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Abstract

:

Postural stability, hearing, and gait function deterioration are the risk factors associated with cognitive impairment. Although no method has been reported for treating severe cognitive impairment to date, developing an early detection model based on these risk factors could aid in slowing down or even reversing the deterioration process. In this study, the association between cognitive impairment and the combined predictive ability of sensory and gait features was assessed. Fifty-seven healthy community-dwelling men over the age of sixty-five participated in cognitive, postural stability, auditory, and level walking evaluations. They were divided into two groups: healthy control group (n = 39) and lower cognition group (n = 18), based on their Montreal cognitive assessment score. During gait, the center of mass of the cognitively impaired participants was confined to a smaller volume. Furthermore, the cognitively healthy participants were found to have better postural stability. Both groups possessed similar hearing ability; however, the cognitively impaired group made a significantly higher number of errors when repeating words or sentences. A logistic regression model utilizing each of these function quantifiers exhibited a high area under the receiver operating characteristic curve, suggesting excellent predictive ability. These models can be applied to smartphone or smart home healthcare technologies to detect the possibility of cognitive impairment, thus facilitating early detection.
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1. Introduction


According to reports from the World Health Organization, approximately 55 million people worldwide live with some form of dementia, and this number keeps growing, with approximately 10 million cases every year [1]. Early diagnosis of dementia is currently challenging, especially in case of mild cognitive impairment (MCI). MCI is an early stage of memory loss or other cognitive ability loss in individuals who maintain the ability to independently perform most activities of day-to-day life. Detecting this stage of cognitive impairment would allow the actualization of early interventions and rehabilitation of cognitive function. Unfortunately, diagnosis of MCI requires a variety of assessments, such as electroencephalograph, neuroimaging, Pittsburgh bound positron emission tomography, etc. [2,3,4], which are often inaccessible due to their complexity and price.



Furthermore, a recent study has shown that a high percentage of elderly individuals with cognitive impairment consistent with dementia do not have reports of dementia-related diagnoses [5]. This means that a high number of elderly never seek professional help or receive a diagnosis, perpetuating the need for more easily accessible diagnostic tools.



To overcome the above-mentioned issues, motor and sensory functions have been examined because the sensory and motor regions of the central nervous system (CNS), such as auditory and vestibular systems, are affected by Alzheimer’s dementia (AD) pathology [6]. Deal [7] and Paik [8] reported people with dementia having hearing and vision impairments, while Yamada [9] and Mahrani [10] discovered that people with both sensory impairments had a higher incidence of dementia than those with only one sensory impairment. Additionally, people with MCI and dementia were confirmed to have low gait ability [11,12,13]. It was shown that for cognitively healthy elderly people with sensory or motor impairments at baseline, the cognitive function tends to deteriorate later in life, in contrast with the ones with no impairments at baseline. In other words, these findings suggest the possibility of detecting early cognitive impairment or predicting cases that can progress to cognitive impairment, through the use of motor and sensory functions.



Further, neurodegenerative dementias (Alzheimer’s, Lewy body, and frontotemporal dementia) were discovered to have characteristic auditory disfunctions with deteriorations in the temporal and parietal lobes [14]. Additionally, the executive function, which is dependent on the temporal lobe [15], has also been correlated with gait and balance disfunction [16].



Considering the previously mentioned difficulty and accessibility of clinical diagnosis of a prodromal stage of dementia, as well as the variety of functions affected by cognitive deterioration, easily accessible diagnostic tools which are sensitive to any form of cognitive impairment are needed. Such diagnostic tools can be implemented through motor and sensory parameters, and applied to smartphone and smart home healthcare technology, which could aid in more elderly people receiving a diagnosis early in the cognitive deterioration stage.



It is hence necessary to determine the functional differences and similarities between people who are cognitively healthy or cognitively impaired in the early stages and select the features that are best suited for discerning between them. Therefore, this study aimed to (1) compare gait, postural stability, and hearing ability of healthy and cognitively impaired participants, (2) assess the predictive ability of these functions’ parameters for classification of people with cognitive impairment and healthy elderly people, and (3) propose a logistic regression model that combines these parameters.




2. Materials and Methods


2.1. Participants


Sixty-nine healthy community-dwelling Korean men aged over 65 years were recruited. Only those with no reported history of neurodegenerative disease and no need for assistance participated in the study. The participants underwent cognitive assessment, level walking, and audiological and postural stability examinations. The examination comprised two sessions executed on two different days for each participant: first, a neuropsychological assessment and level walking examination, and second, audiological and postural stability evaluations. The demographic variables obtained were as follows: age (age of the participant at the time of the first visit), height (height of the participant measured during the first visit), weight (weight of the participant measured during the first visit), and years of education (information provided by the participant). All participants provided written informed consent prior to participating in the study. The present study’s design and protocol were approved by the Institutional Review Board of Jeonbuk national university (JBNU IRB File No.2019-09-015-001). The study design and protocol were executed in accordance with all relevant regulations regarding the use of human participants in a study, in accordance with the provisions of the Declaration of Helsinki.




2.2. Cognitive Testing


To estimate the cognitive performance and classify the participants into one of two groups: healthy control (HC) or lower cognition (LC) group, the Korean Montreal Cognitive Assessment (K-MoCA) was conducted during the first visit. The participants were classified based on the cutoff points provided in a normative study [17]. These cutoff values ranged from 6 to 26 points, depending on the age and years of education of each participant.




2.3. Level Walking


After completing the cognitive assessment, the participants proceeded with the level walking gait assessment. This was realized using a three-dimensional motion analyzer (Optotrak Certus, Northern Digital Inc., Waterloo, ON, Canada), four force plates (Bertec Ltd., Columbus, OH, USA), and motion capture software (First Principle, Northern Digital Inc., Waterloo, ON, Canada). Three position sensors were placed facing the force plates, and a total of 17 infrared light-emitting diodes (Smart marker, Northern Digital Inc., Waterloo, ON, Canada) were placed on the participants’ lower extremities in accordance with the motion module marker guide (MusculoGraphics, Inc., Santa Rosa, CA, USA), as shown in Figure 1. The employed system incorporated the standard method for motion analysis [18]. Participants were asked to walk at a self-selected pace across a 10 m long walkway. For each participant, three trials of level walking data were processed to derive the gait variables. The gait variables were derived using the human neural, musculoskeletal modeling, and analysis software (SIMM, Motion Analysis Corp., Santa Rosa, CA, USA), and normalized and ensemble averages of the three trials were calculated and used in further analysis. Center of mass (COM) trails in three-dimensional space were visualized using MATLAB R2019b (The Mathworks Inc., Natick, MA, USA), and the volume of the trail encompassing was calculated for each participant.




2.4. Audiological Exam


During the second visit, the participants underwent an audiological assessment. Korean speech audiometry tests with pre-recorded examples and an audiometer (GSI-61, Grason-Stadler, Denmark) were used, and the variables derived from the data with their respective explanations are presented as follows:




	1.

	
PTA R and L = 0.5, 1, and 2 kHz Average Pure Tone Audiometry score for the right (R) and left (L) ears.




	2.

	
SRT = Average Speech Recognition Threshold of both ears.




	3.

	
WRS = Average Word Recognition Score of both ears.




	4.

	
WRS error = Total number of errors on the word recognition test.




	5.

	
SRS = Average Sentence Recognition Score of both ears.




	6.

	
SRS error = Total number of errors on the sentence recognition test.









Additionally, PTA impairment was defined via the common threshold used in hearing impairment-related studies [9,19], which is PTA value > 25 dB hearing level (HL) in either ear.




2.5. Balance Function Testing


Balance system static and dynamic (Biodex Medical System. Inc., Smithtown, NY, USA) was used to measure the postural stability. The balance system platform allows for postural stability testing with different durations and numbers of trials. Three trials of 20 s measurement with 10 s rest intervals were selected to obtain this measurement. Participants were instructed to stand still in a comfortable position, eyes open, arms crossed over the chest, and both feet on the Biodex platform. The used parameters, anterior-posterior stability index (APSI), mediolateral stability index (MLSI), and the overall postural stability index (PSI), were averaged across three trials by the balance system.




2.6. Exclusion


Out of the 69 participants, 12 were excluded. The exclusion criteria were:




	1.

	
Inadequate level walking data (disturbed digital signal obtained from position markers), 3 participants.




	2.

	
Reported tinnitus, hearing aid or ear injury, 8 participants.




	3.

	
Gait velocity of more than 2 standard deviations (SD) higher than the average, one participant.









The remaining 57 participants’ data were subjected to statistical analysis.




2.7. Statistical Analysis


2.7.1. Comparative Analysis


The normality of continuous variables was determined using the Shapiro–Wilk test. Based on these results, the variables with normal distribution were compared using a parametric test (Student’s t-test (t)), and the variables with a non-normal distribution were compared using a non-parametric test (Mann–Whitney test). Categorical variables were examined using the Chi-squared (χ2) test. Finally, the gait and auditory function variables that were found to be significantly correlated with the age variable were age-adjusted and assessed using ANCOVA and Quade’s non-parametric ANCOVA methods, depending on the normality of the variable. To confirm the correlation of the variables with the age variable, Pearson and Spearman’s bivariate analyses were utilized, depending on the normality of the variables.




2.7.2. Predictive Ability Assessment


After confirming the variables that exhibited a significant difference between the two groups, receiver operating characteristic (ROC) curve and area under the curve (AUC) values were determined. This was performed to simplify the logistic regression model design process and enable the selection of a few features that would produce the best models without overfitting. The AUC has been widely used to evaluate the relevance between features and binary outcomes in feature selection [20]. The predictive ability was regarded as acceptable if 0.7 ≤ AUC < 0.8, and excellent if 0.8 ≤ AUC < 0.9 [21].




2.7.3. Logistic Regression Model Design


Based on the AUC values, variables with acceptable or excellent predictive abilities were selected for inclusion in the logistic regression models. The predictive ability and significance of the effect of the variable on the result were considered when choosing the best model. Logistic regression was selected because its simplicity can be easily adjusted, by using fewer variables. Simplicity is a significant factor when selecting an algorithm to be used on small datasets, to avoid overfitting.



All statistical analyses were performed using the Statistical Package for the Social Sciences (SPSS) version 20.0.0 for Windows software (IBM Corp., Armonk, NY, USA). The level of significance for all tests was set to p < 0.05. All tests were two-tailed, and all average values were reported in the mean (SD) format, where SD represents the standard deviation.






3. Results


3.1. Comparive Analysis


3.1.1. Demographics


Of the 57 participants, 39 were classified as HC and 18 as LC. The statistical analysis of these demographics showed no significant difference, except for the age variable, where the LC group was shown to be significantly older than the HC group, as can be seen in Table 1.




3.1.2. Cognitive Function


The MoCA test consists of seven segments that evaluate visuospatial executive function, naming, attention, language, abstraction, delayed recall, and orientation. The scores for each segment and their respective p-values are presented in Table 2.



In the case of LC, the interquartile range for the MoCA score was 6.25, whereas in the case of HC it was lower, with a value of 5. The results are significantly different for every segment, except for the orientation segment, with the HC group scoring higher in each of the segments compared to the LC group.




3.1.3. Level Walking


The COM trajectory graphs (Figure 2) show less vertical excursion (Figure 2a), less anterior-posterior (Figure 2b) excursion, and less mediolateral (Figure 2c) excursion in LC compared to HC. However, the comparison of average peak-to-peak values for LC and HC did not demonstrate a statistically significant difference.



The visualization of the COM trajectory in three-dimensional space (Figure 3a) illustrated a more evident difference between the two groups; moreover, the calculated volume encompassed by this trajectory (Figure 3b) was observed to be significantly smaller in LC than in HC. The mean values of these volumes are listed in Table 3.



The peak excursions in the mediolateral trajectory graph (Figure 2c) occurred later in the gait cycle of the LC in comparison to HC, exhibiting a difference in phase durations. To ascertain the significance of this observation, the following parameters were examined: percentage of gait cycle the participants spent in each of the four phases of stance (loading response (LR), mid-stance (MS), terminal stance (TS), and pre-swing (PS)), single limb support (SLS) percentage, double limb support (DLS) percentage, and the swing phase (SW) portion of the gait cycle. The average phase duration, represented as the percentage of the gait cycle, for LC and HC, and their respective p-values, are shown in Table 3.



The average LR duration and DLS duration for the LC group were significantly higher than that of the HC group. In contrast, the SLS duration was found to be significantly lower in the LC group.




3.1.4. Audiological Function


Hearing impairment (PTA > 25 dB HL in either ear) was observed in 50% of the sample, although no significant difference was found between the two groups. The results of the audiological examination are presented in Table 4. The pure tone audiometry and speech recognition threshold scores exhibited no significant difference between the LC and HC groups, although the HC group obtained better average scores. After adjusting for age, only the number of errors in the sentence recognition test was significantly different between the two groups, with HC exhibiting an overall better performance.




3.1.5. Balance Function


The mean postural indices for LC and HC as well as their respective p-values are presented in Table 5.



The results demonstrate that the mediolateral and anterior-posterior swaying when standing still were greater in the LC participants than in the HC participants. Among the three indices, the ROC curve for PSI had the highest AUC. Based on the ROC curve, an optimal cutoff value (0.75) was found, and by utilizing this cutoff, a categorical variable of PSI < 0.75 was derived. The chi-squared test revealed a significant difference between the two groups (p = 0.004), showing that there were more participants with PSI higher than 0.75 in the LC group. Specifically, 55% of LC had a PSI higher than 0.75, as opposed to 18% of HC.





3.2. Predictive Ablity and Logistic Regression Model Design


The AUC values, with a 95% confidence interval (CI), of the variables that exhibited significant differences between the two groups and have a good predictive ability (>0.7) were as follows:




	(1)

	
Age = 0.712 (CI 95% 0.579~0.844)




	(2)

	
SLS = 0.711 (CI 95% 0.569~0.853)




	(3)

	
PSI = 0.725 (CI 95% 0.577~0.873)




	(4)

	
APSI = 0.705 (CI 95% 0.555~0.856)




	(5)

	
SRS error = 0.732 (CI 95% 0.585~0.879)









The variables that are not included above displayed a low or non-significant AUC value.



The aforementioned continuous variables and the categorical variable PSI < 0.75 were used to design logistic regression models. To avoid collinearity between the variables, the models were made to include combinations of one variable per function (gait, balance, and hearing). A dual sensory-gait model (Model 1) was found to be the best model, and was also adjusted for age (Model 2). The models include the following continuous variables: SRS error and SLS, as well as the categorical variable PSI < 0.75. Before proceeding with the analysis, some adjustments were made to the variables. Considering that it is practically impossible for a single limb stance to last 0% of the gait cycle, the SLS variable was adjusted to start from 35% instead of 0. This value was chosen as the starting point because the minimum value found in the dataset was 35.53%. A similar adjustment was made for the age variable, considering that the dataset contains only participants over the age of 65. The results of the analysis using the Wald χ2 test and the odds ratio at a 95% CI for models 1 and 2 are presented in Table 6. Based on the calculated predictions of these two models, their respective ROC curves were obtained and used to determine the predictive ability of each model. To summarize, the predictive abilities of the function quantifiers used in the logistic regression models, SLS adjusted, PSI, and SRS error, are represented by their AUC values of: 0.712, 0.725, and 0.732, respectively. In comparison, the AUC values calculated for models 1 (0.832) and 2 (0.838) were greater, indicating a better predictive ability.





4. Discussion


Old age has been found to be associated with an increased risk of dementia [22,23]; therefore, it is expected that the group of cognitively healthy participants would differ significantly from the group of cognitively impaired participants in terms of age. Both groups achieved high scores on the orientation segment. This was the expected outcome, as all the participants were healthy, highly functioning adults that had no issue arriving at the examination site without the help of a guardian. Based on the K-MoCA and orientation segment scores, it was confirmed that none of the participants in the sample lived with severely progressed dementia. The COM graphs obtained from the walking task displayed the differences in vertical, anterior-posterior, and mediolateral COM excursion peaks between HC and LC. However, when examined separately, these characteristics showed no significant differences. By plotting the excursion graphs in three-dimensional space, the differences were emphasized, which was the reason for calculating the volume of the encompassed 3D trails. Based on the results, the containment of COM in a smaller space was observed in the LC group. By avoiding higher excursion of the COM trajectory, the participants were able to avoid instability. To avoid instability, the COM must not exceed the limits of the base of support [24]. Therefore, to maintain balance, COM must be contained in a smaller space if the base of support is small. A further difference between the cognitively healthy people and people with cognitive impairment can be observed in the gait phase duration variables.



First, the LC group exhibited a higher percentage of the gait cycle spent in the loading response phase. LR is a segment of the double limb support portion; therefore, an increase in its duration correlates with an increase in DLS, which was observed in the LC group. Second, the LC group displayed a lower percentage of the gait cycle spent in the single limb support portion of the gait cycle. During this phase, the body’s entire weight is resting on one extremity. The duration of this portion of the gait cycle is the best representative index of limb support capability [25]. In other words, a shorter single limb support phase and longer double limb support phase in the LC group is an indicator of poor gait stability in people with cognitive impairment.



The results of the level walking data analysis have indicated that the participants in the LC group had poor balance in comparison with those in the HC group. The postural stability examination results confirmed the existence of balancing issues in people with cognitive impairment. The postural stability index values showed that the cognitively healthy participants were more stable than the cognitively impaired participants. Dividing the participants into poor postural stability (PSI > 0.75) and good postural stability (PSI ≤ 0.75) groups revealed that there was a significantly higher number of cognitively impaired participants with poor postural stability. This result suggests that poor postural stability is an indicator of cognitive impairment, which is in accordance with previous research [26].



The results of pure tone audiometry revealed a similar hearing level in the two groups, with 50% of participants in each group having a hearing impairment. However, the number of mistakes in the sentence recognition test displayed a lower level of ability in LC. One observation is that the impact of cognitive ability on this score is greater than the impact of hearing ability. Research has shown that sentence comprehension is lower in people with dementia [27,28].



The existence of a significant difference between the two groups was present in several variables, thus making them candidates for predictor variables. However, not all of these variables possessed high predictive ability (represented by their AUC) and therefore were not considered for further analysis. Of the variables that represented gait function, only SLS exhibited high predictive ability. In the case of postural stability, both PSI and APSI had high AUC values, and in the case of auditory function, it was the SLS and SLS error variables.



One variable representing each function (gait, balance, and auditory function) was chosen for use in the logistic regression model. Based on the AUC values and their discriminatory ability, SLS, PSI < 0.75, and SRS error were used to design the logistic regression models. Model 1 was designed using only the three aforementioned variables, and model 2 was designed to adjust for the effect of age as a confounding factor. Regarding the model characteristics, the β coefficients show the influence of a feature on the probability of having lower cognition. In the case of SLS, the negative coefficient signifies that an increase in the single limb support portion decreases the possibility of lower cognition. By observing the odds ratios (OR), it can be concluded that having a PSI lower than 0.75 lowers the possibility of having cognitive impairment by approximately 80% (OR = 0.181, model 1, and OR = 0.204, model 2). Similarly, an increase in the duration of the SLS portion of the gait cycle lowered the probability of cognitive impairment by 44% (OR = 0.559, model 1, and OR = 0.557, model 2). In contrast, an increase in the number of mistakes during the sentence recognition test resulted in a 40% increase (OR = 1.416, model 1, and OR = 1.38, model 2) in the likelihood of having cognitive impairment. The age and constant can be removed from the models because of their non-significant contribution, leaving model 1 as the best model obtained from this dataset. Based on the AUC values, it can be concluded that the models have excellent predictive ability. By comparing them with the AUC values of the individual predictive variables, it is apparent that using a dual sensory-gait prediction model produces better results than using single sensory or gait variable-based models for prediction.



Our study has the following limitations: (1) Small sample size of our dataset—an increase in the data sample could potentially improve the performance of the proposed prediction models. (2) Absence of clinically diagnosed participants—a larger study with participants who were clinically diagnosed as people with cognitive impairment is needed to confirm the effectiveness of the proposed models. (3) The prediction model was not validated on a separate sample, and the validation of the model would give more insight into its quality, apart from the obtained AUC. (4) Only one classification model algorithm was assessed: several approaches are needed to obtain the best classification model, and further research comparing different algorithms could result in the design of an optimal early detection model for cognitive impairment.




5. Conclusions


The statistical analysis showed that participants with cognitive impairment have poor postural stability, which causes them to depend more on double limb support during level walking and contain their COM to a smaller volume in space. Furthermore, the sentence recognition test revealed that despite the two groups demonstrating similar hearing ability levels, the participants with lower cognition had more difficulty repeating words and sentences correctly. The results of the logistic regression and statistical evaluations suggest that using machine learning algorithms that combine balance, hearing, and gait function variables could aid in the diagnosis of lower cognitive function. The combination of sensory, balance, and gait quantifiers was also shown to have a higher AUC than the single quantifier analysis. Considering that our sample comprised of healthy, community-dwelling adults who were highly functioning and did not require assistance from a guardian, this model has the potential to contribute to actualizing a diagnosis protocol that can be used for the detection of early stages of cognitive impairment. Training the diagnostic models on larger datasets could lead to a better predictive ability, and designing and implementing longitudinal studies would allow following the course of the disease as well.
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Figure 1. Motion analysis position sensor and marker placement: (a) position sensor placement: posterior, left anterior, and right anterior to the walkway, and (b) lower extremity marker placement: anterior, posterior, and lateral view. 
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Figure 2. Average COM trajectory excursion graphs for LC and HC: (a) vertical trajectory graph, (b) anterior-posterior trajectory graph, and (c) mediolateral trajectory graph (the continuous and dotted vertical lines mark the peak occurrences for HC and LC). 
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Figure 3. Visualization of three-dimensional COM trajectory: (a) HC and LC average COM trajectory, and (b) example of the volume encompassed by the COM trajectory. 
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Table 1. Demographics.
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Score (/Max)

	
ALL (n = 57)

	
HC (n = 39)

	
LC (n = 18)

	
p-Value *




	
MEAN (SD)

	
MEAN (SD)

	
MEAN (SD)






	
Age (years)

	
74.42 (4.56)

	
73.46 (4.51)

	
76.5 (4.04)

	
0.01 *




	
Height (cm)

	
166.96 (5.53)

	
167.15 (5.91)

	
166.56 (4.73)

	
0.708




	
Weight (kg)

	
67.34 (8.42)

	
67.4 (8.8)

	
67.19 (7.76)

	
0.932




	
Education (years)

	
13.07 (3.41)

	
13.1 (3.35)

	
13.0 (3.63)

	
0.917








HC, Healthy Control; LC, Lower Cognition; SD, Standard Deviation; * significance level p-value < 0.05.
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Table 2. Cognitive scores of lower cognition and healthy control groups.
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Score (/Max)

	
HC (n = 39)

	
LC (n = 18)

	
p-Value *




	
MEAN (SD)

	
MEAN (SD)






	
MoCA score (/30)

	
23.3 (2.7)

	
17.44 (3.4)

	
<0.001 *




	
Visuospatial executive function (/5)

	
4.13 (1.0)

	
2.39 (0.9)

	
<0.001 *




	
Naming (/3)

	
2.89 (0.3)

	
2.67 (0.5)

	
0.035 *




	
Attention (/6)

	
5.28 (0.76)

	
4.44 (1.1)

	
0.005 *




	
Language (/3)

	
2.36 (0.67)

	
1.44 (1.15)

	
0.003 *




	
Abstraction (/2)

	
1.02 (0.81)

	
0.56 (0.51)

	
0.038 *




	
Delayed recall (/5)

	
1.79 (1.28)

	
0.56 (0.78)

	
0.001 *




	
Orientation (/6)

	
5.82 (2.72)

	
5.39 (3.4)

	
0.055








HC, Healthy Control; LC, Lower Cognition; SD, Standard Deviation; MoCA, Montreal Cognitive Assessment; * significance level p-value < 0.05.
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Table 3. Level walking variables of LC and HC groups.
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Variable

	
HC (n = 39)

	
LC (n = 18)

	
p-Value *




	
MEAN (SD)

	
MEAN (SD)






	
LR (%)

	
10.55 (1.13)

	
11.44 (1.49)

	
0.016 *




	
MS (%)

	
21.16 (2.51)

	
19.67 (2.67)

	
0.217




	
TS (%)

	
18.34 (2.84)

	
18.91 (2.64)

	
0.693




	
PS (%)

	
11.05 (1.13)

	
11.77 (1.06)

	
0.065




	
SLS (%)

	
39.5 (1.25)

	
38.6 (1.30)

	
0.014 *




	
DLS (%)

	
21.61 (2.04)

	
23.2 (2.29)

	
0.011 *




	
SW (%)

	
38.88 (1.32)

	
38.21 (1.28)

	
0.250




	
COM volume

(cm3)

	
442.07 (193.08)

	
344.37 (168.10)

	
0.039 *








HC, Healthy Control; LC, Lower Cognition; SD, Standard Deviation; LR, Loading Response; MS, Mid-Stance; TS, Terminal Stance; PS, Pre-Swing; SLS, Single Limb Support; DLS, Double Limb Support; SW, Swing; COM, Center of Mass. * significance level p-value < 0.05.
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Table 4. Auditory examination variables of LC and HC.
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Variable

	
HC (n = 39)

	
LC (n = 18)

	
p-Value *




	
MEAN (SD)

	
MEAN (SD)






	
PTA R

	
23.5 (10.05)

	
26.4 (10.50)

	
0.290




	
PTA L

	
23.38 (10.84)

	
32.3 (19.32)

	
0.075




	
SRT

	
19.23 (8.61)

	
25 (13.26)

	
0.221




	
WRS

	
76.99 (12.14)

	
71.61 (13.07)

	
0.140




	
WRS error

	
11.05 (5.02)

	
14.33 (6.62)

	
0.223




	
SRS

	
98.27 (1.94)

	
95.2 (4.85)

	
0.063




	
SRS error

	
1.38 (1.55)

	
4 (3.91)

	
0.049 *








HC, Healthy Control; LC, Lower Cognition; SD, Standard Deviation; PTA, Pure Tone Audiometry; SRT, Speech Recognition Threshold; WRS, Word Recognition Score; SRS, Sentence Recognition Score. * significance level p-value < 0.05.
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Table 5. Postural stability variables of LC and HC.
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Variable

	
HC (n = 39)

	
LC (n = 18)

	
p-Value *




	
MEAN (SD)

	
MEAN (SD)






	
PSI

	
0.68 (0.37)

	
1.16 (0.86)

	
0.006 *




	
APSI

	
0.54 (0.36)

	
0.86 (0.64)

	
0.012 *




	
MLSI

	
0.27 (0.15)

	
0.59 (0.62)

	
0.017 *








HC, Healthy Control; LC, Lower Cognition; SD, Standard Deviation; PSI, Postural Stability Index; APSI, Anterior-Posterior stability index; MLSI, Mediolateral Stability Index. * significance level p-value < 0.05.
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Table 6. Logistic regression characteristics, models 1 and 2.
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PV

	
β

	
S.E.

	
    Wald    χ 2     

	
p-Value

	
OR

	
95% CI of OR

	
AUC (95% CI)






	
Model 1

	
SLS adjusted

	
−0.582

	
0.289

	
4.068

	
0.044 *

	
0.559

	
0.317 to 0.984

	
0.832 (0.725~0.938)




	
PSI < 0.75

	
−1.708

	
0.747

	
5.227

	
0.022 *

	
0.181

	
0.042 to 0.784




	
SRS error

	
0.348

	
0.172

	
4.098

	
0.043 *

	
1.416

	
1.011 to 1.983




	
Constant

	
1.71

	
1.199

	
0.02

	
0.887

	
1.186

	




	
Model 2

	
SLS adjusted

	
−0.584

	
0.290

	
4.048

	
0.044 *

	
0.557

	
0.315 to 0.985

	
0.840 (0.735~0.946)




	
PSI < 0.75

	
−1.59

	
0.765

	
4.321

	
0.038 *

	
0.204

	
0.045 to 0.913




	
SRS error

	
0.322

	
0.176

	
3.347

	
0.067

	
1.380

	
0.977 to 1.948




	
Age adjusted

	
0.061

	
0.079

	
0.603

	
0.438

	
1.063

	
0.911 to 1.242




	
Constant

	
−0.327

	
1.366

	
0.057

	
0.811

	
0.721

	








PV, Predictor Variable; S.E., Standard Error; OR, Odds Ratio or Exp (β); AUC, Area Under the Curve; CI, Confidence Interval; SLS, Single Limb Support; PSI, Postural Stability Index; SRS, Sentence Recognition Score. * significance level p-value < 0.05.
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