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Summary 
Guanidinoacetic acid (GAA) is a fundamental intermediate in 
cellular bioenergetics, with circulating levels of GAA often reflects 
disturbances in its conversion due to many intrinsic and extrinsic 
factors, including gender or age. Here, we evaluated serum GAA 
in 172 healthy women aged 18 to 65 years, with age found to 
significantly predict serum GAA concentrations (r=0.29, P=0.03). 
This perhaps nominates serum GAA as a novel gender-specific 
proxy of impaired bioenergetics with aging. 
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Guanidinoacetic acid (GAA) is a natural amino 
acid derivative, and an intermediary compound of energy 
metabolism in humans (Ostojic 2016). Synthesized 
mainly in the kidney and pancreas from glycine and 
arginine, GAA is transferred to the liver to yield creatine, 
a key molecule in cellular bioenergetics (Brosnan and 
Brosnan 2007). Since GAA is minimally presented in 
food (<1.0 mg per kg of meat) (European Food Safety 
Authority 2009) whereas the fraction excreted via urine 
and feces was negligible (Lemme et al. 2007), circulating 
levels of GAA appears to reflect the equilibrium between 
its synthesis and metabolic utilization. Various conditions 
affect serum GAA levels, including creatine deficiency 

syndromes (Mercimek-Mahmutoglu and Salomons 
2009), chronic kidney disease and diabetes mellitus 
(Tsubakihara et al. 2012), or exhaustive exercise (Sotgia 
et al. 2007). Specifically, values seem to be gender-
dependent, with healthy girls have higher leakage of 
GAA as compared to male peers (Joncquel-Chevalier 
Curt et al. 2013). This perhaps happens due to the 
functional inhibition of SLC6A8, a main cellular 
transporter for GAA, by estrogen in pubertal age 
(Heneweer et al. 2007). However, little information is 
currently available concerning age-related dynamics of 
serum GAA in adult women. Since kidney function 
declines with age (Cedikova et al. 2016, Gekle 2017), 
GAA production might be reduced in normal aging, with 
lower serum GAA anticipated in healthy mature women. 
In addition, an impaired activity of two enzymes involved 
in creatine synthesis (L-arginine:glycine 
amidinotransferase (AGAT) and guanidinoacetate  
N-methyltransferase (GAMT)) in adult subjects (McClure 
et al. 2007), could also contribute to a cumulative impact 
of aging on serum GAA biokinetics in women. Therefore, 
the aim of this cross-sectional study was to describe the 
link between age and serum GAA levels in apparently 
healthy women aged 18 years or older. 
 The data from a subsample of healthy, 
community-dwelling women that voluntarily participated 
in the Diet and Physical Activity for Health Initiative 
(DiPAH) has been analyzed for this report. The DiPAH 
started in 2008 as a long-term, nationally recognized 
health study that was focused on strategies for the 
prevention of chronic diseases in the adult Serbian 
population. Additional details about DiPAH, including 
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participants characteristics and study design, are available 
elsewhere (Ostojic et al. 2018). The study was conducted 
according to the guidelines laid down in the Declaration 
of Helsinki, and all procedures were approved by the 
local IRB at the University of Novi Sad. Eligibility 
criteria for this analysis included non-pregnant women 
aged between 18 and 65 years, free from acute and 
chronic medical conditions, and from taking dietary 
supplements, and not involved in a programmed exercise 
regimen at the study commence. Of 345 DiPAH subjects 
(188 women) initially screened, 172 women were eligible 
and consented to participate in the current study. Height 
was measured by a stadiometer (Seca, Hamburg, 
Germany), while body weight was measured with 
a digital scale (Omron BF 511, Kyoto, Japan), with body 
mass index (BMI) calculated as weight in kilograms 
divided by the square of height in meters. Levels of GAA 
and creatine in serum and 24-hour urinary aliquots were 
measured by liquid chromatography-tandem mass 
spectrometry (SCIEX LC-MS/MS 5500QTRAP, AB 
Sciex Ltd., Canada). A multiple linear regression model 
with a stepwise method (adjusted for body mass index, 
urinary GAA and serum creatine) was employed to 
examine the relationships between age and GAA levels. 
The significance level was set at P ≤ 0.05. The data were 
analyzed using the statistical package SPSS, version 24.0 
for Mac (IBM SPSS Statistics, Chicago, IL, USA). 

The mean ± SD (range) age and BMI for study 
sample were 45.2±8.9 years (18-65 years), and 22.5± 

2.8 kg/m2 (17.1-33.2 kg/m2), respectively. Serum GAA 
and creatine levels were 2.6±0.8 µmol/l and 25.1± 
8.3 µmol/l, respectively, urinary GAA was 155.9± 
50.6 µmol/l. A significant positive correlation was found 
between age and serum GAA levels (r=0.29, P=0.03) 
(Fig. 1). Hierarchical multiple regression revealed that the 
model as a whole (including age as a predictor variable, 
and body mass index, urinary GAA and serum creatine as 
control variables) explained 29.1 % of the variance in 
serum GAA levels (P<0.001), with control variables 
account for 19.8 % of the variability in serum GAA 
(P=0.001). The evaluation of the contribution of each 
independent variable revealed that age and serum creatine 
make unique statistically significant contributions to our 
model (24.5 % and 38.1 %, P < 0.05), while neither body 
mass index (2.5 %, P=0.77) or urinary GAA (14.1 %, 
P=0.21) made significant unique contributions to our 
model. No correlation was found between age and serum 
creatine levels (r=0.08, P=0.48). 

The present study reported a significant link 
between age and serum GAA in apparently healthy 
women aged 18 years and above. Higher circulating 
levels of GAA were accompanied by advanced age, with 
BMI and urinary GAA found to be irrelevant 
confounding variables. While circulating creatine levels 
remained essentially unrelated with the age of adult 
women in our cohort, age-related elevation of serum 
GAA might be recognized as a sensible biomarker of 
impaired creatine metabolism in this population. 

 
 

 
 

Fig. 1. Correlation between age and serum guanidinoacetic acid (GAA) levels in healthy adult women (n = 172). 
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Abnormal serum GAA level is considered 
a clinical marker of altered bioenergetics in different 
inherited or acquired disorders, from inborn errors of 
creatine metabolism to cardiometabolic diseases to 
specific physiological conditions. Having high serum 
GAA could be a consequence of either augmented 
synthesis or GAA loading (Ostojic et al. 2013), GAA 
accumulation caused by deficiency of enzyme catalyzing 
the methylation of GAA to creatine and transport 
blockage (Mercimek-Mahmutoglu and Salomons 2009), 
or limited excretion due to sex hormones-related impact 
on GAA recovery in the kidney (Joncquel-Chevalier Curt 
et al. 2013). Specifically, a significant gender differences 
were observed in GAA biodynamics between healthy 
men and women, with values in GAA excretion 
significantly higher in female than in male subjects (90.0 
vs. 77.6 mmol/mol creatinine), while serum GAA appears 
to be similar in both subsamples (1.5±0.6 µmol/l in men 
vs. 1.4±0.6 µmol/l in women) (Joncquel-Chevalier Curt 
et al. 2013). This population study evaluated  
6334 participants (1923 women) yet provided no gender-
specific serum GAA levels across different age groups. 
Nevertheless, the results for a mixed group displayed  
an age-related increase in serum GAA levels, with 
circulating GAA rise from 1.3±0.5 µmol/l (subject group 
> 10 years) to 1.7±0.5 µmol/l (10-15 years) to 2.3± 
0.8 µmol/l (subject group > 15 years). GAA in plasma 
was confirmed to be age-dependent in another study 
(Almeida et al., 2004), with higher values for GAA 
reported in subjects older than 15 years as compared to 
younger counterparts (1.0-3.5 µM vs. 0.4-1.8 µM). 
However, neither study provided data for adult 
population, women in particular. Although our study 
provided overall confirmatory data, the mean serum GAA 
found in our study with adult women (2.6±0.8 µmol/l) 
appears to be somewhat higher as compared to previous 
studies where subjects were typically 15 years or 
younger. This perhaps illustrates an age-related trend for 
GAA rise in women, corroborated by a positive 
correlation between age and serum GAA found in our 
report. An age-dependent increase in serum GAA in adult 
women could be due to hormonal alterations across 
different age. Theoretically, less estrogen available in 
women with advanced age could diminish its inhibitory 

effect on GAA recovery kinetics in the kidney (Joncquel-
Chevalier Curt et al. 2013), making more GAA 
reabsorbed from the urine and thus available for the 
circulation. However, this theory appears to be 
improbable since urinary excretion of GAA was found to 
be an irrelevant contributing factor. Another hypothesis 
accounts for a possible age-dependent alteration of 
bioenergetics enzyme machinery (Kaczor et al. 2006, 
McClure et al. 2007) that could alter creatine synthesis 
and consequently enable GAA accumulation in the blood. 
This requires additional in vitro studies evaluating 
possible enzyme dysregulation in age- and gender-
dependent assays. GAMT expression appears to be under 
the control of sex hormones (Lee et al. 1994), with the 
enzyme activity might be different in mature women. 
Furthermore, there are some indications that AGAT and 
GAMT expressions may be modulated by dietary factors 
(for review see Wyss and Kaddurah-Daouk, 2000), which 
should be also accounted for future studies. In addition, 
monitoring other biomarkers of GAA metabolism in 
women, including plasma arginine and glycine kinetics, 
and fractional elimination rates for GAA, along with  
age-related changes in hormonal status, are highly 
warranted to address GAA-creatine axis behavior in 
human physiology and pathophysiology.   

In conclusion, circulating GAA increases with age 
in adult healthy women, implying altered homeostasis 
between GAA synthesis, utilization and/or elimination in 
this population. A strong correlation found between serum 
GAA and age might advance its use as a novel gender-
specific proxy of impaired bioenergetics with aging. 
Further research should involve mechanistic approach in 
evaluating GAA biodynamics in human studies.   
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