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To the Editor,

The excess excretion of amino acids in urine signifies loss of
nutrients and metabolic dysregulation, which are pathophysio-
logical processes involved in chronic kidney disease (CKD). Uri-
nary amino acids have previously been investigated as a novel
non-invasive metabolomic biomarker for early identification of
diabetic kidney disease (DKD) [1-3]. However, the utility of uri-
nary amino acids has not been studied in the context of non-
diabetic early CKD, which is also a prevalent CKD population at
risk of adverse clinical outcomes.

Our group conducted a cross-sectional pilot study, perform-
ing urinary amino acid profiling in 20 adult non-diabetic pa-
tients (Table 1). All 20 patients had kidney biopsy performed
and CKD status was determined here as per interstitial fibro-
sis and tubular atrophy (IFTA) grading. There were 10 patients
with IFTA 0%-10% (i.e. no CKD) and 10 patients with IFTA 10%-—
25% (i.e. early CKD). The two groups were statistically similar
in age, a median age 67 years (interquartile range (IQR) 41-71
years) in the no CKD group versus 62 years (IQR 57-68 years) in
the early CKD group, P = .880; sex, all 20 patients were male;
and estimated glomerular filtration rate (eGFR), a median eGFR
90 ml/min/1.73 m? (IQR 90-90 ml/min/1.73 m?) in the no CKD
group versus 88 ml/min/1.73 m? (IQR 86-90 ml/min/1.73 m?) in
the early CKD group, P = .246. In the early CKD group, there
were seven patients with micro- or macroalbuminuria. Urine
samples were collected immediately before kidney biopsy and

processed through HPLC and mass. Specific metabolites were
identified, and urinary amino acid concentration (reflecting ab-
solute abundance) and mole% (reflecting relative abundance)
were determined via bioinformatics analyses. The differences
in median urinary amino acid concentration (in pg/ml) and
mole% between the non-diabetic early CKD and no CKD groups
were examined.

Eighteen amino acids were identified and characterized
across the non-diabetic early CKD and no CKD groups (Table 2).
The median urinary concentration (3.6 vs 0.8 pg/ml, P = .012)
and mole% (1.18% vs 0.69%, P = .034) of valine and the median
urinary mole% of alanine (6.95% vs 5.12%, P = .049) were signif-
icantly higher in the non-diabetic early CKD compared to the
no CKD group. Conversely, the median urinary mole% of his-
tidine (11.2% vs 15.3%, P = .041) was significantly lower in the
non-diabetic early CKD compared to the no CKD group.

Previous studies observed significant associations between
urinary levels of valine and DKD progression [1, 3]. The ex-
act mechanisms on how valine, a branched-chain amino acid
(BCAA), contributes to DKD pathophysiology is still being in-
vestigated for both Type 1 and 2 diabetes mellitus (DM). It is
now widely considered that increased BCAA levels is associ-
ated with insulin deficiency, resistance, and dysregulation in
glucose metabolism, all risk factors for DKD development [4].
Otherwise, urinary alanine levels are found to be predictive of
DKD [2]. The complex interplay between alanine, its associated
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Table 2: Comparison of urinary amino acid concentration (pg/ml) and urinary amino acid mole% between the non-diabetic early CKD and no

CKD groups.
Urinary amino acid concentration (ng/ml) expressed as Urinary amino acid mole% expressed as median
median (interquartile range) (interquartile range)
Early CKD (n = 10) No CKD (n = 10) P Early CKD (n = 10) No CKD (n = 10) P

Histidine 51.6 (19.8-77.5) 59.4 (34.5-100.8) .290 11.2 (9.24-15.4) 15.3 (14.8-15.8) .041
Asparagine 13.2 (7.6-15.7) 6.8 (4.4-19.3) 450 3.25 (2.71-3.71) 2.55 (2-2.88) .070
Taurine 38 (33-70) 61 (50-115) .096 18.5 (9.92-23) 25.7 (21.8-28) 131
Serine 25.6 (12-33.6) 20.3 (13.5-36.4) 940 8.05 (7.68-9.74) 7.65 (7.24-8.83) 364
Glutamine 36.5 (23-50) 35.6 (23-50) .650 9.49 (8.36-10.8) 10.4 (9.8-10.6) .290
Arginine 2.1 (1.1-6.1) 2.1 (1.1-4) 705 0.55 (0.48-0.99) 0.46 (0.33-1.02) 597
Glycine 44.5 (19.7-89) 37 (17-78) 364 22.8 (18.6-30.4) 17.3 (14.9-24.4) .082
Threonine 11.2 (1-15.1) 10 (5.4-22.7) 940 3.36 (3.18-3.73) 3.10 (2.77-3.86) 762
Alanine 16.8 (8.4-30) 15.3 (8-20) .364 6.95 (5.25-9.31) 5.12 (5.06-6.28) .049
Cystine 8.3 (2.6-11) 6.6 (3.5-8.7) 364 0.97 (0.79-1.47) 0.94 (0.75-0.96) 450
Lysine 7.1 (4-19) 8 (5.8-29.7) 364 2.04 (1.4-2.92) 2.70 (1.61-6.60) 496
Tyrosine 5.2 (3.6-12.6) 8 (3.3-13.2) 940 1.44 (1.2-2.11) 1.51 (1.23-1.66) 705
Methionine 1.38 (0-2.45) 1.31 (0-2.1) 850 0.32 (0-0.40) 0.38 (0.25-0.48) 343
Valine 3.6 (1.9-4.8) 0.8 (0-1.29) 012 1.18 (0.87-1.52) 0.69 (0-1.04) 034
Isoleucine 0.95 (0-1.41) 0.8 (0-1.3) 699 0.26 (0-0.33) 0.19 (0-0.26) 122
Leucine 2.44 (1.61-3.7) 1.3 (1.1-1.97) 545 0.77 (0.51-1.06) 0.66 (0.61-0.76) 496
Phenylalanine 3.5 (1.86-7.6) 3.2 (2-5.33) 650 0.96 (0.77-1.22) 0.90 (0.64-1.09) 326
Tryptophan 5.6 (3.4-10.7) 7.17 (2.9-11.1) 821 1.37 (1.22-1.55) 1.24 (0.99-1.44) 406

enzyme alanine aminotransferase, and CKD/DKD is not yet fully
explored, but nonetheless deemed to be potentially correlated
with mechanisms involving mitochondrial dysfunction and ox-
idative stress [5]. Decreased plasma and urinary levels of histi-
dine were observed in patients with DKD compared to DM pa-
tients and healthy controls [3]. Linked to protein synthesis as
well as anti-oxidation and anti-inflammation, significant asso-
ciations between decreased histidine levels and protein-energy
wasting, oxidative stress and inflammation in CKD/DKD, and ad-
verse CKD/DKD outcomes were established [6].

In summary, our pilot study demonstrated by using HPLC-
MS that urinary levels of specific amino acids differed between
individuals with non-diabetic early CKD and no CKD. There is
potential in utilizing the urinary levels of valine, alanine, and
histidine as non-invasive biomarkers for early identification of
non-diabetic CKD. Further delineation on the roles of these
amino acids in non-diabetic CKD pathophysiology is needed
going forward.

AUTHORS’ CONTRIBUTIONS

H.H.L.W. was responsible for conceptualization, methodology,
investigation, data curation, writing and preparation of the
original draft, review and editing, and project administration.
D.C. was responsible for methodology, investigation, and for-
mal analysis. F.C. was responsible for investigation and formal
analysis. L.T.N. was responsible for methodology and review and
editing. R.C. was responsible for formal analysis and review and
editing. C.A.P. was responsible for review and editing, visualiza-
tion, and supervision. S.S. was responsible for conceptualization,
methodology, investigation, review and editing, supervision, and
project administration.

CONFLICT OF INTEREST STATEMENT

None declared.

REFERENCES

1.

Mutter S, Valo E, Aittoméki V et al. Urinary metabolite profil-
ing and risk of progression of diabetic nephropathy in 2670
individuals with type 1 diabetes. Diabetologia 2022;65:140-9.
https://doi.org/10.1007/s00125-021-05584-3

. Kim HJ, Seong EY, Kim SS et al. Virtual diagnosis of dia-

betic nephropathy using metabolomics in place of kidney
biopsy: the DIAMOND study. Diabetes Res Clin Pract 2023;205:
110986.

. Wang], Zhou C, Zhang Q et al. Metabolomic profiling of amino

acids study reveals a distinct diagnostic model for diabetic
kidney disease. Amino Acids 2023;55:1563-72. https://doi.org/
10.1007/s00726-023-03330-0

. Deng X, Tang C, Fang T et al. Disruption of branched-chain

amino acid homeostasis promotes the progression of DKD via
enhancing inflammation and fibrosis-associated epithelial-
mesenchymal transition. Metabolism 2025;162:156037. https:
//doi.org/10.1016/j.metabol.2024.156037

. Linh HT, Nakade Y, Wada T et al. The potential mechanism

of D-amino acids-mitochondria axis in the progression of di-
abetic kidney disease. Kid Int Rep 2025;10:343-54. https://doi.
0rg/10.1016/j.ekir.2024.11.008

. Watanabe M, Suliman ME, Qureshi AR et al. Consequences of

low plasma histidine in chronic kidney disease patients: as-
sociations with inflammation, oxidative stress, and mortality.
Am] Clin Nutr 2008;87:1860-6. https://doi.org/10.1093/ajcn/87.
6.1860

Received: 6.6.2025; Editorial decision: 16.6.2025

© The Author(s) 2025. Published by Oxford University Press on behalf of the ERA. This is an Open Access article distributed under the terms of the
Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted reuse, distribution, and reproduction

in any medium, provided the original work is properly cited.


https://doi.org/10.1007/s00125-021-05584-3
https://doi.org/10.1007/s00726-023-03330-0
https://doi.org/10.1016/j.metabol.2024.156037
https://doi.org/10.1016/j.ekir.2024.11.008
https://doi.org/10.1093/ajcn/87.6.1860
https://creativecommons.org/licenses/by/4.0/

	AUTHORS’ CONTRIBUTIONS
	CONFLICT OF INTEREST STATEMENT
	REFERENCES

