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Abstract 

Glutathione is a crucial antioxidant and plays a vital role in many biochemical processes within living organisms. 

Abnormal levels or reductions in glutathione are linked to various health conditions and diseases. While glutathione 

supplementation might offer health benefits, there are ongoing concerns about its low bioavailability. This research aimed to 

examine the effects of glutathione supplementation on body glutathione levels through a systematic review and meta-analysis 

of primary studies. Randomized controlled trials (RCTs) were selected from online databases, including PubMed, Scopus, 

Google Scholar, and Cochrane Library. The studies compared participants who received glutathione supplementation with 

those in placebo or control groups by evaluating their glutathione levels. The results showed that five primary studies met the 

inclusion criteria. The quality assessment revealed that most studies had a low risk of bias or some concerns in various areas. 

However, there was a high risk of bias related to the selection of reported results, primarily due to multiple measurements or 

analytical methods. Three articles were included in the meta-analysis, which found no statistically significant difference in 

glutathione levels in erythrocytes [Standardized Mean Difference: 0.74, 95% CI (-0.44, 1.91); P = 0.22] or plasma 

[Standardized Mean Difference: 0.44, 95% CI (-0.21, 1.09); P = 0.19] between the intervention and placebo groups. This study 

concluded that glutathione supplementation does not significantly increase glutathione levels in erythrocytes or plasma. 

However, higher doses and longer durations of supplementation may potentially lead to increased glutathione levels in the 

body. 

 

Keywords: glutathione; glutathione levels; glutathione supplementation 

 

 

1.  Introduction 

Glutathione is a tripeptide composed of three 

amino acids: glutamic acid, cysteine, and glycine. It 

plays many crucial roles in living organisms. As an 

important antioxidant, it protects cells from oxidative 

stress, maintains cellular homeostasis, eliminates 

toxins and foreign substances (detoxification), and 

regulates the function of proteins and other 

compounds. Additionally, glutathione is an essential 

component in various biochemical reactions (Forman 

et al., 2009; Lu, 2013; Lushchak, 2012). Alterations 

or deficiencies in glutathione functions are associated 

with the pathology of both acute and chronic diseases 

in humans (Ballatori et al., 2009; Vázquez-Meza et al., 

2023). This has led to the use of glutathione in treating 

or supporting health in various conditions, including 

hyperpigmentation (Arjinpathana, & Asawanonda, 

2012; Weschawalit et al., 2017), neurological diseases 

such as Parkinson's disease (Wang et al., 2021), and 

non-alcoholic fatty liver disease (NAFLD) (Honda et 

al., 2017; Irie et al., 2016). 
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Oral glutathione is sold as a dietary supplement 

and is approved as safe (Generally Recognized As 

Safe, GRAS) by the United States Food and Drug 

Administration (USFDA) (United States Food and 

Drug Administration, 2024). After ingestion, most of 

the glutathione is broken down by hydrolysis via γ-

glutamyl transpeptidase or γ-glutamyl transferase 

(GGT) in the intestines, resulting in amino acids that 

serve as its precursors, which are then absorbed by the 

body. Partially unbroken glutathione can undergo 

oxidation with various substances during digestion 

(Baudouin-Cornu et al., 2012; Orlowski, & Meister, 

1970; Witschi et al., 1992; Zhang et al., 2005). 

Although various cells in the body, particularly 

hepatocytes, can synthesize glutathione from these 

amino acid precursors, the bioavailability of oral 

glutathione remains low. Numerous studies have 

established a link between glutathione supplementation 

and alterations in biochemical substances that impact 

health and treatment outcomes, particularly in 

conditions like non-alcoholic fatty liver disease, 

(NAFLD) (Honda et al., 2017; Irie et al., 2016), cystic 

fibrosis (Visca et al., 2015), and type 2 diabetes 

(Kalamkar et al., 2022). However, there is no definitive 

conclusion about the increase in glutathione levels in 

the body following oral administration, nor is there 

strong evidence supporting the effectiveness of 

glutathione supplements in raising these levels. 

Therefore, conducting a systematic review and meta-

analysis is essential to draw reliable conclusions. The 

findings can serve as a valuable reference for the use of 

glutathione supplements in promoting health 

 

2.  Objectives 

The objective of this study is to investigate the 

effects of glutathione supplementation on glutathione 

levels in the body. 

 

3.  Materials and Methods 

The methodology of this research is a systematic 

review and meta-analysis, following the Preferred 

Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) guidelines (Page et al., 2021). This 

protocol was registered in the PROSPERO 

(PROSPERO registration number: CRD42024576334). 

 

3.1 Search Strategy 

The search for relevant studies was conducted 

independently by two reviewers across multiple online 

databases: PubMed, Scopus, Google Scholar, and 

Cochrane Library. The search, which was performed in 

April 2024, did not have date restrictions and utilized 

keywords and MeSH (Medical Subject Headings) 

terms combined with Boolean operators. The search 

strategy included terms such as “oral glutathione” OR 

“oral GSH” AND “GSH” OR “glutathione levels”. 

 

3.2 Eligible Criteria and Study Selection 

The research included only randomized 

controlled trials (RCTs) published in English following 

these eligible criteria: 

1. Population/participant: adult population aged 

18 years or older, with or without comorbidities 

2. Intervention: glutathione supplementation 

with any dose and duration 

3. Comparison: placebo group or standard care 

4. Outcome: glutathione levels in the body 

Relevant studies were initially evaluated by 

reviewing their abstracts. If the abstracts met the 

eligibility criteria, the full-text versions were then 

accessed and reviewed. Additionally, we searched for 

other relevant studies by examining the reference lists 

of selected studies and checking related citations and 

articles suggested by the databases. 

 

3.3 Data Extraction 

Data extraction from the included studies 

includes general information, key characteristics or 

comorbidities of the population, glutathione dosage 

and duration, comparison groups, methods for 

measuring glutathione levels, results, and reported 

side effects. 

 

3.4 Quality Assessment 

Quality assessment of included studies was 

conducted by Cochrane Handbook for systematic 

reviews of interventions (Higgins et al., 2024), using 

the Cochrane risk-of-bias tool for randomized trials 

(RoB 2) (Sterne et al., 2019) to assess risk of 5 bias 

domains: bias arising from the randomization process, 

bias due to deviations from intended interventions, bias 

due to missing outcome data, bias in measurement of 

the outcome and bias in selection of the reported result. 

Each study was assessed for bias, with ratings 

categorized as low risk, some concerns, or high risk of 

bias. 

 

3.5 Data Analysis 
We began by combining outcomes from 

studies that provided multiple results due to their 

experimental design, specifically within the group 

receiving the same intervention, oral glutathione 

intake. This was done by calculating combined 

continuous data: mean and standard deviation (SD). 
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We then performed a meta-analysis of the included 

studies to determine the pooled effect size by 

calculating the standardized mean difference (SMD) 

of glutathione levels between the intervention and 

placebo groups. This analysis was conducted using a 

random effects model with the DerSimonian and 

Laird method in The Cochrane Collaboration’s 

Review Manager (REVMAN) Software Version 

5.4.1. Statistical significance was defined as a p-value 

< 0.05. The results were presented in a forest plot, and 

statistical heterogeneity was assessed using the 

Cochrane Chi-squared test, with significant heterogeneity 

indicated by a p-value < 0.1. The inconsistency index 

(I²) was reported and categorized as low (I² ≤25%), 

moderate (I² ~50%), or high (I² ≥75%). Publication 

bias was evaluated using a funnel plot. 

 

4.  Results  

The search identified 41 studies from PubMed, 

504 from Scopus, 455 from Google Scholar, and 413 

from the Cochrane Library, totaling 1,413 studies. 

After removing 225 duplicate records, we reviewed 

the titles and abstracts of 1,188 studies. Subsequently, 

1,170 studies were excluded due to non-English 

publications (12 studies) and irrelevance (1,158 

studies). We then obtained the full-text versions of 18 

studies. Of these, 7 were not randomized controlled 

trials (RCTs) and 6 did not assess glutathione levels. 

In total, 5 studies met the eligibility criteria and were 

included in the analysis. (Figure 1) 

All included studies were conducted between 

2011 and 2022. Participants ranged in age from 21 to 

72 years and had various characteristics, including 

normal health, cirrhosis, and type II diabetes. The 

intervention group received oral glutathione doses 

ranging from 250 to 1,000 mg per day, administered 

once or twice daily for a duration of 4 to 24 weeks. 

Most measurements of glutathione levels were 

derived from erythrocytes. The studies generally 

reported only mild adverse side effects. (Table 1). 

 

 
Figure 1 PRISMA flow diagram 
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Table 1 RCTs investigating the effects of glutathione supplementation on glutathione levels in the body 

Authors, 

year 

Participant, Age 

(years) 

Main 

characteris

tics or 

Comorbidi

ties 

Intervention 

group(s) and 

control or 

placebo 

group(s) 

Durati

on 

Measureme

nt methods 
Result(s) Side effects 

Allen, & 

Bradley, 

2011 

40, 

21-62 

(mean = 40.7) 

Healthy, 

non-

smoking 

G1 = 1,000 mg 

(500 mg twice a 

day) 

G2 = Placebo 

4 

weeks 

Red blood 

cell by 

enzymatic 

recycling 

method 

G1 vs G2: not 

significant 

Mild adverse 

effects: 

Increased 

flatulence and 

loose stools (n = 

5), flushing (n 

=2), and weight 

gain (n = 1) 

Richie et 

al., 2015 

54, 

28-72 

(mean = 46.6) 

Healthy, 

non-

smoking, 

no 

antioxidant 

supplement

ation for at 

least 1 

month 

G1 = 250 mg 

G2 = 1,000 mg 

G3 = Placebo 

6 

months 

Whole 

blood, 

erythrocytes, 

plasma, 

lymphocytes, 

and 

exfoliated 

buccal 

mucosal 

cells by 

bicinchonini

c acid 

procedure 

and 

spectrophoto

metry 

G1 vs G3: not 

significant 

G2 vs G3: 

significantly 

increased in 

erythrocytes, 

plasma, 

lymphocytes, 

and exfoliated 

buccal 

mucosal cells 

(p < 0.05) 

Mild adverse 

effects: colds, 

stomach virus, 

lightheadedness, 

back pain, hot 

flashes, soft 

stools, eye 

twitching, 

headaches, ear 

infection, 

urinary tract 

infection and 

constipation 

(G1 = 18, G2 = 

19, G3 = 20 

Lai et al., 

2020 

61, 

G1 = 62.39 ± 2.35 

G2 = 56.40 ± 1.84 

G3 = 62.86 ± 2.09 

G4 = 55.0 ± 3.41 

Liver 

cirrhosis 

patients 

G1 = 500 mg 

G2 = 500 mg + 

vitamin B-6 50 

mg 

G3 = vitamin B-6 

50 mg 

G4 = Placebo 

12 

weeks 

Plasma by 

respective 

commercial 

kits 

G1 vs G4: not 

significant 

No serious 

adverse effects 

Søndergård 

et al., 

2021 

20, 

G1 = 61 ± 1 

G2 = 59 ± 2 

Obese male 

with and 

without 

type 2 

diabetes 

G1 = 1,000 mg 

(500 mg twice a 

day) 

G2 = Placebo 

3 

weeks 

Whole blood 

by HPLC 

and 

spectrophoto

metry 

G1 vs G2: not 

significant 

Dryness in the 

mucous 

membranes (n = 

1), itchy skin (n 

= 1), and flu-

like symptoms 

including 

nausea, bloated 

stomach, aches 

in muscles and 

joints, increased 

urination (n = 1) 

Kalamkar 

et al., 

2022 

360, 

G1 = 56 

G2 = 55.5 

G3 = 39.5 

Healthy 

and type 2 

diabetic 

patients 

with anti-

diabetic 

therapy 

G1 = 500 mg + 

anti-diabetic 

therapy 

G2 = anti-

diabetic therapy 

alone 

G3 = Control 

6 

months 

Erythrocytes 

by 

glutathione 

assay kit 

G1 vs G2: 

significantly 

increased 

- 
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Figure 2 Quality assessment summary showed risk of bias of all included studies 

 

 
Figure 3 Quality assessment showed risk of bias in each included study 

 

 
Figure 4 Forest plot showed meta-analysis of standardized mean difference of erythrocytes glutathione levels between 

glutathione supplementation group and placebo group 

(IV, independent variable; SD, standard deviation) 

 

 
Figure 5 Forest plot showed meta-analysis of standardized mean difference of plasma glutathione levels between glutathione 

supplementation group and placebo group 

(IV, independent variable; SD, standard deviation) 
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4.1 Quality Assessment of Included Studies 

Quality assessment revealed that most studies 

had low risks of bias or some concerns across most 

bias domains. However, there was a high risk of bias 

in selection of the reported result due to multiple 

outcome measurements in Richie’s and Lai’s studies 

(Figures 2 and 3). 

 

4.2 Meta-analysis on the Effect of Glutathione 

Supplementation on Glutathione Levels in the 

Body 

Three studies were selected and analyzed in the 

meta-analysis. Some outcome data from two studies 

could not be retrieved (Allen, & Bradley, 2011; 

Søndergård et al., 2021). Before calculating the 

pooled effect size, we combined the two outcomes 

from Richie’s study into a single outcome, as the 

methodology involved dividing participants into two 

intervention groups: one receiving 250 mg of oral 

glutathione per day and other receiving 1,000 mg per 

day (Richie et al., 2015). Subsequently, the meta-

analysis was conducted and categorized based on the 

method of glutathione measurement, specifically in 

erythrocytes and plasma. The results did not show a 

statistically significant difference in glutathione levels 

between the intervention group and the placebo group 

for either erythrocyte [Standardized mean difference, 

0.74, 95% CI (-0.44, 1.91); P = 0.22] and plasma 

glutathione levels [Standardized mean difference, 

0.44, 95% CI (-0.21, 1.09); P = 0.19] (Figure 4 and 

Figure 5). 

The results indicated a statistically significant 

level of heterogeneity among the studies regarding 

erythrocyte glutathione levels (P = 0.0004) with a 

high percentage of inconsistency index (I² = 92%). In 

contrast, no statistically significant heterogeneity was 

observed among the studies concerning plasma 

glutathione levels. The funnel plot assessing 

publication bias displayed a symmetrical distribution 

of effect size averages. 

 

5.  Discussion 

Glutathione serves as an important antioxidant 

and collaborates with other substances to maintain 

cellular homeostasis. This balance is influenced by 

various factors, including lifestyle, nutrition, diseases, 

and health conditions (Ballatori et al., 2009; Forman 

et al., 2009; Lu, 2013; Lushchak, 2013; Vázquez-

Meza et al., 2023). Therefore, glutathione levels in the 

body are dynamic and can fluctuate in response to 

these various factors. Several studies have assessed 

the therapeutic outcomes of glutathione 

supplementation by examining its end products and 

effects. These studies have revealed statistically 

significant improvements, including reductions in 

melanin indices and wrinkles (Arjinpathana, & 

Asawanonda, 2012; Weschawalit et al., 2017), decreases 

in serum alanine transaminase (ALT) levels in patients 

with non-alcoholic fatty liver disease (NAFLD) (Honda 

et al., 2017; Irie et al., 2016), and improvements of 

growth or increases in forced expiratory volume in one 

second (FEV1) in cystic fibrosis patients (Calabrese et 

al., 2015; Visca et al., 2015). 

Although both studies included in the meta-

analysis of erythrocyte glutathione levels reported 

statistically significant increases, the overall meta-

analysis did not show a statistically significant 

difference between the intervention and placebo 

groups. This outcome may be attributed to the 

combination of results from the intervention group 

that received a lower dose of 250 mg of glutathione 

per day, which did not demonstrate a statistically 

significant difference in Richie’s study (Richie et al., 

2015). Some studies have demonstrated a dose-

dependent effect of glutathione supplementation on 

outcomes. For example, Arjinpathana, & Asawanonda 

(2012) found the reduction in melanin indices was 

statistically significantly greater in subjects receiving 

500 mg of oral glutathione compared to those 

receiving a placebo, whereas Weschawalit et al., 

(2017), using a lower dose of 250 mg, found no show 

a statistically significant reduction in melanin indices 

in either the intervention or placebo groups. 

The statistical heterogeneity among the studies 

on erythrocytes glutathione levels is likely due to 

clinical and methodological heterogeneity, including 

differences in baseline characteristics (Age, underlying 

diseases, race, and lifestyle), sample sizes, glutathione 

supplementation protocols, and glutathione levels 

measurement methods. 

The meta-analysis of plasma glutathione levels 

revealed no statistically significant difference between 

the intervention and placebo groups, a result 

influenced by the inclusion of Lai’s study. This study, 

which examined the effects of glutathione 

supplementation in patients with liver cirrhosis, found 

no statistically significant differences not only in 

glutathione levels but also in other parameters such as 

oxidative stress and antioxidant capacities between 

the intervention and placebo groups. Factors such as 

the inadequate dose of glutathione (500 mg per day), 

and the pathological conditions in cirrhosis patients, 

including defective transsulfuration pathway, blood 

clotting cascade, and glutathione redistribution, were 
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considered responsible for the non-significant findings 

(Lai et al., 2020). 

According to randomized controlled trials from 

the systematic review, achieving a statically 

significant increasing in glutathione levels in the body 

compared to the placebo group requires a dosage of 

500-1,000 mg of oral glutathione per day for at least 

six months (Kalamkar et al., 2022; Richie et al., 

2015). The duration of glutathione supplementation 

also affects the glutathione levels. For instance, 

Søndergård et al., (2021) evaluated effects of three 

weeks glutathione supplementation (1,000 mg per 

day) on glutathione levels and other markers, 

including insulin sensitivity. While the study found a 

statistically significant improvement in insulin 

sensitivity, it did not demonstrate a statistically 

significant increase in glutathione levels in the 

intervention group compared to the placebo group. In 

Allen’s study, administration a dose of 1,000 mg of 

glutathione per day for four weeks did not 

demonstrate a statistically significant difference of all 

oxidative stress parameters, including glutathione 

levels, between the intervention group and placebo 

groups (Allen, & Bradley, 2011). 

Furthermore, various factors influencing 

glutathione level in the body cannot be regulated 

solely through clinical criteria. In addition to lifestyle 

and health conditions or diseases, intracellular factors 

including genetic variation, enzymatic activities, 

transition metals, and antioxidant availability also 

affect glutathione metabolism and levels (Giustarini et 

al., 2023; Halliwell, 2024). 

The meta-analysis of this study focused on 

glutathione levels in erythrocytes and plasma due to 

lack of a gold standard for glutathione measurement 

methods. Each study selected different methods based 

on its objectives, mostly in plasma and erythrocytes, 

as glutathione primarily accumulates in erythrocytes 

(Giustarini et al., 2008; Kleinman, & Richie, 2000). 

This contributed to the limitation of included studies 

in the meta-analysis. 

Limitations of the study include small sample 

sizes and high heterogeneity among the studies, which 

restrict the generalizability of the results to larger 

populations. Furthermore, this study included only 

randomized controlled trials that used standard forms 

of glutathione supplementation, excluding other 

formulations designed to enhance absorption, such as 

oral dispersible film (Sharma, & Sharma, 2022) or 

liposomal glutathione (Sinha et al., 2018). Nevertheless, 

this study represents the first systematic review and 

meta-analysis to assess the effect of glutathione 

supplementation on glutathione levels in the body, 

revealing study methodological limitations in the 

included randomized controlled trials, including small 

sample sizes, and insufficient doses and durations of 

glutathione supplementation. 

 

6.  Conclusion 

Glutathione supplementation is generally well-

tolerated; however, it has not been shown to 

significantly increase glutathione levels in 

erythrocytes and plasma. Nevertheless, a dosage of 

500 to 1,000 mg per day over a period of at least six 

months may result in an increase in overall 

glutathione levels in the body. Future randomized 

controlled trials should be designed with larger 

sample sizes, appropriate dosing and duration of 

glutathione supplementation, and extended follow-up 

periods to better assess the impact of glutathione 

supplementation on body glutathione levels. 
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