Supplementary file
Plasma and erythrocyte lipidomic signatures in hospitalized COVID-19 patients: potential biomarkers of oxidative stress and membrane lipid dysregulation

Statistical refinement based on tabulated summary data
The following section provides a statistical refinement derived directly from the group means, standard deviations, and sample sizes shown in Tables 2–4. It includes effect sizes, reconstructed Welch t-test p-values [1], Benjamini–Hochberg false-discovery-rate (FDR) [2] adjustment, an interpretive summary, and a supplementary figure. To provide an effect-size and multiple-testing perspective, a secondary analysis was conducted using the calculated group means, standard deviations, and sample sizes (n = 30 per group) for the lipid species listed in Tables 2–4. For each lipid, the COVID-19/control fold change and log2 fold change were calculated. Standardized mean differences were estimated as Hedges’ g [3] from the pooled standard deviation, using the small-sample correction. Two-sided Welch t-test p-values were reconstructed from summary statistics and adjusted separately within each table/panel using the Benjamini–Hochberg false-discovery-rate (FDR) procedure [2]. These results are intended as a supplementary robustness analysis.

Multiple-testing and effect-size analysis
Across the tabulated lipid panels, the direction and magnitude of the reported group differences remained robust after FDR adjustment of the p-values reconstructed from the available summary statistics. All 41 plasma glycerophospholipid species, all 43 erythrocyte glycerophospholipid species, and all 15 erythrocyte oxylipin/phosphatidylinositol-related analytes retained an FDR-adjusted q value below 0.05. The median absolute Hedges’ g was 1.21 for plasma glycerophospholipids, 1.33 for erythrocyte glycerophospholipids, and 0.73 for erythrocyte oxylipins/phosphatidylinositols. Large standardized effects (absolute Hedges’ g ≥ 0.80) were observed for 38/41 plasma glycerophospholipids and 36/43 erythrocyte glycerophospholipids, whereas 5/15 oxylipin/phosphatidylinositol-related analytes met this threshold (Table S1).
Table S1. Data of multiple-testing and effect-size analysis 
	Analytical panel
	Features
	FDR-significant
(q < 0.05)
	Median |Hedges’ g|
	Large effects
(|g| ≥ 0.80)

	Plasma GPLs
	41
	41
	1.21
	38

	Erythrocyte GPLs
	43
	43
	1.33
	36

	Erythrocyte oxylipins/PIs
	15
	15
	0.73
	5



The most pronounced plasma changes were reductions in LPC P-18:0 (COVID/control fold change, 0.26; Hedges’ g = −2.05; FDR q = 8.46 × 10−9), LPC 16:0 (0.56; g = −1.90; q = 1.01 × 10−8), and LPC 18:2 (0.34; g = −1.89; q = 1.15 × 10−7). Among erythrocyte glycerophospholipids, the largest effects included a reduction in LPE 18:1 (0.13; g = −2.68; q = 3.36 × 10−12), an increase in LPE 22:6 (21.88; g = 2.63; q = 2.12 × 10−10), an increase in PE 18:0/18:1 (1.89; g = 2.52; q = 6.99 × 10−12), and a reduction in PC 18:0/20:5 (0.42; g = −2.39; q = 6.99 × 10−12). In the erythrocyte oxylipin/phosphatidylinositol panel, the strongest standardized reductions were observed for LPI 18:0 (0.27; g = −1.13; q = 0.0015), PI 16:0/18:2 (0.28; g = −1.00; q = 0.0025), and PI 18:0/20:4 (0.43; g = −0.97; q = 0.0026) (Table S2).
Together, the FDR-adjusted analysis supports a broad and quantitatively substantial remodeling of plasma and erythrocyte lipid composition in the hospitalized COVID-19 group. The largest effects were concentrated among lysophospholipids and selected membrane phospholipids, while the oxylipin/phosphatidylinositol panel showed more moderate but still statistically robust effects. These data should be interpreted as associations in this exploratory case–control cohort and require confirmation in an independent cohort before being proposed as diagnostic or prognostic biomarkers.

Table S2. Key lipid features
	Panel
	Lipid
	COVID/control
fold change
	Hedges’ g
	FDR q-value
	Direction in COVID-19

	Plasma GPLs
	LPC P18:0
	0.26
	-2.05
	8.46e-09
	Lower

	Plasma GPLs
	LPC 16:0
	0.56
	-1.90
	1.01e-08
	Lower

	Plasma GPLs
	LPC 18:2
	0.34
	-1.89
	1.15e-07
	Lower

	Erythrocyte GPLs
	LPE 18:1
	0.13
	-2.68
	3.36e-12
	Lower

	Erythrocyte GPLs
	LPE 22:6
	21.88
	2.63
	2.12e-10
	Higher

	Erythrocyte GPLs
	PE (18:0/18:1)
	1.89
	2.52
	6.99e-12
	Higher

	Erythrocyte GPLs
	PC (18:0/20:5)
	0.42
	-2.39
	6.99e-12
	Lower

	Erythrocyte oxylipins/PIs
	LPI 18:0
	0.27
	-1.13
	1.50e-03
	Lower

	Erythrocyte oxylipins/PIs
	PI (16:0/18:2)
	0.28
	-1.00
	2.52e-03
	Lower

	Erythrocyte oxylipins/PIs
	PI (18:0/20:4)
	0.43
	-0.97
	2.62e-03
	Lower



Supplementary figure
Figure S1. Standardized effect sizes for the ten largest COVID-19–control lipid differences in each analytical panel. Hedges’ g was derived from tabulated means and standard deviations for n = 30 hospitalized COVID-19 patients and n = 30 healthy controls. Positive values (red) indicate higher concentrations in the COVID-19 group; negative values (blue) indicate lower concentrations. Features are ranked by absolute Hedges’ g within each panel.
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Fig. S1. Standardized effect sizes for the ten largest COVID-19–control lipid differences in each analytical panel. 

Supplementary Table S3
COVID-19 versus control comparisons for tabulated lipid species: fold changes, log2 fold changes, Hedges’ g, reconstructed Welch-test p-values, and Benjamini–Hochberg FDR-adjusted q-values.

Plasma GPLs
	Lipid
	Control
mean
	Control
SD
	COVID
mean
	COVID
SD
	Fold
change
	log2FC
	Hedges’ g
	FDR q

	LPC 14:0
	1.18
	0.54
	0.59
	0.44
	0.5
	-1
	-1.18
	4.05e-05

	LPC 15:0
	0.73
	0.37
	0.31
	0.25
	0.425
	-1.24
	-1.31
	1.33e-05

	LPC O-16:0
	3.33
	2.98
	0.7
	0.48
	0.21
	-2.25
	-1.22
	6.73e-05

	LPC 16:0
	91.5
	21.9
	50.9
	20.2
	0.556
	-0.847
	-1.9
	1.01e-08

	LPC O-18:1
	0.79
	0.35
	0.33
	0.18
	0.418
	-1.26
	-1.63
	5.68e-07

	LPC P18:0
	0.65
	0.28
	0.17
	0.17
	0.262
	-1.93
	-2.05
	8.46e-09

	LPC 18:3
	0.45
	0.26
	0.19
	0.18
	0.422
	-1.24
	-1.15
	6.31e-05

	LPC 18:2
	49.5
	22.8
	16.7
	8.18
	0.336
	-1.57
	-1.89
	1.15e-07

	LPC 18:1
	28.6
	10.7
	14.4
	7.28
	0.505
	-0.985
	-1.53
	9.51e-07

	LPC 18:0
	27.4
	8.29
	15.4
	6.89
	0.561
	-0.834
	-1.56
	5.68e-07

	LPC 20:5
	1.04
	0.8
	0.25
	0.19
	0.24
	-2.06
	-1.34
	2.18e-05

	LPC 20:4
	20.1
	8.33
	10.9
	5.08
	0.544
	-0.88
	-1.31
	1.4e-05

	LPC 20:3
	8.52
	6.13
	2.24
	1.51
	0.263
	-1.93
	-1.39
	1.4e-05

	LPC 20:1
	0.45
	0.25
	0.2
	0.15
	0.444
	-1.17
	-1.2
	4.08e-05

	LPC 22:6
	3.83
	2.35
	1.89
	1.13
	0.493
	-1.02
	-1.04
	0.000285

	PC (15:0/20:4)
	17.2
	6.77
	10.5
	6.35
	0.61
	-0.713
	-1.01
	0.000285

	PC (18:2/18:2)
	20.1
	10.9
	9.18
	4.59
	0.456
	-1.13
	-1.29
	2.38e-05

	PC (16:0/20:3)
	102
	30.3
	78.8
	30.5
	0.769
	-0.379
	-0.769
	0.00398

	PC (18:0/18:2)
	153
	85.2
	113
	46
	0.74
	-0.434
	-0.574
	0.0294

	PC (18:1/20:2)
	52.4
	30.1
	34.5
	11.3
	0.659
	-0.602
	-0.776
	0.0044

	PC (18:0/22:6)
	14.6
	5.94
	9.43
	4.5
	0.648
	-0.626
	-0.959
	0.0005

	PC (16:1/20:5)
	3.51
	1.58
	6.74
	4.5
	1.92
	0.941
	0.945
	0.000816

	PC (16:0/16:1)
	7.77
	3.32
	13.7
	7.28
	1.76
	0.816
	1.03
	0.000301

	PE (P16:0/20:4)
	5.63
	2.26
	2.88
	1.19
	0.512
	-0.967
	-1.5
	1.97e-06

	PE (15:0/20:4)
	2.7
	1.33
	1.38
	0.78
	0.511
	-0.968
	-1.2
	4.1e-05

	PE (P18:0/18:1)
	1.14
	0.43
	0.57
	0.35
	0.5
	-1
	-1.44
	2.27e-06

	PE (18:1/18:2)
	3.51
	1.97
	1.91
	1.1
	0.544
	-0.878
	-0.99
	0.000423

	PE (P16:0/22:6)
	2.47
	0.88
	1.33
	0.5
	0.538
	-0.893
	-1.57
	8.3e-07

	PE (O-16:1/22:6)
	3.06
	1.08
	1.53
	0.57
	0.5
	-1
	-1.75
	1.87e-07

	PE (P18:0/20:5)
	6.35
	3.3
	3.06
	1.88
	0.482
	-1.05
	-1.21
	4.05e-05

	PE (P16:0/22:5)
	2.37
	1.82
	0.81
	0.38
	0.342
	-1.55
	-1.17
	9.66e-05

	PE (P18:0/20:4)
	8.79
	3.54
	4
	2.26
	0.455
	-1.14
	-1.59
	5.68e-07

	PE (22:6/17:1)
	2.51
	1.13
	1.46
	0.58
	0.582
	-0.782
	-1.15
	7.02e-05

	PE (16:0/18:1)
	2.84
	1.76
	4.71
	2.05
	1.66
	0.73
	0.966
	0.000455

	PE (16:0/20:4)
	2.5
	1.02
	6.92
	6.39
	2.77
	1.47
	0.953
	0.000865

	PE (16:0/22:6)
	2.4
	1.57
	4.53
	1.65
	1.89
	0.916
	1.31
	1.24e-05

	PE (18:0/20:5)
	0.67
	0.46
	1.46
	0.79
	2.18
	1.12
	1.21
	4.05e-05

	PE (18:1/20:4)
	1.3
	0.75
	2.71
	1.44
	2.08
	1.06
	1.21
	4.05e-05

	PE (16:0/22:4)
	11.4
	7.61
	16.9
	5.09
	1.48
	0.568
	0.837
	0.00201

	PE (18:3/22:6)
	0.67
	0.47
	1.3
	0.52
	1.94
	0.956
	1.25
	1.93e-05

	PE (18:1/22:5)
	3.31
	2.26
	5.07
	1.75
	1.53
	0.615
	0.859
	0.00152



Erythrocyte GPLs
	Lipid
	Control
mean
	Control
SD
	COVID
mean
	COVID
SD
	Fold
change
	log2FC
	Hedges’ g
	FDR q

	LPC 15:0
	0.13
	0.15
	0.51
	0.17
	3.92
	1.97
	2.34
	8.28e-12

	LPE 18:0
	0.1
	0.05
	0.2
	0.26
	2
	1
	0.527
	0.047

	LPE 22:6
	0.17
	0.1
	3.72
	1.88
	21.9
	4.45
	2.63
	2.12e-10

	LPE 16:0
	3.79
	1.88
	0.57
	0.99
	0.15
	-2.73
	-2.12
	9.31e-10

	LPE 17:0
	1.02
	0.51
	0.24
	0.33
	0.235
	-2.09
	-1.79
	1.82e-08

	LPE 18:1
	3.24
	1.28
	0.41
	0.73
	0.127
	-2.98
	-2.68
	3.36e-12

	LPE 18:3
	2.71
	1.59
	0.24
	0.37
	0.0886
	-3.5
	-2.11
	7.56e-09

	LPE 20:4
	3.08
	1.61
	1.76
	1.49
	0.571
	-0.807
	-0.84
	0.00201

	LPE 20:5
	0.82
	0.74
	0.2
	0.17
	0.244
	-2.04
	-1.14
	0.000145

	PC (16:1/16:1)
	1.02
	0.75
	8.46
	5.22
	8.29
	3.05
	1.97
	3.5e-08

	PC (18:0/18:1)
	24.8
	7.36
	33.6
	9.38
	1.35
	0.437
	1.03
	0.000238

	PC (20:4/20:5)
	4.88
	0.93
	10.2
	3.56
	2.1
	1.07
	2.04
	1.27e-08

	PC (15:0/20:5)
	1.9
	1.22
	0.29
	0.21
	0.153
	-2.71
	-1.82
	1.49e-07

	PC (16:0/18:3)
	3.49
	1.37
	2.23
	1.26
	0.639
	-0.646
	-0.945
	0.000615

	PC (16:0/18:4)
	2.38
	1.47
	1.2
	0.38
	0.504
	-0.988
	-1.08
	0.000233

	PC (16:0/20:3)
	29.6
	9.21
	11.5
	7.13
	0.387
	-1.37
	-2.18
	1.08e-10

	PC (16:0/20:5)
	4.99
	3.37
	2.26
	2.76
	0.453
	-1.14
	-0.875
	0.00139

	PC (16:0/22:4)
	3.91
	0.67
	2.19
	1.18
	0.56
	-0.836
	-1.77
	3.43e-08

	PC (16:0/22:6)
	14.2
	8.62
	6.59
	4.61
	0.463
	-1.11
	-1.09
	0.000151

	PC (16:1/20:5)
	3.27
	3.06
	0.81
	0.81
	0.248
	-2.01
	-1.08
	0.000233

	PC (18:0/20:4)
	11.8
	6.59
	7.76
	3.77
	0.659
	-0.602
	-0.739
	0.00628

	PC (18:0/20:5)
	7.27
	1.54
	3.07
	1.91
	0.422
	-1.24
	-2.39
	6.99e-12

	PC (18:1/20:4)
	5.36
	2.42
	2.64
	0.96
	0.493
	-1.02
	-1.46
	2.82e-06

	PC (18:2/18:2)
	5.03
	5.02
	0.34
	0.54
	0.0676
	-3.89
	-1.3
	3.5e-05

	PC (18:2/20:5)
	4.6
	1.55
	2.68
	1.84
	0.583
	-0.779
	-1.11
	9.62e-05

	PC (18:2/22:4)
	8.48
	5.14
	3.95
	1.95
	0.466
	-1.1
	-1.15
	0.000107

	PE (16:0/18:1)
	21.8
	5.72
	30.6
	6.66
	1.41
	0.494
	1.41
	1.71e-06

	PE (18:0/18:1)
	9.39
	2.42
	17.7
	3.93
	1.89
	0.917
	2.52
	6.99e-12

	PE (18:0/22:6)
	2.52
	1.43
	3.78
	2
	1.5
	0.585
	0.715
	0.00753

	PE (18:1/20:0)
	23.5
	8.63
	33.9
	21
	1.44
	0.531
	0.642
	0.0167

	PE (18:1/22:5)
	3.94
	1.53
	9.32
	4.57
	2.37
	1.24
	1.56
	1.18e-06

	PE (18:1/22:6)
	82.5
	33.8
	126
	73.5
	1.53
	0.613
	0.754
	0.00596

	PE (18:3/22:6)
	0.78
	0.37
	1.84
	0.71
	2.36
	1.24
	1.85
	1.82e-08

	PE (22:6/17:1)
	14.2
	4.09
	38.3
	25
	2.7
	1.43
	1.33
	2.32e-05

	PE (16:0/20:5)
	1.07
	1.1
	0.43
	0.47
	0.402
	-1.32
	-0.747
	0.00628

	PE (18:0/20:5)
	1.58
	0.68
	0.65
	0.57
	0.411
	-1.28
	-1.46
	9.42e-07

	PE (18:0/22:5)
	4.89
	2.25
	2.09
	0.97
	0.427
	-1.23
	-1.6
	5.48e-07

	PE (18:1/20:4)
	5.26
	3.3
	3.75
	1.63
	0.713
	-0.488
	-0.573
	0.0306

	PE (18:2/16:0)
	5.33
	4.65
	1.6
	2.63
	0.3
	-1.74
	-0.975
	0.00053

	PE (22:4/18:0)
	4.62
	2.44
	0.61
	1.21
	0.132
	-2.92
	-2.06
	2.27e-09

	PE (22:5/18:0)
	18
	22.5
	3
	1.28
	0.166
	-2.59
	-0.931
	0.00128

	PE (P16:0/22:5)
	0.99
	0.83
	0.28
	0.25
	0.283
	-1.82
	-1.14
	0.000129

	PE (P18:0/18:1)
	4.1
	1.55
	1.51
	1.14
	0.368
	-1.44
	-1.88
	5.26e-09



Erythrocyte oxylipins/PIs
	Lipid
	Control
mean
	Control
SD
	COVID
mean
	COVID
SD
	Fold
change
	log2FC
	Hedges’ g
	FDR q

	ALA, C18:3
	1.77
	1.84
	3.08
	1.87
	1.74
	0.799
	0.697
	0.0103

	13-HOTrE
	1.87
	1.77
	3.77
	3.16
	2.02
	1.01
	0.732
	0.0103

	9-HpOTrE
	3.18
	2.31
	12.4
	18.9
	3.92
	1.97
	0.681
	0.013

	5-HETE
	0.37
	0.36
	1.35
	1.86
	3.65
	1.87
	0.722
	0.0103

	LPI 20:4
	0.4
	0.53
	0.96
	0.9
	2.4
	1.26
	0.748
	0.0103

	LA, C18:2
	22.8
	32.9
	4.49
	8.41
	0.197
	-2.34
	-0.75
	0.0103

	AA, C20:4
	9.14
	9.1
	3.54
	3.05
	0.387
	-1.37
	-0.814
	0.00878

	LPI 18:0
	7.95
	6.96
	2.15
	1.73
	0.27
	-1.89
	-1.13
	0.0015

	PI (16:0/18:2)
	2.23
	2.05
	0.62
	0.93
	0.278
	-1.85
	-0.998
	0.00252

	PI (16:0/20:4)
	2.66
	3.36
	0.87
	0.66
	0.327
	-1.61
	-0.73
	0.0103

	PI (16:0/18:1)
	5.79
	5.49
	3.22
	2.07
	0.556
	-0.847
	-0.611
	0.0216

	PI (18:0/18:2)
	3.24
	3.19
	1.01
	1.09
	0.312
	-1.68
	-0.923
	0.00337

	PI (18:0/20:4)
	18
	13.9
	7.69
	5.34
	0.427
	-1.23
	-0.967
	0.00262

	PI (18:1/18:0)
	3.35
	3.29
	1.48
	1.37
	0.442
	-1.18
	-0.732
	0.0103

	PI (18:0/20:3)
	1.61
	1.08
	1
	0.6
	0.621
	-0.687
	-0.689
	0.0111



Software and statistical analysis: All secondary statistical calculations, including COVID-19/control fold changes, log2 fold changes, standardized mean differences (Hedges’ ), reconstructed two-sided Welch’s t-tests, and Benjamini–Hochberg false-discovery-rate adjustments, were performed using Python version 3.12 in a Jupyter Notebook environment. Analyses used the Python packages pandas, NumPy, SciPy, and statsmodels. Figure S1 was generated using Matplotlib. Supplementary Table S3 was compiled using pandas and formatted in Microsoft Word.
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Page  1   of  2     Supplementary file   Plasma and erythrocyte lipidomic signatures in hospitalized COVID - 19 patients: potential  biomarkers of oxidative stress and membrane lipid dysregulation     Statistical refinement based on tabulated summary data   The following section provides a statistical refinement derived directly from the group means, standard deviations,  and sample sizes  shown   in Tables 2 – 4.   It includes effect sizes, reconstructed Welch t - test p - values  [1] , Benjamini – Hochberg false - discovery - rate (FDR)  [2]   adjustment, an interpretive summary, and a supplementary figure. To  provide an effect - size and multiple - testing perspective, a secondary analysis was conducted using the  calculated   group means, standard deviations, and sample sizes (n = 30 per group) for the lipid species listed in Tables 2 – 4. For  each lipid, the COVID - 19/control fold change and log2 fold change were calculated. Standardized mean differences  were estimated as Hedges ’ g  [3]   from the pooled standard deviation, using the small - sample correction. Two - sided  Welch t - test p - values were reconstructed from summary statistics and adjusted separately within each table/panel  using the Benjamini – Hochberg false - discovery - rate (FDR) proced ure   [2] .  These results   are   intended as a  supplementary robustness analysis .     Multiple - testing and effect - size analysis   Across the tabulated lipid panels, the direction and magnitude of the reported group differences remained robust after  FDR adjustment of the p - values reconstructed from the available summary statistics. All 41 plasma  glycerophospholipid species, all 43 ery throcyte glycerophospholipid species, and all 15 erythrocyte  oxylipin/phosphatidylinositol - related analytes retained an FDR - adjusted q value below 0.05. The median absolute  Hedges’ g was 1.21 for plasma glycerophospholipids, 1.33 for erythrocyte glyceropho spholipids, and 0.73 for  erythrocyte oxylipins/phosphatidylinositols.  Large standardized effects (absolute Hedges’ g ≥ 0.80) were observed for  38/41 plasma glycerophospholipids and 36/43 erythrocyte glycerophospholipids, whereas 5/15  oxylipin/phosphatidylinositol - related analytes met this threshold   (Table S1) .   Table S1. Data of m ultiple - testing and effect - size analysis    

Analytical panel  Features  FDR - significant   (q < 0.05)  Median |Hedges’ g|  Large effects   (|g| ≥ 0.80)  

Plasma GPLs  41  41  1.21  38  

Erythrocyte GPLs  43  43  1.33  36  

Erythrocyte oxylipins/PIs  15  15  0.73  5  

  The most pronounced plasma changes were reductions in LPC P - 18:0 (COVID/control fold change, 0.26; Hedges’ g  = −2.05; FDR q = 8.46 × 10−9), LPC 16:0 (0.56; g = −1.90; q = 1.01 × 10−8), and LPC 18:2 (0.34; g = −1.89; q =  1.15 × 10−7). Among erythrocyte glyc erophospholipids, the largest effects included a reduction in LPE 18:1 (0.13; g  = −2.68; q = 3.36 × 10−12), an increase in LPE 22:6 (21.88; g = 2.63; q = 2.12 × 10−10), an increase in PE 18:0/18:1  (1.89; g = 2.52; q = 6.99 × 10−12), and a reduction in PC 1 8:0/20:5 (0.42; g = −2.39; q = 6.99 × 10−12). In the  erythrocyte oxylipin/phosphatidylinositol panel, the strongest standardized reductions were observed for LPI 18:0 

