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groups was seen on days one and three in Partial least 
squares-Discriminant Analysis (PLS-DA) models (Fig-
ure 1). Permutation plots and p-values from CV-ANO-
VA confirmed the statistical strength of the differentia-
tion. In addition, univariate analysis showed significant 
alterations for 15 metabolites (Table 1). Differentiation 
between the two groups at day nine by PLS-DA (Figure 
1) was not proven valid as shown in the permutation plot 
(Figure 1, inset for day nine) and CV-ANOVA tests. Me-
tabolites that were highlighted by both multivariate and 
univariate statistical analysis as differentiating between 
the two groups on day one and three listed in descending 
order of VIP (variable importance in projection) value 
are shown in Table 2. PLS-DA could not differentiate 
neonates with moderate/severe HIE from those with mild 
HIE.

Discussion
In the present study, we evaluated the urine metabolic 

profile of neonates born at ≥ 36 weeks gestation with HIE 
compared to healthy controls using a targeted metabolic 

Table 1:  Metabolites contributing to the differentiation between neonates with hypoxic-ischemic encephalopathy (HIE) and healthy 
controls on days one, three, and nine. The arrows ↑ and ↓ indicate increased and decreased metabolite levels, respectively, in the HIE 
vs the control group whereas dash (-) comparable levels between the two groups. Significant p values are shown in bold font.

Neonates with HIE vs controls
 Day 1 Day 3 Day 9

Metabolite Trend Fold
change p value Trend Fold

change p value Trend Fold
change p value

Pyruvic acid - - 0.831 ↑ 2.88 0.034 - - 0.179
Leucine-isoleucine ↓ 0.45 0.014 ↑ 1.65 0.017 - - 0.271
Norvaline-valine - - 0.064 ↑ 1.27 0.003 - - 0.063
Tyrosine ↓ 0.51 0.039 - - 0.107 - - 0.115
Tryptophan ↓ 0.55 0.042 - - 0.071 - - 0.127
Phenylalanine ↓ 0.5 0.011 ↑ 1.77 0.05 - - 0.182
Threonine ↓ 0.41 0.029 - - 0.206 - - 0.057
Serine - - 0.127 - - 0.101 ↑ 1.32 0.046
N-Acetyl-aspartate ↓ 0.51 0.002 - - 0.406 - - 0.312
Inositol - - 0.121 ↑ 1.34 0.007 0.0↓07 0.59 0.008
Acetylcarnitines - - 0.498 ↑ 3.97 0.032 - - 0.154
Kynurenate ↓ 0.47 0.013 - - 0.087 - - 0.095
Hippuric acid ↓ 0.75 0.021 - - 0.603 - - 0.111
Pyridoxine - - 0.406 ↑ 1.64 0.047 - - 0.103
Thiamine - - 0.221 - - 0.103 ↑ 4 0.014

Table 2: VIP (variable importance in projection) values of 
significant metabolites found by both multivariate and uni-
variate statistical analysis on days one and three. 

Metabolite VIP value
Day 1 N-acetyl-aspartate 1.50
 Phenylalanine 1.30

Kynurenate 1.29
Day 3 Pyridoxine 1.50

Norvaline-valine 1.34
Pyruvic acid 1.18

Figure 1: Partial least squares-Discriminant Analysis (PLS-
DA) scores plots in the first two components [t1] and [t2] on 
days 1, 3 and 9 with the permutation tests performed to vali-
date the grouping in corresponding insets (bottom right of 
each plot). Hypoxic-ischemic encephalopathy (HIE) samples 
are differentiated from controls in days 1 and 3, but group 
separation is not valid on day 9 (permutation fails).

approach (LC-MS/MS). Results showed significant dif-
ferences in several metabolites between neonates suffer-
ing HIE and healthy ones, which could potentially serve 
as disease biomarkers.  

Hypoxia-ischemia is characterized by a shift towards 
anaerobic metabolism. This is well-documented in vari-
ous preclinical and clinical studies of neonatal asphyxia/
HIE that show accumulation of lactate8,10,16,23 and Kreb’s 
cycle intermediates (citrate, alpha keto-glutarate, suc-
cinate, fumarate)8,23-25 owing to diminished high energy 
stores (adenosine triphosphate). We were not able to doc-
ument similar metabolic alternations during the first day 


