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EXPERIMENTAL PROTOCOL DESCRIPTION
Isolation of immunoglobulin G from total plasma/serum
In brief, 10x dilution of 100 µL of total plasma/serum was done with PBS (phosphate buffer saline), followed by filtration on a 0.45 µm GHP filter plate (Pall Corporation, Ann Arbor, USA). Filtered and diluted plasma/serum was transferred to the protein G monolithic plate and washed. Afterwards, elution of immunoglobulins was performed with 1 mL of 0.1 M formic acid (Merck, Germany) followed by immediate neutralization of the mixture with 1 M of ammonium bicarbonate (Acros Organics, USA). Immunoglobulin G containing eluate was aliquoted into PCR plates (aliquoted volume had to contain an average mass of 15 µg of immunoglobulin G) and dried in a vacuum centrifuge.

HILIC-UPLC-FLR analysis of RapiFlour-MS labelled immunoglobulin G N-glycans from the TwinsUK Cohort
RapiFluor-MS labelled immunoglobulin G N-glycans were analysed using ultra-performance liquid chromatography based on hydrophilic interactions with fluorescence detection (HILIC-UPLC-FLR) on Water Acquity UPLC H-class instruments. The instruments were controlled and monitored with the Empower 3 software, build 3471 (Waters, USA). Chromatographic separation of glycan structures was perfomed on Waters UPLC Glycan bridged ethylene hybrid (BEH) Amide chromatographic columns (130 Å, 1.7 µm BEH particles, 2.1x100 mm). Solvent A was 50 mmol/L ammonium formate, pH 4.4, while solvent B was 100% LC-MS grade acetonitrile. We used linear gradient of 75–61.5 % acetonitrile (v/v) at a flow rate of 0.4 mL/min over 30 minutes in a 42-minute analytical run. Each chromatogram was separated into 22 glycan peaks containing glycan structures (Supplementary Figure 1.). Integration of the chromatograms resulted with total area normalization from which we obtained relative quantification of immunoglobulin G N-glycans. In detail description of glycan structures contained in glycan peaks is presented in Supplementary Table 1. Formulas used for the calculation of immunoglobulin G derived traits in the TwinsUK cohort are presented in Supplementary Table 2.

HILIC-UPLC-FLR analysis of 2-AB labelled immunoglobulin G N-glycans from the 10 001 Dalmatians cohort
2-AB labelled immunoglobulin G N-glycans were analysed using ultra-performance liquid chromatography based on hydrophilic interactions with fluorescence detection (HILIC-UPLC-FLR) on Water Acquity UPLC H-class instruments. The instruments were controlled with the Empower 3 software, build 3471 (Waters, USA). Chromatographic separation of glycan structures was perfomed on Waters UPLC Glycan bridged ethylene hybrid (BEH) Amide chromatographic columns (100 x 2.1 mm i.d., 1.7 μm BEH particles). Solvent A was 100 mmol/L ammonium formate, pH 4.4, while solvent B was 100% LC-MS grade acetonitrile. We used linear gradient of 25-38% ammonium formate (solvent A) with a flow rate of 0.40 mL/min during a 27 min analytical run. Each chromatogram was separated into 24 glycan peaks containing glycan structures. Integration of the chromatograms resulted with total area normalization from which we obtained relative quantification of immunoglobulin G N-glycans. Chromatographic separation of 24 glycan peaks and in detail description of glycan structures contained in glycan peaks, as well as the list of calculated derived traits is available in a previously published paper (Pučić et al. 2011).

LC-ESI-MS/MS analysis of immunoglobulin G tryptic glycopeptides from the KORA cohort
NanoACQUITY UPLC system (Waters Corporation, USA) coupled with micrOTOF-Q mass spectrometer (BrukerDaltonics, Germany) was used for the analysis of the glycopeptides following the protocol already described(Keser et al. 2017). It is important to highlight that tryptic Fc glycopeptides of the immunoglobulin G 2 and 3 glycoform have the same peptide moieties  in the population of Caucasians resulting with them not being distinguishable using mentioned profiling method(Balbín et al. 1994; Mimura et al. 2001). Data extraction, recalibration and alignment was done as explained in the previously mentioned paper(Keser et al. 2017). Detailed description of directly measured glycopeptides and calculated derived traits used in statistical analysis performed in our study is available in supplementary materials of the mentioned paper (Keser et al. 2017) (Supplementary Table 1; Sheet 2).
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Supplementary Table 1 Detailed description of glycan structures corresponding to every individual immunoglobulin G RapiFluor-MS glycan peak.*
	RapiFluor-MS glycan peak
	Glycan structure
	Description 
	Formula

	GP1
	FA1
	core fucosylated, monoantennary
	GP1 / GP * 100

	GP2
	A2
	agalactosylated, biantennary
	GP2 / GP * 100

	GP3
	A2B;
FA2
	biantennary with bisecting GlcNAc;
core fucosylated, biantennary
	GP3 / GP * 100

	GP4
	M5;
FA2B
	oligomannose;
core fucosylated, biantennary with bisecting GlcNAc
	GP4 / GP * 100

	GP5
	A2[6]G1
	monogalactosylated, biantennary
	GP5 / GP * 100

	GP6
	A2[3]G1
	monogalactosylated, biantennary
	GP6 / GP * 100

	GP7
	FA2[6]G1
	core fucosylated and monogalactosylated, biantennary
	GP7 / GP * 100

	GP8
	FA2[3]G1
	core fucosylated and monogalactosylated, biantennary
	GP8 / GP * 100

	GP9
	FA2[6]BG1
	core fucosylated and monogalactosylated, biantennary with bisecting GlcNAc
	GP9 / GP * 100

	GP10
	FA2[3]BG1
	core fucosylated and monogalactosylated, biantennary with bisecting GlcNAc
	GP10 / GP * 100

	GP11
	A2G2
	digalactosylated, biantennary 
	GP11 / GP * 100

	GP12
	A2BG2;
FA2G2
	digalactosylated, biantennary with bisecting GlcNAc;
core fucosylated, digalactosylated, biantennary
	GP12 / GP * 100

	GP13
	FA2BG2
	core fucosylated, digalactosylated, biantennary with bisecting GlcNAc
	GP13 / GP * 100

	GP14
	FA2[6]G1S1; 
FA2[3]G1S1 
	core fucosylated, monogalactosylated and monosialylated biantennary;
core fucosylated, monogalactosylated and monosialylated biantennary
	GP14 / GP * 100

	GP15
	A2G2S1
	digalactosylated and monosialylated biantennary
	GP15 / GP * 100

	GP16
	FA2G2S1
	core fucosylated, digalactosylated and monosialylated biantennary
	GP16 / GP * 100

	GP17
	FA2BG2S1
	core fucosylated, digalactosylated and monosialylated biantennary with bisecting GlcNAc
	GP17 / GP * 100

	GP18
	structure not determined
	
	GP18 / GP * 100

	GP19
	A2G2S2
	digalactosylated and disialylated biantennary 
	GP19 / GP * 100

	GP20
	A2BG2S2
	digalactosylated and disialylated biantennary with bisecting GlcNAc
	GP20 / GP * 100

	GP21
	FA2G2S2
	core fucosylated, digalactosylated and disialylated biantennary
	GP21 / GP * 100

	GP22
	FA2BG2S2
	core fucosylated, digalactosylated and disialylated biantennary with bisecting GlcNAc
	GP22 / GP * 100


*structure abbreviations – all N-glycans have two core N-acetylglucosamines (GlcNAcs); F at the start of the abbreviation indicates a core-fucose α1,6-linked to the inner GlcNAc; Mx, number (x) of mannose on core GlcNAcs; Ax, number of antenna (GlcNAc) on trimannosyl core; A2, biantennary with both GlcNAcs as β1,2-linked; A3, triantennary with a GlcNAc linked β1,2 to both mannose and the third GlcNAc linked β1,4 to the α1,3 linked mannose; A4, GlcNAcs linked as A3 with additional GlcNAc β1,6 linked to α1,6 mannose; B, bisecting GlcNAc linked β1,4 to β1,3 mannose; G(x), number (x) of β1,4 linked galactose on antenna; F(x), number (x) of fucose linked α1,3 to antenna GlcNAc; S(x), number (x) of sialic acids linked to galactose
Supplementary Table 2 Detailed description of formulas used for the calculation of immunoglobulin G derived traits in TwinsUK cohort.

	Structural feature
	Formula

	Agalactosylation (G0)
	GP1+GP2+GP3+GP4

	Monogalactosylation (G1)
	GP5+GP6+GP7+GP8+GP9

	Digalactosylation (G2)
	GP10+GP11+GP12+GP13 

	Total galactosylation (G)
	GP5+GP6+GP7+GP8+GP9+GP10+GP11+GP12+GP13

	Total sialylation (S)
	GP14+GP15+GP16+GP17+GP19+GP20+GP21+GP22

	Monosialylation (S1)
	GP14+GP15+GP16+GP17

	Disialylation (S2)
	GP19+GP20+GP21+GP22

	Incidence of bisecting GlcNAc (B)
	GP4+GP9+GP10+GP13+GP17+GP20+GP22

	Core fucosylation (CF)
	GP1+GP3+GP4+GP7+GP8+GP9+GP10+GP12+GP13+GP14+GP16+GP17+GP21+GP22














 Supplementary Table 3. Hazard ratio’s/Odds ratio’s and 95% confidence intervals in the three samples.

	Glycan
	Twins UK (n = 2617)
	Dalmation 10 001 (n = 106)
	KORA (n = 729)

	
	HR
	Lower bound 95% CI
	Upper bound 95% CI
	HR
	Lower bound 95% CI
	Upper bound 95% CI
	OR
	Lower bound 95% CI
	Upper bound 95% CI

	B
	1.164
	1.054
	1.284
	2.065
	1.159
	3.679
	1.203
	0.994
	1.457

	GP4
	1.137
	1.018
	1.270
	2.919
	1.502
	5.675
	1.280
	1.040
	1.576

	GP9
	1.150
	1.052
	1.257
	1.938
	1.117
	3.360
	NA
	NA
	NA

	GP10
	1.149
	1.023
	1.290
	1.425
	0.868
	2.340
	NA
	NA
	NA

	GP15
	0.854
	0.772
	0.944
	0.938
	0.531
	1.657
	NA
	NA
	NA

	GP21
	0.886
	0.805
	0.975
	0.448
	0.240
	0.836
	NA
	NA
	NA




Supplementary Table 4. Hazard ratio’s and 95% confidence intervals in a sensitivity analysis using only females of the Dalmatian cohort.

	Glycan
	Dalmation 10 001 (n = 72)

	
	HR
	Lower bound 95% CI
	Upper bound 95% CI

	B
	4.085
	1.452
	11.491

	GP4
	4.721
	1.642
	13.575

	GP9
	4.329
	1.593
	11.762

	GP21
	0.328
	0.125
	0.861
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[bookmark: _Hlk38056166]Supplementary Figure 1 Representative HILIC-UPLC-FLR chromatographic profile of the immunoglobulin G RapiFluor-MS labelled N-glycome, with graphic representation of the glycan structures corresponding to each glycan peak (GP).
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