Supplementary Information
Blood Urea Nitrogen and Atrial Fibrillation Identify Geriatric Peri-Hospitalization Cardiovascular and Cerebrovascular Vulnerability After Hip Arthroplasty

Hengjie Su1,2, Jian Hu1, Xiaoyu Wang1, Huimin Hu1, Bo Yang1, Siyi Yan1,*, Zhifeng Gao1,*
1 Beijing Tsinghua Changgung Hospital, School of Clinical Medicine, Tsinghua University, Beijing, China
2 Chinese Academy of Medical Sciences & Peking Union Medical College Institute of Biomedical Engineering, Tianjin, China
Contact information: ysya00158@btch.edu.cn (S.Y.); gzfa0246@btch.edu.cn (Z. G.)
Keywords: hip arthroplasty; older adults; major adverse cardiovascular and cerebrovascular events; blood urea nitrogen; atrial fibrillation; geriatric peri-hospitalization vulnerability



Supplementary Table S1. ICD code definitions.
	Domain
	ICD-9 codes
	ICD-10 codes
	Notes

	Hip arthroplasty
	81.51; 81.52; 00.70; 00.71; 00.72; 00.73
	0SR9*; 0SRB*; 0SRA*; 0SRE*
	Inclusion procedure

	Acute myocardial infarction
	410*
	I21*; I22*
	Broad and strict MACCE component

	Ischemic stroke
	433*; 434*; 436
	I63*; I64*
	Broad and strict MACCE component

	Hemorrhagic stroke
	430*; 431*; 432*
	I60*; I61*; I62*
	Broad and strict MACCE component

	Cardiac arrest
	427.5
	I46*
	Broad and strict MACCE component

	Cardiogenic shock
	785.51
	R57.0
	Broad MACCE component only

	Acute heart failure
	428.1; 428.21; 428.23; 428.31; 428.33; 428.41; 428.43
	I50.21; I50.23; I50.31; I50.33; I50.41; I50.43; I50.811; I50.813
	Broad MACCE component only

	Coronary artery disease
	414*; 412*
	I25*
	Predictor

	Congestive heart failure
	428*
	I50*
	Baseline descriptor only; excluded from modeling

	Atrial fibrillation
	427.31*
	I48*
	Predictor

	Diabetes
	250*
	E10*; E11*
	Predictor

	Chronic kidney disease
	585*
	N18*
	Predictor

	Prior/current stroke code
	433*; 434*; 436
	I63*; I64*; Z86.73*
	Baseline descriptor only; excluded from modeling



MACCE, major adverse cardiovascular and cerebrovascular events.


Supplementary Table S2. Hip arthroplasty procedure-code categories.
	Procedure category
	ICD-9/ICD-10 procedure code basis
	No. patients
	MACCE events
	MACCE rate

	Total hip arthroplasty
	ICD-9 81.51; ICD-10-PCS 0SR9/0SRB/0SRA/0SRE replacement codes excluding spacer or revision-coded procedures
	741
	25
	3.4%

	Partial/hemiarthroplasty
	ICD-9 81.52
	437
	49
	11.2%

	Revision/spacer-related arthroplasty
	ICD-9 00.70-00.73; ICD-10-PCS articulating spacer or revision-related descriptions
	75
	7
	9.3%

	Overall included hip arthroplasty cohort
	All eligible hip arthroplasty procedure codes
	1253
	81
	6.46%



Procedure-code categories were used to identify hip arthroplasty hospitalizations.


Supplementary Table S3. Complete baseline characteristics stratified by broad-definition in-hospital MACCE.
	Characteristic
	Overall (N=1253)
	No MACCE (N=1172)
	MACCE (N=81)
	P value
	Missing

	Age, years
	76.00 (70.00-83.00)
	76.00 (70.00-83.00)
	80.00 (74.00-86.00)
	<0.001
	0

	Hemoglobin minimum, g/dL
	10.50 (9.40-11.80)
	10.60 (9.60-11.80)
	9.90 (8.50-11.35)
	0.003
	464

	WBC maximum, K/uL
	11.80 (9.20-14.80)
	11.80 (9.25-14.70)
	12.20 (9.00-16.43)
	0.525
	492

	Platelet minimum, K/uL
	198.00 (155.75-250.00)
	201.00 (158.00-252.50)
	171.00 (137.00-219.00)
	0.007
	493

	Creatinine maximum, mg/dL
	0.90 (0.70-1.20)
	0.90 (0.70-1.20)
	1.30 (0.90-1.70)
	<0.001
	522

	BUN maximum, mg/dL
	19.00 (15.00-26.00)
	18.00 (14.00-25.00)
	27.00 (22.00-41.00)
	<0.001
	523

	Sodium minimum, mmol/L
	138.00 (135.50-140.00)
	138.00 (136.00-140.00)
	137.00 (135.00-139.00)
	0.115
	526

	Potassium maximum, mmol/L
	4.30 (3.90-4.60)
	4.20 (3.90-4.60)
	4.60 (4.17-4.90)
	<0.001
	524

	Glucose maximum, mg/dL
	138.00 (118.00-164.00)
	138.00 (117.00-164.00)
	147.00 (122.00-161.00)
	0.227
	498

	Lactate maximum, mmol/L
	1.50 (1.20-2.10)
	1.50 (1.20-2.00)
	1.70 (1.35-2.35)
	0.264
	1069

	Male sex
	458 (36.6)
	424 (36.2)
	34 (42.0)
	0.340
	0

	Urgent or emergency admission
	74 (5.9)
	59 (5.0)
	15 (18.5)
	<0.001
	0

	Coronary artery disease
	266 (21.2)
	231 (19.7)
	35 (43.2)
	<0.001
	0

	Congestive heart failure
	187 (14.9)
	128 (10.9)
	59 (72.8)
	<0.001
	0

	Atrial fibrillation
	258 (20.6)
	217 (18.5)
	41 (50.6)
	<0.001
	0

	Diabetes
	250 (20.0)
	227 (19.4)
	23 (28.4)
	0.061
	0

	Chronic kidney disease
	189 (15.1)
	160 (13.7)
	29 (35.8)
	<0.001
	0

	Prior/current stroke code
	38 (3.0)
	23 (2.0)
	15 (18.5)
	<0.001
	0



Values are presented as median (interquartile range) or n (%), as appropriate.


Supplementary Table S4. Baseline comparison according to observed versus missing BUN measurements.
	Characteristic
	Observed BUN
	Missing BUN
	P value

	No. of patients
	730
	523
	

	Broad MACCE
	72/730 (9.9%)
	9/523 (1.7%)
	<0.001

	Strict MACCE
	39/730 (5.3%)
	5/523 (1.0%)
	<0.001

	Age, median years
	80
	72
	<0.001

	Urgent/emergency admission
	475/730 (65.1%)
	41/523 (7.8%)
	<0.001

	Hip-fracture diagnosis
	432/730 (59.2%)
	60/523 (11.5%)
	<0.001

	Atrial fibrillation
	190/730 (26.0%)
	68/523 (13.0%)
	<0.001

	Chronic kidney disease
	141/730 (19.3%)
	48/523 (9.2%)
	<0.001



This table summarizes the selective nature of BUN testing in routine geriatric orthopedic care. BUN, blood urea nitrogen.


Supplementary Table S5. Missingness of candidate predictors.
	Variable
	Source column
	Missing, n
	Missing, %
	Used in primary regression

	Age
	age
	0
	0.0
	Yes

	Sex
	gender
	0
	0.0
	Yes

	Admission type
	admission_type
	0
	0.0
	Yes

	Coronary artery disease
	coronary_artery_disease
	0
	0.0
	Yes

	Atrial fibrillation
	atrial_fibrillation
	0
	0.0
	Yes

	Diabetes
	diabetes
	0
	0.0
	Yes

	Chronic kidney disease
	chronic_kidney_disease
	0
	0.0
	Yes

	Hemoglobin minimum
	hemoglobin_min
	464
	37.0
	Yes

	Creatinine maximum
	creatinine_max
	522
	41.7
	Yes

	WBC maximum
	wbc_max
	492
	39.3
	Yes

	BUN maximum
	bun_max
	523
	41.7
	Yes

	Glucose maximum
	glucose_max
	498
	39.7
	Yes

	Albumin minimum
	albumin_min
	1203
	96.0
	No

	Lactate maximum
	lactate_max
	1069
	85.3
	No

	Troponin I maximum
	troponin_i_max
	1253
	100.0
	No

	Troponin T maximum
	troponin_t_max
	1194
	95.3
	No

	INR maximum
	inr_max
	831
	66.3
	No

	PT maximum
	pt_max
	831
	66.3
	No

	PTT maximum
	ptt_max
	875
	69.8
	No



Variables with extreme missingness were excluded from the primary regression and core risk-stratification model.


Supplementary Table S6. Multivariable logistic regression for broad-definition in-hospital MACCE.
	Variable
	OR
	95% CI
	P value

	Age, per 10 years
	1.49
	1.08-2.05
	0.014

	Male sex
	0.89
	0.53-1.52
	0.681

	Urgent or emergency admission
	2.90
	1.44-5.83
	0.003

	Coronary artery disease
	1.90
	1.12-3.21
	0.017

	Atrial fibrillation
	2.88
	1.73-4.80
	<0.001

	Diabetes
	1.11
	0.61-2.01
	0.725

	Chronic kidney disease
	1.25
	0.64-2.44
	0.513

	Hemoglobin minimum, per 1 g/dL
	0.88
	0.75-1.03
	0.119

	Creatinine maximum, per 1 mg/dL
	0.74
	0.52-1.06
	0.105

	WBC maximum, per 10 K/uL
	1.03
	0.74-1.45
	0.856

	BUN maximum, per 10 mg/dL
	1.68
	1.35-2.09
	<0.001

	Glucose maximum, per 1 mg/dL
	1.00
	0.99-1.00
	0.771



OR, odds ratio; CI, confidence interval.


Supplementary Table S7. Sensitivity analysis using strict-definition in-hospital MACCE.
	Variable
	OR
	95% CI
	P value

	Age, per 10 years
	1.77
	1.17-2.67
	0.007

	Male sex
	1.00
	0.51-1.96
	0.999

	Urgent or emergency admission
	1.59
	0.60-4.19
	0.350

	Coronary artery disease
	1.85
	0.94-3.62
	0.073

	Atrial fibrillation
	2.27
	1.17-4.38
	0.015

	Diabetes
	1.41
	0.68-2.96
	0.356

	Chronic kidney disease
	1.05
	0.45-2.45
	0.915

	Hemoglobin minimum, per 1 g/dL
	0.86
	0.71-1.05
	0.148

	Creatinine maximum, per 1 mg/dL
	0.91
	0.61-1.35
	0.648

	WBC maximum, per 10 K/uL
	1.11
	0.80-1.53
	0.525

	BUN maximum, per 10 mg/dL
	1.40
	1.13-1.75
	0.003

	Glucose maximum, per 1 mg/dL
	1.00
	0.99-1.01
	0.691



Strict MACCE excluded cardiogenic shock and acute heart failure.


Supplementary Table S8. Conservative preprocedure laboratory-window sensitivity analysis for broad-definition in-hospital MACCE.
	Variable
	OR
	95% CI
	P value

	Age, per 10 years
	1.62
	1.18-2.24
	0.003

	Male sex
	0.89
	0.53-1.51
	0.677

	Urgent or emergency admission
	3.06
	1.53-6.14
	0.002

	Coronary artery disease
	1.95
	1.16-3.29
	0.012

	Atrial fibrillation
	2.81
	1.69-4.65
	<0.001

	Diabetes
	1.28
	0.71-2.29
	0.412

	Chronic kidney disease
	1.81
	1.00-3.29
	0.050

	Preprocedure hemoglobin minimum, per 1 g/dL
	0.89
	0.70-1.14
	0.360

	Preprocedure creatinine maximum, per 1 mg/dL
	0.66
	0.39-1.11
	0.116

	Preprocedure WBC maximum, per 10 K/uL
	1.58
	0.86-2.93
	0.142

	Preprocedure BUN maximum, per 10 mg/dL
	1.72
	1.28-2.30
	<0.001

	Preprocedure glucose maximum, per 1 mg/dL
	0.99
	0.98-1.01
	0.292



Laboratory values in this sensitivity analysis were restricted to the conservative preprocedure window.


Supplementary Table S9. Characteristics of patients with versus without any preprocedure laboratory measurement.
	Characteristic
	With preprocedure lab (N=255)
	Without preprocedure lab (N=998)
	P value

	Age, years
	81.00 (72.00-86.00)
	75.00 (70.00-82.00)
	<0.001

	BUN maximum, mg/dL
	23.00 (17.00-34.75)
	18.00 (14.00-23.00)
	<0.001

	Creatinine maximum, mg/dL
	1.00 (0.80-1.40)
	0.90 (0.70-1.10)
	<0.001

	Hemoglobin minimum, g/dL
	10.00 (8.50-11.40)
	10.80 (9.80-11.90)
	<0.001

	Urgent or emergency admission
	43 (16.9)
	31 (3.1)
	<0.001

	Coronary artery disease
	68 (26.7)
	198 (19.8)
	0.020

	Atrial fibrillation
	86 (33.7)
	172 (17.2)
	<0.001

	Chronic kidney disease
	72 (28.2)
	117 (11.7)
	<0.001

	Broad MACCE
	41 (16.1)
	40 (4.0)
	<0.001

	Strict MACCE
	17 (6.7)
	27 (2.7)
	0.004

	In-hospital death
	11 (4.3)
	7 (0.7)
	<0.001

	ICU admission
	68 (26.7)
	66 (6.6)
	<0.001



This table describes the population contributing observed preprocedure laboratory measurements.


Supplementary Table S10. Stability and clinical priority of MACCE-associated factors.
	Factor
	Broad MACCE regression
	Strict MACCE sensitivity
	Preprocedure sensitivity
	SHAP contribution
	Clinical priority
	Interpretation

	BUN
	Significant
	Significant
	Significant
	Very high
	Very high
	Renal-metabolic stress and volume/perfusion vulnerability

	Atrial fibrillation
	Significant
	Significant
	Significant
	Very high
	Very high
	Stable cardiovascular vulnerability signal

	Urgent/emergency admission
	Significant
	Not significant
	Significant
	Supportive
	High
	Acute admission stress and limited optimization window

	Coronary artery disease
	Significant
	Borderline
	Significant
	Moderate
	High
	Baseline cardiovascular disease burden

	Age
	Significant
	Significant
	Significant
	Moderate
	High
	Reduced physiologic reserve

	Hemoglobin
	Not significant
	Not significant
	Not significant
	Moderate
	Supportive
	Hematologic reserve; supportive risk-structure marker

	Creatinine
	Not significant
	Not significant
	Not significant
	High
	Supportive
	Renal function marker; less stable than BUN in regression

	WBC
	Not significant
	Not significant
	Not significant
	Moderate
	Supportive
	Inflammatory/stress marker



Clinical priority reflects consistency across analyses and clinical interpretability.


Supplementary Table S11. Leave-one-variable-out contribution analysis for the clinical core model.
	Removed variable
	AUC
	Delta AUC
	AUPRC
	Delta AUPRC

	None
	0.826
	Reference
	0.268
	Reference

	Age
	0.812
	-0.014
	0.267
	-0.001

	Urgent/emergency admission
	0.825
	-0.001
	0.255
	-0.014

	Coronary artery disease
	0.814
	-0.013
	0.274
	+0.006

	Atrial fibrillation
	0.800
	-0.026
	0.250
	-0.019

	BUN
	0.765
	-0.062
	0.172
	-0.096



Positive change indicates improved AUPRC after variable removal; negative change indicates loss of AUPRC.


Supplementary Table S12. Clinical core model and full interpretable model performance.
	Model
	Features
	AUC
	AUPRC
	Brier score
	Calibration intercept
	Calibration slope

	Clinical core model
	Age, urgent/emergency admission, CAD, AF, BUN
	0.826 (0.786-0.865)
	0.268 (0.194-0.361)
	0.056 (0.047-0.065)
	-0.442 (-0.830 to -0.029)
	0.929 (0.786-1.105)

	Full interpretable model
	Full prespecified 12-variable interpretable set
	0.805 (0.755-0.848)
	0.252 (0.183-0.343)
	0.055 (0.046-0.065)
	-0.091 (-0.568 to 0.416)
	1.057 (0.878-1.258)



The clinical core model included age, urgent/emergency admission, CAD, AF, and BUN.


Supplementary Table S13. Nomogram model coefficients for the five-variable clinical core model.
	Term
	Coefficient
	Nomogram points across plotted range

	Intercept
	-6.828387
	

	Age, years
	0.287060
	44.5

	Urgent/emergency admission
	0.567363
	25.1

	Coronary artery disease
	0.677542
	30.0

	Atrial fibrillation
	1.052268
	46.6

	BUN, mg/dL
	0.410353
	100.0



The nomogram was intended as an illustrative visual risk summary rather than a validated bedside decision rule.


Supplementary Table S14. BUN strata and core risk-factor accumulation among patients with observed BUN measurements.
	Analysis
	Group
	No. patients
	MACCE events
	Observed MACCE rate
	Adjusted OR (95% CI)
	P value
	P for trend

	BUN strata
	<20 mg/dL
	391
	14
	3.6%
	Reference
	
	

	BUN strata
	20-30 mg/dL
	206
	25
	12.1%
	3.11 (1.54-6.27)
	0.002
	

	BUN strata
	>30 mg/dL
	133
	33
	24.8%
	6.78 (3.39-13.56)
	<0.001
	<0.001

	Core risk-factor count
	0-1
	425
	17
	4.0%
	
	
	

	Core risk-factor count
	2
	178
	28
	15.7%
	
	
	

	Core risk-factor count
	3
	92
	16
	17.4%
	
	
	

	Core risk-factor count
	>=4
	35
	11
	31.4%
	
	
	<0.001



Analyses were restricted to patients with observed BUN measurements.


Supplementary Table S15. Predicted risk strata from out-of-fold predicted risk.
	Predicted risk group
	No. patients
	MACCE events
	Observed MACCE rate
	Median predicted risk
	Relative risk vs low
	P for trend

	Low risk
	418
	4
	1.0%
	2.5%
	Reference
	<0.001

	Intermediate risk
	417
	14
	3.4%
	4.1%
	3.51
	<0.001

	High risk
	418
	63
	15.1%
	12.7%
	15.75
	<0.001



Risk strata were defined using tertiles of out-of-fold predicted risk.


Supplementary Table S16. Threshold performance at selected predicted-risk cutoffs.
	Predicted risk threshold
	No. flagged
	Sensitivity
	Specificity
	PPV
	NPV

	5%
	533
	0.864
	0.605
	0.131
	0.985

	10%
	267
	0.654
	0.817
	0.199
	0.972

	15%
	172
	0.481
	0.887
	0.227
	0.961



Threshold results illustrate the trade-off between sensitivity and false positives.


Supplementary Table S17. Repeated cross-validation performance of exploratory risk-stratification models.
	Model
	AUC
	AUPRC
	Brier score
	Calibration intercept
	Calibration slope

	Penalized logistic regression
	0.805 (0.756-0.849)
	0.252 (0.182-0.337)
	0.055 (0.046-0.065)
	-0.091 (-0.598 to 0.411)
	1.057 (0.862-1.278)

	Random forest (exploratory)
	0.812 (0.765-0.850)
	0.218 (0.159-0.312)
	0.056 (0.048-0.065)
	-0.508 (-0.948 to -0.086)
	0.922 (0.742-1.117)

	XGBoost (exploratory)
	0.811 (0.764-0.849)
	0.217 (0.157-0.306)
	0.059 (0.050-0.067)
	-0.732 (-1.154 to -0.342)
	0.882 (0.710-1.055)



Values are presented as mean performance with 95% confidence intervals.


Supplementary Table S18. Model hyperparameters and preprocessing pipeline.
	Model/component
	Item
	Specification

	All models
	Input features
	Age, sex, urgent/emergency admission, coronary artery disease, atrial fibrillation, diabetes, chronic kidney disease, hemoglobin, creatinine, WBC, BUN, glucose

	All models
	Missing data
	Median imputation fitted within each training fold through scikit-learn Pipeline

	Penalized logistic regression
	Scaling
	StandardScaler fitted within each training fold

	Penalized logistic regression
	Penalty and class balance
	L2 penalty, C=0.5, class_weight='balanced', max_iter=5000

	Random forest
	Main hyperparameters
	n_estimators=500, min_samples_leaf=8, class_weight='balanced_subsample', random_state=42

	XGBoost
	Main hyperparameters
	n_estimators=160, learning_rate=0.03, max_depth=2, subsample=0.8, colsample_bytree=0.8, eval_metric='logloss', random_state=42

	Calibration
	Method
	Sigmoid calibration using CalibratedClassifierCV with internal 3-fold cross-validation inside each outer training fold

	Validation
	Internal validation
	Repeated stratified 5-fold cross-validation with 20 repeats; repeated out-of-fold predictions averaged per patient

	Uncertainty
	Confidence intervals
	Bootstrap resampling of patients using repeated out-of-fold predicted probabilities

	Software
	Core software
	Python, pandas, scipy, statsmodels, scikit-learn, xgboost, shap, matplotlib


Preprocessing was performed within training folds for cross-validated analyses.

Supplementary Table S19. Arthroplasty-context descriptive sensitivity analyses.
	Descriptive analysis
	Group
	No. patients
	MACCE events
	MACCE rate
	Atrial fibrillation
	ICU admission
	Median length of stay days
	Median BUN in MACCE vs no MACCE

	Admission acuity
	Non-urgent/elective or observation
	737
	24
	3.3%
	117 (15.9%)
	50 (6.8%)
	3.5
	25 vs 17

	Admission acuity
	Urgent/emergency admission
	516
	57
	11.0%
	141 (27.3%)
	84 (16.3%)
	5.6
	27 vs 20

	Revision-code sensitivity
	Revision/spacer codes excluded
	1178
	74
	6.3%
	241 (20.5%)
	116 (9.8%)
	4.0
	28 vs 18



These descriptive analyses evaluated admission acuity and revision/spacer-code sensitivity contexts.


Supplementary Table S20. Fracture diagnosis and admission-acuity subgroup characteristics.
	Subgroup
	Level
	Patients
	Broad MACCE events
	Broad MACCE rate
	Strict MACCE events
	Strict MACCE rate
	Median age, years
	Urgent/emergency admission
	Atrial fibrillation
	Coronary artery disease
	BUN available
	Median BUN, mg/dL
	BUN >30 mg/dL

	fracture_group
	Hip-fracture diagnosis
	484
	52
	10.7%
	30
	6.2%
	82
	92.6%
	26.2%
	24.8%
	88.6%
	21
	23.3%

	fracture_group
	No hip-fracture diagnosis
	769
	29
	3.8%
	14
	1.8%
	73
	8.8%
	17.0%
	19.0%
	39.1%
	18
	11.0%

	admission_acuity
	Urgent/emergency admission
	516
	57
	11.0%
	30
	5.8%
	82
	100.0%
	27.3%
	24.0%
	92.1%
	21
	23.8%

	admission_acuity
	Elective, same-day, or observation
	737
	24
	3.3%
	14
	1.9%
	73
	0.0%
	15.9%
	19.3%
	34.6%
	17
	7.8%

	admission_acuity_three_level
	Urgent/emergency admission
	516
	57
	11.0%
	30
	5.8%
	82
	100.0%
	27.3%
	24.0%
	92.1%
	21
	23.8%

	admission_acuity_three_level
	Observation admission
	56
	5
	8.9%
	3
	5.4%
	70
	0.0%
	23.2%
	30.4%
	58.9%
	16
	12.1%

	admission_acuity_three_level
	Elective or same-day admission
	681
	19
	2.8%
	11
	1.6%
	73
	0.0%
	15.3%
	18.4%
	32.6%
	17
	7.2%



Subgroup analyses were descriptive and were used to assess consistency across clinical contexts.


Supplementary Table S21. Cross-classification of fracture diagnosis and admission acuity.
	Subgroup
	Level
	Patients
	Broad MACCE events
	Broad MACCE rate
	Strict MACCE events
	Strict MACCE rate
	Median age, years
	Urgent/emergency admission
	Atrial fibrillation
	Coronary artery disease
	BUN available
	Median BUN, mg/dL
	BUN >30 mg/dL

	fracture_context
	Hip-fracture diagnosis with urgent/emergency admission
	448
	49
	10.9%
	29
	6.5%
	82
	100.0%
	26.6%
	25.0%
	91.5%
	21
	23.9%

	fracture_context
	Hip-fracture diagnosis without urgent/emergency admission
	36
	3
	8.3%
	1
	2.8%
	71
	0.0%
	22.2%
	22.2%
	52.8%
	16
	10.5%

	fracture_context
	No hip-fracture diagnosis with urgent/emergency admission
	68
	8
	11.8%
	1
	1.5%
	81
	100.0%
	32.4%
	17.6%
	95.6%
	22
	23.1%

	fracture_context
	No hip-fracture diagnosis with elective/same-day/observation admission
	701
	21
	3.0%
	13
	1.9%
	73
	0.0%
	15.5%
	19.1%
	33.7%
	17
	7.6%


Cross-classified groups were defined by hip-fracture diagnosis and admission acuity.

Supplementary Table S22. Event comparisons by fracture diagnosis and admission acuity.
	Comparison
	Outcome
	Exposed events/N
	Reference events/N
	Odds ratio
	95% CI
	Fisher exact P value

	Hip-fracture diagnosis vs No hip-fracture diagnosis
	Broad MACCE
	52/484
	29/769
	3.05
	1.91-4.86
	<0.001

	Hip-fracture diagnosis vs No hip-fracture diagnosis
	Strict MACCE
	30/484
	14/769
	3.50
	1.85-6.60
	<0.001

	Urgent/emergency admission vs Elective, same-day, or observation
	Broad MACCE
	57/516
	24/737
	3.64
	2.24-5.93
	<0.001

	Urgent/emergency admission vs Elective, same-day, or observation
	Strict MACCE
	30/516
	14/737
	3.13
	1.66-5.91
	<0.001



Comparisons are descriptive and should not be interpreted as external validation.


Supplementary Table S23. Hip-fracture ICD code examples used for subgroup definition.
	icd_clean
	icd_version
	long_title
	hip_fracture_primary
	hip_fracture_expanded

	S72001A
	10
	Fracture of unspecified part of neck of right femur, initial encounter for closed fracture
	True
	True

	S72001B
	10
	Fracture of unspecified part of neck of right femur, initial encounter for open fracture type I or II
	True
	True

	S72001D
	10
	Fracture of unspecified part of neck of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72001G
	10
	Fracture of unspecified part of neck of right femur, subsequent encounter for closed fracture with delayed healing
	True
	True

	S72001K
	10
	Fracture of unspecified part of neck of right femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72001P
	10
	Fracture of unspecified part of neck of right femur, subsequent encounter for closed fracture with malunion
	True
	True

	S72001S
	10
	Fracture of unspecified part of neck of right femur, sequela
	True
	True

	S72002A
	10
	Fracture of unspecified part of neck of left femur, initial encounter for closed fracture
	True
	True

	S72002D
	10
	Fracture of unspecified part of neck of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72002G
	10
	Fracture of unspecified part of neck of left femur, subsequent encounter for closed fracture with delayed healing
	True
	True

	S72002K
	10
	Fracture of unspecified part of neck of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72002P
	10
	Fracture of unspecified part of neck of left femur, subsequent encounter for closed fracture with malunion
	True
	True

	S72002S
	10
	Fracture of unspecified part of neck of left femur, sequela
	True
	True

	S72009A
	10
	Fracture of unspecified part of neck of unspecified femur, initial encounter for closed fracture
	True
	True

	S72009D
	10
	Fracture of unspecified part of neck of unspecified femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72009S
	10
	Fracture of unspecified part of neck of unspecified femur, sequela
	True
	True

	S72011A
	10
	Unspecified intracapsular fracture of right femur, initial encounter for closed fracture
	True
	True

	S72011D
	10
	Unspecified intracapsular fracture of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72012A
	10
	Unspecified intracapsular fracture of left femur, initial encounter for closed fracture
	True
	True

	S72012D
	10
	Unspecified intracapsular fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72012K
	10
	Unspecified intracapsular fracture of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72012S
	10
	Unspecified intracapsular fracture of left femur, sequela
	True
	True

	S72031A
	10
	Displaced midcervical fracture of right femur, initial encounter for closed fracture
	True
	True

	S72032A
	10
	Displaced midcervical fracture of left femur, initial encounter for closed fracture
	True
	True

	S72032D
	10
	Displaced midcervical fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72034A
	10
	Nondisplaced midcervical fracture of right femur, initial encounter for closed fracture
	True
	True

	S72035A
	10
	Nondisplaced midcervical fracture of left femur, initial encounter for closed fracture
	True
	True

	S72035B
	10
	Nondisplaced midcervical fracture of left femur, initial encounter for open fracture type I or II
	True
	True

	S72035D
	10
	Nondisplaced midcervical fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72041A
	10
	Displaced fracture of base of neck of right femur, initial encounter for closed fracture
	True
	True

	S72042A
	10
	Displaced fracture of base of neck of left femur, initial encounter for closed fracture
	True
	True

	S72042D
	10
	Displaced fracture of base of neck of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72044A
	10
	Nondisplaced fracture of base of neck of right femur, initial encounter for closed fracture
	True
	True

	S72045A
	10
	Nondisplaced fracture of base of neck of left femur, initial encounter for closed fracture
	True
	True

	S72051A
	10
	Unspecified fracture of head of right femur, initial encounter for closed fracture
	True
	True

	S72051D
	10
	Unspecified fracture of head of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72052A
	10
	Unspecified fracture of head of left femur, initial encounter for closed fracture
	True
	True

	S72052D
	10
	Unspecified fracture of head of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72061A
	10
	Displaced articular fracture of head of right femur, initial encounter for closed fracture
	True
	True

	S72062A
	10
	Displaced articular fracture of head of left femur, initial encounter for closed fracture
	True
	True

	S72064A
	10
	Nondisplaced articular fracture of head of right femur, initial encounter for closed fracture
	True
	True

	S72091A
	10
	Other fracture of head and neck of right femur, initial encounter for closed fracture
	True
	True

	S72091D
	10
	Other fracture of head and neck of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72091S
	10
	Other fracture of head and neck of right femur, sequela
	True
	True

	S72092A
	10
	Other fracture of head and neck of left femur, initial encounter for closed fracture
	True
	True

	S72092D
	10
	Other fracture of head and neck of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72092K
	10
	Other fracture of head and neck of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72101A
	10
	Unspecified trochanteric fracture of right femur, initial encounter for closed fracture
	True
	True

	S72101D
	10
	Unspecified trochanteric fracture of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72101K
	10
	Unspecified trochanteric fracture of right femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72102A
	10
	Unspecified trochanteric fracture of left femur, initial encounter for closed fracture
	True
	True

	S72102D
	10
	Unspecified trochanteric fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72102S
	10
	Unspecified trochanteric fracture of left femur, sequela
	True
	True

	S72111A
	10
	Displaced fracture of greater trochanter of right femur, initial encounter for closed fracture
	True
	True

	S72111D
	10
	Displaced fracture of greater trochanter of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72111G
	10
	Displaced fracture of greater trochanter of right femur, subsequent encounter for closed fracture with delayed healing
	True
	True

	S72111K
	10
	Displaced fracture of greater trochanter of right femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72112A
	10
	Displaced fracture of greater trochanter of left femur, initial encounter for closed fracture
	True
	True

	S72112K
	10
	Displaced fracture of greater trochanter of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72112S
	10
	Displaced fracture of greater trochanter of left femur, sequela
	True
	True

	S72114A
	10
	Nondisplaced fracture of greater trochanter of right femur, initial encounter for closed fracture
	True
	True

	S72115A
	10
	Nondisplaced fracture of greater trochanter of left femur, initial encounter for closed fracture
	True
	True

	S72121A
	10
	Displaced fracture of lesser trochanter of right femur, initial encounter for closed fracture
	True
	True

	S72122A
	10
	Displaced fracture of lesser trochanter of left femur, initial encounter for closed fracture
	True
	True

	S72122S
	10
	Displaced fracture of lesser trochanter of left femur, sequela
	True
	True

	S72135A
	10
	Nondisplaced apophyseal fracture of left femur, initial encounter for closed fracture
	True
	True

	S72141A
	10
	Displaced intertrochanteric fracture of right femur, initial encounter for closed fracture
	True
	True

	S72141D
	10
	Displaced intertrochanteric fracture of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72141G
	10
	Displaced intertrochanteric fracture of right femur, subsequent encounter for closed fracture with delayed healing
	True
	True

	S72141K
	10
	Displaced intertrochanteric fracture of right femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72141P
	10
	Displaced intertrochanteric fracture of right femur, subsequent encounter for closed fracture with malunion
	True
	True

	S72142A
	10
	Displaced intertrochanteric fracture of left femur, initial encounter for closed fracture
	True
	True

	S72142B
	10
	Displaced intertrochanteric fracture of left femur, initial encounter for open fracture type I or II
	True
	True

	S72142D
	10
	Displaced intertrochanteric fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72142K
	10
	Displaced intertrochanteric fracture of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S72142P
	10
	Displaced intertrochanteric fracture of left femur, subsequent encounter for closed fracture with malunion
	True
	True

	S72142S
	10
	Displaced intertrochanteric fracture of left femur, sequela
	True
	True

	S72144A
	10
	Nondisplaced intertrochanteric fracture of right femur, initial encounter for closed fracture
	True
	True

	S72144D
	10
	Nondisplaced intertrochanteric fracture of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S72145A
	10
	Nondisplaced intertrochanteric fracture of left femur, initial encounter for closed fracture
	True
	True

	S72145D
	10
	Nondisplaced intertrochanteric fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S7221XA
	10
	Displaced subtrochanteric fracture of right femur, initial encounter for closed fracture
	True
	True

	S7221XD
	10
	Displaced subtrochanteric fracture of right femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S7221XK
	10
	Displaced subtrochanteric fracture of right femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S7222XA
	10
	Displaced subtrochanteric fracture of left femur, initial encounter for closed fracture
	True
	True

	S7222XD
	10
	Displaced subtrochanteric fracture of left femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S7222XK
	10
	Displaced subtrochanteric fracture of left femur, subsequent encounter for closed fracture with nonunion
	True
	True

	S7223XD
	10
	Displaced subtrochanteric fracture of unspecified femur, subsequent encounter for closed fracture with routine healing
	True
	True

	S7224XA
	10
	Nondisplaced subtrochanteric fracture of right femur, initial encounter for closed fracture
	True
	True

	S7225XA
	10
	Nondisplaced subtrochanteric fracture of left femur, initial encounter for closed fracture
	True
	True

	73314
	9
	Pathologic fracture of neck of femur
	True
	True

	73396
	9
	Stress fracture of femoral neck
	True
	True

	82000
	9
	Closed fracture of intracapsular section of neck of femur, unspecified
	True
	True

	82001
	9
	Closed fracture of epiphysis (separation) (upper) of neck of femur
	True
	True

	82002
	9
	Closed fracture of midcervical section of neck of femur
	True
	True

	82003
	9
	Closed fracture of base of neck of femur
	True
	True

	82009
	9
	Other closed transcervical fracture of neck of femur
	True
	True

	82019
	9
	Other open transcervical fracture of neck of femur
	True
	True

	82020
	9
	Closed fracture of trochanteric section of neck of femur
	True
	True

	82021
	9
	Closed fracture of intertrochanteric section of neck of femur
	True
	True

	82022
	9
	Closed fracture of subtrochanteric section of neck of femur
	True
	True

	82030
	9
	Open fracture of trochanteric section of neck of femur, unspecified
	True
	True

	82031
	9
	Open fracture of intertrochanteric section of neck of femur
	True
	True

	82032
	9
	Open fracture of subtrochanteric section of neck of femur
	True
	True

	8208
	9
	Closed fracture of unspecified part of neck of femur
	True
	True

	8209
	9
	Open fracture of unspecified part of neck of femur
	True
	True

	M80051A
	10
	Age-related osteoporosis with current pathological fracture, right femur, initial encounter for fracture
	False
	True

	M80051D
	10
	Age-related osteoporosis with current pathological fracture, right femur, subsequent encounter for fracture with routine healing
	False
	True

	M80052A
	10
	Age-related osteoporosis with current pathological fracture, left femur, initial encounter for fracture
	False
	True

	M80052D
	10
	Age-related osteoporosis with current pathological fracture, left femur, subsequent encounter for fracture with routine healing
	False
	True

	M80059A
	10
	Age-related osteoporosis with current pathological fracture, unspecified femur, initial encounter for fracture
	False
	True

	M80851A
	10
	Other osteoporosis with current pathological fracture, right femur, initial encounter for fracture
	False
	True

	M80851D
	10
	Other osteoporosis with current pathological fracture, right femur, subsequent encounter for fracture with routine healing
	False
	True

	M80851G
	10
	Other osteoporosis with current pathological fracture, right femur, subsequent encounter for fracture with delayed healing
	False
	True

	M80851S
	10
	Other osteoporosis with current pathological fracture, right femur, sequela
	False
	True

	M80852A
	10
	Other osteoporosis with current pathological fracture, left femur, initial encounter for fracture
	False
	True

	M80852K
	10
	Other osteoporosis with current pathological fracture, left femur, subsequent encounter for fracture with nonunion
	False
	True

	M80852S
	10
	Other osteoporosis with current pathological fracture, left femur, sequela
	False
	True

	M80859D
	10
	Other osteoporosis with current pathological fracture, unspecified femur, subsequent encounter for fracture with routine healing
	False
	True

	M84351A
	10
	Stress fracture, right femur, initial encounter for fracture
	False
	True

	M84352A
	10
	Stress fracture, left femur, initial encounter for fracture
	False
	True

	M84359A
	10
	Stress fracture, hip, unspecified, initial encounter for fracture
	False
	True

	M84451A
	10
	Pathological fracture, right femur, initial encounter for fracture
	False
	True

	M84451K
	10
	Pathological fracture, right femur, subsequent encounter for fracture with nonunion
	False
	True

	M84451P
	10
	Pathological fracture, right femur, subsequent encounter for fracture with malunion
	False
	True

	M84452A
	10
	Pathological fracture, left femur, initial encounter for fracture
	False
	True

	M84452D
	10
	Pathological fracture, left femur, subsequent encounter for fracture with routine healing
	False
	True

	M84452S
	10
	Pathological fracture, left femur, sequela
	False
	True

	M84453D
	10
	Pathological fracture, unspecified femur, subsequent encounter for fracture with routine healing
	False
	True

	M84454A
	10
	Pathological fracture, pelvis, initial encounter for fracture
	False
	True

	M84454D
	10
	Pathological fracture, pelvis, subsequent encounter for fracture with routine healing
	False
	True

	M84454S
	10
	Pathological fracture, pelvis, sequela
	False
	True

	M84459A
	10
	Pathological fracture, hip, unspecified, initial encounter for fracture
	False
	True

	M84459D
	10
	Pathological fracture, hip, unspecified, subsequent encounter for fracture with routine healing
	False
	True

	73315
	9
	Pathologic fracture of other specified part of femur
	False
	True

	73397
	9
	Stress fracture of shaft of femur
	False
	True



This table provides examples of ICD codes used for hip-fracture subgroup definition.


Supplementary Table S24. Associations of BUN >30 mg/dL and atrial fibrillation within fracture and admission-acuity subgroups.
	Subgroup
	Factor
	Reference
	Outcome
	Exposed events/N
	Exposed rate
	Reference events/N
	Reference rate
	Odds ratio
	95% CI
	Fisher exact P value

	Hip-fracture diagnosis
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	23/100
	23.0%
	27/329
	8.2%
	3.34
	1.82-6.11
	<0.001

	Hip-fracture diagnosis
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	16/100
	16.0%
	14/329
	4.3%
	4.25
	2.02-8.95
	<0.001

	Hip-fracture diagnosis
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	27/127
	21.3%
	25/357
	7.0%
	3.57
	1.99-6.39
	<0.001

	Hip-fracture diagnosis
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	15/127
	11.8%
	15/357
	4.2%
	3.04
	1.46-6.35
	0.004

	No hip-fracture diagnosis
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	10/33
	30.3%
	12/268
	4.5%
	9.17
	3.64-23.07
	<0.001

	No hip-fracture diagnosis
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	3/33
	9.1%
	6/268
	2.2%
	4.63
	1.20-17.92
	0.064

	No hip-fracture diagnosis
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	14/131
	10.7%
	15/638
	2.4%
	4.96
	2.36-10.43
	<0.001

	No hip-fracture diagnosis
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	6/131
	4.6%
	8/638
	1.3%
	3.84
	1.36-10.86
	0.020

	Urgent/emergency admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	28/113
	24.8%
	29/362
	8.0%
	3.77
	2.14-6.64
	<0.001

	Urgent/emergency admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	17/113
	15.0%
	13/362
	3.6%
	4.69
	2.23-9.89
	<0.001

	Urgent/emergency admission
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	29/141
	20.6%
	28/375
	7.5%
	3.20
	1.83-5.58
	<0.001

	Urgent/emergency admission
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	15/141
	10.6%
	15/375
	4.0%
	2.85
	1.37-5.93
	0.010

	Elective, same-day, or observation
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	5/20
	25.0%
	10/235
	4.3%
	7.62
	2.41-24.14
	0.003

	Elective, same-day, or observation
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	2/20
	10.0%
	7/235
	3.0%
	4.12
	0.91-18.60
	0.151

	Elective, same-day, or observation
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	12/117
	10.3%
	12/620
	1.9%
	5.77
	2.56-12.98
	<0.001

	Elective, same-day, or observation
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	6/117
	5.1%
	8/620
	1.3%
	4.20
	1.48-11.90
	0.014

	Hip-fracture diagnosis with urgent/emergency admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	23/98
	23.5%
	26/312
	8.3%
	3.37
	1.83-6.20
	<0.001

	Hip-fracture diagnosis with urgent/emergency admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	16/98
	16.3%
	13/312
	4.2%
	4.44
	2.08-9.48
	<0.001

	Hip-fracture diagnosis with urgent/emergency admission
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	25/119
	21.0%
	24/329
	7.3%
	3.36
	1.85-6.13
	<0.001

	Hip-fracture diagnosis with urgent/emergency admission
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	14/119
	11.8%
	15/329
	4.6%
	2.79
	1.32-5.90
	0.009

	No hip-fracture diagnosis with elective/same-day/observation admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Broad MACCE
	5/18
	27.8%
	9/218
	4.1%
	8.98
	2.75-29.40
	0.002

	No hip-fracture diagnosis with elective/same-day/observation admission
	BUN >30 mg/dL
	BUN <=30 mg/dL
	Strict MACCE
	2/18
	11.1%
	6/218
	2.8%
	4.95
	1.06-23.16
	0.117

	No hip-fracture diagnosis with elective/same-day/observation admission
	Atrial fibrillation
	No atrial fibrillation
	Broad MACCE
	10/109
	9.2%
	11/592
	1.9%
	5.34
	2.25-12.65
	<0.001

	No hip-fracture diagnosis with elective/same-day/observation admission
	Atrial fibrillation
	No atrial fibrillation
	Strict MACCE
	5/109
	4.6%
	8/592
	1.4%
	3.62
	1.21-10.79
	0.038



BUN, blood urea nitrogen; AF, atrial fibrillation; MACCE, major adverse cardiovascular and cerebrovascular events.
