, publication year, sample size, and 83 

outcomes assessed.   84 

Risk of bias: Two independent reviewers (HC and BC) assessed the risk of bias using ROBINS-I for 85 

non-randomised studies as shown in figures 2 (14). Disagreements were resolved through consensus, 86 

with a third reviewer (HS) providing arbitration when necessary. The assessment focused on 87 

confounding, missing data, and selective reporting. 88 

Data Analysis, Qualitative Synthesis and Reporting: Due to substantial heterogeneity across 89 

studies in arthroplasty type (anatomic versus reverse), surgical indications, perioperative protocols, 90 

and definitions of length of stay (continuous versus dichotomous), quantitative meta-analysis was 91 

not feasible. Instead, a qualitative synthesis was conducted as per SWiM guidance (11).   92 

 93 

Results 94 

 95 

Study Design 96 

A total of 988 articles were initially identified (Figure 1). After removal of duplicates and 97 

detailed screening against predefined inclusion and exclusion criteria, 64 studies involving a 98 

total of 2,435,166 patients were deemed eligible and included in the final analysis 2–
99 

5,7,8,10,11,16–19,21–23,25–31,35–41,43–45,47–54,56–67,69,70,72–75,78,79,81–84. 100 

 101 

Study Characteristics 102 

 103 

Patient characteristics varied across studies, with mean ages ranging from 60–78 years and 104 

sample sizes from 29 to over 422,000 patients (Table 1 and 2). The studies were 105 

predominantly conducted in the United States (n = 62), with smaller contributions from the 106 

United Kingdom (n = 1) and Spain (n = 1). The majority of studies were retrospective cohort 107 

studies. 108 

Indications included osteoarthritis, rotator cuff arthropathy, fractures, inflammatory disease, 109 

and revision procedures, with both anatomic and reverse arthroplasty represented. 110 

 111 

Risk of Bias 112 

 113 

Risk of bias in the 64 non-randomized studies was assessed using ROBINS-I (Figure 2). 114 

Overall, 35.9% of studies were rated moderate and 64.1% serious risk of bias, with none 115 

rated low. Risk was primarily driven by confounding, missing data, and selective reporting. 116 

 117 

Body Mass Index (BMI) 118 
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The relationship between BMI and postoperative LOS was evaluated in 13 studies, with 119 

mixed findings 4,7,10,17,28,29,31,37,40,48,62,70,75. Morbid obesity (BMI ≥40 kg/m²) was most consistently 120 

associated with modestly increased LOS. Areti et al. reported mean LOS of 2.23 ± 3.25 days 121 

in morbidly obese patients versus 1.87 ± 1.89 days in non-morbidly obese patients (mean 122 

difference +0.36 days; P < 0.001) 4. Griffin et al. found LOS increased from 2.56 ± 2.0 days 123 

in non-obese patients to 2.84 ± 1.77 days in morbidly obese patients (P = 0.003), and Gruson 124 

et al. reported a median LOS of 2 days for BMI <30 and 2 days (IQR 2-4) for BMI ≥40, with 125 

a significant incidence rate ratio for morbid obesity (IRR 1.316; P = 0.038) 28,29. Pappou et al. 126 

also observed higher LOS in BMI ≥40 (3.1 ± 2.6 vs 2.6 ± 1.3 days), though this was not 127 

statistically significant (P = 0.823) 70. 128 

For patients with a BMI between 30-40 kg/m², any association with LOS was generally weak 129 

and often non-significant. Izquierdo-Fernández et al. observed no significant differences for 130 

BMI ≥30 (5.83 ± 1.42 days) versus <30 (5.18 ± 1.25 days; P = 0.222) or BMI ≥35 (6.00 ± 131 

1.69 days) versus <35 (5.43 ± 1.25 days; P = 0.327) 37. Burns et al. reported 2.4 ± 2.4 days in 132 

obese versus 2.2 ± 1.6 days in non-obese patients (P = 0.158), and Khokhar et al. found no 133 

difference in matched cohorts (median 2 [IQR 1-3] vs 2 [2-3]; P = 0.654) 10,40. 134 

Several studies examined BMI as a continuous predictor, with variable results. Menendez et 135 

al. reported a higher mean BMI in patients with prolonged LOS (32.6 ± 7.5 vs 30.2 ± 5.8; P = 136 

0.004), while Lee et al. identified a non-significant effect per kg/m² (OR 1.01, 99% CI 1.00-137 

1.02) 48,62. In contrast, Puzzitiello et al. (β = 0.04; P = 0.54), Destine et al. (OR 1.03, 95% CI 138 

0.95-1.12; P = 0.413), Biron et al. (31.7 vs 31.2; P = 0.062), and Hartwell et al. (31.1 vs 31.0; 139 

P = 0.29) observed no significant associations 7,17,31,75. Additionally, Kishan et al. examined 140 

BMI >30 as a predictor and found no significant association with LOS (OR 1.3, 95% CI 0.6-141 

2.7) 44. 142 

Collectively, these findings suggest that morbid obesity (BMI ≥40) may modestly prolong 143 

LOS, whereas general obesity (BMI 30-40) shows inconsistent effects, and BMI as a 144 

continuous variable exerts only a minimal or non-significant influence on postoperative LOS 145 

across arthroplasty populations. 146 

Comorbidities 147 

 148 

Diabetes 149 

Diabetic status was consistently associated with prolonged hospital LOS in nine studies 150 

5,7,10,25,48,62,63,74,79. Burns et al. reported LOS of 2.8 ± 2.8 days in patients with uncontrolled 151 

diabetes versus 2.3 ± 1.7 days in non-diabetic controls (P = 0.019) 10. Fu et al. demonstrated 152 

higher odds of extended LOS in insulin-dependent diabetes (IDDM: OR 1.38, 95% CI 1.04-153 

1.82; P = 0.025), while non-insulin-dependent diabetes was not significant (OR 1.13, 95% CI 154 

0.92-1.39; P = 0.255) 25. Basques et al. reported a more pronounced effect (OR 2.37, 95% CI 155 

1.53-3.66; P < 0.001), and Ponce et al. observed longer LOS in complicated versus 156 

uncomplicated diabetes (3.4 ± 2.8 vs 2.7 ± 2.2 days; P < 0.001) 5,74. Kishan et al. further 157 
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demonstrated that patients with diabetes undergoing aseptic revision shoulder arthroplasty 158 

had longer LOS than non-diabetic patients (1.98 ± 2.20 vs 1.72 ± 1.82 days; P = 0.03), with 159 

higher odds of prolonged LOS (3.5% vs 1.5%; P = 0.02) 44. Other studies confirmed the 160 

association: Menendez et al. (28% vs 9%; P < 0.001), Biron et al. (25.8% vs 16.3%; P < 161 

0.001), Sivasundaram et al. (OR 1.51, 95% CI 1.29-1.77; P < 0.001), Miltenberg et al. (OR 162 

2.85, 95% CI 1.88-3.72; P < 0.001), and Lee et al. (OR 1.49, 99% CI 1.28-1.73) 7,48,62,63,79. 163 

 164 

American Society of Anaesthesiologists grade 165 

American Society of Anaesthesiologists (ASA) grade was also a strong predictor of LOS in 166 

seven studies 7,38,62,63,67,73,75. Johnson et al. demonstrated mean LOS of 2.6 days for ASA 1–2 167 

versus 3.3 days for ASA 3-4 (effect size 0.46; P < 0.001) 38. Menendez et al. found 39% of 168 

patients with ASA ≥3 experienced prolonged LOS versus 17% with ASA ≤2 (P < 0.001), and 169 

Biron et al. reported 77.0% versus 50.1% for long versus short LOS in ASA >2 patients (p < 170 

0.001) 7,62. Miltenberg et al. observed 88% increased odds of prolonged LOS with ASA 3-5 171 

(OR 1.88, 95% CI 1.58-2.23; P < 0.001) 63. Other studies showed trends without reaching 172 

significance 67,73,75. 173 

 174 

Functional and frailty Scores 175 

Functional and frailty constructs were associated with stepwise increases in LOS in three 176 

studies 33,35,36. Humphries et al. reported mean LOS of 3.2, 3.5, and 4.3 days for Deyo scores 177 

0, 1-4, and 5-36, respectively (P < 0.001), with similar adjusted means35 . Issa et al. 178 

demonstrated large effect sizes for Deyo scores ≥1 (2 vs 0: +15.25, 95% CI 13.16-17.39; P < 179 

0.0001) 36. Frailty, measured by the modified frailty index (mFI), was also predictive: 180 

Holzgrefe et al. reported mean LOS of 1.88 ± 2.9 days for mFI 0 versus 2.43 ± 2.1 days for 181 

mFI ≥2 (P < 0.001), with similar trends in patients aged ≥70 years 33. 182 

 183 

Other Comorbidities 184 

Other comorbidities further influenced LOS mentioned in 10 studies 11,16,22,41,48,58,59,66,69,78. 185 

Charlson Comorbidity Index (CCI) and comorbidity counts were strong predictors: Schairer 186 

et al. observed ORs for prolonged LOS rising from 1.69 for 2 comorbidities to 5.64 for ≥4 187 

comorbidities 78. Kim et al. reported prolonged LOS increased with Elixhauser Comorbidity 188 

Measure (ECM) and CCI counts (P < 0.0001), with predictive model AUCs of 0.752 and 189 

0.698, respectively 41. Matsen et al. demonstrated CCI >1 associated with 1.73× LOS and 190 

elevated risk of prolonged LOS in TSA (85.7%) and HA (92.1%) 59.  191 

Disease-specific comorbidities were also relevant: CKD (Burns et al.: 2.8 ± 1.3 vs 2.3 ± 1.0 192 

days, P < 0.001; Dacombe et al.: P = 0.0008), dialysis (OR 3.44, 99% CI 1.61-7.35; Lee et 193 

al.), COPD (OR 1.49, 99% CI 1.19-1.86; Lee et al.), bleeding disorders (OR 2.58, 99% CI 194 

1.65-4.02; Lee et al.), Parkinson disease (2.9 ± 2.5 vs 2.1 ± 2.3 days; Papalia et al.), cirrhosis 195 

(2.6 ± 3.6 vs 1.5 ± 1.1 days; Martino et al.), and metabolic syndrome (adjusted OR 1.13-1.44; 196 

Fassler et al.; Murphy et al.) 11,16,22,48,58,66,69. Other predictors included functional dependence 197 
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(OR 2.73, 99% CI 2.05–3.64; P < 0.001; Lee et al.), sepsis (OR 3.34, 99% CI 1.60-6.96; P < 198 

0.001; Lee et al.), and dyspnoea (OR 1.37, 99% CI 1.10-1.72; P < 0.001; Lee et al.), while 199 

smoking was not consistently significant (OR 1.20, 99% CI 0.97-1.48; P = 0.016 univariate, 200 

no significance in multivariance; Hartwell et al.) 31,48. 201 

 202 

Physiological and Laboratory Markers 203 

Anaemia/Haemoglobin related markers 204 

 205 

Anaemia was consistently associated with prolonged LOS across seven studies 2,10,19,39,63,72,82. 206 

Polisetty et al. reported a mean LOS of 3.3 days in patients with iron-deficiency anaemia 207 

versus 2.4 days in non-anaemic controls (P < 0.0001) 72. Burns et al. observed similar 208 

findings (5.0 ± 4.0 vs 2.2 ± 1.6 days; P < 0.001), and Doan et al. demonstrated increasing 209 

LOS with the degree of anaemia: 1.5 days for normal haematocrit, 2.1 days for mild anaemia, 210 

and 3.0 days for moderate-to-severe anaemia (P < 0.0001) 10,19. Large cohort analyses 211 

reinforced this relationship: Wang et al. reported LOS >2 days in 1.4% of non-anaemic 212 

patients, 2.9% of mild anaemia (OR 1.67, 95% CI 1.21-2.30; P = 0.002), and 12.5% of 213 

moderate-to-severe anaemia patients (OR 6.61, 95% CI 4.84-9.04; P < 0.001) 82. Alder et al. 214 

similarly observed mean LOS of 1.8 ± 1.3, 2.3 ± 2.0, and 3.0 ± 2.6 days for non-anaemic, 215 

mild, and moderate-to-severe anaemia, respectively with anaemia severity defined using 216 

WHO haemoglobin thresholds (all P < 0.001) 2. Blood loss-related anaemia independently 217 

predicted prolonged LOS, with Kandil et al. reporting OR 1.65 (95% CI 1.21–2.23; P < 218 

0.001) and Miltenberg et al. reporting OR 1.43 (95% CI 1.21–1.69; P < 0.001) 39,63. Kishan et 219 

al. similarly identified preoperative haematocrit <35% as strongly predictive of prolonged 220 

LOS in patients undergoing revision shoulder arthroplasty (OR 4.3, 95% CI 2.1-8.6)44. 221 

Malnutrition 222 

 223 

Malnutrition similarly predicted prolonged LOS 10. Burns et al. reported LOS of 3.7 ± 2.8 224 

days in malnourished patients versus 2.2 ± 1.5 days in well-nourished controls (P < 0.001) 10. 225 

Using the Geriatric Nutritional Risk Index (GNRI), Liu et al. demonstrated a dose-response 226 

relationship: prolonged LOS (>2 days) occurred in 13.0% of patients with normal nutrition 227 

(GNRI >98), 24.7% with moderate malnutrition (GNRI 92-98; OR 1.85, 95% CI 1.63-2.12; P 228 

< 0.001), and 41.6% with severe malnutrition (GNRI <92; OR 3.27, 95% CI 2.73-3.92; P < 229 

0.001) 54. 230 

Hypoalbuminemia 231 

 232 

Hypoalbuminemia was independently associated with extended LOS in 3 studies 23,26,47. Lee 233 

et al. reported mean admission-to-discharge LOS of 3.46 days in hypoalbuminemia patients 234 

versus 2.26 days in matched controls (P < 0.001), with postoperative LOS similarly increased 235 

(2.75 vs 2.20 days; P < 0.001) 48. Garcia et al. found hypoalbuminemia conferred 69% higher 236 

adjusted odds of prolonged LOS (OR 1.69, 95% CI 1.02-2.78; P = 0.041) 26. Flamant et al. 237 

demonstrated that low preoperative albumin (<3.5 g/dL) predicted extended LOS (>3 days) in 238 
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primary shoulder arthroplasty (26.8% vs 13.6%; multivariable OR 2.11; P = 0.03), while in 239 

revision shoulder arthroplasty, the association was not significant 23. 240 

Hyponatremia and Alkaline Phosphatase 241 

 242 

Electrolyte disturbances were also predictive of increase in LOS in 3 studies 48,49,53. 243 

Hyponatremia (<135 mEq/L) was associated with increased LOS in both Lee et al. (OR 1.63, 244 

99% CI 1.31-2.03) and Liu et al. (29.4% vs 17.7% prolonged LOS; multivariate OR 1.63, 245 

95% CI 1.09-2.45; P = 0.017) 48,49. Elevated alkaline phosphatase (ALP) was similarly 246 

associated with extended LOS (>2 days) in Liu et al. (40.7% vs 17.7% for normal ALP; OR 247 

2.37, 95% CI 1.31-4.30; P = 0.004) 53. 248 

Dehydration 249 

 250 

Dehydration was independently associated with prolonged LOS in 2 studies 43,50. In both, 251 

dehydration was defined biochemically using the preoperative blood urea nitrogen (BUN) to 252 

creatinine (Cr) ratio. Liu et al. classified patients with BUN/Cr ≥ 25 as dehydrated, reporting 253 

LOS >2 days in 25.8% versus 15.1% in normally hydrated patients (OR 1.50, 95% CI 1.05-254 

2.14; P = 0.028) 50. Kim et al. further stratified severity by BUN/Cr into non-dehydrated 255 

(<20), moderately dehydrated (20-25), and severely dehydrated (>25), showing stepwise 256 

increases in LOS ≥2 days from 34.1% to 35.5% and 38.6%, respectively (P < 0.001), with 257 

similar trends observed in elderly subgroups 43. 258 

 259 

Medications 260 

 261 

Opioid 262 

 263 

Preoperative opioid exposure demonstrated significant associations with postoperative 264 

hospital LOS in 7 studies 8,10,45,60,62,84. Opioid use was consistently linked with dose-265 

dependent increases in LOS. Mayfield et al. reported mean LOS increasing across opioid 266 

exposure quintiles from <22.3 MMEs (1.37 ± 1.72 days) to >83.3 MMEs (2.33 ± 2.24 days; 267 

P < 0.0001), while Brandner et al. observed longer LOS among opioid-dependent patients 268 

compared with non-dependent patients (1.8 ± 1.8 vs 1.6 ± 1.7 days; P < 0.001) 8,60. In 269 

multivariate analysis, Wilson et al. demonstrated a stepwise increase in odds of extended 270 

LOS (≥3 days) with escalating opioid use, with adjusted ORs of 1.25 for <1 OME/day (P < 271 

0.001), 1.29 for 1–5 OME/day (P = 0.002), 1.52 for 5–10 OME/day (P < 0.001), and 1.98 for 272 

>10 OME/day (P < 0.001), univariate extended LOS proportions similarly increased from 273 

15.4% in opioid-naïve patients to 25.9% in patients receiving >10 OME/day 84. Kopriva et al. 274 

corroborated these findings, reporting LOS >3 days in 15.5% of opioid-naïve patients, 19.2% 275 

with tramadol, 21.8% with traditional opioids, and 20.9% with combined opioids and 276 

tramadol (all P < 0.001), with adjusted odds ratios demonstrating a 31–51% higher likelihood 277 

of extended LOS in opioid-exposed patients compared with opioid-naïve controls 45. 278 

Menendez et al. further reported a higher prevalence of prolonged LOS among preoperative 279 

opioid users (24% vs 14%; P = 0.013) 62. Burns et al. found no significant difference in LOS 280 
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between opioid-affected and unaffected patients (2.3 ± 1.7 vs 2.2 ± 1.7 days; P = 0.407), 281 

highlighting variability across cohorts 10. 282 

Tranexamic acid 283 

 284 

Tranexamic acid (TXA) demonstrated mixed effects on LOS in the two included studies 3,61. 285 

Mayfield et al. reported no difference in propensity-matched cohorts (1.5 ± 1.0 days for both 286 

TXA and non-TXA patients; P = 0.629), although patients at high risk for venous 287 

thromboembolism experienced significantly shorter LOS with TXA (1.7 vs 1.9 days; P = 288 

0.0001) 61. Anthony et al. similarly observed reduced LOS among TXA users (1.8 ± 1.2 vs 289 

2.1 ± 1.9 days; P < 0.0001), corresponding to a 6.2% shorter adjusted LOS (95% CI -8.0% to 290 

-4.4%; P < 0.05) 3. 291 

Steroid 292 

 293 

Steroid administration demonstrated mixed effects on LOS in two studies 7,31. Biron et al. 294 

found no significant association between perioperative steroid use and LOS (short LOS: 295 

4.48%; long LOS: 5.77%), whereas Hartwell et al. reported a higher proportion of patients 296 

with LOS >24 hours among steroid recipients (59.7% vs 40.3%; P = 0.0059) 7,31. 297 

Mental Health Conditions 298 

 299 

Preoperative mental health disorders were evaluated in seven studies, particularly depression, 300 

were consistently associated with prolonged hospital LOS following arthroplasty 301 

18,56,57,62,64,75,81. Diamond et al. reported a median LOS of 3 days in patients with a diagnosis 302 

of depression versus 2 days in patients without a diagnosis of depression (P = 0.0007) 18. 303 

Mollon et al. similarly observed a longer mean LOS among depressed patients (2.5 ± 1.6 days 304 

vs 2.2 ± 1.6 days; P < 0.001), while Lunati et al. demonstrated that 22.9% of patients with 305 

preoperative depression experienced extended LOS compared with 20.0% of non-depressed 306 

patients (P < 0.001), with depression independently predicting LOS ≥ 3 days (OR 1.23, 95% 307 

CI 1.12-1.36; P < 0.001) 57,64. Regression analyses further confirmed this relationship, with 308 

Puzzitiello et al. identifying depressive status as an independent predictor of longer LOS (β = 309 

0.15, 95% CI 0.04-0.45; P = 0.022) 75. Menendez et al. reported that 39% of patients with 310 

depression had prolonged LOS compared with 21% of non-depressed patients (P < 0.001) 62. 311 

Vanderham et al. extended these findings to mental health disorders more broadly, showing 312 

that patients with preoperative mental health diagnosis (depression, anxiety, or psychosis) 313 

were more likely to have LOS > 2 days compared with those without mental health disorders 314 

(20% vs 14%), with similar rates observed for anxiety (20%), depression (20%), and 315 

psychotic disorders (23%) (all P < 0.001) 81. In contrast, Lonergan et al. found no significant 316 

difference in LOS between patients with mood disorders and those without (1.3 vs 1.1 days; 317 

P = 0.11) 56. 318 

Discussion 319 

 320 
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Principal Findings 321 

 322 

In this systematic review of 64 studies involving 2,435,166 patients, modifiable preoperative 323 

factors associated with prolonged LOS following shoulder arthroplasty were identified across 324 

physiological, metabolic, and psychosocial domains. Anaemia, malnutrition, 325 

hypoalbuminemia, diabetes, frailty, higher ASA grade, comorbidity burden, opioid exposure, 326 

and depression were consistently associated with longer admissions. In contrast, general 327 

obesity showed limited association, with only morbid obesity demonstrating a modest effect. 328 

These findings highlight physiological reserve, systemic disease optimisation, and mental 329 

health as key targets for reducing LOS. 330 

 331 

Comparison with Prior Evidence 332 

Berman et al. (2019) performed the only previous systematic review on this topic, including 333 

22 studies 6. They identified age >65 years, female sex, obesity (BMI ≥40 kg/m²), reverse 334 

arthroplasty, and lower hospital/surgeon volume as the main correlates of prolonged LOS and 335 

non-home discharge 6. Diabetes was noted but not examined in depth; laboratory markers, 336 

nutritional indices, opioid dose–response, dehydration, and mental-health diagnoses were not 337 

synthesised 6. 338 

The present review expands the evidence base to 64 studies (>2.4 million patients), restricts 339 

the scope exclusively to modifiable physiological, metabolic, and psychosocial predictors, 340 

incorporates the substantial post-2019 literature on these factors, and organises the findings 341 

into clinically actionable domains. This shifts the contribution from a descriptive summary of 342 

risk factors to an integrated optimisation framework that directly supports short-stay and 343 

same-day pathways. 344 

 345 

 346 

Clinical Significance 347 

 348 

The modifiable predictors identified offer clear targets for preoperative optimisation to 349 

reduce LOS and support short-stay shoulder arthroplasty. Anaemia correction, nutritional 350 

supplementation (including protein and vitamin D), glycaemic control, prehabilitation to 351 

improve functional reserve, structured opioid tapering, and mental health management have 352 

all been shown to enhance recovery, reduce complications, and shorten hospitalisation 353 

1,9,13,14,68,71,77. Integrating these interventions into an evidence-based preoperative optimisation 354 

bundle or enhanced recovery protocol addresses physiological, metabolic, and psychosocial 355 

factors simultaneously. Such structured pathways provide a practical framework to improve 356 

perioperative efficiency, facilitate early mobilisation, and enable safe implementation of 357 

short-stay or same-day discharge models in contemporary shoulder arthroplasty. 358 

 359 

Key Observations and Mechanistic Insights 360 
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Several modifiable preoperative factors identified in this review are supported by meta-361 

analyses showing clear impacts on postoperative outcomes. Hypoalbuminemia (<3.5 g/dL) 362 

prolongs hospital stay, with Llombart et al. reporting a mean difference of 1.59 days (95% CI 363 

0.86-2.32) in TSA patients, and Tischler et al. showing higher odds of extended LOS 364 

(>3 days, OR 2.24), readmission (OR 1.88-2.92), reoperation (OR 2.20-3.60), and mortality 365 

(OR 3.93-14.57), likely reflecting impaired wound healing and systemic vulnerability, 366 

highlighting nutritional optimisation as a modifiable strategy to improve outcomes 55,80. In 367 

1.46 million total hip and knee arthroplasty patients, anaemia increased LOS (+1.3-1.6 days), 368 

sepsis risk (OR 3.93), cardiopulmonary events (OR 2.4), and readmission (OR 1.58) (82), 369 

likely delaying recovery by impairing oxygen delivery, increasing transfusion requirements, 370 

and limiting mobilisation 24,46,85. 371 

Psychosocial factors also affect LOS. Kremic et al. found preoperative depression increased 372 

LOS by 0.98 days (95% CI 0.35-1.62) and raised odds of extended LOS by 1.27 (95% CI 373 

1.11-1.46) in over 27 million surgical patients 46. Depression may impair pain tolerance, 374 

reduce rehabilitation engagement, and trigger stress responses, which, combined with 375 

metabolic deficits, further delays recovery 46. These findings support a biopsychosocial 376 

optimisation strategy incorporating mental health screening, nutritional and haematologic 377 

optimisation, and functional prehabilitation to shorten LOS and improve recovery efficiency 378 

in shoulder arthroplasty. 379 

 380 

Limitations 381 

All included studies were observational, with many at serious risk of bias due to confounding, 382 

missing data, and selective reporting, limiting causal inference. Preoperative predictors, such 383 

as anaemia, malnutrition, and hypoalbuminemia, may be highly confounded by baseline 384 

patient health, frailty, or comorbidity burden; therefore, our synthesis is exploratory rather 385 

than confirmatory. Substantial heterogeneity in arthroplasty type, LOS definitions, and 386 

perioperative protocols precluded meta-analysis. Most studies were US-based, limiting 387 

generalisability. A further methodological consideration is the potential for overlapping 388 

patient populations across studies using the same large administrative databases. Exact 389 

double-counting cannot be quantified due to the absence of unique identifiers. However, 390 

studies differed in year ranges, inclusion criteria, and outcome definitions. Partial cohort 391 

overlap remains a limitation that may amplify database-specific biases. Finally, mental health 392 

data were inconsistently reported, potentially underestimating their impact. 393 

Future Directions 394 

Prospective, multicentre studies are needed to evaluate preoperative optimisation strategies 395 

targeting anaemia, nutrition, glycaemic control, opioid use, and mental health. These studies 396 

should adjust for baseline demographics, comorbidities, and medication use to identify 397 

independent predictors of LOS and determine the most effective protocols. Future work 398 

should also stratify analyses by arthroplasty type and indication to determine whether the 399 

identified predictors differ across these clinically distinct populations. Additionally, 400 
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interventional trials testing structured preoperative regimens could establish evidence-based 401 

pathways for short-stay or same-day shoulder arthroplasty across diverse healthcare settings. 402 

Conclusion 403 

Modifiable preoperative physiological factors, comorbidity burden, and mental health are key 404 

predictors of hospital LOS after shoulder arthroplasty. Anaemia, malnutrition, 405 

hypoalbuminemia, insulin-dependent or complicated diabetes, frailty, and depression 406 

consistently prolong LOS, while general obesity (BMI 30-40) has minimal impact. Targeted 407 

preoperative optimisation, including mental health assessment, can safely reduce LOS, 408 

improve efficiency, and support short-stay or same-day pathways, providing an evidence-409 

based framework to enhance outcomes and resource utilisation. 410 

 411 

 412 

 413 

 414 

 415 

 416 

 417 

 418 

 419 

 420 

 421 

 422 

 423 

 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

 432 

 433 

 434 

 435 

 436 

Jo
ur

na
l P

re
-p

ro
of



12 

 

References  437 

1.  Aepala MR, Chandler AJ, Orbeta L, Confino J, Wong SE. Preoperative Nutrition in 438 

Orthopaedic Surgery. JBJS Open Access. 2025 Oct;10(4). 439 

doi:10.2106/JBJS.OA.25.00066 440 

2.  Alder KD, Yu KE, Rode MM, Marigi IM, Marigi EM, Morrey ME, et al. Increasing 441 

severity of preoperative anemia is associated with higher postoperative medical and 442 

surgical complications after primary shoulder arthroplasty. J. Shoulder Elbow Surg. 443 

2024 Jun;33(6):1243–1253. doi:10.1016/j.jse.2023.10.005 444 

3.  Anthony SG, Patterson DC, Cagle PJ, Poeran J, Zubizarreta N, Mazumdar M, et al. 445 

Utilization and Real-world Effectiveness of Tranexamic Use in Shoulder Arthroplasty: 446 

A Population-based Study. Journal of the American Academy of Orthopaedic 447 

Surgeons. 2019 Oct 1;27(19):736–742. doi:10.5435/JAAOS-D-18-00206 448 

4.  Areti A, Montanez B, Perake V, Sambandam SN. Impact of morbid obesity on 449 

postoperative outcomes in reverse total shoulder arthroplasty: A national inpatient 450 

sample analysis. J. Orthop. 2025 Oct;68:84–89. doi:10.1016/j.jor.2025.02.004 451 

5.  Basques BA, Gardner EC, Toy JO, Golinvaux NS, Bohl DD, Grauer JN. Length of 452 

Stay and Readmission After Total Shoulder Arthroplasty: An Analysis of 1505 Cases. 453 

Am. J. Orthop. (Belle Mead NJ). 2015 Aug;44(8):E268-71.  454 

6.  Berman JE, Mata-Fink A, Kassam HF, Blaine TA, Kovacevic D. Predictors of length 455 

of stay and discharge disposition after shoulder arthroplasty: A systematic review. 456 

Journal of the American Academy of Orthopaedic Surgeons. 2019 Aug 457 

1;27(15):E696–E701. doi:10.5435/JAAOS-D-18-00244 458 

7.  Biron DR, Sinha I, Kleiner JE, Aluthge DP, Goodman AD, Sarkar IN, et al. A Novel 459 

Machine Learning Model Developed to Assist in Patient Selection for Outpatient Total 460 

Shoulder Arthroplasty. Journal of the American Academy of Orthopaedic Surgeons. 461 

2020 Jul 1;28(13):e580–e585. doi:10.5435/JAAOS-D-19-00395 462 

8.  Brandner GT, Guareschi AS, Eichinger JK, Friedman RJ. Impact of opioid dependence 463 

on outcomes following total shoulder arthroplasty. J. Shoulder Elbow Surg. 2024 464 

Jan;33(1):82–89. doi:10.1016/j.jse.2023.05.040 465 

9.  Bulte CSE, Boer C, Hemmes SNT, Serpa Neto A, Binnekade JM, Hedenstierna G, et 466 

al. The effects of preoperative moderate to severe anaemia on length of hospital stay. 467 

Eur. J. Anaesthesiol. 2021 Jun;38(6):571–581. doi:10.1097/EJA.0000000000001412 468 

10.  Burns KA, Robbins LM, LeMarr AR, Fortune K, Morton DJ, Wilson ML. Modifiable 469 

risk factors increase length of stay and 90-day cost of care after shoulder arthroplasty. 470 

J. Shoulder Elbow Surg. 2022 Jan;31(1):2–7. doi:10.1016/j.jse.2021.08.010 471 

Jo
ur

na
l P

re
-p

ro
of



13 

 

11.  Burns KA, Robbins LM, LeMarr AR, Morton DJ, Wilson ML. Chronic kidney disease 472 

increases cost of care and readmission risk after shoulder arthroplasty. J. Shoulder 473 

Elbow Surg. 2024 Apr;33(4):e208–e214. doi:10.1016/j.jse.2023.08.018 474 

12.  Cecora AJ, Ragland D, Vallurupalli N, Ben-Ari E, Xu JJ, Molokwu BO, et al. 475 

Projections of utilization of primary and revision shoulder arthroplasty in the United 476 

States in the next 40 years. JSES Int. 2025 Mar;9(2):472–476. 477 

doi:10.1016/j.jseint.2024.10.013 478 

13.  Changjun C, Jingkun L, Yun Y, Yingguang W, Yanjun R, Debo Z, et al. Enhanced 479 

Recovery after Total Joint Arthroplasty ( <scp>TJA</scp> ): A Contemporary 480 

Systematic Review of Clinical Outcomes and Usage of Key Elements. Orthop. Surg. 481 

2023 May 27;15(5):1228–1240. doi:10.1111/os.13710 482 

14.  Cheng LCM, So VC, Irwin MG. Prehabilitation. Anaesthesia & Intensive Care 483 

Medicine. 2023 Sep;24(9):501–504. doi:10.1016/j.mpaic.2023.06.002 484 

15.  Cui P, Yang M, Hu H, Cheng C, Chen X, Shi J, et al. The impact of caregiver burden 485 

on quality of life in family caregivers of patients with advanced cancer: a moderated 486 

mediation analysis of the role of psychological distress and family resilience. BMC 487 

Public Health. 2024 Mar 15;24(1):817. doi:10.1186/s12889-024-18321-3 488 

16.  Dacombe P, Harries L, McCann P, Crowther M, Packham I, Sarangi P, et al. 489 

Predictors of length of stay following shoulder arthroplasty in a high-volume UK 490 

centre. The Annals of The Royal College of Surgeons of England. 2020 491 

Sep;102(7):493–498. doi:10.1308/rcsann.2020.0052 492 

17.  Destine H, Patel NK, Hall A, Kirkpatrick Q, Trenchfield DR, Pepe M, et al. Effect of 493 

hospital length of stay on functional outcomes and readmission after total shoulder 494 

arthroplasty. Seminars in Arthroplasty: JSES. 2024 Mar;34(1):108–114. 495 

doi:10.1053/j.sart.2023.09.005 496 

18.  Diamond KB, Gordon AM, Sheth BK, Romeo AA, Choueka J. How does depressive 497 

disorder impact outcomes in patients with glenohumeral osteoarthritis undergoing 498 

primary reverse shoulder arthroplasty? J. Shoulder Elbow Surg. 2023 Sep;32(9):1886–499 

1892. doi:10.1016/j.jse.2023.03.013 500 

19.  Doan MK, Pollock JR, Moore ML, Hassebrock JD, Makovicka JL, Tokish JM, et al. 501 

Increasing severity of anemia is associated with poorer 30-day outcomes for total 502 

shoulder arthroplasty. JSES Int. 2021 May;5(3):360–364. 503 

doi:10.1016/j.jseint.2021.02.001 504 

20.  ElNemer W, Kishan A, Fox HM, Nelson S, Merkely GB, Alfonso NA, et al. Shortened 505 

length of stay and its impact on total shoulder arthroplasty expenses. Shoulder Elbow. 506 

2025 May 23;doi:10.1177/17585732251344159 507 

21.  Elsabbagh Z, Haft M, Murali S, Best M, McFarland EG, Srikumaran U. Does use of 508 

glucagon-like peptide-1 agonists increase perioperative complications in patients 509 

Jo
ur

na
l P

re
-p

ro
of



14 

 

undergoing shoulder arthroplasty? J. Shoulder Elbow Surg. 2025 Apr;34(4):997–1006. 510 

doi:10.1016/j.jse.2024.07.045 511 

22.  Fassler R, Ling K, Burgan J, Komatsu DE, Wang ED. Components of metabolic 512 

syndrome as significant risk factors for postoperative complications following total 513 

shoulder arthroplasty: hypertension, diabetes, and obesity. JSES Int. 2024 514 

Jan;8(1):141–146. doi:10.1016/j.jseint.2023.08.019 515 

23.  Flamant EM, Goltz DE, Burnett RA, Wickman JR, Belay ES, Saltzman EB, et al. 516 

Malnutrition in elective shoulder arthroplasty: a multi-institutional retrospective study 517 

of preoperative albumin and adverse outcomes. J. Shoulder Elbow Surg. 2021 518 

Nov;30(11):2491–2497. doi:10.1016/j.jse.2021.03.143 519 

24.  Fowler AJ, Ahmad T, Phull MK, Allard S, Gillies MA, Pearse RM. Meta-analysis of 520 

the association between preoperative anaemia and mortality after surgery. British 521 

Journal of Surgery. 2015 Sep 9;102(11):1314–1324. doi:10.1002/bjs.9861 522 

25.  Fu MC, Boddapati V, Dines DM, Warren RF, Dines JS, Gulotta L V. The impact of 523 

insulin dependence on short-term postoperative complications in diabetic patients 524 

undergoing total shoulder arthroplasty. J. Shoulder Elbow Surg. 2017 525 

Dec;26(12):2091–2096. doi:10.1016/j.jse.2017.05.027 526 

26.  Garcia GH, Fu MC, Dines DM, Craig E V., Gulotta L V. Malnutrition: a marker for 527 

increased complications, mortality, and length of stay after total shoulder arthroplasty. 528 

J. Shoulder Elbow Surg. 2016 Feb;25(2):193–200. doi:10.1016/j.jse.2015.07.034 529 

27.  Griffin JW, Novicoff WM, Browne JA, Brockmeier SF. Obstructive sleep apnea as a 530 

risk factor after shoulder arthroplasty. J. Shoulder Elbow Surg. 2013 Dec;22(12):e6–531 

e9. doi:10.1016/j.jse.2013.06.003 532 

28.  Griffin JW, Novicoff WM, Browne JA, Brockmeier SF. Morbid obesity in total 533 

shoulder arthroplasty: risk, outcomes, and cost analysis. J. Shoulder Elbow Surg. 2014 534 

Oct;23(10):1444–1448. doi:10.1016/j.jse.2013.12.027 535 

29.  Gruson KI, Lo Y, Rothchild E, Shah P, Tabeayo E, Qawasmi F. Does Morbid Obesity 536 

(BMI ≥40 kg/m2) Impact Operative Time, Blood Loss, Length of Stay, or 537 

Complications Following Anatomic Total Shoulder Arthroplasty? Arch. Bone Jt. Surg. 538 

2023;11(6):389–397. doi:10.22038/ABJS.2023.70400.3306 539 

30.  HAMMOND JW, QUEALE WS, KIM TK, MCFARLAND EG. SURGEON 540 

EXPERIENCE AND CLINICAL AND ECONOMIC OUTCOMES FOR 541 

SHOULDER ARTHROPLASTY. The Journal of Bone and Joint Surgery-American 542 

Volume. 2003 Dec;85(12):2318–2324. doi:10.2106/00004623-200312000-00008 543 

31.  Hartwell MJ, Nelson P, Johnson DJ, Nicolay RW, Christian RA, Selley RS, et al. Total 544 

shoulder arthroplasty: risk factors for a prolonged length of stay. A retrospective 545 

cohort study. Curr. Orthop. Pract. 2019 Nov;30(6):534–538. 546 

doi:10.1097/BCO.0000000000000801 547 

Jo
ur

na
l P

re
-p

ro
of



15 

 

32.  Healy GL, Stuart CM, Dyas AR, Bronsert MR, Meguid RA, Anioke T, et al. 548 

Association between postoperative complications and hospital length of stay: a large-549 

scale observational study of 4,495,582 patients in the American College of Surgeons 550 

National Surgical Quality Improvement Program (ACS-NSQIP) registry. Patient Saf. 551 

Surg. 2024 Oct 1;18(1):29. doi:10.1186/s13037-024-00409-9 552 

33.  Holzgrefe RE, Wilson JM, Staley CA, Anderson TL, Wagner ER, Gottschalk MB. 553 

Modified frailty index is an effective risk-stratification tool for patients undergoing 554 

total shoulder arthroplasty. J. Shoulder Elbow Surg. 2019 Jul;28(7):1232–1240. 555 

doi:10.1016/j.jse.2018.12.004 556 

34.  Howard AF, Lynch K, Thorne S, Hoiss S, Arora RC, Ahmad O, et al. The role of 557 

family caregivers in critical illness survivor recovery at home: A qualitative study. J. 558 

Health Serv. Res. Policy. 2026 Jan;31(1):34–45. doi:10.1177/13558196251382500 559 

35.  Humphries W, Jain N, Pietrobon R, Socolowski F, Cook C, Higgins L. Effect of the 560 

Deyo Score on Outcomes and Costs in Shoulder Arthroplasty Patients. Journal of 561 

Orthopaedic Surgery. 2008 Aug 1;16(2):186–191. doi:10.1177/230949900801600212 562 

36.  Issa K, Pierce CM, Pierce TP, Boylan MR, Zikria BA, Naziri Q, et al. Total Shoulder 563 

Arthroplasty Demographics, Incidence, and Complications-A Nationwide Inpatient 564 

Sample Database Study. Surg. Technol. Int. 2016 Oct 26;29:240–246.  565 

37.  Izquierdo-Fernández A, Minarro JC, Carpintero-Lluch R, Estévez-Torres EM, 566 

Carpintero-Benítez P. Reverse shoulder arthroplasty in obese patients: analysis of 567 

functionality in the medium-term. Arch. Orthop. Trauma Surg. 2018 Jan 6;138(1):1–5. 568 

doi:10.1007/s00402-017-2816-6 569 

38.  Johnson CC, Sodha S, Garzon-Muvdi J, Petersen SA, McFarland EG. Does 570 

Preoperative American Society of Anesthesiologists Score Relate to Complications 571 

After Total Shoulder Arthroplasty? Clin. Orthop. Relat. Res. 2014 May;472(5):1589–572 

1596. doi:10.1007/s11999-013-3400-1 573 

39.  Kandil A, Griffin JW, Novicoff WM, Brockmeier SF. Blood transfusion after total 574 

shoulder arthroplasty: Which patients are at high risk? Int. J. Shoulder Surg. 575 

2016;10(2):72–7. doi:10.4103/0973-6042.180719 576 

40.  Khokhar S, Smith C, Raganato R, Ades R, Lo Y, Gruson KI. Does morbid obesity 577 

negatively impact perioperative outcomes following elective reverse shoulder 578 

arthroplasty?: a propensity-matched comparative study. JSES Int. 2024 579 

Nov;8(6):1215–1220. doi:10.1016/j.jseint.2024.06.015 580 

41.  Kim C-Y, Sivasundaram L, LaBelle MW, Trivedi NN, Liu RW, Gillespie RJ. 581 

Predicting adverse events, length of stay, and discharge disposition following shoulder 582 

arthroplasty: a comparison of the Elixhauser Comorbidity Measure and Charlson 583 

Comorbidity Index. J. Shoulder Elbow Surg. 2018 Oct;27(10):1748–1755. 584 

doi:10.1016/j.jse.2018.03.001 585 

Jo
ur

na
l P

re
-p

ro
of



16 

 

42.  Kim M, Ling K, Tantone RP, Al-Humadi S, Wang K, VanHelmond TA, et al. 586 

Investigating immediate postoperative medical complication risks relative to in-587 

hospital length of stay after total shoulder arthroplasty. JSES Int. 2023 Nov;7(6):2467–588 

2472. doi:10.1016/j.jseint.2023.07.011 589 

43.  Kim M, Tsouris N, Lung BE, Miskiewicz M, Wang KE, Komatsu DE, et al. 590 

Cumulative effect of chronic dehydration and age on postoperative complications after 591 

total shoulder arthroplasty. JSES Int. 2024 May;8(3):491–499. 592 

doi:10.1016/j.jseint.2023.12.007 593 

44.  Kishan A, Goldfarb SI, DePalo J, Fox HM, Kishan A, Srikumaran U. Perioperative 594 

complications and length of stay in patients with diabetes mellitus after aseptic 595 

revision total shoulder arthroplasty. Journal of Orthopaedic Reports. 2025 596 

Apr;4(1):100539. doi:10.1016/j.jorep.2024.100539 597 

45.  Kopriva JM, Schwartz AM, Wilson JM, Shah JA, Farley KX, Wagner ER, et al. 598 

Tramadol use before total shoulder arthroplasty: patients have lower risk of 599 

complications and resource utilization than those using traditional opioids. J. Shoulder 600 

Elbow Surg. 2024 Apr;33(4):863–871. doi:10.1016/j.jse.2023.07.035 601 

46.  Kremic L, Jaffer A, Patel K, Lee S, Xue Y, Daza JF, et al. Association between 602 

Preoperative Depression and Length of Stay after Major Surgery: A Systematic 603 

Review and Meta-analysis. Anesthesiology. 2025 Oct 19;143(4):929–943. 604 

doi:10.1097/ALN.0000000000005626 605 

47.  Lee D, Lee R, Cross MT, Tran A, Kappa J, Moghtaderi S. Low Serum Albumin Levels 606 

are Associated with Increased 30-Day Cardiopulmonary Complications, Reoperation, 607 

and Readmission Rates Following Total Shoulder Arthroplasty. Iowa Orthop. J. 608 

2019;39(2):27–34.  609 

48.  Lee RC, Abola M V., Du JY, Tanenbaum JE, Sivasundaram L, Voos JE, et al. 610 

Preoperative hyponatremia is associated with postoperative major morbidity, 611 

prolonged length of stay, non-home discharge, and readmission in total shoulder 612 

arthroplasty. Seminars in Arthroplasty: JSES. 2020 Jul;30(2):162–168. 613 

doi:10.1053/j.sart.2020.04.002 614 

49.  Liu SH, Bramian A, Loyst RA, Kashanchi K, Wang ED. The association of 615 

hyponatremia and early postoperative complications in aseptic revision total shoulder 616 

arthroplasty. Eur. J. Orthop. Surg. Traumatol. 2024 Aug;34(6):3251–3257. 617 

doi:10.1007/s00590-024-04054-x 618 

50.  Liu SH, Bramian A, Loyst RA, Wang ED. Dehydration independently predicts 619 

prolonged hospital stay following aseptic revision total shoulder arthroplasty. 620 

European Journal of Orthopaedic Surgery & Traumatology. 2025 May 20;35(1):207. 621 

doi:10.1007/s00590-025-04323-3 622 

51.  Liu SH, Cerri-Droz P, Loyst RA, Komatsu DE, Wang ED. Hypoalbuminemia predicts 623 

early postoperative complications following noninfectious revision total shoulder 624 

Jo
ur

na
l P

re
-p

ro
of



17 

 

arthroplasty. European Journal of Orthopaedic Surgery & Traumatology. 2024 Jul 625 

8;34(6):3129–3134. doi:10.1007/s00590-024-04041-2 626 

52.  Liu SH, Cerri-Droz P, Loyst RA, Lung B, Kashanchi K, Komatsu DE, et al. The 627 

geriatric nutritional risk index as a strong predictor of adverse outcomes following 628 

total shoulder arthroplasty. JSES Int. 2024 Jan;8(1):152–158. 629 

doi:10.1016/j.jseint.2023.08.022 630 

53.  Liu SH, Leonardo CJ, Loyst RA, Cerri-Droz P, Lung B, Zhu A, et al. Elevated alkaline 631 

phosphatase independently predicts early postoperative complications in noninfectious 632 

revision total shoulder arthroplasty. European Journal of Orthopaedic Surgery & 633 

Traumatology. 2024 Mar 26;34(4):2081–2087. doi:10.1007/s00590-024-03902-0 634 

54.  Liu SH, Mahboubi Ardakani R, Loyst RA, Cerri-Droz P, Komatsu DE, Wang ED. 635 

Severe malnutrition predicts early postoperative complications in aseptic revision total 636 

shoulder arthroplasty. Shoulder Elbow. 2024 Dec 19;17585732241306304. 637 

doi:10.1177/17585732241306303 638 

55.  Llombart R, Mariscal G, Barrios C, de la Rubia Ortí JE, Llombart-Ais R. The Impact 639 

of Hypoalbuminemia on Postoperative Complications in Patients Undergoing Shoulder 640 

Arthroplasty: A Meta-Analysis. J. Nutr. Health Aging. 2023 Dec;27(12):1248–1254. 641 

doi:10.1007/s12603-023-2050-6 642 

56.  Lonergan TM, Villarreal AD, Smith RA, Brolin TJ, Azar FM, Throckmorton TW. 643 

Mood disorders do not predict a more difficult course after primary anatomic total 644 

shoulder arthroplasty. Curr. Orthop. Pract. 2019 May;30(3):254–256. 645 

doi:10.1097/BCO.0000000000000749 646 

57.  Lunati MP, Wilson JM, Farley KX, Gottschalk MB, Wagner ER. Preoperative 647 

depression is a risk factor for complication and increased health care utilization 648 

following total shoulder arthroplasty. J. Shoulder Elbow Surg. 2021 Jan;30(1):89–96. 649 

doi:10.1016/j.jse.2020.04.015 650 

58.  Martino JA, Guareschi AS, Rogalski BL, Eichinger JK, Friedman RJ. Cirrhosis 651 

associated with increased complications and healthcare utilization following total 652 

shoulder arthroplasty. Shoulder Elbow. 2024 Dec 18;doi:10.1177/17585732241306098 653 

59.  Matsen FA, Li N, Gao H, Yuan S, Russ SM, Sampson PD. Factors Affecting Length 654 

of Stay, Readmission, and Revision After Shoulder Arthroplasty. J. Bone Joint Surg. 655 

2015 Aug;97(15):1255–1263. doi:10.2106/JBJS.N.01107 656 

60.  Mayfield CK, Abu-Zahra M, Freshman R, Fathi A, Kotlier JL, Brown E, et al. 657 

Perioperative opioid use in total shoulder arthroplasty is associated with dose-658 

dependent risk of major surgical and medical complications. J. Shoulder Elbow Surg. 659 

2025 Jul;34(7):1628–1640. doi:10.1016/j.jse.2024.10.029 660 

61.  Mayfield CK, Liu KC, Richardson MK, Freshman RD, Kotlier JL, Fathi A, et al. 661 

Tranexamic acid use in total shoulder arthroplasty continues to increase and is safe in 662 

Jo
ur

na
l P

re
-p

ro
of



18 

 

high-risk patients. J. Shoulder Elbow Surg. 2025 May;34(5):1138–1151. 663 

doi:10.1016/j.jse.2024.08.051 664 

62.  Menendez ME, Lawler SM, Carducci MP, Ring D, Mahendraraj KA, Jawa A. Delayed 665 

hospital discharge after total shoulder arthroplasty: why, and who is at risk? JSES 666 

Open Access. 2019 Oct;3(3):130–135. doi:10.1016/j.jses.2019.07.011 667 

63.  Miltenberg B, Yeramosu T, Johns WL, Onor G, Martinazzi B, Chang M, et al. 668 

Prediction of overnight stay following shoulder arthroplasty utilizing machine 669 

learning. Seminars in Arthroplasty: JSES. 2024 Dec;34(4):943–952. 670 

doi:10.1053/j.sart.2024.07.010 671 

64.  Mollon B, Mahure SA, Ding DY, Zuckerman JD, Kwon YW. The influence of a 672 

history of clinical depression on peri-operative outcomes in elective total shoulder 673 

arthroplasty. Bone Joint J. 2016 Jun;98-B(6):818–824. doi:10.1302/0301-674 

620X.98B6.37208 675 

65.  Moore JW, Guareschi AS, Rogalski BL, Eichinger JK, Friedman RJ. Fibromyalgia 676 

syndrome is an independent predictor of increased complications, revision, and cost of 677 

admission within 180 days of total shoulder arthroplasty. Seminars in Arthroplasty: 678 

JSES. 2024 Dec;34(4):936–942. doi:10.1053/j.sart.2024.07.009 679 

66.  Murphy AB, Menendez ME, Watson SL, Ponce BA. Metabolic syndrome and 680 

shoulder arthroplasty: epidemiology and peri-operative outcomes. Int. Orthop. 2016 681 

Sep 2;40(9):1927–1933. doi:10.1007/s00264-016-3214-3 682 

67.  Nazzal EM, Steuer F, Como M, Gilbert R, Adida S, Charles SJC, et al. Predictors of 683 

failing same-day discharge after shoulder arthroplasty: developing a model to improve 684 

outcomes and reduce health care cost. J. Shoulder Elbow Surg. 2025 Jun;34(6):S36–685 

S42. doi:10.1016/j.jse.2025.02.007 686 

68.  Ng RRG, Kwa CXW, Ke Y, Tan BPY, Feng M, Abdullah HR. Diabetes Mellitus, 687 

Preoperative Glycemic Control and Postoperative Outcomes: A Multi-Ethnic Asian 688 

Perspective. Clin. Med. Insights Endocrinol. Diabetes. 2025 Feb 23;18. 689 

doi:10.1177/11795514251356572 690 

69.  Papalia AG, Kingery MT, Romeo P V., Simcox T, Lin CC, Anil U, et al. Inpatient 691 

charges, complication, and revision rates for shoulder arthroplasty in Parkinson 692 

disease: a regional database study. J. Shoulder Elbow Surg. 2023 Oct;32(10):2043–693 

2050. doi:10.1016/j.jse.2023.04.003 694 

70.  Pappou I, Virani NA, Clark R, Cottrell BJ, Frankle MA. Outcomes and Costs of 695 

Reverse Shoulder Arthroplasty in the Morbidly Obese. Journal of Bone and Joint 696 

Surgery. 2014 Jul 16;96(14):1169–1176. doi:10.2106/JBJS.M.00735 697 

71.  Parks L, Routt M, De Villiers A. Enhanced Recovery After Surgery. J. Adv. Pract. 698 

Oncol. 2018;9(5):511–519.  699 

Jo
ur

na
l P

re
-p

ro
of



19 

 

72.  Polisetty T, Cannon D, Grewal G, Vakharia RM, Vegas A, Levy JC. Iron deficiency 700 

anemia is associated with increased medical and implant-related complications and 701 

length of stay for patients undergoing total shoulder arthroplasty. J. Shoulder Elbow 702 

Surg. 2023 May;32(5):e200–e205. doi:10.1016/j.jse.2022.11.005 703 

73.  Polisetty TS, Grewal G, Drawbert H, Ardeljan A, Colley R, Levy JC. Determining the 704 

validity of the Outpatient Arthroplasty Risk Assessment (OARA) tool for identifying 705 

patients for safe same-day discharge after primary shoulder arthroplasty. J. Shoulder 706 

Elbow Surg. 2021 Aug;30(8):1794–1802. doi:10.1016/j.jse.2020.10.036 707 

74.  Ponce BA, Menendez ME, Oladeji LO, Soldado F. Diabetes as a risk factor for poorer 708 

early postoperative outcomes after shoulder arthroplasty. J. Shoulder Elbow Surg. 709 

2014 May;23(5):671–678. doi:10.1016/j.jse.2014.01.046 710 

75.  Puzzitiello RN, Colliton EM, Swanson DP, Menendez ME, Moverman MA, Hart PA, 711 

et al. Patients with limited health literacy have worse preoperative function and pain 712 

control and experience prolonged hospitalizations following shoulder arthroplasty. J. 713 

Shoulder Elbow Surg. 2022 Dec;31(12):2473–2480. doi:10.1016/j.jse.2022.05.001 714 

76.  Rupani N, Combescure C, Silman A, Lübbeke A, Rees J. International trends in 715 

shoulder replacement: a meta-analysis from 11 public joint registers. Acta Orthop. 716 

2024 Jun 18;95:348–357. doi:10.2340/17453674.2024.40948 717 

77.  Sauro KM, Smith C, Ibadin S, Thomas A, Ganshorn H, Bakunda L, et al. Enhanced 718 

Recovery After Surgery Guidelines and Hospital Length of Stay, Readmission, 719 

Complications, and Mortality. JAMA Netw. Open. 2024 Jun 18;7(6):e2417310. 720 

doi:10.1001/jamanetworkopen.2024.17310 721 

78.  Schairer WW, Nwachukwu BU, Lyman S, Craig E V., Gulotta L V. National 722 

utilization of reverse total shoulder arthroplasty in the United States. J. Shoulder 723 

Elbow Surg. 2015 Jan;24(1):91–97. doi:10.1016/j.jse.2014.08.026 724 

79.  Sivasundaram L, Heckmann N, Pannell WC, Alluri RK, Omid R, Hatch GF “Rick.” 725 

Preoperative risk factors for discharge to a postacute care facility after shoulder 726 

arthroplasty. J. Shoulder Elbow Surg. 2016 Feb;25(2):201–206. 727 

doi:10.1016/j.jse.2015.07.028 728 

80.  Tischler EH, Tsai SHL, McDermott JR, Vummidi S, Lin CR, Harounian J, et al. 729 

Hypoalbuminemia associated perioperative mortality, reoperation, and readmission 730 

rates among total joint arthroplasty procedures: a systematic review and meta-analysis. 731 

European Journal of Orthopaedic Surgery & Traumatology. 2025 Aug 9;35(1):342. 732 

doi:10.1007/s00590-025-04468-1 733 

81.  Vanderham LC, Guareschi AS, Barfield WR, Eichinger JK, Friedman RJ. Psychiatric 734 

comorbidities are an independent risk factor for perioperative and postoperative 735 

complications in patients undergoing primary total shoulder arthroplasty. Seminars in 736 

Arthroplasty: JSES. 2024 Mar;34(1):44–51. doi:10.1053/j.sart.2023.08.003 737 

Jo
ur

na
l P

re
-p

ro
of



20 

 

82.  Wang KY, Quan T, Gu A, Best MJ, Stadecker M, Srikumaran U. Increased severity of 738 

anemia is associated with postoperative complications following primary total 739 

shoulder arthroplasty. J. Shoulder Elbow Surg. 2021 Oct;30(10):2393–2400. 740 

doi:10.1016/j.jse.2021.01.022 741 

83.  Weinreb JH, Cote MP, O’Sullivan MB, Mazzocca AD. Shoulder Arthroplasty: 742 

Disposition and Perioperative Outcomes in Patients With and Without Rheumatoid 743 

Arthritis. Am. J. Orthop. (Belle Mead NJ). 2016;45(4):E204-10.  744 

84.  Wilson JM, Farley KX, Gottschalk MB, Daly CA, Wagner ER. Preoperative opioid 745 

use is an independent risk factor for complication, revision, and increased health care 746 

utilization following primary total shoulder arthroplasty. J. Shoulder Elbow Surg. 2021 747 

May;30(5):1025–1033. doi:10.1016/j.jse.2020.08.007 748 

 749 

85.  Zhang H-C, Zhang Y, Dai H-B, Wu D, Xu B. Preoperative anemia and 750 

complications after total joint arthroplasty: a systematic review and meta-analysis. Eur. 751 

Rev. Med. Pharmacol. Sci. 2022 Oct;26(20):7420–7430. 752 

doi:10.26355/eurrev_202210_30011  753 

 754 

Figures 755 

 756 

Figure 1. PRISMA flow diagram  757 

Figure 2. ROBINS-I risk of bias assessment  758 

 759 

Jo
ur

na
l P

re
-p

ro
of



Aut
hor 
(Ye
ar) 

Title 
Jour

nal 

St

ud

y 

de

sig

n 

C

o

u

nt

ry 

or 

re

gi

o

n 

Dat
a 

Sou
rce 

Sa

mp

le 

siz

e 

(To

tal 

an

d 

for 

ea

ch 

su

bgr

ou

p 

(if 

ap

pli

ca

ble

) 

Age 

(Me

an ± 

SD 

Or 

me

dia

n 

(IQ

R)) 

% 

mal

e 

BMI 

(me

an ± 

SD) 

Com

orbid

ity 

indic

es 

Indi

cati

on 

for 

TSA 

Typ

e of 

TSA 

per

for

me

d 

Jo
ur

na
l P

re
-p

ro
of



Liu 
et al. 
202
5⁵⁰ 

Dehyd
ration 
indep
enden

tly 
predic

ts 
prolo
nged 

hospit
al stay 
follow

ing 
asepti

c 
revisi

on 
total 

shoul
der 

arthro
plasty

. 

Europ
ean 

Journa
l of 

Ortho
paedi

c 
Surger
y and 

Traum
atolog

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Ame
rica

n 
Coll
ege 
of 

Surg
eon

s 
Nati
onal 
Surg
ical 
Qua
lity 
Imp
rove
men

t 
Prog
ram 
(AC
S-
NS

QIP) 
data
bas

e 
(201

5–
202
2) 

1,3

72 

Age 
repor

ted 
categ
orical

ly - 
overa

ll 
coho

rt: 
0.8 % 

of 
norm
ally 

hydra
ted 
and 

0.4 % 
of 

dehy
drate

d 
patie

nts 
were 
18–

39 yr
s; 

16.5 
% 

vs 8.
0 % 

were 
40–

59 yr
s; 

72.5 
% 

vs 72
.9 % 
were 
60–

79 yr
s; 

and 
10.2 

% 
vs 18
.7 % 
were 

Over
all 

coho
rt: 

62.9 
% 

male
. In 
the 

norm
al 

hydr
ation 
grou

p 
65.6 

% 
were 
male 

vs 
49.3 
% in 
the 

dehy
drati

on 
grou

p 

Mean 
BMI 
not 

repor
ted 
but 
BMI 

prese
nted 

categ
orical

ly - 
<18.5
 kg/m

² 
(0.1 

% 
norm
al vs 
0 % 

dehy
drate

d), 
18.5–
24.9 
kg/m

² 
(14.1 

% 
vs 16
.4 %), 

25–
29.9 
kg/m

² 
(30.9 

% 
vs 32
.4 %), 

and 
≥30 k
g/m² 

(54.9 
% 

vs 51
.1 %) 

ASA 
classif
ication 

≤2 in 
34.7 % 

of 
norma

l 
hydrati
on and 
27.1 % 

of 
dehydr

ated 
patien

ts; 
ASA ≥

3 in 
65.3 % 
vs 72.

9 % 
Comor
biditie
s: CHF 
1.9 % 
vs 3.6 

%, 
hypert
ension 
70.3 % 
vs 76.
9 %, 

COPD 
6.6 % 
vs 10.
7 %, 

bleedi
ng 

disord
er 

3.7 % 
vs 4.4 

%, 
disse
minat

ed 
cancer 
0.3 % 
vs 0 %  
Functi

onal 

Asepti
c 

(non-i
nfecti
ous) 
revisi

on 
TSA; 

cases 
perfor
med 
for 

infecti
on 

were 
exclu
ded 

Revi
sion 
total 
shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



≥80 y
rs 

status 
was 

indepe
ndent 

in 
96.7 % 
vs 97.

8 % 

Jo
ur

na
l P

re
-p

ro
of



Nazz
al et 
al. 

202
5⁶⁷ 

Predic
tors of 
failing 
same-

day 
disch
arge 
after 
shoul

der 
arthro
plasty

: 
devel
oping 

a 
model 

to 
impro

ve 
outco
mes 
and 

reduc
e 

health 
care 
cost. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
cas
e-c
ont
rol 
stu
dy 

US
A 

Sing
le-

cent
re 

insti
tutio
nal 

data
bas

e 
(con
sec
utiv

e 
sho
ulde

r 
arth
ropl
asty 
coh
ort) 

333 

69.9 
± 7.9 
years 
overa

ll. 
achie

ved 
SDD 

had a 
mean 

age 
of 

69.5 
± 7.7 

vs 
71.1 
± 8.2 
years 

in 
patie

nts 
who 

failed 
SDD. 

46.9 
% 

male 
overa

ll; 
50.2 

% 
male 
in the 
SDD 
grou
p vs 

38.0 
% 

male 
in the 
failur

e 
grou

p. 

Mean 
BMI 

30.9 
± 6.4 
kg/m

²; 
SDD 

group 
30.5 
± 6.4 

vs 
failur

e 
group 
32.0 
± 6.3. 

Mean 
Charls

on 
Comor
bidity 
Index 
(CCI) 

3.4 ± 1
.6 

overall 
(3.33 
± 1.6 

for 
SDD 

vs 
3.67 ± 
1.7 for 
failure

) 

Prima
ry 

gleno
hume

ral 
osteo
arthrit

is or 
rotato
r cuff 
arthro
pathy. 
Patien

ts 
with 

fractu
res, 

revisi
on 

arthro
plasty

, or 
age < 
45 yrs 
were 
exclu
ded. 

Anat
omic 
TSA, 
rever

se 
TSA, 

Jo
ur

na
l P

re
-p

ro
of



Areti 
et al. 
202
5⁴ 

Impac
t of 

morbi
d 

obesit
y on 

posto
perati

ve 
outco
mes 

in 
revers
e total 
shoul

der 
arthro
plasty

: A 
nation

al 
inpati

ent 
sampl

e 
analy

sis. 

Journa
l of 

Ortho
paedi

cs 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

Hea
lthc
are 
Cos

t 
and 
Utili
zati
on 

Proj
ect 
(HC
UP) 

59,

925 

Mean 
age 
at 

admi
ssion

: 
morb
idly 

obes
e 

67.7
4 ± 7.
674 y
ears 

vs 
71.6
7 ± 8.
642 y
ears 

in the 
contr

ol 
grou

p 
(diffe
rence 

–
3.93 
years

, 
p < 0.
001). 
Age 

categ
ories 
show
ed a 
great

er 
prop
ortio
n of 

youn
ger 

patie
nts in 

the 
morb
idly 

obes
e 

28.4
0 % 
in 

morb
idly 

obes
e  vs 
40.4
4 % 

male 
contr

ol 
grou

p. 

 

Diabet
es and 
tobacc
o-relat

ed 
disord

ers. 
Diabet

es 
withou

t 
compli
cation

s 
occurr
ed in 

22.04 
% of 

morbi
dly 

obese 
vs 

13.78 
% 

contro
ls; 

diabet
es 

with 
compli
cation

s 
occurr
ed in 

0.39 % 
vs 

0.18 %
. 

Tobac
co-rel
ated 

diagno
ses 

were 
less 

comm
on in 
the 

morbi
dly 

obese 

Rotat
or 

Cuff 
Arthro
pathy, 
fractu

res, 
osteo
arthrit
is and 
revisi

on 
arthro
plasty 

Reve
rse 

Total 
Shou
lder 
Athr
opla
sty 

only 

Jo
ur

na
l P

re
-p

ro
of



coho
rt 

(<60 
yrs: 1
4.15 
% vs 
8.32 

% 
contr

ol; 
60–

69 yr
s: 42.
55 % 

vs 
29.8
4 %; 

p < 0.
001). 

group 
(11.26
 % vs 

16.51 
%, 

p < 0.0
01). 

Jo
ur

na
l P

re
-p

ro
of



Mayf
ield 

et al. 
202
5⁶⁰ 

Periop
erativ

e 
opioid 
use in 
total 

shoul
der 

arthro
plasty 

is 
assoc
iated 
with 

dose-
depen
dent 

risk of 
major 
surgic
al and 
medic

al 
compl
icatio

ns. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Pre
mier 
Hea
lthc
are 
Dat
aba
se 

(PH
D) 

140

,25

1 

1.70 
± 8.5
1 yrs 
in the 
lowe

st 
quinti

le, 
70.6

6 ± 8.
59 yr

s, 
70.0

0 ± 8.
85 yr

s, 
69.0

2 ± 9.
02 yr
s and 
67.2

4 ± 9.
48 yr
s in 
the 

highe
st 

quinti
le. 

45.0
6 % 

in the 
lowe

st 
quint
ile vs 
40.6
2 % 

in the 
highe

st 
quint

ile 

 

Conge
stive 
Heart 

Faliure
, 

Chroni
c 

pulmo
nary 

diseas
e, 

comlic
ated 

diabet
es, 

obesit
y, fluid 
electr
olyte 

imbala
nce 
and 

depres
sion 

Prima
ry 

electi
ve 

anato
mic or 
revers
e total 
shoul

der 
arthro
plasty 

Anat
omic 
TSA, 
rever

se 
TSA, 

Jo
ur

na
l P

re
-p

ro
of



Liu 
et al. 
202
4⁵⁴ 

Sever
e 

malnu
trition 
predic

ts 
early 
posto
perati

ve 
compl
icatio
ns in 

asepti
c 

revisi
on 

total 
shoul

der 
arthro
plasty

. 

Shoul
der 
and 

Elbow 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

678 

Age 
repor

ted 
by 

categ
ories: 

65–
74 yr

s 
(67.6 

% 
norm

al, 
60.0 

% 
mod
erate

, 
52.3 

% 
sever

e); 
75–

84 yr
s 

(29.5 
% 

norm
al, 

32.6 
% 

mod
erate

, 
36.9 

% 
sever

e); 
≥85 y

rs 
(2.9 

% 
norm

al, 
7.4 % 
mod
erate

, 
10.8 

% 

Base
d on 

Geria
tric 

Nutri
tiona
l Risk 
Index 
(GNR

I) : 
norm

al 
GNRI 
45.6 

% 
male 

, 
mod
erate 
maln
utriti

on 
47.4 

% 
male

, 
sever

e 
maln
utriti

on 
40.0 

% 
male 

 

ASA 
classif
ication 

≥3: 
68.3 % 
norma

l 
nutriti

on, 
78.9 % 
moder

ate 
malnu
trition 

and 
83.1 % 
severe 
malnu
trition,   
Comor
biditie

s 
record

ed 
includ

ed 
conge
stive 
heart 

failure 
(CHF), 
diabet

es, 
hypert
ension

, 
chroni

c 
obstru
ctive 

pulmo
nary 

diseas
e 

(COPD
), 

bleedi
ng 

disord
ers 
and 

Revisi
on 

total 
shoul

der 
arthro
plasty 

for 
non-in
fectio

us 
etiolo
gies 

Revi
sion 
Total 
Shou
lder 

Arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



sever
e) 

disse
minat

ed 
cancer

; 
COPD 

was 
more 
preval
ent in 

the 
moder

ate 
malnu
trition 
group 
(13.7 
% vs 

7.1 % 
norma

l) 

Jo
ur

na
l P

re
-p

ro
of



Mayf
ield 

et al. 
202
5⁶¹ 

Trane
xamic 
acid 

use in 
total 

shoul
der 

arthro
plasty 
contin
ues to 
increa

se 
and is 
safe 

in 
high-
risk 

patien
ts. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Pre
mier 
Hea
lthc
are 
Dat
aba
se 

(PH
D) 

86,

356 

mean 
age 
was 

70.3 
± 8.4 
years 
(TXA⁺

) vs 
70.5 
± 8.6 
years 
(TXA⁻

).  
High-
risk 

coho
rts 

had 
simil

ar 
mean 
ages 
(71.5 

vs 
71.6 
years

). 

45.3 
% of 
the 

TXA⁺ 
grou

p and 
44.9 
% of 
the 

TXA⁻ 
grou

p 
were 
male

. In 
the 

high-
risk 

subgr
oup, 
39.7 

% 
(TXA⁺
) and 
38.9 

% 
(TXA⁻

) 
were 
male

. 

 

In the 
unmat
ched 

cohort
s, 

TXA⁺ 
patien
ts had 
lower 
rates 

of 
conge
stive 
heart 

failure 
(4.9 % 

vs 
6.1 %)

, 
pulmo

nary 
circula

tion 
disord

ers 
(0.9 % 

vs 
1.1 %)

, 
periph

eral 
vascul

ar 
diseas

e 
(3.1 % 

vs 
3.8 %)

, 
compli
cated 
hypert
ension 
(10.8 
% vs 

11.8 %
), 

renal 
failure 
(8.4 % 

vs 

Prima
ry 

electi
ve 

Total 
shoul

der 
arthro
plasty 

Anat
omic 
and 

Reve
rse 

total 
shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



9.4 %) 
and 

history 
of VTE 
(4.5 % 

vs 
6.5 %)
. Rates 

of 
chroni

c 
pulmo

nary 
diseas

e, 
diabet

es, 
hypoth
yroidis

m, 
obesit

y, 
depres

sion 
and 

other 
comor
biditie
s were 
similar 
betwe

en 
groups
. After 
match

ing, 
comor
bidity 

differe
nces 
were 

elimin
ated, 
with 

similar 
preval
ence 

of 
conge
stive 
heart 

Jo
ur

na
l P

re
-p

ro
of



failure 
(~5.1 

%), 
hypert
ension 
(~60 
%), 

chroni
c 

pulmo
nary 

diseas
e 

(~19.5
 %) 
and 

obesit
y 

(~21.7
 %) in 
both 

cohort
s. 

Jo
ur

na
l P

re
-p

ro
of



Liu 
et al. 
202
4⁴⁹ 

The 
assoc
iation 

of 
hypon
atrem
ia and 
early 
posto
perati

ve 
compl
icatio
ns in 

asepti
c 

revisi
on 

total 
shoul

der 
arthro
plasty

. 

Europ
ean 

Journa
l of 

Ortho
paedi

c 
Surger
y and 

Traum
atolog

y 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

1,9

27 

Age 
was 

categ
orize

d; 
60–

79 yr
s 

acco
unte
d for 
71.7 
% of 

eunat
remic 

and 
71.3 
% of 
hypo
natre
mic 

patie
nts. 

Youn
ger 

(<60 
yrs) 
and 

≥80 y
rs 

grou
ps 

comp
rised 
the 

rema
inder 

Sex 
distri
butio

n 
was 
simil

ar: 
euna
tremi

a 
47.7 

% 
male 

vs 
hypo
natre
mia 

46.3 
% 

male 

BMI 
categ
ories: 
eunat
remia

—
53.9 

% 
obes

e 
(≥30 
kg/m

²), 
30.6 

% 
over
weig

ht 
(25–
29.9 
kg/m

²), 
15.1 

% 
norm

al 
weig

ht 
(18.5

–
24.9 
kg/m

²) 
and 

0.4 % 
unde
rweig

ht; 
hypo
natre
mia
—

46.3 
% 

obes
e, 

26.5 
% 

over
weig

ht, 

Functi
onal 

status 
prior 

to 
surger

y 
(depe
ndent 

vs 
indepe
ndent)
, ASA 

classif
ication

, 
smoki

ng, 
steroi
d use 
and 

comor
biditie
s such 

as 
conge
stive 
heart 

failure
, 

hypert
ension

, 
COPD, 
bleedi

ng 
disord

ers 
and 

disse
minat

ed 
cancer 

were 
record

ed 

Revisi
on 

total 
shoul

der 
arthro
plasty 

for 
asepti

c 
indica
tions 

Anat
omic 
and 

Reve
rse 

total 
shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



26.5 
% 

norm
al 

weig
ht 

and 
0.7 % 
unde
rweig

ht. 
Hypo
natre
mia 
was 

signif
icantl

y 
asso
ciate

d 
with 
BMI 

<24.9
 kg/m

² 
(P = 0
.004) 

Jo
ur

na
l P

re
-p

ro
of
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et al. 
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Hypo
album
inemi

a 
predic

ts 
early 
posto
perati

ve 
compl
icatio

ns 
follow

ing 
noninf
ectiou

s 
revisi

on 
total 

shoul
der 

arthro
plasty

. 

Europ
ean 

Journa
l of 

Ortho
paedi

c 
Surger
y and 

Traum
atolog

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

839  

norm
al-

albu
min 
grou

p, 
48.3 

% 
were 
male 
(362/
750); 
in the 
hypo
albu
mine
mia 
grou

p 
37.1 

% 
were 
male 
(33/8

9) 

BMI 
was 

categ
orize
d: in 
the 

norm
al-

albu
min 

coho
rt, 

16.9 
% 

were 
norm

al 
weig

ht 
(18.5

–
24.9 
kg/m

²), 
29.3 

% 
over
weig

ht 
(25–
29.9 
kg/m

²) 
and 

53.3 
% 

obes
e 

(≥30 
kg/m
²); in 
the 

hypo
albu
mine
mia 

group 
13.5 

% 
were 
norm

ASA 
class 
and 

comor
biditie
s were 
record

ed. 
Hypoa
lbumi
nemia 

was 
associ

ated 
with 

depen
dent 

functi
onal 

status 
(10.1 
% vs 

2.7 %; 
P<0.0

01) 
and 
ASA 

class 
≥ 3 

(78.7 
% vs 

63.5 %
; 

P=0.0
05).  

Diabet
es was 
more 

comm
on in 
the 

norma
l-

albumi
n 

group 
(19.1 
% vs 

5.6 %; 
P=0.0

07) 

Asepti
c 

revisi
on 

total 
shoul

der 
arthro
plasty 

Revi
sion 
Total 
Shou
lder 
arthr
opla
sty 

Jo
ur

na
l P
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-p

ro
of



al 
weig

ht, 
73.0 

% 
over
weig

ht 
and 

13.5 
% 

obes
e 

Jo
ur

na
l P

re
-p

ro
of



Liu 
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Elevat
ed 

alkali
ne 

phosp
hatas

e 
indep
enden

tly 
predic

ts 
early 
posto
perati

ve 
compl
icatio
ns in 

noninf
ectiou

s 
revisi

on 
total 

shoul
der 

arthro
plasty

. 

Europ
ean 

Journa
l of 

Ortho
paedi

c 
Surger
y and 

Traum
atolog

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

936 

<40 y
rs 

1.0 % 
vs 

3.7 % 
(nor
mal 
vs 

eleva
ted);               
40–

59 yr
s 

18.0 
% vs 
20.4 

%;           
60–

79 yr
s 

71.1 
% vs 
64.8 

%; 
≥80 y

rs 
9.9 % 

vs 
11.1 

%. 

Nor
mal 
grou

p : 
49.4 

% 
male   
eleva

ted 
grou

p : 
35.2 

% 
male

. 

 

Norma
l 

Group 
vs 

Elevat
ed 

group:        
ASA 

class 
≥3 in 

65.1% 
vs 

88.9 %       
depen
dent 

functi
onal 

status 
: 

(11.1 
% vs 

3.3 %)               
diabet

es 
(31.5 
% vs 

19.8 %
) and 

bleedi
ng 

disord
ers 

(9.3 % 
vs 

3.1 %) 

Revisi
on Tsa 

for 
asepti

c 
etiolo
gies 

Revi
sion 
total 
shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



Liu 
et al. 
202
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The 
geriatr

ic 
nutriti
onal 
risk 

index 
as a 

strong 
predic
tor of 
adver

se 
outco
mes 

follow
ing 

total 
shoul

der 
arthro
plasty

. 

Europ
ean 

Journa
l of 

Ortho
paedi

c 
Surger
y and 

Traum
atolog

y 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

11,

411 

65–
74 yr

s 
(29.1 
% of 

norm
al, 

23.4 
% 

mod
erate
, 21.9 

% 
sever

e) 
75–

84 yr
s 

(54.1 
% 

norm
al, 

52.8 
% 

mod
erate
, 48.1 

% 
sever

e) 
≥ 

85 yr
s 

(16.9 
% 

norm
al, 

23.9 
% 

mod
erate
, 30.0 

% 
sever

e) 

norm
al 

GNRI 
42.0 

% 
male

,              
mod
erate 
36.6 

% 
male

,                
sever

e 
28.3 

% 
male 

BMI 
not 

provi
ded 
as a 

conti
nous 
meas

ure 

Functi
onal 

status:             
2.3 % 
of the 
norma

l,                  
3.4 % 
of the 
moder

ate 
and         

10.4 % 
of the 
severe 
malnu
trition 
group          
ASA 

classif
ication 

≥ 3 
occurr
ed in 

61.6 %
, 

73.1 % 
and 

80.7 % 
of 

norma
l, 

moder
ate 
and 

severe 
group 

 

Anat
omic 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



Fass
ler 

et al. 
202
4²² 

Comp
onent

s of 
meta
bolic 
syndr
ome 

as 
signifi
cant 
risk 

factor
s for 

posto
perati

ve 
compl
icatio

ns 
follow

ing 
total 

shoul
der 

arthro
plasty

: 
hypert
ensio

n, 
diabet

es, 
and 

obesit
y. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

26,

613 

< 65 
yrs 

27.7 
% of 
no-M
etS 
vs 

25.7 
% of 

MetS; 
65–
74 
yrs 

40.9 
% vs 
49.0 

% 
 ≥ 75 
yrs 

30.8 
% vs 
25.1 

%. 
Patie

nts 
with 
MetS 
were 
more 
likely 
to be 
aged 
65–
74 

and 
less 

likely 
to be 
≥ 75 
yrs 

male
s 

44.6 
% vs 
42.2 

%  
no-

MetS 
vs 

MetS 

 

MetS 
vs 

Contro
l   

ASA 
≥ 3 
was 

presen
t in 

85.5 % 
vs 

54.2 % 
depen
dent 

functi
onal 

status 
(3.4 % 
vs 1.9 

%) 
dyspn
ea on 

exertio
n or at 
rest, 

COPD 
(8.5 % 
vs 6.4 

%) 
conge
stive 
heart 

failure 
(1.4 % 
vs 0.6 

%) 
open 

wound
/woun

d 
infecti

on 
(0.6 % 
vs 0.3 

%) 
bleedi

ng 
disord

ers 
(3.3 % 

Prima
ry 

total 
shoul

der 
arthro
plasty 

for 
non-tr
auma 
indica
tions 

Anat
omic 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
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vs 2.4 
%) 
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of



Burn
s et 
al. 

202
4¹¹ 

Chron
ic 

kidne
y 

disea
se 

increa
ses 
cost 

of 
care 
and 
read
missi

on 
risk 

after 
shoul

der 
arthro
plasty

. 

journa
l 

shoul
der 

elbow  
surger

y 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

Regi
onal 
heal

th 
syst
em 

elec
troni

c 
med
ical 
reco

rd 
data
bas

e 
(Epi
c; 7-
hos
pital 
syst
em) 

514 

CKD: 
73.2 
± 8.9 

yrs 
Non-
CKD: 
68.1 
± 9.4 

yrs 
(p<0.
001) 

CKD: 
32% 
male 
Non-
CKD: 
53.5

% 
male 

CKD: 
31.5 
± 7.2 
Non-
CKD: 
31.7 
± 6.5 
(NS) 

Numb
er of 

comor
biditie
s: CKD 
5.9 ± 
2.9 vs 
Non-
CKD 
5.0 ± 
3.1 

(p<0.0
01) 

Specifi
c 

comor
biditie
s: CKD 
patien

ts 
more 
likely 

to 
have 

diabet
es 

(36.8
% vs 

20.1%
, 

p<0.0
01), 

cardia
c 

diseas
e 

(40.8
% vs 

30.3%
, 

p=0.0
3), 

anemi
a 

(41.9
% vs 

18.5%
, 

p<0.0
01), 

dialysi

Electi
ve 

prima
ry TSA 

Anat
omic 
and 

Reve
rse 
TSA 

Jo
ur

na
l P

re
-p

ro
of



s 
(5.6% 
vs 0, 

p<0.0
01). 

Jo
ur

na
l P

re
-p

ro
of



Bran
dner 
et al. 
202
4⁸ 

Impac
t of 

opioid 
depen
dence 

on 
outco
mes 

follow
ing 

total 
shoul

der 
arthro
plasty

. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Rea
dmi
ssio
ns 

Dat
aba
se 

(NR
D), 
HC
UP 

58,

975 
    

Prima
ry 

anato
mic 
and 

revers
e TSA 

Anat
omic 
and 

Reve
rse 
TSA 

Jo
ur

na
l P

re
-p

ro
of



Grus
on 

et al. 
202
3²⁹ 

Does 
Morbi

d 
Obesi

ty 
(BMI 
≥40 

kg/m²
) 

Impac
t 

Opera
tive 

Time, 
Blood 
Loss, 
Lengt
h of 

Stay, 
or 

Comp
licatio

ns 
Follo
wing 

Anato
mic 

Total 
Shoul

der 
Arthro
plasty

? 

Archiv
es of 
bone 
and 
joint 

surger
y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Sing
le-

insti
tutio

n 
retr
osp
ecti
ve 

coh
ort 

130 

Medi
an 

ages: 
non-
obes

e 
64.0 

yrs 
(IQR 
56–
71), 
obes

e 
61.5 

yrs 
(IQR 
55–
69), 

morb
idly 

obes
e 

62.0 
yrs 

(IQR 
56–
67) 

42 % 
(55/1

30) 

Medi
an 

BMI: 
non-
obes

e 
26.8 
kg/m

² 
(IQR 
24.9–
28.2)

, 
obes

e 
33.9 
kg/m

² 
(IQR 
32.4–
36.5)

, 
morb
idly 

obes
e 

42.7 
kg/m

² 
(IQR 
41.3–
45.4) 
Over

all 
mean 
BMI 

33.2 
± 6.8 
kg/m

² 

Age-a
djuste

d 
Charls

on 
Comor
bidity 
Index 

(ACCI)
; 

media
ns: 3.0 
(IQR 2.
0–4.0) 
non-o
bese, 

2.5 
(IQR 1.
5–4.0) 
obese, 

2.0 
(IQR 2.
0–3.0) 
morbi

dly 
obese 

Electi
ve 

prima
ry 

aTSA 
for 

prima
ry 

osteo
arthrit

is 

Anat
omic 
total 
shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



Pap
alia 

et al. 
202
3⁶⁹ 

Inpati
ent 

charg
es, 

compl
icatio
n, and 
revisi

on 
rates 

for 
shoul

der 
arthro
plasty 

in 
Parkin

son 
disea
se: a 

region
al 

datab
ase 

study. 

JSES 
Intern
ationa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Stat
ewi
de 
all-
pay
er 

adm
inist
rativ

e 
data
bas

e 

39,

011 

non-
PD 

68.6 
± 10.
4 yr 

vs PD 
72.3 
± 8.0 

yr 

43%  

Elixha
user 

Comor
bidity 
Index 

Indica
tion 
by 

ICD-9
/10 

codes 

Anat
omic 
TSA, 
rever

se 
TSA, 
and 

hemi
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



Dia
mon
d et 
al. 

202
3¹⁸ 

How 
does 
depre
ssive 

disord
er 

impac
t 

outco
mes 

in 
patien

ts 
with 

gleno
hume

ral 
osteo
arthrit

is 
under
going 
prima

ry 
revers

e 
shoul

der 
arthro
plasty

? 

JSES 
Intern
ationa

l 

retr
osp
ecti
ve 

cas
e-

con
trol 
stu
dy 

US
A 

Nati
onal 
clai
ms 

data
bas

e 

24,

326 
 

47.3
8 % 

male
s DD 
vs 47
.36 % 

no 
DD 

 

chroni
c 

obstru
ctive 

pulmo
nary 

diseas
e, 

conge
stive 
heart 

failure
, 

diabet
es, 

hyperli
pidemi

a, 
hypert
ension 

, 
obesit

y. 

gleno
hume

ral 
osteo
arthrit

is or 
rotato
r cuff 
tear 

rever
se 

shou
lder 
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



Polis
etty 

et al. 
202
3⁷² 

Iron 
defici
ency 

anemi
a is 

assoc
iated 
with 

increa
sed 

medic
al and 
impla

nt-
relate

d 
compl
icatio

ns 
and 

length 
of 

stay 
for 

patien
ts 

under
going 
total 

shoul
der 

arthro
plasty

. 

JSES 
Intern
ationa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

us
a 

Med
icar

e 
data
bas

e 

106

,13

4 

73 yr 
for 

both 
coho

rts 
(age 

categ
ories: 
<64 y

r 
10.2
5 %, 
65–

69 yr 
22.0
4 %, 
70–

74 yr 
24.8
5 %, 
75–

79 yr 
23.2
8 %, 
80–

84 yr 
14.3
3 %, 

≥85 y
r 

5.26 
%) 

34.7
4% 

male 

 

Elixha
user 

Comor
biditie

s 
Index 
used. 

Matchi
ng 

variabl
es 

includ
ed 

diabet
es 

mellit
us, 

hyperli
pidemi

a, 
hypert
ension

, 
obesit
y and 

tobacc
o use 

prima
ry 

total 
shoul

der 
athro
plasty 

prim
ary 

total 
shou
lder 

athro
plast

y 

Jo
ur

na
l P

re
-p

ro
of



Puzz
itiell
o et 
al. 

202
2⁷⁵ 

Patien
ts 

with 
limite

d 
health 
literac
y have 
worse 
preop
erativ

e 
functi

on 
and 
pain 
contr
ol and 
experi
ence 
prolo
nged 

hospit
alizati

ons 
follow

ing 
shoul

der 
arthro
plasty

. 

journa
l of 

shoul
der 
and 

elbow 
surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Pros
pect
ively 
mai
ntai
ned 
insti
tutio
nal 
regi
stry 
(OB
ERD 
data
bas
e) 

230 

Mean 
age: 
HHL 
67.9 
± 7.7 
yr vs 
LHL 

69.0 
± 9.6 

yr 
(P = .
36). 

HHL 
50 % 

vs 
LHL 

51.7 
% 

(P = .
82) 

HHL 
30.8 
± 6.4 
kg/m
² vs 
LHL 

31.6 
± 6.9 
kg/m

² 
(P = .
42) 

ASA 
physic
al-stat

us 
classif
ication 
(ASA >
 2) and 

Area 
Depriv
ation 
Index 
(ADI) 

osteo
arthrit

is or 
rotato
r cuff 
arthro
pathy 

rever
se 

TSA 
and 
anat
omic 
TSA 

Jo
ur

na
l P

re
-p

ro
of



Burn
s et 
al. 

202
2¹⁰ 

Modifi
able 
risk 

factor
s 

increa
se 

length 
of 

stay 
and 
90-
day 
cost 

of 
care 
after 
shoul

der 
arthro
plasty

. 

jses 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Regi
onal 
heal

th 
syst
em 

elec
troni

c 
med
ical 
reco

rd 
data
bas

e 
(Epi
c; 7-
hos
pital 
syst
em) 

1,3

17 
   

modifi
able 
risk 

factor
s 

(MRFs
) 

define
d as 

anemi
a 

(hemo
globin 
< 10 g/

dL), 
malnu
trition 
(albu
min < 
3.4 g/d

L), 
obesit

y 
(BMI > 
40 kg/
m²), 

uncon
trolled 
diabet

es 
(rando

m 
glucos
e > 18
0 mg/d

L or 
HbA1c
 > 8 %)

, 
tobacc
o use, 

and 
opioid 

use. 

Acute 
fractu

re 

 

Jo
ur

na
l P

re
-p

ro
of



Doa
n et 
al. 

202
1¹⁹ 

Increa
sing 

severi
ty of 

anemi
a is 

assoc
iated 
with 

poore
r 30-
day 

outco
mes 
for 

total 
shoul

der 
arthro
plasty

. 

JSES 
Intern
ationa

l 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

15,

185 

Norm
al 

HCT: 
68.6 
± 9.4 
yrs; 
Mild 

anem
ia: 

71.4 
± 9.1 
yrs; 

Mode
rate/
sever

e 
anem

ia: 
72.5 
± 10.
3 yrs. 

50.8 
%, 

23.1 
% 

and 
22.6 

% 
resp
ectiv
ely. 

No 
anem

ia: 
31.4 
± 6.7 
kg/m

²; 
Mild 

anem
ia: 

31.1 
± 7.3 
kg/m

²; 
Mode
rate/
sever

e 
anem

ia: 
29.8 
± 7.3 
kg/m

². 

ASA 
physic
al-stat

us 
classif
ication
. CHF, 
COPD, 
cancer

, 
diabet

es, 
dialysi

s, 
dyspn

ea, 
hypert
ension
, renal 
failure

, 
sepsis

, 
smoki

ng, 
steroi
d use, 
weight 

loss 

variou
s 

diagn
oses 

anat
omic 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



Fla
man
t et 
al. 

202
1²³ 

Malnu
trition 

in 
electi

ve 
shoul

der 
arthro
plasty

: a 
multi-
institu
tional 
retros
pectiv

e 
study 

of 
preop
erativ

e 
album
in and 
adver

se 
outco
mes. 

JSES 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

Two 
terti
ary 

insti
tutio
nal 

cent
res 

(mul
ti-

insti
tutio
nal 
retr
osp
ecti
ve 

coh
ort) 

492 

65.7 
yr for 
those 
with 
albu
min 

<3.5 
g/dL 

vs 
66.8 
yr for 
those 
with 
albu
min 

≥3.5 
g/dL 

42.5 
% of 
patie

nts 
with 
low 
albu
min 

were 
male 

vs 
49.6 

% 
with 

norm
al 

albu
min 

mean 
BMI 

31.3 
kg/m

² in 
maln
ouris
hed 

patie
nts vs 
30.4 
kg/m

² in 
norm
oalbu
mine
mic 

patie
nts 

Ameri
can 

Societ
y of 

Anest
hesiol
ogists 
(ASA) 

physic
al-stat

us 
classif
ication 

and 
select

ed 
Elixha
user 

comor
biditie

s 
(conge

stive 
heart 

failure
, 

pulmo
nary 

diseas
e, 

diabet
es, 

renal 
failure
, liver 

diseas
e, 

smoki
ng) 

Electi
ve 

prima
ry or 
revisi

on 
total 

shoul
der 

arthro
plasty 

anat
omic 
total 
shou
lder 
arthr
opla
sty 

(TSA) 
and 

rever
se 

TSA 
(rTSA

) 

Jo
ur

na
l P

re
-p

ro
of



Wan
g et 
al. 

202
1⁸² 

Increa
sed 

severi
ty of 

anemi
a is 

assoc
iated 
with 

posto
perati

ve 
compl
icatio

ns 
follow

ing 
prima

ry 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

13,

921 

Non-
anem

ic: 
69.1
2 ± 9.
38 yr; 
mild 

anem
ia: 

71.5
1 ± 9.
31 yr; 
mod
erate
/seve

re 
anem

ia: 
72.9
8 ± 9.
98 yr. 

43.6 
% in 
non-
ane
mic, 
49.3 
% in 
mild 
ane
mia 
and 

24.0 
% in 
mod
erate
/seve

re 
ane
mia. 

Non-
anem

ic: 
31.51
 ± 6.8
4 kg/
m²; 

mild 
anem

ia: 
30.78
 ± 6.8
7 kg/
m²; 

mode
rate/
sever

e 
anem

ia: 
30.02
 ± 6.9
2 kg/
m². 

ASA 
physic
al-stat

us 
classif
ication 
(grade
s I–IV) 

and 
individ

ual 
comor
biditie

s 
(COPD
, CHF, 
hypert
ension

, 
dialysi

s, 
renal 

failure
, 

weight 
loss, 
steroi
d use, 
bleedi

ng 
disord

er, 
diabet

es, 
dyspn

ea) 

Prima
ry TSA 

for 
Osteo
arthiri

tis 

anat
omic 
TSA, 
rever

se 
TSA 
and 
total 
shou
lder 

resur
facin

g 

Jo
ur

na
l P

re
-p

ro
of



Luna
ti et 
al. 

202
1⁵⁷ 

Preop
erativ

e 
depre
ssion 

is a 
risk 

factor 
for 

compl
icatio
n and 
increa

sed 
health 

care 
utiliza

tion 
follow

ing 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Truv
en 

Mar
ketS
can 
Co

mm
erci

al 
Clai
ms 
and 
Enc
ount
ers 
Dat
aba
se 

22,

623 
 

Over
all 

≈49 
% 

male 
(52.1

 % 
male 

in 
non-
depr
esse

d 
vs 32
.4 % 

in 
depr
esse

d 
coho

rt) 

 

Elixha
user 

metho
d: 

obesit
y, 

chroni
c 

kidney 
diseas

e, 
alcoho
l use, 

tobacc
o use, 
hypert
ension

, 
coron

ary 
artery 
diseas

e, 
anxiet

y, 
conge
stive 
heart 

failure
, 

rheum
atic 

diseas
e and 
diabet

es 

prima
ry TSA 

for 
gleno
hume

ral 
disea

se 

anat
omic 
(TSA) 
and 

rever
se 

(RSA
) 

Jo
ur
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l P

re
-p

ro
of



Wils
on 

et al. 
202
1⁸⁴ 

Preop
erativ

e 
opioid 
use is 

an 
indep
enden
t risk 

factor 
for 

compl
icatio

n, 
revisi

on, 
and 

increa
sed 

health 
care 

utiliza
tion 

follow
ing 

prima
ry 

total 
shoul

der 
arthro
plasty

. 

JSES  US
A 

Adm
inist
rativ

e 
clai
ms 

data
bas

e 

29,

454 
   

Elixha
user 

comor
bidity 

catego
ries 

  

Jo
ur

na
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Dac
omb
e et 
al. 

202
0¹⁶ 

Predic
tors of 
length 

of 
stay 

follow
ing 

shoul
der 

arthro
plasty 

in a 
high-

volum
e UK 

centre
. 

Annal
s of 
the 

royal 
colleg

e of 
Surge

ons 
Engla

nd 

Ret
ros
pec
tive 
con
sec
tive 
coh
ort 
stu
dy 

UK 

Sing
le 

high
-

volu
me 
UK 

insti
tutio
nal 

data
bas

e 
(ele
ctro
nic 
pati
ent 

reco
rds/
cas

e 
reco
rds) 

640 

Over
all 

mean 
age 

72 ± 
10 ye

ars 

29.5
0% 

 

Charls
on 

Comor
bidity 
Index, 

ASA 
Distrib
ution 

Osteo
arthrit

is 
(297 

cases
), 

cuff-t
ear 

arthro
pathy 
(160), 
rheu

matoi
d 

arthrit
is 

(36), 
avasc

ular 
necro

sis 
(18), 

traum
a (22), 
traum

a 
seque

lae 
(49), 

infecti
on (3), 
revisi

on 
(55) 

Anat
omic 
total 
shou
lder 

repla
cem
ent 

(262
), 

rever
se 

shou
lder 
arthr
opla
sty 

(287
), 

hemi
arthr
opla
sty 

(36), 
revisi

on 
arthr
opla
sty 

(55) 
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re
-p

ro
of



Men
end
ez et 

al. 
201
9⁶² 

Delay
ed 

hospit
al 

disch
arge 
after 
total 

shoul
der 

arthro
plasty
: why, 
and 

who is 
at 

risk? 

JSES 
Open 
Acces

s 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

Pros
pect
ively 
coll
ecte

d 
insti
tutio
nal 
regi
stry 
with 
man
ual 

char
t 

revi
ew 

415 

68.8 
± 8.4 

yr 
39% 

30.8 
± 6.3 
kg/m

² 

ASA 
class 

distrib
ution, 
Depre
ssion, 
diabet

es 

Electi
ve 

prima
ry 

anato
mic or 
revers
e TSA 

for 
degen
erativ

e 
shoul

der 
condit

ions 

anat
omic 
(TSA) 
and 

rever
se 

(RSA
) 

Jo
ur

na
l P

re
-p

ro
of



Biro
n et 
al. 

202
0⁷ 

A 
Novel 
Machi

ne 
Learni

ng 
Model 
Devel
oped 

to 
Assist 

in 
Patien

t 
Select
ion for 
Outpa
tient 
Total 

Shoul
der 

Arthro
plasty

. 

J Am A
cad O
rthop 
Surg 

retr
osp
ecti
ve 

cro
ss 

sec
tion

al 
ana
lysi

s 

US
A 

ACS
-

NS
QIP 
data
bas

e 

4,5

00 

67.8 
yr in 

short
-stay 
vs 72
.8 yr 

in 
long-
stay 

51.1 
% 

male 
(1,08
4/2,1
22); 

long-
stay: 
31.9 

% 
male 
(321/
1,00

6) 

BMI 
31.2 
kg/m

² in 
short
-stay 
vs 31
.7 kg/

m² 
long 
stay 

ASA 
Class, 
Diabet

es, 
CHF , 
COPD 

, 
Hypert
ension 

,  
Dyspn

ea, 
Obesit

y 

electi
ve 

total-
shoul

der 
athro
plasty 

anat
omic 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



Anth
ony 

et al. 
201
9³ 

Utiliza
tion 
and 

Real-
world 
Effect
ivenes

s of 
Trane
xamic 
Use in 
Shoul

der 
Arthro
plasty

: A 
Popul
ation-
based 
Study. 

Journa
l of 
the 

Ameri
can 

Acade
my of 
Ortho
paedi

c 
Surge

ons 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

Nati
onal 
clai
ms 

data
bas

e 

82,

512 
   

Charls
on-De

yo 
Comor
bidity 
Index 
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Lee 
et al. 
201
9⁴⁷ 

Low 
Seru

m 
Albu
min 

Levels 
are 

Assoc
iated 
with 

Increa
sed 
30-
Day 

Cardi
opul

mona
ry 

Comp
licatio

ns, 
Reope
ration
, and 
Read
missi

on 
Rates 
Follo
wing 
Total 

Shoul
der 

Arthro
plasty

. 

IOWA 
Ortho
paedi

c 
Journa

l 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

14,

494 

Norm
al 

coho
rt 

68.8
6 ± 9.
82 yr; 
matc
hed 

contr
ol 

70.2
6 ± 9.
44 yr; 
hypo
albu
mine
mia 
71.2
4 ± 1
0.39 

yr 

Nor
mal 

coho
rt: 

45.0
0 % 

male
; 

matc
hed 

contr
ol: 

34.4
3 % 

male
; 

hypo
albu
mine
mia: 
26.1
9 % 

male 

 

COPD 
14.43 

% 
vs 7.8
4 %; 
CHF 

2.27 % 
vs 0.6
2 %; 

hypert
ension 
72.99 

% 
vs 69.
07 %; 
functi
onal 

depen
dence 
9.69 % 
vs 2.8

9 % 

prima
ry 

total 
shoul

der 
athro
plasty 

anat
omic 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



Kim 
et al. 
201
8⁴¹ 

Predic
ting 

adver
se 

event
s, 

length 
of 

stay, 
and 

disch
arge 

dispo
sition 
follow

ing 
shoul

der 
arthro
plasty

: a 
comp
arison 
of the 
Elixha
user 

Como
rbidity 
Meas

ure 
and 

Charl
son 

Como
rbidity 
Index. 

Semin
ars in 
Athro
plasty 
: JSES 

Ret
ros
pec
tie 

coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

90,
491 

69.2 
± 9.6 

yrs 

41.8
0% 

31.1 
± 6.6 

Charls
on 

Comor
bidity 
Index 
(CCI) 
and 

Elixha
user 

Comor
bidity 

Measu
re 

(ECM) 

Electi
ve 

prima
ry TSA 

Anat
omic 
TSA 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



Izqui
erdo

-
Fern
ánd
ez et 

al. 
201
8³⁷ 

Rever
se 

shoul
der 

arthro
plasty 

in 
obese 
patien

ts: 
analy
sis of 
functi
onalit

y in 
the 

mediu
m-

term. 

Archiv
es of 

Ortho
paedi
c and 
Traum

a 
Surger

y 

retr
osp
ecti
ve 

coh
ort 
stu
dy 

Sp
ain 

Sing
le-

cent
re 

insti
tutio
nal 

data
bas

e 
(Uni
vers
ity 

Hos
pital 
Rein

a 
Sofí

a, 
Spai

n) 

29 
78.1 
years 

20.7
0% 

31.85  

cuff-
tear 

arthro
pathy 
and 

fractu
res/di
slocat

ions 

rever
se 

shou
lder 

athro
plast

y 

Jo
ur
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l P
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Fu et 
al. 

201
7²⁵ 

The 
impac

t of 
insuli

n 
depen
dence 

on 
short-
term 
posto
perati

ve 
compl
icatio
ns in 

diabet
ic 

patien
ts 

under
going 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

5,9

18 

≤65 
years

: 
Non-
DM 

28.6
%, 

NIDD
M 

22.4
%, 

IDDM 
26.8

% 
 

66–
75 

years
: 

Non-
DM 

38.5
%, 

NIDD
M 

45.7
%, 

IDDM 
42.0

% 
 
 
 

>75 
years

: 
Non-
DM 

32.9
%, 

NIDD
M 

31.9
%, 

IDDM 
31.2

% 
 

p 
value

s: 

Fem
ale 

prop
ortio

n: 
Non-
DM 

56.6
%, 

NIDD
M 

53.8
%, 

IDDM 
56.3

% 
 

p 
value

s: 
Non-
DM 
vs 

NIDD
M 

0.17
8; 

Non-
DM 
vs 

IDDM 
0.92

6; 
NIDD
M vs 

IDDM 
0.48

2 

Nono
bese 
(≤29.

9 
kg/m

2): 
Non-
DM 

54.7
%, 

NIDD
M 

32.3
%, 

IDDM 
26.4

% 
 

Obes
e I 

(30–
34.9)

: 
Non-
DM 

25.3
%, 

NIDD
M 

30.7
%, 

IDDM 
27.1

% 
 

Obes
e II 

(35–
39.9)

: 
Non-
DM 

11.9
%, 

NIDD
M 

20.7
%, 

IDDM 
22.7

% 

Modifi
ed 

CCI: 
 

0–2: 
Non-
DM 

16.8%
, 

NIDD
M 

1.6%, 
IDDM 
3.1% 

 
3: 

Non-
DM 

32.8%
, 

NIDD
M 

8.0%, 
IDDM 
11.9% 

 
4: 

Non-
DM 

33.5%
, 

NIDD
M 

37.3%
, IDDM 
29.5% 

 
≥5: 

Non-
DM 

16.7%
, 

NIDD
M 

52.8%
, IDDM 
55.6% 

 
p 

values
: Non-

  

Jo
ur
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l P
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of



Non-
DM 
vs 

NIDD
M 

<.00
1; 

Non-
DM 
vs 

IDDM 
0.47

8; 
NIDD
M vs 

IDDM 
0.30

5 

 
Obes
e III 

(≥40)
: 

Non-
DM 

8.1%, 
NIDD

M 
16.4

%, 
IDDM 
23.7

% 
 

p 
value

s: 
Non-
DM 
vs 

NIDD
M 

<.001
; 

Non-
DM 
vs 

IDDM 
<.001

; 
NIDD
M vs 

IDDM 
0.022 

DM vs 
NIDD

M 
<.001; 
Non-

DM vs 
IDDM 
<.001; 
NIDD
M vs 

IDDM 
0.034 

 
Functi

onal 
status: 

 
Indepe
ndent: 
Non-
DM 

96.4%
, 

NIDD
M 

94.6%
, IDDM 
93.6% 

 
Non-

indepe
ndent: 
Non-
DM 

3.6%, 
NIDD

M 
5.4%, 
IDDM 
6.4% 

 
p 

values
: Non-
DM vs 
NIDD

M 
0.025; 
Non-

DM vs 
IDDM 

Jo
ur
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0.013; 
NIDD
M vs 

IDDM 
0.500 

 
Individ

ual 
comor
biditie

s: 
 

Hypert
ension
: Non-

DM 
63.0%

, 
NIDD

M 
87.3%
, IDDM 
84.8% 
(p<.00

1, 
<.001, 
0.705) 

 
Cardia

c 
history
: 2.1%, 
4.6%, 
6.8% 

(p<.00
1, 

<.001, 
0.167) 

 
COPD: 
5.9%, 
9.4%, 
10.2% 
(p<.00

1, 
0.003, 
0.710) 

 
Curren

t 
smoke

Jo
ur

na
l P
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of



r 
(within 

1 
year): 
10.3%
, 7.8%, 
10.9% 
(p=0.0

41, 
0.764, 
0.122) 
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Issa 
et al. 
201
6³⁶ 

Total 
Shoul

der 
Arthro
plasty 
Demo
graphi

cs, 
Incide
nce, 
and 

Comp
licatio
ns—A 
Natio
nwide 
Inpati

ent 
Samp

le 
Datab

ase 
Study. 

Surgic
al 

Techn
ology 
Intern
ationa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

226

,22

7 

68.9 
(95% 

CI 
68.7

7-
68.9

6) 

Male: 
43.6

% 

 

0: 
135,9

18 
(60.01

%) 
 

1: 
63,33

2 
(27.96

%) 
 

2: 
19,17

1 
(8.46

%) 
 

≥3: 
8,074 
(3.56

%) 
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Wei
nreb 
et al. 
201
6⁸³ 

Shoul
der 

Arthro
plasty

: 
Dispo
sition 
and 

Periop
erativ

e 
Outco
mes 

in 
Patien

ts 
With 
and 

Witho
ut 

Rheu
matoi

d 
Arthrit

is. 

The 
Ameri

can 
Journa

l of 
Ortho
pedic

s 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

34,

970 

RA: 
66.3
9 ± 

11.3
9 

years
; 

Medi
an 68 
(IQR 
60–
75) 

 
Non-
RA: 

69.0
7 ± 

9.99 
years

; 
Medi
an 70 
(IQR 
63–
76) 

 
p < 

.001 

RA: 
24.4
9% 

 
Non-
RA: 

45.5
9% 

 
p < 

.001 

  

Rheu
matoi

d 
arthrit

is 
 

Non-
RA 

indica
tions 
not 

broke
n 

down 

Reve
rse 
and 
tradi
tiona

l 
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Moll
on 

et al. 
201
6⁶⁴ 

The 
influe
nce of 

a 
histor

y of 
clinic

al 
depre
ssion 

on 
peri-

opera
tive 

outco
mes 

in 
electi

ve 
total 

shoul
der 

arthro
plasty

: a 
ten-
year 

nation
al 

analy
sis. 

The 
Bone 

& Joint 
Journa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

224

,06

0 

With 
depr
essio

n: 
67.3 
± 9.6 
years 

 
With
out 

depr
essio

n: 
69.5 

± 
10.0 
years 
(p < 
0.00

1) 
[Stud
ent’s 

t-
test] 

With 
depr
essio

n: 
8,03

7 
(28.7

%) 
 

With
out 

depr
essio

n: 
92,1

17 
(47.0

%) 
 

P<0.
001 

(Fish
er’s 

exact 
test) 

 

Gende
r 
 

Male 
 

With 
depres

sion: 
8,037 
(8.0%) 

 
Witho

ut 
depres

sion: 
92,11

7 
(92.0

%) 
 

p < 
0.001 

 
Femal

e 
 

With 
depres

sion: 
19,92

5 
(16.0

%) 
 

Witho
ut 

depres
sion: 
103,9

79 
(84.0

%) 
 

Incom
e 

quartil
e 
 

< 
$39,0

00: 
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6,140 
(13.0
%) vs 
41,20

1 
(87.0

%) 
 

$39,0
00–

$47,9
99: 

7,631 
(13.3
%) vs 
49,92

2 
(86.7

%) 
 

$48,0
00–

$62,9
99: 

7,517 
(12.5
%) vs 
52,83

3 
(87.5

%) 
 

≥ 
$63,0

00: 
6,676 
(11.4
%) vs 
52,14

0 
(88.6

%) 
 

p < 
0.001 

 
Primar

y 
payer 

 
Medic

Jo
ur

na
l P

re
-p

ro
of



are: 
18,54

1 
(12.0
%) vs 
135,6

68 
(88.0

%) 
 

Medic
aid: 
758 

(18.9
%) vs 
3,252 
(81.1

%) 
 

Private
: 7,493 
(13.1
%) vs 
49,87

2 
(86.9

%) 
 

Other: 
1,172 
(13.8
%) vs 
7,304 
(86.2

%) 
 

p < 
0.001 

 
Ethnici

ty 
 

Cauca
sian: 
25,47

5 
(12.6
%) vs 
176,2

09 
(87.4

Jo
ur
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%) 
 

Africa
n 

Ameri
can: 
940 

(10.1
%) vs 
8,340 
(89.9

%) 
 

Hispa
nic 

Ameri
can: 
863 

(12.2
%) vs 
6,192 
(87.8

%) 
 

Other: 
686 

(11.4
%) vs 
5,355 
(88.6

%) 
 

p < 
0.001 Jo

ur
na

l P
re

-p
ro

of



Kan
dil et 

al. 
201
6³⁹ 

Blood 
transf
usion 
after 
total 

shoul
der 

arthro
plasty

: 
Which 
patien
ts are 

at 
high 
risk? 

Intern
ationa

l 
Journa

l of 
Shoul

der 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

51,

191 

Any 
trans
fusio

n: 
72.9
2 ± 

10.3
3 

years 
 

No 
trans
fusio

n: 
68.3
0 ± 

11.3
1 

years 
 

Over
all: 

68.5
8 ± 

11.3
1 

years 

Any 
trans
fusio

n: 
26.2

% 
 

No 
trans
fusio

n: 
45.6

% 
 

Over
all: 

44.4
% 

 

Charls
on–

Deyo 
score: 

 
Transf
usion: 
0.57 ± 
1.08 

 
No 

transf
usion: 
0.28 ± 
0.67 

 
Overal
l: 0.03 
± 0.70 

 
Individ

ual 
comor
biditie

s: 
 

Obesit
y: 

8.9% 
vs 

9.8% 
(overal

l 
9.7%) 

 
Smoki

ng: 
4.4% 

vs 
6.4% 

(overal
l 

6.2%) 
 

Diabet
es: 

18.9% 
vs 

14.5% 
(overal

l 
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15.7%
) 
 

Ische
mic 

heart 
diseas

e: 
21.2% 

vs 
14.2% 
(overal

l 
14.6%

) 
 

CHF: 
7.7% 

vs 
2.5% 

(overal
l 

2.9%) 
 

COPD: 
18.3% 

vs 
15.2% 
(overal

l 
15.4%

) 
 

RA: 
2.3% 

vs 
2.9% 

(overal
l 

2.9%) 
 

Depre
ssion: 
11.5% 

vs 
8.7% 

(overal
l 

8.9%) 
 

Hypert

Jo
ur

na
l P

re
-p

ro
of



ension 
(unco

mplica
ted): 

60.1% 
vs 

58.9% 
(overal

l 
59.0%

) 
 

Hemat
ologic 

risk 
factor

s: 
 

Alcoh
ol 

abuse: 
1.0% 

vs 
0.7% 

(overal
l 

0.8%) 
 

Liver 
diseas

e: 
3.5% 

vs 
0.9% 

(overal
l 

1.1%) 
 

Coagu
lation 
disord

ers: 
3.5% 

vs 
0.9% 

(overal
l 

1.1%) 
 

Blood 
loss 

Jo
ur
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anemi
a: 

34.8% 
vs 

5.0% 
(overal

l 
7.5%) 

 
Defici
ency 

anemi
a: 

29.1% 
vs 

6.6% 
(overal

l 
8.0%) 

 
All 

P<0.0
01 

other 
than 
Htn 
and 

alcoho
l 

abuse 
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Metab
olic 

syndr
ome 
and 

shoul
der 

arthro
plasty

: 
epide
miolo

gy 
and 
peri-

opera
tive 

outco
mes. 

Intern
ationa

l 
Ortho
paedi

cs 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

422

,37

1 

With 
meta
bolic 
syndr
ome: 
68.7 

± 
11.7 
years 

 
With
out 

meta
bolic 
syndr
ome: 
69.4 
± 8.8 
years 

With 
meta
bolic 
syndr
ome: 
37.4

% 
 

With
out 

meta
bolic 
syndr
ome: 
40.0

% 

 

Metab
olic vs 

no 
metab

olic 
syndro

me 
 

Conge
stive 
heart 

failure
: 7.1% 

vs 
3.6% 

 
Chroni
c lung 
diseas

e: 
20.1% 

vs 
16.2% 

 
Liver 

diseas
e: 

1.0% 
vs 

1.0% 
 

Renal 
failure
: 8.0% 

vs 
2.8% 

 
Periph

eral 
vascul

ar 
diseas

e: 
4.5% 

vs 
4.0% 

 
Ische
mic 

heart 
diseas

Metab
olic vs 

no 
metab

olic 
syndr
ome 

 
Osteo
arthrit

is: 
61.9% 

vs 
61.3% 

 
Proxi
mal 

hume
rus 

fractu
re: 

19.1% 
vs 

16.3% 
 

Avasc
ular 

necro
sis: 

1.8% 
vs 

3.6% 
 

Rheu
matoi

d 
arthrit

is: 
0.5% 

vs 
1.5% 

 
Non-
union 

of 
hume

rus 
fractu

re: 
2.5% 

vs 

Total
: 

61.4 
vs 

59.1 
— 

112 
 

Parti
al: 

38.6 
vs 

40.9 
— 

103 Jo
ur

na
l P

re
-p

ro
of



e: 
7.2% 

vs 
4.2% 

2.2% 
 

Rotat
or cuff 
arthro
pathy: 
9.9% 

vs 
9.9% 

 
Other: 
4.2% 

vs 
5.2% 
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Preop
erativ
e risk 
factor
s for 

disch
arge 
to a 

posta
cute 
care 

facilit
y after 
shoul

der 
arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

103

,79

8 

Over
all: 

69.7 
± 9.8 
years 

 
Routi

ne 
disch
arge: 
67.6 
± 9.6 

 
PAC 

facilit
y 

disch
arge: 
76.8 
± 8.2 
(p < 

.001) 

Over
all: 

43.4
% 

 
Routi

ne 
disch
arge: 
50.7

% 
 

PAC 
disch
arge: 
19.6
% (p 

< 
.001) 

 

Numb
er of 

comor
biditie

s: 
 

≤3: 
31.3% 
overall

; 
35.1% 
routin

e; 
19.0% 

PAC 
 

4–6: 
44.1% 
overall

; 
43.9% 
routin

e; 
42.8% 

PAC 
 

7–9: 
18.9% 
overall

; 
16.7% 
routin

e; 
26.4% 

PAC 
 

≥9: 
5.8% 

overall
; 4.3% 
routin

e; 
11.9% 
PAC (p 

< 
.001) 

 
Individ

ual 
comor
biditie

Osteo
arthrit

is: 
60.3% 

 
Rotat

or cuff 
arthro
pathy: 
25.1% 

 
Hume

ral 
fractu

res: 
11.7% 

 
Revisi

on 
arthro
plasti

es: 
 

1.76% 
(1827 
patien

ts) 

TSA: 
56.8

% 
over
all; 

62.9
% 

routi
ne; 

36.6
% 

PAC 
 

RTSA
: 

43.2
% 

over
all; 

37.1
% 

routi
ne; 

63.4
% 

PAC 
(p < 

.001) 
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l P

re
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s 
(multi
variabl

e 
analys

is, 
ORs 
for 

PAC 
discha

rge): 
 

Hypert
ension

: OR 
0.95 
(95% 

CI 
0.84–

1.08, p 
= 

.656) 
 

CHF: 
OR 

2.00 
(95% 

CI 
1.44–

2.77, p 
< 

.001) 
 

Diabet
es: OR 

1.51 
(95% 

CI 
1.29–

1.77, p 
< 

.001) 
 

Periph
eral 

vascul
ar 

diseas
e: OR 
1.05 
(95% 
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ur
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CI 
0.72–

1.52, p 
= 

.240) 
 

CKD: 
OR 

1.14 
(95% 

CI 
0.92–

1.41, p 
= 

.238) 
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ur
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l P
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Malnu
trition

: a 
marke

r for 
increa

sed 
compl
icatio

ns, 
morta

lity, 
and 

length 
of 

stay 
after 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
surg
ical 
qual

ity 
data
bas

e 
(AC
S-
NS

QIP) 

4,6

55 

Norm
al 

albu
min: 
69.7 

± 
10.3 
years 

 
Hypo
albu
mine
mic: 
73.0 

± 
10.7 
years 
(p = 

.001) 

Nor
mal 
albu
min: 
42.9

% 
male 

 
Hypo
albu
mine
mic: 
24.2

% 
male 

 
(p < 

.001) 

Norm
al 

albu
min: 
30.7 
± 6.7 

 
Hypo
albu
mine
mic: 
31.2 
± 8.4 
(p = 

.390) 

Modifi
ed CCI 

≥5 
 

Norma
l: 

24.8% 
 

Hypoa
lbumi

nemic: 
50.0% 

(p < 
.001) 

 
ASA 
≥3 

 
Norma

l: 
52.2% 

 
Hypoa
lbumi

nemic: 
74.2% 

(p < 
.001) 

 
Individ

ual 
comor
biditie

s 
 

Hypert
ension 

 
Norma

l: 
68.3% 

 
Hypoa
lbumi

nemic: 
75.8% 

(p = 
.077) 

 
Cardia

c 
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comor
bidity 

 
Norma
l: 4.8% 

 
Hypoa
lbumi

nemic: 
10.2% 

(p = 
.008) 

 
Pulmo

nary 
comor
bidity 

 
Norma

l: 
12.6% 

 
Hypoa
lbumi

nemic: 
28.9% 

(p < 
.001) 

 
Diabet

es 
 

Norma
l: 

17.3% 
 

Hypoa
lbumi

nemic: 
29.7% 

(p < 
.001) 

 
Smoki

ng 
 

Norma
l: 9.7% 

 
Hypoa
lbumi

Jo
ur
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nemic: 
11.7% 

(p = 
.452) 

 
Periph

eral 
vascul

ar 
diseas

e 
 

Norma
l: 0.2% 

 
Hypoa
lbumi

nemic: 
0.8% 
(p = 

.190) 
 

TIA/CV
A 
 

Norma
l: 2.7% 

 
Hypoa
lbumi

nemic: 
6.3% 
(p = 

.023) 
 

Chroni
c 

steroi
d use 

 
Norma
l: 5.6% 

 
Hypoa
lbumi

nemic: 
15.6% 

(p < 
.001) 
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Lengt
h of 
Stay 
and 

Read
missi

on 
After 
Total 

Shoul
der 

Arthro
plasty

: An 
Analy
sis of 
1505 

Cases
. 

The 
Ameri

can 
Journa

l of 
Ortho
pedic

s 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Insti
tutio
nal 

data
bas

e 
(Rus

h 
Univ
ersit

y 
Med
ical 
Cen
ter) 

1,5

05 

60–
69 

years
: 558 
(37.1

%) 
 

70–
79 

years
: 625 
(41.5

%) 
 

≥80 
years
: 322 
(21.4

%) 

Male 
sex: 
41.1

% 

<30: 
802 

(53.3
%) 

 
30–
35 

(clas
s I 

obesi
ty): 
400 

(26.6
%) 

 
35–
40 

(clas
s II 

obesi
ty): 
182 

(12.1
%) 

 
≥40 

(clas
s III 

obesi
ty): 
121 
(8.0
%) 

ASA 
class 
3–4: 
802 

(53.3
%) 

 
Individ

ual 
comor
biditie

s: 
 

Diabet
es: 
266 

(17.7
%) 

 
Smoki
ng: 93 
(6.2%) 

 
Pulmo

nary 
diseas
e: 176 
(11.7

%) 
 

Heart 
diseas
e: 122 
(8.1%) 

 
Hypert
ension
: 1,092 
(72.6

%) 
 

Steroi
d use: 

80 
(5.3%) 

 
Depen

dent 
functi
onal 

status: 

Nonfr
acture

: 
1,445 
(96.0

%) 
 

Fractu
re-

assoc
iated: 

60 
(4.0%

) 

Prim
ary 
TSA 
only 

+ 
rever

se 
TSA 
(but 

wasn
't 

sepa
rated

) 
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48 
(3.2%) 
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of
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Factor
s 

Affect
ing 

Lengt
h of 

Stay, 
Read
missi

on, 
and 

Revisi
on 

After 
Shoul

der 
Arthro
plasty

: A 
Popul
ation-
Based 
Study. 

The 
Journa

l of 
Bone 

& Joint 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Was
hing
ton 
Stat

e 
Co

mpr
ehe
nsiv

e 
Hos
pital 
Abst
ract 
Rep
ortin

g 
Syst
em 
(CH
ARS

) 

17,

311 

Not 
given 

in 
mean 

or 
medi

an 

TSA: 
43% 

 
HA: 
30% 

 

Charls
on 

Comor
bidity 
Index: 

 
0: TSA 
8,519; 

HA 
7,542 

 
1: TSA 
262; 
HA 
212 

 
>1: 
TSA 

42; HA 
140 

 
Specifi

c 
comor
biditie
s (TSA 

vs 
HA): 

 
Hypert
ension
: 5 vs 4 

 
Infecti
on: 0 
vs 1 

 
CNS: 

211 vs 
294 

 
Malign
ancy: 

114 vs 
196 

 
Endoc
rine: 

1,238 
vs 

1,114 

Fractu
re, 

inflam
mator

y, 
osteo
arthrit

is, 
traum
a, cuff 
tear, 

osteo
necro

sis, 
misce
llaneo

us 

Prim
ary 
TSA 
and 
HA 

Jo
ur

na
l P

re
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Rheu
matol
ogic: 

416 vs 
224 

 
Overw
eight: 
249 vs 

115 
 

Subst
ance 

abuse: 
47 vs 

79 
 

Pulmo
nary: 

123 vs 
91 

 
Cardia
c: 951 
vs 802 

 
GI: 

202 vs 
152 

 
Liver/k
idney: 
128 vs 

123 
Jo

ur
na

l P
re

-p
ro

of
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Outco
mes 
and 

Costs 
of 

Rever
se 

Shoul
der 

Arthro
plasty 
in the 
Morbi

dly 
Obes
e: A 

Case 
Contr

ol 
Study. 

The 
Journa

l of 
Bone 

& Joint 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Sing
le-

insti
tutio

n 
joint 
regi
stry 
coh
ort 

84 

Morbi
dly 

obes
e: 69 
± 7 

years 
 

Contr
ols: 
71 ± 

6 
years 

 
P = 

0.15
2 

Morb
idly 

obes
e: 

19% 
(4/21

) 
 

Cont
rols: 
21% 
(13/6

3) 

Morbi
dly 

obes
e: 

43.2 
± 3.1 

 
Contr

ols: 
27.1 
± 7.6 
(p < 

0.000
1) 

Charls
on-

Deyo 
Index 
(CDI): 

 
Morbi

dly 
obese: 

2 ± 1 
 

Contro
ls: 1 ± 
1 (p = 

0.025) 
 

Total 
comor
biditie

s 
(exclu
ding 

obesit
y): 

 
Morbi

dly 
obese: 

6 ± 2 
 

Contro
ls: 4 ± 
2 (p = 

0.001) 
 

Specifi
c 

comor
biditie

s: 
 

Obstru
ctive 
sleep 
apnoe
a (Yes 
vs No): 
10 vs 2 

(OR 
27.7; 
95% 

Cuff 
tear 

arthro
pathy 
(CTA): 
17 vs 

51 
 

Massi
ve 

rotato
r cuff 
tear 

(MRC
T): 2 
vs 6 

 
Rheu
matoi

d 
arthrit

is 
(RA): 
2 vs 6 

 
P = 
1.0 

(Fishe
r test) 

Prim
ary 

rever
se 

shou
lder 
arthr
opla
sty 

Jo
ur
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CI 5.3–
144.1; 

p = 
0.000

1) 
 

Recen
t 

cortic
ostero
id use: 
4 vs 5 
(OR 

2.73; 
95% 

CI 0.7–
11.3; p 

= 
0.17) 
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l P

re
-p

ro
of



Pon
ce et 

al. 
201
4⁷⁴ 

Diabe
tes as 
a risk 
factor 

for 
poore
r early 
posto
perati

ve 
outco
mes 
after 
shoul

der 
arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
dat
aba
se 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

66,

485 

Over
all: 

69 ± 
13 

 
Diab
etes: 
70 ± 
9.4 

 
Non-
diabe
tes: 
69 ± 
13 

 
Unco
mplic
ated 

diabe
tes: 
70 ± 
9.4 

 
Com
plicat

ed 
diabe
tes: 
71 ± 
9.4 

 
Type 

1 
diabe
tes: 
64 ± 
12 

 
Type 

2 
diabe
tes: 
70 ± 
9.3 

 
p < 

.001 
acros

s 

Over
all: 

43% 
 

Diab
etes: 
41% 

 
Non-
diabe
tes: 
43% 

 
Unco
mpli
cate

d 
diabe
tes: 
42% 

 
Com
plica
ted 

diabe
tes: 
40% 

 
Type 

1: 
55% 

 
Type 

2: 
41% 

 
p = 

.004 
(over

all 
com
paris
on) 

 

Hypert
ension 

 
Overal
l: 67% 

 
Diabet

es: 
85% 

 
Nondi
abetes
: 63% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
84% 

 
Compl
icated: 

89% 
 

P-
value: 
<.001 

 
Type 

1: 71% 
 

Type 
2: 85% 

 
P-

value: 
<.001 

 
Conge
stive 
heart 

failure 
 

 TSA, 
RTSA 
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grou
ps 

Overal
l: 3.8% 

 
Diabet

es: 
7.1% 

 
Nondi
abetes
: 2.9% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
6.4% 

 
Compl
icated: 

14% 
 

P-
value: 
<.001 

 
Type 

1: 
7.2% 

 
Type 

2: 
7.1% 

 
P-

value: 
.95 

 
Periph

eral 
vascul

ar 
disord

ers 

Jo
ur

na
l P

re
-p

ro
of



 
Overal
l: 2.6% 

 
Diabet

es: 
3.7% 

 
Nondi
abetes
: 2.3% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
3.0% 

 
Compl
icated: 

11% 
 

P-
value: 
<.001 

 
Type 

1: 
3.6% 

 
Type 

2: 
3.7% 

 
P-

value: 
.94 

 
Chroni

c 
pulmo

nary 
diseas

Jo
ur

na
l P

re
-p

ro
of



e 
 

Overal
l: 17% 

 
Diabet

es: 
20% 

 
Nondi
abetes
: 16% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
19% 

 
Compl
icated: 

24% 
 

P-
value: 
<.001 

 
Type 

1: 17% 
 

Type 
2: 20% 

 
P-

value: 
.45 

 
Obesit

y 
 

Overal
l: 14% 

 

Jo
ur

na
l P

re
-p

ro
of



Diabet
es: 

25% 
 

Nondi
abetes
: 11% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
23% 

 
Compl
icated: 

38% 
 

P-
value: 
<.001 

 
Type 

1: 25% 
 

Type 
2: 25% 

 
P-

value: 
.98 

 
Hypot
hyroidi

sm 
 

Overal
l: 15% 

 
Diabet

es: 
17% 

 

Jo
ur

na
l P

re
-p

ro
of



Nondi
abetes
: 14% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
16% 

 
Compl
icated: 

20% 
 

P-
value: 
<.001 

 
Type 

1: 27% 
 

Type 
2: 17% 

 
P-

value: 
.001 

 
Liver 

diseas
e 
 

Overal
l: 1.1% 

 
Diabet

es: 
1.5% 

 
Nondi
abetes
: 1.0% 

 

Jo
ur

na
l P

re
-p

ro
of



P-
value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
1.6% 

 
Compl
icated: 
0.7% 

 
P-

value: 
.021 

 
Type 

1: 
3.6% 

 
Type 

2: 
1.5% 

 
P-

value: 
.043 

 
Renal 
failure 

 
Overal
l: 5.5% 

 
Diabet

es: 
11% 

 
Nondi
abetes
: 4.2% 

 
P-

value: 
<.001 

Jo
ur

na
l P

re
-p

ro
of



 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
8.9% 

 
Compl
icated: 

29% 
 

P-
value: 
<.001 

 
Type 

1: 10% 
 

Type 
2: 11% 

 
P-

value: 
.83 

 
Depre
ssion 

 
Overal
l: 14% 

 
Diabet

es: 
16% 

 
Nondi
abetes
: 13% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 

Jo
ur

na
l P

re
-p

ro
of



 
Unco

mplica
ted: 
16% 

 
Compl
icated: 

19% 
 

P-
value: 
.005 

 
Type 

1: 27% 
 

Type 
2: 16% 

 
P-

value: 
<.001 

 
Defici
ency 

anemi
as 

 
Overal
l: 10% 

 
Diabet

es: 
12% 

 
Nondi
abetes
: 9.7% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

Jo
ur

na
l P

re
-p

ro
of



ted: 
11% 

 
Compl
icated: 

20% 
 

P-
value: 
<.001 

 
Type 

1: 
6.5% 

 
Type 

2: 12% 
 

P-
value: 
.049 

 
Solid 

tumor 
withou

t 
metas
tasis 

 
Overal
l: 0.6% 

 
Diabet

es: 
0.8% 

 
Nondi
abetes
: 0.5% 

 
P-

value: 
<.001 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

Jo
ur

na
l P

re
-p

ro
of



ted: 
0.8% 

 
Compl
icated: 
0.8% 

 
P-

value: 
.92 

 
Type 
1: 0% 

 
Type 

2: 
0.8% 

 
P-

value: 
.29 

 
Metast

atic 
cancer 

 
Overal
l: 0.2% 

 
Diabet

es: 
0.2% 

 
Nondi
abetes
: 0.2% 

 
P-

value: 
.85 

 
Diabet

es 
subgro

ups: 
 

Unco
mplica

ted: 
0.2% 

 

Jo
ur

na
l P

re
-p

ro
of



Compl
icated: 
0.7% 

 
P-

value: 
<.001 

 
Type 
1: 0% 

 
Type 

2: 
0.2% 

 
P-

value: 
.57 

Jo
ur

na
l P

re
-p

ro
of
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Morbi
d 

obesit
y in 

total 
shoul

der 
arthro
plasty
: risk, 
outco
mes, 
and 
cost 

analy
sis. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

31,

924 

Non-
obes

e: 
68.3 

± 
10.9 
years 

 
Obes

e: 
66.8 
± 9.2 
years 

 
Morbi

dly 
obes

e: 
64.9 
± 9.1 
years 

 
Total: 
68.7 

± 
10.8 
years 

 
p < 

0.00
1 

Non-
obes

e: 
44.5

% 
male 

 
Obes

e: 
35.2

% 
male 

 
Morb
idly 

obes
e: 

31.6
% 

male 
 

Total
: 

43.7
% 

male 
 

p < 
0.00

1 

 

Deyo 
score: 

 
Non-

obese: 
0.28 ± 
0.69 

 
Obese
: 0.28 
± 0.69 

 
Morbi

dly 
obese: 
0.38 ± 
0.75 

 
Total: 
0.28 ± 
0.69 

 
p = 

0.004 
 

Numb
er of 

diagno
ses: 

 
Non-

obese: 
5.31 ± 
3.06 

 
Obese
: 7.78 
± 3.17 

 
Morbi

dly 
obese: 
8.26 ± 
3.36 

 
Total: 
5.51 ± 
3.15 

 
p < 

0.001 

  

Jo
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l P
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Numb
er of 

proce
dures: 

 
Non-

obese: 
1.52 ± 
0.97 

 
Obese
: 1.54 
± 0.98 

 
Morbi

dly 
obese: 
1.60 ± 
1.03 

 
Total: 
1.52 ± 
0.98 

 
p = 

0.086 
 

Specifi
c 

comor
bidity: 
Obstru

ctive 
sleep 
apnoe

a 
(OSA) 

 
Non-

obese: 
4.0% 

 
Obese

: 
15.6% 

 
Morbi

dly 
obese: 
27.8% 

Jo
ur

na
l P

re
-p

ro
of



 
Total: 
5.1% 

 
p < 

0.001 

Jo
ur
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l P

re
-p

ro
of



John
son 

et al. 
201
4³⁸ 

Does 
preop
erativ

e 
Ameri

can 
Societ

y of 
Anest
hesiol
ogists 
score 
relate 

to 
compl
icatio

ns 
after 
total 

shoul
der 

arthro
plasty

? 

Clinic
al 

Ortho
paedi

cs and 
Relate

d 
Resea

rch 

Ret
ros
pec
tive 
sin
gle-
sur
geo

n 
coh
ort 
stu
dy 

US
A 

Sing
le-

insti
tutio

n 
retr
osp
ecti
ve 

coh
ort 

452 

TSA: 
63.9 

± 
10.4 
years 

 
RTSA
: 67.3 

± 
12.2 
years 

 
Revis
ion: 
63.9 

± 
10.7 
years 

 
p = 

0.00
8 

acros
s 

grou
ps 

TSA: 
55.8

% 
male 

 
RTSA

: 
36.7

% 
male 

 
Revis
ion: 
36.0

% 
male 

 
p < 

0.00
1 

TSA: 
28.8 
± 4.9 

 
RTSA
: 29.8 
± 6.8 

 
Revis
ion: 
31.6 
± 7.1 

 
p = 

0.008 

Charls
on 

Comor
bidity 
Index: 

 
TSA: 
1.3 ± 
2.0 

 
RTSA: 
1.3 ± 
1.7 

 
Revisi

on: 1.2 
± 1.5 

 
p = 

0.900 
 

ASA 
score 
distrib
ution: 

 
TSA: 

ASA I 5 
(2.2%) 
ASA II 
155 

(69.2
%) 

ASA III 
64 

(28.6
%) 

ASA IV 
0 
 

RTSA: 
ASA I 4 
(2.4%) 
ASA II 

80 
(47.6

%) 
ASA III 

82 
(48.8

%) 

Diagn
osis – 

P < 
0.001 

 
Osteo
arthrit

is 
 

TSA: 
206 

(91.6
%) 

 
RTSA: 

75 
(42.6

%) 
 

Failed 
arthro
plasty 

 
TSA: 0 

 
RTSA: 

5 
(2.8%

) 
 

Cuff 
arthro
pathy 

 
TSA: 0 

 
RTSA: 

50 
(28.2

%) 
 

Infecti
on 

 
TSA: 0 

 
RTSA: 

7 
(4.0%

) 
 

Total 
shou
lder 
arthr
opla
sty 
and 

RTSA 

Jo
ur

na
l P
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-p

ro
of



ASA IV 
2 

(1.2%) 
 

Revisi
on: 

ASA I 0 
ASA II 

33 
(64.7

%) 
ASA III 

18 
(35.3

%) 
ASA IV 

0 
 

p = 
0.001 

 
Allergi

es 
(medi

an, 
IQR): 

 
TSA: 0 
(0–1) 

 
RTSA: 

0 (0–1) 
 

Revisi
on: 0.5 
(0–1) 

 
p = 

0.736 
 

Medic
ations 
(medi

an, 
IQR): 

 
TSA: 5 
(3–8) 

 
RTSA: 
7 (4–

Instab
ility 

 
TSA: 1 
(0.4%

) 
 

RTSA: 
5 

(2.8%
) 
 

Rheu
matoi

d 
arthrit

is 
 

TSA: 3 
(1.3%

) 
 

RTSA: 
12 

(6.8%
) 
 

Osteo
necro

sis 
 

TSA: 
11 

(4.9%
) 
 

RTSA: 
3 

(1.7%
) 
 

Fractu
re 

 
TSA: 1 
(0.4%

) 
 

RTSA: 
6 

(3.4%

Jo
ur
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10) 
 

Revisi
on: 5 
(2–7) 

 
p < 

0.001 

) 
 

Cuff 
tear 
with 

pseud
oparal

ysis 
 

TSA: 1 
(0.4%

) 
 

RTSA: 
5 

(2.8%
) 
 

Traum
atic 

arthrit
is / 

arthrit
is of 

disloc
ation 

 
TSA: 0 

 
RTSA: 

8 
(4.5%

) Jo
ur

na
l P

re
-p

ro
of
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3²⁷ 

Obstr
uctive 
sleep 
apnea 

as a 
risk 

factor 
after 
shoul

der 
arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

22,

988 

Over
all: 

68.8
1 ± 

11.5
9 

years 
 

No 
OSA: 
68.9
9 ± 

11.7 
years 

 
OSA: 
66.0
6 ± 

9.48 
years 
(p = 

.000) 

39.7
0% 

 

Deyo 
score: 

 
Overal
l: 0.35 
± 0.84 

 
No 

OSA: 
0.35 ± 
0.04 

 
OSA: 

0.44 ± 
0.03 
(p = 

.000) 
 

Distrib
ution: 

 
0 = 

76.2% 
 

1 = 
17.0% 

 
2 = 

4.7% 
 

≥3 = 
1.0% 

 

TSA 
and 

hemi
arthr
opla
sty 

Jo
ur

na
l P

re
-p

ro
of



Hum
phri
es et 

al. 
200
8³⁵ 

Effect 
of the 
Deyo 
score 

on 
outco
mes 
and 

costs 
in 

shoul
der 

arthro
plasty 
patien

ts. 

Journa
l of 

Ortho
paedi

c 
Surger

y 

Ret
ros
pec
tive 
dat
aba
se 

coh
ort 

US
A 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

28,

434 

No 
mean 
given 
(only 
age 
grou
ps) 

33.5
0% 

 

Deyo 
index 
(0, 1–
4, 5–
36) 

  

Jo
ur
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ro
of
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Does 
use of 
gluca
gon-
like 

peptid
e-1 

agoni
sts 

increa
se 

perio
perati

ve 
compl
icatio
ns in 

patien
ts 

under
going 
shoul

der 
arthro
plasty

? 

JSES 

Ret
ros
pec
tive 
Co
hor

t 
Stu
dy 

US
A 

Nati
onal 
data
bas

e 
(exa

ct 
data
bas

e 
not 
spe
cifie
d in 
prov
ided 
infor
mati
on) 

64,

567 

90-
day 

matc
hed: 
GLP-
1 = 

68.2 
± 6.8; 
Non-
GLP-
1 = 

68.3 
± 6.7 

 
P = 

0.26
9 
 

2-
year 
matc
hed: 
GLP-
1 = 

67.8 
± 6.5; 
Non-
GLP-
1 = 

67.9 
± 6.5 

 
P = 

0.30
2 

90-
day 

matc
hed: 
GLP-
1 = 

45.1
%; 

Non-
GLP-
1 = 

45.0
% 

 
2-

year 
matc
hed: 
GLP-
1 = 

45.0
%; 

Non-
GLP-
1 = 

44.7
% 

 

90-day 
match

ed 
 

GLP-1 
= 2.7 ± 

1.9; 
Non-

GLP-1 
= 2.6 ± 
1.8 (p 

= 
.006) 

 
Conge
stive 
heart 

failure
: 1845 
(9.9%) 
vs 460 
(9.2%)

; P = 
0.154 

 
Arrhyt
hmias: 
4154 
(22.2
%) vs 
1090 
(21.8

%); P = 
0.502 

 
Valvul

ar 
diseas

e: 
3620 
(19.4
%) vs 
966 

(19.3
%); P = 
0.920 

 
Pulmo

nary 
circula

tory 

Osteo
arthrit

is 

Prim
ary 
TSA 
(no 

differ
entia
tion 

betw
een 
anat
omic 
and 

rever
se 

TSA) Jo
ur

na
l P

re
-p

ro
of



disord
ers: 

1224 
(6.5%) 
vs 357 
(7.1%)

; P = 
0.152 

 
Periph

eral 
vascul

ar 
diseas

e: 
4005 
(21.4
%) vs 
1015 
(20.3

%); P = 
0.078 

 
Hypert
ension

: 
16,52

1 
(88.3
%) vs 
4511 
(90.0

%); P < 
0.001 

 
Paraly

sis: 
302 

(1.6%) 
vs 77 

(1.5%)
; P = 

0.743 
 

Other 
neuro 
disord

ers: 
1064 

(5.7%) 
vs 235 

Jo
ur
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-p

ro
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(4.7%)
; P = 

0.006 
 

Chroni
c 

pulmo
nary 

diseas
e: 

6300 
(33.7
%) vs 
1671 
(33.4

%); P = 
0.668 

 
Hypot
hyroidi

sm: 
5162 
(27.6
%) vs 
1371 
(27.4

%); P = 
0.752 

 
Chroni

c 
kidney 
diseas

e: 
3120 
(16.7
%) vs 
916 

(18.3
%); P = 
0.008 

 
Liver 

diseas
e: 

2632 
(14.1
%) vs 
742 

(14.8
%); P = 

Jo
ur

na
l P

re
-p

ro
of



0.193 
 

Peptic 
ulcer 

diseas
e: 909 
(4.9%) 
vs 229 
(4.6%)

; P = 
0.415 

 
Lymph
oma: 
198 

(1.1%) 
vs 54 

(1.1%)
; P = 

0.969 
 

Metast
atic 

cancer
: 185 

(1.0%) 
vs 51 

(1.0%)
; P = 

0.919 
 

Nonm
etasta

tic 
cancer
: 2265 
(12.1
%) vs 
619 

(12.4
%); P = 
0.657 

 
Rheu
matoi

d 
arthriti

s: 
1218 

(6.5%) 
vs 293 

Jo
ur

na
l P
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-p

ro
of



(5.8%)
; P = 

0.093 
 

Coagu
lopath

y: 
1268 

(6.8%) 
vs 308 
(6.1%)

; P = 
0.118 

 
Fluid 
and 

electr
olyte 

disord
ers: 

4951 
(26.5
%) vs 
1227 
(24.5

%); P = 
0.005 

 
Blood 
loss 

anemi
a: 677 
(3.6%) 
vs 163 
(3.3%)

; P = 
0.229 

 
Defici
ency 

anemi
a: 

2993 
(16.0
%) vs 
742 

(14.8
%); P = 
0.041 

 
Alcoh

Jo
ur

na
l P

re
-p

ro
of



ol 
abuse: 

634 
(3.4%) 
vs 110 
(2.2%)

; P < 
0.001 

 
Drug 

abuse: 
1202 

(6.4%) 
vs 236 
(4.7%)

; P < 
0.001 

 
Psych
oses: 
540 

(2.9%) 
vs 107 
(2.1%)

; P = 
0.004 

 
Depre
ssion: 
6255 
(33.4
%) vs 
1738 
(34.7

%); P = 
0.102 

 
Smoki

ng: 
4613 
(24.7
%) vs 
1289 
(25.7

%); P = 
0.127 

 
Obesit

y: 
8165 
(43.7

Jo
ur
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%) vs 
2613 
(52.2

%); P < 
0.001 

 
Metfor

min 
use: 

12,88
0 

(68.9
%) vs 
3471 
(69.3

%); P = 
0.591 

 
Insulin 

use: 
2859 
(15.3
%) vs 
899 

(17.9
%); P < 
0.001 

 
Compl
icated 
diabet

es: 
8983 
(48.0
%) vs 
2487 
(49.6

%); P = 
0.045 

 
Osteo
porosi

s: 
2421 
(12.9
%) vs 
561 

(11.2
%); P = 
0.001 

 

Jo
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-p
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of



Chroni
c 

steroi
d use: 

552 
(3.0%) 
vs 119 
(2.4%)

; P = 
0.033 

 
Steroi

d-
induce

d 
diabet
es: 48 
(0.3%) 
vs 10 

(0.2%)
; P = 

0.572 
 

2-year 
match

ed 
 

GLP-1 
= 2.6 ± 

1.8; 
Non-

GLP-1 
= 2.5 ± 
1.7 (p 

= 
.004) 

 
Conge
stive 
heart 

failure
: 1122 
(8.8%) 
vs 292 
(8.5%)

; P = 
0.528 

 
Arrhyt
hmias: 
2422 

Jo
ur
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re
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(19.1
%) vs 
642 

(18.6
%); P = 
0.574 

 
Valvul

ar 
diseas

e: 
2119 
(16.7
%) vs 
570 

(16.6
%); P = 
0.860 

 
Pulmo

nary 
circula

tory 
disord

ers: 
676 

(5.3%) 
vs 198 
(5.7%)

; P = 
0.352 

 
Periph

eral 
vascul

ar 
diseas

e: 
2358 
(18.6
%) vs 
633 

(18.4
%); P = 
0.809 

 
Hypert
ension

: 
10,95

9 

Jo
ur
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(86.3
%) vs 
3031 
(88.0

%); P = 
0.012 

 
Paraly

sis: 
184 

(1.4%) 
vs 46 

(1.3%)
; P = 

0.675 
 

Other 
neuro 
disord

ers: 
614 

(4.8%) 
vs 135 
(3.9%)

; P = 
0.026 

 
Chroni

c 
pulmo

nary 
diseas

e: 
3967 
(31.3
%) vs 
1066 
(31.0

%); P = 
0.749 

 
Hypot
hyroidi

sm: 
3237 
(25.5
%) vs 
901 

(26.2
%); P = 
0.447 

Jo
ur
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l P
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-p
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Chroni

c 
kidney 
diseas

e: 
1705 
(13.4
%) vs 
528 

(15.3
%); P = 
0.005 

 
Liver 

diseas
e: 

1465 
(11.5
%) vs 
440 

(12.8
%); P = 
0.050 

 
Peptic 
ulcer 

diseas
e: 523 
(4.1%) 
vs 124 
(3.6%)

; P = 
0.183 

 
Lymph
oma: 
114 

(0.9%) 
vs 28 

(0.8%)
; P = 

0.710 
 

Metast
atic 

cancer
: 99 

(0.8%) 
vs 24 

(0.7%)

Jo
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; P = 
0.699 

 
Nonm
etasta

tic 
cancer
: 1402 
(11.0
%) vs 
374 

(10.9
%); P = 
0.779 

 
Rheu
matoi

d 
arthriti
s: 812 
(6.4%) 
vs 162 
(4.7%)

; P < 
0.001 

 
Coagu
lopath
y: 705 
(5.6%) 
vs 176 
(5.1%)

; P = 
0.329 

 
Fluid 
and 

electr
olyte 

disord
ers: 

2844 
(22.4
%) vs 
738 

(21.4
%); P = 
0.229 

 
Blood 
loss 

Jo
ur

na
l P

re
-p

ro
of



anemi
a: 382 
(3.0%) 
vs 102 
(3.0%)

; P = 
0.928 

 
Defici
ency 

anemi
a: 

1776 
(14.0
%) vs 
411 

(11.9
%); P = 
0.002 

 
Alcoh

ol 
abuse: 

314 
(2.5%) 
vs 71 

(2.1%)
; P = 

0.179 
 

Drug 
abuse: 

622 
(4.9%) 
vs 125 
(3.6%)

; P = 
0.002 

 
Psych
oses: 
318 

(2.5%) 
vs 59 

(1.7%)
; P = 

0.008 
 

Depre
ssion: 
3796 

Jo
ur

na
l P

re
-p

ro
of



(29.9
%) vs 
1057 
(30.7

%); P = 
0.386 

 
Smoki

ng: 
2428 
(19.1
%) vs 
704 

(20.4
%); P = 
0.089 

 
Obesit

y: 
4822 
(38.0
%) vs 
1593 
(46.3

%); P < 
0.001 

 
Metfor

min 
use: 
8122 
(64.0
%) vs 
2224 
(64.6

%); P = 
0.540 

 
Insulin 

use: 
1512 
(11.9
%) vs 
508 

(14.8
%); P < 
0.001 

 
Compl
icated 
diabet

Jo
ur

na
l P

re
-p

ro
of



es: 
4924 
(38.8
%) vs 
1409 
(40.9

%); P = 
0.025 

 
Osteo
porosi

s: 
1534 
(12.1
%) vs 
363 

(10.5
%); P = 
0.014 

 
Chroni

c 
steroi
d use: 

292 
(2.3%) 
vs 57 

(1.7%)
; P = 

0.025 
 

Steroi
d-

induce
d 

diabet
es: 20 
(0.2%) 

vs 5 
(0.1%)

; P = 
1.000 

Jo
ur

na
l P

re
-p

ro
of
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Increa
sing 

severi
ty of 

preop
erativ

e 
anemi

a is 
assoc
iated 
with 

higher 
posto
perati

ve 
medic
al and 
surgic

al 
compl
icatio

ns 
after 

prima
ry 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
Co
hor

t 
Stu
dy 

US
A 

Sing
le-

insti
tutio

n 
sho
ulde

r 
arth
ropl
asty 
regi
stry 

5,2

31 

No 
anem

ia: 
68.8 

± 
10.8 
years 

 
Mild 

anem
ia: 

72.0 
± 

10.4 
years 

 
Mode
rate-

to-
sever

e 
anem

ia: 
70.9 

± 
13.0 
years 

 
P(no 

anem
ia vs. 
mild 

anem
ia) 

<0.0
01 

 
P(no 

anem
ia vs. 
mod
erate
-to-

sever
e 

anem
ia) = 
0.00

3 
 

P(mil

No 
anae
mia: 
48.2

% 
male 

 
Mild 
anae
mia: 
48.9

% 
male 

 
Mode
rate-

to-
sever

e 
anae
mia: 
28.8

% 
male 

 
P(no 
ane
mia 
vs. 

mild 
ane
mia) 

= 
0.71

2 
 

P(no 
ane
mia 
vs. 

mod
erate
-to-

sever
e 

ane
mia)
<0.0

01 
 

P(mil

No 
anem

ia: 
31.0 
± 9.3 

 
Mild 

anem
ia: 

30.2 
± 6.8 

 
Mode
rate-

to-
sever

e 
anem

ia: 
29.9 
± 7.2 

 
P(no 

anem
ia vs. 
mild 

anem
ia) = 

0.092 
 

P(mil
d 

anem
ia vs. 
mode
rate-

to-
sever

e 
anem
ia) = 

0.117 
 

P(mil
d 

anem
ia vs. 
mode
rate-

to-
sever

P(no 
anemi
a vs. 
mild 

anemi
a)/P(m

ild 
anemi
a vs. 

moder
ate-to-
severe 
anemi
a)/P(m

ild 
anemi
a vs. 

moder
ate-to-
severe 
anemi

a) 
 

Tobac
co use 

 
No 

anemi
a: 339 
(8.1%) 

 
Mild 

anemi
a: 46 

(6.2%) 
 

Moder
ate-to-
severe 
anemi
a: 20 

(6.8%) 
 

P 
values
: 0.290 

/ 
0.303 

/ 
0.328 

 

All p 
value

s 
<0.00

1 
 

Osteo
arthrit
is: No 
anemi

a 
50.9%
; Mild 
anemi

a 
42.0%

; 
Moder

ate-
to-

sever
e 

anemi
a 

32.9% 
 

Rotat
or cuff 

tear 
arthro
pathy: 

No 
anemi

a 
31.6%
; Mild 
anemi

a 
35.3%

; 
Moder

ate-
to-

sever
e 

anemi
a 

26.4% 
 

PTOA: 
No 

All p 
valu
es 

<0.0
01 

 
Hem
iarth
ropla
sty: 
No 
ane
mia 

9.5%
; 

Mild 
ane
mia 
15.1

%; 
Mod
erate
-to-

seve
re 

ane
mia 
21.4

% 
 

aTSA
: No 
ane
mia 
46.2

%; 
Mild 
ane
mia 
48.2

%; 
Mod
erate
-to-

seve
re 

ane
mia 
53.9

% 
 

Jo
ur

na
l P

re
-p

ro
of



d 
anem
ia vs. 
mod
erate
-to-

sever
e 

anem
ia) = 
0.31

8 

d 
ane
mia 
vs. 

mod
erate
-to-

sever
e 

ane
mia)
<0.0

01 
 

Thes
e p 

value
s are 

for 
the 

fema
le 

sex 

e 
anem
ia) = 

0.858 

Myoca
rdial 

infarct
ion 
(MI) 

 
No 

anemi
a: 49 

(1.2%) 
 

Mild 
anemi
a: 17 

(2.3%) 
 

Moder
ate-to-
severe 
anemi

a: 9 
(3.1%) 

 
P 

values
: 0.014 

/ 
0.006 

/ 
0.480 

 
Conge
stive 
heart 

failure 
(CHF) 

 
No 

anemi
a: 134 
(3.2%) 

 
Mild 

anemi
a: 56 

(7.5%) 
 

Moder
ate-to-
severe 
anemi

anemi
a 

9.5%; 
Mild 

anemi
a 

9.0%; 
Moder

ate-
to-

sever
e 

anemi
a 

6.8% 
 

AVN: 
No 

anemi
a 

2.8%; 
Mild 

anemi
a 

3.2%; 
Moder

ate-
to-

sever
e 

anemi
a 

4.1% 
 

Inflam
mator

y 
arthrit
is: No 
anemi

a 
2.3%; 
Mild 

anemi
a 

3.6%; 
Moder

ate-
to-

sever
e 

RSA: 
No 
ane
mia 
44.3

%; 
Mild 
ane
mia 
36.7

%; 
Mod
erate
-to-

seve
re 

ane
mia 
24.7

% 

Jo
ur

na
l P

re
-p

ro
of



a: 28 
(9.5%) 

 
P 

values
: 

<0.00
1 / 

<0.00
1 / 

0.301 
 

Periph
eral 

vascul
ar 

diseas
e 

(PVD) 
 

No 
anemi
a: 216 
(5.2%) 

 
Mild 

anemi
a: 54 

(7.3%) 
 

Moder
ate-to-
severe 
anemi
a: 27 

(9.2%) 
 

P 
values
: 0.019 

/ 
0.003 

/ 
0.310 

 
Cerebr
ovasc

ular 
accide

nt 
(CVA) 

anemi
a 

5.4% 
 

Acute 
fractu
re: No 
anemi

a 
1.8%; 
Mild 

anemi
a 

5.0%; 
Moder

ate-
to-

sever
e 

anemi
a 

22.7% 
 

Other: 
No 

anemi
a 

1.0%; 
Mild 

anemi
a 

1.8%; 
Moder

ate-
to-

sever
e 

anemi
a 

1.7% 

Jo
ur

na
l P

re
-p

ro
of



 
No 

anemi
a: 99 

(2.4%) 
 

Mild 
anemi
a: 28 

(3.8%) 
 

Moder
ate-to-
severe 
anemi
a: 11 

(3.7%) 
 

P 
values
: 0.025 

/ 
0.142 

/ 
0.973 

 
Deme

ntia 
 

No 
anemi
a: 30 

(0.7%) 
 

Mild 
anemi

a: 5 
(0.7%) 

 
Moder
ate-to-
severe 
anemi

a: 0 
(0.0%) 

 
P 

values
: 0.901 

/ 
0.145 

Jo
ur

na
l P

re
-p

ro
of



/ 
0.158 

 
Chroni

c 
obstru
ctive 

pulmo
nary 

diseas
e 

(COPD
) 
 

No 
anemi
a: 310 
(7.4%) 

 
Mild 

anemi
a: 69 

(9.3%) 
 

Moder
ate-to-
severe 
anemi
a: 43 
(14.6

%) 
 

P 
values
: 0.072 

/ 
<0.00

1 / 
0.014 

 
Diabet

es 
mellit

us 
 

No 
anemi
a: 389 
(9.3%) 

 
Mild 

Jo
ur

na
l P

re
-p

ro
of



anemi
a: 107 
(14.4

%) 
 

Moder
ate-to-
severe 
anemi
a: 47 
(15.9

%) 
 

P 
values

: 
<0.00

1 / 
<0.00

1 / 
0.537 

 
Chroni

c 
kidney 
diseas

e 
(CKD) 

 
No 

anemi
a: 148 
(3.5%) 

 
Mild 

anemi
a: 57 

(7.7%) 
 

Moder
ate-to-
severe 
anemi
a: 43 
(14.6

%) 
 

P 
values

: 
<0.00

Jo
ur

na
l P

re
-p

ro
of



1 / 
<0.00

1 / 
<0.00

1 
 

ASA 
score 
(mean 
± SD) 

 
No 

anemi
a: 2.3 
± 0.6 

 
Mild 

anemi
a: 2.5 
± 0.6 

 
Moder
ate-to-
severe 
anemi
a: 2.6 
± 0.7 

 
P 

values
: 

<0.00
1 / 

<0.00
1 / 

0.852 
 

ASA 
class 

≤2 / ≥3 
 

≤2: 
2581 / 
341 / 
124 

 
≥3: 

1613 / 
401 / 
171 

 

Jo
ur

na
l P

re
-p

ro
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P 
values

: 
<0.00

1 / 
<0.00

1 / 
0.252 

 
Charls

on 
Comor
bidity 
Index 
(CCI), 
mean 
± SD 

 
No 

anemi
a: 3.1 
± 1.8 

 
Mild 

anemi
a: 3.8 
± 2.2 

 
Moder
ate-to-
severe 
anemi
a: 4.1 
± 2.6 

 
P 

values
: 

<0.00
1 / 

<0.00
1 / 

0.052 
 

CCI >2 
 

No 
anemi

a: 
2613 
(62.3

Jo
ur

na
l P

re
-p

ro
of



%) 
 

Mild 
anemi
a: 554 
(74.7

%) 
 

Moder
ate-to-
severe 
anemi
a: 226 
(76.6

%) 
 

P 
values

: 
<0.00

1 / 
<0.00

1 / 
0.512 

 
CCI 

class 
0 / 1–3 
/ 4–5 / 

≥6 
 

0: 164 
/ 16 / 

12 
 

1–3: 
2680 / 
360 / 
129 

 
4–5: 

1021 / 
244 / 

87 
 

≥6: 
329 / 
122 / 

67 
 

P 

Jo
ur

na
l P

re
-p

ro
of



values
: 

<0.00
1 / 

<0.00
1 / 

0.027 
 

Preop
erative 
hemog
lobin 
(g/dL) 

 
No 

anemi
a: 14.0 

± 1.2 
 

Mild 
anemi
a: 12.0 

± 0.8 
 

Moder
ate-to-
severe 
anemi
a: 9.9 
± 1.0 

 
P 

values
: 

<0.00
1 / 

<0.00
1 / 

<0.00
1 
 

Preop
erative 
hemat
ocrit 
(%) 

 
No 

anemi
a: 41.8 

± 3.1 

Jo
ur

na
l P

re
-p

ro
of



 
Mild 

anemi
a: 35.8 

± 1.7 
 

Moder
ate-to-
severe 
anemi
a: 30.1 

± 2.7 
 

P 
values

: 
<0.00

1 / 
<0.00

1 / 
<0.00

1 

Jo
ur

na
l P

re
-p

ro
of
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Does 
morbi

d 
obesit

y 
negati

vely 
impac

t 
perio
perati

ve 
outco
mes 

follow
ing 

electi
ve 

revers
e 

shoul
der 

arthro
plasty

?: a 
prope
nsity-
match

ed 
comp
arativ

e 
study. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 
Intern
ationa

l 

Ret
ros
pec
tive 
Co
hor

t 
Co
mp
aris
on 

US
A 

Sing
le-

insti
tutio

n 
retr
osp
ecti
ve 

prop
ensi
ty-

mat
che

d 
coh
ort 

175 

Over
all: 
71 

(66, 
76) 

 
Morbi

dly 
obes
e: 68 
(64, 
73) 

 
Non-
morb
idly 

obes
e (full 
coho

rt): 
71 

(66.5
, 77) 

 
Non-
matc
hed 
p: = 
0.12 

 
Matc
hed 
non-
morb
idly 

obes
e: 68 
(65, 
73) 

 
Matc
hed 
p: 

0.80 

Morb
idly 

obes
e: 

16% 
 

Non-
morb
idly 

obes
e: 

26% 
 

Matc
hed 
non-
morb
idly 

obes
e: 

10% 

Morbi
dly 

obes
e: 

42.4 
(41.0

, 
45.1) 

 
Non-
morb
idly 

obes
e: 

30.3 
(27.2

, 
33.1) 

 
Matc
hed 
non-
morb
idly 

obes
e: 

30.6 
(26.4

, 
32.7) 

Overal
l 

cohort 
(n = 
175) 

 
mFI-5 

 
Score 

0–1 
 

BMI ≥ 
40: 8 

(42%) 
 

BMI < 
40: 76 
(49%) 

 
p = .59 

 
Score 

≥ 2 
 

BMI ≥ 
40: 11 
(58%) 

 
BMI < 
40: 80 
(51%) 

 
Smoki

ng 
status 

 
Never 

 
BMI ≥ 
40: 6 

(32%) 
 

BMI < 
40: 87 
(56%) 

 
p = .10 

 
Forme

r 
 

RTC-
defici

ent 
arthrit
is, GH 

OA, 
Chron
ic RTC 
tear, 

Other 
(this 

is 
what 
the 

table 
says) 

Prim
ary 

rTSA 

Jo
ur

na
l P

re
-p

ro
of



BMI ≥ 
40: 11 
(58%) 

 
BMI < 
40: 53 
(34%) 

 
Curren

t 
 

BMI ≥ 
40: 2 

(10%) 
 

BMI < 
40: 16 
(10%) 

 
Prior 

ipsilat
eral 

surger
y 
 

None 
 

BMI ≥ 
40: 16 
(84%) 

 
BMI < 

40: 
112 

(72%) 
 

p = .85 
 

Arthro
scopy 

 
BMI ≥ 
40: 3 

(16%) 
 

BMI < 
40: 35 
(22%) 

 
Open 
surger

Jo
ur

na
l P

re
-p

ro
of



y 
 

BMI ≥ 
40: 0 
(0%) 

 
BMI < 
40: 5 
(3%) 

 
Open 
surger
y/arthr
oscop

y 
 

BMI ≥ 
40: 0 
(0%) 

 
BMI < 
40: 4 
(3%) 

 
Age-

adjust
ed 

Charls
on 

comor
bidity 
index 

(ACCI) 
 

BMI ≥ 
40: 4 
(IQR 
3–5) 

 
BMI < 
40: 4 
(IQR 
3–5) 

 
p = .88 

 
Prope
nsity 

match
ed 

cohort 

Jo
ur

na
l P

re
-p

ro
of



(n = 
60) 

 
mFI-5 

 
Score 

0–1 
 

BMI ≥ 
40: 8 

(42%) 
 

BMI < 
40: 14 
(34%) 

 
p = .55 

 
Score 

≥ 2 
 

BMI ≥ 
40: 11 
(58%) 

 
BMI < 
40: 27 
(56%) 

 
Smoki

ng 
status 

 
Never 

 
BMI ≥ 
40: 6 

(32%) 
 

BMI < 
40: 23 
(56%) 

 
p = .19 

 
Forme

r 
 

BMI ≥ 
40: 11 
(58%) 

Jo
ur

na
l P

re
-p

ro
of



 
BMI < 
40: 14 
(34%) 

 
Curren

t 
 

BMI ≥ 
40: 2 

(10%) 
 

BMI < 
40: 4 

(10%) 
 

Prior 
ipsilat

eral 
surger

y 
 

None 
 

BMI ≥ 
40: 16 
(84%) 

 
BMI < 
40: 24 
(59%) 

 
p = .25 

 
Arthro
scopy 

 
BMI ≥ 
40: 3 

(16%) 
 

BMI < 
40: 12 
(29%) 

 
Open 
surger

y 
 

BMI ≥ 
40: 0 

Jo
ur

na
l P

re
-p

ro
of



(0%) 
 

BMI < 
40: 3 
(7%) 

 
Open 
surger
y/arthr
oscop

y 
 

BMI ≥ 
40: 0 
(0%) 

 
BMI < 
40: 2 
(5%) 

 
Age-

adjust
ed 

Charls
on 

comor
bidity 
index 

(ACCI) 
 

BMI ≥ 
40: 4 
(IQR 
3–5) 

 
BMI < 
40: 4 
(IQR 
3–6) 

 
p = .75 

Jo
ur
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l P

re
-p

ro
of
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Effect 
of 

hospit
al 

length 
of 

stay 
on 

functi
onal 

outco
mes 
and 
read
missi

on 
after 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
Co
hor

t 
Stu
dy 

US
A 

Sing
le-

insti
tutio

n 
retr
osp
ecti
ve 

coh
ort 

(Tho
mas 
Jeffe
rson 
Univ
ersit

y 
Hos
pital

) 

217 

Over
all: 

67.5 
± 

8.85 
years 

 
>24 

h: 
70.1 

± 
10.4 
years 

 
<24 

h: 
66.7 

± 
8.10 
years 
(p = 

.030) 

Over
all: 
98 

(45.2
%) 

 
>24 

h: 24 
(42.9

%) 
 

<24 
h: 74 
(46.0
%) (p 

= 
.805) 

Over
all: 

30.4 
± 

5.00 
 

>24 
h: 

31.1 
± 

3.83 
 

<24 
h: 

30.2 
± 

5.33 
(p = 

.108) 

Charls
on 

comor
bidity 
index 

(CCI) - 
group 

charac
teristic

s by 
LOS 

 
Overal
l: 3.10 
± 1.64 

 
>24 h: 
4.02 ± 
2.07 

 
<24 h: 
2.78 ± 
1.33 
(p = 

.001) 
 

Group 
charac
teristic 
by CCI 
thresh

olds 
 

CCI <3 
- 1.62 
± 0.58 

 
CCI ≥ 

3 - 
4.08 ± 
1.36 

 
P<0.0

01 
 

CCI < 
4 - 

2.19 ± 
0.81 

 
CCI ≥ 

 
rTSA 
and 

aTSA 

Jo
ur

na
l P

re
-p

ro
of



4 - 
5.04 ± 
1.23 

 
P<0.0

01 

Jo
ur

na
l P

re
-p

ro
of
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Fibro
myalg

ia 
syndr
ome 
is an 

indep
enden

t 
predic
tor of 

increa
sed 

compl
icatio

ns, 
revisi

on, 
and 
cost 

of 
admis

sion 
within 

180 
days 

of 
total 

shoul
der 

arthro
plasty

. 

JSES 

Ret
ros
pec
tive 
mat
che

d 
coh
ort 
stu
dy 

US
A 

Nati
onal 
read
mis
sion

s 
data
bas

e 

11,

012 

FMS: 
68 ± 
8.2 

years 
 

No 
FMS: 
67 ± 
8.0 

years 
(p = 

.506) 

6% in 
both 
grou

ps 

 

Charls
on-

Deyo 
Comor
bidity 
Index 
(CCI): 
FMS 
1.4 ± 
1.6 vs 

No 
FMS 
1.4 ± 
1.6 (p 

= 
.875) 

 
Hypert
ension 
requiri

ng 
medic
ation 

 
FMS: 
72% 

 
No 

FMS: 
70% 

 
p = 

.022 † 
 

Depre
ssion 

 
FMS: 
37% 

 
No 

FMS: 
22% 

 
p < 

.001 ∗ 
 

Diabet
es 

mellit
us 

 

Prim
ary 

anat
omy 
and 

rever
se 

TSA 

Jo
ur

na
l P

re
-p

ro
of



(DM) 
 

FMS: 
15% 

 
No 

FMS: 
22% 

 
p < 

.001 ∗ 
 

Conge
stive 
heart 

failure 
(CHF) 

 
FMS: 
5.7% 

 
No 

FMS: 
4.5% 

 
p = 

.005 † 
 

Periph
eral 

vascul
ar 

diseas
e 

(PVD) 
 

FMS: 
3.7% 

 
No 

FMS: 
3.1% 

 
p = 

.102 
 

Chroni
c 

kidney 
diseas

e 

Jo
ur

na
l P

re
-p

ro
of



(CKD) 
 

FMS: 
12% 

 
No 

FMS: 
9.8% 

 
p = 

.002 ∗ 
 

Chroni
c lung 
diseas

e 
 

FMS: 
34% 

 
No 

FMS: 
33% 

 
p = 

.048 † 
 

Chroni
c liver 
diseas

e 
 

FMS: 
2.9% 

 
No 

FMS: 
3.6% 

 
p = 

.024 † 
 

✅ 
Key: 

 ∗ 
Statist
ically 
signifi
cant 

 

Jo
ur

na
l P

re
-p

ro
of



† Not 
signifi
cant 

followi
ng 

Bonfer
roni 

correc
tion 

Jo
ur

na
l P

re
-p

ro
of
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Predic
tion of 
overni

ght 
stay 

follow
ing 

shoul
der 

arthro
plasty 
utilizi

ng 
machi

ne 
learni

ng. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

5,8

11 

18–
60 

years
: OHS 
9.72
% vs 
SHS 
15.6
6% 

 
61–
75 

years
: OHS 
51.3
0% 
vs 

SHS 
59.8
0% 

 
76+ 

years
: OHS 
39.9
8% 
vs 

SHS 
24.5
4% 

 
P<0.
0001 
Multi
varia
ble P 

= 
0.00

4 

OHS: 
30.6
7% 

 
SHS: 
47.8
2% 

 
P 

<0.0
001 
Sam

e 
value 

for 
multi
varia
ble P 

<25: 
OHS 

21.17
%, 

SHS 
16.85

% 
 

25–
30: 

OHS 
32.61

%, 
SHS 

38.89
% 

 
31–
35: 

OHS 
21.38

%, 
SHS 

24.34
% 

 
36+: 
OHS 

24.84
%, 

SHS 
19.92

% 
 

P<0.
0001 
Multi
varia
ble P 

= 
0.012 

OHS 
vs SHS 

 
Anemi

a: 
32.94
% vs 

24.46
%, p < 
.0001, 
multiv
ariable 

p < 
.0001, 

OR 
1.43 

(2.21–
1.69), 
+43% 

risk 
 

ASA 
grade 
3–5: 

72.25
% vs 

54.86
%, p < 
.0001, 
multiv
ariable 

p < 
.0001, 

OR 
1.88 

(1.58–
2.23), 
+88% 

risk 
 

CHF: 
5.40% 

vs 
2.99%

, p = 
.0002 

 
COPD: 
10.69
% vs 

5.08%

 

Prim
ary 

elect
ive 
TSA 

Jo
ur

na
l P

re
-p

ro
of



, p < 
.0001, 
multiv
ariable 

p < 
.0001, 

OR 
1.89 

(1.44–
2.47) 

 
Depen

dent 
functi
onal 

status: 
6.59% 

vs 
1.54%

, p < 
.0001, 
multiv
ariable 

p < 
.0001, 

OR 
3.28 

(2.24–
4.81), 
+228
% risk 

 
Diabet

es 
mellit

us: 
23.11
% vs 

17.48
%, p < 
.0001, 
multiv
ariable 

p < 
.0001, 

OR 
2.85 

(1.88–
3.72), 
+185
% risk 

Jo
ur

na
l P

re
-p

ro
of



 
Hypert
ension

: 
68.47
% vs 

63.95
%, p = 
.008 

 
Smoki

ng 
history

: 
9.29% 

vs 
9.09%

, p = 
.848 

Jo
ur

na
l P

re
-p

ro
of
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Trama
dol 
use 

befor
e total 
shoul

der 
arthro
plasty

: 
patien

ts 
have 
lower 
risk of 
compl
icatio

ns 
and 

resour
ce 

utiliza
tion 
than 

those 
using 
traditi
onal 

opioid
s. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 
Intern
ationa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Nati
onal 
clai
ms 

data
bas

e 

29,

454 

Age 
Distri
butio
n by 

Opioi
d 

Coho
rt (p 

< 
.001) 

 
<55 

years 
 

Opioi
d 

naïve
: 

1317 
(8.8
%) 

 
Tram
adol: 
155 
(7.0
%) 

 
Tradit
ional 
opioi

ds: 
1082 
(10.3

%) 
 

Opioi
ds + 
tram
adol: 
202 

(11.1
%) 

 
55–
64 

years 
 

Opioi
d 

naïve

Opioi
d 

naïve
: 

53.4
% 

 
Tram
adol: 
39.2

% 
 

Tradi
tiona

l 
opioi

ds: 
47.0

% 
 

Opioi
ds 

and 
tram
adol: 
40.6

% 

 

Obesit

y (p = 

.002) 
 

Opioid 
naïve: 
1651 
(11.0

%) 
 

Trama
dol: 
275 

(12.4
%) 

 
Traditi

onal 
opioid

s: 
1283 
(12.3

%) 
 

Opioid
s + 

trama
dol: 
241 

(13.2
%) 

 

Chron

ic 

kidney 

diseas

e (p < 

.001) 
 

Opioid 
naïve: 

672 
(4.5%) 

 
Trama

dol: 
138 

(6.2%) 
 

Traditi
onal 

  

Jo
ur

na
l P

re
-p

ro
of



: 
5230 
(35.0

%) 
 

Tram
adol: 
770 

(34.8
%) 

 
Tradit
ional 
opioi

ds: 
3983 
(38.1

%) 
 

Opioi
ds + 
tram
adol: 
729 

(39.9
%) 

 
65–
74 

years 
 

Opioi
d 

naïve
: 

4431 
(29.6

%) 
 

Tram
adol: 
656 

(29.6
%) 

 
Tradit
ional 
opioi

ds: 
2942 
(28.1

opioid
s: 646 
(6.2%) 

 
Opioid

s + 
trama

dol: 
109 

(6.0%) 

 

Alcoh

ol use 

disord

ers (p 

< 

.001) 
 

Opioid 
naïve: 

105 
(0.7%) 

 
Trama
dol: 23 
(1.0%) 

 
Traditi

onal 
opioid
s: 124 
(1.2%) 

 
Opioid

s + 
trama
dol: 20 
(1.1%) 

 

Tobac

co use 

(p < 

.001) 
 

Opioid 
naïve: 

453 
(3.0%) 

 
Trama
dol: 75 

Jo
ur

na
l P

re
-p

ro
of



%) 
 

Opioi
ds + 
tram
adol: 
477 

(26.1
%) 

 
75–
84 

years 
 

Opioi
d 

naïve
: 

4431 
(23.3

%) 
 

Tram
adol: 
548 

(24.8
%) 

 
Tradit
ional 
opioi

ds: 
2151 
(20.6

%) 
 

Opioi
ds + 
tram
adol: 
361 

(19.8
%) 

 
85+ 

years 
 

Opioi
d 

naïve
: 495 

(3.4%) 
 

Traditi
onal 

opioid
s: 500 
(4.8%) 

 
Opioid

s + 
trama
dol: 90 
(4.9%) 

 

Hyper

tensio

n (p < 

.001) 
 

Opioid 
naïve: 
8719 
(58.3

%) 
 

Trama
dol: 

1411 
(63.4

%) 
 

Traditi
onal 

opioid
s: 

6526 
(62.3

%) 
 

Opioid
s + 

trama
dol: 

1180 
(64.7

%) 

 

Coron

ary 

artery 

diseas

Jo
ur

na
l P

re
-p

ro
of



(3.3
%) 

 
Tram
adol: 

85 
(3.8
%) 

 
Tradit
ional 
opioi

ds: 
304 
(2.9
%) 

 
Opioi
ds + 
tram
adol: 

56 
(3.1
%) 

e (p < 

.001) 
 

Opioid 
naïve: 
2411 
(16.1

%) 
 

Trama
dol: 
397 

(17.9
%) 

 
Traditi

onal 
opioid

s: 
1846 
(17.6

%) 
 

Opioid
s + 

trama
dol: 
328 

(18.0
%) 

 

Conge

stive 

heart 

failure 

(p < 

.001) 
 

Opioid 
naïve: 

557 
(3.7%) 

 
Trama
dol: 95 
(4.3%) 

 
Traditi

onal 
opioid
s: 585 

Jo
ur

na
l P

re
-p

ro
of



(5.6%) 
 

Opioid
s + 

trama
dol: 84 
(4.6%) 

 

Rheu

matic 

diseas

e (p < 

.001) 
 

Opioid 
naïve: 

612 
(4.1%) 

 
Trama

dol: 
158 

(7.1%) 
 

Traditi
onal 

opioid
s: 696 
(6.7%) 

 
Opioid

s + 
trama

dol: 
130 

(7.1%) 

 

Diabet

es (p < 

.001) 
 

Opioid 
naïve: 
2870 
(19.2

%) 
 

Trama
dol: 
446 

(20.1

Jo
ur

na
l P

re
-p

ro
of



%) 
 

Traditi
onal 

opioid
s: 

2355 
(22.5

%) 
 

Opioid
s + 

trama
dol: 
391 

(21.4
%) 

 

Depre

ssion 

(p < 

.001) 
 

Opioid 
naïve: 
1188 

(7.9%) 
 

Trama
dol: 
203 

(9.2%) 
 

Traditi
onal 

opioid
s: 

1461 
(13.9

%) 
 

Opioid
s + 

trama
dol: 
302 

(16.6
%) 

Jo
ur

na
l P

re
-p

ro
of
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Cumu
lative 
effect 

of 
chroni

c 
dehyd
ration 

and 
age 
on 

posto
perati

ve 
compl
icatio

ns 
after 
total 

shoul
der 

arthro
plasty

. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 
Intern
ationa

l 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 
(201

5–
201
9) 

16,

993 
 

Nond
ehyd
rated

: 
52.5
3% 

 
Mode
ratel

y 
dehy
drate

d: 
38.9
2% 

 
Sever

ely 
dehy
drate

d: 
23.1
7% 

 
P 

<0.0
01 

<18.5
: 

0.69–
0.95

% 
 

18.5–
29.9: 
~47% 

 
30–

34.9: 
~25–
27% 

 
35–

39.9: 
~14% 

 
≥40: 
10–
12% 

Main 
Cohort 

 
ASA 

classif
ication 

(p = 
.028) 

 
1–2: 
3636 

(42.79
%) 

 
≥3: 

4862 
(57.21

%) 
 

Functi
onal 

status 
(p < 

.001) 
 

Indepe
ndent: 
8355 

(98.32
%) 

 
Depen
dent: 
143 

(1.68
%) 

 
Smoki
ng (p < 
.001) 

 
No: 

7311 
(86.03

%) 
 

Yes: 
1187 

(13.97
%) 

 

  

Jo
ur

na
l P

re
-p

ro
of



Outpa
tient/i
npatie
nt (p = 
.632) 

 
Outpa
tient: 
791 

(9.31
%) 

 
Inpatie

nt: 
7707 

(90.69
%) 

 
Diabet

es 
 

No: 
7078 

(83.29
%) (p 

= 
.012) 

 
Non-

insulin
: 1047 
(12.32
%) (p 

= 
.028) 

 
Insulin
: 373 
(4.39
%) (p 

= 
.021) 

 
Dyspn

ea 
 

No: 
7942 

(93.46
%) (p 

= 

Jo
ur

na
l P

re
-p

ro
of



.206) 
 

Moder
ate 

exertio
n: 529 
(6.22
%) (p 

= 
.354) 

 
At 

rest: 
27 

(0.32
%) (p 

= 
.652) 

 
COPD 

(p = 
.004) 

 
No: 

7858 
(92.47

%) 
 

Yes: 
640 

(7.53
%) 

 
Ascite
s (p = 
.154) 

 
No: 

8498 
(100.0

0%) 
 

Yes: 0 
(0.00

%) 
 

Conge
stive 
heart 

failure 
(p = 

Jo
ur

na
l P

re
-p

ro
of



.010) 
 

No: 
8464 

(99.60
%) 

 
Yes: 
34 

(0.40
%) 

 
Hypert
ension 

(p < 
.001) 

 
No: 

2926 
(34.43

%) 
 

Yes: 
5572 

(65.57
%) 

 
Disse
minat

ed 
cancer 

(p = 
.649) 

 
No: 

8480 
(99.79

%) 
 

Yes: 
18 

(0.21
%) 

 
Chroni

c 
steroi
d use 
(p = 

.007) 
 

Jo
ur

na
l P

re
-p

ro
of



No: 
8128 

(95.65
%) 

 
Yes: 
370 

(4.35
%) 

 
Bleedi

ng 
disord
ers (p 

= 
.632) 

 
No: 

8286 
(97.51

%) 
 

Yes: 
212 

(2.49
%) 

 
Elderly 
Cohort 

 
Functi

onal 
status 

(p = 
.034) 

 
Indepe
ndent: 
4594 

(97.97
%) 

 
Depen
dent: 

95 
(2.03

%) 
 

Smoki
ng (p < 
.001) 

Jo
ur

na
l P

re
-p

ro
of



 
No: 

4352 
(92.81

%) 
 

Yes: 
337 

(7.19
%) 

 
Outpa
tient/i
npatie
nt (p = 
.357) 

 
Outpa
tient: 
366 

(7.81
%) 

 
Inpatie

nt: 
4323 

(92.19
%) 

 
Diabet

es 
 

No: 
3851 

(82.13
%) (p 

= 
.009) 

 
Non-

insulin
: 622 

(13.27
%) (p 

= 
.137) 

 
Insulin
: 216 
(4.61
%) (p 

Jo
ur

na
l P

re
-p

ro
of



= 
.012) 

 
Dyspn

ea 
 

No: 
4351 

(92.79
%) (p 

= 
.119) 

 
Moder

ate 
exertio
n: 321 
(6.85
%) (p 

= 
.193) 

 
At 

rest: 
17 

(0.36
%) (p 

= 
.913) 

 
COPD 

(p = 
.030) 

 
No: 

4321 
(92.15

%) 
 

Yes: 
368 

(7.85
%) 

 
Ascite
s (p = –

) 
 

No: 
4689 

(100.0

Jo
ur

na
l P

re
-p

ro
of



0%) 
 

Yes: 0 
(0.00

%) 
 

Conge
stive 
heart 

failure 
(p = 

.012) 
 

No: 
4663 

(99.45
%) 

 
Yes: 
26 

(0.55
%) 

 
Hypert
ension 

(p < 
.001) 

 
No: 

1326 
(28.28

%) 
 

Yes: 
3363 

(71.72
%) 

 
Disse
minat

ed 
cancer 

(p = 
.578) 

 
No: 

4679 
(99.79

%) 
 

Yes: 

Jo
ur

na
l P

re
-p

ro
of



10 
(0.21

%) 
 

Chroni
c 

steroi
d use 
(p = 

.437) 
 

No: 
4480 

(95.54
%) 

 
Yes: 
209 

(4.46
%) 

 
Bleedi

ng 
disord
ers (p 

= 
.312) 

 
No: 

4555 
(97.14

%) 
 

Yes: 
134 

(2.86
%) 

Jo
ur

na
l P

re
-p

ro
of
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Total 
shoul

der 
arthro
plasty
: Risk 
factor
s for a 
prolo
nged 

length 
of 

stay. A 
retros
pectiv

e 
cohor

t 
study. 

Curre
nt 

Ortho
paedi

c 
Practi

ce 

Ret
ros
pec
tive 
dat
aba
se 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

14,

339 

Age 
(mea

n ± 
SD): 

 
Over
all: 

69.0 
± 9.7 
years 

 
LOS 
≤ 24 
hr: 

67.4 
± 9.7 

 
LOS 
> 24 
hr: 

70.3 
± 9.7 

 
p<0.
0001 

% 
male

: 
 

Over
all: 

44.0
% 

 
LOS 
≤ 24 
hr: 

54.7
% 

 
LOS 
> 24 
hr: 

45.3
% 

Over
all: 

31.1 
± 6.9 

 
LOS 
≤ 24 
hr: 

31.0 
± 6.5 

 
LOS 
> 24 
hr: 

31.1 
± 7.1 

 
Body 
Mass 
Index 
(BMI): 
LOS ≤ 
24hr: 

31.0 ± 
6.5 

LOS > 
24hr: 

31.1 ± 
7.1, P 
= 0.29 

- 
 

Diabet
es: 

 LOS ≤ 
24hr: 
233 

(29.1
%) 

LOS > 
24hr: 
568 

(70.9
%), P < 
0.000

1 
 

Smoki
ng: 

LOS ≤ 
24hr: 
730 

(48.3
%) 

LOS > 
24hr: 
781 

(51.7
%), P = 
0.016 

 
Chroni

c 
Obstru

ctive 
Pulmo

nary 

  

Jo
ur

na
l P

re
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ro
of



Diseas
e 

(COPD
): 

LOS ≤ 
24hr: 
299 

(32.5
%) 

LOS > 
24hr: 
620 

(67.5
%), P < 
0.000

1 
 

Conge
stive 
Heart 

Failure 
(CHF): 
 LOS ≤ 
24hr: 

10 
(14.7

%) 
LOS > 
24hr: 

58 
(85.3

%), P < 
0.000

1 
 

Hypert
ension
: LOS 

≤ 
24hr: 
 4097 
(42.7

%) 
LOS > 
24hr: 
5489 
(57.3

%), P < 
0.000

1 
 

Jo
ur

na
l P

re
-p

ro
of



- 
Dialysi

s: 
LOS ≤ 
24hr: 

12 
(19.7

%) 
LOS > 
24hr: 

49 
(80.3

%), P < 
0.000

1 
 

Steroi
ds: 

LOS ≤ 
24hr: 
284 

(40.3
%) 

LOS > 
24hr: 
421 

(59.7
%), P = 
0.005

9 
 

Bleedi
ng 

disord
ers: 

LOS ≤ 
24hr: 
127 

(33.0
%) 

LOS > 
24hr: 
258 

(67.0
%), P < 
0.000

1 
 

Ameri
can 

Societ

Jo
ur

na
l P

re
-p

ro
of



y of 
Anest
hesiol
ogists 
(ASA 

classif
ication
, mean 
± SD): 
LOS ≤ 
24hr: 
2.4 ± 
0.6 

LOS > 
24hr: 
2.6 ± 
0.6, P 

< 
0.000

1 

Lone
rgan 
et al. 
201
9⁵⁶ 

Mood 
disord
ers do 

not 
predic

t a 
more 

difficu
lt 

cours
e after 
prima

ry 
anato

mic 
total 

shoul
der 

arthro
plasty

. 

Curre
nt 

Ortho
paedi

c 
Practi

ce 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

Pros
pect
ively 
coll
ecte

d 
insti
tutio
nal 
coh
ort 

133 

Mood 
disor
der: 

mean 
60.8 
years 
(rang
e 30–
70). 

 
No 

moo
d 

disor
der: 

mean 
62.9 
years 
(rang
e 27–

83) 

Moo
d 

disor
der: 
8/29 
(28%

). 
 

No 
moo

d 
disor
der: 
60/9

7 
(62%

) 

Mood 
disor
der: 
35.1 
(no 
SD 

repor
ted) 

 
No 

moo
d 

disor
der: 
33.0 
(no 
SD 

repor
ted) 

Pre-op 
narcot
ic use 

Prima
ry 

osteo
arthrit

is, 
inflam
mator

y 
arthrit

is, 
osteo
necro

sis, 
capsu
lorrha
phy, 

arthro
pathy, 
posttr
aumat

ic 

Prim
ary 

anat
omic 
TSA 

Jo
ur

na
l P

re
-p

ro
of



arthrit
is of 

shoul
der 

Ham
mon
d et 
al. 
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3³⁰ 

Surge
on 

Experi
ence 
and 

Clinic
al and 
Econo

mic 
Outco
mes 
for 

Shoul
der 

Arthro
plasty

. 

The 
Journa

l of 
Bone 

& Joint 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

New 
York 
Stat

e 
SPA
RCS 
data
bas

e 

1,8

68 

Mean 
- 68.1 

31.8  CCI 

Pertin
ent 

diagn
oses 

asses
sed 

were 
OA, 
RA, 
and 

fractu

res of 

the 

hume

rus 

 Jo
ur

na
l P

re
-p

ro
of
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Preop
erativ

e 
hypon
atrem

ia is 
assoc
iated 
with 

posto
perati

ve 
major 
morbi
dity, 

prolo
nged 

length 
of 

stay, 
non-

home 
disch
arge, 
and 
read
missi
on in 
total 

shoul
der 

arthro
plasty

. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

Un
ite
d 
St
at
es 

ACS
-

NS
QIP 
data
bas

e 

12,

437 

Age: 
 

Over
all: 

69.4 
± 9.6 
years

. 
 

Hypo
natra
emia: 
71.4 
± 9.6 
years

. 
 

Norm
onatr
aemi

a: 
69.3 
± 9.6 
years

. 
 

p 
<0.0

01 

% 
male

: 
 

Over
all: 

43.6
%. 

 
Hypo
natra
emia

: 
33.3

%. 
 

Nor
mon
atrae
mia: 
44.4

%. 
 

p < 
0.00

1 

BMI 
(mea

n ± 
SD): 

 
Over
all: 

31.2 
± 6.9. 

 
Hypo
natra
emia: 
29.6 

± 6.5. 
 

Norm
onatr
aemi

a: 
31.3 

± 6.9. 
 

p 
<0.00

1 

ASA  

Anat
omic 
TSA 
and 

rever
se 

TSA 
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Mart
ino 

et al. 
202
4⁵⁸ 

Cirrho
sis 

assoc
iated 
with 

increa
sed 

compl
icatio

ns 
and 

health
care 

utiliza
tion 

follow
ing 

total 
shoul

der 
arthro
plasty

. 

Shoul
der & 
Elbow 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

Un
ite
d 
St
at
es 

Nati
onw
ide 

adm
inist
rativ

e 
data
bas

e 
(exa

ct 
data
bas

e 
not 
spe
cifie
d in 
prov
ided 
infor
mati
on) 

1,2

54 

Age: 
Mean 
68 ± 
8.4 

years 
for 

both 
grou

ps 
 

P = 
0.88

4 

39% 
male 
both 
grou

ps 

 

Charls
on-

Deyo 
Comor
bidity 
Index 
(CCI) 

 
Cirrho

sis: 
Mean 
6.1 ± 
1.8 

 
No 

cirrho
sis: 

Mean 
1.0 ± 
1.2 

 

Both 
anat
omic 
and 

rever
se 

TSA 
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Van
derh
am 

et al. 
202
4⁸¹ 

Psych
iatric 
como
rbiditi
es are 

an 
indep
enden
t risk 

factor 
for 

perio
perati

ve 
and 

posto
perati

ve 
compl
icatio
ns in 

patien
ts 

under
going 
prima

ry 
total 

shoul
der 

arthro
plasty

. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
dat
aba
se 

ana
lysi

s 

Un
ite
d 
St
at
es 

Nati
onw
ide 

adm
inist
rativ

e 
data
bas

e 

128

,38

2 

MHD: 
68 ± 
8.9 

years 
 

No 
MHD: 
71 ± 
8.9 

years 
 

P 
<.00
1 for 
both 

MHD
: 30% 

 
No 

MHD
: 49% 

 
P 

<.00
1 for 
both 

 

Charls
on–

Deyo 
Index 

 

Prim
ary 

TSA - 
both 
anat
omic 
and 

rever
se 
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Sch
airer 
et al. 
201
5⁷⁸ 

Natio
nal 

utiliza
tion of 
revers
e total 
shoul

der 
arthro
plasty 
in the 
Unite

d 
States

. 

Journa
l of 

Shoul
der 
and 

Elbow 
Surger

y 

Ret
ros
pec
tive 
nati
ona

l 
dat
aba
se 

ana
lysi

s 

Un
ite
d 
St
at
es 

Nati
onal 
Inpa
tient 
Sam
ple 

(NIS
), 

HC
UP 

66,

485 

RSA: 
72.7 

± 
16.1          
TSA: 
67.4 

± 
15.1          
Hemi
: 66.8 

± 
28.1 

RSA: 
36.4

%; 
TSA: 
49.6

%; 
Hemi

: 
37.0

% 

 

Numb
er of 

comor
biditie

s - 
Mean: 
RSA: 
2.18; 
TSA: 
1.86; 
Hemi: 
2.21 

Osteo
arthrit

is 
93.4% 

(n = 
27,42

0) 
Avasc

ular 
necro

sis 
2.0% 
(n = 
594) 

Inflam
mator

y 
arthrit

is 
1.2% 
(n = 
356) 
Proxi
mal 

hume
rus 

fractu
re 

1.2% 
(n = 
349) 
Rotat

or cuff 
tear 

1.0% 
(n = 
306) 

Revisi
on 

arthro
plasty 
0.5% 
(n = 
155) 

Malun
ion/no
nunio

n 
0.4% 
(n = 
116) 

Anat
omic 
TSA 
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Instab
ility 

0.1% 
(n = 
41) 

Malig
nancy 
0.0% 
(n = 
14) 

Osteo
myelit

is 
0.0% 

(n = 5) 
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Polis
etty 

et al. 
202
1⁷³ 

Deter
minin
g the 

validit
y of 
the 

Outpa
tient 

Arthro
plasty 
Risk 

Asses
sment 
(OAR

A) 
tool 
for 

identif
ying 

patien
ts for 
safe 

same-
day 

disch
arge 
after 

prima
ry 

shoul
der 

arthro
plasty

. 

JSES 

retr
osp
ecti
ve 

revi
ew 

US
A 

Sing
le-

surg
eon 
insti
tutio
nal 
sho
ulde
r/elb
ow 
regi
stry 

422 

71.6 
± 8.3 
years 

48.3
0% 

28.5 
± 6.0 
kg/m

² 

OARA 
score 

Prima
ry 

electi
ve 

shoul
der 

arthro
plast 

anat
omic 
and 

rever
se 

TSA 
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Kish
an et 

al. 
202
5⁴⁴ 

Periop
erativ

e 
compl
icatio

ns 
and 

length 
of 

stay 
in 

patien
ts 

with 
diabet

es 
mellit

us 
after 

asepti
c 

revisi
on 

total 
shoul

der 
arthro
plasty

. 

Journa
l of 

Ortho
paedi

c 
Repor

ts 

Ret
ros
pec
tive 
coh
ort 
stu
dy 

US
A 

ACS
-

NS
QIP 
data
bas

e 

1,9

79 

Age: 
Medi
an 69 
years 
(IQR 
62–
75) 

overa
ll 
 

No 
DM: 
69 

(62–
75) 

 
DM: 
69 

(63–
74) 

 
p = 

0.99 
(Wilc
oxon 
rank 
sum 
test) 

% 
male

: 
 

Over
all: 

45.7
% 

 
No 

DM: 
44.4

% 
 

DM: 
50.7

% 
 

p = 
0.03 
(Fish
er's 

exact 
test) 

BMI 
(mea

n ± 
SD): 

 
Over
all: 

31 ± 
6.8 

 
No 

DM: 
30 ± 
6.6 

 
DM: 
34 ± 
6.9 

 
p 

<0.00
1 

(one-
way 

analy
sis of 
varia
nce) 

Comor
bidity 
indice

s: 
 

ASA I: 
1.2% 

 
ASA II: 
36.0% 

 
ASA 
III: 

58.8% 
 

ASA 
IV: 

4.04% 
 

p = 
0.22 

(Pears
on's 
chi-

square
d test) 

 
Hypert
ension

: 
 

Overal
l: 

1,310 
(66.2

%) 
 

No 
DM: 
958 

(60.8
%) 

 
DM: 
352 

(87.1
%) 

 
p < 

0.001 
(Fisher

Asepti
c 

revisi
on 

TSA 

Revi
sion 
total 
shou
lder 
arthr
opla
sty 
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's 
exact 
test) 

 
Curren

t 
smoke

r: 
 

Overal
l: 235 
(11.9

%) 
 

No 
DM: 
189 

(12.0
%) 

 
DM: 
46 

(11.4
%) 

 
p = 

0.80 
(Fisher

's 
exact 
test) 

 
Histor

y of 
severe 
COPD: 

 
Overal
l: 155 

(7.8%) 
 

No 
DM: 
114 

(7.2%) 
 

DM: 
41 

(10.2
%) 
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p = 
0.06 

(Fisher
's 

exact 
test) 

 
Conge
stive 
heart 

failure
: 
 

Overal
l: 22 

(1.1%) 
 

No 
DM: 
15 

(1.0%) 
 

DM: 7 
(1.7%) 

 
p = 

0.19 
(Fisher

's 
exact 
test) 

 
Bleedi

ng 
disord

er: 
 

Overal
l: 61 

(3.1%) 
 

No 
DM: 
41 

(2.6%) 
 

DM: 
20 

(4.95
%) 
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p = 
0.02 

(Fisher
's 

exact 
test) 

 
Hemat

ocrit 
<35%: 

 
Overal
l: 269 
(13.6

%) 
 

No 
DM: 
190 

(12.1
%) 

 
DM: 
79 

(19.6
%) 

 
p < 

0.001 
(Fisher

's 
exact 
test) 

 
Total 

operat
ion 

time 
(minut

es, 
mean 
± SD): 

 
Overal

l: 
126.1 
± 62.4 

 
No 

DM: 
126.1 
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± 62.4 
 

DM: 
125.8 
± 62.4 

 
p = 

0.93 
(one-
way 

analys
is of 

varian
ce) 

 

Table 1 – Patient Demographics  Jo
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Author (Year) Title Aims/Methods Conclusion 

Liu et al. 
2025⁵⁰ 

Dehydration independently 
predicts prolonged hospital 

stay following aseptic 
revision total shoulder 

arthroplasty. 

Retrospective review of a 

national surgical database 

assessing whether 

preoperative dehydration, 

defined by elevated 

BUN/creatinine ratio, 

independently predicts early 

postoperative 

complications after aseptic 

revision total shoulder 

arthroplasty, using 

multivariable logistic 

regression for risk 

adjustment. 

Preoperative 

dehydration was 

associated with 

increased early 

postoperative 

morbidity and 

independently 

predicted prolonged 

hospitalization, 

indicating that 

hydration status may 

serve as a practical 

marker for 

perioperative risk 

stratification in 

revision shoulder 

arthroplasty. 

Nazzal et al. 
2025⁶⁷ 

Predictors of failing same-
day discharge after 

shoulder arthroplasty: 
developing a model to 
improve outcomes and 

reduce health care cost. 

Retrospective cohort study 

of consecutive shoulder 

arthroplasty cases intended 

for same-day discharge, 

evaluating demographic, 

clinical, and perioperative 

factors associated with 

failure of same-day 

discharge through 

multivariable logistic 

regression to develop a 

predictive model for 

postoperative hospital 

admission. 

Older age, rotator cuff 

arthropathy, female 

sex, preoperative 

opioid use, and 

prolonged anesthesia 

duration significantly 

increased the 

likelihood of failing 

same-day discharge. 

These findings 

support risk-stratified 

selection of 

candidates for 

outpatient 

arthroplasty and 

highlight the 

importance of 

coordinated 

perioperative planning 

to optimize resource 

utilization. 

Areti et al. 
2025⁴ 

Impact of morbid obesity on 
postoperative outcomes in 

reverse total shoulder 
arthroplasty: A national 

inpatient sample analysis. 

Retrospective cohort 

analysis of a national 

inpatient database 

evaluating whether morbid 

obesity is associated with 

adverse perioperative 

outcomes following reverse 

total shoulder arthroplasty, 

using comparative statistics 

and multivariate logistic 

regression to assess 

Morbid obesity was 

associated with higher 

complication rates, 

prolonged 

hospitalization, and 

increased likelihood 

of non-routine 

discharge after 

reverse total shoulder 

arthroplasty, 

highlighting the need 
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differences in 

complications, discharge 

status, and length of stay. 

for tailored 

perioperative 

optimization and 

postoperative 

management in this 

high-risk population. 

Mayfield et al. 
2025⁶⁰ 

Perioperative opioid use in 
total shoulder arthroplasty 

is associated with dose-
dependent risk of major 

surgical and medical 
complications. 

Retrospective analysis of a 

large national hospital 

database assessing whether 

perioperative opioid 

consumption, quantified in 

morphine milligram 

equivalents and stratified by 

quintiles, is associated with 

early surgical and medical 

complications after primary 

total shoulder arthroplasty. 

Higher perioperative 

opioid exposure 

demonstrated a dose-

dependent increase in 

postoperative 

complications, 

including infection, 

mechanical failure, 

and serious medical 

events, indicating that 

opioid requirements 

may serve as a 

meaningful predictor 

for risk stratification 

and perioperative 

optimization in total 

shoulder arthroplasty. 

Liu et al. 
2024⁵⁴ 

Severe malnutrition 
predicts early postoperative 

complications in aseptic 
revision total shoulder 

arthroplasty. 

Retrospective national 

database study assessing 

whether preoperative 

nutritional risk, quantified 

by the Geriatric Nutritional 

Risk Index and stratified by 

severity, independently 

predicts 30-day 

complications after revision 

total shoulder arthroplasty 

using multivariable logistic 

regression. 

Severe malnutrition 

according to the GNRI 

significantly increased 

the risk of early 

postoperative 

complications, 

whereas moderate 

malnutrition did not, 

highlighting the GNRI 

as a practical tool for 

perioperative risk 

stratification in 

revision shoulder 

arthroplasty. 

Mayfield et al. 
2025⁶¹ 

Tranexamic acid use in total 
shoulder arthroplasty 

continues to increase and is 
safe in high-risk patients. 

Retrospective analysis of a 

national hospital database 

evaluating temporal trends 

in tranexamic acid use 

during primary total 

shoulder arthroplasty and 

assessing its association 

with transfusion 

requirements and 

thromboembolic 

complications, including a 

propensity-matched 

comparison and a 

Expanded use of 

tranexamic acid was 

associated with 

reduced transfusion 

rates without 

increasing 

thromboembolic risk, 

even in patients with a 

history of venous 

thromboembolism, 

supporting its safety 

for broader 
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subanalysis of high-risk 

patients with prior venous 

thromboembolism. 

perioperative use in 

shoulder arthroplasty 

Liu et al. 
2024⁴⁹ 

The association of 
hyponatremia and early 

postoperative 
complications in aseptic 

revision total shoulder 
arthroplasty. 

Retrospective review of a 

national surgical database 

assessing whether 

preoperative hyponatremia 

independently predicts 30-

day complications after 

aseptic revision total 

shoulder arthroplasty, using 

multivariable logistic 

regression to compare 

outcomes with patients 

presenting normal sodium 

levels. 

Hyponatremia was 

associated with 

increased early 

complications, 

including transfusion, 

reoperation, and 

prolonged 

hospitalization, 

supporting serum 

sodium as a practical 

marker for 

perioperative risk 

stratification in 

revision shoulder 

arthroplasty 

Liu et al. 
2024⁵¹ 

Hypoalbuminemia predicts 
early postoperative 

complications following 
noninfectious revision total 

shoulder arthroplasty. 

Retrospective national 

database review evaluating 

whether preoperative 

hypoalbuminemia 

independently predicts 30-

day complications after 

noninfectious revision total 

shoulder arthroplasty, using 

multivariable logistic 

regression to compare 

outcomes between patients 

with normal and reduced 

albumin levels 

Hypoalbuminemia 

significantly increased 

the risk of early 

postoperative 

morbidity, including 

infection, transfusion, 

readmission, and 

prolonged 

hospitalization, 

highlighting serum 

albumin as a useful 

marker for 

perioperative risk 

stratification in 

revision shoulder 

arthroplasty 

Liu et al. 
2024⁵³ 

Elevated alkaline 
phosphatase independently 
predicts early postoperative 

complications in 
noninfectious revision total 

shoulder arthroplasty. 

Retrospective national 

database analysis 

evaluating whether elevated 

preoperative alkaline 

phosphatase predicts 30-

day complications after 

noninfectious revision total 

shoulder arthroplasty, using 

multivariable logistic 

regression to compare 

outcomes with patients who 

had normal levels 

Elevated alkaline 

phosphatase 

significantly increased 

the risk of early 

postoperative 

morbidity, including 

infection, transfusion, 

readmission, and 

prolonged 

hospitalization, 

indicating its value as 

a potential marker for 

perioperative risk 
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stratification in 

revision shoulder 

arthroplasty 

Liu et al. 
2024⁵² 

The geriatric nutritional risk 
index as a strong predictor 

of adverse outcomes 
following total shoulder 

arthroplasty. 

Retrospective national 

database study evaluating 

whether malnutrition 

severity, quantified by the 

Geriatric Nutritional Risk 

Index and stratified into 

normal, moderate, and 

severe risk categories, 

independently predicts 30-

day complications after 

total shoulder arthroplasty 

using multivariable logistic 

regression 

Malnutrition identified 

by the Geriatric 

Nutritional Risk Index 

was a strong 

independent predictor 

of postoperative 

morbidity and 

mortality, with 

complication risk 

increasing 

proportionally with 

nutritional deficit, 

supporting 

preoperative 

nutritional 

assessment for risk 

stratification in total 

shoulder arthroplasty. 

Fassler et al. 
2024²² 

Components of metabolic 
syndrome as significant risk 

factors for postoperative 
complications following 

total shoulder arthroplasty: 
hypertension, diabetes, and 

obesity. 

Retrospective national 

database study assessing 

whether metabolic 

syndrome independently 

predicts 30-day 

complications after total 

shoulder arthroplasty, with 

multivariable logistic 

regression used to adjust for 

demographic and 

comorbidity differences 

between metabolic 

syndrome and control 

cohorts. 

Metabolic syndrome 

significantly increased 

the risk of 

cardiopulmonary and 

renal complications, 

non-home discharge, 

and prolonged 

hospitalization, 

underscoring the 

importance of 

preoperative medical 

optimization in this 

patient population 

undergoing total 

shoulder arthroplasty. 

Burns et al. 
2024¹¹ 

Chronic kidney disease 
increases cost of care and 

readmission risk after 
shoulder arthroplasty. 

Retrospective single-

surgeon cohort study 

comparing health care 

utilization and 90-day 

encounter charges after 

primary shoulder 

arthroplasty in patients with 

and without chronic kidney 

disease, using univariate 

and multivariable regression 

to evaluate length of stay, 

Chronic kidney 

disease was 

associated with 

greater resource 

utilization, including 

increased transfusion 

risk, longer 

hospitalization, higher 

rates of emergency 

visits and 

readmissions, and 
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transfusion, emergency 

utilization, readmission, and 

total postoperative costs. 

elevated 

postoperative 

charges, emphasizing 

the importance of 

preoperative 

optimization in this 

high-risk population. 

Brandner et 
al. 2024⁸ 

Impact of opioid 
dependence on outcomes 

following total shoulder 
arthroplasty. 

Retrospective national 

readmissions database 

analysis comparing 

outcomes of primary total 

shoulder arthroplasty in 

patients with and without 

opioid dependence, using 

multivariate regression to 

assess 180-day 

complications, revision, 

readmission, length of stay, 

discharge disposition, and 

hospitalization costs. 

Preoperative opioid 

dependence was 

associated with 

significantly increased 

postoperative 

complications, 

greater revision and 

readmission risk, and 

higher resource 

utilization, supporting 

targeted strategies to 

reduce opioid 

dependence prior to 

shoulder arthroplasty 

to improve outcomes 

and decrease costs 

Gruson et al. 
2023²⁹ 

Does Morbid Obesity (BMI 
≥40 kg/m²) Impact 

Operative Time, Blood Loss, 
Length of Stay, or 

Complications Following 
Anatomic Total Shoulder 

Arthroplasty? 

Retrospective review of 

consecutive anatomic total 

shoulder arthroplasty cases 

assessing the impact of 

obesity classification on 

operative time, blood loss, 

perioperative 

complications, and hospital 

length of stay, using 

correlation analyses and 

regression modeling to 

identify predictors of 

prolonged hospitalization. 

Morbid obesity did not 

increase operative 

time, blood loss, or 

complication rates 

but independently 

predicted longer 

length of stay, 

indicating that 

elevated BMI primarily 

affects postoperative 

resource utilization 

rather than surgical 

complexity in 

anatomic shoulder 

arthroplasty. 

Papalia et al. 
2023⁶⁹ 

Inpatient charges, 
complication, and revision 

rates for shoulder 
arthroplasty in Parkinson 

disease: a regional 
database study. 

Retrospective analysis of a 

statewide all-payer 

database comparing 

primary shoulder 

arthroplasty outcomes in 

patients with and without 

Parkinson disease, 

evaluating inpatient 

charges, complication and 

revision rates, and 

readmissions, with 

regression modeling to 

Parkinson disease 

was associated with 

higher postoperative 

complications, 

increased revision 

risk, and greater 

inpatient resource 

utilization, indicating 

the need for careful 

risk counseling and 

perioperative planning 

for patients 

undergoing shoulder 
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control for demographic and 

comorbidity differences 

arthroplasty with this 

condition 

Diamond et 
al. 2023¹⁸ 

How does depressive 
disorder impact outcomes 

in patients with 
glenohumeral osteoarthritis 
undergoing primary reverse 

shoulder arthroplasty? 

Retrospective national 

claims database study 

comparing outcomes of 

primary reverse shoulder 

arthroplasty in patients with 

and without depressive 

disorders, evaluating length 

of stay, 90-day medical 

complications, emergency 

department utilization, and 

episode-of-care costs, with 

subgroup analysis 

accounting for preoperative 

emergency utilization 

Depressive disorders 

were associated with 

longer hospitalization, 

higher medical 

complication rates, 

increased emergency 

department use, and 

greater care costs, 

indicating that mental 

health status 

influences 

postoperative 

outcomes and 

resource utilization 

after reverse shoulder 

arthroplasty. 

Polisetty et al. 
2023⁷² 

Iron deficiency anemia is 
associated with increased 

medical and implant-
related complications and 
length of stay for patients 
undergoing total shoulder 

arthroplasty. 

Retrospective Medicare 

database review comparing 

outcomes of primary total 

shoulder arthroplasty in 

patients with and without 

iron deficiency anemia, 

using matched cohorts and 

multivariate logistic 

regression to evaluate 

effects on length of stay and 

90-day medical and 

implant-related 

complications 

Iron deficiency 

anemia was 

associated with 

longer hospitalization 

and substantially 

higher risks of medical 

and implant-related 

complications, 

including markedly 

increased transfusion 

and infection rates, 

underscoring the 

importance of 

preoperative 

evaluation and 

optimization in this 

population 

Puzzitiello et 
al. 2022⁷⁵ 

Patients with limited health 
literacy have worse 

preoperative function and 
pain control and experience 
prolonged hospitalizations 

following shoulder 
arthroplasty. 

Retrospective single-

surgeon cohort study 

evaluating whether limited 

health literacy, identified 

preoperatively using a 

validated screening tool, 

influences preoperative 

symptom burden and 

perioperative outcomes 

after elective shoulder 

arthroplasty, with 

Limited health literacy 

was common and 

associated with worse 

preoperative 

symptom severity and 

independently 

predicted longer 

hospitalization, 

indicating its 

relevance in 

perioperative planning 
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multivariable regression 

used to assess its effect on 

length of stay. 

and postoperative 

disposition after 

shoulder arthroplasty 

Burns et al. 
2022¹⁰ 

Modifiable risk factors 
increase length of stay and 

90-day cost of care after 
shoulder arthroplasty. 

Retrospective review across 

a regional health system 

assessing the impact of 

predefined modifiable risk 

factors—including anemia, 

malnutrition, obesity, 

uncontrolled diabetes, 

tobacco use, and opioid 

use—on 90-day encounter 

charges, hospital length of 

stay, emergency 

department utilization, and 

readmissions following 

shoulder arthroplasty, using 

multivariable modeling to 

evaluate cost and resource 

use. 

Malnutrition, obesity, 

and anemia 

significantly increased 

postoperative costs 

and resource 

utilization, particularly 

length of stay and 

readmissions, 

supporting targeted 

preoperative 

optimization 

programs to reduce 

financial burden and 

improve outcomes in 

shoulder arthroplasty. 

Doan et al. 
2021¹⁹ 

Increasing severity of 
anemia is associated with 

poorer 30-day outcomes for 
total shoulder arthroplasty. 

Retrospective national 

surgical database analysis 

evaluating whether 

increasing preoperative 

anemia severity, stratified 

by hematocrit levels, 

independently influences 

postoperative outcomes 

after primary total shoulder 

arthroplasty, using 

multivariable logistic 

regression to assess 

complications, 

readmissions, reoperations, 

and length of stay. 

Greater anemia 

severity was 

progressively 

associated with higher 

complication, 

readmission, 

reoperation, and 

prolonged 

hospitalization rates, 

indicating hematocrit 

as a practical tool for 

preoperative risk 

stratification and 

optimization in total 

shoulder arthroplasty. 

Flamant et al. 
2021²³ 

Malnutrition in elective 
shoulder arthroplasty: a 

multi-institutional 
retrospective study of 

preoperative albumin and 
adverse outcomes. 

Retrospective review of 

primary and revision 

shoulder arthroplasty at two 

tertiary centers assessing 

whether low preoperative 

albumin levels predict 

extended hospitalization, 

90-day readmission, and 

discharge to postacute care 

facilities, using 

multivariable analysis to 

adjust for demographic and 

clinical risk factors. 

Malnutrition, 

identified by low 

albumin, was more 

common in revision 

cases and 

independently 

increased the risk of 

prolonged 

hospitalization, with a 

possible greater need 

for postacute care, 

supporting albumin 

assessment for 
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perioperative risk 

stratification in 

shoulder arthroplasty. 

Wang et al. 
2021⁸² 

Increased severity of 
anemia is associated with 

postoperative 
complications following 
primary total shoulder 

arthroplasty. 

Retrospective national 

surgical database study 

evaluating whether the 

severity of preoperative 

anemia, stratified by WHO 

hematocrit thresholds, 

independently predicts 30-

day complications after 

primary total shoulder 

arthroplasty using 

multivariable logistic 

regression. 

Increasing anemia 

severity was 

associated with a 

stepwise rise in 

postoperative 

morbidity, including 

transfusion, 

cardiopulmonary 

events, reoperation, 

prolonged 

hospitalization, and 

mortality, supporting 

medical optimization 

of patients with 

moderate to severe 

anemia prior to 

shoulder arthroplasty. 

Lunati et al. 
2021⁵⁷ 

Preoperative depression is a 
risk factor for complication 
and increased health care 
utilization following total 

shoulder arthroplasty. 

Retrospective 

administrative database 

analysis comparing 

outcomes of primary total 

shoulder arthroplasty in 

patients with and without 

preoperative depression, 

using multivariate 

adjustment to evaluate 

postoperative 

complications, prosthetic 

failures, and healthcare 

utilization within one year. 

Preoperative 

depression was 

common and 

independently 

associated with higher 

complication rates, 

increased prosthetic 

and wound-related 

failures, and greater 

healthcare utilization, 

indicating that mental 

health status may 

influence 

postoperative risk and 

warrants 

consideration during 

preoperative planning. 

Wilson et al. 
2021⁸⁴ 

Preoperative opioid use is 
an independent risk factor 
for complication, revision, 
and increased health care 

utilization following primary 
total shoulder arthroplasty. 

Retrospective 

administrative claims 

analysis evaluating the 

dose-dependent 

relationship between 

preoperative opioid use and 

postoperative outcomes 

after primary total shoulder 

arthroplasty, stratifying 

patients by average daily 

Higher preoperative 

opioid exposure was 

common and 

demonstrated a dose-

dependent increase in 

complications, health 

care utilization, 

revision risk, and 

costs, supporting 

opioid reduction prior 
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morphine equivalents over 

the 6 months prior to 

surgery and using 

multivariate regression to 

assess complications, 

resource utilization, and 

revisions. 

to shoulder 

arthroplasty as a 

modifiable target for 

optimization 

Dacombe et 
al. 2020¹⁶ 

Predictors of length of stay 
following shoulder 

arthroplasty in a high-
volume UK centre. 

Retrospective review of 

shoulder arthroplasty cases 

at a high-volume UK centre 

evaluating patient, 

comorbidity, and 

perioperative factors 

associated with inpatient 

length of stay, with 

multivariable linear 

regression used to identify 

independent predictors of 

prolonged hospitalization. 

Advanced age, female 

sex, cardiac and renal 

comorbidities, 

intraoperative 

complications, and 

transfusion 

independently 

increased length of 

stay, supporting 

targeted optimization 

and reduction of 

perioperative 

complications to 

improve inpatient 

efficiency following 

shoulder arthroplasty. 

Menendez et 
al. 2019⁶² 

Delayed hospital discharge 
after total shoulder 

arthroplasty: why, and who 
is at risk? 

Retrospective review of 

elective primary total 

shoulder arthroplasty 

assessing reasons for 

extended hospitalization 

and identifying preoperative 

factors associated with 

prolonged length of stay, 

using manual chart review 

to classify causes and 

multivariable logistic 

regression to determine 

independent predictors 

Most extended 

hospitalizations were 

due to pain, minor 

medical issues, or 

limited social support 

rather than surgical 

complications, with 

sociodemographic 

and psychological 

factors emerging as 

key predictors, 

supporting 

comprehensive 

perioperative 

management beyond 

technical care alone. 

Biron et al. 
2020⁷ 

A Novel Machine Learning 
Model Developed to Assist 

in Patient Selection for 
Outpatient Total Shoulder 

Arthroplasty. 

Retrospective analysis of a 

national surgical database 

using a random forest 

machine learning model to 

predict short-stay 

outpatient candidacy after 

elective total shoulder 

arthroplasty, followed by 

multivariable logistic 

regression to identify 

demographic and 

comorbidity factors 

Machine learning 

accurately identified 

patients likely to 

achieve short stays, 

with younger age and 

male sex favoring 

outpatient eligibility, 

while 

cardiopulmonary 

comorbidities and 

higher ASA 

classification 
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associated with length of 

stay. 

predicted longer 

hospitalization, 

supporting its 

potential role in 

outpatient candidate 

selection. 

Anthony et al. 
2019³ 

Utilization and Real-world 
Effectiveness of Tranexamic 

Use in Shoulder 
Arthroplasty: A Population-

based Study. 

Retrospective national 

claims analysis evaluating 

trends in tranexamic acid 

use during shoulder 

arthroplasty and its 

association with transfusion 

risk, postoperative 

complications, and hospital 

resource utilization, using 

multilevel multivariable 

regression to control for 

patient and hospital factors. 

Tranexamic acid use 

was low but increased 

over time and was 

associated with 

markedly reduced 

transfusion risk and 

lower complication 

rates without added 

cost or safety 

concerns, supporting 

its broader adoption 

in shoulder 

arthroplasty 

Lee et al. 
2019⁴⁷ 

Low Serum Albumin Levels 
are Associated with 
Increased 30-Day 
Cardiopulmonary 

Complications, 
Reoperation, and 

Readmission Rates 
Following Total Shoulder 

Arthroplasty. 

Propensity-matched NSQIP 

analysis evaluating 

hypoalbuminemia as a 

predictor of 30-day 

morbidity after primary TSA. 

Patients with low 

preoperative serum albumin 

were compared with 

matched controls for acute 

postoperative 

complications using 

multivariate logistic 

regression. 

Hypoalbuminemia 

was strongly 

associated with higher 

pulmonary, cardiac, 

thromboembolic, 

infectious, and 

hematologic 

complications, along 

with greater 

reoperation, 

readmission, and 

prolonged 

hospitalization. Low 

albumin 

independently 

increased risk for 

pulmonary events, 

transfusion, 

reoperation, and 

readmission, 

supporting its value in 

preoperative risk 

stratification and 

optimization before 

TSA. 
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Kim et al. 
2018⁴¹ 

Predicting adverse events, 
length of stay, and 

discharge disposition 
following shoulder 

arthroplasty: a comparison 
of the Elixhauser 

Comorbidity Measure and 
Charlson Comorbidity 

Index. 

Queried a national inpatient 

database to evaluate 

whether the Elixhauser 

Comorbidity Measure 

provides superior predictive 

accuracy to the Charlson 

Comorbidity Index for 

forecasting adverse events, 

resource utilization, and 

discharge disposition 

following total shoulder and 

reverse total shoulder 

arthroplasty using logistic 

regression models and 

concordance statistics. 

A model incorporating 

the Elixhauser 

Comorbidity Measure 

demonstrated 

superior 

discrimination for 

mortality, 

complications, 

extended 

hospitalization, and 

nonroutine discharge, 

indicating its value as 

a more reliable tool 

for guiding 

perioperative care 

pathways and 

supporting value-

based reimbursement 

strategies in shoulder 

arthroplasty. 

Izquierdo-
Fernández et 

al. 2018³⁷ 

Reverse shoulder 
arthroplasty in obese 
patients: analysis of 

functionality in the medium-
term. 

Evaluated functional and 

radiographic outcomes of 

reverse shoulder 

arthroplasty in patients 

stratified by body mass 

index, comparing two BMI-

based subgroup analyses 

and assessing 

complications, length of 

stay, radiographic changes, 

and standardized functional 

scores. 

Patients with BMI ≥ 35 
demonstrated 

significantly poorer 

functional results, 

while complication 

rates and radiographic 

findings were similar 

across BMI groups, 

indicating that severe 

obesity adversely 

affects postoperative 

function without 

increasing 

measurable implant-

related 

complications. 

Fu et al. 
2017²⁵ 

The impact of insulin 
dependence on short-term 

postoperative 
complications in diabetic 
patients undergoing total 

shoulder arthroplasty. 

The study analyzed a 

national surgical database 

to compare 30-day 

postoperative 

complications, 

readmissions, and length of 

stay across non-diabetic, 

non–insulin-dependent 

diabetic, and insulin-

dependent diabetic patients 

undergoing total shoulder 

arthroplasty. Multivariable 

logistic regression was used 

to determine the 

independent effect of 

Non–insulin-

dependent diabetes 

did not confer 

additional 

postoperative risk 

after adjustment, 

whereas insulin 

dependence 

independently 

predicted higher rates 

of several 

complications. Insulin 

status should be 

incorporated into 

preoperative risk 
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insulin dependence on 

postoperative outcomes 

after adjusting for 

demographic and 

comorbidity factors. 

stratification for 

diabetic patients 

undergoing shoulder 

arthroplasty. 

Issa et al. 
2016³⁶ 

Total Shoulder Arthroplasty 
Demographics, Incidence, 

and Complications—A 
Nationwide Inpatient 

Sample Database Study. 

Evaluated contemporary 

national trends in total 

shoulder arthroplasty using 

the Nationwide Inpatient 

Sample (1998–2010), 

assessing temporal changes 

in utilisation, demographic 

patterns, and inpatient 

outcomes. Multivariable 

regression was applied to 

determine independent 

associations between 

patient factors, 

complications, and length 

of stay. 

Incidence of total 

shoulder arthroplasty 

increased 

substantially over the 

study period, while 

complication rates 

remained stable and 

length of stay 

declined. Older age, 

female sex, and 

greater comorbidity 

burden were 

independently 

associated with higher 

complication risk, and 

several demographic 

and insurance factors 

contributed to 

prolonged 

hospitalisation. 

Weinreb et al. 
2016⁸³ 

Shoulder Arthroplasty: 
Disposition and 

Perioperative Outcomes in 
Patients With and Without 

Rheumatoid Arthritis. 

Retrospective analysis of a 

national inpatient database 

comparing perioperative 

complication profiles and 

hospital disposition 

between patients 

undergoing shoulder 

arthroplasty with and 

without rheumatoid 

arthritis, using multivariable 

regression to adjust for 

demographic and hospital 

factors. 

Rheumatoid arthritis 

was associated with 

increased transfusion 

requirements and 

modest differences in 

perioperative 

resource use and 

discharge patterns, 

while overall 

complication rates 

remained 

comparable. Further 

work is needed to 

clarify drivers of these 

disparities and 

optimize perioperative 

management. 

Jo
ur

na
l P

re
-p

ro
of



Mollon et al. 
2016⁶⁴ 

The influence of a history of 
clinical depression on peri-

operative outcomes in 
elective total shoulder 

arthroplasty: a ten-year 
national analysis. 

This study used a national 

inpatient database to 

evaluate whether a 

documented history of 

depression independently 

influences peri-operative 

complications and 

discharge disposition in 

patients undergoing elective 

total shoulder arthroplasty. 

Multivariable analyses were 

performed to identify 

associations between 

depression and adverse in-

hospital outcomes. 

Depression was 

independently 

associated with a 

higher risk of several 

post-operative 

complications and 

non-home discharge. 

The findings support 

routine pre-operative 

screening and 

targeted peri-

operative 

management to 

mitigate risk in this 

vulnerable patient 

group. 

Kandil et al. 
2016³⁹ 

Blood transfusion after total 
shoulder arthroplasty: 

Which patients are at high 
risk? 

Used a national inpatient 

database to evaluate 

contemporary transfusion 

incidence in TSA and to 

identify preoperative 

variables independently 

associated with transfusion. 

Assessed relationships 

between transfusion status 

and hospital utilization 

metrics. 

Several preoperative 

comorbidities were 

independently 

associated with 

transfusion, allowing 

clearer stratification 

of higher-risk patients. 

Transfusion was also 

linked to greater 

resource use, 

underscoring the 

importance of 

targeted risk 

counseling and 

perioperative 

optimization. 

Murphy et al. 
2016⁶⁶ 

Metabolic syndrome and 
shoulder arthroplasty: 
epidemiology and peri-

operative outcomes. 

Retrospective analysis of 

national inpatient discharge 

data to evaluate temporal 

trends in metabolic 

syndrome among shoulder 

arthroplasty patients and to 

examine its independent 

association with peri-

operative complications, 

length of stay, and 

discharge disposition using 

multivariable logistic 

regression. 

Metabolic syndrome 

demonstrated a 

marked rise over the 

study period and 

independently 

increased the risk of 

peri-operative 

morbidity and 

resource utilization. 

Enhanced recognition 

and peri-operative 

optimization of 

metabolic syndrome 

may improve 

outcomes in shoulder 

arthroplasty. 
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Sivasundaram 
et al. 2016⁷⁹ 

Preoperative risk factors for 
discharge to a postacute 

care facility after shoulder 
arthroplasty. 

Using a national inpatient 

database, the study 

evaluated patient and 

hospital characteristics 

associated with discharge 

to postacute care following 

total or reverse shoulder 

arthroplasty. Multivariate 

modelling was applied to 

identify independent 

predictors while adjusting 

for relevant covariates. 

The analysis identified 

several demographic, 

clinical, and 

procedural factors 

that independently 

increase the 

likelihood of 

postacute care 

discharge, providing a 

basis for preoperative 

risk stratification and 

more efficient 

discharge planning. 

Garcia et al. 
2016²⁶ 

Malnutrition: a marker for 
increased complications, 

mortality, and length of stay 
after total shoulder 

arthroplasty. 

Retrospective cohort study 

using a national surgical 

quality database to quantify 

malnutrition prevalence in 

TSA and evaluate 

postoperative complication 

risk associated with low 

preoperative albumin. 

Malnutrition was defined 

biochemically, and 

outcomes were compared 

between nutritional groups 

using propensity-adjusted 

analyses. 

Preoperative 

hypoalbuminemia 

was associated with 

substantially 

increased 

postoperative 

morbidity and early 

mortality in TSA. 

Malnutrition 

independently 

predicted higher 

transfusion 

requirements, 

prolonged 

hospitalization, and 

markedly elevated 

short-term mortality 

risk. 

Basques et al. 
2015⁵ 

Length of Stay and 
Readmission After Total 

Shoulder Arthroplasty: An 
Analysis of 1505 Cases. 

The study examined patient-

related predictors of 

extended hospital stay and 

30-day readmission 

following primary total 

shoulder arthroplasty using 

a national surgical quality 

database. Bivariate and 

multivariate regression 

models were applied to 

evaluate associations 

between preoperative 

characteristics and 

postoperative utilization 

outcomes. 

Specific comorbidities 

were independently 

linked to prolonged 

hospitalization and 

early readmission, 

highlighting the value 

of targeted risk 

stratification to guide 

preoperative 

counselling and 

postoperative 

planning. 
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Matsen et al. 
2015⁵⁹ 

Factors Affecting Length of 
Stay, Readmission, and 
Revision After Shoulder 

Arthroplasty: A Population-
Based Study. 

Analyzed statewide 

administrative data from 

primary shoulder 

arthroplasty procedures to 

identify patient, diagnosis, 

and provider factors 

independently associated 

with prolonged 

hospitalization, 90-day 

readmission, and revision 

surgery. Multivariable 

models were used to 

determine which 

characteristics predicted 

each adverse outcome. 

Distinct clinical and 

demographic 

variables were linked 

to extended stay, early 

readmission, and 

need for revision. 

Readily identifiable 

patient and provider 

characteristics may 

inform perioperative 

optimization 

strategies and support 

targeted efforts to 

reduce complications 

and associated 

healthcare costs. 

Pappou et al. 
2014⁷⁰ 

Outcomes and Costs of 
Reverse Shoulder 

Arthroplasty in the Morbidly 
Obese: A Case Control 

Study. 

The study compared 

postoperative outcomes, 

complications, discharge 

disposition, and hospital 

costs between morbidly 

obese patients and 

matched nonobese controls 

undergoing primary reverse 

shoulder arthroplasty. A 

joint registry cohort with 

minimum two-year follow-

up was analyzed using 

standardized functional 

measures, comorbidity 

indices, perioperative 

metrics, and recorded 

postoperative events. 

Reverse shoulder 

arthroplasty 

demonstrated 

comparable 

functional gains and 

complication rates in 

morbidly obese 

patients relative to 

nonobese controls, 

though obesity was 

associated with 

increased 

perioperative 

resource utilization, 

higher costs, and a 

greater likelihood of 

requiring post-acute 

rehabilitation rather 

than home discharge. 

Ponce et al. 
2014⁷⁴ 

Diabetes as a risk factor for 
poorer early postoperative 
outcomes after shoulder 

arthroplasty. 

The study analysed a 

national inpatient database 

to compare postoperative 

mortality, complications, 

length of stay, and 

discharge disposition 

between diabetic and non-

diabetic patients 

undergoing shoulder 

arthroplasty, using bivariate 

and multivariable logistic 

regression to determine 

independent associations. 

Preexisting diabetes 

independently 

increased the risk of 

perioperative 

morbidity, mortality, 

prolonged 

hospitalization, and 

non-home discharge 

after shoulder 

arthroplasty, without 

influencing hospital 

costs. Further 

prospective 

investigation is 

warranted. 
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Griffin et al. 
2014²⁸ 

Morbid obesity in total 
shoulder arthroplasty: risk, 

outcomes, and cost 
analysis. 

Retrospective analysis of a 

national inpatient database 

comparing postoperative 

complications, mortality, 

and resource utilization 

between morbidly obese 

and non-obese patients 

undergoing total shoulder 

arthroplasty using 

multivariate logistic 

regression modeling. 

Morbid obesity was 

associated with 

greater postoperative 

respiratory 

complications, longer 

hospitalization, and 

higher inpatient costs, 

while most other 

complication rates 

and early mortality 

showed no significant 

increase. Further 

investigation is 

warranted to refine 

risk stratification and 

support preoperative 

counseling. 

Johnson et al. 
2014³⁸ 

Does preoperative 
American Society of 

Anesthesiologists score 
relate to complications 

after total shoulder 
arthroplasty? 

Retrospective cohort 

analysis evaluating whether 

ASA classification predicts 

surgical complications, 

medical complications, and 

hospitalization duration 

following primary and 

revision total shoulder 

arthroplasty. Logistic 

regression was used to 

model complication risk as 

a function of ASA score. 

Higher ASA class was 

independently 

associated with 

increased surgical 

complications, 

including prosthesis-

related failure, and 

with longer hospital 

stay, but showed no 

association with 

medical 

complications. The 

ASA score may serve 

as a useful tool for 

perioperative risk 

stratification and 

counseling. 

Griffin et al. 
2013²⁷ 

Obstructive sleep apnea as 
a risk factor after shoulder 

arthroplasty. 

Leveraged a national 

inpatient database to 

compare postoperative in-

hospital complications, 

resource use, and length of 

stay between shoulder 

arthroplasty patients with 

and without a diagnosis of 

obstructive sleep apnea 

using multivariate logistic 

regression. 

OSA was not 

associated with higher 

in-hospital morbidity, 

mortality, or costs and 

was linked to a 

modestly shorter 

hospital stay, 

indicating it may not 

represent a significant 

perioperative risk 

factor in shoulder 

arthroplasty. 
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Humphries et 
al. 2008³⁵ 

Effect of the Deyo score on 
outcomes and costs in 
shoulder arthroplasty 

patients. 

Evaluated whether 

preoperative comorbidity 

burden, quantified by the 

Deyo index, independently 

predicted perioperative 

mortality, complications, 

hospital stay, and costs in 

shoulder arthroplasty. 

Outcomes were compared 

across comorbidity strata 

using chi-square and F-

tests, with multivariable 

logistic and linear 

regression models adjusting 

for key demographic and 

provider factors. 

Greater comorbidity 

burden was 

independently 

associated with 

increased 

perioperative risk and 

higher resource 

utilization. The Deyo 

index functioned as a 

meaningful predictor 

to inform patient 

selection and risk–
benefit discussions 

for shoulder 

arthroplasty. 

Elsabbagh et 
al. 2025²¹ 

Does use of glucagon-like 
peptide-1 agonists increase 
perioperative complications 

in patients undergoing 
shoulder arthroplasty? 

Retrospective cohort study 

using a national database to 

compare postoperative and 

joint-related outcomes in 

T2DM patients undergoing 

primary TSA with or without 

GLP-1 therapy. Propensity-

score matching and 

multivariable logistic 

regression were used to 

evaluate 90-day medical 

complications, length of 

stay, and 2-year joint-

related events. 

GLP-1 therapy was not 

associated with 

increased 

postoperative medical 

or joint-related 

complications nor 

with prolonged length 

of stay. Findings 

suggest perioperative 

GLP-1 use does not 

elevate surgical risk in 

TSA and may be safely 

continued, supporting 

further prospective 

evaluation. 

Alder et al. 
2024² 

Increasing severity of 
preoperative anemia is 
associated with higher 

postoperative medical and 
surgical complications after 

primary shoulder 
arthroplasty. 

Evaluated midterm 

outcomes of primary 

shoulder arthroplasty 

stratified by preoperative 

anemia severity using a 

single-institution registry 

with ≥2-year follow-up. 

Compared medical and 

surgical complications, 

reoperations, revisions, and 

implant survivorship across 

anemia categories. 

Greater preoperative 

anemia severity was 

associated with higher 

rates of medical and 

surgical 

complications. 

Postoperative 

transfusion further 

increased 

complication rates 

and short-term 

mortality, 

underscoring the need 

for targeted 

perioperative 

optimization and 

monitoring in anemic 

patients. 
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Khokhar et al. 
2024⁴⁰ 

Does morbid obesity 
negatively impact 

perioperative outcomes 
following elective reverse 
shoulder arthroplasty?: a 

propensity-matched 
comparative study. 

Retrospective propensity-

matched analysis of primary 

elective rTSA cases using a 

uniform short-stem implant 

system to evaluate the 

independent association of 

morbid obesity with 

perioperative surgical and 

medical outcomes. 

Multivariable regression 

assessed relationships 

between obesity status and 

operative parameters, 

postoperative 

complications, disposition, 

and short-term unplanned 

health care utilization. 

Morbid obesity did not 

independently worsen 

perioperative or short-

term postoperative 

outcomes. With 

appropriate 

preoperative 

optimization, morbid 

obesity alone should 

not be considered a 

contraindication to 

elective rTSA. 

Destine et al. 
2024¹⁷ 

Effect of hospital length of 
stay on functional 

outcomes and readmission 
after total shoulder 

arthroplasty. 

A retrospective cohort study 

evaluated whether 

postoperative length of stay 

(≤24 vs >24 hours) was 
associated with 

readmissions, revisions, 

complications, or functional 

outcomes following primary 

total shoulder arthroplasty. 

Demographic, 

perioperative, comorbidity, 

and discharge variables 

were analyzed to identify 

factors predictive of 

prolonged hospitalization. 

Prolonged 

postoperative stay 

was associated with 

higher comorbidity 

burden and increased 

likelihood of 

discharge to a 

nonhome setting but 

did not influence 

complication rates, 

readmissions, 

revisions, or patient-

reported outcomes. 

Moore et al. 
2024⁶⁵ 

Fibromyalgia syndrome is 
an independent predictor of 

increased complications, 
revision, and cost of 

admission within 180 days 
of total shoulder 

arthroplasty. 

Retrospective analysis of a 

national readmissions 

database to compare 

postoperative complication 

profiles between patients 

with and without 

fibromyalgia undergoing 

primary elective TSA. 

Cohorts were matched 1:1 

on key demographic and 

comorbidity variables, and 

multivariate modelling was 

used to isolate the 

independent effect of 

fibromyalgia on 

postoperative outcomes 

and healthcare utilisation. 

Fibromyalgia 

independently 

increased the 

likelihood of both 

medical and surgical 

complications after 

TSA and was 

associated with higher 

revision rates and 

greater admission 

costs. Awareness of 

this elevated risk 

profile is warranted 

when planning and 

counselling patients 

undergoing TSA. 
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Miltenberg et 
al. 2024⁶³ 

Prediction of overnight stay 
following shoulder 

arthroplasty utilizing 
machine learning. 

This study evaluated 

multiple machine learning 

models to predict likelihood 

of overnight hospital stay 

after primary elective total 

shoulder arthroplasty using 

a national surgical 

outcomes database. Models 

were trained and validated 

against postoperative 

disposition categories, with 

performance compared 

using discrimination, 

calibration, and decision 

curve analyses. 

Machine learning—
particularly artificial 

neural networks—
provided superior 

predictive accuracy 

over traditional 

regression 

approaches for 

forecasting need for 

postoperative 

admission. These 

models can support 

more precise 

outpatient selection, 

inform preoperative 

counselling, and 

facilitate resource 

optimization. 

Kopriva et al. 
2024⁴⁵ 

Tramadol use before total 
shoulder arthroplasty: 

patients have lower risk of 
complications and resource 
utilization than those using 

traditional opioids. 

Retrospective cohort 

analysis of national claims 

data to compare 

postoperative resource 

utilization, complications, 

and revision risk in TSA 

patients stratified by 

preoperative analgesic 

exposure (opioid-naïve, 

tramadol, traditional 

opioids, or combination). 

Multivariate modelling 

adjusted for baseline 

differences and evaluated 

temporal prescribing trends. 

Preoperative tramadol 

use was associated 

with a postoperative 

risk profile similar to 

opioid-naïve patients, 

whereas traditional 

opioid use conferred 

increased 

complications, higher 

resource utilization, 

and elevated revision 

risk. Findings support 

tramadol as a 

comparatively lower-

risk alternative to 

traditional opioids in 

the preoperative TSA 

setting. 

Kim et al. 
2024⁴³ 

Cumulative effect of 
chronic dehydration and 

age on postoperative 
complications after total 

shoulder arthroplasty. 

This study assessed the 

effect of preoperative 

dehydration and age on 30-

day complications after 

total shoulder arthroplasty 

using ACS-NSQIP data 

(2015–2019) with 

multivariable regression 

analysis. 

Preoperative 

dehydration, 

particularly in elderly 

patients, was 

independently 

associated with higher 

complication rates, 

longer hospital stay, 

and increased 

nonhome discharge 

following total 

shoulder arthroplasty. 
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Hartwell et al. 
2019³¹ 

Total shoulder arthroplasty: 
Risk factors for a prolonged 

length of stay. A 
retrospective cohort study. 

The study used a national 

surgical quality database to 

compare patients 

undergoing total shoulder 

arthroplasty by 

postoperative length of stay 

(≤24 hr vs >24 hr). 
Univariate and multivariate 

analyses evaluated 

preoperative comorbidities, 

demographic 

characteristics, and 

intraoperative variables 

associated with extended 

hospitalization. 

Several medical 

comorbidities and 

higher perioperative 

risk profiles were 

independently 

associated with 

hospital stays 

exceeding 24 hours, 

whereas male sex was 

protective. These 

findings highlight key 

patient and operative 

factors that may 

inform perioperative 

optimization and 

outpatient pathway 

selection. 

Lonergan et 
al. 2019⁵⁶ 

Mood disorders do not 
predict a more difficult 

course after primary 
anatomic total shoulder 

arthroplasty. 

Evaluated whether pre-

existing mood disorders 

influence postoperative 

pain trajectories, narcotic 

consumption, length of stay, 

or early complications 

following primary anatomic 

TSA. Patients were stratified 

by documented 

depression/anxiety or use of 

mood-stabilizing 

medications, with serial 

pain scores, opioid 

requirements, and 90-day 

postoperative outcomes 

collected prospectively. 

Mood disorders did 

not adversely affect 

early recovery after 

primary anatomic 

TSA. Postoperative 

pain, opioid use, 

length of stay, and 

complication profiles 

were comparable 

between groups, 

suggesting mood 

disorders are not a 

meaningful risk factor 

for early outcomes or 

bundled payment 

modeling in this 

setting. 

Hammond et 
al. 2003³⁰ 

Surgeon Experience and 
Clinical and Economic 
Outcomes for Shoulder 

Arthroplasty. 

Evaluated whether surgeon 

case volume was 

associated with clinical and 

economic outcomes 

following total shoulder 

arthroplasty or 

hemiarthroplasty, using a 

statewide hospital 

discharge database and 

multivariable adjustment for 

patient, procedural, and 

hospital factors. 

Higher surgeon 

volume was 

associated with lower 

complication rates 

and shorter hospital 

stays, with no 

significant difference 

in adjusted costs. 

Findings support the 

value of experience 

and ongoing training 

in optimising shoulder 

arthroplasty 

outcomes. 
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Lee et al. 
2020⁴⁸ 

Preoperative hyponatremia 
is associated with 

postoperative major 
morbidity, prolonged length 

of stay, non-home 
discharge, and readmission 

in total shoulder 
arthroplasty. 

This study used a national 

surgical quality database to 

evaluate whether 

preoperative hyponatraemia 

independently predicts 

adverse 30-day outcomes 

following anatomic or 

reverse total shoulder 

arthroplasty. Multivariable 

logistic regression analyses 

were performed with 

stringent statistical 

correction to assess 

associations with 

postoperative morbidity and 

healthcare utilisation 

metrics. 

Preoperative 

hyponatraemia was 

an independent 

predictor of increased 

short-term morbidity 

and higher 

postoperative 

resource utilisation 

after total shoulder 

arthroplasty. The 

authors highlight the 

need for thorough 

preoperative 

optimisation and call 

for further work to 

clarify the effect of 

hyponatraemia 

severity and 

correction on 

perioperative 

outcomes. 

Martino et al. 
2024⁵⁸ 

Cirrhosis associated with 
increased complications 
and healthcare utilization 

following total shoulder 
arthroplasty. 

Evaluated short-term 

postoperative outcomes of 

elective primary TSA in 

patients with cirrhosis using 

a nationwide database. 

Cirrhotic patients were 

matched 1:1 with non-

cirrhotic controls, and 

postoperative 

complications and hospital 

utilisation metrics were 

compared using adjusted 

statistical analyses. 

Cirrhosis was 

associated with 

substantially 

increased medical 

and implant-related 

complications, higher 

postoperative risk 

overall, and greater 

resource utilisation 

following TSA. 

Findings highlight the 

need for targeted 

preoperative 

optimisation and risk-

mitigation strategies 

in this population. 

Vanderham et 
al. 2024⁸¹ 

Psychiatric comorbidities 
are an independent risk 

factor for perioperative and 
postoperative 

complications in patients 
undergoing primary total 

shoulder arthroplasty. 

Evaluated the impact of 

preoperative mental health 

diagnoses on perioperative 

adverse events, length of 

stay, and 

medical/mechanical 

complications within 180 

days after primary TSA using 

a nationwide administrative 

database and multivariable 

logistic regression. 

Preoperative mental 

health disorders 

independently 

increased the 

likelihood of 

perioperative and 

mechanical 

complications and 

revision, indicating a 

need for heightened 

perioperative 

counselling and 

postoperative 
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surveillance in this 

population. 

Schairer et al. 
2015⁷⁸ 

National utilization of 
reverse total shoulder 

arthroplasty in the United 
States. 

Used a national inpatient 

database to characterise 

utilisation patterns and 

surgical indications for 

hemiarthroplasty, TSA, and 

RSA across the United 

States. Examined 

associated diagnoses and 

hospital factors, and 

applied multivariable 

regression to identify 

determinants of prolonged 

length of stay. 

RSA represented a 

substantial proportion 

of arthroplasty 

procedures, with 

notable uptake for 

proximal humerus 

fractures in addition 

to cuff-related 

pathology. Procedure 

choice varied by 

indication, and 

hospital stay was 

influenced by patient 

comorbidity and 

insurance status. 

Polisetty et al. 
2021⁷³ 

Determining the validity of 
the Outpatient Arthroplasty 
Risk Assessment (OARA) 
tool for identifying patients 
for safe same-day discharge 
after primary shoulder 
arthroplasty. 

Retrospective single‐
surgeon study evaluating 

the utility of the Outpatient 

Arthroplasty Risk 

Assessment (OARA) score 

for determining 

appropriateness for same-

day discharge after primary 

shoulder arthroplasty, 

comparing score thresholds 

and predictive performance 

against ASA-PS 

classification and prior 

lower-extremity arthroplasty 

criteria 

An OARA cutoff of 

≤110 points 
effectively and 

conservatively 

identified candidates 

for same-day 

discharge, with low 

emergency utilization 

and acceptable 

readmission rates, 

supporting its use as a 

screening tool for 

outpatient shoulder 

arthroplasty. 

Kishan et al. 
2025⁴⁴ 

Perioperative complications 
and length of stay in 
patients with diabetes 
mellitus after aseptic 
revision total shoulder 
arthroplasty. 

Used a national surgical 

registry to evaluate whether 

diabetes mellitus 

independently influences 

perioperative complications 

and hospital length of stay 

following aseptic revision 

total shoulder arthroplasty. 

Applied multivariate logistic 

regression to identify 

clinical and perioperative 

predictors of major 

complications and 

prolonged admission. 

Diabetes was not an 

independent 

determinant of short-

term complications or 

extended hospital 

stay after aseptic 

revision TSA. 

Outcomes were more 

strongly associated 

with other 

comorbidities, 

highlighting the need 

for individualised risk 

stratification focusing 

on factors such as 
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hypertension and low 

preoperative 

haematocrit. 
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PRISMA 2020 flow diagram for new systematic reviews which included searches of databases and registers only 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

*Consider, if feasible to do so, reporting the number of records identified from each database or register searched (rather than the total number 

across all databases/registers). 

**If automation tools were used, indicate how many records were excluded by a human and how many were excluded by automation tools. 
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Figure 2 – ROBIN-I Risk of bias  
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