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Curve Walking Reveals More Gait Impairments in Older Adults with Mild Cognitive 
Impairment than Straight Walking: A Kinect Camera-Based Study 
 
 
DIAGNOSIS OF MCI 

 The identification of mild cognitive impairment (MCI) was conducted using a multi-step 

diagnostic procedure aligned with standard clinical protocols, as outlined in the literature [1-5]. 

Initially, cognitive decline was assessed by qualified neuropsychologists at the IDAA center, 

employing the Mini-Mental State Examination (MMSE) and the Montreal Cognitive Assessment 

(MoCA). To account for educational differences, two distinct Persian versions of these tests were 

administered based on the participant’s education level. 

 Furthermore, to exclude the influence of depression on cognitive assessments, participants 

were evaluated using the Persian version of the Geriatric Depression Scale (GDS). The threshold 

scores for the detection of MCI were set at ≤26 for the MMSE and ≤22 for the MoCA, following 

the benchmarks established by previous research [6]. 

 Participants with scores indicating potential cognitive impairment were subjected to an in-

depth neuropsychological evaluation. This included interviews with patients and their relatives or 

caregivers, an extensive review of medical history and current medications, a physical 

examination, and laboratory tests. Neuroimaging, such as MRI or EEG, was considered when 

deemed necessary by consulting neurologists. 

 Functional status assessment was performed using the Instrumental Activities of Daily Living 

(IADL) and Activities of Daily Living (ADL) scales, with a cutoff score of ≤6 to differentiate MCI 

individuals from healthy controls [1]. Neuroimaging data, including indicators of brain atrophy 

and white matter lesions, were utilized by neurologists to aid in the MCI diagnosis [7,8].  

Additionally, blood tests were conducted to identify conditions such as vitamin B-12 deficiency 

or thyroid dysfunction that might affect memory and cognition [9]. 

 

STUDY OF RELATIONSHIP BETWEEN NEUROPSYCHOLOGICAL SCORES AND 

GAIT MARKERS 

 To study the relationship between MoCA scores and gait markers, we have conducted a 

detailed analysis including plotting the scatter plots of neuropsychological scores for MMSE, 



 

MoCA, and GDS versus extracted gait markers, and the correlation analysis was done. 

Supplementary Figure 1 illustrates the scatter plots for the three gait markers that demonstrated 

the most substantial correlations with MoCA scores during both straight and curved path walking. 

 The scatter plots reveal distinct distribution patterns for the various gait markers relative to 

MoCA scores. The correlation coefficients vary considerably, ranging from 0.04 to 0.58, indicating 

a spectrum of associations between cognitive function as assessed by MoCA and gait parameters. 

This variability suggests that while there is a correlation, the relationship is not uniformly strong 

across all markers. 

 Further comparison of correlation coefficients between gait markers and different 

neuropsychological assessments (MoCA, MMSE, and GDS) demonstrates a higher incidence of 

significant correlations with MoCA, especially during curved path walking. This finding suggests 

a more robust association between MoCA scores and gait impairment in MCI than with MMSE or 

GDS scores. Supplementary Table 1 summarizes the number of significant correlation coefficients 

for these neuropsychological scores in different gait test conditions. 

 For our analysis, a correlation was considered significant at a p-value < 0.05. The results from 

these analyses confirm that MoCA is a more sensitive tool than MMSE and GDS for assessing gait 

disturbances in MCI patients. 

 

 
Supplementary Figure 1. Scatter plots of most significant correlated gait markers with MoCA 
scores 



 

Supplementary Table 1.  Number of Significant Correlation Coefficients for Various 
Neuropsychological Scores Versus Gait Markers Under Different Walking Conditions. 

Gait test condition Neuropsychological tests 
MoCA MMSE GDS 

Straight Path walking N = 19 N = 17 N = 14 
Curved path Walking N = 23 N = 20 N = 11 
MoCA, Montreal Cognitive Assessment; GDS, Geriatric 
Depression Scale; MMSE, Mini-Mental State Examination; 
N, Number of significant correlation coefficients. 

 
 

REFERENCES 

[1]  Langa KM, Levine, DA (2014) The diagnosis and management of mild cognitive 

impairment: a clinical review. JAMA 312, 2551-2561. 

[2]  Petersen RC, Smith GE, Waring SC, Ivnik RJ, Tangalos EG, Kokmen E (1999) Mild 

cognitive impairment: clinical characterization and outcome. Arch Neurol 56, 303-308. 

[3]  Petersen RC, Lopez O, Armstrong MJ, Getchius TS, Ganguli M, Gloss D, Gronseth GS, 

Marson D, Pringsheim T, Day GS, Sager M (2018) Practice guideline update summary: 

Mild cognitive impairment: Report of the Guideline Development, Dissemination, and 

Implementation Subcommittee of the American Academy of Neurology. Neurology 90, 

126-135. 

[4]  Sabbagh MN, Boada M, Borson S, Chilukuri M, Dubois B, Ingram J, Iwata A, Porsteinsson 

AP, Possin KL, Rabinovici GD, Vellas B (2020) Early detection of mild cognitive 

impairment (MCI) in primary care. J Prev Alzheimers Dis 7, 165-170. 

[5]  Dunne RA, Aarsland D, O’Brien JT, Ballard C, Banerjee S, Fox NC, Isaacs JD, Underwood 

BR, Perry RJ, Chan D, Dening T (2021) Mild cognitive impairment: the Manchester 

consensus. Age Ageing 50, 72-80. 

[6]  Rashedi V, Foroughan M, Chehrehnegar N (2021) Psychometric properties of the Persian 

Montreal Cognitive Assessment in mild cognitive impairment and Alzheimer 

disease. Dement Geriatr Cogn Disord Extra 11, 51-57. 

[7]  Calandrelli R, Panfili M, Onofrj V, Tran HE, Piludu F, Guglielmi V, Colosimo C, Pilato F 

(2022) Brain atrophy pattern in patients with mild cognitive impairment: MRI 

study. Transl Neurosci 13, 335-348. 

[8]  Wang L, Goldstein FC, Veledar E, Levey AI, Lah JJ, Meltzer CC, Holder CA, Mao H 

(2009) Alterations in cortical thickness and white matter integrity in mild cognitive 



 

impairment measured by whole-brain cortical thickness mapping and diffusion tensor 

imaging. Am J Neuroradiol 30, 893-899. 

[9]  Jatoi S, Hafeez A, Riaz SU, Ali A, Ghauri MI, Zehra M (2020) Low vitamin b12 levels: 

an underestimated cause of minimal cognitive impairment and dementia. Cureus 12, 

e6976.  


