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1  | INTRODUC TION

Guanidinoacetic acid (GAA) is an endogenous amino acid derivative 
that acts as a direct precursor of creatine, an organic compound 
serving as a rapidly mobilizable reserve of high-energy phos-
phates for energy-demanding tissues such as the brain or muscle. 

Supplemental GAA has been introduced to human nutrition and 
medicine ~70  years ago as an effective intervention to facilitate 
creatine-mediated energy provision in different health conditions 
(Borsook & Borsook, 1951). Recent human studies have reaffirmed 
favorable characteristics of this investigational compound after 
short- and medium-term administration, including improved work 
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Abstract
Dietary guanidinoacetic acid (GAA) has been suggested to be advantageous for fa-
vorable changes in tissue bioenergetics in terms of responder versus nonresponder 
performance, yet no studies so far explored the proportion of two distinct popu-
lations following short-term GAA intervention. A secondary analysis of previously 
completed guanidinoacetic acid (GAA) trials has been carried out in aim to classify 
individuals into responders and nonresponders using cut-off criteria for an increase 
in intramuscular creatine. A total of 30 individuals (mean age = 34.5 years, women 
66.7%) who were supplemented with up to 3 g/day of GAA for at least 28 days with 
total muscle creatine evaluated using 1.5 T magnetic resonance spectroscopy studies 
were included in this examination. Pre–post measures included total creatine con-
tent (creatine plus phosphocreatine) determined from the quadriceps muscle, with 
participants were classified by arbitrary cut-off points in three categories, including 
responders (>10% increase in total creatine content at follow-up), quasi-responders 
(5%–10% increase), and nonresponders (<5% increase in total intramuscular creatine 
at postadministration). An average change in total creatine content after GAA sup-
plementation was 22.9%, with 13.3% participants were categorized as nonrespond-
ers, 6.6% as quasi-responders, and 80.0% as responders (p  <  .001). A fairly high 
prevalence of individuals sensitive to dietary GAA advances this innovative agent 
as a rather effective tool to improve muscle creatine levels for at least 10% or more 
during 28-day loading.
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capacity (Ostojic, Stojanovic, et al., 2016), advantageous tissue bio-
energetics (Ostojic, Ostojic, Drid, & Vranes,  2016), or acceptable 
safety (Ostojic, Niess, Stojanovic, & Obrenovic, 2013). Furthermore, 
dietary GAA has been anecdotally suggested to be advantageous 
in terms of responder versus nonresponder performance, yet no 
studies so far explored the proportion of two distinct populations 
following GAA intervention. In this report, a secondary analysis of 
previously completed short-term GAA trials has been carried out in 
aim to classify individuals into responders and nonresponders using 
cut-off criteria for an increase in intramuscular creatine, and to de-
scribe their fundamental metabolic profiles.

2  | METHODS

A total of 30 individuals (mean age = 34.5 years, 20 women) who 
were supplemented with up to 3 g/day of GAA for at least 28 days 
with total muscle creatine evaluated using 1.5 T magnetic resonance 
spectroscopy (MRS) studies were included in this examination. Pre–
post measures included total creatine content (creatine plus phos-
phocreatine) determined from the quadriceps muscle MRS spectra 
using TARQUIN 4.3.10 software. All participants were classified by 
arbitrary cut-off points in three categories, including responders 
(>10% increase in total creatine content [mM] at follow-up), quasi-
responders (5%–10% increase), and nonresponders (<5% increase in 
total intramuscular creatine at postadministration). Detailed infor-
mation of the methods used, including participants details and ethical 
issues, has been described previously (Ostojic, Drid, & Ostojic, 2016; 
Ostojic, Ostojic, et al., 2016; Ostojic, Stojanovic, et al., 2016).

3  | RESULTS

An average change in total creatine content after GAA supple-
mentation was 22.9% (95% confidence interval 15.8–29.9), from 
26.6  ±  4.6  mM at baseline to 32.2  ±  4.6  mM at follow-up. Four 
subjects (13.3%) were categorized as nonresponders, two as quasi-
responders (6.6%), and 24 individuals (80.0%) were classified as re-
sponders (p < .001). For individual responses, a middle-aged woman 
(39 years) experienced the highest increase in muscle creatine levels 
(54.2%) at postadministration, with 16 participants (53.3%) encoun-
tered an increase in total muscle creatine ≥20% (Figure 1). Contrarily, 
three participants (all men aged 22–25 years) experienced a reduc-
tion in muscle creatine (from 0.9% to 16.7%) at 28-day follow-up. 
Furthermore, a significant difference was found between groups 
in total creatine content at baseline (p = .003), with nonresponders 
have notably higher muscle creatine levels before GAA loading as 
compared to responders (33.0 ± 1.1 mM vs. 25.4 ± 4.1 mM; p = .001).

4  | DISCUSSION

The current analysis of previously collected data describes a fairly 
high prevalence of individuals sensitive to dietary GAA (four out of 
five subjects), thus advancing this innovative agent as a rather ef-
fective tool to improve muscle creatine levels for at least 10% or 
more during 28-day loading. Viewed in comparison with creatine 
trials, GAA loading appears to demonstrate a similar responder ver-
sus nonresponder performance. Nonresponders to creatine account 
for 20%–30% of the population (e.g., individuals showing less than 

F I G U R E  1   Individual changes in total muscle creatine (%) from baseline to 28-day follow-up for GAA trials
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a 10 mmol/kg dry mass [8%] increase in total muscle creatine after 
creatine loading) (Greenhaff, 1996) as compared to 20% of nonre-
sponders plus quasi-responders in GAA trial. However, a direct 
comparability remains open to debate due to significant differences 
in the type of intervention and specific dosages administered (e.g., 
loading phase with 20  g/day of creatine for 5–7  days followed by 
3–5 g/day of creatine over the next 3 weeks vs. low-dose creatine 
[2–3 g/day] for 1 month vs. 2–3 g/day of GAA for 4 weeks). GAA 
responders appear to have lower pretrial creatine levels, suggest-
ing that those with unsaturated intramuscular creatine stores may 
better react to GAA treatment (e.g., vegetarians, elderly, women, 
supplement-naïve population, and clinical patients). This is in accord-
ance with previous creatine trials, reporting that individuals who 
have lower muscle creatine stores appear to experience a higher 
rise (20%–40%) in total muscle creatine, while those with relatively 
high muscle creatine levels may only increase half that amount or 
even less (Greenhaff, Bodin, Soderlund, & Hultman, 1994; Syrotuik & 
Bell, 2004). All nonresponders in our analysis with GAA loading have 
muscle creatine >31 mM, thus belonging to the upper quartile of our 
sample. Due to the small sample size, we were unable to adjust the 
responder analysis to participants age and gender, while both fac-
tors are known to affect GAA utilization (Joncquel-Chevalier Curt 
et al., 2013). Hence, more adequately sampled studies are warranted 
before recommending GAA as a widely effective dietary additive 
in human nutrition. In particular, a detailed responder-to-nonre-
sponder analysis for supplemental GAA to improve bioenergetics in 
other energy-demanding tissues (e.g., brain, liver, and myocardium) 
is highly justified due to the lack of useful and extensively applicable 
dietary interventions in the clinical environment.

5  | STATEMENT OF ETHIC S

The studies were approved by the local IRB at the University of Novi 
Sad, with the study protocols systematized in accordance with the 
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pate in all studies included in this report.

ACKNOWLEDG MENTS
The study was supported by the Serbian Ministry of Education, 
Science and Technological Development (# 175037).

CONFLIC T OF INTERE S T
The author reports no conflicts of interest associated with this 
manuscript.

ORCID
Sergej M. Ostojic   https://orcid.org/0000-0002-7270-2541 

R E FE R E N C E S
Borsook, H., & Borsook, M. E. (1951). The biochemical basis of beta-

ine-glycocyamine therapy. Annals of Western Medicine and Surgery, 5, 
825–829.

Greenhaff, P. L. (1996). Creatine supplementation: Recent develop-
ments. British Journal of Sports Medicine, 30, 276–277. https://doi.
org/10.1136/bjsm.30.4.276

Greenhaff, P. L., Bodin, K., Soderlund, K., & Hultman, E. (1994). Effect of 
oral creatine supplementation on skeletal muscle phosphocreatine 
resynthesis. American Journal of Physiology, 266, E725–E730. https://
doi.org/10.1152/ajpen​do.1994.266.5.E725

Joncquel-Chevalier Curt, M., Cheillan, D., Briand, G., Salomons, G. 
S., Mention-Mulliez, K., Dobbelaere, D., … Vamecq, J. (2013). 
Creatine and guanidinoacetate reference values in a French popu-
lation. Molecular Genetics and Metabolism, 110, 263–267. https://doi.
org/10.1016/j.ymgme.2013.09.005

Ostojic, S. M., Drid, P., & Ostojic, J. (2016). Guanidinoacetic acid in-
creases skeletal muscle creatine stores in healthy men. Nutrition, 32, 
723–724. https://doi.org/10.1016/j.nut.2015.11.006

Ostojic, S. M., Niess, B., Stojanovic, M., & Obrenovic, M. (2013). Creatine 
metabolism and safety profiles after six-week oral GAA administra-
tion in healthy humans. Internation Journal of Medical Sciences, 10, 
141–147.

Ostojic, S. M., Ostojic, J., Drid, P., & Vranes, M. (2016). GAA vs. creatine 
for improved brain and muscle creatine level: A superiority pilot 
trial in healthy men. Applied Physiology, Nutrition and Metabolism, 41, 
1005–1007.

Ostojic, S. M., Stojanovic, M., Drid, P., Hoffman, J. R., Sekulic, D., & Zenic, 
N. (2016). Supplementation with guanidinoacetic acid in women with 
chronic fatigue syndrome. Nutrients, 8, 72. https://doi.org/10.3390/
nu802​0072

Syrotuik, D. G., & Bell, G. J. (2004). Acute creatine monohydrate sup-
plementation: A descriptive physiological profile of responders vs. 
nonresponders. Journal of Strength and Conditioning Research, 18, 
610–617. https://doi.org/10.1519/00124​278-20040​8000-00039

How to cite this article: Ostojic SM. Short-term GAA loading: 
Responders versus nonresponders analysis. Food Sci Nutr. 
2020;8:4446–4448. https://doi.org/10.1002/fsn3.1744

https://orcid.org/0000-0002-7270-2541
https://orcid.org/0000-0002-7270-2541
https://doi.org/10.1136/bjsm.30.4.276
https://doi.org/10.1136/bjsm.30.4.276
https://doi.org/10.1152/ajpendo.1994.266.5.E725
https://doi.org/10.1152/ajpendo.1994.266.5.E725
https://doi.org/10.1016/j.ymgme.2013.09.005
https://doi.org/10.1016/j.ymgme.2013.09.005
https://doi.org/10.1016/j.nut.2015.11.006
https://doi.org/10.3390/nu8020072
https://doi.org/10.3390/nu8020072
https://doi.org/10.1519/00124278-200408000-00039
https://doi.org/10.1002/fsn3.1744

