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Procedures
For laboratory analyses, fasting blood samples were obtained before angiography. Cholesterol and triglycerides were measured with enzymatic reagents from WAKO (Neuss, Germany) on an Olympus AU640 analyser; apolipoproteins A1 and B by turbidimetry with reagents from Greiner (Flacht, Germany). Lipoproteins were separated with a combined ultracentrifugation-precipitation method (β-quantification). VLDL were removed by ultracentrifugation at d = 1.063 kg/l, low density lipoproteins (LDL) were precipitated from the infranate with phosphotungstic acid/MgCl2, high density lipoprotein (HDL) cholesterol was measured in the supernate. LDL cholesterol was calculated as the difference between cholesterol in the d = 1.063 kg/l infranate (LDL plus HDL) and the supernatant of the phosphotungstic acid/MgCl2 precipitation (HDL).
Serum creatinine was determined using the Jaffé method (Roche, Mannheim, Germany) on an Hitachi 717 Analyzer. Cystatin C (N LATEX Cystatin C), ´high sensitive´ C-reactive protein (hsCRP, N High Sensitivity CRP) and serum amyloid A (N LATEX SAA) were assessed using nephelometric assays  on a Behring nephelometer II (Dade Behring GmbH, Marburg, Germany).. 

Coronary artery disease (CAD) was assessed by investigating the maximal luminal narrowing by visual analysis during coronary angiography. Clinically relevant CAD was defined as the presence of one or more stenoses of ≥20 % in one ore more of 15 coronary segments. The Friesinger score (1) was used to determine the severity of CAD.  Unstable angina within seven days before coronary angiography, non-ST segment elevation myocardial infarction or ST segment elevation myocardial infarction was defined as an acute coronary syndrome (ACS). Diabetes mellitus was defined as a fasting plasma glucose >1.25 g/l or >2.00 g/l after oral administration of a glucose dose, glycated hemoglobin ≥6.5 % or as the use of oral antidiabetics or insulin. Glycated hemoglobin was determined by high-performance liquid chromatography (HPLC) (Diamat, Chromsystem Instruments & Chemicals GmbH, Martinsried, Germany). Arterial hypertension was diagnosed if the mean diastolic and systolic blood pressure out of six measurements, performed by an automated oscillometric device (Omron MX4, Omron Health Care GmbH, Hamburg, Germany), exceeded 140 and/or 90 mmHg.

Statistical analyses
Continuous data are presented as mean ± SD when normally distributed or as median and interquartile ranges for variables with skewed distribution. Categorical data are presented as percentages. Statistical differences between continuous variables were determined using one-way ANOVA, Kruskal–Wallis test, or chi-squared test for categorical variables.
	To study the association of SAA with cardiovascular and all-cause mortality, SAA concentrations were divided into quintiles (Q1: ≤2.60 mg/l; Q2: 2.61-4.00 mg/l; Q3: 4.01-6.70 mg/l; Q4: 6.71-16.90 mg/l; Q5: >16.90 mg/l). We analyzed cardiovascular and all-cause mortality according to SAA quintiles using Kaplan-Meier survival curves in the whole study cohort. Statistical differences were calculated using log-rank statistics. Subsequently, we assessed the association of SAA quintiles with cardiovascular and all-cause mortality using Cox regression with/without adjustment for age, sex, acute coronary syndrome at presentation, Friesinger coronary score, body-mass index, glycated hemoglobin, smoking, lipid-lowering therapy, cystatin C, and mean systolic blood pressure. In an additional model, hsCRP was included as a covariable to adjust for systemic inflammation. Hazard ratios (HRs) with 95% confidence intervals (CIs) are reported.
	To examine the relationship between clinical conditions known to increase the risk of cardiovascular events (acute coronary syndrome, prevalent CAD, CKD, smoking, diabetes, gender, and age), a general linear model was used to estimate the marginal (adjusted) means of SAA. Age, sex, glycated hemoglobin, mean systolic blood pressure, body mass index, acute coronary syndrome, lipid lowering therapy, cystatin C, smoking, Friesinger score, and hsCRP were included for multivariable adjustment where appropriate.
	To assess whether any association of HDL-C with all-cause and cardiovascular mortality depends on SAA, Cox proportional hazard models were generated including a first-order interaction term of HDL-C divided into quartiles and SAA above/below the 80th percentile (16.9 mg/l) or 90th percentile (42.9 mg/l). In a previous study, a 99th percentile of 12.0 mg/l has been reported for SAA serum levels in healthy subjects (2). Thus, participants of the LURIC study with SAA levels above the 80th or 90th percentile exceed the 99th percentile of healthy control subjects. Therefore, the 80th and 90th percentile discriminates subjects with pathological elevated SAA serum levels from those with SAA levels within the normal range.  Adjustments were made for age, sex, glycated hemoglobin, mean systolic blood pressure, body mass index, acute coronary syndrome, lipid lowering therapy, cystatin C, smoking, Friesinger score, and hsCRP. To visualize the interaction between HDL-C and SAA concentrations, hazard ratio plots for all-cause and cardiovascular mortality are shown.
We developed a method, which allows to convert an actually measured HDL-C into a “biologically effective” HDL-C´ using the concentration of SAA. For this purpose, SAA* was defined as a SAA reference concentration without any relevant effect on the functionality. SAA* was set to 3.6 mg/l representing the median SAA serum concentration in a subgroup of the LURIC study (n = 270) only including persons without diabetes mellitus, angiographic coronary artery disease and an eGFR in the normal range (eGFR > 90 ml/min). The effective HDL-C’ concentration was then defined in terms of the measured HDL-C and SAA serum levels as the effective HDL-C concentration after “dysfunctionalization” of HDL-C by SAA; more precisely:
(R-COND)  The estimated risk of cardiovascular death for subjects with HDL-C concentration hdlch’ and SAA concentration saa* (which is already given by 3.6 mg/L) is equal to the estimated risk of cardiovascular death for subjects with HDL-C concentration hdlch and SAA concentration saa. For simplicity, we made the proportional hazards assumption, where the Hazard function H has the form H(t,x,y)=H0(t)exp(R(x,y)) with unspecified baseline function H0 and risk function R given by
(R-FORM)	R(x,y)=b1x+b2y+b12xy,
where the covariates x and y are given in terms of HDL-C and SAA via

(V-SCALE)	.
The square-root and double-logarithmic transformation in (V-SCALE) was applied to reduce kurtosis. The coefficients in (R-FORM) were derived from the survival analysis for cardiovascular mortality of the whole LURIC population:
(B-COEFF)	b1=0.213, b2=–0.283, b12=0.073
As the minimal SAA concentration in the LURIC population is larger than 0.7 > 1/e (e, Euler number), the double-logarithmic function in (V-SCALE) is well defined on the range of SAA concentrations measured in LURIC. As the “dysfunctionalization” of HDL-C is not relevant for SAA concentration lower than 3 mg/l, any SAA concentration below 3 mg/l was substituted by 3 mg/l.
The interaction term in (R-FORM) is suggested by the statistical analysis in the sections above: Therein, the cardiovascular mortality-induced hazard ratio for increasing HDL-C concentrations is proven to depend significantly on the percentiles of SAA. The interaction term in (R-FORM) reflects this significant dependence.



For  and , condition (R-COND) is equivalent to .
Taking (V-SCALE), (B-COEFF) and x*=0.825 into account, a straightforward calculation gives the following formula for effective HDL-C’ in terms of SAA and HDL-C:


	In the 4D study, we examined the association of measured and calculated biologically effective HDL-C’ with the primary composite end-point comprising death from cardiac cause, non-fatal myocardial infarction and stroke as well as with all-cause mortality. HDL-C and HDL-C’ were divided into tertiles and cox proportional hazard models were used including adjustments for age, sex, body mass index, glycated hemoglobin, smoking status, coronary artery disease, high-sensitivity C-reactive protein, calcium, phosphate, duration of dialysis, hypertension, low-density lipoprotein, medical treatment (placebo or atorvastatin). 
Because of the relatively low event number in the KORA S4 study, unadjusted survival analyses for quartiles of measured HDL-C and calculated biologically effective HDL-C’ were performed. Log-rank test was used to assess for statistical differences within quartiles.
Statistical analyses were carried out using SPSS 20.0 and R version 3.1.2 (3).





Experimental Procedures
Endothelial biology
Human aortic endothelial cells (HAEC) were purchased from Lonza  and cultured in Endothelial Growth medium-2 (EGM-2, Lonza) supplemented with 10% Fetal Bovine Serum (FBS, Gibco, Invitrogen). Cells were starved in Endothelial Basal Medium (Lonza) supplemented with 0.5% FBS overnight before experiments. Cells were used between passage 4 and 6.

Isolation of HDL by density gradient-ultracentrifugation
HDL was isolated from fasting plasma of healthy human donors by preparative ultracentrifugation. Density was adjusted using potassium bromide (density: 1.063–1.210 g/cm3). Protein concentration in each HDL preparation was determined by using the Bradford assay. For all experiments, HDL was used at a concentration of 50 µg/ml HDL associated total protein. SAA was purchased from Peprotech.

Endothelial nitric oxide (NO) production using electron-spin resonance (ESR) spectroscopy
Endothelial NO production was measured by ESR spectroscopy using the spin-trap colloid Fe(DETC)2 as described previously(4, 5). Briefly, HAEC (150,000 per well) were cultured on 6 well plates for 24 hours in EGM-2 and then incubated with HDL (50 µg/ml) ± SAA (100, 1000 or 2000 ng/ml) for 1 hour. Cells were washed twice with ice-cold Krebs-HEPES buffer (KHB), pH 7.4. 900 µl of prewarmed (37°C) KHB and 300 μl of colloid Fe(DETC)2 (final concentration 285 μM) was then added to each sample and incubated at 37°C for 60 min. ESR spectra were recorded using a e-scan ESR spectrometer (Bruker). ESR instrumental settings were as follows: center-field 3434 G, sweep 80 G, microwave power 36.14 db, amplitude modulation 8.18 G, sweep time 5.24 s and number of scans 50.


Endothelial production of reactive oxygen (ROS) using ESR spectroscopy
Endothelial ROS was measured by ESR spectroscopy as described previously(4, 5). Briefly, HAEC were placed in Krebs HEPES buffer containing 25 µmol/L deferoxamine (Noxygen) and 5 µmol/L diethyldithiocarbamic acid (DETC, Noxygen) and incubated with HDL ± SAA for 1 hour at 37°C. Immediately after addition of 1-hydroxy-3-methoxycarbonyl-2,2,5,5-tetramethylpyrrolidine (CMH, 500 µM) as spin trap, ESR spectra were recorded using a Bruker e-scan spectrometer (Bruker Biospin) with the following settings: center field 3484.5 g, microwave power 18.11 mW, modulation amplitude 2.3 G, sweep time 5.24 s, field sweep 16 G. Results were normalized to the cell count.

Western Blot analyses of endothelial VCAM-1 expression
Endothelial VCAM-1 was quantified in HAEC stimulated with HDL ± SAA for 5 hours. After 1 hour, TNFα (Peprotech, 0.1 ng/ml final concentration) was added for additional 4 hours. Cells were lysed in lysis buffer containing 50 mmol/L Tris, pH 7.5, 150 mmol/L NaCl, 1 mmol/L EDTA, 0.5% NP40, 10 µg/mL Aprotinin, 10 µg/mL Leupeptin, 0.1 mmol/l Na3VO4, 1 mmol/L NaF, 1 mmol/L PMSF. Protein concentration was determined using the Bradford assay. 30 µg of protein were loaded per lane, resolved by 10% SDS-PAGE, and transferred onto PVDF membranes (Millipore) by semidry transfer. Antibodies to VCAM-1 (R&D system) and GAPDH (SantaCruz) were used at dilutions of 1:4,000 and 1:20,000, respectively. Secondary antibodies were purchased from LiCor. Protein expression was examined using a LiCor infrared imaging system.

Endothelial mononuclear cell adhesion 
HAECs were seeded in 24 well plates and grown until confluency. After serum withdrawal overnight, they were stimulated with TNFα (final concentration 0.1 ng/ml, 4 hours) and HDL (50 μg/ml, 3 hours) ± SAA. Human THP-1 cells (ATCC) were labelled with DiI according to the manufacturer’s protocol (VybrantTM Cell-Labeling Solutions, Molecular Probes, Invitrogen). Afterwards, 1x106/well of the labelled THP-1 cells were added to the HAECs. After a 4 hours incubation period, non-adherent THP-1 cells were carefully removed by washing with phosphate buffered saline (PBS). The integrity of the endothelial monolayer was confirmed by staining with 4’,6-diamidino-2-phenylindole (DAPI, Vectashield, Reactolab, Servion, Switzerland). Adherent DiI-labelled THP-1 cells were counted in 4 randomly selected high-power fields using a fluorescent microscope (Keyence).



Supplemental Figures
Figure S1
Survival plots for SAA quintiles in the LURIC study. Survival plots for (A) all cause and (B) cardiovascular mortality according to quintiles of SAA. Log-rank test was used to examine statistical difference. 
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Tables

Table S1
Baseline characteristics of the entire LURIC cohort and by quintiles of SAA

	
	Overall

(n=3,310)
	SAA
Quintile 1
≤2.60 
mg/l
(n=725)
	SAA
Quintile 2
2.61–4.00 mg/l
(n=617)
	SAA
Quintile 3
4.01–6.70 mg/l
(n=654)
	SAA
Quintile 4
6.71–16.90 mg/l
(n=655)
	SAA
Quintile 5
>16.90
mg/l 
(n=659)
	P*

	Age
	62.7 ± 10.6
	60.8 ± 11.0
	62.4 ± 10.4
	63.1 ± 10.4
	62.6 ± 10.7
	64.5 ±10.3
	<0.001

	Sex (% male)
	69.7
	82.3
	68.7
	65.9
	58.8
	71.2
	<0.001

	BMI (kg/m2)
	27.5 ± 4.1
	26.7 ± 3.6
	27.5 ± 3.8
	27.7 ± 4.0
	27.9 ± 4.3
	27.7 ± 4.5
	<0.001

	Systolic blood pressure (mmHg)
	141 ± 24
	141 ± 23
	143 ± 23
	144 ± 24
	141 ± 23
	137 ± 24
	<0.001

	Diastolic blood pressure (mmHg)
	81 ± 11
	82 ± 11
	82 ± 11
	82 ± 12
	81 ± 11
	78 ± 12
	<0.001

	Total cholesterol (mg/dl)
	192.3 ± 39.1
	192.1 ± 38.4
	196.6 ± 37.0
	195.6 ± 38.9
	196.8 ± 41.1
	180.9 ± 37.6
	<0.001

	Triglycerides (mg/dl) 
	173.0 ± 117.7
	164.7 ± 131.7
	174.8 ± 104.3
	181.3 ± 111.4
	192.0 ± 145.5
	153.6 ± 79.2
	<0.001

	HDL cholesterol (mg/dl)
	38.7 ± 10.8
	39.0 ± 10.0
	40.0 ± 11.0
	39.1 ± 10.5
	39.4 ± 11.2
	36.2 ± 11.1
	<0.001

	LDL cholesterol (mg/dl)
	116.5 ± 34.4
	116.1 ± 33.1
	118.9 ± 32.6
	117.8 ± 35.7
	117.7 ± 37.1
	112.3 ± 32.7
	0.006

	VLDL cholesterol (mg/dl)
	36.9 ± 26.5
	36.7 ± 28.9
	37.7 ± 24.5
	38.5 ± 25.0
	39.7 ± 30.2
	32.1 ± 21.8
	<0.001

	Apolipoprotein A1 (mg/dl)
	129.4 ± 25.0
	130.4 ± 22.2
	133.9 ± 24.5
	131.9 ± 24.0
	132.0 ± 26.3
	119.2 ± 25.5
	<0.001

	Apolipoprotein B (mg/dl)
	104.4 ± 24.6
	102.5 ± 24.0
	105.7 ± 23.9
	106.0 ± 24.4
	106.5 ± 25.6
	101.7 ± 24.8
	<0.001

	Glycated hemoglobin (%)
	6.3 ± 1.2
	6.1 ± 1.0
	6.2 ± 1.2
	6.4 ± 1.3
	6.4 ± 1.3
	6.5 ± 1.3
	<0.001

	Creatinine (mg/dl)
	1.0 ± 0.4
	0.9 ± 0.2
	1.0 ± 0.5
	1.0 ± 0.4
	1.0 ± 0.5
	1.0 ± 0.3
	0.007

	Cystatin C (mg/l)
	0.99 ± 0.37
	0.91 ± 0.22
	0.97 ± 0.41
	0.99 ± 0.36
	1.04 ± 0.51
	1.08 ± 0.41
	<0.001

	hsCRP (mg/l)
	3.4 (7.3)
	1.1 (1.4)
	2.6 (2.5)
	4.2 (4.2)
	6.0 (6.2)
	19.7 (27.8)
	<0.001

	Serum Amyloid A (mg/l)
	5.2 (9.5)
	2.0 (0.7)
	3.3 (0.6)
	5.2 (1.4)
	9.5 (4.6)
	43.0 (91.7)
	<0.001

	Friesinger Score
	5.4 ± 3.9
	4.9 ± 3.9
	5.1 ± 3.9
	5.3 ± 3.9
	5.6 ± 4.0
	6.1 ± 3.7
	<0.001

	Coronary artery disease (%)
	82.5
	72.4
	74.7
	76.9
	78.9
	86.8
	<0.001

	Acute coronary syndrome (%)
	31.3
	20.1
	23.7
	26.5
	31.9
	54.8
	<0.001

	Lipid lowering therapy (%)
	48.6
	43.7
	46.0
	48.2
	48.4
	56.9
	<0.001

	Smoking (%)
	64.0
	66.3
	59.5
	60.9
	63.1
	69.7
	0.001

	Hypertension (%)
	72.7
	67.2
	75.0
	77.1
	74.4
	70.7
	0.001



Values are presented as mean ± SD, median (IQR) or number (%). BMI=body mass index. HDL=high-density lipoprotein. LDL=low-density lipoprotein. VLDL=very low-density lipoprotein. hsCRP=high-sensitivity C-reactive protein. 
* comparison between patients with quintiles of SAA. p < 0.05 was considered significant.


Table S2
Cox regression analyses for all-cause mortality and cardiovascular mortality according to quintiles of SAA in the LURIC study
		
	
	All-cause mortality
	Cardiovascular mortality

	Model
	Quintile of
SAA
	HR (95% CI)
	P
	HR (95% CI)
	P

	Crude
	1
	1
	…
			1
	…

	
	2
	1.24 (1.00-1.54)
	0.047
	1.11 (0.84-1.47)
	0.464

	
	3
	1.30 (1.05-1.60)
	0.015
	1.33 (1.02-1.74)
	0.034

	
	4
	1.46 (1.19-1.79)
	< 0.001
	1.52 (1.17-1.97)
	0.002

	
	5
	2.06 (1.70-2.50)
	< 0.001
	2.30 (1.80-2.93)
	< 0.001

	Adjusted 1
	1
	1
	…
	1
	…

	
	2
	1.20 (0.97-1.49)
	0.089
	1.08 (0.81-1.43)
	0.602

	
	3
	1.22 (0.99-1.51)
	0.062
	1.26 (0.96-1.64)
	0.094

	
	4
	1.48 (1.21-1.83)
	< 0.001
	1.54 (1.18-2.00)
	0.001

	
	5
	1.79 (1.47-2.17)
	< 0.001
	1.99 (1.56-2.55)
	< 0.001

	Adjusted 2
	1
	1
	…
	1
	…

	
	2
	1.08 (0.87-1.34)
	0.512
	0.93 (0.70-1.23)
	0.596

	
	3
	1.10 (0.89-1.36)
	0.394
	1.08 (0.83-1.42)
	0.556

	
	4
	1.25 (1.01-1.54)
	0.039
	1.25 (0.95-1.63)
	0.108

	
	5
	1.58 (1.26-1.97)
	<0.001
	1.72 (1.30-2.28)
	<0.001



SAA was divided into quintiles: Quintile 1:  2.60 mg/l; Quintile 2: 2.61-4.00 mg/l; Quintile 3: 4.01-6.70 mg/l; Quintile 4: 6.71-16.90 mg/l; Quintile 5 16.90 mg/l
Adjustment 1: Adjusted for age and sex
Adjustment 2: Adjusted for age, sex, glycated hemoglobin, mean systolic blood pressure, body mass index, acute coronary syndrome, lipid lowering therapy, cystatin C, smoking, hsCRP and Friesinger score
HR=Hazard ratio. 95% CI=95% confidence interval. 

Table S3
Interaction of HDL-C and SAA (including the first-order interaction term between quartiles of HDL-C and given cut-off levels of SAA# as well as the P-value for the interaction of HDL-C and SAA as continuous variables§) for all-cause mortality and cardiovascular mortality according to HDL quartiles in the LURIC study

	
	All-cause mortality

	Model
	Quartile of
HDL
	HDL-C
	HDL-C x SAA (16.9 mg/l)#
	HDL-C
	HDL-C x SAA (42.9 mg/l)#

	
	
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P

	Crude
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.77 (0.64-0.94)
	0.010
	0.91 (0.62-1.33)
	0.628
	0.76 (0.63-0.91)
	0.002
	0.93 (0.57-1.53)
	0.780

	
	3
	0.65 (0.53-0.79)
	<0.001
	1.45 (0.99-2.12)
	0.056
	0.66 (0.55-0.80)
	<0.001
	1.53 (0.93-2.53)
	0.093

	
	4
	0.61 (0.50-0.75)
	<0.001
	1.87 (1.25-2.78)
	0.002
	0.63 (0.52-0.76)
	<0.001
	2.55 (1.49-4.35)
	0.001

	
	
	P = 0.002§

	Adjusted 1
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.79 (0.65-0.96)
	0.020
	0.83 (0.56-1.21)
	0.319
	0.76 (0.63-0.91)
	0.003
	0.89 (0.54-1.47)
	0.650

	
	3
	0.63 (0.52-0.78)
	<0.001
	1.49 (1.02-2.19)
	0.041
	0.65 (0.54-0.78)
	0.025
	1.51 (0.92-2.49)
	0.107

	
	4
	0.61 (0.49-0.76)
	<0.001
	1.49 (0.99-2.22)
	0.051
	0.61 (0.50-0.74)
	0.020
	2.42 (1.42-4.14)
	0.001

	
	
	P = 0.004§

	Adjusted 2
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.88 (0.72-1.07)
	0.191
	0.83 (0.57-1.21)
	0.336
	0.85 (0.71-1.01)
	0.067
	0.88 (0.54-1.45)
	0.613

	
	3
	0.78 (0.63-0.96)
	0.017
	1.46 (0.99-2.14)
	0.051
	0.81 (0.67-0.97)
	0.025
	1.40 (0.85-2.31)
	0.187

	
	4
	0.78 (0.63-0.97)
	0.025
	1.49 (0.99-2.22)
	0.052
	0.79 (0.64-0.96)
	0.020
	2.32 (1.35-3.96)
	0.002

	
	
	P = 0.009§

	Adjusted 3
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.88 (0.72-1.07)
	0.195
	0.85 (0.58-1.24)
	0.398
	0.85 (0.71-1.02)
	0.077
	0.96 (0.58-1.59)
	0.870

	
	3
	0.78 (0.63-0.96)
	0.018
	1.50 (1.02-2.21)
	0.041
	0.81 (0.67-0.98)
	0.030
	1.60 (0.95-2.67)
	0.076

	
	4
	0.78 (0.63-0.97)
	0.027
	1.54 (1.02-2.32)
	0.040
	0.80 (0.67-0.97)
	0.027
	2.64 (1.52-4.59)
	0.001

	
	
	P = 0.003§

	
	
	Cardiovascular mortality

	Model
	Quartile of
HDL
	HDL-C
	HDL-C x SAA (16.9 mg/l)#
	HDL-C
	HDL-C x SAA (42.9 mg/l)#

	
	
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P
	HR (95% CI)
	P

	Crude
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.68 (0.53-0.78)
	0.002
	0.98 (0.62-1.56)
	0.941
	0.67 (0.53-0.84)
	0.001
	0.99 (0.55-1.80)
	0.976

	
	3
	0.60 (0.47-0.78)
	<0.001
	1.36 (0.85-2.18)
	0.195
	0.61 (0.48-0.77)
	<0.001
	1.48 (0.81-2.72)
	0.206

	
	4
	0.54 (0.42-0.71)
	<0.001
	1.83 (1.11-3.00)
	0.016
	0.57 (0.45-0.72)
	<0.001
	2.16 (1.09-4.29)
	0.028

	
	
	P = 0.061§

	Adjusted 1
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.69 (0.54-0.89)
	0.004
	0.65 (0.56-1.43)
	0.653
	0.67 (0.54-0.84)
	0.001
	0.95 (0.52-1.72)
	0.862

	
	3
	0.59 (0.45-0.76)
	<0.001
	1.40 (0.87-2.24)
	0.162
	0.59 (0.47-0.75)
	<0.001
	1.45 (0.79-2.67)
	0.229

	
	4
	0.54 (0.41-0.71)
	<0.001
	1.47 (0.90-2.41)
	0.128
	0.54 (0.42-0.70)
	<0.001
	2.06 (1.04-4.10)
	0.039

	
	
	P = 0.140§

	Adjusted 2
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.78 (0.60-0.99)
	0.048
	0.93 (0.58-1.48)
	0.751
	0.76 (0.61-0.96)
	0.021
	0.93 (0.51-1.70)
	0.820

	
	3
	0.75 (0.58-0.97)
	0.029
	1.38 (0.86-2.21)
	0.181
	0.77 (0.61-0.98)
	0.032
	1.32 (0.72-2.44)
	0.370

	
	4
	0.73 (0.55-0.97)
	0.028
	1.50 (0.91-2.47)
	0.109
	0.76 (0.59-0.97)
	0.031
	1.96 (0.99-3.91)
	0.054

	
	
	P = 0.184§

	Adjusted 3
	1
	1
	…
	1
	…
	1
	…
	1
	…

	
	2
	0.78 (0.60-1.00)
	0.050
	0.95 (0.59-1.51)
	0.821
	0.77 (0.61-0.97)
	0.024
	1.02 (0.55-1.87)
	0.958

	
	3
	0.75 (0.58-0.97)
	0.030
	1.41 (0.88-2.28)
	0.154
	0.78 (0.61-0.98)
	0.037
	1.51 (0.81-2.84)
	0.199

	
	4
	0.73 (0.56-0.97)
	0.030
	1.55 (0.94-2.58)
	0.089
	0.76 (0.59-0.99)
	0.038
	2.24 (1.11-4.53)
	0.025

	
	
	P = 0.115§




HDL was divided into quartiles: quartile 1: 31 mg/dl; quartile 2: 32-37 mg/dl; quartile 3: 38-45 mg/dl; quartile 4: 56 mg/dl
Adjustment 1: Adjusted for age and sex
Adjustment 2: Adjusted for age, sex, glycated hemoglobin, mean systolic blood pressure, body mass index, acute coronary syndrome, lipid lowering therapy, cystatin C, smoking and Friesinger score
Adjustment 3: Adjusted for age, sex, glycated hemoglobin, mean systolic blood pressure, body mass index, acute coronary syndrome, lipid lowering therapy, cystatin C, smoking, Friesinger score and hsCRP
HR=Hazard ratio. 95% CI=95% confidence interval. 


Table S4
Examples for the calculation of biologically effective HDL-C’ using a formula derived on measured HDL-C und SAA serum levels as described in the methods section

	Measured HDL-C (mg/dl)
	Calculated biologically active HDL-C’ (mg/dl)

	
	SAA = 2.6 mg/l
	SAA = 4.0 mg/l
	SAA = 6.7 mg/l
	SAA = 16.9 mg/l
	SAA = 50.0 mg/l

	20
	23.5
	19.0
	15.1
	10.4
	6.8

	30
	34.8
	28.7
	23.2
	16.4
	11.3

	40
	46.1
	38.3
	31.3
	22.6
	16.0

	50
	57.4
	47.9
	39.5
	28.9
	20.8

	60
	68.6
	57.6
	47.7
	35.3
	25.7




Table S5
Baseline characteristics of the entire 4D cohort and by tertiles of HDL-C
	
	Overall

(n=1255)
	HDL-C
Tertile 1
≤29 mg/dl
(n=431)
	HDL-C
Tertile 2
30–39 mg/dl
(n=423)
	HDL-C
Tertile 3
≥39mg/dl
(n=401)
	P*

	Age
	66.3 ± 8.3
	65.6 ± 8.3
	66.4 ± 8.4
	67.0 ± 8.0
	0.054

	Sex (% male)
	53.9
	60.3
	58.9
	41.9
	<0.001

	BMI (kg/m2)
	27.5 ± 4.8
	28.3 ± 5.0
	27.4 ± 4.4
	26.3 ± 4.3
	<0.001

	Systolic blood pressure (mmHg)
	146 ± 22
	145 ± 23
	146 ± 20
	146 ± 22
	0.600

	Diastolic blood pressure (mmHg)
	76 ± 11
	75 ± 11
	76 ± 11
	77 ± 11
	0.098

	Total cholesterol (mg/dl)
	219.2 ± 42.5
	221.9 ± 45.8
	215.7 ± 42.8
	220.3 ± 38.5
	0.087

	Triglycerides (mg/dl) 
	263.4 ± 165.3
	371.7 ± 199.3
	239.9 ± 116.0
	173.4 ± 94.9
	<0.001

	HDL cholesterol (mg/dl)
	36.2 ± 13.2
	24.1 ± 4.1
	34.3 ± 3.0
	51.3 ± 11.4
	<0.001

	LDL cholesterol (mg/dl)
	125.6 ± 29.9
	119.5 ± 29.4
	127.3 ± 29.7
	130.3 ± 29.5
	<0.001

	VLDL cholesterol (mg/dl)
	57.6 ± 33.8
	78.4 ± 37.7
	54.3 ± 25.4
	38.9 ± 23.7
	<0.001

	Glycated hemoglobin (%)
	6.7 ± 1.3
	6.8 ± 1.3
	6.6 ± 1.2
	6.7 ± 1.3
	0.017

	hsCRP (mg/l)
	5.0 (10.1)
	6.5 (12.8)
	5.3 (10.8)
	3.7 (6.2)
	<0.001

	Calcium (mmol/l)
	2.3 ± 0.2
	2.3 ± 0.2
	2.3 ± 0.2
	2.3 ± 0.2
	0.669

	Phosphate (mg/dl)
	6.0 ± 1.6
	6.0 ± 1.6
	6.0 ± 1.6
	6.1 ± 1.6
	0.583

	Hemoglobin (g/dl)
	10.9 ± 1.3
	10.8 ± 1.3
	10.9 ±1.4
	11.0 ± 1.3
	0.286

	Time on dialysis (months)
	8.3 ± 6.9
	8.7 ± 6.9
	7.8 ± 6.8
	8.4 ± 7.0
	0.154

	Atorvastatin (%)
	49.3
	49.9
	48.5
	49.6
	0.908

	Smoking (%)
	40.4
	41.5
	41.8
	37.7
	0.397

	Hypertension (%)
	88.8
	89.1
	89.4
	87.8
	0.745

	Stroke / TIA (%)
	17.8
	16.2
	22.0
	15.2
	0.022

	MI, CABG, PTCA, CAD (%)
	29.4
	32.7
	27.7
	27.7
	0.176

	Congestive heart failure (%)
	35.4
	41.3
	32.9
	31.7
	0.006

	Peripheral vascular disease (%)
	44.6
	47.8
	42.6
	43.4
	0.255



Values are presented as mean ± SD, median (IQR) or number (%). BMI=body mass index. HDL=high-density lipoprotein. LDL=low-density lipoprotein. VLDL=very low-density lipoprotein. hsCRP=high-sensitivity C-reactive protein. MI = myocardial infarction. CABG = coronary artery bypass graft. PTCA = percutaneous transluminal angioplasty. CAD = coronary artery disease. 
* comparison between patients with tertiles of HDL-C p < 0.05 was considered significant.


Table S6
Cox regression analyses for primary end point and all-cause mortality according to tertiles of measured HDL-C and biologically effective HDL-C` in the 4D-Study 
	
	Primary end point 

	
	measured HDL-C
	effective HDL-C´

	Tertiles of
HDL
	HR (95% CI)
	P
	HR (95% CI)
	P

	1
	1
	…
			1
	…

	2
	1.04 (0.81-1.32)
	0.770
	0.80 (0.62-1.04)
	0.093

	3
	1.00 (0.78-1.29)
	0.983
	0.77 (0.59-1.00)
	0.049

	

	
	All-cause mortality

	
	measured HDL-C
	effective HDL-C´

	Tertiles of
HDL
	HR (95% CI)
	P
	HR (95% CI)
	P

	1
	1
	…
			1
	…

	2
	0.98 (0.80-1.20)
	0.835
	0.75 (0.61-0.93)
	0.008

	3
	0.99 (0.81-1.22)
	0.958
	0.70 (0.57-0.87)
	0.001

	





















HDL-C and HDL-C´ were divided into tertiles: Tertile 1:  29 mg/dl; Tertile 2: 30-39 mg/dl; Tertile 3: ≥39 mg/dl; 
Adjusted for age, sex, body mass index, glycated hemoglobin, smoking status, coronary artery disease, high-sensitivity C-reactive protein, calcium, phosphate, duration of dialysis, hypertension, low-density lipoprotein, medical treatment (placebo or atorvastatin)
Primary end point: composite of death from cardiac cause, nonfatal myocardial infarction and stroke.
HR=Hazard ratio. 95% CI=95% confidence interval.
Table S7
Baseline characteristics of the entire KORA S4 cohort and by quartiles of HDL-C

	
	Overall



(n=4027)
	HDL-C
Quartile 1
≤ 45.3 mg/dl

(n=1015)
	HDL-C
Quartile 2
45.4 - 55.7 mg/dl
(n=1005)
	HDL-C
Quartile 3
55.8 - 68.2 mg/dl
(n=1010)
	HDL-C
Quartile 4
> 68.2 mg/dl

(n=997)
	P*

	Age
	48.7 ± 13.8
	48.5 ± 13.5
	49.0 ± 14.1
	49.0 ± 14.1
	48.5 ± 13.5
	0.789

	Sex (% male)
	48.1
	73.8
	55.7
	41.1
	21.4
	<0.001

	BMI (kg/m2)
	27.1 ± 4.7
	28.8 ± 4.7
	27.7 ± 4.7
	26.8 ± 4.4
	25.1 ± 4.0
	<0.001

	Systolic blood pressure (mmHg)
	128 ± 19
	132 ± 18
	129 ± 20
	127 ± 20
	124 ± 19
	<0.001

	Diastolic blood pressure (mmHg)
	80 ± 11
	83 ± 11
	81 ± 10
	79 ± 11
	78 ± 10
	<0.001

	HDL cholesterol (mg/dl)
	58.0 ± 17.1
	38.5 ± 5.3
	50.7 ± 3.0
	61.8 ± 3.6
	81.2 ± 11.5
	<0.001

	LDL cholesterol (mg/dl)
	137.2 ± 41.4
	143.4 ± 39.8
	142.7 ± 41
	137 ± 40.9
	125.6 ± 41.5
	<0.001

	Glycated hemoglobin (%)
	5.6 ± 0.6
	5.6 ± 0.7
	5.6 ± 0.6
	5.5 ± 0.6
	5.5 ± 0.4
	0.150

	hsCRP (mg/l)
	2.6 ± 4.5
	3.0 ± 5.1
	2.8 ± 4.6
	2.5 ± 4.2
	2.1 ± 4.1
	<0.001

	Creatinine (mg/dl)
	0.9 ± 0.2
	0.9 ± 0.3
	0.9 ± 0.2
	0.8 ± 0.2
	0.8 ± 0.1
	<0.001

	SAA (mg/l)
	5.7 ± 20.6
	6.3 ± 29.4
	5.7 ± 15.2
	5.4 ± 15.1
	5.5 ± 19.2
	0.016

	calc. biological effective HDL
	66.4 ± 28.7
	45.6 ± 17.2
	59.3 ± 21
	70.3 ± 23.4
	90.9 ± 30.4
	<0.001

	Lipid lowering therapy (%)
	5.1
	5.7
	5.4
	5.4
	3.7
	0.165

	Current smoking (%)
	26.2
	34.8
	26.4
	23.8
	19.5
	<0.001

	Hypertension (%)
	36.1
	44.9
	38.8
	33.3
	27.1
	<0.001

	Diabetes (%)
	3.5
	5.8
	4.5
	2.1
	1.4
	<0.001

	All-cause mortality (N)
	7.3
	8.4
	7.2
	7.9
	5.7
	0.110

	CVD mortality (N)
	2.6
	3.5
	2.6
	2.4
	1.9
	0.129



Values are presented as mean ± SD, median (IQR) or number (%). BMI=body mass index. HDL=high-density lipoprotein. LDL=low-density lipoprotein. hsCRP=high-sensitivity C-reactive protein. MI = myocardial infarction. 
* comparison between patients with quartiles of HDL-C p < 0.05 was considered significant.
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