
Cerebral oxygenation was significantly reduced in MCI.

Hemodynamic variability was lower in MCI than in controls Functional connectivity was disrupted in MCI.

fNIRS detected characteristic physiological differences associated with cognitive impairment.
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Early detection of Mild Cognitive 

Impairment (MCI) is crucial for timely 

intervention. Functional near-infrared 

spectroscopy (fNIRS) has emerged as 

a promising non-invasive tool to 

monitor cerebral oxygenation. This 

study aimed to evaluate the clinical 

utility of fNIRS as a non-invasive 

monitoring tool by comparing cerebral 

hemodynamics, heart rate variability 

(HRV), and functional connectivity 

between Cognitively Normal (CN) and 

MCI groups.

We enrolled 30 participants (MCI=15, 

CN=15) and measured regional cerebral 

oxygen saturation (rSO₂) and hemoglobin 

(HbO, HbR) concentrations using fNIRS

during a resting state. Heart rate variability 

(HRV) was simultaneously assessed via 

photoplethysmography (PPG). Data 

analysis included the Hemodynamic 

Response Function (HRF), frequency-

domain analysis of rSO₂ variability, and 

inter-hemispheric functional connectivity. 

Independent t-tests and Cohen’s d were 

used to evaluate group differences.

The MCI group exhibited significantly 

lower rSO₂ levels across all 

measured channels compared to the 

CN group (e.g., Left Hemisphere: CN 

65.8±6.2% vs. MCI 58.4±7.1%, 

p=0.003, d=1.12). 

Furthermore, the MCI group showed 

22-37% higher signal variability in 

rSO₂ compared to the CN group, 

suggesting impaired hemodynamic 

stability. 

Advanced HRF analysis revealed 

reduced HbO amplitudes and a lower 

number of activated channels in the 

MCI group. Regarding HRV, the Root 

Mean Square of Successive 

Differences (RMSSD) was 

significantly higher in the CN group 

(p=0.033), indicating better 

autonomic regulation. Lastly, 

functional connectivity analysis 

showed stronger inter-hemispheric 

correlations and more robust network 

connectivity in the CN group 

compared to the MCI group.

Older adults with MCI demonstrate 

characteristic differences in 

cerebral hemodynamics and 

functional connectivity as 

measured by fNIRS compared to 

cognitively normal participants. 

These physiological markers, 

particularly rSO₂ levels and 

hemodynamic variability, suggest 

the potential for clinical utility of 

fNIRS as an objective, non-

invasive tool to aid as biomarkers 

for the early screening and 

longitudinal monitoring of cognitive 

decline.
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