



Supplements- Circulating lipoprotein (a) and all-cause and cause-specific mortality: A systematic review and dose-response meta-analysis


Supplementary Table-1 Search strategy.
	embase
	('lipoprotein A'/de OR (lipoprotein-A OR lipoproteinA OR lp-a OR lp-ai OR lp-aii OR lpa-i OR lpa-ii OR (lpa AND lipoprotein*)):ab,ti) AND ('mortality'/exp OR 'death'/exp OR 'mortality risk'/de OR 'mortality risk score'/de OR 'survival'/exp OR 'survivor'/exp OR (mortalit* OR death* OR fatal* OR surviv*):ab,ti) NOT [conference abstract]/lim NOT ([animals]/lim NOT [humans]/lim) NOT (juvenile/exp NOT adults/exp) NOT ('case report'/de OR case-report:ti)

	Medline ALL Ovid
	("Lipoprotein(a)"/ OR (lipoprotein-A OR lipoproteinA OR lp-a OR lp-ai OR lp-aii OR lpa-i OR lpa-ii OR (lpa AND lipoprotein*)).ab,ti.) AND (exp Mortality/ OR Mortality.fs. OR exp Death/ OR exp Survival/ OR Survivors/ OR (mortalit* OR death* OR fatal* OR surviv*).ab,ti.) NOT (exp animals/ NOT humans/) NOT ((exp infant/ OR exp child/) NOT adult/) NOT (case reports/ OR case-report.ti.)

	Web of science Core Collection  
	TS=(((lipoprotein-A OR lipoproteinA OR lp-a OR lp-ai OR lp-aii OR lpa-i OR lpa-ii OR (lpa AND lipoprotein*))) AND ((mortalit* OR death* OR fatal* OR surviv*))) NOT TI=(case-report*) AND DT=(article)


	Cochrane Central register or trials
	((lipoprotein-A OR lipoproteinA OR lp-a OR lp-ai OR lp-aii OR lpa-i OR lpa-ii OR (lpa AND lipoprotein*)):ab,ti) AND ((mortalit* OR death* OR fatal* OR surviv*):ab,ti) 






















Supplementary Table-2 Characteristics of the included studies in the meta-analysis.
	Study characteristics
	Participants’ characteristics
	Exposure and outcomes

	
	
	
	No. of death
	

	Author, year
	Country
	Design
	Follow-up1
	Sex
	Age2
	Health status
	No. of Participants
	Lp(a) assessment method
	All-cause
	CVD
	Non-CVD
	Adjustments

	Perez-Cornago, 2020 [1]
	UK
	Prospective cohort
	8.7
	Male
	56.53±8.2
	General population
	163,808
	ITA
	-
	-
	240
	Age (underlying time variable), Townsend deprivation score, ethnicity, lives with a wife or partner, BMI, smoking, PA, alcohol, history of DM.

	Welsh, 2020 [2]
	UK
	Prospective cohort
	8.9
	Both
	37-73
	Participants without baseline CVD and not taking a statin
	340,333
	ITA
	-
	1,627
	-
	Classical risk factors.

	Welsh, 2020 [2]
	UK
	Prospective cohort
	8.9
	Both
	37-73
	Participants with baseline CVD and/or taking a statin
	73,391
	ITA
	-
	1,620
	-
	Classical risk factors.

	Zhang, 2020 [3]
	China
	Prospective cohort
	3.02
	Both
	82.86
	AMI
	1,008
	ITA
	-
	287
	-
	Age, sex, BMI, current smoking, history of HTN/ DM, LDL, heart rate, DBP, left ventricular ejection fraction, eGFR, fasting glucose, hsCRP, revascularization during admission, baseline statin use.

	Cao, 2020 [4]
	China
	Prospective cohort
	4.1
	Both
	61.7±16.1
	MI
	3,864
	
ITA
	-
	241
	-
	Age, sex, BMI, family history of CAD, HTN, smoking, history of DM, prerevascularization, Gensini Score, corrected LDL, TG, FBS, hypersensitive, C-reactive protein, baseline statin use.

	Heinrich, 2020 [5]
	Denmark
	Prospective cohort
	6.1
	Both
	58.7±8.6
	T2DM with microalbuminuria and no CVD
	198
	Denka Seiken developed Roche second generation 
	26
	-
	-
	Age, sex, smoking, LDL, HbA1c, SBP, creatinine, urinary albumin excretion rate

	Golledge, 2020 [6]
	Australia
	Prospective cohort
	2.4
	Both
	NM
	PAD
	1,472
	Automated latex-enhanced immunoassay
	368
	-
	-
	Age, sex, smoking, LDL, eGFR, history of DM/ HTN/ CHD, statin prescription 

	Arsenault, 2020 [7]
	UK
	Prospective cohort
	20
	Both
	45-79
	General population
	18,720
	ITA
	5,686
	2,412
	-
	Age, sex, smoking, BMI, SBP, history of DM, eGFR

	Liu, 2020 [8]
	China
	Prospective cohort
	5
	Both
	57.3±10.8
	CAD
	7,562
	
ITA
	-
	251
	-
	Age, sex, smoking, TG, LDL, hs-CRP, HbA1C, history of DM/ HTN, left ventricular ejection fraction, revascularization (percutaneous coronary intervention/coronary artery bypass grafting), baseline statin use

	Roth, 2020 [9]
	Austria
	Prospective cohort
	5
	Both
	60.75
	Underwent coronary angiography
for acute coronary syndromes
	1,245
	Isoform-insensitive INA
	195
	113
	-
	Age, sex, BMI, LDL, TG, history of DM/ HTN, presence of
Multi-vessel disease and type of event (ST-segment elevation MI, Non-ST-segment elevation MI or unstable angina)

	Xu, 2020 [10]
	China
	Prospective cohort
	6.2
	Both
	61.01±10.06
	Three-Vessel
CAD
	5,130
	
ITA
	804
	-
	-
	Age, sex, LDL, left ventricular ejection fraction, BMI, creatinine clearance, statin treatment, presentation, previous MI, PAD, history of DM/CKD/HTN, SYNTAX Score, treatments

	Zhang, 2020 [11]
	China
	Prospective cohort
	3.3
	Both
	58.54±10.47
	T2DM with prior cardiovascular events
	2,284
	ITA
	-
	68
	-
	Age, sex, smoking, LDL,
FBS, BMI, history of HTN/dyslipidemia, family history of CAD, diseased vessels, 
statin and anti-diabetes drugs use

	Gencer, 2019 [12]
	Switzerland
	Prospective cohort
	1
	Both
	NM
	Acute coronary syndromes
	1,711
	INA

	85
	69
	-
	Smoking, LDL, HDL, TG,
BMI, history of HTN/DM.

	O’Donoghue, 2019 [13]3
	49 countries
	Prospective phase
(Clinical trial)
	2.2
	Both
	40-85
	Established atherosclerotic CV disease
	25,096
	Isoform-independent ITA
	-
	NM
	-
	Age, sex, smoking, LDL, race, region, prior MI, history of stroke/ PAD/ HTN/ DM, high-intensity statin use, ezetimibe use

	Langsted, 2019 [14]
	Denmark
(2 cohorts)
	Prospective cohort
	3-26
	Both
	59.2
	General population
	69,761
	Automated turbidimetric assay,  ITA, Isoform insensitive assay
	10,180
	-
	-
	Age, sex, smoking, BMI, HTN, TG, HDL, CRP, eGFR, ALA, TSH, history of DM, menopausal status and HRT
(women only), Lp(a) corrected total
cholesterol

	Akinyemiju, 2018 [15]
	US
	Prospective cohort
	5-9
	Both
	≥ 45
	No active treatment for cancer
	1,764
	INA

	-
	-
	88
	Age, sex, education, income, site, race, PA, BMI, smoking, alcohol use, comorbidity score

	Feng, 2017 [16]
	China
	Prospective cohort
	1.95
	Both
	63.3±10.6
	Undergoing CAG or PCI
	1,684
	Sandwich ELISA
	56
	-
	-
	Age, sex, LDL, Lp(a) (high), history of HTN/DM, anemia, eGFR, Left ventricular ejection fraction, lesion vessels

	Bajaj, 2017 [17]
	US
	Prospective cohort
	7.5
	Both
	58
	Chronic kidney disease
	3,744
	Latex-enhanced ITA

	822
	-
	-
	Age, sex, race/ethnicity, clinical site, education, tobacco use, SBP, BMI, statin use, TC, LDL, HDL, TG, history of DM/ prior CVD

	Zewinger, 2017 (original study) [18]
	Germany
	Prospective cohort
	9.9
	Both
	62.7±10.6
	Established CHD
	3,313
	Photometric assay
	994
	621
	-
	Age, sex, smoking, LDL, DM, SBP, BMI, eGFR, lipid-lowering therapy  

	Zewinger, 2017 (validation study 1)4 [18]
	Norway
	Prospective phase
(Clinical trial)
	10.3
	Both
	61.8±10.4
	Underwent coronary angiography
	4,162
	Particle-enhanced ITA
	-
	416
	-
	Age, sex, smoking, LDL, DM, SBP, BMI, eGFR, lipid-lowering therapy

	Zewinger, 2017 (validation study 2)5 [18]
	Scotland, Ireland, The Netherlands
	Prospective phase
(Clinical trial)
	3.2
	Both
	75.6±3.4
	Preexisting vascular disease or an increased risk for vascular disease
	1,860
	Latex agglutination assay
	-
	130
	-
	Age, sex, smoking, LDL, DM, SBP, BMI, eGFR, lipid-lowering therapy  

	Zewinger, 2017 (validation study 3)6 [18]
	Germany
	Prospective cohort
	4.7
	Both
	61.9±10.1
	Underwent coronary angiography
	2,614
	Particle-enhanced ITA
	-
	231
	-
	Age, sex, smoking, LDL, DM, SBP, BMI, eGFR, lipid-lowering therapy 

	Waldeyer, 2017 [19]
	5 European countries
(7 cohorts)
	Prospective cohort
	9.2
	Both
	42.1-62
	General population
	52,131
	Particle-enhanced ITA
	3,978
	-
	-
	Age, sex, smoking, LDL, DM, SBP, BMI, eGFR, lipid-lowering therapy  

	Katzke, 2017 [20]
	Germany
	Case-cohort
	15.6
	Both
	35-66
	General population
	2,739
	NM
	-
	381
	761 
	Height, waist, BMI, lifetime alcohol consumption, red meat intake, fiber intake, smoking, socioeconomic
status, PA, history of DM/ HTN, use of lipid-lowering drugs

	[bookmark: _GoBack]Onat, 2016 [21]
	Turkey
	Prospective cohort
	5.2
	Both
	59.3±10.65
	General population
	1,274
	INA
	121
	-
	-
	Age, sex, smoking, HDL, SBP

	Séguro, 2016 [22]
	France
	Prospective cohort
	8.6
	Both
	52±10
	General population
	4,930
	NM
	123
	31
	-
	Age, sex, tobacco use, history of HTN/ DM, LDL, statin therapy


	Zhao, 2016 [23]
	US
	Prospective cohort
	8.4
	Both
	73.8
	Prior CVD,
Diabetes,
10-year Framingham CVD risk >20%
	3,251
	Monoclonal antibody–based ELISA
	2,928
	-
	-
	Age, sex, smoking, TG, HDL, SBP, DBP, HTN medication, lipid medication, history of DM, BMI, family history of CHD

	Nomikos, 2015 [24]
	Greece
	Prospective cohort
	8.41
	Both
	45±14
	Without any chronic disease
	2,583
	Latex-enhanced ITA
	99
	-
	-
	Smoking, PA, BMI, history of HTN/DM/ hypercholesterolemia, family history of CVD

	Patterson, 2015 [25]
	UK
	Prospective cohort
	15.4
	Male
	45-59
	General population
	1,773
	IRMA
	-
	363
	571
	Age, smoking, DM, SBP, TC, TG, BMI, history of CVD  and family history of CHD before 55 years of age

	Sawabe, 2012 [26]
	Japan
	Prospective cohort
	12.5
	Both
	55±11.7
	Healthy individuals
	10,413
	ELISA
	830
	202
	316 
	Age, sex, smoking, BMI, habitual drinking histories

	Qi, 2012 [27]
	US 
(2 cohorts)
	Prospective cohort
	12-16
	Both
	30-75
	T2DM
	1,686
	Latex-enhanced ITA
	-
	156
	-
	Age, smoking, BMI, LDL, HDL, TG, HbA1C, alcohol intake, PA, duration of DM, insulin use, aspirin use, cholesterol-lowering medication use, family history of MI, fasting status, history of HTN, 
HRT (women only)

	The Emerging Risk Factors Collaboration, 2009 [28]
	Multiple countries
(24-25 studies)
	Prospective cohorts/ Nested case-cohorts
	9.3
	Both
	57±8
	General population
	126,634
	-
	-
	2,159
	7,268
	Age, usual levels of SBP, smoking status, history of DM, BMI, TC. 
Were stratified where appropriate, by sex and study group

	Solfrizzi, 2009 [29]
	Italy
	Prospective cohort
	6.3
	Both
	73.7 ± 5.6
	Elderly individuals
	372
	
ELISA
	154
	-
	-
	Age, sex, number of drinks, geriatric depression scale score, HTN status, smoking, non-HDL, Apo B to Apo A-I ratio, level of fibrinogen, BMI, T2DM, and vascular events at baseline (CAD, stroke, and PAD)

	Chien, 2008 [30]
	China
	Prospective cohort
	13.8
	Both

	35-97
	Free of CVD history
	3,484
	Isoform-independent ELISA
	781
	-
	-
	Age, sex, smoking, current alcohol drinking, HDL, LDL, BMI, marital status, education, occupation, PA, family history of CHD, history of HTN/ DM

	D’Angelo, 2006 [31]
	Italy
	Prospective cohort
	6.3
	Both
	65-87
	With or without history of vascular disease
	559
	ELISA
	107
	33
	-
	Age, sex

	Hernandez, 2005 [32]
	Spain
	Prospective cohort
	10
	Both
	59.1±11
	T2DM
	100
	
ELISA
	-
	23
	-
	Age, sex, BMI, smoking, HbA1c, LDL, HDL, TG, creatinine, albumin excretion rate, and the presence of HTN, macroangiopathy, retinopathy

	Ariyo, 2003 [33]
	US
	Prospective cohort
	7.4
	Female
	72.2±5.4
	Without vascular disease
	2,375
	Monoclonal antibody–based ELISA
	NM
	-
	-
	Age, sex, TC, LDL, TG, smoking, history of DM/HTN, BMI, carotid-wall thickness, estrogen use or nonuse, other traditional risk factors

	Ariyo, 2003 [33]
	US
	Prospective cohort
	7.4
	Male
	73.2±5.8
	Without vascular disease
	1,597
	Monoclonal antibody–based ELISA
	NM
	-
	-
	Age, sex, TC, LDL, TG, BMI, carotid-wall thickness, smoking, history of DM/ HTN, other traditional risk factors

	Ahlbeck glader, 2002 [34]
	Sweden
	Prospective cohort
	6.7
	Both
	59.4±8.1
	Stable effort angina
	1,216
	In-house ELISA
	200
	152
	-
	Age, sex, smoking, LDL, TC, HDL, TG, fibrinogen, BMI, Myocardial coronary obstruction scores, Left ventricular motion scores, previous AMI, HTN, history of stroke/claudication/DM, AT III and SR 

	Iliescu, 2002 [35]
	Canada
	Prospective cohort
	2
	Both
	58.1±15.9
	Peritoneal dialysis 
	54
	ELISA
	24
	-
	-
	Age

	Zairis, 2002 [36]
	Greece, New York
	Prospective cohort
	1.84
	Both
	59.3±10
	Stable or unstable coronary syndromes (after successful coronary stenting)
	483
	Immunoassay method
	-
	21
	-
	Other univariate predictors of the event

	Lundstam, 2002 [37]
	Sweden
	Prospective cohort
	11.7
	Both
	17-78
	CHD patients who underwent coronary angiography
	964
	ELISA
	363
	-
	-
	Age, sex

	Cheng, 2001 [38]
	China
	Prospective cohort
	3.6
	Both
	37-87
	Lower limb arterial occlusive disease (intermittent claudication, critical ischemia)
	441
	
ITA
	144
	-
	-
	For the effects of all other confounding variables

	Gerdes, 2000 [39]7
	Denmark
	Prospective phase
(Clinical trial)
	5.5
	Both
	35-70
	MI survivors
	966
	IRMA
	54
	38
	-
	Age, sex, smoking, HDL, LDL, TG, Apo A-I, Apo B, Lp(a), ꞓ4-carrier status, nationality, angina pectoris, history of DM/ HTN/claudication

	Shlipak, 2000 [40]8
	US
	Prospective phase
(Clinical trial)
	4.1
	Female
	66.7
	Postmenopausal women with CAD
	1,383
	ELISA
	-
	59
	-
	Race/ethnicity, history of DM, WHR, tobacco use, HDL, LDL, TG, and use of lipid-lowering agents, aspirin, and calcium channel blockers

	Koda, 1999 [41]
	Japan
	Prospective cohort
	2.3
	Both
	56.6±14.1
	Hemodialysis 
	390
	Latex-enhanced ITA
	49
	18
	-
	Age, history of DM, albumin

	Ohashi, 1999 [42]
	Japan
	Prospective cohort
	5
	Both
	26-73
	Hemodialysis 
	268
	ELISA
	
	70
	-
	NM

	Stubbs, 1998 [43]
	UK
	Prospective cohort
	3
	Both
	63
	MI
	266
	ELISA
	-
	57
	-
	Age, previous MI, infarct size, HTN

	Stubbs, 1998 [43]
	UK
	Prospective cohort
	3
	Both
	60.8
	Unstable angina
	197
	ELISA
	-
	31
	-
	Conventional risk factors, accelerated angina


1 Follow-up is presented as median, or mean, or min and max of years.  2Age is reported as Mean ± SD, Median (range), or min-max.3 Results of  placebo group of FOURIER Trial (prospective phase) are presented. 4The prospective phase of the clinical trial study (The Western Norway B Vitamin Interventional Trial and The Bergen Coronary Angiography Cohort (WENBIT/BECAC cohort)) was included. 5The prospective phase of the clinical trial study (The PROspective Study of Pravastatin in the Elderly at Risk (PROSPER)) was included. 6 The ATHEROGENE study which is a prospective study on patients underwent coronary angiography was reported. 7 Results of placebo group of Scandinavian Simvastatin Survival Study (prospective phase) were included. 8 The results of the prospective phase of the clinical trial for the placebo group are reported. NM: Not mentioned; AMI: acute myocardial infarction; Apo: Apolipoprotein; ALA: Alanine aminotransferase; BMI: Body mass index; CAD: Coronary artery diseases; CVD: Cardiovascular diseases; CAG: Coronary angiography; CHD: Coronary heart diseases; CKD: chronic kidney disease; DM: Diabetes mellitus; ELISA: Enzyme-linked immunosorbent assay; eGFR: estimated glomerular filtration rate; FBS: fasting blood sugar; HTN; Hypertension; HDL: High-density lipoprotein cholesterol; HbA1c: Hemoglobin A1C; HRT: Hormone replacement therapy; ITA: Immunoturbidimetric assay; INA: Immunonephelometric assay; IRMA: Immunoradiometric assay; Lp(a): Lipoprotein (a); LDL: Low-density lipoprotein cholesterol; MI: myocardial infarction; PA: Physical activity; PAD: Peripheral artery disease; PCI: Percutaneous coronary intervention; SBP: Systolic blood pressure; TG: Triglyceride; TSH: thyroid stimulating hormone; T2DM: Type 2 diabetes; WHR: waist-to-hip ratio. 

Supplementary Table-3 Quality of the included studies in the systematic review using the Newcastle Ottawa Scale.
	Author, year
	Selection 
	Comparability
	Outcome/ Exposure
	Total Score

	
	1
	2
	3
	4
	1
	1
	2
	3
	9

	Perez-Cornago, 2020 [1]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Welsh, 2020 [2]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Zhang, 2020 [3]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Cao, 2020 [4]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Heinrich, 2020 [5]
	-
	*
	*
	-
	**
	-
	*
	*
	6

	Golledge, 2020 [6]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Arsenault, 2020 [7]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Liu, 2020 [8]
	-

	*
	*
	-
	**
	-
	*
	*
	6

	Roth, 2020 [9]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	XU, 2020 [10]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Zhang, 2020 [11]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Gencer, 2019 [12]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	O’Donoghue, 2019 [13]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Langsted, 2019 [14]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Akinyemiju, 2018 [15]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Feng, 2017 [16]
	-
	*
	*
	-
	**
	-
	-
	*
	5

	Bajaj, 2017 [17]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Zewinger, 2017 (original study) [18]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Zewinger, 2017 (validation study 1)1 [18]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Zewinger, 2017 (validation study 2)2 [18]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Zewinger, 2017 (validation study 3)3 [18]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Waldeyer , 2017 [19]
	*
	*
	*
	*
	**
	-
	*
	*
	8

	Katzke, 2017 [20]
	*
	*
	-
	*
	**
	*
	*
	*
	8

	Onat, 2016 [21]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Séguro, 2016 [22]
	*
	*
	-
	*
	**
	*
	*
	*
	8

	Zhao, 2016 [23]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Nomikos, 2015 [24]
	*
	*
	*
	*
	**
	-
	*
	*
	8

	Patterson, 2015 [25]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Sawabe, 2012 [26]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Qi, 2012 [27]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Solfrizzi, 2009 [29]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	The Emerging Risk Factors Collaboration, 2009 [28]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Chien, 2008 [30]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	D’Angelo, 2006 [31]
	*
	*
	*
	*
	*
	*
	*
	*
	8

	Hernandez, 2005 [32]
	-
	*
	*
	-
	**
	-
	*
	*
	6

	Ariyo, 2003 [33]
	*
	*
	*
	*
	**
	*
	*
	*
	9

	Ahlbeck glader, 2002 [34]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Iliescu, 2002 [35]
	-
	*
	*
	-
	*
	*
	-
	*
	5

	Zairis, 2002 [36]
	-
	*
	*
	-
	**
	*
	*
	*
	7

	Lundstam, 2002 [37]
	-
	*
	*
	-
	*
	*
	*
	*
	6

	Cheng, 2001 [38]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Gerdes, 2000 [39]
	-
	*
	*
	-
	**
	-
	*
	*
	6

	Shlipak, 2000 [40]
	-
	*
	*
	-
	**
	*
	-
	*
	6

	Koda,1999 [41]
	-
	*
	*
	-
	*
	*
	-
	*
	5

	Ohashi,1999 [42]
	-
	*
	*
	-
	*
	-
	*
	*
	5

	Stubbs, 1998 [43]
	-
	*
	*
	-
	**
	*
	-
	*
	5






Supplementary Table-4 Summary of the included studies in the systematic review, reporting the death number/percent in low/high level of Lp(a).
	Study characteristics
	Participants’ characteristics
	Exposure and results 

	Author, year
	Country
	Design
	Follow-up1
	Sex
	Age2
	Health status
	No. of participants/ low Lp(a) group
	
Lp(a) assessment method
	
Lp(a) classification
	
Summary of results

	
	
	
	
	
	Low Lp(a)
	High Lp(a)
	
	
	
	
	

	Bigazzi, 2021 [44]
	Italy
	Prospective cohort
	2
	Both
	66.3 ± 12.3
	66.3 ± 12.5
	Coronary ischemia 
	2374/ 1576
	Rate nephelometry 
	≤30, >30–50, ≥50 mg/dL
	21 deaths were observed in the lowest and 2 in the highest levels of Lp(a). Among population with Lp(a) concentration between 30-50 mg/dL, 7 deaths were reported. 

	Hishikari, 2020 [45]
	Japan
	Prospective cohort
	2
	Both
	70.6 ± 8.3
	71.2 ± 9.9
	Hemodialysis
	410/ 297
	Latex agglutination immunoassay
	<40, ≥40 mg/dL
	No significant differences were observed in cardiac death between two levels of Lp(a) 
(Low Lp(a): 18 (6.1%) vs. high Lp(a): 13 (11.5%), p = 0.092)

	Matsushita, 2020 [46]
	Japan
	Prospective phase
(Clinical trial)
	0.83  
	Both
	63±10
	67±11
	Acute coronary syndrome 
	76/ 49
	Latex agglutination immunoassays 
	≤ 20,  > 20 mg/dL
	No significant differences were observed between two levels of Lp(a) (Low Lp(a): 6 vs. high Lp(a): 0, p = 0.55).

	Dewa Gde Dwi Sumarjaya, 2020 [47]
	Indonesia
	Prospective cohort
	NM
	Both
	56.45±9.48
	61.69±10.47
	Hospitalized-acute MI 
	66/ 31
	ITA
	< 10.25,  ≥ 10.25 mg/dL
	3.2 % (Low Lp(a) group) and 11.4 % (High Lp(a) group) CVD mortality were observed. 

	Xu, 2020 [48]
	China
	Prospective cohort
	2.4 
	Both
	57.6±10.3
	58.5±10
	Patients underwent PCI

	6714/ 2238
	latex turbidimetric method
	≤ 10.59 or 10.59-30.55 or ≥ 30.55 mg/dL
	No significant differences were observed in different levels of Lp(a) for cardiovascular death (tertile 1: 7 (0.3 %), tertile 2: 6 (0.3 %), tertile 3: 8 (0.4 %), and all-cause death tertile 1: 26 (1.2 %), tertile 2: 15 (0.7 %), tertile 3: 15 (0.7 %)).

	Shitara, 2019 [49]
	Japan
	Prospective cohort
	5.1 
	Both
	65.2±12
	65.3±11.5
	Coronary artery disease and Left
ventricular systolic dysfunction
	369/ 184
	Latex agglutination immunoassays
	< 21.6 or ≥ 21.6 mg/dL
	36 (23.8 5) and 44 (29.1 %) all-cause death and 13 (8.6 %) 22 (14.6 %) cardiovascular death were observed in low Lp(a) and high Lp(a) groups, respectively.

	Sanchez Munoz-Torrero, 2018 [50]
	Spain
	Prospective cohort
	3 
	Both
	67±11
	66±11
	Stable outpatients with symptomatic artery
disease
	1503/ 814
	Kinetic nephelometric
	< 30 or
30-50 or  ≥ 50 mg/dL
	No significant differences were observed in different levels of Lp(a) for cardiovascular death (Lp < 30: 20 (2.5 %), Lp: 30-50: 4 (1.3 %), Lp ≥ 50: 13 (3.5 %), non-cardiovascular death (Lp < 30: 24 (2.9 %), Lp = 30-50: 8 (2.5 %), Lp ≥ 50: 16 (4.3 %) and all-cause death (Lp < 30: 44 (5.4 %), Lp: 30-50: 12 (3.8 %), Lp ≥ 50: 29 (7.8 %))

	Fogacci, 2017 [51]
	Italy
	Prospective cohort
	25 
	Both
	NM
	NM
	Without history of CHD
	1215 
	ELISA 
	Stratified into quartiles 
	Subjects at high and intermediate CV risk aged 56–69 years (regardless of gender) and women aged 40–55 years with a low CV risk profile who had lower Lp(a) levels showed a significant benefit on CV mortality (p < 0.05).

	Xie, 2017 [52]
	China
	Prospective cohort
	2.6
	Both
	57±10
	60±8
	Patients with non-obstructive CAD
	451/ 150
	Latex agglutination immunoassays
	0.2-10.6 or 10.9-23.4 or 23.8-124 mg/dL
	Significant differences were observed across different levels of Lp(a) and cardiovascular death (tertile 1: 2 (1%), tertile 2: 4 (3%), and tertile 3: 9 (6 %)).

	Konishi, 2016 [53]
	Japan
	Prospective cohort
	4.7 

	Both
	70.1±9.2
	69.9±9.4
	CKD
	904/ 454
	Latex agglutination immunoassays
	According to median levels of Lp(a)
	The difference in cardiac death was significant between two levels of Lp(a) (Low Lp(a): 38 (8.4%) vs. high Lp(a): 67 (14.8%), p < 0.01). 
No considerable differences were observed in Non-cardiac death (Low Lp(a): 52 (11.6%) vs. high Lp(a): 54 (11.9%), p = 0.88)

	Mitsuda, 2016 [54]
	Japan
	Prospective cohort
	3 
	Both
	64±12.4
	66±12.8
	STEMI patients after primary percutaneous coronary intervention
	176/ 88
	Latex agglutination immunoassays 
	< 16.5 or >16.5 mg/dL
	0 (0%) death in low Lp(a) group and 1 (1.1%) death in high Lp(a) group were observed.  

	Konishi, 2015 [55]
	Japan
	Prospective cohort
	4.7 
	Both
	67.8±10.4
	67±10.7
	CAD 
	411/ 292
	Latex agglutination immunoassays
	< 30 or ≥ 30 mg/dL
	34 deaths in low Lp(a) group and 19 deaths in high Lp(a) group were observed.  

	Cai, 2013 [56]
	China
	Prospective phase
(Clinical trial)
	1 
	Both
	62.2±10.3
	62.3±11.1
	CAD, eligible for stent placement
	832/ 552
	Sandwich ELISA
	< 30 or > 30
 mg/dL
	In both subgroups of baseline LDL-C ( ≥ 1.8 and <18 mmol/L), no significant differences were observed in CVD mortality between two groups of Lp(a). 
(LDL < 18 mmol/L, low Lp(a): 6 (2.1%) vs. high Lp(a): 2 (2.2%)
LDL ≥ 1.8, low Lp(a): 15 (5.7%) vs. high Lp(a): 10 (5.3%))

	Zhou, 2012 [57]
	China
	Prospective cohort
	2.5 
	Both
	NM
	NM
	Acute coronary syndrome
	713/ 178
	Immune turbidimetric assay
	< 9 or 9-< 15.2 or 15.2 < 31.3 or ≥ 31.3 mg/dL
	Number of cardiovascular death events were 1, 4, 5, 4 for quartiles 1 to 4, respectively.

	Ikenaga, 2011 [58]
	Japan
	Prospective cohort
	5 
	Both
	63±12
	64±11
	Acute MI
	410/ 315
	Turbidimetric immunoassay system
	≤ 40 or  > 40 mg/dL
	The difference in cardiac death was significant between two levels of Lp(a)  
(Low Lp(a): 5 (1.6%) vs. high Lp(a): 5 (5.3%), p = 0.06)

	Boras, 2010 [59]
	Croatia
	Prospective cohort
	4 
	Both
	63 (45-69)
	64 (46-70)
	T2DM
	146/ 60
	Automated ITA 
	≤ 30 or > 30 
mg/dL
	There were no significant differences in CVD or stroke death between two Lp(a) groups.

	Nicholls, 2010 [60]
	US
	Prospective cohort
	3 
	Both
	63.9±10.9
	63±10.7
	Patients underwent coronary angiography
	2769/ 1720
	Automated latex enhanced
immunoassay
	< 30 or ≥ 30 mg/dL
	The rate of death did not significantly differ between patients in low Lp(a) (10.5 %) and high Lp(a) (12.2 %)  levels (p = 0.20)

	Igarashi, 2003 [61]
	Japan
	Prospective cohort
	2.9
	Both
	67±7
	64±8
	Acute MI 
	127/ 96
	Latex-enhanced turbidimetric immunoassay
	< 47 or  ≥ 47 
mg/dL
	2.1 % cardiac death were accrued in participants with low Lp(a) level although no cardiac mortality was observed in the other group (p > 0.05). Two and one fatal MI were observed in high and low Lp(a) group (p > 0.05). 

	Longenecker, 2002 [62]
	US
	Prospective cohort
	2.8 
	Both 
	NM
	NM
	Dialysis patients
	864/ 433
	ELISA
	< 53 or  ≥ 53 nmol/L
	187 and 158 deaths were occurred in low and high Lp(a) groups, respectively. 

	Cristóbal, 1999 [63]
	Spain
	Prospective cohort
	> 3 
	NM
	43
	48
	Cardiac transplant recipients
	166/ 108
	ELISA
	< 30 or > 30
 mg/dL
	Three-year global mortality was not significantly different between Lp(a) groups. Significant CVD mortality (Low Lp(a): 12% vs. high Lp(a): 3%) and sudden death (Low Lp(a): 4% vs. high Lp(a): 0%) were observed. 

	Skinner, 1997 [64]
	UK
	Prospective cohort
	5 
	Both
	NM
	NM
	patients underwent first time CABG for stable angina
	353/ 116
	Enzyme-linked immunosorbent assay
	< 123 or 123-331 or 331-1411 mg/l
	Late cardiac death was 5, 8, 2 events in tertiles 1 to 3 of Lp(a) levels. Thus, serum Lp(a) concentration did not predict late cardiac death.

	Goldwasser, 1993 [65]
	US
	Prospective cohort
	1
	Both
	60±16
	61±13
	Hemodialysis
	125/ 84
	ITA 
	< 57 or  ~ 57 
mg/dL
	Lower Lp(a) level was associated with a survival of 78% compared with 83.7% for Lp(a) ~ 57 mg/dL 
(p = 0.23 by log-rank test).


1 Follow-up is presented as median, mean, min and max of years.  2 Age is reported as Mean ± SD, Median (range), or min and max. NM: Not mentioned; T2DM: Type 2 diabetes mellitus; CAD: Coronary artery disease; MI: Myocardial infarction; CHD: Coronary heart diseases; CKD: Chronic kidney disease; CABG: Coronary artery bypass graft surgery; PCI: Percutaneous coronary intervention; ITA: Immunoturbidimetric assay; ELISA: Enzyme-linked immunosorbent assay.

Supplementary Table-5 Summary of the included studies in the systematic review, reporting level of Lp(a) in survivors/non-survivors. 
	Study characteristics
	Participants’ characteristics
	Exposure and results  

	Author, year
	Country 
	Design
	Follow-up
	Gender 
	Age1
	Health status
	No. of participants/ Survivors
	Lp(a) assessment method
	Lp(a) level
	Summary of results

	
	
	
	
	
	Survivor
	Non-survivor 
	
	
	
	Survivors
	Non- survivors
	

	Schwaiger, 2006 [66]
	Austria
	Prospective cohort
	13 
	Both
	43 ± 10.9
	59 ± 10.7
	Hemodialysis
patients
	165/ 70
	ELISA
	20.6 ± 27.3
mg/dL
	30.1 ± 30.7
mg/dL
	Significant difference was observed 
(p = 0.025)

	Hocher, 2003 [67]
	Germany
	Prospective cohort
	2 
	Both
	63.5 ± 5.8
	70.4 ± 9.8
	Hemodialysis
patients
	245/ 172
	Standardized autoanalyzer methods
	29.5 ± 33.2 mg/dL
	29.3 ± 32.5 mg/dL

	No significant difference was observed. 

	Zimmermann, 1999 [68]
	Germany
	Prospective cohort
	2 
	Both
	NM
	NM
	Hemodialysis
patients
	280/ 208
	Nephelometric immunoassay
	9.2 mg/dL
	13.6 mg/dL
	After 4 years of follow-up, 42 cardiovascular deaths and 72 all-cause deaths were reported

	Koch, 1997 [69]
	Germany
	Prospective cohort
	9 
	Both
	53 ± 15
	61 ± 12
	Diabetic patients with ESRD
	412/ 232
	Electroimmuno-diffusion
	22.6 ± 22 
mg/dL
	24.1 ± 21.4
mg/dL
	No significant difference was observed 
(p = 0.9)

	Cressman, 1994 [70] 2
	US
	Prospective cohort
	4 
	Both
	57 ± 12
	64 ± 11
	Patients with ESRD
	129/ 62
	Double-antibody radioimmunoassay
	3.33 ± 1.08
(log Lp(a), mg/dL)
	3.72 ±0.9
(log Lp(a), mg/dL)
	Significant difference was observed 
(p < 0.005)

	Cressman, 1992 [71] 2
	US
	Prospective cohort
	4 
	Both
	58 ± 14
	58 ± 14
	Hemodialysis Patients
	129/ 60
	Double-antibody radioimmunoassay
	37.7 mg/dL
	46.7 mg/dL
	After 4 years of follow-up, 11 non-cardiovascular deaths and 13 uncertain deaths were reported

	Haffner, 1992 [72]
	US
	Nested case-control
	4
	Both
	NM
	NM
	Patients with diabetes
	70/ 35
	Monoclonal anti-Lp(a) antibody
	Older-onset: 
12.7 ± 3.7
Younger-onset:
18.5 ± 6.6
(mg/dL)
	Older-onset: 
15.4 ± 3.9
Younger-onset:
16.8 ± 6.6
(mg/dL)
	No significant difference was observed 
(older-onset: p = 0.60, 
younger-onset: p = 0.86)


1Age is reported as Mean or Median of years. 2 These studies are derived from a same population but reported different study outcomes. NM: Not mentioned; NS: Non-significant; ESRD: End-stage renal disease; ELISA: Enzyme-linked immunosorbent assay.



Supplementary Figure-1 Summary hazard ratios of all-cause mortality for top versus bottom third of  Lp(a) levels in general population.
Supplementary Figure-2 Summary hazard ratios of all-cause mortality for top versus bottom third of  Lp(a) levels in patients with CVD.












Supplementary Figure-3 Summary hazard ratios of CVD-death for top versus bottom third of  Lp(a) levels in general population.
Supplementary Figure-4 Summary hazard ratios of CVD-death for top versus bottom third of  Lp(a) levels in patients with CVD.






























Supplementary Figure-5 Summary hazard ratios of non-CVD-death for top versus bottom third of  Lp(a) levels in general population. *ERFC: The emerging risk factor collaboration.
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Supplementary Figure-6 Leave-one-out forest plots of the included studies in meta-analysis of A) All-cause mortality in general population, B) All-cause mortality in patients with CVD, C) CVD- death in general population, D) CVD-death in patients with CVD, E) Non-CVD-death in general population. Effects sizes are sorted by I2. 
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Supplementary Figure-7 Funnel plots of the hazard ratios of the included studies in meta-analysis of  A) All-cause mortality in general population, B) All-cause mortality in patients with CVD, C) CVD- death in general population, D) CVD-death in patients with CVD, E) Non-CVD-death in general population. X and Y- axes represent the HR and SE, respectively.
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Supplementary Figure-8 Non-linear dose response analysis.  A) All-cause mortality in general population, B) All-cause mortality in patients with CVD, C) CVD- death in general population, D) CVD-death in patients with CVD, E) Non-CVD-death in general population. X and Y- axes represent the Lp(a) concentration in mg/dl and HR, respectively.
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Supplementary Table-6 Table of HRs from nonlinear dose-response analyses.
	
	All-cause mortality
	CVD-death
	Non-CVD-death

	Lp(a)
	General population
	CVD patients
	General population
	CVD patients
	General population

	mg/dl
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)
	HR (95% CI)

	0
	1.00
	1.00 (3.25 mg/dl)
	1.00 (1.45 mg/dl)
	1.00 (3.25 mg/dl)
	1.00 (1.45 mg/dl)

	10
	1.00 (0.91-1.10)
	1.00 (0.94-1.06)
	1.02 (0.83-1.24)
	1.07 (0.99-1.15)
	0.95 (0.87-1.04)

	20
	1.01 (0.84-1.20)
	0.99 (0.87-1.12)
	1.05 (0.77-1.44)
	1.16 (0.98-1.36)
	0.90 (0.76-1.08)

	30
	1.02 (0.82-1.28)
	0.98 (0.83-1.15)
	1.13 (0.80-1.60)
	1.21 (0.98-1.51)
	0.87 (0.69-1.11)

	40
	1.05 (0.81-1.35)
	0.96 (0.81-1.14)
	1.26 (0.69-2.28)
	1.24 (0.97-1.58)
	0.86 (0.66-1.12)

	50
	1.07 (0.81-1.42)
	0.94 (0.78-1.13)
	1.42 (0.46-4.38)
	1.24 (0.97-1.59)
	0.87 (0.68-1.11)

	60
	1.10 (0.82-1.49)
	0.92 (0.72-1.17)
	1.65 (0.27-10.11)
	1.23 (0.96-1.57)
	0.90 (0.73-1.11)

	70
	1.14 (0.82-1.57)
	0.90 (0.65-1.25)
	1.92 (0.14-26.42)
	1.21 (0.95-1.54)
	0.94 (0.79-1.11)

	80
	1.17 (0.83-1.65)
	0.89 (0.61-1.30)
	2.26 (0.07-72.53)
	1.19 (0.93-1.52)
	0.99 (0.84-1.17)

	pnonlinearity
	0.58
	0.86
	0.79
	0.10
	0.27
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