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Abstract
   In Kyoto, Japan, government agencies implemented stay-at-home 
and social distancing measures from April 2020 to September 2022 
to curb the spread of COVID-19. Mild cognitive impairment (MCI) 
is a precursor to dementia. Given the rapid progression from MCI 
to dementia, there is a pressing need to identify robust predictors of 
MCI. 
   The study sample was 19 healthy elderly people (aged ≥ 65 years) 
enrolled in the Open University Program. This study employed a 
two-phase dataset: a pre-lockdown phase (October 2018, October 
2019, and March 2020) and a post-lockdown phase (September 
2022 onwards). The Japanese version of the Montreal Cognitive 
Assessment (MoCA-J) was used as a cognitive function test and was 
administered by skilled occupational therapists. We evaluated the 
applicability of exponential smoothing models to forecast MoCA-J 
scores in the 5 years following the COVID-19 pandemic. Data were 
analyzed using SPSS Statistics version 29.0 for Windows (IBM 
Japan). 
   The COVID-19 pandemic significantly decreased the MoCA-J 
scores of 11 older adults who had an initial MoCA-J score of 26 or 
higher (p<0.05) and 5 individuals were diagnosed with MCI. The only 
item that showed a decrease in all participants was delayed recall, 
with an average score of 2.6. Exponential smoothing models were 
used to analyze time-series data from 5 individuals who developed 
MCI after the COVID-19 pandemic. The models predicted a decrease 
of 4 to 6 points in the target by 2027 after the COVID-19 pandemic.
   The findings of this study suggest that individuals who received 
stay-at-home orders during the COVID-19 pandemic experienced 
significant reductions in their MoCA-J scores. The time series 
analysis revealed a rapid decline in cognitive function among those 
who developed MCI. These findings highlight the urgent need 
for timely interventions tailored to individual needs to prevent 
progression to dementia.

Keywords: Mild cognitive impairment, MoCA-J, Exponential 
smoothing model, Stay-at-home, Dementia
Introduction
   In Kyoto, Japan, government agencies implemented stay-at-home 
and social distancing measures from April 2020 to September 2022. 
The Social distancing measures implemented to curb the spread 
of COVID-19’s expansion significantly disrupted daily routines. 
Studies have consistently shown that individuals who are overweight 
or obese experienced decreased mental health [1, 2], unhealthy eating 
habits [3], reduced physical activity [1, 4], decreased sleep quality 
and quantity [5], and weight gain [2] during the pandemic.
   Mild cognitive impairment (MCI) may progress to dementia, but 
in some cases, cognitive function remains stable or even improves 
[6, 7]. MCI is a syndrome characterized by a decline in one or more 
cognitive domains such as memory, language, and attention that can 
be measured objectively but does not interfere with activities of daily 
living. Previous studies have reported that patients with MCI have a 
higher risk of progression to dementia over a relatively short period 
of time [8]. The Montreal Cognitive Assessment-Japanese version 
(MoCA-J) has been shown to be a more appropriate screening tool 
for detecting MCI in individuals aged 60 and over, compared to other 
cognitive assessments [9].
   Therefore, we hypothesized that stay-at-home orders contribute to 
the development of MCI in a subset of the population.
   Autoregressive integrated moving average (ARIMA) models, 
which are powerful tools for time series analysis, have been applied 
in studies to examine the temporal patterns of the COVID-19 
pandemic [10, 11].  For data showing non-linear and non-seasonal 
patterns, exponential smoothing models may be more appropriate 
than ARIMA model [12].
   In this study, we analyzed the decline in MoCA-J scores of 
uninfected older adults before and after the COVID-19 pandemic.
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Furthermore, an exponential smoothing model was used to predict 
cognitive function 5 years later in older adults with normal MoCA-J 
scores before the pandemic.
Materials & Methods
Subjects and Setting
   Prior to conducting this study, approval was obtained from the 
Ethics Committee of the Aichi Medical University Ethics Review 
Board (2017-M052) in Japan. The researchers went to the Citizens 
Academy for the Elderly at Kyoto Bunkyo University in Uji City 
to take measurements and ensure proper management of the safety 
and confidentiality of the study. The subjects were enrolled from 
August 2018 to September 2022. After obtaining informed consent, 
15 uninfected elderly Japanese men (age: 71.2±2.8) and 4 women 
(age: 69.0±6.5) were enrolled in the study.
   From April 2020 to September 2022, government agencies in 
Kyoto, Japan implemented and recommended stay-at-home orders 
and social distancing measures as part of efforts to control the spread 
of COVID-19. The study data were divided into two phases: a pre-
pandemic phase (October 2018, October 2019, and March 2020) and 
the post-lockdown phase (September 2022).
Cognitive Function Test
   The MoCA-J may be better at detecting early cognitive dysfunction 
and is also used as a cognitive function test. The maximum score

for the MoCA-J is 30 points, and the cutoff score for MCI is 25 to 
26 points [13]. Tests were performed by verbal questioning of 5- to 
10-min duration by skilled occupational therapists.  The mode of 
MoCA-J was decided according to medical criteria using minimal 
clinically important difference (MCID), and the range of correct 
answers was <2.0.
Time Series Analysis of MoCA-J Scores: A Longitudinal Study
   In this study, we evaluated the suitability of exponential smoothing 
models for forecasting MoCA-J scores five years post-COVID-19 
pandemic. Analyses were carried out using SPSS 29. 0 .20 for 
Windows (IBM, Japan).
Statistical analysis
   The differences between before and after lockdown were evaluated 
using Wilcoxon signed-rank test. A p-value of < 0.05 was statistically 
significant.  Analyses were carried out using SPSS 29. 0 .20 for 
Windows (IBM, Japan).
Results
Study Subjects
   The characteristics of the study subjects are shown in Table 1. 
Obesity was defined as a BMI of ≥25.0 kg/m2. The prevalence of 
obesity determined by BMI was 21.4-28.0 kg/m2. Thus, it was similar 
to the mean for all 65-74-year-old Japanese (21.5-24.9 kg/m2).

Age No. of 
participants 
(% male)

BMI %Fat MoCA-J
normal
(%)

70.8 ± 3.8 19 (78.9) 23.3 ± 2.5 24.6 ± 8.3 11 (47.8)
Table 1. Characteristics of study subjects before the COVID-19 

pandemic (mean ± SD)

Decline in MoCA-J Scores During the COVID-19 Pandemic
   There was no significant difference in MoCA-J scores between 
the pre- and post-COVID-19 pandemic periods (p=0.49) among all 
participants. 
   Of the 11 participants with normal pre-pandemic MoCA-J scores 
(≥26), a significant decline was observed post-pandemic (p < 0.05) 
(Fig. 1). Of the 5 of the 11 participants who met the criteria for MCI

post-pandemic, the mean MoCA-J score declined by 3.7 ± 1.4 points 
over the three-year follow-up period (Fig. 1). The only item that 
showed a decrease in all participants was delayed recall, with an 
average score of 2.6.
   The average change scores of the eight individuals diagnosed with 
MCI before the pandemic were found to be within the MCID after 
post-pandemic, suggesting that no clinically significant changes 
occurred post-pandemic.

Fig. 1 Significant Decline in MoCA-J Scores During the 
COVID-19 Pandemic.
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Estimation of MoCA-J Scores 5 Years After the COVID-19 
Pandemic
   To estimate the long-term impact of COVID-19 on cognitive 
function, we conducted a time series analysis using an exponential

smoothing model in 5 individuals with MCI diagnosed post-
pandemic. The predicted results of MOCA-J score from 2023 to 2027 
were showed in Fig. 2.

Fig. 2 Projected MoCA-J Scores: 2023-2027.

Discussion
   In a large population-based prospective cohort study of dementia 
in Japan, the prevalence of MCI was 13.2% [14].  Approximately 
42.1% of the study participants were diagnosed with MCI before 
the COVID-19 pandemic, and the prevalence was higher than the 
average in the Japanese population.
   Our analysis, which projected MoCA-J scores five years post-
COVID-19 pandemic (2027), indicated that 4 out of 5 individuals 
showed a decline of 4 to 6 points (>MCID). Physical exercise, 
including walking, may improve cognitive function [15]. Vitamin 
D3, which is synthesized in the skin from cholesterol precursors 
upon UVB exposure, was weakly associated with limb and trunk 
muscle mass [16].
   These results suggest that stay-at-home orders may have 
contributed to a decline in MOCA-J scores during the COVID-19 
pandemic in typical elderly Japanese, as indicated by a normal BMI 
and body fat percentage, and a decline in MoCA-J scores warrants 
the implementation of time series analysis and tailored interventions 
to prevent the progression to dementia.
   Although we used only a small number of cases, the inaccuracy from 
the exponential smoothing model was sufficient for the prediction 
task. Thus, our findings should be able to serve as a foundation for 
larger prospective studies.
   Our results indicate that time series analysis is available for healthy 
elderly to prevent a shift to dementia. This analysis could serve as a 
tool to aid nurses in the clinical decision.
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