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Objective: Food insecurity has been associated with mobility difficulty (MD) in old age. However, there is a
scarcity of research on this topic from low- and middle-income countries, while the bio-psychological factors
underlying this association are largely unknown. We investigated the food insecurity-MD link in Ghana and
explored how sleep, anxiety, loneliness, and physical activity (PA) mediate the association.

Methods: Community-based, representative cross-sectional data from the Aging, Health, Well-being, and Health-
seeking Behavior Study were analyzed (N = 1201; Myge = 66.5; women = 63%). MD was assessed with items
from the SF-36 of the Medical Outcomes Study. We assessed food insecurity with items on hunger and breakfast-
skipping frequency due to lack of food and resources. Adjusted OLS and mediation models via bootstrapping
technique evaluated the associations.

Results: Results revealed the expected association between food insecurity and MD, such that greater food
insecurity was significantly and positively associated with MD across paths (from p = 0.33 to § = 0.42, p < .001).
Analyses of indirect effects showed that sleep problems (27.8%), anxiety (15.5%), loneliness (17.5%), and PA
(18.0%) mediated the association between food insecurity and MD. Cross-level interactions revealed that food
insecurity significantly modified the link between each mediator and MD.

Conclusions: Our data provide novel evidence that bio-psychological mechanisms may underlie the food
insecurity-MD link and should, therefore, be considered relevant targets for interventions to prevent/manage MD
in later life.

1. Introduction an important predictor of quality of life (QoL) in older adults [3,4] and a
measure of successful aging [5]. However, MD puts older adults at a
greater risk of falls, limited social interactions, poor psychological

health, and increased healthcare costs [6-8].

The global populations are rapidly aging and, for many older adults,
mobility difficulty (MD) has increasingly become a growing public

health concern, especially in low- and middle-income countries (LMICs),
where aging largely occurs in poor socio-environmental conditions and
inadequate clinical and long-term care resources [1,2]. Mobility,
including the ability to walk, climb stairs, and maintain a proper gait, is

Population-based studies have noted an increasing prevalence of
MD, with estimates ranging from 22.5% to 46.7% among older adults
[6] and even higher rates (from 35% to 56%) in LMICs [9]. The onset of
chronic physical conditions, such as arthritis, stroke, and chronic lung
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problems, are well-known causes of mobility-related disability in older
adults [3,10]. Restricted mobility is further associated with adverse
health outcomes, including cognitive decline, depression, and increased
chronic physical diseases [9,11,12]. Crucially, given the rapid de-
mographic aging in LMICs, MD may significantly burden individual,
societal, and healthcare systems due to dependence on others, reduced
productivity, and increased hospitalization or nursing home admission
[13,14]. Consequently, identifying the potential risk factors for MD and
early interventions to prevent the onset and progression of MD may
maintain or regain daily activity levels, improve QoL in old age, and
promote healthy aging, particularly in LMIC settings.

Food insecurity, defined as having inconsistent access to sufficient,
safe, and nutritious food [15,16], affects about 39% of sub-Saharan
Africans [17,18]. As a social determinant of health, food insecurity
has been linked to adverse health outcomes in later life, including
functional declines, frailty, and MD [19-21]. Thus, individuals who are
food insecure are more likely to experience higher odds of MD, including
difficulty walking or/and climbing a stair and maintaining gait, largely
due to a lack of adequate body nutrients to support the body’s biological
functioning [11,15]. Population-based studies from high-income coun-
tries have demonstrated that food insecurity is associated with MD in
later life [22-24]. For example, an analysis of longitudinal data among
5986 US adult cohorts found that household food insecurity was
strongly associated with worse psychological functioning, including
higher odds of mobility challenges [22]. Schwartz et al. [25] observed
among 217,094 older Canadian adults that greater food insecurity was
associated with greater mobility impairment, including the inability to
partake in daily activity. Furthermore, Petersen et al. [26] found a
positive association between food insecurity, and increased gait prob-
lems, and limited participation in daily activity among American adults.
Moreover, a conceptual model may establish a bidirectional relationship
between food insecurity and MD, such as MD, and difficulties in daily
activities may lead to some levels of food insecurity [65]. This may
relate to the view that disability may increase socioeconomic disad-
vantage and exclusion due to barriers to education, employment, and
income/financial security [66,67].

Despite the growing body of research on the food insecurity-MD link,
mainly from developed and Asian countries (e.g., [19,27,28], the
mechanisms underlying this association are poorly understood, partic-
ularly from the LMIC context, where data on this association are scarce.
It is, however, hypothesized that food insecurity may lead to greater
risks of MD by disrupting sleep patterns due to the deprivation of
nutritious foods [29] and impairing psychological functioning,
including anxiety and depressive symptoms [11]. Moreover, studies
suggest that loneliness and physical inactivity are strongly related to
food insecurity [30,31]. For example, Park et al. [32] found among U.S.
older adults that individuals who were food insecure experienced a
higher incidence of social isolation, loneliness, and depressive symp-
tomatology, which are highly likely to promote MD. Similarly, among
9750 American older cohorts, To et al. [33] observed that older adults
with inadequate food supply had higher odds of recording physical
inactivity than their food-secure counterparts. However, no previous
study has used robust analytic techniques to quantify how much of the
association between food insecurity and MD is indirectly attributed to
the biopsychosocial pathways (e.g., loneliness, anxiety, sleep, PA, and
depressive symptoms). Indeed, the aging process and the concomitant
MD are highly differentiated largely by mental and physical/functional
health outcomes [68]. The association between food insecurity and MD
may be highly likely to vary across biopsychosocial factors, such as
sleep, loneliness, anxiety, and PA. However, previous studies have not
evaluated the potential effect modification of these biopsychosocial
factors in the link between food insecurity and MD. Knowledge of these
mechanisms may be crucial for public health planning, developing tar-
geted interventions for MD/functional independence in later life, and
promoting healthy aging.

Therefore, this study aimed first to examine the extent to which food
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insecurity is associated with MD in middle-aged and older adults in
Ghana and second to investigate whether biopsychosocial-related fac-
tors (i.e., sleep problems, loneliness, anxiety, depressive symptoms, and
PA) are mechanisms through which food insecurity influences the odds
of MD in this sample. Third, it aimed to extend our knowledge of how
biopsychosocial factors moderate the association between food insecu-
rity and MD in Ghana.

2. Methods
2.1. Participants and procedure

This study analyzed cross-sectional data from a community-based
sample from a well-characterized Aging, Health, Psychological Well-
being, and Health-seeking Behavior study 2016-2018 [34]. The study
aimed to comprehensively assess the health outcomes, emotional well-
being, and accessibility and utilization of health services among
community-dwelling older men and women in Ghana. The study design
and selection criteria have been described elsewhere [35]. Briefly, the
study devised a multi-staged cluster sampling procedure, and 1247
participants aged >50 years who were free from known cognitive
incapacitation were recruited from six randomly selected districts in
Ghana. Altogether, participants were selected from nine urban and 15
rural randomized communities. The sample size was determined using
Ne—ox [(Ua/z);xn(l—n)]
= 1.5) with a 5% margin of error, 95% confidence interval, 5% type 1,
15% type 2 errors, p < .05, and 50% conservative prevalence of adults
aged >50 years. The model achieved a statistical power of 85% and a 5%
(two-sided) significance level to detect an odds ratio of >2. Given n =
0.5and Uy p =1.96, we obtained the required sample size of 901. Also,

[36], (m: expected prevalence; p: design effect

38% oversampling accounted for the potential losses or non-responses,
yielding 1247 individuals recruited using a systematic random sam-
pling technique. Overall, 28 individuals declined to participate, and
three and 15 questionnaires contained outliers and missing data,
respectively [34]. The final analytic sample size was 1201 (Fig. 1). Face-
to-face interviews were conducted using interviewer-administered
questionnaires, and each interview lasted 40 min. Informed consent
was obtained from all participants. The protocol was approved by the
Committee on Human Research Publication Ethics, School of Medical
Sciences, KNUST, and Komfo Anokye Teaching Hospital, Kumasi, Ghana
(Ref number: CHRPE/AP/507/16).

2.2. Food insecurity

Two self-reported questions collected data on dietary inadequacies,
specifically on hunger and breakfast skipping over the last 30 days:
“During the past 30 days, how often did you go hungry because there
was not enough food in your home?” and “...how often did you skip
breakfast because there was not enough food, and you had no resources
to obtain one?” The items were scored on a 5-point response option: 1 =
never, 2 = rarely, 3 = sometimes, 4 = most of the time, and 5 = always.
The items have been used in other studies in sub-Saharan Africa (SSA)
[24] and were adapted from similar food security questionnaires such as
the US Household Food Security Survey Module and National Health
and Nutrition Examination Survey Food Security module [23]. The
overall score for food insecurity was calculated; a high score on the item
denotes more food insecurity (M = 3.96; SD = 1.84; range = 2-10; a =
0.782).

2.3. Mobility

Mobility was assessed with questions on mobility-related de-
ficiencies from the 36-item Short-Form Health Survey (SF-36) of the
Medical Outcomes Study (MOS) [37]. Participants were asked about
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Residents from 3 administrative districts, 2 municipals, and 1
metropolitan area

Multistage random sampling of the respondents of 9 urban and 15
rural communities
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Fig. 1. Flow chart of the selection of study participants.

activities they might do during a typical day to ensure active travel or
movement. Does your health now limit you in these activities: (a)
climbing about several flights of stairs and (b) maintaining balance and
walking more than one kilometer? If so, how much? The responses were
scored on a 4-point scale ranging: 1 = much limited, 2 = somewhat
limited, 3 = less limited, and 4 = not limited at all. The responses to the
two items were reverse-coded and used to compute the MD index (total
score 2-8). A high score on this index denotes more MD (M = 4.38; SD =
2.13; range = 2-8; a = 0.908).

2.4. Potential mediators

The mediating variables were selected based on previous research on
the association between food insecurity and mobility [21,22,38].

Sleep problems were assessed using two questions: “Overall, in the
last 30 days, how much of a problem did you have with sleeping, falling
asleep, waking up frequently during the night, or waking up too early in
the morning?” and “How much of a problem did you have due to not
feeling rested or refreshed during the day?” [39]. Each item had 5-point
response options: none = 1, mild = 2, moderate = 3, severe = 4, and
extreme = 5. These items have been used in previous SSA studies [11]. A
latent sleep quality score was generated with an increasing score indi-
cating higher levels of sleep problems (M = 4.89; SD = 1.89; range =
2-10; a = 830).

Anxiety symptoms were assessed with the two-item questions: “Over

the past four weeks, have you been (a) a nervous person?” and (b)
“restless person?” with a 4-point response option: 1 = all of the time, 2
= most of the time, 3 = little of the time, and 4 = none of the time [38].
These were reverse-coded such that a high score indicates more anxiety
(M = 3.88; SD = 1.56; range = 2-8; a = 830).

Loneliness was assessed with the University of California, Los
Angeles 3-item loneliness scale: The questions include: “How often do
you (a) lack companionship?” (b) “Feel left out?” and (c) “Feel isolated?”
with a 3-point scale: hardly ever/never, some of the time/sometimes,
and often/always [40,41]. An overall score was generated with a higher
score suggesting higher levels of loneliness (M = 5.30, SD = 3.91; range
= 3-9; a = 0.810).

PA was assessed with the International Physical Activity Question-
naire short form (IPAQ-SF) [42,43]. “During the last 7 days, on average,
how many days 1) ...did you walk for at least 10 minutes at a time,
including walking at work, home, and traveling from place to place? 2)
... did you do moderate physical activities like gardening, cleaning,
bicycling regularly, swimming, or other fitness activities? 3) ... did you
do vigorous physical activities like heavy lifting, digging, heavier garden
or construction work, chopping wood, aerobics, jogging/running, or fast
bicycling?” A high score denotes more PA (M = 9.03, SD = 1.47; range
= 0-21; a = 0.846).

Depressive symptoms were assessed using the Center for Epidemio-
logical Studies Depression Scale (CES—D) [63]. The CES-D is a widely
used, simple, and validated depressive symptom self-assessment
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questionnaire that contains 10 items [63]. The participants were asked
ten questions about their feelings and behaviors over the past week.
Each item was scored on a four-point scale: 0 = rarely (<1 day), 1 =
some or a little of the time (1-2 days); 2 = occasionally or a moderate
amount of time (3-4 days); and 3 = most or all of the time (5-7 days).
The 10 items were summed, generating a CES-D index (range: 0-30),
with higher scores indicating the presence of more depressive sympto-
mology. The Cronbach’s alpha of the CES-D-10 was 0.806 in this study.
The effectiveness of CES-D in older African populations has been shown
[64].

2.5. Covariates

The potential confounders were selected based on prior research
[22,38]. Age (in years, M = 58.87, SD = 5.88), sex (1 = female =
62.47%, 2 = Male), residence (1 = rural = 42.60%; 2 = urban), income
(M = ¢337.00, SD = ¢388.81), marital status (1 = married = 43.40%, 2
= unmarried) and educational status (1 = never/up to primary level =
83.77%, 2 = secondary level, 3 = tertiary level). Self-reported number of
diagnosed chronic conditions, including hypertension, diabetes, stroke,
arthritis, respiratory disease, chronic kidney disease, asthma, ulcers, and
cancers (M = 2.90, SD = 0.74; range = 0-5). Self-related health status
was assessed on a four-response scale after collapsing excellent and very
good options from the original scale because of fewer counts (1 =
excellent/very good; 2 = good; 3 = fair; 4 = poor) (M = 3.30, SD = 0.85;
range = 1-5). We assessed pain interference with the question, “During
the past four weeks, how much did pain interfere with your normal work
(including work outside the home and housework)?” with options: not at
all, a little bit, moderately, quite extreme, and very extremely (coded
1-5 respectively) with a higher score indicating higher levels of pain
interference (M = 303, SD = 1.26; range = 1-5).

2.6. Statistical analysis

Descriptive statistics were calculated to describe our data. The
normality of continuous data was determined using the Kolmogor-
ov-Smirnov test, and the assumptions were confirmed before substan-
tive analysis. We performed Pearson’s zero-order correlations to
evaluate the interrelationships among the core study variables, adjust-
ing the p-values for multiple comparisons with a Bonferroni correction.
Ordinary least squares (OLS) regressions and mediation analyses esti-
mated the hypothesized associations between food insecurity (expo-
sure), MD (outcome), and potential mediators (sleep problems, anxiety
symptoms, loneliness, PA, and depressive symptoms) using the Model 4
of Hayes PROCESS macro plug-in version 4.0 software [44] while
adjusting for the potential confounding variables. The mediators were
tested simultaneously to provide the independent indirect effect of each
of the included potential mediators. The PROCESS macro-based medi-
ation analysis relied on bootstrapping with 95% confidence intervals
(CD. This model estimated the direct effects of food insecurity on MD
(c’), the indirect effects of food insecurity on MD via mediators (a x b),
and the total effects (c = [a x b] + ¢’). Bootstrapping for indirect effects
was set at 5000 samples, and if the 95% CI of the mediation effect lay
outside zero (0), the mediation effect was deemed statistically signifi-
cant at the p < .01 threshold. In sensitivity analyses, we estimated the
cross-level interactions of food insecurity between the potential medi-
ators and MD. All analyses were performed using SPSS 25.0 (SPSS, Inc.,
IBM, Armonk, NY, USA) software with a < 0.05 as the statistically sig-
nificant level.

3. Results
3.1. Sample characteristics

Table 1 presents the sociodemographic and health characteristics of
the sample. On average, participants were 66.14(11.85) years of age on
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Table 1
Descriptive statistics and sample characteristics (N = 1201).

Variable M(SD): Range or %

Age (in years) 66.14(11.85): 50-111

Sex
Female 63.28%
Male 36.72%
Residence
Rural 44.96%
Urban 55.04%
Educational status
None/Primary 86.18%
Secondary 8.66%
Tertiary 5.16%
Marital status
Married 43.40%
Not Married 56.60%
Income ¢307.98(338.79): ¢100-¢4000

2.90 (0.74): 0-5
3.03 (1.26): 1-5
3.30 (0.85): 1-5
4.38 (2.13): 2-8
3.96 (1.84): 2-10
4.89 (1.89): 2-10
Anxiety symptoms 13.58 (5.46): 7-21
Loneliness 5.30 (3.91): 3-9
PA 9.03 (1.47): 0-21
Depressive symptoms 21.3 (7.7): 10-40

Number of chronic physical conditions
Pain interference

Self-rated health

Mobility limitation

Food insecurity

Sleep problems

Note: N—Frequency; M—Mean; SD-Standard deviation; PA—Physical activity.

average, 63.28% were female, and 13.82% completed some post-
secondary education. Slightly over half lived in urban areas, and
56.60% of the sample were unmarried. The mean income was ¢307.98
(¢338.79). On average, the sample reported poor overall health (score of
3.30 out of 5.00). Food insecurity and MD mean scores were 3.96 and
4.38, respectively. Average sleep problems were 4.89, and that of anx-
iety symptoms was 3.88. The mean loneliness score was 5.30 (range:
0-9), the mean PA score was 9.03 (range: 0-21), the pain interference
score was 3.03 (range: 1-5), and the mean number of chronic physical
conditions 2.90 (range: 0-5) were reported.

3.2. Correlations

The zero-order correlation matrix for the main variables is shown in
Table 2. MD positively correlated with food insecurity (r = 0.185, p <
.001), sleep problems (r = 0.308, p < .001), anxiety (r = 0.303, p <
.001), loneliness (r = 0.270, p < .001), and depressive symptoms (r =
0.259, p < .001), but negatively correlated with PA (r = —0.497, p <
.001). Food insecurity also negatively correlated with PA (r = —0.087, p
< .001) but positively correlated with all other variables (r =
0.333-3,79, p<. 001). In addition, sleep problems positively correlated
with anxiety (r = 0.249, p < .001) and loneliness (r = 0.173, p < .001),
but negatively correlated with PA (r = —0.265, p < .001). Anxiety
strongly correlated positively with loneliness (r = 0.486, p < .001) but
negatively with PA (r = —0.228, p < .001), while loneliness correlated
negatively with PA (r = —0.174, p < .001). Finally, depressive symptoms
positively correlated with food insecurity, sleep problems, anxiety
symptoms, and loneliness (range: r = 0.203 to 603, p < .001) but
negatively correlated with PA (r = —0.174, p < .001).

3.3. Regression and mediation analyses

In Fig. 2 (Panels A to E), fully adjusted estimates showed that food
insecurity was significantly and positively associated with sleep prob-
lems (§ =0.717, p < .001), anxiety (p = 0.329, p < .001), loneliness (f =
0.288, p < .001), and depression (p = 0.282, p < .01), but negatively
associated with PA (f = —0.139, p < .001). Moreover, sleep problems (f
= 0.176, p < .001), anxiety (p = 0.214, p < .05), and loneliness (p =
0.277, p < .01) were positively related with MD, but PA negatively



R.M. Gyasi et al. Journal of Psychosomatic Research 184 (2024) 111849
Table 2
Pearson’s zero-order correlations between key study variables with Bonferroni Correction for multiple comparisons.
Variable 1 2 4 5 6 7
1 MD 1
2 Food insecurity
3 Sleep problems
4 Anxiety
5 Loneliness
6 PA 1
7 Depressive symptoms —0.1747** 1
Mean 9.03 21.3
SD 1.47 7.7
Range 0-7 10-40

" p < .001; SD—standard deviation; MD—Mobility difficulty; PA—Physical activity.

related to MD (p = —0.589, p < .001). Depression was insignificantly
related to MD (p = 0.122, p = .1797). Finally, the direct association
between food insecurity and MD was positive but statistically insignif-
icant (f = 0.062, p = .3286), indicating a potential total mediation effect
of sleep problems, anxiety, loneliness, and PA in the association between
food insecurity and MD.

Estimates of the total, natural direct, and natural indirect effects of
food insecurity on MD risk are shown in Fig. 2 and Table 3. The
bootstrap-derived 95%CI estimates with 5000 bootstrap samples did not
include zero for any outcomes. This suggests that after covariate
adjustment, there was a significant indirect effect of food insecurity on
MD through sleep problems, anxiety, loneliness, and PA. Thus, sleep
problems accounted for 28.0% (indirect effect: § = 0.127, 95%CI =
0.081-0.177) of the total effect (p = 0.4551, 95%CI = 0.3261-0.5840)
of food insecurity on MD, anxiety symptoms yielded 15.5% (indirect
effect: f = 0.071, 95%CI = 0.015-0.128) of the total effect (f = 0.4551,
95%CI = 0.3261-0.5840) of food insecurity on MD, loneliness accoun-
ted for 17.5% (indirect effect: p = 0.080, 95%CI = 0.029-0.134) of the
total effect (p = 0.4551, 95%CI = 0.3261-0.5840) of food insecurity on
MD, and PA was responsible for 18.0% (indirect effect: p = 0.082, 95%
CI = 0.027-0.140) of the total effect (B = 0.4551, 95%CI =
0.3261-0.5840) of food insecurity on MD. However, depressive symp-
toms were not a significant mediator in the association between food
insecurity and MD (indirect effect: § = 0.0344, 95%CI = -0.0158 to
0.0837) of the total effect (p = 0.4551, 95%CI = 0.3261-0.5840).

3.4. Additional analysis

We analyzed the effect modification of the relationship between the
mediators and MD by food insecurity (Table 4). The interactions showed
that food insecurity significantly moderated the associations of MD with
sleep problems (f = 0.071, p < .001), anxiety symptoms (f = 0.074,p <
.05), loneliness (p = 0.110, p < .01), PA (B = —0.205, p < .01), and
depressive symptoms (p = 0.039, p < .05). The positive effects of sleep
problems, anxiety, and loneliness on MD were further reinforced by food
insecurity. Similarly, the negative effect of PA on MD was strengthened
by food insecurity.

4. Discussion
4.1. Main findings

Our analyses revealed several notable findings in this population-
based study of 1201 middle-aged and older adults from the LMIC
context. First, food insecurity was associated with higher odds of MD in a
dose-dependent fashion. Second, the association between food insecu-
rity and MD was significantly mediated by sleep problems (27.8%), PA
(18.0%), loneliness (17.5%), and anxiety symptoms (15.5%). Finally,
food insecurity significantly moderated the association of sleep prob-
lems, anxiety, loneliness, and PA with MD in the cross-level interaction
estimations. The findings suggest that reducing food insecurity in old

age may present opportunities to address mobility challenges in older
adults in this setting.

4.2. Interpretation of findings

Our findings help complement the broad spectrum of published re-
ports on associations of food insecurity with functional disability in later
life. Several recent studies showed that food insecurity was associated
with higher odds of mobility and functional disability. For example, [28]
used the cross-sectional National Health Interview Survey (NHIS) and
showed among 37,292 older Americans that food insecurity is related to
higher odds of mobility impairment, including psychological dysfunc-
tion. Fong [45] analyzed a sample of 31,532 community-dwelling older
adults in India and reported that food insecurity was associated with
higher risks for physical impairment, functional disabilities, and chronic
stress. Furthermore, among 72,262 Indian adults from the national
cross-sectional population-based dataset, Pengpid & Peltzer [46] re-
ported that food insecurity was significantly associated with functional
limitations, including MD. Our study offsets the limitations of some
previous studies, such as not providing evidence in SSA, having a smaller
sample size, or lacking an indirect association between food insecurity
and MD and estimating an interaction effect of proximate variables in
this association. Indeed, to the best of our knowledge, our study is the
first to examine direct and indirect associations between food insecurity
and MD with effect modifications among middle-aged and older adults,
particularly in the LMIC context, in concert with a wide range of po-
tential confounders.

We speculate several potential mechanisms to explain the associa-
tion of food insecurity with MD in later life. First, sleep problems
emerged as a significant mediator, explaining nearly 27.8% of the food
insecurity-MD association. Prior research suggests food insecurity,
marked by hunger and missed breakfasts due to limited access to
essential food, can lead to physiological changes like nutritional de-
ficiencies [15,27]. Food insecurity often forces individuals to adopt less
nutritious diets, high in carbohydrates, fats, and oils, while lacking
minerals, proteins, vitamins, and micronutrients [27]. Malnutrition can
potentially limit the availability of tryptophan, an amino acid crucial for
initiating, regulating, and maintaining sleep [47,48]. Research indicates
that sleep problems are independently linked with MD in old age [49].
Disrupted sleep patterns can contribute to MD and overall well-being,
especially in midlife and later years, via several biological mecha-
nisms, such as changes in body homeostasis, insulin resistance, meta-
bolic syndrome, increased inflammatory inducements, and diabetes
[50,51]. Second, anxiety symptoms were a significant mediator,
explaining roughly 15.5% of the food insecurity-MD link. Gerontological
and clinical research suggests malnutrition, particularly vitamin D
deficiency and low calcium intake, increases the risk of mental distress
and cognitive impairments [52,53] due to impaired hypothal-
amic—pituitary—adrenal axis function [54]. Psychological dysfunction,
including feelings of anxiety, sadness, and hopelessness, ultimately re-
duces individuals’ motivation to participate in intellectually stimulating
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Fig. 2. Bootstrapping mediation analysis of the effect of sleep problems (Panel A), anxiety symptoms (Panel B), loneliness (Panel C), physical activity (Panel D), and
depressive symptoms (Panel E) on the association between food insecurity and mobility difficulties among community-dwelling older adults.
Note: a x b = indirect effect of food insecurity and mobility difficulties; ¢’ = direct effect of food insecurity and mobility difficulties; ¢ = total effect of pain

interference on functional decline.
*p < 0.05; **p < 0.01; ***p < 0.001.

activities [55] and, as a result, increases the likelihood of a sedentary
lifestyle, leading to MD, particularly in midlife and old age.

Third, loneliness also played a crucial role, explaining approximately
17.5% of the association between food insecurity and MD. Prior studies
have observed that people who are food insecure are challenged with
social withdrawal, limited social support networks, and isolation from
relevant others due to feelings of shame, anxiety, or inability to afford
nutritious food or outings [27,56]. Loneliness is associated with adverse
mental health outcomes like comorbid depressive and anxiety symptoms
that could worsen pre-existing health conditions [31], particularly in

later life, thereby contributing to physical inactivity rates and, subse-
quently, declines in mobility levels over time. Fourth, our analysis
identified PA as a significant mediator in the association, explaining
18.0%. Thus, older adults who experience inadequate nutrition lack
vital body vitamins and minerals and may potentially lack the energy to
engage in daily PA [57,58]. Inadequate protein intake can lead to muscle
strength loss, decreased bone density, and balance problems, contrib-
uting to physical inactivity and ultimately worsening MD [11].

Apart from these crucial mechanistic pathways we estimated in our
study, other potential pathways may underpin the food insecurity-MD
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Table 3
The direct and indirect effects of food insecurity on MD through sleep problems,
anxiety, loneliness, and PA (N = 1201).

Path model p BootSE  Boots 95% Proportion
CI mediated
Sleep Indirect 0.0805 to o
problems effect 01265 0.0251 174 27.8%
Anxiety Indirect 0.0148 to N
symptoms effect 0.0705 0.0287 0.1287 15.5%
Indirect 0.0290 to
i 0,
Loneliness effect 0.0798  0.0268 0.1342 17.5%
Indirect 0.0272 to
0,
PA effect 0.0818  0.0277 0.1369 18.0%
Depressive Indirect —0.0141 to
symptoms effect 00344 0.0252 0.0858 NA
Total
.2
indirect 0.3929  0.0481 0.2994 to 86.3%
0.4893
effect
Total
direct 0.0621 0.0636 —0.0626 to 13.6%
0.1869
effect
0.2994 to
0,
Total effect  0.4551 0.0657 0.4893 100.0%

Note: B-Unstandardized regression coefficients are reported; Boot-
SE-Bootstrapping standard error; MD—Mobility difficulty; PA—Physical activ-
ity.

The models were adjusted for age, sex, residential type, level of education, in-
come, marital status, social isolation, number of chronic physical conditions,
self-rated health, pain severity, and pain intensity.

The empirical 95% confidence interval does not overlap with zero.

link in old age. Hunger and nutritional deficiencies are directly associ-
ated with an increased risk of chronic health conditions like type 2
diabetes, arthritis, cardiovascular disease, and cancer [12,15]. Chronic
diseases can lead to increased hospital admission rates [59] and asso-
ciated declines in mobility. Additionally, malnutrition in later life
weakens the musculoskeletal system [60], potentially leading to
increased infections, multimorbidity, and longer healing times, conse-
quently leading to greater disability and MD in old age. Finally, food
insecurity has been identified as a well-established risk factor for pain
[61,62], which in turn leads to MD via sedentary lifestyles and general
muscle weakness [11,54].

Our finding holds several implications for public health, clinical care,
and policy intervention. First, healthcare providers could broaden their
range of services to encompass dietary and mobility impairment
screenings as part of routine healthcare to provide nutritional guidance
and promote physical health assistance to individuals. Second, initiating
community-based social programs that combat psychological predictors
such as social isolation, anxiety, and loneliness in older adults, with
social interaction components, can be beneficial, particularly for food-
insecure older cohorts in LMICs. Third, educational programs promot-
ing healthy eating habits on a budget can empower older adults to make
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nutritious choices even with limited resources. Moreover, contextual
policy advocacy for social safety nets and support for local agriculture
could boost food access and address food insecurity in old age. Pensions,
conditional cash transfers, and improved filial transfers and remittances
may be viable support policies to address food insecurity for older adults
in LMICs. The Livelihood Empowerment Against Poverty (a module of
Ghana’s cash transfer program) should be expanded to cover many
vulnerable older adults. Finally, this study may be relevant to policy and
public health efforts to address food insecurity and functional limita-
tions in the context of achieving the United Nations’ health-related
sustainable development goals through the implementation of
evidence-based interventions to increase food supply and improve
physical health outcomes of older adults in LMICs.

4.3. Strengths and limitations

The strengths of the current study include using a large and repre-
sentative sample of older adults in an innovative context, contributing to
our understanding of how food insecurity interacts with biopsychosocial
factors to exacerbate MD in old age. Also, this study advanced the
methodological limitation of previous population-based studies in
Western countries and Asian societies to perform a robust interactive
analysis between food insecurity, MD, sleep problems, anxiety, loneli-
ness, and PA to disentangle the complex relationship between food
insecurity and MD at old age in SSA. However, some limitations exist.
Our core variables, including food insecurity, MD, sleep problems,
anxiety, loneliness, and PA, were subjectively assessed via self-reports.
Indeed, self-reported data may be infused with recall and social desir-
ability biases, which may undermine the veracity of the findings via
under- or over-estimation of response. While we employed validated
scales to assess the key variables, objectively measured approaches may
improve our observation in this study. The cross-sectional design did not
allow the establishment of causal inferences between food insecurity
and MD. We conducted a cross-sectional mediation analysis, which
could produce biased estimates even if correct specifications are pro-
cured [69,70]. Future research would benefit from longitudinal data to
validate these findings. Although MD and food insecurity may be
conceptually bidirectional, our mediation models, focus on the direction
of food insecurity leading to MD rather than the reverse. Future research
may benefit from considering the reverse mediation estimates of the link
between MD and food insecurity. Finally, the underlying mechanistic
pathways of sleep problems, anxiety, loneliness, and PA in the food
insecurity-MD association could be clarified in future studies.

5. Conclusions
These data provide some evidence to suggest that MD may result

from food insecurity in later life. This association is largely explained
and also modified by biopsychosocial pathways, including sleep

Table 4
The interaction effects of food insecurity on mobility limitations by food insecurity.
Variable p SE 95%CI p-value Constant F-statistics Adjusted R?
Potential confounding variables v
Food insecurity T
Interaction effects
Food insecurity x sleep problems 0.071 0.015 0.042-0.101 <0.001 —0.918 51.329%** 0.331
Food insecurity x anxiety 0.074 0.035 0.005-0.143 0.036 —1.183** 48.361%** 0.319
Food insecurity x loneliness 0.110 0.033 0.046-0.174 0.001 —0.1.161* 47.370%** 0.323
Food insecurity x physical activity —0.205 0.017 —0.238-0.172 <0.001 —0.253* 72.234%** 0.415
Food insecurity x depressive symptoms 0.031 0.011 0.042-0.151 0.021 —0.124** 39.231%** 0.341

Note: p — Unstandardized regression coefficients are reported; SE — Robust standard error, CI — Confidence interval; \/ — Potential confounders; T — Respective estimates

for food insecurity.

Each model was adjusted for age, sex, residential type, level of education, income, marital status, number of chronic physical conditions, self-rated health, pain

interference, and sleep problems, or anxiety, or loneliness, or physical activity.
*p<0.05; **p<0.01; ***p<0.001.
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problems, anxiety, loneliness, and PA. Interventions to improve MD in
old age should include strategies to address food insecurity. Future
research using randomized controlled trials and longitudinal data is
warranted to establish a causal relationship between food insecurity and
MD among older adults.

Funding

This work was supported by the Research Grant Council and Lingnan
University, Hong Kong [grant numbers: RPG1129310], to Razak M.
Gyasi (https://www.In.edu.hk/about-lu/introducinglingnan). The fun-
ders had no role in the study design, data collection and analysis, de-
cision to publish, or manuscript preparation.

CRediT authorship contribution statement

Razak M. Gyasi: Writing — review & editing, Writing — original draft,
Supervision, Methodology, Investigation, Funding acquisition, Formal
analysis, Data curation, Conceptualization. Hubert Bimpeh Asiedu:
Writing — review & editing, Writing — original draft, Methodology,
Investigation, Formal analysis, Data curation. Lawrencia Pokuah Siaw:
Conceptualization, Data curation, Investigation, Methodology, Writing —
original draft, Writing — review & editing. Emmanuel Nyaaba: Writing
—review & editing, Writing — original draft, Methodology, Investigation,
Data curation, Conceptualization. Emmanuel Affum-Osei: Writing —
review & editing, Writing — original draft, Investigation, Formal anal-
ysis, Data curation. Richard Bruce Lamptey: Writing — review & edit-
ing, Writing - original draft, Investigation, Data curation. Faith
Muhonja: Writing — review & editing, Writing — original draft, Meth-
odology, Investigation. Dominic Degraft Arthur: Writing — review &
editing, Writing — original draft, Investigation, Data curation. Edward
Asamoah: Writing — review & editing, Writing — original draft, Meth-
odology, Investigation, Data curation. Michael Nimoh: Writing — re-
view & editing, Writing — original draft, Investigation, Data curation.
Samuel Adu-Gyamfi: Writing — review & editing, Writing — original
draft, Supervision, Methodology, Investigation.

Declaration of competing interest

The authors declare no conflicts of interest.

References

[1] R.M. Gyasi, D.R. Phillips, Aging and the rising burden of noncommunicable
diseases in sub-Saharan Africa and other low- and middle-income countries: a call
for holistic action, Gerontologist 60 (5) (2020 Jul 15) 806-811.

[2] N. Kohli, S.K. Chawla, A. Banerjee, T.P. Srinete, Ageing in developing societies:
issues and challenges, Psychol. Dev. Soc. 32 (2) (2020 Sep 1) 153-175.

[3] J.C. Davis, J.R. Best, S. Bryan, L.C. Li, C.L. Hsu, C. Gomez, et al., Mobility is a key
predictor of change in well-being among older adults who experience falls:
evidence from the Vancouver falls prevention clinic cohort, Arch. Phys. Med.
Rehabil. 96 (9) (2015 Sep 1) 1634-1640.

[4] A.Trombetti, K.F. Reid, M. Hars, F.R. Herrmann, E. Pasha, E.M. Phillips, et al., Age-
associated declines in muscle mass, strength, power, and physical performance:
impact on fear of falling and quality of life, Osteoporos. Int. 27 (2) (2016 Feb 1)
463-471.

[5] L.P. Montross, C. Depp, J. Daly, J. Reichstadt, S. Golshan, D. Moore, et al.,
Correlates of self-rated successful aging among community-dwelling older adults,
Am. J. Geriatr. Psychiatry 14 (1) (2006 Jan 1) 43-51.

[6] E.A. Courtney-Long, D.D. Carroll, Q.C. Zhang, A.C. Stevens, S. Griffin-Blake, B.

S. Armour, et al., Prevalence of disability and disability type among adults—United
States, 2013, MMWR Morb. Mortal Wkly. Rep. 64 (29) (2015) 777-783.

[7]1 S. Hennessy, J.E. Kurichi, Q. Pan, J.E. Streim, H.R. Bogner, D. Xie, et al., Disability
stage is an independent risk factor for mortality in Medicare beneficiaries aged 65
years and older, PM&R 7 (12) (2015 Dec 1) 1215-1225.

[8] C.T. Lee, C.J. Yeh, M.C. Lee, H.S. Lin, V.C.H. Chen, M.H. Hsieh, et al., Social

support and mobility limitation as modifiable predictors of improvement in

depressive symptoms in the elderly: results of a national longitudinal study, Arch.

Gerontol. Geriatr. 55 (3) (2012 Nov 1) 530-538.

A. Salinas-Rodriguez, A. Rivera-Almaraz, A. Scott, B. Manrique-Espinoza, Severity

levels of disability among older adults in low- and middle-income countries: results

from the study on global ageing and adult health (SAGE), Front. Med. [Internet]

[9

—_

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Journal of Psychosomatic Research 184 (2024) 111849

(2020 Oct 15) 7 [cited 2024 Apr 14]. Available from: https://www.frontiersin.
org/articles/10.3389/fmed.2020.562963.

W. He, L.J. Larsen, Older Americans with a Disability, 2008-2012 [Internet], US
Census Bureau, Washington, DC, 2014 [cited 2024 Apr 14]. Available from:
http://www.aisrael.org/_Uploads/dbsAttachedFiles/acs-29.pdf.

L. Smith, J. Il Shin, D. McDermott, L. Jacob, Y. Barnett, G.F. Lopez-Sanchez, et al.,
Association between food insecurity and depression among older adults from low-
and middle-income countries, Depress. Anxiety 38 (4) (2021) 439-446.

L.J. Weaver, C.B. Fasel, A systematic review of the literature on the relationships
between chronic diseases and food insecurity, Food Nutr. Sci. 09 (05) (2018 May
22) 519.

S. Chatterji, J. Byles, D. Cutler, T. Seeman, E. Verdes, Health, functioning, and
disability in older adults—present status and future implications, Lancet 385
(9967) (2015 Feb 7) 563-575.

J. Dunn, Impact of mobility impairment on the burden of caregiving in individuals
with multiple sclerosis, Expert Rev. Pharmacoecon. Outcomes Res. 10 (4) (2010
Aug 1) 433-440.

R.M. Gyasi, P. Peprah, D.O. Appiah, Association of food insecurity with
psychological disorders: results of a population-based study among older people in
Ghana, J. Affect. Disord. 270 (2020 Jun 1) 75-82.

S.M. Sundermeir, J.A. Wolfson, J. Bertoldo, D.G. Gibson, S. Agarwal, A.B. Labrique,
Food insecurity is adversely associated with psychological distress, anxiety and
depression during the COVID-19 pandemic, Prev. Med. Rep. 24 (2021 Dec 1)
101547.

S. Ehui, Food security in sub-Saharan Africa to 2020 vol. 49, ILRI (aka ILCA and
ILRAD), 2002.

A.H. Wudil, M. Usman, J. Rosak-Szyrocka, L. Pilar, M. Boye, Reversing years for
global food security: a review of the food security situation in sub-Saharan Africa
(SSA), Int. J. Environ. Res. Public Health 19 (22) (2022 Jan) 14836.

J.G. Gonyea, A.E. O’Donnell, A. Curley, V. Trieu, Food insecurity and loneliness
amongst older urban subsidised housing residents: the importance of social
connectedness, Health Soc. Care Community 30 (6) (2022) e5959-e5967.

V.M. Hazzard, M.R. Barry, C.W. Leung, K.R. Sonneville, S.A. Wonderlich, R.

D. Crosby, Food insecurity and its associations with bulimic-spectrum eating
disorders, mood disorders, and anxiety disorders in a nationally representative
sample of U.S. adults, Soc. Psychiatry Psychiatr. Epidemiol. 57 (7) (2022 Jul 1)
1483-1490.

J.A. Jackson, A. Branscum, A. Tang, E. Smit, Food insecurity and physical
functioning limitations among older U.S. adults, Prev. Med. Rep. 14 (2019 Jun 1)
100829.

N.J. Bishop, K. Wang, Food insecurity, comorbidity, and mobility limitations
among older U.S. adults: findings from the health and retirement study and health
care and nutrition study, Prev. Med. 114 (2018 Sep 1) 180-187.

C.W. Leung, J.T. Kullgren, P.N. Malani, D.C. Singer, M. Kirch, E. Solway, et al.,
Food insecurity is associated with multiple chronic conditions and physical health
status among older US adults, Prev. Med. Rep. 20 (2020 Dec 1) 101211.

J.M. Schrock, H.H. McClure, J.J. Snodgrass, M.A. Liebert, K.E. Charlton,

P. Arokiasamy, et al., Food insecurity partially mediates associations between
social disadvantage and body composition among older adults in India: results
from the study on global AGEing and adult health (SAGE), Am. J. Hum. Biol. 29 (6)
(2017) e23033.

N. Schwartz, V. Tarasuk, R. Buliung, K. Wilson, Mobility impairments and
geographic variation in vulnerability to household food insecurity, Soc. Sci. Med.
243 (2019 Dec 1) 112636.

C.L. Petersen, J.M. Brooks, A.J. Titus, E. Vasquez, J.A. Batsis, Relationship between
food insecurity and functional limitations in older adults from 2005-2014
NHANES, J. Nutr. Gerontol. Geriatr. 38 (3) (2019) 231-246.

M.G. Grammatikopoulou, K. Gkiouras, X. Theodoridis, M. Tsisimiri, A.G. Markaki,
M. Chourdakis, et al., Food insecurity increases the risk of malnutrition among
community-dwelling older adults, Maturitas 119 (2019 Jan 1) 8-13.

X. Tang, L.A. Blewett, Food security status among U.S. older adults: functional
limitations matter, J. Nutr. Gerontol. Geriatr. 40 (2-3) (2021 Jul 3) 108-124.
R.M. Gyasi, K. Abass, A.Y. Segbefia, K. Afriyie, E. Asamoah, M.S. Boampong, et al.,
A two-mediator serial mediation chain of the association between social isolation
and impaired sleep in old age, Sci. Rep. 12 (1) (2022 Dec 28) 22458.

T. Lagu, N.S. Hannon, M.B. Rothberg, A.S. Wells, K.L. Green, M.O. Windom, et al.,
Access to subspecialty care for patients with mobility impairment, Ann. Intern.
Med. 158 (6) (2013 Mar 19) 441-446.

L. Wilkialis, N.B. Rodrigues, D.S. Cha, A. Siegel, A. Majeed, L.M.W. Lui, et al.,
Social Isolation, loneliness and generalized anxiety: implications and associations
during the COVID-19 quarantine, Brain Sci. 11 (12) (2021 Dec) 1620.

S. Park, S.A. Berkowitz, Social isolation, loneliness, and quality of life among food-
insecure adults, Am. J. Prev. Med. 67 (1) (2024) 120-123, https://doi.org/
10.1016/j.amepre.2024.02.001.

Q.G. To, E.A. Frongillo, D. Gallegos, J.B. Moore, Household food insecurity is
associated with less physical activity among children and adults in the U.S.
population, J Nutr. 144 (11) (2014 Nov 1) 1797-1802.

GYASI RM, Ageing, health and health-seeking behaviour in Ghana, Lingnan Theses
Diss [Internet], 2018 Sep 7. Available from: https://commons.In.edu.hk/otd/41.
R.M. Gyasi, D.R. Phillips, Gender, self-rated health and functional decline among
community-dwelling older adults, Arch. Gerontol. Geriatr. (77) (2018 Jul 1)
174-183.

S.K. Lwanga, S. Lemeshow, Organization WH, Sample Size Determination in Health
Studies: A Practical Manual, World Health Organization, 1991.

J.E. Ware, M.A. Kosinski, S.D. Keller, SF-36 physical and mental health summary
scales: a user’s manual, Health Inst., New England Med. Center, 1995.


https://www.ln.edu.hk/about-lu/introducinglingnan
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0005
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0005
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0005
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0010
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0010
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0015
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0015
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0015
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0015
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0020
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0020
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0020
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0020
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0025
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0025
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0025
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0030
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0030
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0030
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0035
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0035
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0035
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0040
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0040
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0040
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0040
https://doi.org/10.3389/fmed.2020.562963
https://doi.org/10.3389/fmed.2020.562963
http://www.aisrael.org/_Uploads/dbsAttachedFiles/acs-29.pdf
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0055
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0055
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0055
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0060
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0060
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0060
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0065
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0065
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0065
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0070
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0070
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0070
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0075
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0075
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0075
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0080
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0080
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0080
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0080
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0085
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0085
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0090
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0090
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0090
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0095
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0095
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0095
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0100
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0100
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0100
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0100
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0100
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0105
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0105
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0105
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0110
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0110
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0110
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0115
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0115
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0115
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0120
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0120
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0120
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0120
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0120
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0125
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0125
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0125
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0130
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0130
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0130
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0135
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0135
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0135
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0140
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0140
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0145
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0145
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0145
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0150
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0150
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0150
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0155
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0155
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0155
https://doi.org/10.1016/j.amepre.2024.02.001
https://doi.org/10.1016/j.amepre.2024.02.001
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0165
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0165
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0165
https://commons.ln.edu.hk/otd/41
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0175
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0175
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0175
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0180
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0180
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0185
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0185

R.M.

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

Gyasi et al.

R.M. Gyasi, K. Abass, F. Frempong, J. Obodai, E. Asamoah, B. Obeng, et al., Food
insecurity and geriatric functional limitations: observational analysis from the
AgeHeaPsyWel-HeaSeeB survey, Exp. Gerontol. 160 (2022 Apr 1) 111707.

S. Pengpid, K. Peltzer, Sedentary behaviour and 12 sleep problem indicators among
middle-aged and elderly adults in South Africa, Int. J. Environ. Res. Public Health
16 (8) (2019 Jan) 1422.

M.E. Hughes, L.J. Waite, L.C. Hawkley, J.T. Cacioppo, A short scale for measuring
loneliness in large surveys: results from two population-based studies, Res. Aging
26 (6) (2004 Nov 1) 655-672.

D. Russell, L.A. Peplau, M.L. Ferguson, Developing a measure of loneliness, J. Pers.
Assess. 42 (3) (1978 Jun 1) 290-294.

C.L. Craig, A.L. Marshall, M. Sjostrom, A.E. Bauman, M.L. Booth, B.E. Ainsworth, et
al., International physical activity questionnaire: 12-country reliability and
validity, Med. Sci. Sports Exerc. 35 (8) (2003) 1381-1395.

T.L. Kolbe-Alexander, E.V. Lambert, J.B. Harkins, U. Ekelund, Comparison of two
methods of measuring physical activity in south African older adults, J. Aging
Phys. Act. 14 (1) (2006 Jan 1) 98-114.

A.F. Hayes, Introduction to Mediation, Moderation, and Conditional Process
Analysis: A Regression-Based Approach, Guilford publications, 2017.

J.H. Fong, Risk factors for food insecurity among older adults in India: study based
on LASI, 2017-2018, Nutrients 15 (17) (2023 Jan) 3794.

S. Pengpid, K. Peltzer, Food insecurity and health outcomes among community-
dwelling middle-aged and older adults in India, Sci. Rep. 13 (1) (2023 Jan 20)
1136.

A.A.B. Badawy, Tryptophan availability for kynurenine pathway metabolism
across the life span: control mechanisms and focus on aging, exercise, diet and
nutritional supplements, Neuropharmacology 112 (2017 Jan 1) 248-263.

J. Katuzna-Czapliniska, P. Gatarek, S. Chirumbolo, M.S. Chartrand, G. Bjgrklund,
How important is tryptophan in human health? Crit. Rev. Food Sci. Nutr. 59 (1)
(2019 Jan 2) 72-88.

A. Saha, T. Muhammad, B. Mandal, D. Govil, W. Ali, Moderating role of functional/
mobility limitations in the association between sleep problems and hypertension
among middle-aged and older adults in India, Prev. Med. Rep. 38 (2024 Feb 1)
102589.

N.M. Punjabi, B.A. Beamer, C-reactive protein is associated with sleep disordered
breathing independent of adiposity, Sleep 30 (1) (2007 Jan 1) 29-34.

A.N. Vgontzas, E.O. Bixler, G.P. Chrousos, Metabolic disturbances in obesity versus
sleep apnoea: the importance of visceral obesity and insulin resistance, J. Intern.
Med. 254 (1) (2003) 32-44.

A.P. Dickens, I.A. Lang, K.M. Langa, K. Kos, D.J. Llewellyn, Vitamin D, cognitive
dysfunction and dementia in older adults, CNS Drugs 25 (8) (2011 Aug 1) 629-639.
J. Watson, M. Lee, M.N. Garcia-Casal, Consequences of inadequate intakes of
vitamin A, vitamin B12, vitamin D, calcium, iron, and folate in older persons, Curr.
Geriatr. Rep. 7 (2) (2018 Jun 1) 103-113.

S.F. Mesbah, N. Sulaiman, Z. Mohd Shariff, Z. Ibrahim, Does food insecurity
contribute towards depression? A cross-sectional study among the urban elderly in
Malaysia, Int. J. Environ. Res. Public Health 17 (9) (2020 Jan) 3118.

C. Qiu, M. Kivipelto, E. von Strauss, Epidemiology of Alzheimer’s disease:
occurrence, determinants, and strategies toward intervention, Dialogues Clin.
Neurosci. 11 (2) (2009 Jun 30) 111-128.

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

[64]

[65]

[66]

[67]

[68]

[69]

[70]

Journal of Psychosomatic Research 184 (2024) 111849

A. Meza, E. Altman, S. Martinez, C.W. Leung, “It’s a feeling that one is not worth
food”: a qualitative study exploring the psychosocial experience and academic
consequences of food insecurity among college students, J. Acad. Nutr. Diet. 119
(10) (2019 Oct 1) 1713-1721.el.

M. Rondanelli, M.A. Faliva, G.C. Barrile, A. Cavioni, F. Mansueto, G. Mazzola, et
al., Nutrition, physical Activity, and dietary supplementation to prevent bone
mineral density loss: a food pyramid, Nutrients 14 (1) (2022 Jan) 74.

T. Shao, H.K. Verma, B. Pande, V. Costanzo, W. Ye, Y. Cai, et al., Physical activity
and nutritional influence on immune function: an important strategy to improve
immunity and health status, Front. Physiol. [Internet] 12 (2021 Oct 8) [cited 2024
Apr 13]. Available from, https://www.frontiersin.org/journals/physiology/arti
cles/10.3389/fphys.2021.751374/full.

J.M. Guralnik, A.Z. LaCroix, R.D. Abbott, L.F. Berkman, S. Satterfield, D.A. Evans,
et al., Maintaining mobility in late life. I. Demographic characteristics and chronic
conditions, Am. J. Epidemiol. 137 (8) (1993 Apr 15) 845-857.

R. Conzade, S. Phu, S. Vogrin, E. Bani Hassan, W. Septilveda-Loyola, B. Thorand, et
al., Changes in nutritional status and musculoskeletal health in a geriatric post-fall
care plan setting, Nutrients 11 (7) (2019 Jul) 1551.

L. Symes, J. McFarlane, A. Nava, H. Gilroy, J. Maddoux, The Association of Pain
Severity and pain interference levels with abuse experiences and mental health
symptoms among 300 mothers: baseline data analysis for a 7-year prospective
study, Issues Ment. Health Nurs. 34 (1) (2013 Jan 1) 2-16.

D.C. Turk, R.B. Fillingim, R. Ohrbach, K.V. Patel, Assessment of psychosocial and
functional impact of chronic pain, J. Pain 17 (9) (2016 Sep 1) T21-T49.

L.S. Radloff, The CES-D scale: a self-report depression scale for research in the
general population, Appl. Psychol. Meas. 1 (1977) 385-401.

K. Kilburn, L. Prencipe, L. Hjelm, A. Peterman, S. Handa, T. Palermo, Examination
of performance of the Center for Epidemiologic Studies Depression Scale Short
Form 10 among African youth in poor, rural households, BMC Psychiatry 18 (1)
(2018) 201. https://doi.org/10.1186/5s12888-018-1774-z.

M. Hadfield-Spoor, M. Avendano, R. Loopstra, Food insecurity among disabled
adults, Eur. J. Pub. Health 32 (4) (2022 Aug 1) 593-599, https://doi.org/10.1093/
eurpub/ckac034.

1. Leslie Rubin, R.J. Geller, J. Nodvin, et al., Break the cycle of disadvantage and
disability: environmental factors, education, AIDS, and food insecurity, Int. J. Child
Health Hum. Dev. 7 (2014) 207-213.

J. Huang, B. Guo, Y. Kim, Food insecurity and disability: do economic resources
matter? Soc. Sci. Res. 39 (2010) 111-124.

N. Schwartz, R. Buliung, K. Wilson, Disability and food access and insecurity: a
scoping review of the literature, Health Place 57 (2019 May) 107-121, https://doi.
org/10.1016/j.healthplace.2019.03.011. Epub 2019 Apr 24. PMID: 31026771.
S.E. Maxwell, D.A. Cole, Bias in cross-sectional analyses of longitudinal mediation,
Psychol. Methods 12 (1) (2007) 23-44, https://doi.org/10.1037/1082-
989X.12.1.23.

S.E. Maxwell, D.A. Cole, M.A. Mitchell, Bias in cross-sectional analyses of
longitudinal mediation: partial and complete mediation under an autoregressive
model, Multivar. Behav. Res. 46 (5) (2011) 816-841, https://doi.org/10.1080/
00273171.2011.606716.


http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0190
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0190
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0190
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0195
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0195
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0195
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0200
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0200
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0200
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0205
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0205
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0210
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0210
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0210
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0215
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0215
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0215
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0220
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0220
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0225
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0225
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0230
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0230
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0230
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0235
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0235
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0235
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0240
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0240
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0240
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0245
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0245
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0245
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0245
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0250
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0250
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0255
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0255
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0255
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0260
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0260
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0265
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0265
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0265
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0270
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0270
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0270
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0275
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0275
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0275
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0280
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0280
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0280
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0280
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0285
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0285
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0285
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2021.751374/full
https://www.frontiersin.org/journals/physiology/articles/10.3389/fphys.2021.751374/full
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0295
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0295
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0295
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0300
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0300
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0300
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0305
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0305
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0305
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0305
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0310
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0310
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0315
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0315
https://doi.org/10.1186/s12888-018-1774-z
https://doi.org/10.1093/eurpub/ckac034
https://doi.org/10.1093/eurpub/ckac034
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0330
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0330
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0330
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0335
http://refhub.elsevier.com/S0022-3999(24)00261-7/rf0335
https://doi.org/10.1016/j.healthplace.2019.03.011
https://doi.org/10.1016/j.healthplace.2019.03.011
https://doi.org/10.1037/1082-989X.12.1.23
https://doi.org/10.1037/1082-989X.12.1.23
https://doi.org/10.1080/00273171.2011.606716
https://doi.org/10.1080/00273171.2011.606716

	Food insecurity and mobility difficulty in middle-aged and older adults: The importance of bio-psychosocial factors
	1 Introduction
	2 Methods
	2.1 Participants and procedure
	2.2 Food insecurity
	2.3 Mobility
	2.4 Potential mediators
	2.5 Covariates
	2.6 Statistical analysis

	3 Results
	3.1 Sample characteristics
	3.2 Correlations
	3.3 Regression and mediation analyses
	3.4 Additional analysis

	4 Discussion
	4.1 Main findings
	4.2 Interpretation of findings
	4.3 Strengths and limitations

	5 Conclusions
	Funding
	CRediT authorship contribution statement
	Declaration of competing interest
	References


