
S1 Table. Definition and Sources of Covariate Information 
Variable Definition Timing Data Source Cohorts 

Available 

Demographics 

Age Age in years At the time 

of TTE 

TTE report Australia + 

US 

Sex Self-assigned sex At the time 

of TTE 

TTE report Australia + 

US 

Race Self-assigned race: black, white, or 

other 

At the time 

of TTE 

Medicare 

beneficiary 

summary 

file 

US 

Blood pressure Systolic and diastolic blood 

pressures in mmHg 

At the time 

of TTE 

TTE report Australia + 

US 

Heart rate Heart rate in beats per minute At the time 

of left 

ventricular 

outflow tract 

VTI 

acquisition 

TTE report Australia + 

US 

Height Reported height (cm) At the time 

of TTE 

TTE report Australia + 

US 

Weight Reported weight (kg) At the time 

of TTE 

TTE report Australia + 

US 

Body surface area Defined using the Mosteller 

formula1 (m2)

At the time 

of TTE 

TTE report Australia + 

US 

Body mass index Weight per height-squared (kg/m2) At the time 

of TTE 

TTE report Australia + 

US 

Inpatient/outpatient 

status 

Status of patient (admitted to 

inpatient facility or not)  

At the time 

of TTE 

TTE report US 

Echocardiographic Data 

Technical quality Defined by interpreting physician as 

adequate or suboptimal (2 or more 

nonvisualized segments) 

At the time 

of TTE 

TTE report Australia + 

US 

Left ventricular end-

diastolic dimension 

Left ventricular end-diastolic 

dimension in the apical long-axis 

view at the level of the mitral valve 

(cm) 

At the time 

of TTE 

TTE report Australia + 

US 

Left ventricular end-

systolic dimension 

Left ventricular end-systolic 

dimension in the apical long-axis 

view at the level of the mitral valve 

(cm) 

At the time 

of TTE 

TTE report Australia + 

US 

Left ventricular 

ejection fraction 

Defined by the interpreting 

physician on the TTE report 

(includes visual assessment, biplane 

method of disks, and 3-dimensional 

volumetric quantification) using 

percentages. 

At the time 

of TTE 

TTE report Australia + 

US 

E/e’ ratio Ratio of transmitral peak E-wave 

velocity and the average of septal 

and mitral tissue doppler e’ values 

At the time 

of TTE 

TTE report Australia + 

US 

E/A ratio Ratio of the transmitral peak E-wave 

velocity and peak A-wave velocity 

At the time 

of TTE 

TTE report Australia + 

US 

Stroke volume index Defined as stroke volume divided by 

body surface area.  Stroke volume 

was defined as the left ventricular 

outflow tract area multiplied by the 

left ventricular outflow tract 

velocity-time-integral (mL/m2) 

At the time 

of TTE 

TTE report Australia + 

US 



Left ventricular 

outflow tract 

velocity/VTI 

Peak left ventricular outflow tract 

velocity or velocity-time-integral 

(m/s for velocity, cm for VTI) 

At the time 

of TTE 

TTE report Australia + 

US 

Left ventricular mass 

index 

Left ventricular mass was defined 

using the Devereux formula2 and 

divided by body surface area (g/m2) 

At the time 

of TTE 

TTE report Australia + 

US 

Peak tricuspid 

regurgitant velocity 

Peak tricuspid regurgitant Doppler 

velocity (m/s) 

At the time 

of TTE 

TTE report Australia + 

US 

Right ventricular basal 

dimension 

Measurement of the basal right 

ventricle in a modified right 

ventricular focused apical 4-chamber 

view at end-diastole (cm) 

At the time 

of TTE 

TTE report Australia + 

US 

Right atrial length Maximal length from annulus to 

right atrial roof in the apical 4-

chamber view at end-systole (cm) 

At the time 

of TTE 

TTE report Australia + 

US 

Left atrial volume 

index 

Biplane left atrial volume (obtained 

in apical 4 and 2 chamber views) 

divided by body surface area 

(mL/m2) 

At the time 

of TTE 

TTE report Australia + 

US 

Aortic regurgitation 

severity 

Semiquantitative measure of aortic 

regurgitation severity (0+, 1+, 2+, 

3+, 4+) by interpreting physician 

using an integrative approach 

At the time 

of TTE 

TTE report Australia + 

US 

Mitral regurgitation 

severity 

Semiquantitative measure of mitral 

regurgitation severity (0+, 1+, 2+, 

3+, 4+) by interpreting physician 

using an integrative approach 

At the time 

of TTE 

TTE report Australia + 

US 

Presence of a bicuspid 

aortic valve 

Bicuspid or bicommissural aortic 

valve on visual inspection 

At the time 

of TTE 

TTE report Australia + 

US 

Transmitral mean 

pressure gradient 

Mean pressure gradient across the 

mitral valve during diastole, using 

the VTI of pulsed-wave Doppler at 

the mitral leaflets tips 

At the time 

of TTE 

TTE report Australia + 

US 

Peak aortic velocity Peak transaortic velocity (m/s) At the time 

of TTE 

TTE report Australia + 

US 

Mean aortic valve 

gradient 

Mean transaortic gradient during 

systole using the VTI of the aortic 

Doppler (mmHg).  In the US cohort, 

mean gradient (per lab protocol) was 

only recorded in those with a peak 

aortic velocity > 2.0 m/s. 

At the time 

of TTE 

TTE report Australia + 

US 

Aortic valve area Calculated aortic valve area using 

the continuity equation (cm2).  In the 

US cohort, aortic valve area (per lab 

protocol) was only recorded in those 

with a peak aortic velocity > 2.0 m/s. 

At the time 

of TTE 

TTE report Australia + 

US 

Left heart disease Defined as either left ventricular 

ejection fraction < 55%, transmitral 

E/e’ > 12.0, left atrial volume index 

> 34.0 mL/m2, or presence of left

sided valvular heart disease

(transmitral mean gradient  5

mmHg, 2+ or greater aortic or mitral

regurgitation)

At the time 

of TTE 

TTE report Australia + 

US 

Clinical Variables 

Diabetes Mellitus Presence of an inpatient or outpatient 

claim for diabetes mellitus using 

Medicare Chronic Condition 

Warehouse validated algorithm3-4

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 



Hypertension Presence of an inpatient or outpatient 

claim for hypertension using 

Medicare Chronic Condition 

Warehouse validated algorithm4,5-9 

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Hyperlipidemia Presence of an inpatient or outpatient 

claim for hyperlipidemia using 

Medicare Chronic Condition 

Warehouse validated algorithm9-11

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Smoking Presence of an inpatient or outpatient 

claim for smoking using Medicare 

Chronic Condition Warehouse 

validated algorithm12

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Chronic obstructive 

pulmonary disease 

Presence of an inpatient or outpatient 

claim for chronic obstructive 

pulmonary disease using Medicare 

Chronic Condition Warehouse 

validated algorithm13

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Chronic kidney 

disease 

Presence of an inpatient or outpatient 

claim for chronic kidney disease 

using Medicare Chronic Condition 

Warehouse validated algorithm14-16

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Ischemic heart disease Presence of an inpatient or outpatient 

claim for ischemic heart disease 

using Medicare Chronic Condition 

Warehouse validated algorithm17-18

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Peripheral arterial 

disease 

Presence of an inpatient claim for 

peripheral arterial disease using the 

Charlson Comorbidity Index19

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Atrial fibrillation Presence of an inpatient or outpatient 

claim for atrial fibrillation using 

Medicare Chronic Condition 

Warehouse validated algorithm20-21

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Heart failure Presence of an inpatient or outpatient 

claim for heart failure using 

Medicare Chronic Condition 

Warehouse validated algorithm4,22 

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Ischemic stroke / 

transient ischemic 

attack 

Presence of an inpatient claim using 

validated algorithms for ischemic 

stroke or transient ischemia attack23 

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Dementia Presence of an inpatient or outpatient 

claim for dementia using Medicare 

Chronic Condition Warehouse 

validated algorithm24

Within 2-

years prior 

to TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Anemia Presence of an inpatient or outpatient 

claim for anemia using Medicare 

Chronic Condition Warehouse 

validated algorithm25-26

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Cancer Presence of an inpatient or outpatient 

claim for lung, prostate, breast, 

colorectal, or endometrial cancer 

using Medicare Chronic Condition 

Warehouse validated algorithm27-40

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Interventions 

History of 

percutaneous coronary 

intervention 

Presence of an ICD-9-CM (17.55, 

36.04, 36.06, 36.07, 36.09) or ICD-

10-CM (02703DZ, 02713DZ,

02723DZ, 02733DZ, 027034Z,

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 



027134Z, 027234Z, 027334Z) 

procedural code for percutaneous 

coronary intervention   

History of coronary 

artery bypass grafting 

Presence of an ICD-9-CM (36.10, 

36.11, 36.12, 36.13, 36.14, 36.15, 

36.16, 36.17, 36.19) or ICD-10-CM 

procedural code for coronary artery 

bypass grafting41   

Within 1-

year prior to 

TTE 

Medicare 

inpatient and 

outpatient 

claims 

US 

Presence of pacemaker 

or implantable 

cardioverter 

defibrillator 

Presence of a pacemaker or right 

ventricular wire on TTE 

At the time 

of TTE 

TTE report US 

History of aortic valve 

replacement 

Presence of an aortic valve 

replacement on TTE 

At the time 

of TTE 

TTE report Australia + 

US 

History of mitral valve 

replacement/repair 

Presence of a mitral valve 

intervention (surgical or 

transcatheter) on TTE 

At the time 

of TTE 

TTE report Australia + 

US 

History of tricuspid 

valve 

replacement/repair 

Presence of a tricuspid valve 

intervention (surgical or 

transcatheter) on TTE 

At the time 

of TTE 

TTE report Australia + 

US 

Medications (prescribed) 

Antiplatelets Includes platelet-aggregation 

inhibitors, salicylates, and platelet-

reducing agents 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Anticoagulants Includes coumarin derivatives, direct 

factor Xa inhibitors, direct thrombin 

inhibitors, and other anticoagulants 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Beta blockers Includes nonselective and selective 

beta-adrenergic blockers 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Cholesterol 

modification agents 

Includes statin medications, fibrates, 

bile acid sequestrants, proprotein 

convertase subtilisin/kexin type 9 

(PCSK9) inhibitors, or other 

antilipidemic agents 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Renin-angiotensin-

neprilysn inhibitors 

Includes angiotensin-converting 

enzyme inhibitors, angiotensin II 

receptor antagonists, renin inhibitors, 

and neprilysn inhibitors 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Other anti-

hypertensives 

Includes miscellaneous hypotensive 

or vasodilating agents, calcium 

channel blockers, alpha-adrenergic 

blockers, and central alpha-

adrenergic agonists 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Anti-arrhythmic 

medications 

Includes classes 1A, 1B, 1C, II, III, 

IV, and miscellaneous  

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Diuretics Includes loop diuretics, thiazide 

diuretics, potassium-sparing 

diuretics, mineralocorticoid 

(aldosterone) antagonists, thiazide-

like diuretics, and miscellaneous 

diuretics 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Insulin Includes short and long-acting 

insulins 

Within the 1 

month 

Linkage 

with 

US 



preceding 

TTE 

institutional 

data 

Anti-diabetic 

medications 

Includes biguanides, dipeptidyl 

peptidase-4 inhibitors, sulfonylureas, 

thiazolidinediones, alpha-

glucosidase inhibitors, sodium-

glucose cotransporter 2 inhibitors, 

and miscellaneous glycemic agents 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Nitrates Includes nitrates and nitrites Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Digoxin/digitalis Includes cardiotonic agents such as 

digoxin and digitalis-containing 

compounds 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Psychiatric treatments Includes selective serotonin reuptake 

inhibitors, anticonvulsants, 

antimuscarinics, tricyclic 

antidepressants, serotonin 

norepinephrine reuptake inhibitors, 

amphetamines, anticholinergic and 

parasympathomimetic agents, 

antipsychotic agents, and 

monoamine oxidase inhibitors 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Anti-inflammatory 

medications 

Includes salicylates, 

cyclooxygenase-2 inhibitors, and 

other non-steroidal anti-

inflammatory drugs 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Other Includes hormonal agents 

(corticosteroids, estrogens, 

antithyroid medications), 

anticholinergic and beta agonist 

inhalers, vasopressors, antigout 

agents, iron agents, histamine-2 

antagonists, phosphodiesterase type 

5 inhibitors, phosphodiesterase type 

4 inhibitors, and anorexigens 

Within the 1 

month 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Laboratory Variables 

Hemoglobin a1c Glycated hemoglobin (% of total 

hemoglobin) 

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Hemoglobin Calculated using the Sysmex ® XN 

Series assay (g/dL) 

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Low density 

lipoprotein cholesterol 

Fasting low-density lipoprotein 

(mg/dL)  

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Estimated glomerular 

filtration rate 

Using the Modification of Diet in 

Renal Disease (MDRD) equation, 

estimated using serum creatinine 

(mg/dL; Roche® Cobas, Creatinine 

(CREJ2) Assay) and reported in 

mL/minute 

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 



N-terminal pro-brain

natriuretic peptide

Calculated using the Roche® Cobas, 

N-terminal pro B-type natriuretic

peptide (proBNP) Assay (pg/mL)

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Troponin T Calculated using the Roche® Cobas, 

Troponin T Stat 

ElectroChemiLuminesnce 

ImmunoAssay (ECLIA) (ng/mL) 

Most recent 

value within 

3 months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

Blood urea nitrogen Blood urea nitrogen 

concentration (mg/dL) 

Most 

recent 

value 

within 3 

months 

preceding 

TTE 

Linkage 

with 

institutional 

data 

US 

TTE = transthoracic echocardiogram; US = United States 
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