
Lower ACC GSH is associated with higher leptin 

levels in males and while higher VMPFC GSH is 

associated with higher leptin levels in women. 

BACKGROUND
• Oxidative stress is implicated in obesity and related 

negative health outcomes such as increased risk for type 
2 diabetes mellitus, cardiovascular disease, and 
psychiatric illnesses. 

• Glutathione (GSH) is the primary antioxidant in the brain. 
Low levels of GSH suggest increased oxidative stress.

• Peripheral studies have shown that a critical factor 
involved in the mechanistic pathway of oxidative stress 
is biological sex1. 

• Sex differences are also present in concentrations of key 
obesity-related hormones including leptin and 
adiponectin2.

• We tested the relationship between in vivo 
measurements of GSH in the brain with obesity-related 
hormones including leptin and adiponectin separately in 
males and females with a range of Body Mass Indexes 
(BMI). 

METHODS
• 24 healthy participants [11 women and 13 men; age 

(mean±SD): 49±8.69] with BMI range 20.4-36.5 
[(mean±SD): 26.68±3.82]

• MR spectroscopy at 7 Tesla was used to measure 
markers of GSH in the anterior cingulate (ACC), 
ventromedial prefrontal (VMPFC), and dorsolateral 
prefrontal cortices (DLPFC). 

• Peripheral measures of leptin and adiponectin were 
assayed from a fasted morning blood draw the day of 
the scan. The dynamic ranges of leptin and adiponectin 
are 0.78-100 ng/mL and 0.10- ~24 ug/mL, respectively.

• Relationships between GSH and obesity-related 
hormones were assessed using Spearman’s rho 
correlation coefficient.

RESULTS
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• This study highlights the importance of considering 
biological sex in the link between oxidative stress and 
obesity-related hormones.

• Region-specific differences emerged with ACC GSH 
negatively relating to leptin in men and VMPFC GSH 
positively relating to leptin in women, extending prior 
research on sex differences in oxidative stress and leptin1-2.

• These results, together with the positive relationship 
between DLPFC GSH and adiponectin in women, suggest a 
role of oxidative stress in relation to leptin and adiponectin, 
hormones involved in energy balance and energy 
metabolism, respectively.

• Our findings have implications for sex differences in brain 
health and have the potential to inform sex-specific 
antioxidant treatment interventions for improving outcomes 
in obesity and related conditions. 

CONCLUSIONS
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Figure 1. Rank ACC GSH and rank leptin in 
men. ACC GSH levels significantly negatively 
correlated with serum leptin levels in males  
(rs = -.580, p=0.048). For comparison, females 
(rs = .188 p=0.603).  

Males (N=13) Females (N=11)

Age 49.69 ± 9.88 48.18 ± 7.43

BMI 27.22 ± 4.56 26.05 ± 2.80

VMPFC GSH 3.90 ± 0.91 3.59 ± 0.51

DLPFC GSH 3.67± 0.71 3.51 ± 0.46

ACC GSH 3.28 ± 0.48 3.64 ± 0.90

Leptin 16.97 ± 12.58 34.44 ± 18.38

Adiponectin 3.83 ± 0.80 5.42 ± 2.01

Table 1. Demographic and characteristics of the sample
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Figure 2. Rank VMPFC GSH and rank leptin in 
women. VMPFC GSH levels significantly 
positively correlated with serum leptin levels 
in females  (rs = .733, p=0.016).  For 
comparison, males (rs = -.112, p=0.729).

Figure 2. Rank DLPFC GSH 
and rank adiponectin in 
women. DLPFC GSH levels 
significantly positively 
correlated with serum 
adiponectin levels in 
females (rs = .827, p=0.003). 
For comparison, males 
(rs = -.198, p=0.517).  
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