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Supplementary Figure S1 | Performance comparison of DLMs trained by 3 different training strategies in
validation cohort. The ECG-EF (...) were made by the predictions of DLMs using different strategies. The
heatmaps were colored according to the values of correlation. The gender/age-matching strategy provides the
highest crude correlation between estimated EF and real EF (left panel, A). The values in stratified analysis (right
panel, B) were the correlations between estimated EF and real EF in each subgroup, which also shows the better
weighted mean of correlations (weighting by number of samples) in gender/age-matching strategy.
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Supplementary Figure S2 | The selected cases with more than 3 ECHO-EFs and ECG-EFs. The trend lines
were based on the linear regression
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Supplementary Figure S3 | The patient characteristics in different ECG-EF groups and real EF groups.
The bars represent the mean or proportion where appropriate and corresponding 95% conference intervals, which
are adjusted by real EF in each EF group via linear or logistic regression. The significant tests are based on the
trend test (*: p for trend < 0.05; **: p for trend < 0.01; ***: p for trend < 0.001), and the sign represents the
correlation direction.



Wepradvamse centic ovont €F <~35)

EF reducton @F 36-50)

EF reducton F Y50)

Cardvasculardeath 5)
p-valie for tend = 0.1433

Candi

vasculr death &F 36-50)

Cand:
p-valte forirend < 0.0001

asculrdeath GF )50)

p-valie & p-valie for trand < 0.0001 B-valie for trand < 0.0001 B-valie forirend = 05114
100% 005 100% 1 o ———————
0% | o | ﬁ—‘—H; o |
Zoon o F oo 3o F o
£ H H H
4 % H H H
2o o £ 70 o 3 oz o @ ez o @ ez o
H H
0% oo% | 5% - 7% - 7o |
— Eco-ErR0 — ECG-EF>50 100 £CG-EF 250
~— ECG-EF 36-50:205(165,250) “— ECG-EF 36-50:255 055, 11.66) ~— ECG-EF 36-50:107 (049,238) “— ECG-EF 36-50 486 261,530)
so | s 0% | : (154.298) 0% 504 071,13.12) 70% | — ECG-EF <=35 1135055,3.16) o 4 sarasz o)
o 1 2z 3 a4 s 5 7 8 o 1 2z 3 4 s 5 7 8 o 1z s 4 s & 7 8 L R T T o 1 2 3 4 s s 1 8 o 1 2 3 4 s 5 7 s
Time (years) Time (yoars) Time (yoars) Time (ars) Time (ears) Time (oars)
Heartfaiuro doath EF <=35) Heartfailiro death GF 36-50) Heartfiliro death GF )50) AlLcauson ortlty GF <=35) Allcause » ortility GF 36-50) Allcause u orlity €F >50)
p-valie r trend = 0.0695 p-valie for trend = 0.0042 P-vakie for trend < 0.0001 p-valie forwrend = 0.6716 p-vakie ruend = 0.0978 p-vakie briend € 0.0001
100% 100% 100% 100% 100% 100%
K
| .
o o o o T w0 s
3 a2 | 3 a2 o 3 ez o 3 7 o 3 705 o 3 70 o
1 v
7ot - T 5% | oo | oo | oo | -
— oo — e £0G-EF %0 <100
— o Ersssous(am sen — Ecs zrassnm(amw T Eor s 109088 138) — o EFaﬁsaz:mznzﬂm
ou 0% | 173 0% | 1078 173 stk | — ECG-EF <=35 1126096, 165) sov | & AT
o 12 s 4 s 5 1 8 o 1 2 3 4 s 5 7 8 o 1 oz s s o5 e s o 1 oz s o4 s 6 1 s o 12 s & s 5 1 8 o 1 2 s 4 s 5 7 8
Tima (years) Time (years) Time (ars) Time (ears) Time (ears) Time (ears)
Amhytho s sudden deats EF <=35) Asthrta & sudden death €7 36-50) Ayt i suiden desth €7 250) Hrocenlaliucton douts €F (-35) Usocaialiheeton desth 67 16-50) Urocaslalufuion deads 6 50)
p-valie r trond = 0.188 o fr trend = 0.316; -valie Br trand < 0.0001 -valie Br trend = 0.7604 e Prend = 0.0002 -vakie frtrend < 0.0001
T00% 1 100% O o0 100% 1 o ——
N =
h \ =
L —
as o an | an | ooy so - "“—\—\—\; sot -
5 o6 o 5oz o 5 o2%
o | e | ea |
a2 % | o | o | o | o |
— Ecoer> ) — eooerow -1 — ecoer — ecoerse
— e 11179736 (00,1 = ssEon porsen — ECG-EF 35-50:5.487 (169,209 ~— Ecor 36-50 087 031,239) = ECG-EF 3650211 (107,419 = coerien prEr
a0 STy 000 ) 0% | oo | — ECG-EF <=35 £ 1966 (552, 70.11) ook | — ECG-EF <=35 :085.033.2.19) ek | — ECG-EF <35 1353(185,7.14) oo | 4031 40
o 1 2z 3 4 s 5 7 8 o 1 2z 3 4 s & 7 8 o 1z 3 4 5 s ° o 1z 3 4 s s 7 s o 1 2 3 4 s s 1 8 o 1 2 3 4 s 5 7 8
Tima (years) Time (yars) Time (ars) Time (ears) Time (ears) Time (ears)
Stk dsath €F <30 Sk desh €F 36-00) Stmke desth €F 250) New -ousetn yocari BLinfirctbn EF <=36) New -onseta yocaxd Blnfrction €F 36-50) New -onseta yocaxd Blbfarction €F Y50)
p-vahio p-vakio fr trond = 0.7 p-vakie for trond < 0.0001 P-vakio fortrend = 0.1581 -vakie rirend = 00141 -vakie fortrond < 0.0001
100% 100% 100% 1 100% 1 100% 1 o—
] e e | s —
0, L
o o o | an | = P o s,
g T g - ‘\_\_‘_‘ g
— z i i i
5 o6 | 5 o6 o p! £ oo o £ oo o £ oo o
H H H H _/L_ i
H H H g g
3 o, | 3 o o & oz o § oz o § oz o
a2 o a2 | a2 | 765 o 7a% e
— Ecoerm — ecoErow 100 — Ecoer ) — Ecoerm
ECG-EF 3%-50:337 (041,280%) . ECG-EF 36-50: 178 071, 447)  ECG-EF 36-50:342(202,579) £CG-EF 3-50:223 (074,673) - ECo-£F 36-50:204 (162, 473)
so% - — ECO-ES a0 st 0% | — E a2n) oo | — ECoEr 96,716) 7% | — ECGEF <e35 235 (082,675) 70% | — ECO-£F <25 <227 (093, 5.50)
o 1 2z 3 4 s 5 7 8 o 1 2z 3 4 s & 7 8 o 1z 3 4 5 s ° o vz 3 4 s s 7 o 1 2 3 4 s s 1 8 o 1 2 3 4 s 5 7 8
T (year) i (years) Time (rers) Time (ears) Time (ears) Time (ears)
New -onsetStrake {F <=35) onsetS troke EF 36-50) New -onsetS troke EF >50) New -ansetdibstes u alltus €F New-onsatdhbetes u ellitus EF 36-50) New- nns.m.h.n.u ellitus EF >50)
o Bt trond = 0.6510 p-valio for trond = 0.387 P-vakio for trond < 0.0001 P-vako brtend = 0.0205 P-vakie Hriend = 02702 alio Hr trond = 0.0091
100 100% 1 100% 100% 100% 1
. h S ==
. =
o o o o a0 - a0 - a0 S N——
g g g g g g —
£ oo R £ oo o £ o o £ s o £ s o
H H 1 1 ] ]
& s2% | & 6% - & 82% - & a0% - '} 40% o '} 40% o
L L 8 8 & &
76t - 765 - 76% 20% 20% 20%
— Ecoerm0 100 — ecoeron — Ecoero0 — Ecoer — Ecoer>:
— ECG-£F 36-50: 126 (052,301) T Eookraeso 1t ost 1o T Eooigraacso 1s8(120,208 o ,221) T Ecoersecso 1080071 1 T Ecoersesm 140010 191
70% | — ECG-£F <35 :132(058,301) 70% | — ECG-£F <-35 :112(070,1.79) 70% | — ECG-£F <35 : 190(123,293) 0%  — ECGEF <-35 : 188 (088, 402) (% | — ECGEF <35 : 120 (0B4. 1.5 % | — ECG-£F <35 :151(052.247)
o 1 2z 3 a4 s 5 7 @ o 1 2z 3 4 s 5 7 @ o 1z 3 4 s s s o vz 3 4 s s 7 o 1 2 3 4 s s 1 8 o 1 2 3 4 s 5 7 8
T (year) i (years) Time (rears) Time (ears) Time (ears) Time (ears)
New-ansethypertemsion 65 <-35) Now-onsethyperuasbn €F 36-50) Nev -onsethypertnsin EF >50) ansetehmnk kilney disease EF <=35) Nev -onsatchronic kidney disease BF 36-50) Nov -onsetchronk: kidney diseass §F >50)
p-valie r trend p-vabie r trend »-vale for trend < 0.0001 p-vale r zend = 0.0089 -valie riwend = 0.0141 D-vakie brizend < 0.0001
T00% 1 100% To0% 100% 100%
so% ao% | ao% | ao% | e o a0 RN
g g g g g g
£ aow | £ aon o £ aon o £ o o £ oo £ s o
H H H H & &
5 a0 5 40% & 40% & 40% & 40% o L & 0% o
H H H H £ £
2 2 [ [ a a
0% % 20% 20% 2
ECG-EF>50_ 100
o 168 088,997) 55 (1.03,630) 108 0741  36-50.210(105,265)
o 212(104,435) o 127 082, 195) o oo F <=3 1319 (137, 747) 174(1.17,259) o F <=3 155097, 240)
T T T T — T T e T | — T T T T — T T T T T T
o oz 3 a4 s 6 7 o 1 2z 3 4 s 5 7 @ o 1z 3 4 s s s o vz 3 4 s s 7 o 1 2 3 4 s s 1 8 [ s 4 s s 7 s
Tima (years) T (years) Time (rears) Time (rars) Time (ears)

Supplementary Figure S4 | The comparison between each ECG-EF group on secondary outcomes. All
analyses were based on Cox proportional hazard model adjusting the ECHO-EF.
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Supplement Figure S5 | Risk effect analysis of patient characteristics on primary outcomes. The univariable
and multivariable analysis are conducted by Cox proportional hazard model, and the adjusted variables include
ECHO-EF and ECG-EF. The continuous variables are standardized by mean and standard deviation, so the units
of each continuous variable were 1 standard deviation.
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Supplementary Figure S6 | Risk effect analysis of patient characteristics on secondary outcomes. The
univariable and multivariable analysis are conducted by Cox proportional hazard model, and the adjusted
variables include ECHO-EF and ECG-EF. The continuous variables are standardized by mean and standard
deviation, so the units of each continuous variable were 1 standard deviation.
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Supplement Figure S7 | The performance for detection of decreased EF using BNP in validation and
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sensitivities and specificities. The optimal point was based on the maximum of Yuden index in validation
cohort.



Supplementary Table S1 | Corresponding patient characteristics and laboratory results of AD and non-AD records in the ECG dataset

Development cohort Validation cohort Follow-up cohort

valuet
EF > 35 EF <35 EF > 35 EF <35 EF > 35 EF <35
(11 =53,428) m=3778)  value (11 = 10,206) (11 =556) value (1=19,889) m=720)  vAue
Demographic data
OPD/HC 7719(14.4%) 143(3.8%) <0.001 1617(15.8%) 22(4.0%) <0.001 3191(16.0%) 60(8.1%) <0.001 <0.001
Sex (male) 28908(54.1%)  2892(76.5%)  <0.001 5448(53.4%) 398(71.6%)  <0.001 9743(49.0%)  516(69.7%)  <0.001 <0.001
Age (years) 66.6 +16.8 67.2+14.9 0.015 65.9+17.6 66.6 +16.5 0.329 65.8+16.8 67.8+15.9 0.001 <0.001
BMI (kg/m?) 248+6.1 246+7.1 0.101 247 +7.6 249+49 0.700 25.0+34.8 243+5.1 0.798 0.502
Smoking 371(35.5%) 32(65.3%) <0.001 67(37.9%) 0(0.0%) 0.529 109(37.6%) 1(33.3%) 1.000 0.966
SBP (mm Hg) 140.7+31.1 134.6+29.3 <0.001 134.4+26.8 151.7+5.8 0.178 133.3+27.6 115.7+21.4 0.213 0.168
DBP (mm Hg) 78.7+20.2 83.6+21.6 <0.001 77.5+17.3 102.3+9.8 0.023 80.4+18.7 80.7+21.4 0.807 0.908
Echocardiography
data
EF (%) 64.3+10.1 264+6.3 <0.001 65.4+10.0 25.7+6.5 <0.001 66.0+9.1 26.1+6.2 <0.001 <0.001
LV-D (mm) 47.246.9 57.0+8.8 <0.001 46.8+6.9 58.3+9.5 <0.001 47.0£6.6 57.6+9.2 <0.001 <0.001
LV-S (mm) 29.8+5.8 46.3+9.9 <0.001 29.4+5.8 47.9+10.4 <0.001 29.3+5.5 47.0+10.2 <0.001 <0.001
IVS (mm) 11.4+2.7 11.3+£2.6 0.053 11.3+£2.5 11.4+2.6 0.741 11.3+£2.6 11.7+2.6 <0.001 0.015
LVPW (mm) 9.4+1.7 9.7+1.7 <0.001 9.3+1.7 9.9+2.2 <0.001 9.3+1.8 9.8+1.8 <0.001 0.062
LA (mm) 38.7+7.5 42.6+8.3 <0.001 38.6+7.6 44.8+9.0 <0.001 38.6+7.3 44.5+9.4 <0.001 0.138
AO (mm) 33.0+4.3 34.0+4.6 <0.001 32.9+4.3 33.6+4.5 <0.001 32.9+4.3 34.3+5.1 <0.001 0.001
RV (mm) 23.5+4.8 24.6+5.7 <0.001 24.6+5.2 26.2+5.9 <0.001 24.3+5.3 26.4+6.1 <0.001 <0.001
PASP (mm Hg) 33.9+11.5 38.9+14.6 <0.001 33.0+11.2 40.5+15.6 <0.001 32.0£10.5 39.5+15.1 <0.001 <0.001
Disease history
AMI 5283(9.9%) 1052(27.8%) <0.001 735(7.2%) 108(19.4%) <0.001 722(3.6%) 128(17.3%) <0.001 <0.001
Stroke 9705(18.2%) 691(18.3%) 0.847 1996(19.6%) 109(19.6%) 0.978 3253(16.4%) 148(20.0%) 0.009 <0.001
CAD 17339(32.5%)  2313(612%)  <0.001 3198(31.3%) 321(57.7%)  <0.001 5100(25.6%)  445(60.1%)  <0.001 <0.001
HF 6203(11.6%)  2005(53.1%)  <0.001 1269(12.4%) 328(59.0%)  <0.001 2450(12.3%)  453(612%)  <0.001 0.184
AF 5165(9.7%) 687(182%)  <0.001 934(9.2%) 101(182%)  <0.001 1288(6.5%)  161(21.8%)  <0.001 <0.001
DM 19671(36.8%)  1821(482%)  <0.001 3441(33.7%) 235(423%)  <0.001 6063(30.5%)  349(47.2%)  <0.001 <0.001
HTN 25657(48.0%)  2078(55.0%)  <0.001 5040(49.4%) 332(59.7%)  <0.001 9795(49.2%)  494(66.8%)  <0.001 <0.001
CKD 24139(45.2%)  2779(73.6%)  <0.001 4243(41.6%) 391(703%)  <0.001 7126(35.8%)  506(68.4%)  <0.001 <0.001
HLP 16966(31.8%)  1268(33.6%)  0.021 2866(28.1%) 158(28.4%) 0.864 4899(24.6%)  218(29.5%)  0.003 <0.001
COPD 7824(14.6%) 615(16.3%) 0.006 1748(17.1%) 103(18.5%) 0.395 3180(16.0%)  145(19.6%)  0.009 <0.001
Laboratory test
eGFR 73.1+40.1 55.0+£37.0 <0.001 73.0+39.2 56.8+32.9 <0.001 76.8+37.4 54.5+£32.0 <0.001 <0.001
(mL/min/1.73m?)
Cr (mg/dL) 1.6£2.1 23423 <0.001 1.6£2.2 2.0+1.9 <0.001 1.5£2.0 2.3+2.7 <0.001 <0.001

BUN (mg/dL) 28.5+25.4 36.9+26.8 <0.001 29.0+27.2 36.5+26.2 <0.001 24.1422.0 36.0£26.8 <0.001 <0.001



Development cohort Validation cohort Follow-up cohort

valuet
EF>35 EF<35 . EF>35 EF<35 ] EF > 35 EF<35 .
(n =53,428) m=377g Ve (1 =10,206) (11=556) value (n=19889)  (m=740) ‘M€

GLU (gm/dL) 12042507 12665529 <0001 T165+45.6 T166:414 0978 775526 13765809  <0.001 0,001
Tnl (pg/mL) 1723.1:8027.8  5692.2¢16590.8  <0.001 11139569000 3033.9:122125 <0.001  6403:5201.6 2271.9:9613.8  <0.001 <0.001
CK (U/L) 3286+11892  550.8+1619.1  <0.001 305411222 276949604 0575 232.6:8948  2962:8902  0.098 <0.001
Na* (mmol/L) 137.245.3 1375456 0.002 136.545.5 1362452 0.344 136.5+5.0 1357652 <0.001 <0.001
K* (mmol/L) 4.040.6 41207 <0.001 4006 41:08 <0.001 4.0£0.6 41207  <0.001 0.624
Alb (g/dL) 3.4:0.6 33:05 <0.001 3.3:0.6 3.4:05 0.050 3.40.6 33:06  <0.001 <0.001
CRP (mg/L) 5.67.4 5.1:6.6 0.001 6.447.8 48465 <0.001 6.247.6 45461  <0.001 <0.001
WBC (10°/uL) 9.473 10462 <0.001 9.5¢73 9.9+6.4 0.270 84155 9.1+44  <0.001 <0.001
PLT (10/uL) 225.9:92.0 2095:90.9  <0.001 213.1:85.8 20544782 0.039 2134792 203.7+807  0.001 <0.001
Hb (g/dL) 123225 12227 0.013 125:25 13.0:228  <0.001 125623 126:26 0203 <0.001
AST (U/L) 456+1587  1366:3745  <0.001 48.4+190.7 7041810 0.008 3284871  1004+4516  <0.001 <0.001
ALT (U/L) 36241263  1086:3525  <0.001 4101820 111123796  <0.001 2004858 112613661  <0.001 <0.001
TG (g/dl) 130441050  1148+715  <0.001 126241075 9874540  <0.001 12841972 109.04605  <0.001 <0.001
TC (g/dl) 156.5+48.5 1409+478 <0001 155.3+47.9 14765422 <0001 1604479 149.8+462  <0.001 <0.001
LDL (g/dl) 92.4+38.1 8524375  <0.001 98.4:36.6 96.5:36.1 0.336 1025381  99.8:39.6  0.167 <0.001
HDL (g/dl) 4184150 368:133  <0.001 4344135 3664123  <0.001 450143 3944128 <0.001 <0.001
BNP (pg/mL) 555.6:900.8  1735.0+14884  <0.001 57949111  1742.0£1555.0  <0.001 56418721  1655.11409.9  <0.001 0.958

+: hypothesis test of the differences among the development cohort, validation cohort, and follow-up cohort; Abbreviations: EF, ejection fraction; OPD/HC, outpatient
department/health center; BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; LV-D, left ventricle (end-diastole); LV-S, left ventricle
(end-systole); IVS, Interventricular septum; LVPW, left ventricular posterior wall; LA, left atrium; AO, aortic root; RV, right ventricle; PASP, pulmonary artery
systolic pressure; PE, pericardial effusion; AMI, acute myocardial infarction; CAD, coronary artery disease; HF, heart failure; AF, atrial fibrillation; DM, diabetes
mellitus; HTN, hypertension; CKD, chronic kidney disease; HLP, hyperlipidemia; COPD, chronic obstructive pulmonary disease; Cr, creatinine; BUN, blood urea
nitrogen; GLU, fasting glucose; Tnl, troponin I; CK, creatine kinase; Na*, sodium; K*, potassium; Alb, albumin; CRP, C-reactive protein; WBC, white blood cell count;
Hb: hemoglobin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; TG, triglyceride; TC, total cholesterol; LDL, low density lipoprotein cholesterol;
HDL, high density lipoprotein cholesterol; BNP, brain natriuretic peptide.



