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Abstract

Background Previous studies have suggested that certain personal psychological variables (e.g., life satisfaction

and cognitive function) and physical variables (e.g., body mass index [BMI]) are significantly associated with indi-
viduals'anxiety symptoms. However, relevant research on elderly is lagging and no studies have yet investigated

the combined impact of these variables on anxiety. Thus, we conducted the present study to investigate the potential
moderator role of BMI and the potential mediator role of cognitive function underlying the relationship between life
satisfaction and anxiety symptoms in Chinese elderly based in Hong Kong.

Methods Sixty-seven elderly aged 65 years old and above were recruited from the local elderly community cen-
tres in this pilot study. Each participant underwent a systematic evaluation using the Satisfaction with Life Scale
(SWLS), Hong Kong Version of the Montreal Cognitive Assessment (HK-MoCA), and the Hamilton Anxiety Rating Scale
(HAM-A) and were measured for their body weight and height. Regression analysis using the bootstrapping method
was employed to test the hypothesized moderated mediation model.

Results Our findings demonstrated the overall model accounted for 23.05% of the variance in scores of HAM-A (F
(8,57)=2.134, p=0.047) in Chinese elderly. There was a significant association between life satisfaction and anxi-

ety symptoms (p=0.031), indicating that individuals with higher life satisfaction were associated with less anxiety
symptoms. Moreover, this relationship was positively moderated by BMI (b=0.066, 95% CI [0.004, 0.128]), especially
in Chinese elderly with BMI at a lower level (b=-0.571, 95% CI [-0.919, -0.224]) and an average level (b=-0.242, 95%
Cl [-0.460, -0.023]). No significant mediator role was detected for cognitive function (b=-0.006, 95% Cl [-0.047, 0.044])
in our model.

Conclusions Our findings suggest that increased life satisfaction can reduce anxiety symptoms among Chinese
elderly as their BMI decreases (when BMI ranged between “mean - 1SD"and “mean”of the population). The significant
interaction between psychological and physical factors underlying anxiety symptoms found in this study, presents

a promising opportunity for translation into multi-level psychological and physical interventions for the management
of anxiety in ageing patients during clinical practice.
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Background

Anxiety is an unpleasant emotion (e.g., a feeling of fear
or worry about an anticipated event) accompanied by
somatic complaints. It is a common mental health prob-
lem. According to epidemiological data from Western
countries, the lifetime prevalence of anxiety disorder
ranges from 14.5% to 33.7% in the general population
[1-3]. Although anxiety disorder is a widespread men-
tal health concern, its prevalence among elderly has only
attracted more scientific interest in recent decades. In
the community-dwelling elderly, it has been reported
that the prevalence of anxiety disorder varies from
1.2% to 17.2% [4—6], while the estimated prevalence for
elderly in clinical settings is higher at 28% [7]. Differing
from clinical diagnosed anxiety disorder, the prevalence
of anxiety symptoms that do not satisfy the criteria for
clinically diagnosed anxiety disorder is estimated to be
15.0%—56.0% in elderly [7]. A national survey of the gen-
eral population in China revealed a lifetime prevalence
for anxiety disorder of 7.6% [8]. For Chinese elderly, the
prevalence of anxiety disorder is 3.71%, according to a
recent study conducted by Xu et al. [9]. A review of the
prevalence of anxiety symptoms among more specific
populations of Chinese elderly showed a prevalence of
7.9%—-20.8% for those dwelling in communities [10-12],
and 17.2%-21.1% for those in primary care settings [13].
Some environmental and psychological factors have been
reported to be associated with anxiety in the elderly, such
as females, poor health status, poor economic situations,
feelings of loneliness, lower level of social trust and par-
ticipation, etc. [12]. Anxiety in later life has impactful
consequences, as it is associated with increased risks of
cognitive impairment [14], cardiovascular comorbidity
[15], a lower quality of life [16], and severe disabilities
[17], all of which lead to heavy burdens on health ser-
vices. Therefore, investigating the early stages of anxi-
ety in elderly (e.g., anxiety symptoms at the subclinical
level) to identify other contributing factors and underly-
ing neuropathological mechanisms are helpful in deter-
mining early therapeutic interventions for this specific
population.

One of the contributing factors to anxiety is satisfac-
tion with life (SWL), which is a subjective judgement of
an individual’s quality of life involving a comparative pro-
cess based on their own life standards [18]. It reflects an
individual’s psychological well-being through a measure-
ment of the degree of agreement between their current
life, their expected life, and their achieved life. Recently,
increasing studies have examined the critical role of SWL
in predicting mental health problems [19-25]. Fergus-
son et al. investigated the associations between SWL
and a number of psychiatric disorders, including depres-
sion, anxiety, suicidality, alcohol dependence, and drug
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addiction based on a birth cohort study in New Zealand.
In addition to significant associations with depression,
suicidality, and drug addiction, they found significant
associations between SWL and anxiety disorder using a
fixed effects model regression analysis. Further examina-
tion of the direction of causality between SWL and men-
tal health problems using a structural equation model
revealed robust and reciprocal associations [19]. Differing
from Fergusson et al’s study targeting on psychiatry dis-
orders which needs participants fulfilled in clinical diag-
nostic criteria of mental disorder, in another study based
on a national community survey carried out in Canada,
Lombardo et al. examined the associations between SWL
and self-reported mental health status of anxiety/mood
disorders. Consistently, they found that SWL is associ-
ated with self-reported anxiety/mood disorders and that
lower SWL is associated with self-reports of poor mental
health status [22]. However, these previous studies were
mainly carried out in adolescent and young adult popula-
tions, with the elderly population been overlooked.

In addition to SWL, previous research has suggested
that impaired cognitive function is another contributing
factor to anxiety. Mantella et al. found that older patients
with clinically diagnosed anxiety disorder had impaired
cognitive function in short-term memory [26]. In another
study conducted by Butters et al.,, older patients diag-
nosed with anxiety disorder had impaired cognitive abili-
ties in multiple domains, including memory, inhibition,
information processing, and problem-solving [27]. The
impactful associations with multiple cognitive domains
are not only present in individuals with clinically diag-
nosed anxiety, but also present in individuals with anxi-
ety symptoms at subclinical levels [28, 29]. Consistent
with the findings demonstrated in cross-sectional stud-
ies, findings from longitudinal studies have also dem-
onstrated positive associations between the severity of
anxiety (both clinically diagnosed disorders and symp-
toms at subclinical levels) and the incidence of cogni-
tive impairment in elderly [30]. Because of the limited
number of longitudinal studies investigating the associa-
tions, the direction of causality between impaired cogni-
tive function and anxiety is not completely understood.
Beaudreau et al. proposed a bidirectional relationship
between these two factors [31]. In this bidirectional
model, anxiety and cognitive impairment exacerbate each
other’s risks and symptoms, with anxiety leading to later
cognitive impairment and pre-existing cognitive impair-
ment leading to increased levels of anxiety.

Body mass index (BMI) is calculated as an individual’s
weight in kilograms divided by their height in metres
squared (kg/m?), and is commonly used to assess physi-
cal health with respect to obesity [32]. There are four
BMI classifications: underweight (<18.4 kg/m?), normal
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weight (>18.5 and<24.9 kg/m?), overweight (>25.0
and <29.9 kg/m?), and obese (>30.0 kg/m?). An increas-
ing number of studies have suggested associations
between unfavourable BMI (e.g., overweight and obese)
and a number of chronic physical diseases, including dia-
betes, hypertension, coronary heart disease, stroke, and
cancer [33, 34]. Furthermore, there is an accumulation
of evidence showing the contribution of an unfavour-
able BMI to the development of anxiety and other mental
health problems, e.g., mood and alcohol disorders [35].
Leonore et al. conducted a longitudinal cohort study in
the Netherlands and found that obese individuals have an
increased risk of developing anxiety [36]. In this prospec-
tive study which included 5303 participants, compared to
individual with normal BMI, obese individual at baseline
were found to have a significantly higher risk of onset
of anxiety disorder during follow-up (odds ratio=1.71).
The positive association between unfavourable BMI and
anxiety was further confirmed by a systematic review
and meta-analysis. In this study, Gariepy et al. included
16 studies (2 prospective studies and 14 cross-sectional
studies) and revealed a pooled odds ratio of 1.4 (with 95%
confidence interval of 1.20-1.60) for association between
obesity and anxiety disorder [37]. Consistently, in another
systematic review and meta-analysis performed by Amiri
et al., findings indicated a pooled odds ratio of 1.1 (with
95% confidence interval of 1.20-1.41) for anxiety symp-
toms in overweight individuals, and a pooled odds ratio
of 1.3 (with 95% confidence interval of 1.00-1.21) for
anxiety symptoms in obese individuals [38]. Interestingly,
in a study based on data from 103,557 individuals aged
18-85 years old in the United States, a U-shaped associa-
tion was demonstrated, suggesting that individuals who
are either underweight or overweight have higher risks
of developing anxiety than individuals with normal BMI
[39]. However, the majority of studies investigating the
impact of BMI on anxiety have been carried out in West-
ern countries and studies of Chinese and in particular,
older Chinese adult populations, remain scarce.

The psychological variables, SWL and cognitive func-
tion, and the physical variable, BMI, have been reported
to be associated with anxiety, but relevant research in
elderly is lagging and no studies have yet investigated the
combined impact of these variables on anxiety symptoms
at subclinical levels. Therefore, the aim of the present
study was to investigate the impact of SWL on anxi-
ety symptoms in Chinese elderly based in Hong Kong.
We speculated a potential moderator role of BMI and a
potential mediator role of cognitive function underlying
the relationship between SWL and anxiety symptoms.
We hypothesized that among older adults in Hong Kong:
1) SWL is negatively associated with anxiety symptoms;
2) the negative association between SWL and anxiety
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symptoms is moderated by BMI; 3) the negative asso-
ciation between SWL and anxiety symptoms is partially
mediated by the cognitive function of elderly.

Methods

Participants

In this cross-sectional cohort study, participants were
recruited from local communities, e.g., Neighbourhood
Elderly Centre in Hong Kong. Participants were included
if they were: (1) aged 65 years old or above; (2) able to
speak Cantonese; and (3) ambulatory. Participants were
excluded if they: (1) had uncorrected visual or audi-
tory impairment; (2) were unable to follow assessment
instructions from the research personnel; or (3) had any
non-psychiatric chronic medical conditions (e.g., chronic
kidney disease, or diabetes). The Hong Kong Polytech-
nic University Institutional Review Board approved the
present study. Sample size calculation was conducted
using G*power for a multiple regression analysis [40] as
in a previous study [41]. The parameters for power analy-
sis were set as: £=0.15 (medium effect size), a power of
0.80, and an a=0.05. A minimum of 55 participants were
required to detect the medium effect size for the pro-
posed 4 variables with 80% power.

Procedures

Prior to the study, a research package with an information
sheet and consent form were given to each participant.
The research personnel explained the objectives and pro-
cedures of the study to each participant and obtained
their written informed consent. Each participant was
then requested to provide demographic information,
including their age, gender, education, and medical his-
tory, in addition to their body weight and height meas-
urements. Subsequently, each participant was tested for
their intelligence level using the Test of Nonverbal Intel-
ligence, Fourth Edition (TONI-4). Finally, life satisfaction,
cognitive function, and anxiety symptoms, were system-
atically evaluated using the respective instruments: the
Satisfaction with Life Scale (SWLS), Hong Kong Version
of the Montreal Cognitive Assessment (HK-MoCA),
and the Hamilton Anxiety Rating Scale (HAM-A). All
assessments were performed through face-to-face con-
versations between the participants and the research per-
sonnel, with frequent rest periods offered to avoid mental
fatigue.

Instruments

Satisfaction with Life Scale (SWLS)

The SWLS was employed to evaluate participants’
subjective feelings of life satisfaction [42]. It is a five-
item survey with a 7-point Likert response scale (from
‘strongly disagree’ to ‘strongly agree’). Total scores for
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the SWLS range from 5 to 35, with lower scores indi-
cating more dissatisfaction with life and higher scores
indicating more satisfaction with life [43]. The test—
retest reliability of the SWLS have been confirmed by
others (test—retest correlation coefficient =0.85), which
demonstrates that it is suitable to be used in the elderly
and is reliable in determining affect status [44]. The
Chinese version of SWLS has consistently shown high
internal consistency (Cronbach’s alpha=0.91), and has
been widely used [45].

Hong Kong version of the Montreal Cognitive Assessment
(HK-MoCA)

The Montreal Cognitive Assessment is a widely used
assessment tool for cognitive function in older indi-
viduals. It consists of seven components including 1)
Attention/Concentration, 2) Naming, 3) Executive/Visu-
ospatial Function, 4) Language, 5) Delayed Recall, 6) Ori-
entation, and 7) Abstract Reasoning. Previous studies
have shown that the assessment has good internal con-
sistency (Cronbach’s alpha=0.83) and test-retest reli-
ability (test—retest correlation coefficient=0.92) [46]. The
HK-MoCA has been translated from English to Canton-
ese with appropriate cultural and linguistic modifications
[47] and has been validated in older Chinese adults with
mild cognitive impairment and dementia (with a sensitiv-
ity of 0.92 as well as specificity of 0.92) [48]. The overall
scores for the HK-MoCA range from 0 to 30. Assessment
scores were calculated by adding the sub-scores of the
seven components. Higher scores indicate better cogni-
tive function.

Hamilton Anxiety Rating Scale (HAM-A)

The HAM-A is a widely used interview scale in research
and clinical settings for the measurement of the sever-
ity of anxiety symptoms in older individuals. This scale
has fourteen items measuring anxiety symptoms from
multiple dimensions, including tension, anxious mood,
insomnia, fears, intellectual, depressed mood, somatic
complaints (e.g., muscular, sensory, cardiovascular,
respiratory, gastrointestinal, and genitourinary symp-
toms), and behaviour at interview. It uses a 5-point Lik-
ert response scale (from ‘not present’ to ‘severe’). Total
scores range from 0 to 56, with higher scores suggesting
more severe anxiety symptoms in a participant. The test—
retest reliability of the HAM-A have been confirmed by
others (test—retest correlation coefficient=0.74) [49]. The
Chinese version of HAM-A has also shown good internal
consistency (Cronbach’s alpha=0.80), and is regarded as
a reliable tool for measurement of anxiety symptoms in
Chinese outpatients [50].
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Test of Nonverbal Intelligence, Fourth Edition (TONI-4)

The TONI-4 is a test that aims to assess an individual’s
general intellectual functioning, e.g., abilities for problem
solving and abstract reasoning, which is relatively con-
sistent over an individual’s lifetime. This assessment tool
has demonstrated good test—retest reliability (test—retest
correlation coefficient=0.93) in Chinese and can be used
in individuals aged from 6 to 89 years old [51]. The ben-
efit of TONI-4 is its language-free format. As the results
of the TONI-4 are not influenced by an individual’s hear-
ing or linguistic capacity, it is especially appropriate for
elderly who often have hearing or linguistic deficiencies.
Form A of the test consists of five training items, and
forty-five problem solving items were used in the present
study [52]. Each problem-solving item has a sequence of
abstract figures (for demonstration) as well as a missing
figure which needs participant’s responses. Difficulty of
each problem-solving item is presented in an ascend-
ing order. The correct answer for each item was awarded
with one point. The overall score, which was the sum of
the score for the forty-five items, was then converted into
an index score for subsequent data analysis. Higher index
score indicates better problem-solving and abstract rea-
soning capacities of the participant.

Statistical analyses

Data analyses were performed using Statistical Pack-
age for the Social Sciences version 23 (SPSS v.23; IBM,
Armonk, NY, USA). Pearson’s correlation analysis was
performed to test the relationships among the vari-
ables of interest, including BMI, life satisfaction, cogni-
tive function, and symptoms of anxiety. Subsequently,
multiple linear regression was conducted to investi-
gate the specific associations of BMI, life satisfaction,
and cognitive function with symptoms of anxiety, sepa-
rately, Adjustments for age, gender, education level, and
TONI-4 index score were included in the multiple linear
regression model to exclude any confounding effects.
Finally, moderated mediation analysis testing the hypoth-
esized moderator and mediator was run using the boot-
strapping principle by applying the Hayes’s PROCESS
macro programme [53]. This analysis involves a non-
parametric procedure that produces a confidence inter-
val (CI) by integrating the Syntax programme in SPSS.
The potential moderating effect of BMI and the potential
mediating effect of cognitive function were evaluated
using PROCESS macro programme Model 5, based on
10,000 bootstrapping resampling events after adjustment
for age, gender, education level, and TONI-4 index score.
All continuous variables included in the model were
mean centred. For the moderated mediation analysis, if
zero wasn't included in the calculated CI, the moderating
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effect or the mediating effect was considered to be signif-
icant. For the rest of the data analyses, p<0.05 was con-
sidered to indicate statistical significance.

Results

Participants’ demographic characteristics

As shown in Table 1, total 67 elderly with a mean age of
70.96 £ 5.04, were recruited in the present study, includ-
ing 56 females (83.6%) and 11 males (16.4%). Of these
67 elderlies, 10.4% had an educational attainment below
primary school and 89.6% had an educational attain-
ment of primary school or higher. The mean BMI of the
participants was 23.72+5.05 kg/m?. The mean TONI-4
index, SWLS, HK-MoCA, and HAM-A scores were,
100.25+10.33, 27.00+5.40, 25.21 +3.59, and 6.09+4.81,
respectively.

Pearson’s correlation analysis

Table 2 shows the Pearson’s correlation coefficients for
the variables of interest. The results show that SWLS
scores were negatively correlated with HAM-A scores
(r=-0.338, p=0.005), indicating that a higher level of life
satisfaction was associated with less anxiety symptoms in
the study population (Table 2).

Moderated mediation analysis

Consistent with the findings of the Pearson’s correlation
analysis, SWLS scores remained significantly associated
with HAM-A scores after adjustment for age, gender,

Table 1 Demographic characteristics of all elderly

All participants (n=67)

Age, years (mean +SD) 70.96+5.04
Gender
Male (n, %) 11 (16.4%)
Female (n, %) 56 (83.6%)
Education level
Below primary school (n, %) 7 (10.4%)
Primary school (n, %) 31 (46.3%)
Secondary school (n, %) 18 (26.9%)
Post-secondary degree (n, %) 3 (4.5%)
Bachelor degree or above (n, %) 8 (11.9%)
Body weight (mean +SD) (kg) 56.36+12.62
Body height (mean =+ SD) (m? 1.54+0.07
BMI (mean+SD) 23.72+505
TONI-4 index score (mean £ SD) 100.25+10.33
SWLS score (mean+SD) 27.00+5.40
HK-MoCA score (mean +SD) 25214359
HAM-A score (mean +SD) 6.09+4.81

BMI Body Mass Index, TONI-4 Test of Nonverbal Intelligence, Fourth Edition, SWLS
Satisfaction with Life Scale, HK-MoCA Hong Kong Version of Montreal Cognitive
Assessment, HAM Hamilton Anxiety Rating Scale
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Table 2 Pearson correlation analysis among studied variables

BMI SWLS HK-MoCA HAM-A
BMI 1 0.161 -0.118 -0.123
SWLS 0.161 1 -0.187 -0.338%
HK-MoCA -0.118 -0.187 1 0.137
HAM-A -0.123 -0.338* 0.137 1

BMI Body Mass Index, SWLS Satisfaction with Life Scale, HK-MoCA Montreal
Cognitive Assessment Hong Kong version, HAM Hamilton Anxiety Rating Scale

"P<0.01

education level, and TONI-4 index score (b=-0.242,
p=0.031). There was no significant association between
HK-MoCA scores and HAM-A scores after adjust-
ment for age, gender, education level, and TONI-4 index
score. No significant association was identified between
BMI and HAM-A scores (Fig. 1). However, when taken
as a set, the proposed moderated mediation model
accounted for 23.05% of the variance in HAM-A scores
(F (8, 57)=2.134, p=0.047). Moreover, we found a sig-
nificant interaction between SWLS scores and BMI (F
(1, 57)=4.525, p=0.038) among Chinese elderly. A sig-
nificant conditional direct effect of SWLS scores on
HAM-A scores was identified at different levels of BMI
(presented as the mean — 1 SD, mean, and mean+1 SD;
Table 3). The direct effect of life satisfaction on symptoms
of anxiety was significant for Chinese elderly with a lower
level of BMI (mean — 1 SD; b=-0.571, 95% CI [-0.919,
-0.224]) and an average level of BMI (mean; b=-0.242,
95% CI [-0.460, -0.023]), which indicates stronger asso-
ciation between life satisfaction and symptoms of anxi-
ety as BMI value decreases (Fig. 2). Whereas for elderly
with higher level of BMI (mean+ 1 SD), the direct effect
of life satisfaction on the symptoms of anxiety was not
significant (b=0.088, 95% CI [-0.321, 0.497]). Subsequent
John—Neyman analysis showed that the impact of life
satisfaction on the symptoms of anxiety was significantly
moderated by BMI, until a value of 24.12 kg/m? (p=0.05;
95% CI [-0.445, 0.000]; Table 4). No significant indirect
mediating effect was detected for cognitive function,
as proposed in our model (b=-0.006, 95% CI [-0.047,
0.044]).

Discussion

In the present study, we examined the association
between SWL and anxiety symptoms among Chinese
elderly and its potential underlying mechanisms. Our
findings showed that SWL was negatively associated with
anxiety symptoms (Hypothesis 1), and this effect was
moderated by BMI (Hypothesis 2). However, cognitive
function was not a mediator of the relationship between
SWL and anxiety symptoms among Chinese elderly as
revealed by the present study (Hypothesis 3).
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Cognitive
Function
b=0.071
. . . c=-0.242* .
Life Satisfaction > Anxiety Symptoms
d=0.066*

Body Mass Index

Fig. 1 The moderated mediation model for life satisfaction on symptoms of anxiety in Chinese elderly

Significances were found for the direct effect of life satisfaction on symptoms of anxiety (p=0.031) (path c) and moderating effect of BMI
(p=0.038) (path d) after adjustment for age, gender, education level, and TONI-4 index scores. However, no significant indirect effect was detected
for cognitive function as proposed in our model (b=-0.006, 95% Cl [-0.047, 0.044]) (path a*b). The overall moderated mediation model accounting
for 23.05% of the variance in scores of HAM-A (F (8, 57)=2.134, p=0.047). *Significant at p < 0.05

Table 3 Conditional direct effects of life satisfaction on

symptoms of anxiety at different BMI level

Effect 95% Cl

b t Lower Upper
Low BMI (mean - 1SD) -0.571 -3.294 -0919 -0.224
Average BMI (mean) -0.242 -2.218 -0.460 -0.023
High BMI (mean + 1SD) 0.088 0430 -0.321 0497

b Unstandardized Coefficient, C/ Confidence Interval
Adjustment for age, gender, education level, and TONI-4 index score

Consistent with previous findings [19, 21-24], we
found that a higher SWL was associated with less
severe symptoms of anxiety among Chinese elderly.
SWL, which reflects a positive life perception, has been
suggested to play an important role in maintaining sub-
jective well-being [54]. Subjective well-being, which
is conceptualised as positive psychology, is a recently
established discipline that emphasises taking a posi-
tive perspective on things [55]. It has been suggested
that positive affect and cognitive processes are power-
ful protective factors against worry and can buffer dys-
functional stress and thoughts that may lead to anxiety
[56-58]. Conversely, dissatisfaction with life, which
reflects negative perceptions of life, has been docu-
mented to predict anxiety across an individual’s lifespan

[59]. In later adulthood, individuals are often faced with
unfavourable life changes related to decreased life sat-
isfaction, such as fewer social connections, the loss of
partners, and financial dependence. These adverse life
changes may result in feelings of loneliness, helpless-
ness, and uselessness, which lead to negative thoughts
and affect. Without appropriate interventions, nega-
tive life perception, accompanied by chronic worry and
stress, may gradually cause anxiety symptoms in older
adults. The current evidence supporting the protective
role of higher SWL against anxiety symptoms in Chi-
nese elderly has important clinical implications and the
potential for being translated into an intervention using
positive psychology. Psychological interventions focus-
ing on the positive side of things increase perceptions
of pleasure, satisfaction, and well-being, and have dem-
onstrated significant clinical effectiveness. In a recent
meta-analysis, Chakhssi et al. demonstrated a moder-
ate effect size for utilising positive psychology to induce
anxiety remission [60]. In light of all of the above evi-
dence, it is time to promote an appropriate positive
psychology programme to increase life satisfaction to
prevent anxiety symptoms in Chinese elderly.
Additionally, our findings have shown that the neuro-
protective effect of SWL on anxiety symptoms is mod-
erated by BMI (a physical factor). For Chinese elderly
with lower and average levels of BMI, a higher SWL had
a protective effect on anxiety symptoms, whereas, for
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Fig. 2 The moderating effect of BMI on the relationship between life satisfaction and symptoms of anxiety in Chinese elderly

those with a higher level of BMI, the significant impact of
SWL on anxiety symptoms disappeared. The cut-off for
a higher level of BMI in the present study was 24.12 kg/
m? (Table 4), which approximately represents overweight
and obesity. It has been suggested that individuals with
an elevated BMI, particularly those with obesity, have
elevated concentrations of serum inflammatory markers,
such as C-reactive protein, tumour necrosis factor alpha
(TNF-a), and interleukin 6 (IL-6) [61]. Likewise, individ-
uals diagnosed with anxiety disorders also present with
increased concentrations of inflammatory markers [62].
Given that adverse life changes in later adulthood cause
chronic worry and stress, which lead to an increased
inflammatory response (due to the dysregulation of the
hypothalamic—pituitary—adrenal axis) [63], it is specu-
lated that a higher SWL can decrease anxiety symptoms
in the elderly by reducing inflammation through the sup-
pression of an overactive immune system. Therefore,
among elderly with a higher level of BMI, the neuropro-
tective effect of SWL is counteracted by the abnormal
inflammatory response associated with obesity and the
coexisting high dietary fat intake. This would negate the
neuroprotective effect of SWL on anxiety symptoms in
Chinese elderly with a higher BMI. However, in Chinese
elderly with lower and average levels of BMI, BMI is dis-
covered to facilitate less anxiety symptoms which may
be partially due to the synergistic effects of both SWL
and BMI on immune response regulation. While, these

assumptions need to be investigated in future studies. To
the best of our knowledge, this is the first study highlight-
ing the moderator role of BMI in the association between
SWL and anxiety symptoms. In addition to promoting a
positive psychology programme, the interaction between
psychological and physical factors influencing anxiety
symptoms revealed in this study, suggests a multi-level
intervention model for Chinese elderly during clinical
practice. The multi-level model should include physical
interventions with nutritional counselling and regular
exercise to achieve physical fitness and to avoid over-
weight and obesity [64]. It should also include a psycho-
logical intervention using positive psychology to achieve
subjective well-being.

In contrast to previous studies, we did not find any
association between cognitive function and anxiety
symptoms at subclinical levels in Chinese elderly. One
reason for non-significant result may be due to the lim-
ited sample size which lacked statistical power to detect
a significant effect. Another reason may be due to the
cognitive instrument used in the present study which
may not be sensitive enough to reflect the precise cogni-
tive process. For example, in the study by Gulpers et al.,
the individual’s capabilities for attention, verbal memory,
executive function, and information processing speed
were measured using the Concept Shifting Test, the Vis-
ual Verbal Word Leaning Test, the Stroop Color Word
Test, and the Letter Digit Substitution Test, respectively
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Table 4 Specific  BMI  values defining Johnson-Neyman
significance regions
BMI value (kg/m?) Effect 95% CI

b t Lower Upper
9.800 -1.164 -2.717 -2.022 -0.306
11.230 -1.070 -2.773 -1.842 -0.297
12.659 -0.976 -2.841 -1.664 -0.288
14.089 -0.882 -2.921 -1.486 -1.486
15518 -0.788 -3.018 -1.311 -0.265
16.948 -0.694 -3.132 -1.138 -0.250
18377 -0.600 -3.258 -0.969 -0.231
19.807 -0.506 -3.362 -0.807 -0.205
21.236 -0412 -3.332 -0.660 -0.164
22.666 -0.318 -2.923 -0.536 -0.100
24.095 -0.224 -2.021 -0.446 -0.002
24121 -0.222 -2.003 -0.445 0.000
25525 -0.130 -1.008 -0.388 0.128
26.954 -0.036 -0.228 -0.352 0.280
28384 0.058 0.301 -0.327 0443
29.813 0.152 0.660 -0.310 0.614
31.243 0.246 0.910 -0.295 0.787
32672 0.340 1.092 -0.284 0.964
34.102 0434 1.229 -0.273 1.141
35531 0.528 1.335 -0.264 1.320
36.961 0.622 1419 -0.256 1.499
38.390 0.716 1488 -0.248 1.679

b Unstandardized Coefficient, C/ Confidence Interval
Adjustment for age, gender, education level, and TONI-4 index score

[29]. Although the HK-MoCA sufficiently evaluates
global cognitive function and screens individuals with
mild cognitive impairment, it has limitations in the accu-
rate assessment of different cognitive domains. Recently,
Feng et al. reported that worry caused by adverse life
events is maintained and strengthened by an individual’s
deficiencies in attention and interpretational memory
(cognitive function), which can predict anxiety symp-
toms in the general population [56]. In contrast to this,
we did not identify a mediating effect of cognitive func-
tion in the association between SWL and anxiety symp-
toms, which needs to be further investigated using more
specific cognitive instruments in future studies.

There are several limitations of the present study.
First, our findings cannot suggest a causal relationship
because of the cross-sectional study design, although a
strong association between SWL and anxiety symptoms
and a significant moderating effect of BMI were identi-
fied in Chinese elderly. Future research in this area is
recommended to verify our findings using a prospective
longitudinal study design. Second, we used self-reported
questionnaires to measure anxiety symptoms, which may
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yield responses affected by an individual’s honesty, mem-
ory, and social context. These factors can lead to incor-
rect or inaccurate responses, and subsequently increase
the bias in our findings. Future research is recommended
to supplement the present subjective questionnaires
using objective structured clinical interviews, as the
combined data collection approaches will avoid poten-
tial errors and provide more comprehensive information.
Third, more specific cognitive instruments specifically
measuring different cognitive domains should be used
in future studies, instead of the general cognitive per-
formance test used in the present study. Other cognitive
factors, such as interpretation bias (i.e., interpretation
of ambiguous situations in a negative way) should also
be measured in future studies to better understand the
underlying neuropathological mechanisms of the asso-
ciation between SWL and anxiety symptoms at subclini-
cal levels. Fourth, this pilot study was only based in Hong
Kong, a modern city in Southern China. Considering the
economic level, living conditions, and cultural differences
between Southern and Northern China, findings in this
study cannot be representative of the overall elderly pop-
ulation in China. Future research should expand the pre-
sent study by collecting samples of multiple provinces/
cities of China to generalize the findings for a larger pop-
ulation of Chinese elderly.

In the present pilot study, we constructed a moder-
ated mediation model to investigate the linking pathway
between SWL and anxiety symptoms in a subclinical
ageing population. The subclinical population has been
found to share risk factors as well as underlying neuro-
pathological mechanisms related with clinical diagnosed
anxiety. For the first time, we demonstrated the moderat-
ing effect of BMI underpinning the association between
SWL and anxiety symptoms among Chinese elderly in
Hong Kong. Our findings show that life satisfaction could
reduce anxiety symptoms among Chinese elderly as their
BMI decreases (when BMI ranged between “mean-1SD”
and “mean” of the population). The significant interac-
tion between psychological and physical variables shown
in the present study will be translated to promote multi-
level psychological and physical interventions for ageing
patients with anxiety during clinical practice.
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