
Biofl
uid

Country Study population

Target
ed/
Untarg
eted se
quenci
ng

Sequenc
ing
techniq
ue

Statistics Biomarker panel and Evaluation

Re
fer
enc
e

Plasm
a

China
CNV (n = 67), PCV (n = 60) a
nd con (n = 50)

Untarge
ted

LC-MS/
MS

Variance anal
ysis and the c
hi-square test

17 differential metabolites. 14

Plasm
a

America
IAMD (n = 91), NVAMD (n =
100), and non-AMD controls (
n = 195).

Untarge
ted

LC-MS
and LC-
MS/MS

Kruskal–Wall
is (KW)

158 metabolic features.

The 10-fold cross-validation balanced accuracy rate using these 158 disc
riminatory features was 77.8%.

6

RPE America
cultured RPE from donor norm
al eyes (n = 3) and AMD RPE
(n = 4)

Untarge
ted

LC-MS
Student's t tes
t

- 21

Plasm
a

America
NVAMD (n = 100) and con (n
= 192)

Untarge
ted

LC-MS
and LC-
MS/MS

Nested featur
e selection

159 identified metabolic features. The 159 features produced a 10-fold c
ross-validation balanced accuracy rate of

96.1% in the training set and a balanced accuracy rate of 75.6% along wi
th an area under the curve (AUC) of 0.83 in the test set.

7

Plasm
a

America
Early AMD, intermediate AM
D, late AMD (n = 89) and con (
n = 30)

Targete
d

UPLC-
MS

Logistic regre
ssion analysis

87 metabolites. ROC analysis (area under the ROC curve, 0.80; 95% con
fidence interval, 0.71–0.90) .

8

Plasm
a

Two cohort
s: the USA

AMD (n = 391) and con (n = 1
00)

Untarge
ted

UPLC-
MS

Logistic regre
ssion models

69 metabolites. (Stage+2Eye model) (AUC = 0.815; 95% CI: 0.771–0.8
60) and the model comparing patients with AMD versus controls (AMD/
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and Portug
al

Control model)

(AUC = 0.789; 95% CI: 0.738–0.840) outperformed (p-value = 3.74 × 1
0−6 and p-value = 2.07 × 10−4, respectively) the baseline model conside
ring demographic covariates alone (AUC = 0.725; 95% CI: 0.671–0.779
) .

Plasm
a

China
NVAMD (n = 20) and con (n =
20)

Untarge
ted

UPLC-
Q-TOF
MS

PLS-DA, fold
change analy
sis and t-test

10 metabolites. 10

Seru
m

European
non-advanced (n = 72) and con
(n = 72)

Targete
d

HPLC-
MS

sPLS-DA

4 relevant predictors. The model resulting from sPLSda on the entire dat
aset (including glutamine, Glu:Gln ratio, glutaminolysis, and PC.aa.C28.
1)

showed superior performance (AUC of 0.71, 95% CI: 0.62–0.79) compa
red to the model including glutamine only as predictor (AUC of 0.66, 95
% CI: 0.57–0.75).

15

Plasm
a

America
NVAMD (n = 26) and con (n =
19)

Untarge
ted

LC-FT
MS

Multiple testi
ng

95 metabolites (40 significant). 52 features gave >99.1% correct classifi
cation by linear discriminant analysis.

11

Plasm
a

Two cohort
s: the USA
and Portug
al

AMD (n = 201) and con (n = 4
2)(Coimbra); AMD (n = 113) a
nd con (n = 40) (Boston)

Untarge
ted

1H -NM
R

PLS-DA - 12

Seru
m

China PCV (n = 21) and con (n = 19)
Untarge
ted

UPLC-
MS

OPLS-DA

41 discriminating metabolites. LPA (18:2), LPC (20:4), PC (20:1p/19:1),
SM (d16:0/22:2), PAF (35:4),

PC (16:0/22:5) and PC (18:1/20:4) are the metabolites with area under th

16
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e ROC curve (AUC) ≥0.8.

Urine America

AMD (n = 252) and con(n = 53
) (Coimbra); AMD patients (n
= 147) and con (n = 47) (Bosto
n)

Untarge
ted

1H -NM
R

PLS-DA - 19

Plasm
a

France
Exudative-AMD (n = 37) and c
on (n = 40)

Targete
d

MS
Student's t tes
t

6 metabolites. 13

Seru
m

China
AMD (n = 88), PCV (n = 102)
and con (n = 81)

Untarge
ted

GC-TO
F/MS

OPLS-DA, F
old Change a
nalysis and t t
est

49 metabolites. Demographic and clinical characteristics: age, sex, BCV
A, CRT, and CRV 0.889.

Panel metabolites: 5-hydroxylysine, caproic acid, D-tagatose, glyceralde
hyde, hydroxyphenyllactic acid, L-2-amino-3-

(1-pyrazolyl)propanoic acid, linoleic acid, pipecolic acid, pyruvic acid, a
nd ribonolactone 0.967. Demographic characteristics and panel metaboli
tes 0.971.

17

Aque
ous h
umor

China
Wet AMD (n = 26) and con (n
= 20)

Untarge
ted

UHPLC
-MS/MS

PLS-DA, OP
LS-DA, and
ANOVA

18 metabolites. 20

Seru
m an
d plas
ma

European
AMD (n = 2267) and con (n =
4266)

Targete
d

High-thr
oughput
1H-NM
R

Logistic regre
ssion

60 metabolites. 18
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Supplemental Table 2: Relevant Metabolomics Studies Included in Our Study.

AMD: age-related macular degeneration; PCV: polypoidal choroidal vasculopathy; NVAMD: neovascular age-related macular degeneration; IAMD:
intermediate age-related macular degeneration; RPE: retinal pigment epithelial; LC-MS: liquid chromatography-mass spectrometry; UPLC: ultra-performance
liquid chromatography; TOF: time of flight; Q-TOF, quadrupole-time of flight; FTMS: fouriertransform mass spectrometry; GC: gas chromatography;
PLS-DA: partial least squares discriminant analysis; OPLS-DA: orthogonal partial least squares discriminant analysis; NMR: nuclear magnetic resonance;
ANOVA: one-way analysis of variance.
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