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Abstract Functional decline of physiological systems 
during ageing leads to age-related diseases. Dietary gly-
cine increases healthy lifespan in model organisms and 
might decrease inflammation in humans, suggesting its 
geroprotective potential. This review summarises the 
evidence of glycine administration on the characteristics 
of eleven physiological systems in adult humans. Data-
bases were searched using key search terms: ‘glycine’, 
‘adult’, ‘supplementation’/ ‘administration’/ ‘ingestion’/ 
‘treatment’. Glycine was administered to healthy and dis-
eased populations (18 and 34 studies) for up to 14 days 
and 4  months, respectively. The nervous system dem-
onstrated the most positive effects, including improved 
psychiatric symptoms from longer-term glycine admin-
istration in psychiatric populations. While longer-term 

glycine administration improved sleep in healthy popu-
lations, these studies had small sample sizes with a high 
risk of bias. Larger and long-term studies with more 
robust study designs in healthy populations to examine 
the effects of glycine administration on preventing, delay-
ing or reversing the ageing process are warranted.

Keywords Ageing · Geroprotector · Glycine · 
Healthspan · Lifespan · Physiological systems

Introduction

Ageing is a complex biological phenomenon that 
occurs continuously in an organism with the passage 
of time; this results in a cumulative molecular damage 
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and manifests as a progressive decline in organ func-
tions of multiple physiological systems [1–4] lead-
ing to chronic diseases and disability [5, 6]. There-
with, optimising physiological function throughout 
the life course is critical to maximise an individual’s 
healthspan.

“Geroprotectors” are agents that enhance lifes-
pan and healthspan in organisms by addressing the 
underlying cause of ageing and age-related diseases, 
thereby preventing, delaying, and/or reversing age-
ing processes [7]. The anti-cancer and anti-inflamma-
tory effects of glycine have been observed in rodents 
[8–10]; and studies in humans suggest the potential of 
glycine supplementation to protect against metabolic 
diseases [8, 11], particularly by counteracting oxida-
tive stress and inflammation [12, 13]. On the other 
hand, a chronic lack of glycine may impede growth, 
immune responses, and nutrient metabolism [14–16]. 
In animal models, glycine administration has been 
reported to extend the lifespan of C. elegans by up 
to 33% [17, 18], of rats by approximately 20% [19], 
and mice by 6% [20]. Given that glycine is inexpen-
sive and likely safe for administration through oral 
supplementation, it is important to study its poten-
tial lifespan and healthspan enhancing properties as a 
geroprotector.

The physiological implications of glycine adminis-
tration at the organ system level in human adults have 
not been comprehensively assessed. Hence, the aim 
of this systematic review is to summarise the effects 
of glycine administration on characteristics of physi-
ological systems in adult humans.

Methods

Search strategy

This systematic review was registered with the Inter-
national Prospective Register of Systematic Reviews 
(PROSPERO; CRD42022312730) and conducted 
according to the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) 
guidelines. Four electronic databases were searched 
from date of inception to 29 April 2022: Embase, 
PubMed, Web of Science, and Cochrane Central 
Register of Controlled Trials. The search strategy 
was developed with the assistance of a senior tertiary 
librarian from the National University of Singapore, 

with expertise in research and search strategies. 
Search terms included but were not limited to: ‘gly-
cine’, ‘adult’, ‘supplementation’/ ‘administration’/ 
‘ingestion’/ ‘treatment’. Snowballing was used to 
search references within identified articles.

Eligibility criteria

All study designs were considered. The inclusion 
criteria constituted the following: 1) population 
– adults (males and/or females) with a mean and/or 
median age of 18  years old and above; 2) interven-
tion – administration of glycine in any combination of 
dose and medium through all reported routes (except 
topical administration), and independent of a placebo 
or control group were considered; 3) comparator(s)/
control – glycine administration as the intervention 
compared with a placebo or no intervention, where 
applicable; 4) outcomes – characteristics of eleven 
physiological systems, which include the following 
systems: i) endocrine and metabolic, ii) nervous, iii) 
cardiovascular, iv) immune, v) digestive, vi) muscu-
lar, vii) renal, viii) reproductive, ix) integumentary, x) 
skeletal, and xi) respiratory.

Articles were excluded according to the following 
criteria: 1) animal and/or in vitro studies; 2) confer-
ence abstract, review, editorial, case reports, or letter 
to the editor; 3) studies investigating the following 
compounds: i) combined administration of glycine 
and another compound as an intervention, ii) precur-
sors of glycine; glycine analogues; glycine deriva-
tives; glycine (by-) products and intermediates; 4) 
studies investigating glycine administered topically, 
as a tracer compound, as an irrigation solution/fluid, 
and to solely measure pharmacokinetics and/or phar-
macodynamics; 5) studies published in a non-English 
language; and 6) where full-text articles cannot be 
obtained.

Article selection and data extraction

Two reviewers (JS, SR or JL) independently screened 
titles, abstracts, and full text articles for inclusion. 
Covidence systematic review software (Veritas 
Health Innovation, Melbourne, Australia) was used to 
screen the articles. Disagreements between reviewers 
were resolved by a third reviewer (JG). Data extrac-
tion was conducted independently by two authors 
(JS, SR or JL) and the following variables were 
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extracted: author; year of publication; study design 
(e.g. randomised controlled trial, open label clinical 
trial, observational study, number of individuals per 
study arm, total sample size, dose and medium of gly-
cine administration, intervention duration, and base-
line conditions), population characteristics (age and 
sex); health status (e.g. healthy or diseased) and any 
reported changes in the characteristics of the afore-
mentioned physiological systems.

Data analysis

The outcomes of glycine administration were pre-
sented in a descriptive fashion in which a signifi-
cant change was considered for outcomes reported 
with p < 0.05 in the following instances: i) pre-post 
outcomes of glycine administration, and ii) glycine 
administered as the intervention compound vs. pla-
cebo/control comparator(s) at the end of the inter-
vention period. Extracted outcomes for each reported 
population was then stratified according to the eleven 
physiological systems and health condition (healthy 
or diseased). Whether these changes implied an 
overall positive or negative effect on the respective 
physiological system(s) was based on the significant 
change (p < 0.05) in at least one of the measured 
characteristics of a physiological system. Where both 
positive and negative effects had been reported for 
a physiological system, the overall effect of glycine 
administration on the physiological system was con-
sidered to have mixed effects. Where these changes 
did not imply (a) positive or negative effect(s) on a 
physiological system, these outcomes were consid-
ered inconclusive to the overall effect on the physi-
ological system. Studies determining the short-term 
effect of a single bolus of glycine within a day and 
the longer-term effect over a period longer than a day 
were separated.

Risk of bias

The risk of bias was assessed by two reviewers (JS, 
SR or JL). The revised Cochrane risk of bias tool 
for randomised trials [Cochrane risk of bias tool 2.0 
(ROB 2)] was used to assess the risk of bias for ran-
domised parallel-group [21] and crossover trials [22]. 
The tool used for randomised parallel group trials 
is based on five key sources of bias, namely: 1) the 
randomisation process, 2) deviations from intended 

intervention, 3) missing outcome data, 4) measure-
ment of the outcome, and 5) selection of the reported 
result. For randomised crossover trials, the tool addi-
tionally includes bias arising from period and carryo-
ver effects. The risk of bias was categorised into “low 
risk”, “some concerns” and “high risk”. For non-ran-
domised studies the Risk of Bias In Non-Randomised 
Studies – of Interventions (ROBINS-I) was employed 
[23]. This tool comprises seven key domains of bias: 
1) confounding; 2) selection of participants; 3) clas-
sification of intervention; 4) deviation from interven-
tions; 5) missing outcome data; 6) measurement of 
outcomes; and 7) selection of reported result overall. 
The risk of bias using ROBINS-I was rated accord-
ingly: 0 – no information; 1 – low risk; 2 – moderate 
risk; 3 – serious risk; and 4 – critical risk.

Results

Study selection and characteristics of included 
studies

The article selection process is presented in Fig.  1. 
After excluding 4,497 duplicates, 8,004 articles 
underwent title and abstract screening, of which 
122 progressed to full-text screening and 47 articles 
describing 50 studies were included. Table  1 shows 
a comprehensive overview of the included articles. 
Most studies (42/50) were randomised controlled tri-
als (RCT), of which half were parallel-group trials. 
The majority of studies (41/50) reported oral glycine 
ingestion as the mode of delivery. Eighteen out of 50 
studies were in healthy populations, 34/50 in diseased 
populations, and 2/50 contained both healthy and dis-
eased populations. The mean or median age ranged 
from 21.5 to 41.4  years for healthy populations and 
29.5 to 67 years for diseased populations. Glycine was 
administered for a period of one day (single bolus) to 
14 days in healthy populations and up to 4 months in 
diseased populations. Figure  2 and Supplementary 
Table A provide a summary of the effects of glycine 
administration in healthy and diseased populations 
stratified by physiological systems and study types.

Endocrine & metabolic systems

In healthy populations, 5/5 studies reported changes 
in endocrine and metabolic system where a single oral 
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glycine bolus improved insulin responses [24, 43], and 
increased circulating concentrations of glucagon [43] 
and growth hormone [63]. In a non-obese healthy popu-
lation, an inconclusive dose-dependent outcome was 
observed when a single intravenous (IV) administration 
of 4 g glycine increased serum growth hormone concen-
trations, while 12 g glycine increased serum blood sugar 
levels [62]. In diseased populations, oral glycine admin-
istration of 5 g X 3/day over 3 months showed positive 
effects in type 2 diabetes mellitus (T2DM) patients, 
including decreased glycosylated haemoglobin (A1C) 
(%), Homeostatic Model Assessment for Insulin Resist-
ance (HOMA-IR) and fasting blood glucose [13]; while 
the same dose over 3 months decreased A1C (%), but 
increased fasting blood glucose and total cholesterol lev-
els when compared to baseline in metabolic syndrome 
(MetS) patients [12]. The latter study also reported 

miscellaneous effects that differed between males and 
females when glycine was compared to placebo admin-
istration instead, including: i) increased blood levels of 
glucose and high-density lipoprotein (HDL) in females; 
and ii) increased blood levels of total cholesterol, HDL, 
and systolic blood pressure; and decreased blood lev-
els low-density lipoprotein and A1C (%) [12]. In gas-
troduodenal anastomosis patients, 0.3  M of a single 
oral or intraduodenal glycine bolus administration also 
increased circulating growth hormone concentrations 
[63] (Table 1, Fig. 2, Supplementary Table A).

Nervous system

The nervous system was examined in healthy popu-
lations in eight studies [47–53, 68]. Improved sleep 
quality, alertness and cognition, and decreased 

Fig. 1  Schematic overview of article selection process
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fatigue and sleepiness was observed in three popu-
lations receiving 3 g/day oral administration of gly-
cine 30 min – 1 h before bedtime over 2 – 4 days 
[47, 51, 53]. Higher single bolus of 0.8 g/kg body 
weight orally or 200  mg/kg body weight intrave-
nously showed negative effects on sensorimotor 
gating and cognitive performance in healthy popu-
lations [48, 50, 52]. Of the eight studies in healthy 
populations, one reported inconclusive effects 
with glycine administration [68], while another 
reported a statistically insignificant effect [49]. In 
diseased populations, 15/18 studies reported sig-
nificant positive effects with glycine administration 
[26–32, 54–58, 64, 66], especially in psychiatric 
populations where oral glycine administration of 
0.2 – 0.8 g/kg body weight daily over 6 – 12 weeks 
improved schizophrenic [28–31, 54–58, 66]/psy-
chiatric symptoms, extrapyramidal symptoms and 
cognition. In overactive bladder patients, sleep 
latency decreased with 3 g X 2/day of oral glycine 
over 4 weeks [64] (Table 1, Fig. 2, Supplementary 
Table A).

Cardiovascular system

The cardiovascular system was not assessed in 
healthy populations. In diseased populations, posi-
tive effects included decreased systolic blood pres-
sure with an oral glycine dose of 5  g X 3/day over 
3 months in MetS patients [12], and with an oral gly-
cine dose of 3 g X 2/day over 4 weeks in overactive 
bladder patients [64] (Table 1, Fig. 2, Supplementary 
Table A).

Immune system

The immune system was not assessed in healthy 
populations. In T2DM patients, significant positive 
immune system effects were observed after 3 months 
of 5  g X 3/day oral glycine ingestion, including 
decreased proinflammatory cytokines such as inter-
leukin-6 (IL-6), interferon-gamma (IFN-γ), tumour 
necrosis factor- receptor 1 (TNF-RI), resistin, and 
interleukin-1 beta (IL-1β) [13] (Table 1, Fig. 2, Sup-
plementary Table A).

Fig. 2  Summary of the effects of glycine administration in 
healthy and diseased populations. A Overall effects of adminis-
tering glycine in healthy and diseased populations stratified by 
physiological systems and study types. B Summary of changes 
in characteristics on each physiological system in healthy and 

diseased populations with glycine administration. NRT, non-
randomised trial; RCT (X), crossover randomised controlled 
trial; RCT (//), parallel-designed randomised controlled trial. 
Created with BioRender.com 
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Digestive system

In a healthy population of marathon runners, 10 g X 
3/day oral glycine over 14  days prior to a marathon 
run showed significantly higher post-race serum 
lipase concentrations compared to baseline, sug-
gesting mildly ameliorated pancreatic injury [39] 
(Table 1, Fig. 2, Supplementary Table A).

Muscular system

In a healthy population of marathon runners, 10 g 
X 3/day oral glycine over 14 days prior to a mara-
thon run showed significant pre-post effects with 
increased 2  days post-race serum creatinine phos-
phokinase (CPK) concentrations (used as a surro-
gate marker for muscle injury) [39]. However, this 
rise in serum CPK concentrations was attributed 
to skeletal muscle trauma induced from marathon 
running; and it was concluded that glycine admin-
istration was not useful in preventing skeletal mus-
cle injury [39]. No significant effect on upper and 
lower body strength was reported in resistance-
trained adults with a single oral glycine bolus 
of 0.3  g/kg body weight 1  h prior to assessment 
[61]. Patients undergoing chronic haemodialysis 
with protein energy wasting (PEW) showed posi-
tive effects, including improvements in handgrip 
strength and fat-free mass index following oral gly-
cine administration of 7  g X 2/day over 4  months 
[45] (Table 1, Fig. 2, Supplementary Table A).

Renal system

The renal system was not assessed in healthy popu-
lations. In diseased populations, positive effects 
included mitigation of symptoms in patients with 
overactive bladder administered with 3  g X 2/day 
of oral glycine over 4  weeks; and decreased daily 
proteinuria in early preeclampsia patients admin-
istered with placebo 1% glycine solution for up 
to 7  days [35]. Although increased levels of pre-
dialysis urea and normalised protein catabolic rate 
(nPCR) were reported in chronic haemodialysis 
patients with PEW following oral glycine adminis-
tration of 7 g X 2/day over 4 months, these results 
were attributed to the patients’ compliance to gly-
cine treatment [45] (Table 1, Fig. 2, Supplementary 
Table A).

Reproductive system

The reproductive system was not assessed in healthy 
populations. In a diseased population with overactive 
bladder [64], positive effects on prostate symptoms, 
including nocturia and urinary urgency, were reported 
at a dose of 3 g X 2/day over 4 weeks [64] (Table 1, 
Fig. 2, Supplementary Table A).

Integumentary system

The integumentary system was not assessed in 
healthy populations. In diseased populations, both 
studies assessed the integumentary system in the 
same population with severe burn [34, 42]. No sig-
nificant on the area and depth of burns was observed 
with oral glycine of 0.5  g/kg/day over 14  days [34, 
42] (Table 1, Fig. 2, Supplementary Table A).

Skeletal system

The skeletal system was not assessed in healthy 
populations. Bone mineral density did not change 
in chronic haemodialysis patients with PEW given 
7  g × 2/day of oral glycine administration over 
4 months compared to baseline [45] (Table 1, Fig. 2, 
Supplementary Table A).

Respiratory system

The respiratory system was not assessed in healthy or 
diseased populations.

Risk of bias across studies

Figure 3a presents the Cochrane risk of bias ratings 
for parallel-designed RCTs. The majority of the stud-
ies were classified as either some concerns or high 
for overall risk of bias; with 10/21 and 9/21 of par-
allel-group RCTs, respectively; with the remaining 
2/21 studies classified as having a “low” overall risk 
of bias [32, 35]. Figure 3b shows the Cochrane risk 
of bias ratings for crossover-designed RCTs. These 
studies were classified as either “some concerns” or 
“high” overall risk, by comprising of 12/21 and 9/21 
of crossover-designed RCTs, respectively. Most of 
these studies were rated as “some concerns” for the 
domains “bias arising from the randomisation pro-
cess” and “bias in selection of the reported result”; 
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hence, none of the crossover studies was classified as 
having an overall “low” risk of bias. Figure 3c shows 
the Cochrane risk of bias ratings for non-randomised 
studies of interventions. The majority of these studies 
were open-label studies, and were either classified as 
“critical” (5/8) or “serious” (3/8) overall of bias. This 
result was attributed to all of these studies being rated 
as “critical” or “serious” risk for the domain “bias 
due to confounding”.

A meta-analysis combining the extracted data to 
ascertain the overall effect of glycine administration 
on the characteristics for each physiological system 
could not be performed due to the large heterogeneity 
and nature of reported outcomes and statistical pres-
entation of the data.

Discussion

Glycine administration may improve the character-
istics of multiple physiological systems, but there is 
limited evidence supporting their preventative effect 
for healthy populations. The majority of the physi-
ological systems demonstrated significant positive 
effects on glycine that were mostly related to the nerv-
ous system with longer-term glycine administration, 

especially in diseased populations afflicted with psy-
chiatric illnesses such as Schizophrenia. The posi-
tive effects reported on healthy populations included 
improved sleep and decreased daytime fatigue [47, 
51, 53] and improved insulin responses [24, 43]. On 
the other hand, negative effects were mainly reported 
in studies giving a higher glycine dose in a single 
bolus [48, 50, 52]. This disparity in outcomes in stud-
ies on healthy populations may be attributed to varia-
tion in dosages and intervention periods.

Nutritional studies have highlighted that the 
amount of glycine available in humans and animals 
is inadequate to satisfy metabolic requirements, sug-
gesting the need for dietary glycine supplementation 
[8, 14, 69, 70]. Several lines of evidence support 
the hypothesis of accelerated ageing in this psychi-
atric disorder which reduces the average lifespan of 
patients by 15 to 20  years compared with the gen-
eral population [71, 72]. Besides increased mortal-
ity risk, Schizophrenia shares risk factors with other 
age-related conditions such as cognitive decline, 
metabolic abnormalities, and cardiovascular ageing 
[73]. However, the included studies on Schizophrenic 
populations in the present review have thus far only 
measured the effects of glycine administration on the 
nervous system, raising the issue of whether benefits 

Fig. 3  Overview of risk of bias based on the Cochrane risk of bias for included human studies. a ROB2 for RCT parallel group tri-
als. b ROB2 for RCT crossover trials. c ROBINS-I for non-randomised trials
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may be observable in other physiological systems in 
this context.

Improved psychiatric symptoms in populations 
afflicted with psychiatric diseases, were accompanied 
by improved cognition [57, 58, 66] and extrapyrami-
dal symptoms [54]. Moreover, in chronic haemodialy-
sis patients with PEW, improvements were observed 
in handgrip strength and fat-free mass index [45]. 
Considering the involvement of the skeletal muscle in 
movement, together, it is plausible that these effects 
may, in turn, positively influence a host of func-
tions associated with multiple physiological systems. 
Patients with sarcopenia, often have cognitive impair-
ment associated with a decline in muscle strength, 
mass and function [74], along with other metabolic 
conditions such as diabetes mellitus [75] and meta-
bolic syndrome [76].

Schizophrenia is hypothesised to result from the 
hypofunctioning of NMDA receptors [77]. Several 
reports cited herein have particularly underscored the 
potential effect of glycine on the N-methyl-D-aspartate 
(NMDA) receptor in eliciting positive neurological 
outcomes. Consistent with this notion, brain ageing is 
associated with the reduced NMDA receptor function, 
in turn leading to declined memory and learning perfor-
mance [78]. Stimulation of glycine binding to NMDA 
receptors have been shown to ameliorate extrapyramidal 
symptoms of neuromuscular function [79] and a study 
has shown that glycine administration could improve 
extrapyramidal and cognitive symptoms in Schizo-
phrenic patients [54]. NMDA receptors have also been 
implicated in other age-related diseases such as diabetes 
[80] and hypertension [81]. In healthy populations, oral 
glycine administration before bedtime has been shown 
to improve sleep quality through the action of glycine on 
NMDA receptors in the suprachiasmatic nucleus (SCN), 
the master circadian pacemaker, by promoting hypo-
thermia and vasodilation [47]. Therefore, one possible 
mechanism by which glycine may confer its geroprotec-
tive effects may be through its action on NMDA recep-
tors; although further research is required to understand 
the chronotherapeutic and tissue-specific effects of such 
an interaction and the interplay between multiple physi-
ological systems in healthy and diseased populations.

Strength and limitations

This systematic review is the first to evaluate the 
effects of glycine on multiple physiological systems 

in adult humans; and is key in informing and substan-
tiating health claims related to glycine.

In assessing the risk of bias across studies, the two 
studies classified as having a low overall risk of bias 
were parallel-group RCTs on diseased populations 
[32, 35], with none on healthy populations. Thus, con-
clusions drawn from the effect of glycine administra-
tion on the physiological systems should generally be 
treated judiciously, particularly for studies on healthy 
populations in improving in improving sleep quality, 
fatigue and alertness [47, 51, 53] where the evidence 
stem from studies of small sample sizes with overall 
high risk of bias. The search strategy was designed to 
be broad and inclusive, since articles on the topical 
administration of glycine such as its application on 
the skin have been excluded, this may account for the 
low number of studies on the integumentary system. 
Publication bias may have skewed analysis toward 
positive findings. Hence, the conclusions of this sys-
tematic review warrant judicious consideration. For-
mal statistical analysis was not conducted and results 
are interpreted on reported p-values, which is depend-
ent on the sample size of the studies.

Conclusions

Glycine administration is most effective in improv-
ing characteristics of the nervous system, especially 
in ameliorating neurological symptoms in populations 
with psychiatric illnesses, most notably in Schizophre-
nia. Ageing is associated with the decline in function 
of various physiological systems and elucidating the 
molecular underpinnings and mechanisms of these 
disease states are critical in determining strategies to 
prevent ageing and age-related diseases. Although 
the administration of glycine may improve the char-
acteristics of multiple physiological systems, there is 
currently limited evidence supporting their preventa-
tive effect for healthy populations, which warrants the 
need for future research. Importantly, larger and more 
robustly-designed RCTs are necessary to strengthen the 
current evidence on the potential of glycine administra-
tion in conferring benefits in adult humans. It would 
be prudent to conduct more studies on healthy popu-
lations to particularly establish the optimum dosage, 
route and medium of delivery, intervention duration, 
and timing of glycine administration for optimal organ 
function over multiple physiological systems to prevent 
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the onset of age-related diseases, or to delay and poten-
tially reverse the ageing process. Notwithstanding, the 
evidence to-date may suggest a simple and effective 
preventative strategy to enhance healthspan through 
oral glycine supplementation. Considering the pleio-
trophic effect of glycine on multiple physiological sys-
tems demonstrated in this review, future studies should 
assess the effects of glycine administration on a diverse 
range of physiological systems in both healthy and dis-
eased populations; and potentially, the differences in 
these outcomes between males and females.
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