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Figure 6. Metabolite association obtained by linear regression

INTRODUCTION
Sickle cell anemia (SCA) exhibits large 
interindividual variability in clinical 
presentation1. Oxygen-gradient ektacytometry 
(oxygenscan) measures the point of sickling 
(PoS), which reflects patient-specific sickling 
and is associated with the severity of the clinical 
phenotype2, while untargeted metabolomics 
potentially reveals biochemical pathways linked to 
disease severity3.

AIM
To identify metabolites that are associated 
with sickling tendencies independently of HbF 
effects among HbSS patients in a large 
European cohort.

METHOD
COHORT
• 368 Steady state, HbSS pts (>3 years)
• Excluding transfused pts and pts without 

HbF measurements

CONCLUSION & FUTURE DIRECTIONS
In this large European HbSS cohort, increased sickling tendency (high PoS) was associated with marked metabolic dysregulation involving 
energy, arginine, glutathione, tryptophan, and polyamine metabolism, consistent with chronic inflammation and oxidative stress responses.

In contrast, low PoS was characterized by enrichment of metabolites linked to immune and inflammatory regulation, including downstream 
tryptophan pathway metabolites, suggesting a potential role for microbiome-associated metabolic signalling.

Overall, these findings connect established metabolic pathways in SCA with a functional measure of disease severity reflected by PoS. This warrants 
longitudinal and functional validation studies to clarify causal relationships between metabolic alterations and sickling dynamics, while multi-omics 
integration may help identify upstream drivers and novel therapeutic targets in SCA. 
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RESULTS

Low adjusted 
PoS
N=92

Intermediate 
adjusted Pos
N=184

High adjusted 
PoS
N=92

P value

Age median (IQR) 12.8 (26.3) 28.7 (29.8) 36.8 (20.5) <0.001

Alpha thalassemia n 
(%)
WT or aa/aaa
aa/a- or a-/a-

55 (60%)
37 (41%)

139 (76%)
45 (25%)

81 (88%)
11 (12%)

<0.001

Hydroxyurea n (%) 77 (84%) 169 (92%) 77 (84%) <0.001

Hb g/dl median (IQR) 9.1 (1.7) 9.1 (1.9) 8.8 (2.0) 0.160

Ht % median (IQR) 26.0 (4.9) 26.0 (5.3) 25.5 (6.9) 0.020

Reticulocytes/ 1000 
RBC% median (IQR)

6.4 (6.3) 5.3 (5.3) 6.6 (5.9) 0.034

MCV fL median (IQR) 86.7 (20.3) 96.0 (20.0) 98.0 (27.0) <0.001

HbF % median (IQR) 15.4 (12.4) 16.1 (15.6) 11.8 (11.2 0.194

PoS mmHg median 
(IQR)

23.8 (9.4) 36.7 (10.8) 56.0 (15.3) <0.001
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Spain 
N=59

Italy 
N=43

France
N=216

The 
Netherlands

N=50

SAMPLES
• Whole blood samples for Oxygenscan

analysis measuring Point of Sickling (PoS).
• Dried blood spots for untargeted 

metabolomics using direct infusion high-
resolution mass spectrometry (DI-HRMS)

STATISTICAL ANALYSIS
PART I:
• Correct the PoS for HbF by linear regression 
(Adjusted PoS)

• Stratification by the Adjusted PoS using 
quartile stratification (Q2-Q3 merged)

• PLS-DA & ANOVA (FDR≤0.05)

PART II:
• Linear regression (lr) analyses adjusted for 

HbF, age and country (FDR≤0.05)

Figure 2: Metabolite association obtained by linear
regression
Vulcano plot of results of the linear regression model for metabolites
and PoS adjusted for HbF, hydroxyurea treatment, age, and country.
Positive and significant effect sizes are displayed in blue; negative and
significant effect sizes are displayed in orange (FDR
≤0.05; indicated in the graph with the dotted horizontal line). In total,
38 metabolites reached FDR ≤0.05, the top 10 metabolites
are indicated with the corresponding metabolite names.

Figure 1: Partially overlapping metabolic clustering of HbSS patients
PLS-DA plot of components 1-2 partly separates HbSS patients without transfusion
therapy. The patients are grouped by the adjusted Point of Sickling (PoS), the PoS
corrected for HbF (Group 1; lowest PoS, Group 2; intermediate PoS, Group 3; highest
PoS). HMDB0004667; 13-HODE, HMDB0000856; N-alpha-Acetyl-L-citrulline,
HMDB0000195; Inosine, HMDB0059651; 4,6-dihydorxybenzoate, HMDB00000094;
citric acid.

Low 
Intermediate 
High

• PLS-DA shows only partial separation (Figure 1)

• 118 metabolites differed among adjusted PoS groups

• 38 metabolites are independently associated with PoS in 
linear regression analysis (Figure 2)

• Nine metabolites overlapped in both methods

Table 1: overview patient characteristics

HIGH ADJUSTED POS GROUP:
Energetic demand & metabolic stress: 
• Glyceraldehyde -3- phosphate & 2,3-DPG ↑
• D-ribulose-5-Phosphate ↑
• Oxalosuccinic acid ↑
• Carnitine-related metabolites ↑

Redox imbalance and nitric oxide availability: 
• Cystein-glutathion disulfide & cysteinglycine disulfide ↑
• Acetyl citrulline, spermidine & diacetyl spermidine ↑

LOW ADJUSTED POS GROUP:
(Microbiome) regulated inflammation: 
• Quinaldic acid + indole lactic acid ↑
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