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Abstract

Background: Frail older adults are at greater risk of adverse health-related outcomes such as falls, disability, and mortality. Mild
behavioral impairment (MBI), which is characterized by neurobehavioral symptoms in individuals without dementia, is a crucial
factor in identifying at-risk groups and implementing early interventions for frail older adults. However, the specific role of
social functioning, which encompasses social interaction and loneliness levels, in relation to frailty within this group remains
unclear.

Objective: This study investigated the association between frailty, social interaction, and loneliness levels, measured using an
ecological momentary assessment approach, while adjusting for MBI symptoms in two contexts: the presence and severity of
MBI symptoms among older adults with subjective cognitive decline (SCD) or mild cognitive impairment (MCI).

Methods: Older adults with SCD or MCI were recruited from an outpatient clinic specializing in the early diagnosis of dementia
and care management of dementia at a community health center, as well as from a community service center in Seoul, South
Korea. Participants reported their daily social interaction frequency and loneliness level via a mobile application, four times daily
for two weeks. Frailty was evaluated using the Korean version of the Frailty Phenotype Questionnaire, and MBI was assessed
using a 34-item MBI-Checklist covering five domains. Multivariate logistic regression adjusted for the presence or severity of
MBI symptoms was used to analyze their association with frailty.

Results: Among the 101 participants analyzed, 42.6% were classified as frail. Higher average daily social interaction scores
were consistently associated with lower odds of frailty. This was evident in the models adjusted for both the global (odds ratio
[OR]: 0.51, p = .01) and domain-specific presence (OR: 0.42, p = .01) of MBI symptoms. Similar trends were observed in the
models adjusted for global (OR: 0.52, p = .04) and domain-specific (OR: 0.45, p = .02) severity of MBI symptom.

Conclusions: Frequent social interaction was inversely associated with frailty, even after adjusting for the presence and severity
of MBI symptoms. This study highlights the importance of integrating behavioral and social functional assessments for the early
detection, prevention, and targeted intervention for frailty in older adults with cognitive decline. Further prospective studies
using real-time measurements are needed to explore the associated risk factors and comprehensive functional status of this at-risk
group.
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Assessing  Social  Interaction  and  Loneliness  and  Their  Association  with
Frailty  among  Older  Adults  with  Subjective  Cognitive  Decline  or  Mild
Cognitive Impairment: An Ecological Momentary Assessment Approach

Abstract

Background: Frail older adults are at greater risk of adverse health-related outcomes such as 
falls, disability, and mortality. Mild behavioral impairment (MBI), which is characterized by 
neurobehavioral symptoms in individuals without dementia, is a crucial factor in identifying at-
risk groups and implementing early interventions for frail older adults. However, the specific 
role of social functioning, which encompasses social interaction and loneliness levels, in 
relation to frailty within this group remains unclear.
Objective: This study investigated the association between frailty status, social interaction 
frequency, and loneliness levels among older adults with subjective cognitive decline (SCD) or 
mild cognitive impairment (MCI), while adjusting for MBI symptoms in two contexts: the 
presence and severity of MBI symptoms.
Methods: Older adults with SCD or MCI were recruited from an outpatient clinic specializing in
the early diagnosis and care management of dementia at a community health center, as well as 
from a community service center in Seoul, South Korea. Using an ecological momentary 
assessment approach, participants reported their daily social interaction frequency and 
loneliness level via a mobile application, four times daily for two weeks. Frailty status, the 
outcome variable, was assessed using the Korean version of the Frailty Phenotype 
Questionnaire. Additionally, MBI symptoms were assessed using the 34-item MBI-Checklist 
covering five domains. Multinomial logistic regression analyses were performed to investigate 
the association between frailty status (robust, pre-frail, and frail), the independent variables, 
adjusting for the presence or severity of MBI symptoms.
Results: Among the 101 participants analyzed, 29.7% were classified as pre-frail, and12.8% as 
frail. Higher average daily social interaction scores were consistently associated with lower 
odds of frail compared to robust status. This was evident in the models adjusted for both the 
global presence (relative risk ratio [RRR]: 0.18, p =.02) and global severity (RRR: 0.20, p =.02) 
of MBI symptoms.
Conclusions: Frequent social interaction was inversely associated with frail status in older 
adults with SCD or MCI, even after adjusting for the presence and severity of MBI symptoms. 
These findings highlight the potential of social functioning as a modifiable factor for addressing
frailty among older adults at risk of cognitive and functional decline. Future prospective 
studies using real-time measurements are needed to refine these findings and further 
investigate additional risk factors and functional outcomes in this group.

Keywords: aged; cognitive impairment; ecological momentary assessment; frailty; mild 
behavioral impairment
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Introduction

The demographic shift toward an increasingly aging population presents significant public 
health challenges, with a prominent focus on aging-related adverse health outcomes such as 
frailty. Frailty is a multidimensional syndrome characterized by a decline in physiological 
reserve across multiple systems, leading to increased vulnerability to stressors and adverse 
outcomes. These outcomes include physical limitations, such as impaired mobility, muscle 
weakness, fatigue, cognitive decline, social isolation, and psychological distress [1-3]. Frailty 
manifests through physical, cognitive, and psychological components, often resulting in 
increased risks of falls, disability, hospitalization, and mortality [1,2,4]. Physically, frailty 
impairs an individual’s ability to perform daily activities, while cognitively, it may exacerbate 
the risks of memory and attention deficits [1-6]. Social and psychological factors also play a 
role, as frailty is often associated with social isolation and depressive symptoms [3,7]. Frailty 
and pre-frailty incidences were estimated at 43 and 151 new cases per 1,000 person-years, 
respectively, indicating that approximately one in six community-dwelling older adults may be 
frail [8]. Frailty is more common in women, older individuals, those with a lower 
socioeconomic status, and individuals with comorbid chronic diseases and disabilities [1,8-10].
Subjective cognitive decline (SCD) refers to a self-perceived decline in cognitive performance 
without objective evidence of cognitive impairment [11,12]. Mild cognitive impairment (MCI) 
represents a state between normal cognition and dementia, characterized by a cognitive 
decline more pronounced than expected for an individual’s age and educational level, but 
without significant interference in daily activities [13,14]. The co-occurrence of frailty and 
early-stage cognitive decline has been well documented, with studies showing an increased 
likelihood of frailty in older adults with SCD or MCI. Two systematic reviews and meta-analyses
have offered solid evidence of this relationship [15,16]. Specifically, a cross-sectional study of 
2,386 individuals with SCD revealed that they had a higher likelihood of being pre-frail or frail, 
compared with individuals with normal cognition, even after controlling for factors such as 
sociodemographic characteristics, physical functionality, psychosocial aspects, and biochemical
influences [12]. The Victoria Longitudinal Study, which followed 632 individuals without 
dementia, also showed that increased frailty was associated with a more rapid memory decline 
[5]. Therefore, it is essential to identify individuals with SCD or MCI who are at risk of 
becoming pre-frail or frail, and to implement preventative interventions that focus on 
modifiable lifestyle and health factors.
Although not all cases of frailty and early cognitive impairment are reversible, evidence 
supports the potential reversibility of both conditions, including SCD and MCI, through the 
early detection of at-risk groups and application of tailored interventions [2,15,17,18]. In 
addition, factors such as age, sex, and activities of daily living are associated with frailty and 
cognitive decline [19-22], and mild behavioral impairment (MBI) is also correlated with higher 
levels of frailty and an increased risk of cognitive decline [2,3]. MBI, which emerges later in life, 
is a neurobehavioral syndrome characterized by sustained and impactful neuropsychiatric 
symptoms across five domains: decreased drive and motivation, affective dysregulation, 
impulse dyscontrol, social inappropriateness, and abnormal perception or thought content 
[23]. MBI is considered a precursor to, or concurrent with, MCI, affecting older adults with 
either normal cognition or SCD [23]. Significant associations have been observed between 
certain MBI domains and increased frailty risk in individuals with MCI [3]. Additionally, frailty 
was associated with both the presence and severity of MBI, especially in men [2]. These 
findings underscore the importance of assessing MBI to detect risks before the onset of frailty 
and dementia and warrant the application of interventions for its potential modification.
Psychosocial functioning, which encompasses how individuals engage with society and adapt 
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to environmental challenges, is also an influential factor associated with frailty [24]. Infrequent 
social interactions, which reflect the quantitative aspects of an individual’s limited contact with 
others [7], and loneliness or perceived social isolation are important factors in this context 
[25]. Although a definitive theory connecting limited social interaction, loneliness, and frailty 
has yet to be established, various studies have indicated that reducing social isolation and 
loneliness in later life can significantly improve overall well-being, underscoring the need for 
collective consideration of how these factors impact physical health [7]. The English 
Longitudinal Study of Aging demonstrated that social isolation and loneliness increased the 
risk of frailty in older adults [26]. Furthermore, given the significant impact of social isolation 
and loneliness, addressing even moderate levels of these factors is important, as they are 
associated with an increased risk of worsening frailty [27]. Understanding these psychosocial 
factors is vital in the broader aging context, as they affect not only physical health but also 
psychological well-being, thereby potentially influencing older adults’ overall quality of life and 
healthcare needs [7]. Therefore, the interplay between psychosocial factors and health 
outcomes underscores the importance of holistic approaches in developing geriatric and 
preventive strategies.
The ecological momentary assessment (EMA) provides a dynamic and immediate record of 
personal experiences. It is particularly effective for older adults with cognitive decline, offers a 
comprehensive view of their everyday social lives, and yields more nuanced insights than 
conventional global measures [28]. By capturing patterns of daily social interaction or 
loneliness levels, the EMA addresses restrictions on time or recall bias [29]. However, the 
relationship between frailty, social interaction, and loneliness levels, particularly in the context 
of MBI symptomatology, remains underexplored, while few studies have used EMA to examine 
the real-time social functional status among older adults with cognitive decline. Therefore, this 
study aimed to investigate the cross-sectional relationships between social interaction 
frequency, loneliness levels, and frailty status among older adults with SCD or MCI in two 
contexts: 1) adjusting for the presence of MBI symptoms and 2) adjusting for the severity of 
MBI symptoms. We hypothesized that, similar to MBI symptoms, both the frequency of social 
interactions and level of loneliness would be significantly correlated with frailty. This 
exploration is anticipated to yield deeper insights into psychosocial factors related to frailty 
among individuals with SCD or MCI.

Methods

Design

Our study represents the first wave of a 3-year prospective longitudinal study aimed at 
developing functional prediction models based on behavioral and psychosocial indicators for 
older adults with SCD or MCI. The study protocol was published elsewhere [30]. The following 
is a detailed explanation of the variables considered in this study. We constructed the 
conceptual framework of our study, based on the social- ecological model for older adults [31] 
and successful aging model proposed by Rowe and Kahn [32], as shown in Figure 1.

Participants and setting

For the larger 3-year longitudinal study, we initially estimated the required sample size using R 
(generalized linear mixed model, effect size=0.30, k=2, power=0.80, α=0.05, df=30), yielding a 
minimum of 106 participants. The study protocol has been published elsewhere [30]. The 
effect size was selected based on prior studies examining the relationship between frailty and 
social behavioral factors, which reported moderate effect sizes in similar aging population 
[33,34]. Based on these findings, we adopted an effect size of 0.30 as a conservative estimate, to
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reflect a moderate expected effect while ensuring robustness in our calculation. To account for 
potential attrition, we adjusted the sample size to 127 participants, anticipating a 20% dropout
rate. This adjustment aligns with established guidelines that emphasize careful assessment of 
attrition rates in aging populations, particularly given the health-related challenges that 
contribute to higher dropout rates [35,36]. 
We initially recruited 145 individuals from a dementia relief center and a community service 
center in Seoul, South Korea (SCD = 91, MCI = 54) between October 2022 and November 2023. 
The dementia relief center houses an outpatient clinic that specializes in early diagnosis and 
care management of dementia, whereas the community service center serves as a place for 
older adults to engage in recreational and wellness programs, irrespective of a dementia 
diagnosis. Specific criteria were applied to recruit study participants from each center. The 
common inclusion criteria for the study participants were: 1) age over 65 years, 2) ability to 
use a smartphone, 3) ability to respond to momentary questionnaires via a mobile application, 
and 4) ability to provide written consent for participation.
Individuals who met the inclusion criteria were selected for the SCD group. Participants were 
either: 1) individuals from the dementia relief center who, according to a nurse’s report, had 
neither been diagnosed with MCI nor dementia; or 2) individuals recruited from the 
community service center through convenience sampling, who self-reported having no history 
of MCI or dementia diagnosis and scored above 24 on the Korean Mini-Mental State 
Examination, second edition. Further, we confirmed SCD in individuals from both the dementia 
relief center and the community service center by ensuring that they provided an affirmative 
response to the question, “Do you think your memory has gotten worse, compared with the 
previous year?”
The MCI group consisted exclusively of participants clinically diagnosed with MCI by medical 
doctors at the dementia relief center. This group was screened to include only individuals who 
scored above 18 on the Korean Mini-Mental State Examination, second edition. Participants 
were excluded if they were 1) illiterate; 2) diagnosed with neurological diseases such as 
epilepsy, stroke, Parkinson’s disease, or other types of brain damage; 3) diagnosed with 
psychiatric diseases such as schizophrenia or bipolar disorder; and 4) undergoing critical 
illness treatments such as chemotherapy, had severe cardiovascular disease, or had abused 
substances (including narcotics or alcohol) within the last three years.
After excluding individuals who withdrew their consent (n = 19), those who reported EMA 
responses for less than a week or reported no EMA responses per day (n = 18), and those with 
missing covariate data (n = 7), 101 individuals were included in the final sample. The 
participant selection process is illustrated in Figure 2. 

Measures

Frailty

Frailty status was the primary outcome variable in this study. Frailty was assessed using the 
Korean version of the Frailty Phenotype Questionnaire (FPQ), which is specifically designed to 
screen for the Fried Frailty Phenotype in community-dwelling older adults [37]. While the 
Fried Frailty Phenotype requires direct measurements of gait speed, grip strength, and physical
activity, the FPQ has been validated as an effective proxy for these assessments. Among Korean 
older adults, the FPQ demonstrated satisfactory diagnostic accuracy for the Fried Frailty 
Phenotype, with an area under the curve of 0.89, high sensitivity (81.7%), and specificity 
(82.5%) [37].
The FPQ is particularly well-suited for epidemiological research due to its low resource 
requirements and ease of administration, making it a practical screening tool for community-
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dwelling older adults where detailed clinical assessments may not be feasible. The FPQ 
comprises five questions addressing the key aspects of frailty: fatigue (exhaustion), resistance 
(weakness), ambulation (slowness), inactivity, and weight loss. Scoring from 0 to 5, where 0 
indicates robustness, 1–2 indicates pre-frail, and ≥ 3 indicates frail. 

Daily Social Interaction Frequency and Level of Loneliness

Daily social interaction frequency and level of loneliness were the main independent variables. 
Daily social interaction frequency was measured to reflect quantifiable aspects of social 
contact, while the level of loneliness was assessed to capture one’s perceived view of the 
consequences of social contact [7]. While the level of loneliness is often measured with a single 
directional question about one’s loneliness status, a solid assessment method for social 
interaction has yet to be established [7]. Despite the complexity and heterogeneity of its 
indicators, social isolation can be quantitatively assessed by aggregating various factors into a 
composite index [7]. Building on a prior study that determined social activity frequency by 
inquiring about the frequency of participant engagement in socially interactive activities among
older adults without clinical signs of dementia rated on a five-point scale [38], this study 
quantitatively assessed the daily frequency of social interaction.
Given the cognitive challenges faced by our participants with SCD or MCI, simplifying the data 
collection process was essential to reduce participant burden and ensure consistent and 
reliable responses. For this reason, we did not differentiate between types of social interactions
(e.g., in-person, phone-based), as the study’s primary goal was to explore the overall 
relationship between social engagement and frailty in older adults with cognitive decline. 
The EMA method was particularly well-suited for this purpose because it allowed us to collect 
real-time data on both the frequency of social interactions and participants’ perceived 
loneliness. This approach minimizes recall bias, particularly relevant for individuals with 
cognitive difficulties. A mobile EMA application was used. With smartphone ownership rates 
among older Korean adults in 2023 reaching 97.2% for those aged 60–69 and 72.9% for those 
aged 70 and above [39], the feasibility of this method was significantly enhanced.
The EMA method facilitated real-time data collection through a mobile phone application that 
set off alarms four times daily (upon waking and three times during mealtimes) over two 
weeks. Each alarm prompted participants to answer two questions. The first question assessed 
the frequency of social interactions since upon waking or since the last mealtime: “How many 
times have you had a social encounter?” Participants recorded the number of face-to-face 
meetings, phone calls, or video calls lasting more than five minutes using a five-point Likert 
scale (0 for “no contact,” 1 for “once,” 2 for “two times,” 3 for “three times,” and 4 for “four or 
more times”). The second question assessed loneliness: “At this moment, how lonely do you 
feel?” using a similar five-point Likert scale (0 = “very lonely” to 4 = “not lonely at all”). Both 
questions were asked four times a day at set intervals (upon waking and after breakfast, lunch, 
and dinner). Figure 3 shows the captured screens from the mobile application. The research 
staff provided follow-up contacts for troubleshooting as needed. Participants received gifts 
worth $50 after completing the two-week data collection period. 
We implemented four strategies to ensure accurate EMA data collection. First, we provided 
comprehensive training sessions, including repeated practice, to ensure participants could use 
the mobile application independently. Second, we provided detailed instructional manuals for 
completing the response process (see Multimedia Appendix 1 for details). Although the EMA 
questions are simple, we addressed potential challenges given that the participants were 
individuals with SCD or MCI. Third, we established a helpdesk for assistance with any 
application-related issues during the follow-up period. Last, we offered direct support as 
needed, with written contact information provided to ensure participants could reach 
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researchers via phone or in person. These measures aimed to enhance participants’ 
understanding and proficiency, contributing to more accurate data collection. Approximately 
15 participants requested assistance during the study, mainly due to issues with mobile EMA 
alarms not triggering due to internet connectivity issues or difficulties with smartphone lock 
functions. Researchers provided phone guidance and, when necessary, conducted in-person 
visits to resolve the issues and offered additional training.
The quantity of social interaction and the level of loneliness were indicated as daily mean 
scores based on previous studies [28,40,41]. Data processing involved calculating the 
maximum daily social interaction frequency as the final daily score. For instance, if a 
participant reported varying frequencies of social encounters throughout day 1, the highest 
frequency reported that day was recorded as the final score. The average daily social 
interaction score was then determined by summing the scores and dividing them by the total 
number of valid responses. Similarly, the average daily loneliness score was calculated by 
adding the total loneliness scores recorded each day (with at least one response) and dividing 
them by the total number of valid response days. 

Presence and Severity of MBI Symptoms

The presence and severity of MBI symptoms were included as key covariates. The Mild 
Behavioral Impairment Checklist (MBI-C) was used to assess the onset of sustained and 
impactful neurocognitive symptoms in the pre-dementia stage [23]. The MBI-C systematically 
evaluates symptoms across the five domains of MBI, persisting for at least six months: 1) 
decreased motivation, 2) affective dysregulation, 3) impulse dyscontrol, 4) social 
inappropriateness, and 5) abnormal perception or thought content. Each symptom was initially
assessed dichotomously (yes/no), followed by a severity rating of mild (1), moderate (2), or 
severe (3) [23]. 
In this study, the Korean version of the MBI-C was used to evaluate the presence and severity of
MBI symptoms. The MBI-C, a brief screening tool previously validated, was implemented to 
detect MBI in line with established criteria [3]. The MBI-C has been translated into various 
languages including Korean. Psychometric evaluation of the Korean version demonstrated 
significant correlations with the Neuropsychiatric Inventory in individuals with amnestic MCI 
(r = 0.25, p <.01) and non-amnestic MCI (r = 0.36, p <.05) [42,43]. In this study, Cronbach’s 
alpha for the MBI-C was 0.89. For presence assessment, we used a dichotomous method for 
both domain-specific and global MBI symptoms, with a cut-off score > 0 indicating the presence
of MBI symptoms [2]. Severity was assessed as either (1) domain-specific, where the sum of 
scores from each individual domain was calculated, or (2) global, involving the cumulative sum 
of scores across all domains [2].

Covariates

Frailty encompasses numerous biological, physiological, and environmental changes that 
typically occur during the aging process [21]. Therefore, we considered sociodemographic and 
health-related characteristics, health behaviors, and functional limitations as covariates. The 
demographic characteristics of participants included gender (male/female), age group (< 70, 
70–74, 75–79, and ≥ 80 years), educational level (<9/≥9 years) and living arrangement (living 
alone/residing with others). 
For health-related characteristics, we considered the total number of chronic illnesses 
diagnosed, including hypertension, diabetes, cardiovascular diseases, cerebrovascular diseases,
gastrointestinal diseases, chronic respiratory diseases, chronic kidney diseases, and 
musculoskeletal conditions. Participants’ cognitive status was dichotomously categorized as 
SCD or MCI based on their responses, which were recorded to evaluate the inclusion criteria. 
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Health behavior aspects included drinking status (active drinker/non-drinker). Owing to the 
limited sample size of former or current smokers (n = 2), smoking status was excluded from 
the statistical analysis. 
As demonstrated in previous studies, dependence on managing higher levels of functional 
performance is associated with frailty [21,22]. Therefore, functional limitations were assessed 
using the Korean Instrumental Activities of Daily Living (K-IADL) scale, which measures the 
ability to perform complex daily tasks such as cooking, grooming, housekeeping, shopping, 
financial management, transportation, laundry, short-distance walking, making phone calls, 
and managing medications [44]. Each item on the K-IADL scale is rated from 0 to 4, with higher 
scores indicating greater dependency. The K-IADL’s validation, conducted with older adults 
aged over 65 years, demonstrated strong internal consistency (Cronbach’s  = 0.94), high inter-α
rater reliability (kappa value = 0.81 0.95), and test-retest reliability correlation (≥ 0.70) [44]. ‒
In this study, high K-IADL scores indicated diminished functional capabilities and were 
analyzed as continuous variables. 

Statistical Analysis

Descriptive statistics were used to outline the general characteristics of the participants and 
compare differences between the robust, pre-frail, and frail groups. Categorical variables are 
presented as counts and percentages, while continuous variables are summarized as means 
with standard deviations. 
To assess the normality of continuous variables, we performed the Shapiro-Wilk test. If the 
data was normally distributed and variance was equal, analysis of variance was applied to 
compare differences between groups. When normality was not met or variance were unequal, 
the Kruskal-Wallis test was used. A chi-square test was used to assess differences in categorical 
variables between groups, with Fisher’s exact test applied when the expected cell count was 
less than 5. 
We conducted multinomial logistic regression analyses to examine the association between 
frailty status, social interaction frequency, and loneliness levels among older adults with MCI or
SCD. Frailty status was the primary outcome variable and was categorized into three groups: 
robust, pre-frail, and frail. Social interaction frequency and daily loneliness levels were the 
independent variables, assessed using EMA. 
To account for potential confounding effects, MBI symptoms were included as a key covariate. 
Additionally, other confounders, including sex, age group, educational level, living arrangement,
number of chronic illnesses, cognitive status, health behaviors, and functional limitations, were 
selected based on their established relevance to frailty and social engagement in previous 
studies [2,3,19-22]. 
Separate multinomial logistic regression models were performed to adjust for MBI symptom 
presence and severity. All independent variables were simultaneously entered into the model 
to ensure consistency and comparability across analyses. Multicollinearity was assessed using 
the variance inflation factor to confirm that the included variables were not highly correlated. 
Model fit was evaluated using the generalized Hosmer-Lemeshow test and model specification 
was checked for validity. Statistical significance was set at P < .05 and all analyses were 
performed using Stata software version 16 (Stata Corp., Texas, USA).

Ethics Considerations

This study was approved by the Institutional Review Board of Severance Hospital, Yonsei 
University Health System (No.4-2022-0637). In accordance with ethical guidelines, all 
participants provided their written informed consent prior to their inclusion in the study. To 
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ensure ethical integrity, individuals with severe cognitive decline who were assessed as 
incapable of making informed decisions regarding participation were excluded from the study. 
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Results

Participants’ General Characteristics

Table 1 presents the general characteristics of participants. A total of 101 participants were 
included in the analysis; 58 (57.4%) were categorized as robust, 30 (29.7%) as pre-frail, and 13
(12.9%) as frail. Significant differences were observed between the groups in age and global 
MBI symptom severity. The mean age and standard deviations for each group was; robust 
(74.9±5.1), pre-frail (75.7±6.5), and frail (82.0±4.9), with corresponding age ranges of 65-87, 
65-89, and 73-89. respectively. For global MBI severity, the median score for all participants 
was 3 (Interquartile range (IQR): 1-9.5). The robust group had the lowest median severity 
score (2, IQR: 1-4.5), while the frail group exhibited the highest severity (9, IQR: 3-23.5).

Table 2 displays a descriptive summary of social interaction frequency and loneliness levels for 
all participants, stratified by frailty status. We summarized the average maximum daily social 
interaction score by calculating the average of each participant’s daily maximum scores across 
the study period, resulting in a single, average score per participant. No significant differences 
were observed in the mean average maximum daily social interaction scores among the 
groups: robust (3.0 ± 0.8), pre-frail (2.9 ± 0.9), and frail (2.4 ± 0.9). Similarly, no significant 
differences were found in the mean average maximum daily loneliness levels, with scores of 3.4
± 0.5 for the robust group, 3.3 ± 0.6 for the pre-frail group, and 3.1 ± 0.9 for the frail group. 

Figure 4 illustrates the variations of the average daily social interaction scores and average 
daily loneliness levels categorized by frailty status. The robust group is characterized by the 
highest median values in daily social interactions and the lowest loneliness levels compared to 
pre-frail and frail groups. In contrast, the frail group demonstrates the lowest median social 
interaction frequency and the highest loneliness levels. Furthermore, the density distribution 
of mean maximum daily social interaction scores and mean maximum daily loneliness level by 
frailty status are illustrated in Appendix 2 and 3. While the overall distribution is right skewed 
across all participants, the frail group exhibits a relatively higher density in the lower frequency
of social interactions compared to the robust or pre-frail group (Appendix 2). In addition, the 
frail group shows a relatively lower density of participants experiencing lower loneliness levels 
compared to robust and pre-frail groups, even though the overall distribution is right-skewed 
(Appendix 3).
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Table 1. Baseline characteristics of participants by frailty status

Variables
Total
(N = 101)

Robust
(n = 58)

Pre-frail
(n = 30)

Frail
(n=13) P-value

Sex
 Men 42 (41.6) 27 (46.5) 10 (33.3) 5 (38.5)

.47
 Women 59 (58.4) 31 (53.5) 20 (66.7) 8 (61.5)
Age 
 Range 65-89 65-87 65-89 73-89
 Mean ± Standard deviation 76.1±5.9 74.9±5.1 75.7±6.5 82.0±4.9 <.001
Educational level

< 9 years 30 (29.7) 12 (20.7) 12 (40.0) 6 (46.2)
.06

≥ 9 years 71 (70.3) 46 (79.3) 18 (60.0) 7 (53.8)
Living arrangement a

Living alone 19 (18.8) 8 (13.8) 9 (30.0) 2 (15.4)
.22

Residing with others 82 (81.2) 50 (86.2) 21 (70.0) 11 (84.6)
Cognitive status
 SCD b 67 (66.3) 44 (75.9) 16 (53.3) 7 (53.9)

.06
 MCI c 34 (33.7) 14 (24.1) 14 (46.7) 6 (46.1)
Drinking status a

 Active drinker 25 (24.8) 17 (29.3) 5 (16.7) 3 (23.1)
.46

 Non-drinker 76 (75.2) 41 (70.7) 25 (83.3) 10 (76.9)
Number of chronic illnesses 2.01±1.11 1.96±1.07 1.93±1.14 2.46±1.19 .31
K-IADL d, e

 Range 1-17 1-16 8-17 9-16
 Interquartile range 10-10 10-10 10-10 10-12.5
 Median 10 10 10 10
 Mean ± Standard deviation 10.4±1.9 10.4±2.1 10.4±1.7 11.0±1.9 .64
Global  MBI f symptom
presence 81 (80.2) 45 (77.5) 24 (80.0) 12 (92.3) .64

Global  MBI f symptom
severity e

 Range 0-41 0-25 0-40 0-41
 Interquartile range 1-9.5 1-4.5 1-12.3 3-23.5
 Median 3 2 8.5 9
 Mean ± Standard deviation 6.9±9.0 4.0±5.1 9.2±10.1 14.5±13.8 .002

a Fisher’s exact test was applied; b SCD: subjective cognitive decline; c MCI: mild cognitive impairment; d 

K-IADL: Korean Instrumental Activities of Daily Living scale; e Kruskal-Wallis test was applied; f MBI: 
mild behavioral impairment
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Table 2. Descriptive statistics  of  daily  social  interaction frequency and loneliness  levels  by
frailty status.

Total 
(N = 101)

Robust
(n = 58)

Pre-frail
(n = 30)

Frail
(n=13)

P-value

Social interaction frequency per day
Range 0-4 0-4 0-4 0-4
Mean ± Standard deviation 2.9±0.8 3.0±0.8 2.9±0.9 2.4±0.9 .08

Loneliness level per day
Range 0-4 1-4 0-4 0-4
Mean ± Standard deviation 3.4±0.6 3.6±0.5 3.3±0.6 3.1±0.9 .06
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Figure 1. The proposed conceptual framework illustrates the relationship between frailty 
status, social interaction, and loneliness levels, while adjusting for the presence and severity of 
mild behavioral impairment symptoms among older adults with subjective cognitive decline or 
mild cognitive impairment. Based on the social-ecological model for older adults and the 
successful aging model proposed by Rowe and Kahn, individual determinants include 
sociodemographic characteristics, health status, and health behaviors. Social function, 
including daily social interaction frequency and daily loneliness level, is also considered.
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Figure 2. Sequential steps involved in the recruitment and selection of study participants. We 
recruited 145 individuals aged ≥ 65 from a dementia relief center or a community service 
center in Seoul, South Korea. The figure depicts the subdivision of these individuals into three 
groups: 58 with robust, 30 with pre-frail, and 13 frail, based on specific inclusion and exclusion 
criteria.
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Figure 3. The mobile application screens captured two questions that assessed daily social 
interaction frequency and loneliness levels. Daily social interaction frequency was measured by
asking, "How many times did you interact with others, including face-to-face meetings, phone 
calls, or video calls lasting more than five minutes?" Responses were categorized into five 
options: no contact, once, twice, three times, and four or more times. Loneliness levels were 
measured by asking, "At this moment, how lonely do you feel?" Responses were also 
categorized into five options: very lonely, lonely, neutral, not lonely, and not lonely at all. Both 
questions were administered four times daily at specific intervals (upon waking and after 
breakfast, lunch, and dinner).
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Figure 4. Distribution of average daily social interaction score and average daily loneliness 
level by frailty status. This figure displays the median levels and range variability of both 
average daily social interaction score and average daily loneliness levels among participants, 
categorized into robust, pre-frail and frail groups. 
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Primary Outcomes

Association  Between  Daily  Social  Interaction  Frequency,  Daily
Loneliness Level, and  Frailty Adjusting for the Presence of  Global  MBI
Symptoms

Table 3 illustrates the relationship between frailty, daily social interaction frequency, and daily 
loneliness level after adjusting for the presence of global MBI symptoms. After adjusting for the 
presence of global MBI symptoms, neither the average maximum daily social interaction score 
(RRR: 0.74, p=.42) nor the average maximum daily loneliness level (RRR: 0.89, p=.76) were 
significantly associated with pre-frail status. Similarly, no significant relationship was observed 
between the average maximum daily loneliness level and frail status (RRR: 0.27, p=.10). 
However, participants with higher average maximum daily social interaction scores were 
significantly less likely to be frail (RRR: 0.18, p=.02). Sociodemographic and health- related 
characteristics also showed significant associations with frailty. Participants with SCD were less
likely to be pre-frail compared to those with MCI (RRR: 0.31, p=.03), while older age was 
associated with a higher likelihood of being frail (RRR: 1.56, p=.001). Figure 5 displays the 
average predictive marginal effects of sociodemographic characteristics, health status, global 
MBI symptom presence, and social functioning on the probability of being classified as robust, 
pre-frail, or frail.

Association  Between  Daily  Social  Interaction  Frequency,  Daily
Loneliness level, and Frailty Adjusting for the Severity  of  Global  MBI
Symptoms

Table 4 presents the associations between frailty, daily social interaction frequency, and daily 
loneliness levels after adjusting for the severity of global MBI symptoms. When adjusting for 
the severity of global MBI symptoms, no significant associations were observed between pre-
frail status and either the average maximum daily social interaction score (RRR: 0.76, p=.48) or 
the average maximum daily loneliness level (RRR: 1.19, p=.69). Likewise, no significant 
relationship was identified between frail status and average maximum daily loneliness level 
(RRR: 0.27, p=.14). However, a significant inverse relationship was found between the average 
maximum daily social interaction scores and frail status (RRR: 0.20, p=.02). Additional 
sociodemographic and health-related factors were associated with pre-frail status. Participants 
with SCD were less likely to be pre-frail compared to those with MCI (RRR: 0.33, p=.04). 
Moreover, participants with more severe MBI symptoms were more likely to be pre-frail (RRR: 
1.09, p=.04), and older age remained significantly associated with being frail (RRR: 1.53, 
p=.002). Figure 6 presents the average predictive marginal effects of sociodemographic 
characteristics, health status, global MBI symptom severity, and social functioning on the 
probability of being classified as robust, pre-frail, or frail.
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Table 3. Multinomial logistic regression model for the association between frailty, global MBI-
symptom presence, daily social interaction frequency, and level of loneliness (N=101).

Variables
Pre-frail
(Base outcome: Robust)

Frail
(Base outcome: Robust)

RRRa (95% CIb) P-value RRR (95% CI) P-value

Women (Ref: men) 2.18 (0.57–8.26) .25 3.54 (0.42–29.72) .24

Age 1.01 (0.92–1.12) .79 1.56 (1.20–2.01) .001

Educational level ≥ 9 years
(Ref: < 9 years) 0.46 (0.16–1.33) .15 0.43 (0.06–2.89) .38

Living alone
(Ref: Residing with others)

2.44 (0.68–8.68) .17 0.11 (0.003–3.27) .20

SCDd (Ref: MCIc) 0.31 (0.11–0.87) .03 0.35 (0.06–2.17) .26

Active drinker
(Ref: Non-drinker)

0.62 (0.15–2.51) .50 9.10 (0.61–135.11) .11

Number  of  chronic
illnesses 0.78 (0.48–1.26) .31 2.04 (0.73–5.66) .17

K-IADLe 1.13 (0.86–1.49) .37 1.38 (0.85–2.25) .18

Global MBIf

-symptom presence 0.89 (0.25–3.15) .85 0.36 (0.01–8.91) .53

Average  maximum  daily
social interaction score

0.74 (0.36–1.53) .42 0.18 (0.05–0.72) .02

Average  maximum  daily
loneliness level 0.89 (0.41–1.92) .76 0.27 (0.05–1.31) .10

Wald χ2 52.04
a RRR: relative risk ratio; b CI: confidence interval; c MCI: mild cognitive impairment
d SCD: subjective cognitive decline; e K-IADL: Korean Instrumental Activities of Daily Living 
scale; f MBI: mild behavioral impairment.
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Figure 5. This figure shows the average predictive marginal effects of sociodemographic 
characteristics, health status, global mild behavioral impairment symptom presence, and social 
functioning on the probability of being classified as robust, pre-frail, or frail. The predictive 
margins were calculated using multinomial logistic regression, with error bars representing 
95% confidence intervals for each effect. 
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Table 4. Regression models for the association between frailty, global MBI-symptom severity, 
daily social interaction frequency, and level of loneliness (N=101).

Variables
Pre-frail
(Base outcome: Robust)

Frail
(Base outcome: Robust)

RRRa (95% CI b) P-value RRR (95% CI) P-value

Women (Ref: men) 2.22 (0.56–8.71) .25 2.93 (0.38–22.34) .30

Age 0.97 (0.88–1.10) .63 1.53 (1.16–2.02) .002

Educational level ≥ 9 years
(Ref: < 9 years) 0.52 (0.17–1.59) .26 0.54 (0.08–3.65) .52

Living alone
(Ref: Residing with others)

2.58 (0.69–9.69) .16 0.08 (0.002–2.57) .16

SCDd (Ref: MCIc) 0.33 (0.11–0.97) .04 0.44 (0.07–2.57) .36

Active drinker
(Ref: Non-drinker)

0.65 (0.15–2.68) .55 10.29 (0.61–174.13) .11

Number  of  chronic
illnesses 0.72 (0.44–1.18) .20 2.14 (0.74–6.12) .15

K-IADLe 1.10 (0.84–1.44) .49 1.31 (0.81–2.13) .27

Global MBIf

-symptom severity 1.09 (1.01–1.18) .04 1.06 (0.95–1.17) .32

Average  maximum  daily
social interaction score

0.76 (0.36–1.61) .48 0.20 (0.05–0.78) .02

Average  maximum  daily
loneliness level 1.19 (0.51–2.78) .69 0.27 (0.05–1.56) .14

Wald χ2 56.59
a RRR: relative risk ratio; b CI: confidence interval; c MCI: mild cognitive impairment
d SCD: subjective cognitive decline; e K-IADL: Korean Instrumental Activities of Daily Living 
scale; f MBI: mild behavioral impairment.
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Figure 6. This figure shows the average predictive marginal effects of sociodemographic 
characteristics, health status, global mild behavioral impairment symptom severity, and social 
functioning on the probability of being classified as robust, pre-frail, or frail. The predictive 
margins were calculated using multinomial logistic regression, with error bars representing 
95% confidence intervals for each effect. 
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Discussion

Principal Findings

This study demonstrated a significant association between frailty and the frequency of daily 
social interaction in a cohort of 101 individuals at risk of dementia in South Korea. Specifically, 
higher average daily social interaction scores were significantly associated with lower relative 
risk ratios of being frail, even after adjusting for the presence and severity of global MBI 
symptoms. These findings underscore the potential role of daily social interaction frequency as 
a modifiable behavioral factor in individuals at the early stages of dementia and frailty risk.
Our study found that frail older adults exhibited more severe MBI symptoms than robust or 
pre-frail groups. This observation aligns with prior research suggesting a potential link 
between frailty and the severity of MBI symptoms [2]. Furthermore, our findings indicate that 
frail older adults had lower average maximum daily social interaction frequency and higher 
loneliness levels compared to robust or pre-frail groups. Unlike previous studies that assessed 
social interaction or loneliness at a single time point [7], our study employed a two-week 
tracking period. This approach also builds on previous research exploring how frailty in older 
adults, characterized by decreased mobility and difficulty with daily activities, may contributes 
to reduced social engagement, increased loneliness, and further functional decline [7].
Our findings also align with existing evidence showing that both the presence and severity of 
global MBI symptoms are associated with frailty. This underscores the importance of assessing 
both cognitive and behavioral impairments when identifying individuals at risk of dementia 
[2]. However, given the relatively small sample size of frail individuals in this study, these 
findings should be interpreted with caution. Nonetheless, our results support prior research 
linking neuropsychiatric symptoms, such as psychosis, not only to an elevated risk of dementia 
but also frailty, which is often associated with accelerated cognitive decline [45]. To strengthen 
these observations, future research should consider analyzing larger cohorts with detailed 
assessments of domain-specific MBI symptoms and frailty. Such studies could yield more 
robust evidence, further elucidating the relationship between specific MBI domains and frailty 
and reinforcing their potential as targets for early intervention in individuals at risk of 
dementia and functional decline.
Our findings are consistent with those of a previous study that used data from the Korean 
Frailty and Aging Cohort Study, which found that less frequent contact with acquaintances was 
associated with a higher prevalence of frailty [46]. Similar patterns have been observed 
worldwide. For instance, a one-year prospective cohort study in Japan demonstrated that 
greater social isolation, measured using the Lubben Social Network Scale, increased the risk of 
developing pre-frail status [47]. Among Italian community-dwelling older adults, a significant 
relationship was found between frailty and higher levels of social isolation, measured using the 
Friendship Scale, and frailty [48]. Although the precise mechanisms through which social 
connections influence frailty are not yet fully understood, growing epidemiological evidence 
suggests that social interactions can affect health outcomes through psychosocial, behavioral, 
and biological pathways. A lack of social interactions, for instance, can amplify the sympathetic 
nervous system and the hypothalamus-pituitary-adrenal axis, thus leading to a chronic mild 
inflammatory state, which is characteristic of frailty syndrome [49-51]. Limited social 
interactions can also increase stress-related hormones such as glucocorticoids, impacting 
immune functions and potentially affecting the biological aspects of frailty [52]. Furthermore, 
frequent social interactions can motivate frail older adults to engage in cognitively and 
physically stimulating activities, providing daily support and health management resources 
[52,53].
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Overall, our findings underscore the importance of social interaction correlates to frailty among
older adults. This issue is particularly relevant in East Asian societies, where traditional family 
structures and intergenerational support are highly valued [54]. However, the rapid 
demographic shift toward an aging population and declining family size in developed East 
Asian countries, such as South Korea, Japan, and China, poses challenges to maintaining 
adequate social contact for older adults [54,55]. This phenomenon may increase the risk of 
frailty in older adults who lack sufficient social engagement due to changing family dynamics 
[56]. Furthermore, in developed countries, where healthcare systems are more established, 
promoting social functioning could be a cost-effective, non-pharmacological intervention to 
reduce frailty and its associated healthcare burden [57,58]. These findings suggest that public 
health policies aimed at enhancing social interactions, particularly for those at risk of cognitive 
decline, could reduce frailty and promote healthy aging in both East Asian and developed 
countries more broadly. 
Our study did not establish a significant correlation between daily loneliness and frailty, in 
contrast to previous research. This discrepancy may be attributed to two primary reasons. 
First, our method of measuring loneliness was based on a single direct question covering a two-
week period. While we aimed to reflect on the participants’ subjective perceptions of their 
social interactions, a more in-depth, long-term study may be necessary to capture the full 
complexity of loneliness. A systematic review and meta-analysis of the relationship between 
loneliness and physical frailty in community-dwelling older adults indicated that baseline 
loneliness could predict worsening frailty, although longitudinal evidence is limited [59]. 
Therefore, future studies should focus on the cumulative effects of comprehensive potential 
factors prevalent in older adults, such as decreased physical activity, poor sleep quality, and 
malnutrition [59-61]. Additionally, these studies should examine these factors within the 
context of social vulnerability and frailty, while controlling for the effects of social networks 
[61].
Second, unlike the frequency of social interactions, loneliness is a subjective feeling and 
perceptions of loneliness can vary significantly among individuals [7]. Typically, loneliness is 
seen as a negative response to the gap between actual and desired relationships [62]. However, 
the threshold for feeling lonely often depends on sociocultural context or personal standards 
[63,64]. Therefore, employing more nuanced, context-specific questionnaires could lead to a 
deeper understanding of loneliness [7]. Nonetheless, given that our study participants were 
older adults at risk for dementia, using numerous detailed questionnaires might not be the 
most feasible approach. An alternative method could involve analyzing patterns among 
participants who provide similar responses to brief, directional questions, and then 
prospectively studying their perceptions of loneliness in response to specific events in a real-
time setting. This approach could yield valuable insights into subjective experiences of 
loneliness in this population.

Comparison with Prior Work

A key strength of our study lies in its detailed exploration of the relationship between social 
interaction and frailty status among older adults with SCD or MCI. By categorizing frailty into 
robust, pre-frail, and frail groups, our findings build upon and extend previous research, 
indicating that older adults with higher levels of daily social interaction are less likely to exhibit
frailty, even after accounting for cognitive and behavioral symptoms. While these findings align 
with prior research suggesting that protective effects of social interaction on health, our study 
adds nuance by examining these relationships specifically within older adults at risk of 
cognitive decline.
Our results support existing evidence that frail older adults exhibit lower social interaction 
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frequency and higher loneliness levels compared to their robust and pre-frail counterparts. 
These findings underscore the importance of social interaction as a critical behavioral 
dimension for health outcomes in older adults at risk of both cognitive and functional decline. 
While causation cannot be established, our findings suggest that fostering social connections 
may mitigate frailty risks and promote better health outcomes. 
What distinguishes our study is its use of real-time data collection methods, which allowed us 
to capture day-to-day variations in social functioning with greater accuracy [40]. This approach
offers a more granular understanding of how social interaction relates to frailty and cognitive 
status, building on prior retrospective studies. By applying real-time assessment within the 
context of frailty and cognitive decline, this study strengthens the evidence base for social 
interaction as a modifiable factor and highlights the need for future research to explore 
causative pathways. 
Although the immediate practical application of these findings in clinical settings may be 
limited, this study contributes to the growing understanding of the relationship between social 
function, frailty, and cognitive decline. It highlights the potential for improving social 
engagement interventions that may reduce physical challenges targeted to older adults with 
SCD or MCI. Future research should focus on identifying the specific types, patterns, and 
contexts of social interaction that are most effective in reducing frailty and promoting health. 
Longitudinal and interventional studies will be crucial in establishing causation and designing 
tailored interventions to enhance social functioning in these at-risk populations.

Limitations

This study had several limitations. First, the sample size of 101 participants, particularly the 
small sample size of the frail group, may limit the generalizability of the findings. A larger and 
more diverse sample could yield more robust results and allow for detailed analyses across 
different subgroups. Second, the cross-sectional design of the study enabled the identification 
of associations but did not establish causation. Prospective longitudinal studies are necessary 
to determine the directionality of the relationships among frailty, MBI symptoms, and social 
functioning. Additionally, Alzheimer’s disease pathology, hormonal changes, and chronic 
inflammation are potential mechanistic links between frailty and cognitive decline. While this 
study focuses on social interaction, physiological dimensions such as physical activity, 
metabolic health, and nutritional status were not assessed to minimize the participants’ 
measurement burden during the two-week survey period. The primary aim of our study was to 
demonstrate how capturing temporal patterns in social functioning could inform daily life 
modifications to support health. Future research should integrate complementary physiological
measures to enhance understanding and inform more comprehensive intervention strategies in
longitudinal or experimental studies to better understand the directionality of these 
relationships. For example, studies using matching designs over extended timespans would be 
essential. Third, this study relied on self-reported data for loneliness levels and the tools used 
to measure daily social interaction frequency and loneliness levels, which may be susceptible to
social desirability bias, which could influence how participants report their feelings and 
circumstances. Future analyses could incorporate digital devices, such as actigraphy, to log 
social interaction frequency and patterns, thereby integrating supplementary objective 
measures. Additionally qualitative aspects of loneliness, such as its depth and contextual 
nuances, may require more comprehensive assessment methodologies. Tools like daily diaries 
or note-taking functions are advisable for future EMA approaches to capture more detailed 
information on the types and quality of social interactions. Moreover, framing questions with 
both positive and negative perspectives could mitigate response patterns where participants 
consistently answer in one direction, enhancing the robustness of findings in larger studies. 
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Fourth, the use of a self-reported frailty assessment via the FPQ may introduce recall bias or 
inaccuracies in participants’ self-perceptions. While the FPQ is a validated and practical 
screening tool for community-dwelling older adults, it may lack the granularity of more 
detailed clinical assessments. Future studies could consider integrating tools such as the 
Clinical Frailty Scale to capture a broader spectrum of frailty characteristics and enhance 
precision in frailty classification. Finally, while our study provided step-by-step guidance and a 
helpdesk for participants to navigate the EMA application, applying the EMA approach via 
mobile devices to older adults less familiar with mobile technology requires more 
comprehensive and detailed guidance. Ensuring that participants can use the mobile 
application independently is an essential step for successfully replicating this study 
methodology. 

Conclusions

Our study suggests that daily social interaction is associated with frailty status among older 
adults with SCD or MCI, irrespective of the presence or severity of MBI symptoms. This finding 
builds on previous research, highlighting the positive potential of improving social interaction 
to reduce frailty risk among older adults with cognitive decline. To deepen understanding and 
enhance timely intervention strategies, future studies should explore the qualitative aspects of 
social interactions and frailty in greater depth. While the immediate clinical application of 
these findings may be limited, the use of real-time assessment in social functioning offers a 
promising path for further investigation. Integrating real-time social data with objective 
measures could provide a more personalized and comprehensive approach to care. 

Acknowledgments

This work was supported by the National Research Foundation of Korea (NRF) grant funded by
the Korean government (Ministry of Science and ICT) (No. 2022R1C1C2003706), the Basic 
Science Research Program through the NRF, funded by the Ministry of Education (No. 
2020R1A6A1A03041989), and the Brain Korea 21 Four Projects funded by the National 
Research Foundation.

Data Availability

The datasets used and/or analyzed in the current study are available from the first author 
upon reasonable request. 

Conflict of Interest

The authors declare that they have no competing interests.

Authors’ Contributions

BK supervised, conceptualized, and designed the study framework. JK designed the study 
framework, analyzed the data, drafted and edited the manuscript. DH, SY, and CK recruited the 
participants and collected the data. All authors contributed collectively to the data 
interpretation. The final draft of the manuscript has been thoroughly reviewed and approved 
by all the authors. 

Abbreviations

CI: Confidence interval
EMA: Ecological momentary assessment

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

FPQ: Frailty Phenotype Questionnaire 
K-IADL: Korean Instrumental Activities of Daily Living scale
MBI: Mild behavioral impairment
MCI: Mild cognitive impairment
OR: Adjusted odds ratio
SCD: Subjective cognitive decline

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

References

1. Hoogendijk EO, Afilalo J, Ensrud KE, Kowal P, Onder G, Fried LP. Frailty: implications for 
clinical practice and public health. Lancet 2019 Oct 12;394(10206):1365-1375. [doi: 
10.1016/s0140-6736(19)31786-6] [Medline: 31609228]

2. Guan DX, Rockwood K, Smith EE, Ismail Z. Sex Moderates the Association between Frailty 
and Mild Behavioral Impairment. J Prev Alzheimers Dis 2022;9(4):692-700. [doi: 
10.14283/jpad.2022.61] [Medline: 36281673]

3. Fan S, Liang X, Yun T, Pei Z, Hu B, Ismail Z, et al. Mild behavioral impairment is related to 
frailty in non-dementia older adults: a cross-sectional study. BMC Geriatr 2020 Nov 
27;20(1):510. [doi: 10.1186/s12877-020-01903-2] [Medline: 33246409]

4. Markle-Reid M, Browne G. Conceptualizations of frailty in relation to older adults. J Adv 
Nurs 2003 Oct;44(1):58-68. [doi: 10.1046/j.1365-2648.2003.02767.x] [Medline: 12956670]

5. Thibeau S, McDermott K, McFall GP, Rockwood K, Dixon RA. Frailty effects on non-
demented cognitive trajectories are moderated by sex and Alzheimer’s genetic risk. 
Alzheimer's Research & Therapy 2019 2019/06/21;11(1):55. [doi: 10.1186/s13195-019-0509-
9]

6. Wallace LMK, Theou O, Godin J, Andrew MK, Bennett DA, Rockwood K. Investigation of 
frailty as a moderator of the relationship between neuropathology and dementia in 
Alzheimer's disease: a cross-sectional analysis of data from the Rush Memory and Aging 
Project. The Lancet Neurology 2019;18(2):177-184. [doi: 10.1016/S1474-4422(18)30371-5]

7. Hajek A, Riedel-Heller SG, König H-H. Loneliness and Social Isolation in Old Age: 
Correlates and Implications: Taylor & Francis; 2023.

8. Ofori-Asenso R, Chin KL, Mazidi M, Zomer E, Ilomaki J, Zullo AR, et al. Global Incidence 
of Frailty and Prefrailty Among Community-Dwelling Older Adults: A Systematic Review 
and Meta-analysis. JAMA Network Open 2019;2(8):e198398-e198398. [doi: 
10.1001/jamanetworkopen.2019.8398]

9. Buckinx F, Rolland Y, Reginster JY, Ricour C, Petermans J, Bruyère O. Burden of frailty in 
the elderly population: perspectives for a public health challenge. Arch Public Health 
2015;73(1):19. [doi: 10.1186/s13690-015-0068-x] [Medline: 25866625]

10. Won CW, Lee S, Kim J, Chon D, Kim S, Kim C-O, et al. Korean frailty and aging cohort 
study (KFACS): cohort profile. BMJ Open 2020;10(4):e035573. [doi: 10.1136/bmjopen-
2019-035573]

11. Jessen F, Amariglio RE, Buckley RF, van der Flier WM, Han Y, Molinuevo JL, et al. The 
characterisation of subjective cognitive decline. Lancet Neurol 2020 Mar;19(3):271-278. 
[doi: 10.1016/s1474-4422(19)30368-0] [Medline: 31958406]

12. Hsieh TJ, Chang HY, Wu IC, Chen CC, Tsai HJ, Chiu YF, et al. Independent association 
between subjective cognitive decline and frailty in the elderly. PLoS One 
2018;13(8):e0201351. [doi: 10.1371/journal.pone.0201351] [Medline: 30071051]

13. Gauthier S, Reisberg B, Zaudig M, Petersen RC, Ritchie K, Broich K, et al. Mild cognitive 
impairment. Lancet 2006 Apr 15;367(9518):1262-1270. [doi: 10.1016/s0140-6736(06)68542-
5] [Medline: 16631882]

14. Panza F, Lozupone M, Solfrizzi V, Sardone R, Dibello V, Di Lena L, et al. Different 
Cognitive Frailty Models and Health- and Cognitive-related Outcomes in Older Age: From 
Epidemiology to Prevention. J Alzheimers Dis 2018;62(3):993-1012. [doi: 10.3233/jad-
170963] [Medline: 29562543]

15. Borges MK, Canevelli M, Cesari M, Aprahamian I. Frailty as a Predictor of Cognitive 
Disorders: A Systematic Review and Meta-Analysis. Front Med (Lausanne) 2019;6:26. [doi: 
10.3389/fmed.2019.00026] [Medline: 30838210]

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

16. Grande G, Haaksma ML, Rizzuto D, Melis RJF, Marengoni A, Onder G, et al. Co-occurrence
of cognitive impairment and physical frailty, and incidence of dementia: Systematic review 
and meta-analysis. Neurosci Biobehav Rev 2019 Dec;107:96-103. [doi: 
10.1016/j.neubiorev.2019.09.001] [Medline: 31491474]

17. Ruan Q, Yu Z, Chen M, Bao Z, Li J, He W. Cognitive frailty, a novel target for the prevention
of elderly dependency. Ageing Research Reviews 2015 2015/03/01/;20:1-10. [doi: 
10.1016/j.arr.2014.12.004]

18. Solfrizzi V, Scafato E, Lozupone M, Seripa D, Giannini M, Sardone R, et al. Additive Role of
a Potentially Reversible Cognitive Frailty Model and Inflammatory State on the Risk of 
Disability: The Italian Longitudinal Study on Aging. Am J Geriatr Psychiatry 2017 
Nov;25(11):1236-1248. [doi: 10.1016/j.jagp.2017.05.018] [Medline: 28689645]

19. Panza F, Solfrizzi V, Frisardi V, Maggi S, Sancarlo D, Adante F, et al. Different models of 
frailty in predementia and dementia syndromes. J Nutr Health Aging 2011 Aug;15(8):711-
719. [doi: 10.1007/s12603-011-0126-1] [Medline: 21968870]

20. Mulero J, Zafrilla P, Martinez-Cacha A. Oxidative stress, frailty and cognitive decline. J Nutr 
Health Aging 2011 Nov;15(9):756-760. [doi: 10.1007/s12603-011-0130-5] [Medline: 
22089224]

21. Nourhashémi F, Andrieu S, Gillette-Guyonnet S, Vellas B, Albarède JL, Grandjean H. 
Instrumental activities of daily living as a potential marker of frailty: a study of 7364 
community-dwelling elderly women (the EPIDOS study). J Gerontol A Biol Sci Med Sci 
2001 Jul;56(7):M448-453. [doi: 10.1093/gerona/56.7.m448] [Medline: 11445604]

22. Nguyen TTH, Nguyen AT, Vu T-HT, Dau NT, Nguyen PQ, Nguyen TX, et al. Association of 
Frailty Status and Functional Disability among Community-Dwelling People Aged 80 and 
Older in Vietnam. BioMed Research International 2021 2021/07/19;2021:7109452. [doi: 
10.1155/2021/7109452]

23. Ismail Z, Agüera-Ortiz L, Brodaty H, Cieslak A, Cummings J, Fischer CE, et al. The Mild 
Behavioral Impairment Checklist (MBI-C): A Rating Scale for Neuropsychiatric Symptoms 
in Pre-Dementia Populations. J Alzheimers Dis 2017;56(3):929-938. [doi: 10.3233/jad-
160979] [Medline: 28059789]

24. Freitag S, Schmidt S. Psychosocial Correlates of Frailty in Older Adults. Geriatrics (Basel) 
2016 Nov 1;1(4) [doi: 10.3390/geriatrics1040026] [Medline: 31022819]

25. Cacioppo JT, Fowler JH, Christakis NA. Alone in the crowd: the structure and spread of 
loneliness in a large social network. J Pers Soc Psychol 2009 Dec;97(6):977-991. [doi: 
10.1037/a0016076] [Medline: 19968414]

26. Davies K, Maharani A, Chandola T, Todd C, Pendleton N. The longitudinal relationship 
between loneliness, social isolation, and frailty in older adults in England: a prospective 
analysis. Lancet Healthy Longev 2021 Feb;2(2):e70-e77. [doi: 10.1016/s2666-
7568(20)30038-6] [Medline: 36098160]

27. Jarach CM, Tettamanti M, Nobili A, D'Avanzo B. Social isolation and loneliness as related to 
progression and reversion of frailty in the Survey of Health Aging Retirement in Europe 
(SHARE). Age Ageing 2021 Jan 8;50(1):258-262. [doi: 10.1093/ageing/afaa168] [Medline: 
32915990]

28. Zhaoyang R, Sliwinski MJ, Martire LM, Katz MJ, Scott SB. Features of daily social 
interactions that discriminate between older adults with and without mild cognitive 
impairment. J Gerontol B Psychol Sci Soc Sci 2021 Feb 2 [doi: 10.1093/geronb/gbab019] 
[Medline: 33528558]

29. van Berkel N, Goncalves J, Lovén L, Ferreira D, Hosio S, Kostakos V. Effect of experience 
sampling schedules on response rate and recall accuracy of objective self-reports. 
International Journal of Human-Computer Studies 2019 2019/05/01/;125:118-128. [doi: 
10.1016/j.ijhcs.2018.12.002]

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

30. Kang B, Ma J, Jeong I, Yoon S, Kim JI, Heo SJ, et al. Behavioral marker-based predictive 
modeling of functional status for older adults with subjective cognitive decline and mild 
cognitive impairment: Study protocol. DIGITAL HEALTH 2024 
2024/01/01;10:20552076241269555. [doi: 10.1177/20552076241269555]

31. Boulton ER, Horne M, Todd C. Multiple influences on participating in physical activity in 
older age: Developing a social ecological approach. Health Expect 2018 Feb;21(1):239-248. 
[doi: 10.1111/hex.12608] [Medline: 28768065]

32. Rowe JW, Kahn RL. Successful aging. Gerontologist 1997 Aug;37(4):433-440. [doi: 
10.1093/geront/37.4.433] [Medline: 9279031]

33. Chen LK, Hwang AC, Lee WJ, Peng LN, Lin MH, Neil DL, et al. Efficacy of multidomain 
interventions to improve physical frailty, depression and cognition: data from cluster-
randomized controlled trials. J Cachexia Sarcopenia Muscle 2020 Jun;11(3):650-662. [doi: 
10.1002/jcsm.12534] [Medline: 32134208]

34. Zhang H, Hao M, Hu Z, Jiang S, Li Y, Wang X, et al. Social frailty and its association with 
cognitive trajectories in older adults: a prospective cohort study. Alzheimers Res Ther 2025 
Feb 19;17(1):50. [doi: 10.1186/s13195-025-01687-w] [Medline: 39972471]

35. Fewtrell MS, Kennedy K, Singhal A, Martin RM, Ness A, Hadders-Algra M, et al. How 
much loss to follow-up is acceptable in long-term randomised trials and prospective studies? 
Arch Dis Child 2008 Jun;93(6):458-461. [doi: 10.1136/adc.2007.127316] [Medline: 
18495909]

36. Beller J, Geyer S, Epping J. Health and study dropout: health aspects differentially predict 
attrition. BMC Medical Research Methodology 2022 2022/01/30;22(1):31. [doi: 
10.1186/s12874-022-01508-w]

37. Kim S, Kim M, Jung HW, Won CW. Development of a Frailty Phenotype Questionnaire for 
Use in Screening Community-Dwelling Older Adults. J Am Med Dir Assoc 2020 
May;21(5):660-664. [doi: 10.1016/j.jamda.2019.08.028] [Medline: 31672563]

38. Krueger KR, Wilson RS, Kamenetsky JM, Barnes LL, Bienias JL, Bennett DA. Social 
engagement and cognitive function in old age. Exp Aging Res 2009 Jan-Mar;35(1):45-60. 
[doi: 10.1080/03610730802545028] [Medline: 19173101]

39. Jung YC, Kim YH, Oh YS. Korea Media Panel Survey 2023. Korea Information Soceity 
Development Institute; 2023.

40. Liu H, Xie QW, Lou VWQ. Everyday social interactions and intra-individual variability in 
affect: A systematic review and meta-analysis of ecological momentary assessment studies. 
Motivation and Emotion 2019 2019/04/01;43(2):339-353. [doi: 10.1007/s11031-018-9735-x]

41. Kim H, Lee S, Lee S, Hong S, Kang H, Kim N. Depression Prediction by Using Ecological 
Momentary Assessment, Actiwatch Data, and Machine Learning: Observational Study on 
Older Adults Living Alone. JMIR Mhealth Uhealth 2019 Oct 16;7(10):e14149. [doi: 
10.2196/14149] [Medline: 31621642]

42. Lin RS, Yu DS, Chau PH, Li PW, Ismail Z. Reliability and Validity of the Traditional Chinese
Version of the Mild Behavioral Impairment – Checklist Among Persons With Mild Cognitive 
Impairment – A Validation Study. Journal of Geriatric Psychiatry and Neurology 
2023;36(1):26-38. [doi: 10.1177/08919887221093363] [Medline: 35430911]

43. Kang Y, Chin J, Han N, Park J, Yeom J, Yang S-J, et al. P2-292: Mild Behavioral Impairment 
(MBI) in MCI, SCD, and Normal Elderly: A Pilot Study For Validation of the Mild 
Behavioral Impairment Checklist (MBI-C). Alzheimer's & Dementia 
2018;14(7S_Part_15):P793-P793. [doi: 10.1016/j.jalz.2018.06.981]

44. Won CW, Rho YG, SunWoo D, Lee YS. The Validity and Reliability of Korean Instrumental 
Activities of Daily Living(K-IADL) Scale. Ann Geriatr Med Res 2002 12;6(4):273-280.

45. Ruthirakuhan M, Ismail Z, Herrmann N, Gallagher D, Lanctôt KL. Mild behavioral 
impairment is associated with progression to Alzheimer's disease: A clinicopathological 

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

study. Alzheimers Dement 2022 Nov;18(11):2199-2208. [doi: 10.1002/alz.12519] [Medline: 
35103400]

46. Chon D, Lee Y, Kim J, Lee KE. The Association between Frequency of Social Contact and 
Frailty in Older People: Korean Frailty and Aging Cohort Study (KFACS). J Korean Med Sci 
2018 Dec 17;33(51):e332. [doi: 10.3346/jkms.2018.33.e332] [Medline: 30546284]

47. Uno C, Okada K, Matsushita E, Satake S, Kuzuya M. Friendship-related social isolation is a 
potential risk factor for the transition from robust to prefrailty among healthy older adults: a 
1-year follow-up study. Eur Geriatr Med 2021 Apr;12(2):285-293. [doi: 10.1007/s41999-020-
00422-y] [Medline: 33128225]

48. Mulasso A, Roppolo M, Giannotta F, Rabaglietti E. Associations of frailty and psychosocial 
factors with autonomy in daily activities: a cross-sectional study in Italian community-
dwelling older adults. Clinical Interventions in Aging 2016 2016/01/11;11(null):37-45. [doi: 
10.2147/CIA.S95162]

49. Wang J, Maxwell CA, Yu F. Biological Processes and Biomarkers Related to Frailty in Older 
Adults: A State-of-the-Science Literature Review. Biol Res Nurs 2019 Jan;21(1):80-106. [doi:
10.1177/1099800418798047] [Medline: 30198309]

50. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, et al. Frailty in older 
adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci 2001 Mar;56(3):M146-156. 
[doi: 10.1093/gerona/56.3.m146] [Medline: 11253156]

51. Holt-Lunstad J. The Major Health Implications of Social Connection. Current Directions in 
Psychological Science 2021;30(3):251-259. [doi: 10.1177/0963721421999630]

52. Devita M, Marescalco E, Bordignon A, Trevisan C, Sergi G, Coin A. Social interaction level 
modulates the impact of frailty on cognitive decline: a longitudinal study. Aging Ment Health 
2023 Aug 21:1-6. [doi: 10.1080/13607863.2023.2247349] [Medline: 37602456]

53. Livingston G, Huntley J, Sommerlad A, Ames D, Ballard C, Banerjee S, et al. Dementia 
prevention, intervention, and care: 2020 report of the Lancet Commission. Lancet 2020 Aug 
8;396(10248):413-446. [doi: 10.1016/s0140-6736(20)30367-6] [Medline: 32738937]

54. Nakagawa T, Cho J, Yeung DY. Successful Aging in East Asia: Comparison Among China, 
Korea, and Japan. J Gerontol B Psychol Sci Soc Sci 2021 Jun 8;76(Suppl 1):S17-s26. [doi: 
10.1093/geronb/gbaa042] [Medline: 32324214]

55. Alavi K, Sutan R, Shahar S, Manaf MRA, Jaafar MH, Abdul Maulud KN, et al. Connecting 
the dots between social care and healthcare for the sustainability development of older adult 
in Asia: a scoping review. Sustainability 2022;14(5):2573.

56. Newmyer L, Verdery AM, Wang H, Margolis R. Population Aging, Demographic 
Metabolism, and the Rising Tide of Late Middle Age to Older Adult Loneliness around the 
World. Popul Dev Rev 2022 Sep;48(3):829-862. [doi: 10.1111/padr.12506] [Medline: 
37649654]

57. Seino S, Nishi M, Murayama H, Narita M, Yokoyama Y, Nofuji Y, et al. Effects of a 
multifactorial intervention comprising resistance exercise, nutritional and psychosocial 
programs on frailty and functional health in community-dwelling older adults: A randomized,
controlled, cross-over trial. Geriatr Gerontol Int 2017 Nov;17(11):2034-2045. [doi: 
10.1111/ggi.13016] [Medline: 28393440]

58. Lestari SK, Eriksson M, de Luna X, Malmberg G, Ng N. Frailty and types of social 
relationships among older adults in 17 European countries: A latent class analysis. Archives 
of Gerontology and Geriatrics 2022 2022/07/01/;101:104705. [doi: 
10.1016/j.archger.2022.104705]

59. Kojima G, Taniguchi Y, Aoyama R, Tanabe M. Associations between loneliness and physical 
frailty in community-dwelling older adults: A systematic review and meta-analysis. Ageing 
Res Rev 2022 Nov;81:101705. [doi: 10.1016/j.arr.2022.101705] [Medline: 35932978]

60. Ong AD, Uchino BN, Wethington E. Loneliness and Health in Older Adults: A Mini-Review 

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

and Synthesis. Gerontology 2016;62(4):443-449. [doi: 10.1159/000441651] [Medline: 
26539997]

61. Kojima G, Taniguchi Y, Kitamura A, Fujiwara Y. Is living alone a risk factor of frailty? A 
systematic review and meta-analysis. Ageing Research Reviews 2020 
2020/05/01/;59:101048. [doi: 10.1016/j.arr.2020.101048]

62. Russell DW, Cutrona CE, McRae C, Gomez M. Is loneliness the same as being alone? J 
Psychol 2012 Jan-Apr;146(1-2):7-22. [doi: 10.1080/00223980.2011.589414] [Medline: 
22303609]

63. Rapolienė G, Aartsen M. Lonely societies: low trust societies? Further explanations for 
national variations in loneliness among older Europeans. Eur J Ageing 2022 Sep;19(3):485-
494. [doi: 10.1007/s10433-021-00649-z] [Medline: 36052198]

64. Swader CS. Loneliness in Europe: Personal and Societal Individualism-Collectivism and 
Their Connection to Social Isolation. Social Forces 2018;97(3):1307-1336. [doi: 
10.1093/sf/soy088]

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

Supplementary Files

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

Figures

https://preprints.jmir.org/preprint/64853 [unpublished, peer-reviewed preprint]



JMIR Preprints Kang et al

The proposed conceptual framework illustrates the relationship between frailty status, social interaction, and loneliness levels,
while adjusting for the presence and severity of mild behavioral impairment symptoms among older adults with subjective
cognitive decline or mild cognitive impairment. Based on the social-ecological model for older adults and the successful aging
model proposed by Rowe and Kahn, individual determinants include sociodemographic characteristics, health status, and health
behaviors. Social function, including daily social interaction frequency and daily loneliness level, is also considered.
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Sequential steps involved in the recruitment and selection of study participants. We recruited 145 individuals aged ? 65 from a
dementia relief center or a community service center in Seoul, South Korea. The figure depicts the subdivision of these
individuals into three groups: 58 with robust, 30 with pre-frail, and 13 frail, based on specific inclusion and exclusion criteria.
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The mobile application screens captured two questions that assessed daily social interaction frequency and loneliness levels.
Daily social interaction frequency was measured by asking, "How many times did you interact with others, including face-to-
face meetings, phone calls, or video calls lasting more than five minutes?" Responses were categorized into five options: no
contact, once, twice, three times, and four or more times. Loneliness levels were measured by asking, "At this moment, how
lonely do you feel?" Responses were also categorized into five options: very lonely, lonely, neutral, not lonely, and not lonely
at all. Both questions were administered four times daily at specific intervals (upon waking and after breakfast, lunch, and
dinner).
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Distribution of average daily social interaction score and average daily loneliness level by frailty status. This figure displays the
median levels and range variability of both average daily social interaction score and average daily loneliness levels among
participants, categorized into robust, pre-frail and frail groups.
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This figure shows the average predictive marginal effects of sociodemographic characteristics, health status, global mild
behavioral impairment symptom presence, and social functioning on the probability of being classified as robust, pre-frail, or
frail. The predictive margins were calculated using multinomial logistic regression, with error bars representing 95%
confidence intervals for each effect.
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This figure shows the average predictive marginal effects of sociodemographic characteristics, health status, global mild
behavioral impairment symptom severity, and social functioning on the probability of being classified as robust, pre-frail, or
frail. The predictive margins were calculated using multinomial logistic regression, with error bars representing 95%
confidence intervals for each effect.
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Compilation of Multimedia Appendices.
URL: http://asset.jmir.pub/assets/4314f9a58d8c119a41593e890209530d.docx

The timing of the four daily alarms.
URL: http://asset.jmir.pub/assets/db1c6967e6dacc520f10ce9002171178.png

First step to respond to the application.
URL: http://asset.jmir.pub/assets/059d843bda6e02c2e27082721f2030e0.png

Second step to respond to the application.
URL: http://asset.jmir.pub/assets/ccc097e7dff6796fb77521f3d7f79419.png

Distribution of mean maximum daily social interaction scores by frailty status, based on multiple daily scores for each participant.
The black histogram represents robust participants, the grey histogram represents pre-frail group, and the blue histogram
represents frail group. Participants recorded the number of face-to-face meetings, phone calls, or video calls lasting more than five
minutes using a five-point Likert scale (0 for “no contact,” 1 for “once,” 2 for “two times,” 3 for “three times,” and 4 for “four or
more times”).
URL: http://asset.jmir.pub/assets/16e81408a2493a8108c67c546505ad4c.png

Distribution of mean maximum daily loneliness levels by frailty status, based on multiple daily scores for each participant. The
black histogram represents robust participants, the grey histogram represents pre-frail group, and the red histogram represents frail
group. Participants assessed loneliness using a five-point Likert scale (0 = “very lonely” to 4 = “not lonely at all”), with higher
scores indicating lower levels of loneliness.
URL: http://asset.jmir.pub/assets/6eecee2e2fa912604ac616f79f722593.png
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