Supplementary Material

S1. Lipidomic Analysis
	Twenty microliters of plasma was added to a glass liquid chromatography vial with a 400 μL insert (Chromacol, UK) followed by MS grade water (10 μL). Forty microliters of MS grade methanol was added followed by 2 min vortex mix to precipitate proteins. 200 μL of methyl tert-butly ether (MTBE) containing 10 μg/mL tripentadecanoin (Sigma-Aldrich, St. Louis, USA), an internal standard, was added which then underwent vortex mixing for 1 h. After adding an additional 50 μL of water followed by a final sample mixing, the sample was centrifuged at 3000 g for 10 min.
	Lipidomic analysis of the MTBE upper phase of the sample extract containing lipids was carried out by a liquid chromatography coupled to Xevo QToF MS (Waters, Milford, USA). Chromatographic separation was achieved using an Agilent Poroshell 120 EC-C8 column (150 mm × 2.1 mm, 2.7 μm) at 55°C. Mobile phases consisting 10 mM ammonium formate in water (A) and 10 mM ammonium formate in methanol (B) were employed, with flow-rate of 0.5 mL/min, A gradient was established with 0 min (75% B), 23 min (96% B), 36 min (100% B), 42 min (100% B) followed by 9 min column equilibration (75% B) prior to each injection. The MS was operated in the positive ion mode with a capillary voltage of 3.2 kV and a cone voltage of 35 V. The desolvation gas flow was 800 L/h and the source temperature was 120°C. All analyses were acquired using the lock spray to ensure accuracy and reproducibility. Leucine enkephalin was used as lock mass (m/z 556.27 and 278.11) at a concentration of 200 ng/mL and a flow rate of 10 μL/min. Data were collected in the centroid mode over the mass range m/z 100–1000 with an acquisition time of 0.2 s per scan. Samples were analyzed in a randomized order with pooled plasma samples (Quality control (QC) samples) being analyzed after every 10 injections.


S2. Descriptive of six Ceramides and three Phosphatidylcholines (PCs). 
	Ceramide parent molecular ion is in a form of [M-H2O+H]+ while fragment ion 264.26Da corresponds to sphingosine base chain. Phosphatidylcholine parent molecular ion is in a form of [M +H]+ while fragment ion 184.03Da corresponds to phosphocholine head group.
	Lipid
	Fatty acid
	m/z (Da)
	Retention Time (min)

	
	R’
	R”
	Parent ion
	Precursor ion
	

	Ceramide
	[image: ]
	16:0
	-
	520.50
	264.26
	15.5

	
	
	18:0
	-
	548.54
	264.26
	17.2

	
	
	20:0
	-
	576.57
	264.26
	18.9

	
	
	22:0
	-
	604.60
	264.26
	20.3

	
	
	24:0
	-
	632.62
	264.26
	21.6

	
	
	24:1
	-
	630.60
	264.26
	20.2

	Phosphatidylcholine
	[image: ]
	20:5
	16:0
	780.56
	184.03
	15.59

	
	
	22:6
	18:0
	806.58
	184.03
	16.42

	
	
	22:6
	18:0
	834.61
	184.03
	18.07


m/z, mass charge ratio; min, minutes.
S3. Methodologies of Statistical Analyses
	Nine lipids (6 ceramides and 3 PCs) were analyzed with three independent methods: linear models, factor analysis, and time analysis. All three methods are multivariate by definition; control for confounding factors (batch effect, center of origin of each sample, gender, age, APOE status, and sensitivity variability due to instrument); and focus on detecting dependencies between the lipid levels and demographic variables (APOE allele, AD diagnosis, and brain atrophy).

Generalized linear model
	Given a number of demographic variables (denoted ‘’ for j = 1, 2, 3…N) and a number of lipids (denoted ‘)’ for i = 1, 2, 3…), we systematically built generalized linear models (GLM) to test for effects on each demographic due to each lipid. These models also included the previously mentioned contamination sources to control for their effects. Mathematically, given a demographic ‘’ and a lipid ‘’, their corresponding GLM found the values of a series of unknown parameters (βk, with k ∈ {b, c, g, a, s, d, p}) that minimized the error term in the following equation:



	As we are building a different GLM for each demographic-lipid pair, the obtained values for these beta parameters ‘βk’ will depend on both ‘i’ and ’j’. Correspondingly, we will refer to the estimated ‘βk’ value as βk(i,j). Similarly to other linear models, GLMs also allowed to derive p-values for each one of these β parameters. In our case, the p-value of  indicates whether that parameter was significantly different than 0, in which case we could say that there was a significant association between ‘’ and ‘’ through the variable ‘k’ while controlling for the contamination sources. The p-value associated to the  of each demographics-lipid combination is what we show in Figure 1. 



[bookmark: _GoBack]S4. Time analyses. 
	GLM were applied in four age bins to statistical significance of effects between lipids and three target variables (white matter, entorhinal and cortex thickness atrophies) based on GLM models. p-values are shown in log scale, with dotted lines representing the p=0.05 threshold.
[image: G:\Project CRISTINA\programsR_v4\metabolicsClass_GLM_v7_otherBrainAreas_bars.tiff]
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