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Abstract: The COVID-19 restrictions, such as social isolation and disruption of daily routines, can
have detrimental effects, including increased stress, anxiety, sleep disturbance, and physical and cog-
nitive decline among older adults. This study aimed to examine the association between nutritional
status, depression, sleep quality, falling asleep at night, and cognitive frailty (CF) among older Thai
adults during the COVID-19 pandemic. This cross-sectional study included 408 older adults with an
average age of 70.54 (5.49) years. CF was determined using Fried’s frailty phenotype and the Montreal
Cognitive Assessment Basic. The Mini Nutritional Assessment-Short Form, Pittsburgh Sleep Quality
Index, and geriatric depression assessment were used for assessment. Multiple logistic regression
analysis demonstrated that participants who were malnourished (OR 3.786; 95%CI 1.719–8.335),
depressed (OR 5.003; 95%CI 2.399–10.434), had poor sleep quality (OR 1.613; 95%CI 1.041–2.500), and
engaged in difficulty falling asleep (OR 1.809; 95%CI 1.022–3.203) had a higher risk of CF compared
to those who did not exhibit these factors. Therefore, malnutrition, depression, poor sleep quality,
and difficulty falling asleep were identified as risk factors for CF among older adults in Thailand
linked to the impact of the COVID-19 pandemic. It is crucial to develop interventions to prevent CF
resulting from the mentioned variables.

Keywords: older adults; cognitive frailty; malnutrition; depression; sleep quality; falling asleep at
night; COVID-19 restrictions

1. Introduction

The COVID-19 pandemic has had a significant impact on people’s lifestyles worldwide
due to the implementation of measures such as lockdowns and social distancing, which
have been enacted with the purpose of mitigating the transmission of the virus. These
measures have disrupted individuals’ daily routines encompassing physical activities and
sleep patterns, thereby engendering feelings of loneliness, depression, and sleep problems,
particularly affecting older adults [1,2]. Furthermore, limitations imposed on outdoor
activities led to a decline in physical function, manifesting as the loss of muscle mass,
reduced mobility, and an increased risk of non-communicable diseases [3,4]. Moreover, a
decrease in time spent on physical activities may also have adverse effects on cognitive
function [5]. A systematic review with meta-analysis has revealed that cognitive decline is
associated with physical frailty in older adults [6].

Cognitive frailty is a clinical condition observed in older individuals who exhibit
both physical frailty and cognitive impairment but do not meet the criteria for dementia.
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This vulnerable state is considered a precursor to the neurodegenerative processes that
eventually lead to dementia [7,8]. Cognitive frailty arises from the complex interplay of
factors such as chronic inflammation, oxidative stress, and elevated factor VIII. Chronic
inflammation harms neurons and disrupts intercellular communication, leading to cogni-
tive decline. Oxidative stress occurs due to an imbalance between reactive oxygen species
production and antioxidant defenses. Factor VIII is a blood clotting factor that has been
linked to an increased risk of cognitive impairment and dementia. These processes can lead
to neuronal damage, compromised cognitive function, and the manifestation of cognitive
frailty in older adults [9–11].

Frailty, on the other hand, represents a distinct phenotype within a clinical syndrome
characterized by a reduction in physiological reserves, an increased susceptibility to stres-
sors, and a higher risk of adverse outcomes [12]. According to Fried’s criteria, physical
frailty involves a decline in physical function, including reductions in strength, endurance,
balance, walking performance, and activity levels [13]. Mild cognitive impairment (MCI),
in turn, denotes a stage of cognitive decline that falls between normal age-related cognitive
impairments and dementia. MCI encompasses various cognitive functions such as memory,
attention, language, and executive function [14–16]. When physical frailty and MCI coexist,
the ability of older adults to perform daily activities and maintain their independence
becomes compromised. This combined condition increases the risk of adverse health out-
comes, including falls, hospitalization, disability, and mortality [17,18]. To identify such
impairments, the mini-mental state examination (MMSE) and the Montreal Cognitive As-
sessment (MoCA) are two widely recognized tests used for screening cognitive impairment.
The MoCA test, in particular, has gained recognition as a sensitive and reliable method for
detecting MCI, while the MMSE exam remains an accepted tool for screening generalized
cognitive decline or dementia [19]. A previous systematic review and meta-analysis study
reported that the prevalence of cognitive frailty among community-dwelling older adults in
various countries was 16.0% [20]. Furthermore, our previous study conducted in Thailand
yielded a prevalence of 28.7% [21]. Cognitive frailty is strongly associated with an elevated
risk of multiple adverse health outcomes, such as malnutrition, mental health problems,
disability, and mortality [18,22–24].

Malnutrition refers to a condition characterized by an inadequate intake of nutrients,
an imbalance of vital nutrients, or an impaired ability to utilize nutrients effectively [25].
Insufficient intake of essential nutrients can give rise to various health problems, such
as weakness, fatigue, and an increased risk of cognitive decline and dementia in older
individuals [7,26]. Furthermore, malnutrition can lead to chronic inflammation, which in
turn can cause damage to brain cells, impair cognitive function, and contribute to cognitive
frailty [26,27]. However, studies on the association between malnutrition and cognitive
frailty in community-dwelling elderly are limited. Previous studies have indicated that
older individuals with cognitive frailty tend to have lower scores on the Mini Nutritional
Assessment-Short Form (MNA-SF), suggesting a poorer nutritional or malnourished state
compared to those without cognitive frailty [21,27].

Depression is a mood disorder that affects a person’s feelings, thoughts, and behavior
and is characterized by symptoms such as sadness, helplessness, and loss of interest in
activities [28]. Previous studies have identified a strong association between physical
frailty and depression in older individuals [29,30]. Furthermore, the evidence suggests
that depression contributes to the development of persistent or progressive cognitive
decline [31,32]. Cognitive impairment can decrease a person’s ability to engage in activities,
perception of social isolation, stress management, and negative emotions, all of which can
contribute to the onset or exacerbation of depression. Consequently, depression increases
the risk of developing cognitive frailty [32,33].

There is a connection between frailty, cognition, and sleep. Previous studies have
demonstrated an association between sleep quality and napping duration, physical frailty,
and cognitive impairment. Sleep quality holds significant importance in the overall health
of older individuals, as it is an integral part of their daily lives [34–37]. Sleep quality refers
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to an individual’s subjective experience of the quantity and effectiveness of sleep obtained
during a specific period. Poor sleep quality is typically characterized by difficulties falling
asleep, frequent awakening during the night, and a constant feeling of tiredness. It is worth
noting that poor sleep is a common issue among older adults [34,38]. Difficulty falling
asleep at night has the potential to disrupt the natural circadian rhythm and has been
associated with cognitive frailty [36,37,39,40]. Furthermore, a previous study highlighted
that more than half of the participants experienced altered sleep patterns and heightened
psychological distress during the COVID-19 lockdown [41].

Current studies indicate a connection between malnutrition, depression, poor sleep
quality, and falling asleep at night time with cognitive frailty in older individuals. However,
further research is necessary to confirm these associations under the COVID-19 restrictions.
The aging population in Thailand has grown rapidly, with reports stating that in 2021, the
number of old individuals reached 12.5 million out of a total population of 66.7 million
(18.7% of the total population) [42]. From 3 January 2020 to 7 June 2023, Thailand recorded
4,745,043 confirmed COVID-19 cases and 34,163 fatalities [43]. To reduce the risk or reverse
cognitive frailty in older adults, it is essential to prioritize nutritional status, mental health
(such as depression, anxiety, and stress), maintaining good sleep hygiene, managing sleep
problems, and limiting the duration of falling asleep at night time. However, there is a
lack of evidence regarding cognitive frailty in older adults in relation to nutritional status,
mental health problems, and sleep quality during the COVID-19 restrictions in Thailand.
We conducted this study among older adults aged over 65 years residing in Chiang Mai,
Thailand. The rationale behind selecting this cohort lies in their susceptibility to the
infectious disease, given the initial phase of heightened risk they experienced during the
onset of the COVID-19 pandemic’s first wave, spanning from June to December 2021 [43].
The aim of this study was to examine the association between nutritional status, depression,
sleep quality, falling asleep at night, and cognitive frailty in community-dwelling older
adults during the COVID-19 pandemic.

2. Materials and Methods
2.1. Study Design and Participants

This cross-sectional study was conducted in Khua Mung Subdistrict, Saraphi District,
Chiang Mai Province, Thailand, during the period of July to August 2021, which coincided
with the COVID-19 pandemic restrictions. Details regarding participant recruitment, sam-
ple calculation, sampling design, and inclusion and exclusion criteria are all described
in our previously published study [21]. In this study, we provide a brief summary of
those aspects.

To calculate the sample size, we used a population of 934 individuals, and the expected
frequency was determined based on a study by Chye L. et al. [22], which reported a preva-
lence of 1.6% for cognitive frailty among older adults. We established a 95% confidence
interval, conducted a two-sided hypothesis test with a significance level of 0.01, and aimed
for a power of 90%. As a result, the final sample consisted of 494 individuals. To explore
the factors associated with cognitive frailty, seven potential factors were considered: age,
educational level, diabetes, nutritional status, depression, sleep quality, and falling asleep
at night. According to the rule of events per variable (EPVs), a multivariable binary logistic
regression requires at least 10 EPVs [44]. Therefore, at least 70 cognitively frail cases are
expected from a multivariable analysis of all potential associated factors. In order to exclude
those with specific conditions, we reviewed the health-promoting hospital database and
excluded those who had been diagnosed with dementia, depression, end-stage kidney
disease, hepatitis, cirrhosis, autoimmune disorders, cancer, acute trauma, acute illnesses,
or steroid. Additionally, the Mental Status Examination Thai 10 (MSET10) was utilized to
identify those with suspected dementia, which were further excluded from the research
analysis, as cognitive frailty is defined as a combination of mild cognitive impairment (MCI)
and frailty without evidence of dementia. In our previous study published in Nutrients [21],
participants with Thai Geriatric Depression Scale (TGDS) scores exceeded 6, indicating
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probable depression, were excluded. Intriguingly, this study revealed that depression, as
determined by TGDS scores, posed a risk factor for cognitive frailty. The participants in
this study were sourced from the same population. Finally, a total of 408 participants were
included in the data analysis (Figure 1).
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Figure 1. Diagram of the study participant selection. Abbreviations: MoCA-B, Montreal Cognitive
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Sleep Quality Index.

2.2. Measurements

Data collection was performed by 10 medical students using a questionnaire. The
questionnaire covers a range of demographic and health characteristics, including age, sex,
marital status, educational level, and history of underlying diseases such as hypertension,
type 2 diabetes, heart disease, dyslipidemia, and osteoporosis/gout. Additionally, it
assessed alcohol and tobacco use, nutritional status using the Mini Nutritional Assessment-
Short Form (MNA-SF), and sleep quality using the Pittsburg Sleep Quality Index (PSQI).
To identify individuals with dementia, the Mental Status Examination Thai 10 (MSET10)
was employed. MSET10 is based on the validated and modified MMSE Thai 2002 [45]. It
has a total score of 29, with cutoff scores of 22 for individuals who completed primary
school, 17 for those who did not, and 14 for illiterates. Furthermore, the participant’s
body mass index (BMI) was measured alongside cognitive frailty. According to the Asia-
Pacific regional guideline on BMI for Asian individuals, a BMI below 18.5 kg/m2 indicates
underweight [46].

2.2.1. Cognitive Frailty Assessment

In this study, cognitive frailty was defined as the coexistence of physical frailty and
cognitive impairment without dementia. Both physical pre-frailty and physical frailty
were considered as forms of physical frailty [7,8]. The details regarding the assessment of
physical frailty and cognitive impairment are provided below:
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(1) Physical frailty assessment: We employed Fried’s frailty phenotype, which is charac-
terized by meeting three or more of the following criteria. Individuals who meet one
or two criteria are classified as pre-frail [13,47]. The set of five criteria includes:

a. Unintentional weight loss: a loss of more than 4.5 kg in the past year that was
not intentionally pursued.

b. Self-reported exhaustion: persistent feelings of exhaustion or weariness, even
after sufficient rest.

c. Weakness: grip strength was measured using a digital hand dynamometer
(TAKEI T.K.K.5401®, Takei Scientific Instruments Co., Ltd., Tokyo, Japan). Grip
strength in the lowest 20% for their gender and body mass index (BMI).

d. Slow walking speed: the 15-foot (4.57-m) walking test was conducted with
participants instructed to walk at their normal pace. Walk time is stratified
based on gender and height.

e. Low physical activity: Engagement in physical activity of less than 383 kcal
per week.

(2) Cognitive Function Assessment: we used the Thai version of the Montreal Cognitive
Assessment Basic (MoCA-B) to evaluate cognitive function. MoCA-B is a modified
version of the original MoCA specifically designed for individuals with low education
levels [48,49]. Tasks that required literacy were eliminated, and literacy-independent
tasks that assessed the same cognitive function were introduced. The MoCA-B has
undergone validation among Thai elders in the community with low education
levels and has demonstrated excellent discriminatory performance in screening for
MCI. The paper-based test comprises ten cognitive domains, including executive
function, immediate recall, fluency, orientation, calculation, abstraction, delayed
recall, visuoperception, naming, and attention. The maximum achievement score is
30, with a cut-off score of 24 indicating MCI [48]. The training and supervision for the
test were provided by a certified occupational therapist and academic who possesses
certification number THGRIJI69617-02 in the Montreal Cognitive Assessment (MoCA),
given by Dr. Nasreddine, Ziad.

2.2.2. Mini Nutritional Status Assessment-Short Form

The Mini Nutritional Assessment-Short Form (MNA-SF) is commonly used to evaluate
the nutritional status of the elderly in various settings, particularly among community-
dwelling older adults [50–53]. The MNA-SF has demonstrated high sensitivity in detecting
malnutrition and a strong correlation with full Mini Nutritional Assessment in the pop-
ulation [51]. However, it should not be solely relied upon for making a diagnosis. While
the MNA-SF can be a useful tool to identify elderly individuals at risk of malnutrition or
those with a malnourished status, it should be used in conjunction with other diagnostic
methods. The MNA-SF comprised six questions related to dietary intake, weight loss, mo-
bility, psychological stress or acute disease, and neuropsychological problems. Scoring is as
follows: a score of 12 to 14 indicates “normal nutritional status”, a score of 8 to 11 indicates
“at risk of malnutrition”, and a score of less than 8 indicates “malnourished”; 14 is the
highest score [51,54,55].

2.2.3. Depression Assessment

The Geriatric Depression Scale (GDS) is a self-reported questionnaire that assesses
the presence and severity of depression in older adults. These questions cover various
symptoms, including mood, energy, appetite, and sleep [56–58]. In this study, we utilized
the Thai version of the 15-item Geriatric Depression Scale (TGDS-15), which has been
proven to be an effective screening tool for major depressive disorder in Thai elderly
individuals. The maximum score on this scale is 15, and a score greater than 6 indicates
probable depression [56,59,60].
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2.2.4. Sleep Quality Assessment

To assess sleep quality over a one-month period, we employed the Pittsburgh Sleep
Quality Index (PSQI). The self-rated questionnaire consists of seven components: subjective
sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use
of sleeping medication, and daytime dysfunction [61]. The Thai version of the PSQI has
been tested among older adults in Thailand, with translation demonstrating good inter-rater
agreement (>80%) [62]. Additionally, the global scores of the Thai-PSQI exhibited excellent
internal consistency, as measured by Cronbach’s alpha (0.837) [63]. Each component is
scored on a scale from 0 to 3, with higher scores indicating poorer sleep quality [64,65]. The
component scores are summed to yield a global score ranging from 0 to 21, where higher
scores suggest worse sleep quality. A PSQI score greater than 7 indicates poor sleep quality.

2.2.5. Falling Asleep at Night

To collect data on difficulty falling asleep at night, we asked participants the following
question: “During the past month, how long (in minutes) has it usually taken you to fall
asleep each night?” In this study, a long period of falling asleep specifically referred to the
difficulty of falling asleep at night. Based on the relevant literature [66], participants were
categorized into two groups: (1) individuals engaging in short periods of less than 30 min;
and (2) those with longer periods lasting more than 30 min.

2.3. Statistical Analysis

All data were analyzed using the IBM SPSS statistical package ver. 28.0 for Windows
(IBM Corp., Armonk, NY, USA). Descriptive statistics were used to present the means ±
standard deviations (SD) for continuous variables and percentages for categorical variables.
The normality of continuous data was assessed using the Shapiro–Wilk test. Variables that
were not normally distributed were reported as median (IQR), while normally distributed
variables were reported as mean (SD). The chi-square test or Fisher's exact test was em-
ployed to analyze the distribution of differences within demographics, nutritional status,
sleep quality, falling asleep at night, and cognitive frailty. The comparison of median value
of sleep quality components between cognitively frail and non-cognitively frail groups was
performed using the Mann–Whitney U test. The association between nutritional status,
depression, sleep quality status, falling asleep at night, and cognitive frailty was assessed
using binary logistic regression. Additionally, multiple logistic regression with stepwise
forward selection was utilized to analyze the association of significant variables identified
in binary logistic regression, such as age, educational level, current drinking, history of
diabetes millets, nutritional status, sleep quality, and falling asleep at night. All statistical
tests were two-sided, and a p-value of 0.05 or lower was considered statistically significant.
The study’s method and results adhered to the STROBE (strengthening the reporting of
observational studies in epidemiology) recommendations for cross-sectional studies [67].

2.4. Ethical Considerations

All participants provided their informed consent to be included before they partic-
ipated in the study. The protocol was approved by the Ethics Committee of Faculty of
Medicine, Chiang Mai University (Ethical number: COM-2564-08031; Date of approval:
22 April 2021). The study was conducted in accordance with the Declaration of Helsinki.

3. Results
3.1. The Characteristics of the Participants

A total of 408 participants were included in this study, with 241 females (59.1%) and
167 males (40.9%). The average age of the participants was 70.54 years (±5.49), and 9.8% of
them were aged 80 years and older. The majority of participants had low education (90.5%).
Among the participants, the most prevalent conditions were hypertension (52.5%), dyslipi-
demia (17.6%), and diabetes mellitus (16.4%). Additionally, 15.0% of the participants reported
current alcohol consumption, while 10.6% had a BMI indicating underweight. Notably, the



Nutrients 2023, 15, 2849 7 of 17

participants with cognitive frailty were significantly older, aged ≥80 years (p < 0.001), had
low levels of education (p < 0.001), were diagnosed with diabetes mellitus (p = 0.015), and
reported no alcohol consumption (p = 0.003) (Table 1).

Table 1. Baseline characteristics of the participants according to cognitive frailty status.

Characteristics Total (n = 408)
Cognitive Frailty Status

p-Value
CF (n = 164) NCF (n = 244)

Age (years), mean ± SD 70.54 ± 5.49 71.98 ± 6.46 69.58 ± 4.49

Age group (years)

65–69 222 (54.4) 68 (41.5) 154 (63.1) < 0.001 **
70–79 146 (35.8) 69 (42.1) 77 (31.6)
≥80 40 (9.8) 27 (16.5) 13 (5.3)

Sex

Male 167 (40.9) 61 (37.2) 106 (43.4) 0.219
Female 241 (59.1) 103 (62.8) 138 (56.6)

Marital status

Married 254 (62.3) 96 (58.5) 158 (64.8) 0.213
Single/divorced/widowed 154 (37.7) 68 (41.5) 86 (35.2)

Educational level

No education 10 (2.5) 4 (2.4) 6 (2.5) < 0.001 **
Primary school (7 years) 359 (88.0) 157 (95.7) 202 (82.8)

Secondary school and above (≥8 years) 39 (9.6) 3 (1.8) 36 (14.8)

History of underlying diseases

Hypertension 214 (52.5) 91 (55.5) 123 (50.4) 0.363
Diabetes mellitus 67 (16.4) 36 (22.0) 31 (12.7) 0.015 *
Hyperlipidemia 72 (17.6) 30 (18.3) 42 (17.2) 0.792

Osteoporosis/gout 19 (4.7) 9 (5.5) 10 (4.1) 0.633
Heart disease 17 (4.2) 9 (5.5) 8 (3.3) 0.316

Current drinking, n (%) 61 (15.0) 14 (8.5) 47 (19.3) 0.003 *
Current smoking, n (%) 25 (6.1) 8 (4.9) 17 (7.0) 0.564

BMI (kg/m2), mean ± SD 22.86 ± 3.87 22.73 ± 3.92 22.94 ± 3.84

Underweight (<18.5 kg/m2)
Normal weight (18.5–22.9 kg/m2)

Overweight (23.0–24.9 kg/m2)
Obese (>25.0 kg/m2)

42 (10.6)
174 (43.7)
81 (20.4)

101 (25.4)

20 (12.7)
66 (41.8)
30 (19.0)
42 (26.6)

22 (9.2)
108 (45.0)
51 (21.3)
59 (24.6)

0.636

Abbreviations: CF, cognitive frailty, NCF, non-cognitive frailty, SD, standard deviation; BMI, body mass index. Categor-
ical variables are presented as a percentage, and continuous variables are presented as mean ± SD. The differences
within baseline characteristics and cognitive frailty status were analyzed by chi-square test. * Significant association at
p < 0.05; ** Significant association at p < 0.001.

3.2. Cognitive Frailty, Physical Frailty, and Cognitive Impairment

The prevalence of cognitive frailty among older adults in this study was 34.8% (164 out
of 470 participants). Physical frailty and cognitive impairment were prevalent in 41.9% and
84.6%, respectively. Figure 2 and Supplementary Table S1 present the differences in the
proportion of physical frailty indicators and domains of cognitive function impairment
between cognitively frail and non-cognitively frail groups. Participants in the cognitively
frail group demonstrated a significantly higher proportion of all frailty indicators, including
exhaustion, underweight loss, handgrip weakness, slow walking speed, and low physical
activity, compared to the non-cognitively frail group (p < 0.001) (Figure 2a). Addition-
ally, the cognitively frail group exhibited a higher proportion of impairment across all
domains of cognitive function, such as executive function, fluency, orientation, calculation,
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abstraction, naming, attention, and alternative attention, except for delayed recall and
visuoperception, when compared to the non-cognitively frail group (Figure 2b).
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Figure 2. The histogram illustrates the proportion for (a) physical frailty and its characteristics and
(b) mild cognitive impairment and all components in cognitively frail and non-cognitively frail
groups. The differences between two groups were analyzed by Fisher’s Exact test.

3.3. Nutritional Status, Depression, Sleep Quality, and Falling Asleep at Night

Table 2 displays the nutritional status assessed using MNA-SF, depression levels mea-
sured by TGDS-15, sleep quality evaluated through PSQI, and the occurrence of falling
asleep at night, along with the difference in proportions of these parameters between
cognitively frail and non-cognitively frail groups. The finding revealed that a majority of
participants were either at risk of malnutrition (58.1%) or malnourished (10.3%). Addition-
ally, 12.0% of participants experienced depression, 49.5% had poor sleep quality, and 16.9%
reported engaging in difficulty falling asleep at night. There were significant associations
between cognitive frailty and nutritional status (p ≤ 0.001), depression (p ≤ 0.001), sleep
quality (p ≤ 0.001), and falling asleep at night (p ≤ 0.001). The cognitively frail group exhib-
ited a higher proportion of participants classified as malnourished (17.7%), experiencing
depression (23.2%), having poor sleep quality (56.7%), and having difficulty falling asleep at
night (22.6%) compared to the non-cognitively frail group. Furthermore, for more detailed
information, including questions and components, refer to Supplementary Tables S2–S5,
which provide descriptions of MNA-SF (see Supplementary Table S2), TGDS-15 (see
Supplementary Table S3), and PSQI (Supplementary Tables S4 and S5).

Table 2. Comparison of the nutritional status, depression, sleep quality, and falling asleep at night
between cognitively frail and non-cognitively frail groups.

n (%)

Total (n = 408)
Cognitive Frailty Status

p-Value ab
CF (n = 164) a NCF (n = 244) b

MNA-SF score

Total score, min.–max. 14, 2–14 14, 2–14 14, 5–14
mean ± SD 10.29 ± 1.96 9.76 ± 2.25 10.65 ± 1.66

median (IQR) 11.0 (3.0) 10.0 (4.0) 11.0 (2.0) < 0.001 a, **
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Table 2. Cont.

n (%)

Total (n = 408)
Cognitive Frailty Status

p-Value ab
CF (n = 164) a NCF (n = 244) b

Nutritional status

Normal 129 (31.6) 42 (25.6) 87 (35.7) < 0.001 a, **
At risk of malnutrition 237 (58.1) 93 (56.7) 144 (59.0)

Malnourished 42 (10.3) 29 (17.7) 13 (5.3)

TGSD-15 score

Total score, min.-max. 15, 0–15 15, 0–15 15, 0–10
mean ±SD 2.34 ± 2.11 3.14 ± 2.54 1.80 ± 1.56

median (IQR) 2.0 (2.0) 2.0 (3.0) 1.0 (2.0) < 0.001 b, **

Depression

No 359 (88.0) 126 (77.6) 233 (95.5) < 0.001 a, **
Yes 49 (12.0) 38 (23.2) 11 (4.5)

Global PSQI score

Total score, min.-max. 21, 1–14 21, 3–14 21, 1–14
mean ±SD 6.08 ± 2.47 6.49 ± 2.72 5.80 ± 2.26

median (IQR) 5.0 (3.0) 6.0 (4.0) 5 (3.0) 0.016 b, *

Sleep quality

Good 359 (88.0) 126 (77.6) 233 (95.5) 0.017 *
Bad 202 (49.5) 93 (56.7) 109 (44.7)

Falling asleep at night
(min)

mean ± SD 25.56 ± 38.59 32.89 ± 51.35 20.64 ± 25.77
median (IQR) 10.0 (25.0) 10.0 (25.0) 10.0 (25.0) 0.078 b

Falling asleep at night

Short period (≤30 min) 339 (83.1) 127 (77.4) 212 (86.9) 0.013 a, *
Long period (>30 min) 69 (16.9) 37 (22.6) 32 (13.1)

Abbreviations: CF, cognitive frailty; NCF, non-cognitive frailty; min, minimum; max, maximum; SD, standard
deviation; IQR, interquartile range. Statistical analysis was performed by a chi-square, b Mann–Whitney U test.
* Significant association at p < 0.05; ** Significant association at p < 0.001.

3.4. Associations between Nutritional Status, Sleep Quality, Falling Asleep at Night, and
Cognitive Frailty

Binary logistic regression and multivariate logistic regression, using the forward
stepwise technique, were employed to analyze the associations between nutritional status,
depression, sleep quality and falling asleep at night, and cognitive frailty. The results,
presented in Table 3, include both unadjusted and adjusted values accounting for potential
confounders such as age, education level, a history of diabetes mellitus, and current
drinking. The findings demonstrate that individuals with poor nutrition, depression, bad
sleep quality, and difficulty falling asleep at night had a significantly higher prevalence
of cognitive frailty compared to those in the non-cognitively frail group who had normal
nutrition, were not depressed, had good sleep quality, and fell asleep easily at night (Model
A). After adjustment, there was a higher risk of cognitive frailty in participants with
malnourished nutrition (Adjusted odds ratio (AOR) 3.786, 95%CI 1.719 to 8.335, p = 0.001)
(Model B). Participants with malnourished nutrition (AOR 3.499, 95%CI 1.547 to 7.914,
p = 0.003) and depression (AOR 5.003, 95%CI 2.399 to 10.434, p < 0.001) had a higher risk of
cognitive frailty (Model C). Similarly, malnourished nutrition (AOR 3.498, 95%CI 1.576 to
7.767, p = 0.002) and bad sleep quality (AOR 1.613, 95%CI 1.041 to 2.500, p < 0.032) were
associated with a higher prevalence of cognitive frailty (Model D). In model E, a higher
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prevalence of CF was associated with malnourished nutrition (AOR 3.715, 95%CI 1.675
to 8.237, p = 0.001) and difficulty falling asleep at night (AOR 1.809, 95%CI 1.022 to 3.203,
p < 0.042).

Table 3. The associations between demographic and health characteristics, nutritional status, depres-
sion, sleep quality, falling asleep at night, and cognitive frailty.

Variables
(n = 408)

Model A Model B Model C Model D Model E

COR,
95%CI p-Value AOR,

95%CI p-Value AOR,
95%CI p-Value AOR,

95%CI p-Value AOR,
95%CI p-Value

Age (years)

65–69 Ref. Ref. Ref. Ref. Ref.

70–79
2.029,

1.317 to
3.127

0.001 **
2.017,

1.278 to
3.183

0.003 *
2.046,

1.283 to
3.263

0.003 *
2.186,

1.372 to
3.485

0.001 **
2.020,

1.277 to
3.194

0.003 *

>80 years
4.704,

2.288 to
9.669

<0.001 **
4.080,

1.919 to
8.672

<0.001 **
3.832,

1.771 to
8.293

0.001 **
4.019,

1.808 to
8.594

<0.001 **
3.954,

1.845 to
8.475

<0.001 **

Education level

No education
8.000,

1.420 to
45.059

0.018 *
5.059,

0.802 to
31.909

0.085
4.047,

0.601 to
27.268

0.151
5.090,

0.792 to
32.700

0.086
5.018,

0.778 to
32.363

0.090

Primary school
9.327,

2.820 to
0.846

<0.001 **
7.596,

2.227 to
25.910

0.001 **
6.479,

1.919 to
21.876

0.003 *
7.460,

2.199 to
25.303

0.001 **
7.535,

2.211 to
25.682

0.001 **

Secondary
school and above Ref. Ref. Ref. Ref. Ref.

Diabetes mellitus
1.932,

1.140 to
3.276

0.014 *
1.827,

1.044 to
3.196

0.035 * NS
1.798,

1.025 to
3.153

0.041 *
1.826,

1.041 to
3.202

0.036 *

Nutritional status

Normal Ref. Ref. Ref. Ref. Ref.

At risk
of malnutrition

1.338,
0.852 to

2.101
0.206

1.327,
0.821 to

2.145
0.249

1.665,
0.818 to

2.180
0.248

1.311,
0.809 to

2.126
272

1.299,
0.801 to

2.106
0.289

Malnourished
4.621,

2.181 to
9.789

<0.001 **
3.786,

1.719 to
8.335

0.001 **
3.499,

1.547 to
7.914

0.003 *
3.498,

1.576 to
7.767

0.002 *
3.715,

1.675 to
8.237

0.001 **

Depression
6.388,

3.156 to
12.931

<0.001 **
5.003,

2.399 to
10.434

<0.001 **

Sleep
quality status

1.622,
1.089 to

2.417
0.017 *

1.613,
1.041 to

2.500
0.032 *

Falling asleep
at night

1.930,
1.145 to

3.252
0.014 *

1.809,
1.022 to

3.203
0.042 *

Abbreviations: OR, odds ratio; COR, crude odds ratio; AOR, adjusted odds ratio; CI, confidence interval; Ref.,
reference group; NS, non-significant. Model A, unadjusted; Model B, the association between nutritional status
and cognitive frailty; Model C, the association between nutritional status, depression, and cognitive frailty; Model
D, the association between nutritional status, sleep quality, and cognitive frailty; Model E, the association between
nutritional status, falling asleep at night and cognitive frailty. Statistical analysis was performed by binary logistic
regression and multivariate logistic regression with forward stepwise method. Adjusted for potential covariables
of models B, C, D, and E were age, education level, diabetes mellitus, and current drinking. Reference group was
non-cognitive frailty. * Significant association at p < 0.05; ** Significant association at p < 0.001.

4. Discussion

This study is the first investigation to study the association between combining nutri-
tional status, depression, sleep quality, falling asleep at night, and cognitive frailty in Thai
community-dwelling older adults during the COVID-19 restrictions. The findings indicate
that older adults in Thailand who experienced malnutrition, depression, poor sleep quality,
and difficulty falling asleep at night had a higher risk of cognitive frailty compared to those
who did not experience these factors. Our study revealed that 34.8% of older adults were
affected by cognitive frailty. It is important to acknowledge that there is variation in the
prevalence of cognitive frailty, which underscores the need for a cautious interpretation
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of prevalence results. The prevalence observed in this study was higher than that in our
previous study in the same population (28.7%) [21] because we did not exclude probable
depression using the TGSD score. Furthermore, our prevalence rate was higher when
compared to international studies [20,22,36]. We collected data during the initial peak of
the first wave of the COVID-19 pandemic in Thailand [43].

It is crucial to recognize that social isolation or restriction measures have a significant
impact on both individual and family behaviors. These measures affect eating habits,
engagement in exercise or physical activities, and sleep patterns [1,2]. These lifestyle
factors have a role in influencing physical frailty and impaired cognitive function, which
contribute to cognitive frailty. Additionally, variations in prevalence rates across studies
may arise from the use of different methods to assess cognitive frailty, physical frailty, and
cognitive function. These lifestyle factors have a role in influencing physical frailty and
impaired cognitive function, which contribute to cognitive frailty. Another reason for a
higher prevalence in our study is that we recruited participants aged 65 years and older. In
contrast, previous studies included older adults over the age of 55 or 60 years [20,22]. It is
important to note that the prevalence of cognitive frailty generally increases with age [68].
Moreover, our findings indicate that only 1.8% of participants with cognitive frailty had
received education beyond the primary level, which is typically considered a low level
of education. A previous study found a correlation between higher education among
community-dwelling older adults and a slow decline in cognitive function. Interestingly,
low education was identified as a risk factor for physical frailty [69–71]. Our results also
showed that old age and low education were risk factors for cognitive frailty. Higher
education has been associated with improved health literacy, which, in turn, has been
related to a reduced risk of frailty [71].

Our findings showed that older adults who are malnourished are more likely to
experience cognitive frailty compared with those who are not. Specifically, 10.3% of the
study participants were identified as malnourished; they exhibited a heightened risk
of cognitive frailty. This aligns with previous studies that have consistently identified
malnutrition as a substantial risk factor for cognitive frailty. The deleterious impact of
malnutrition on critical physiological factors, including muscle mass, muscle strength,
and functional independence as daily activities, is well-documented [26,27]. This adverse
effect can primality be attributed to inadequate protein intake, which results in diminished
energy levels and compromised bodily function [7,26]. We conducted a multivariate logistic
regression analysis was undertaken to investigate the influence of additional factors on
the manifestation of cognitive frailty. These factors, namely depression, poor sleep quality,
difficulty falling asleep at night, and malnutrition, were comprehensively considered.
This examination yielded compelling findings, disclosing a heightened prevalence of
cognitive frailty.

Notably, the association between depression and cognitive frailty in this study is
consistent with previous studies that found that depressive symptoms contribute to the
development of cognitive frailty. Specifically, individuals exhibiting slow walking and
increased gait variability demonstrated a higher rate of depression, leading to decreasing
physical activity and subsequent muscular weakness [32,33]. Additionally, older adults
with depression showed reduced executive function and slower processing speed, resulting
in instability during walking [72]. These effects can be attributed to structural changes in
the brain, including lower gray matter volume, subcortical volume, and cerebral white
matter volume, as well as disruptions in connectivity underlying depressive symptoms,
alongside reduced muscle mass [31,73–75]. Moreover, our study revealed a significant asso-
ciation between depression, malnutrition, and cognitive frailty, consistent with a previous
study [29,30]. Common pathways linking depression and malnutrition may contribute to
compounded effects, such as weight loss, activation of proinflammatory cytokines, and
increased oxidative stress. Additionally, depression-induced loss of appetite can lead to
significant weight loss, physical frailty, and compromised nutritional status [76].
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Difficulties falling asleep at night before bedtime is associated significantly with
cognitive frailty. This study revealed that older adults with poor sleep quality and difficulty
falling asleep were more likely to experience cognitive frailty. This is consistent with a
study in China, which found that poor sleep quality and a long nap duration at nighttime
were associated with a high risk of cognitive frailty in older people in nursing homes. Short
nap duration was associated with a low prevalence of cognitive frailty [36]. A systematic
review showed that the prevalence of sleep disturbances in older adults with MCI and
Alzheimer’s disease is higher than in healthy older people [77]. Our finding observed
that older adults with cognitive frailty exhibited a notably higher prevalence of poor sleep
quality (56.7%) in comparison to those without cognitive frailty. Sleep deprivation is a
well-documented consequence of poor sleep quality and contributes to the accumulation
of deleterious substances, such as free radicals and neurotoxic waste, within the brain.
This accumulation is linked to cognitive decline and is associated with poor sleep [78]. A
previous meta-analysis revealed that poor sleep quality contributes to increased levels of
inflammatory markers such as C-reactive protein (CRP) and factor VIII. These changes
in the immune system are considered primary causes of frailty [9–11,79]. Furthermore, a
previous study indicated that individuals with cognitive impairment had higher levels of
CPR [80]. A study in a rural area in the north of Thailand showed that the prevalence of
poor sleep quality among the elderly in the study area was high, and the major significant
predictors of poor sleep quality were mild depression and poor family relationships [81].

Additionally, a previous study reported that sleep quality was poor and had a nega-
tive impact on mental health during the COVID-19 pandemic [41]. During the COVID-19
pandemic, older people may experience sleep difficulties due to the increase in stress and
anxiety. They may be concerned about the virus and its effect on their health, especially
if they have other chronic diseases. The pandemic disrupted the daily activities of many
people, including older individuals. Changes in regular schedules reduced physical ac-
tivities, and altered social interaction could disrupt sleep and wake cycles and may make
it more difficult to fall asleep or lead to poor sleep quality [82]. Social isolation restricts
social gatherings and limits contact with family and friends and can lead to loneliness
and depression, which can negatively affect sleep patterns [1,2]. The data collection in our
study was during the initial peak of the first wave of COVID-19, which had a higher rate of
infection and death [43]. Financial concerns in their family during the COVID-19 pandemic
can lead to increased stress and may make it harder for them to fall asleep [83]. Helping
older people to sleep well is good for preventing cognitive frailty; we should encourage
older adults to have regular physical activity at home by keeping active by, for example,
performing gentle housework, walking, gardening, and watering plants [84]. Maintaining
a regular sleep schedule could promote a better quality of sleep patterns. A study in Japan
showed that a short daytime napping (less than 30 min) reduced the risk of cognitive
decline over 5 years among older people in the community [85].

Apart from the risk factors that we mentioned above, a factor associated with cognitive
frailty in our study is diabetes mellitus. A study reported that it has a significant association
with cognitive frailty and hypoglycemia and is likely to play a role in the development
of cognitive frailty. The relationship between physical frailty and cognitive impairment
is circular [86]. Diabetes can indeed disrupt sleeping patterns; if the blood sugar level
is too high, it can lead to frequent urination and discomfort, and that has an effect on
sleeping [87,88]. It is important to note that a balanced and varied diet is crucial for
overall health. Healthcare professionals should combine recommendations on a healthy
diet, physical activity, cognitive stimulation, mental health support, and regular sleeping
patterns so that it could help to prevent cognitive frailty in older adults.

The study’s notable strength lies in the exclusion of participants with a high suspicion
of dementia, reducing the risk of misdiagnosing cognitive frailty. However, it is important
to acknowledge several limitations. Firstly, due to the cross-sectional nature of the study
design, establishing a causal relationship between variables was not feasible. Secondly, the
assessment of older adults relied on self-reported questionnaires, introducing the potential
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for information bias. Thirdly, this study did not investigate the long-term effects of the
pandemic on nutritional status and mental health issues.

5. Conclusions

Malnutrition, along with depression, poor sleep quality, and difficulty falling asleep at
night, were all substantially linked to cognitive frailty, increasing the risk for community-
dwelling older adults as a result of Thailand’s COVID-19 pandemic restrictions. To address
this, it is recommended to monitor the nutritional status, mental health, and sleep quality
of older adults concurrently and implement effective prevention programs that ensure
adequate nutrition, reduce depression, improve sleep quality, and promote falling asleep
easily at night. Further studies are needed to validate these associations between the
mentioned variables and cognitive frailty in older adults, as well as to examine their long-
term impacts. There is a need for effective interventions and measures that might reduce
cognitive frailty caused by activity restrictions.
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cognitively frail groups; Table S4: Descriptives of PSQI components in cognitively frail and non-
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