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ABSTRACT

Household food insecurity — a lack of reliable access to food that is safe, nutritious, and sufficient for normal growth - is associated with physical and mental ill-
health. In the UK and many countries worldwide, food insecurity has been exacerbated by the cost-of-living crisis and is a major public health concern. To iden-
tify potential points of intervention, it is important to understand how food insecurity is associated with individual-level factors, including behaviours and moti-
vations towards food. This study therefore examined the associations between household food insecurity (HHFI), psychological distress, motives underlying food
choices and meal patterning behaviours in a sample of UK adults (N = 594, mean age = 40.6 years, 96 % female). Key variables were quantified using questionnaires
and structural equation modelling was used to determine the associations between them. HHFI was directly associated with higher food choice motives based on
price, but not directly with other food choice motives. HHFI was indirectly associated with poorer diet quality via price motives. There were also significant serial
indirect associations between HHFI and diet quality via distress and food choice motives. Specifically, HHFI was associated with greater distress, which in turn was
associated with higher convenience motives and lower health motives, which were then both associated with poorer diet quality. Exploratory analyses indicated that
HHFI was directly associated with lower meal frequency, and this in turn was associated with poorer diet quality. Findings demonstrate how experiences of general
psychological distress, certain food choice motives, and meal frequency may play a role in the relationship between food insecurity and diet quality.

1. Introduction

Household food insecurity (HHFI) refers to having a lack of reliable
access to food that is safe, nutritious, and sufficient for normal growth
and development (Food and Agriculture Organization of the United
Nations, 2021). HHFI is a major public health concern because of its
association with multiple adverse mental and physical health outcomes,
including obesity and its associated comorbidities (e.g., cardiovascular
disease, diabetes) (Bergmans et al., 2019; Nettle et al., 2017; Yau et al.,
2020). In 2023, approximately 10 % of UK households were food inse-
cure (low or very low food security) — a 2 % increase from 2020
(Department for Environment, Food & Rural Affairs, 2024). Alongside
this, 7 % of UK households accessed food aid, such as from a food bank
or social supermarket (Bull et al., 2023). Rates of food insecurity had
been a concern prior to the Covid-19 pandemic, and income disruptions

from early 2020 and the subsequent increases in living costs have only
exacerbated this further, leading to a doubling in food aid requirements
from 2017/18 to 2022/23 (Bull et al., 2023; From Purse to Plate: Im-
plications of the Cost of Living Crisis on Health, 2023). Importantly,
many who are food insecure do not use food banks, and therefore food
bank usage is likely an underestimate of population-level food insecurity
(Loopstra & Tarasuk, 2015).

Food banks are designed to provide short-term relief in times of
crisis, and are therefore not a long-term solution to food insecurity
(Taylor et al., 2024). According to market/government failure theory,
market and government failures create conditions under which food
insecurity and food bank use proliferate (Salamon, 1987). Market failure
happens due to a lack of efficient provision of public goods. Types of
market failure include unemployment, underemployment, and income
inequality. Government failure is characterized as the inability of
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government to meet this unsatisfied demand (e.g., through policy
changes). Consequently, individuals rely on the voluntary sector (e.g.,
food banks) to obtain goods which are not provided sufficiently through
the market or government. A recent systematic review confirmed that
factors associated with food bank use include unemployment and low
income, which can be traced back to market and government failure, as
opposed to individual-level behaviour and motivation (Taylor et al.,
2024). Nevertheless, it is important to understand how individuals
behave within these environmental constraints to inform effective in-
terventions and systemic, upstream policy change.

A considerable body of evidence from non-human animals — which
has more recently been extended to humans - has shown that fat reserves
increase under conditions of limited and unpredictable access to food
(Epstein et al., 2024; Nettle et al., 2017). According to the Insurance
Hypothesis (Nettle et al., 2017), this greater fat storage is an adaptive
strategy because it protects the organism against starvation. However, in
westernized “obesogenic” environments where (i) energy-dense,
nutrient-poor food is more accessible, affordable, and heavily mar-
keted than healthier options and (ii) physical activity is limited by
car-centric infrastructure, sedentary jobs, and time constraints, it in-
creases risk of developing obesity (Allen, 2023; Eskandari et al., 2022).
There is a well-established relationship between food insecurity and
obesity in women, but the specific biological and behavioural mecha-
nisms which account for it are not well understood (Bateson & Pepper,
2023; Kowaleski-Jones et al., 2019). They may include shifts in diet
composition under conditions of food insecurity. Indeed, persons on low
incomes tend to substitute more expensive, healthy foods (i.e.
nutrient-rich options such as fruits, vegetables, fish) with cheaper un-
healthy foods (i.e., energy-dense but nutrient-poor options) (Jones et al.,
2018; Morales & Berkowitz, 2016).

On an individual-level, food choice motives may play a role in the
association between food insecurity and lower diet quality. The Food
Choice Questionnaire (Steptoe et al., 1995) quantifies a range of factors
that influence people’s dietary choices, including convenience, price,
health, weight control, and ethical concern. Given that not having
enough money to buy food is a key component of HHFI, and food
insecure individuals mostly have a lower income (Bull et al., 2023;
Drewnowski, 2022; The Food Foundation, 2025), it makes sense that
higher HHFI would be associated with food choice motives based on
price. Furthermore, given that healthier foods tend to be relatively more
expensive than less healthy foods (The Food Foundation, 2025), people
may have to make trade-offs between price and health. Indeed, the high
and increasing price of food is the most frequently cited barrier to
adopting healthier diets (Drewnowski, 2022). HHFI may therefore be
associated with lower food choice motives based on health and weight
control. This is supported by previous findings that lower socioeconomic
position is associated with being less motivated by health and weight
control when making food choices (Robinson et al., 2022). It is impor-
tant to acknowledge a wealth of qualitative evidence showing that
people living on low incomes and with food insecurity are often
knowledgeable about healthy eating, and would like to be able to
consume foods that are healthy and ethically produced (e.g., in an
environmental and politically conscious way) (A. Evans et al., 2015;
Hunter et al., 2025; Puddephatt et al., 2020). However, their food
choices are highly constrained by limited income which makes price and
affordability the focus of food choices, and other motives such as health
are deprioritized (Hunter et al., 2025; Puddephatt et al., 2020). More-
over, people living with food insecurity are often “time-poor” (i.e., have
limited time to plan, shop for and prepare healthy meals) and may also
lack access to cooking facilities (or avoid using them to reduce energy
costs), which may increase choices of convenience foods (Hunter et al.,
2025; Puddephatt et al., 2020; Stone et al., 2025).

Negative affect may also play a mediating role in the relationship
between food insecurity, food choice motives and diet. For example,
food insecurity is associated with general psychological distress (stress,
anxiety, depression), and distress in turn is associated with eating as a
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coping mechanism and higher BMI (Keenan et al., 2021). Perceived
stress might also bias people’s decisions towards choosing foods that are
low-cost and convenient as a stress-reduction strategy (Shen et al.,
2020); for example when people are stressed they may lack the psy-
chological resources needed to prepare and cook food from scratch
(Hunter et al., 2025). Stress is associated with weight gain and also in-
creases appetite for high-calorie, rewarding foods (Sominsky & Spencer,
2014). In a systematic review and meta-analysis of studies in healthy
adults, stress was associated with increased consumption of unhealthy
foods and decreased consumption of healthy foods (Hill et al., 2022).
This may be because stress biases choices towards less healthy foods and
away from foods that are healthy, beneficial for weight management,
and potentially those that are ethically produced, leading to poorer
overall diet quality. A recent qualitative study with food bank clients
found initial support for this effect (Puddephatt et al., 2020) but evi-
dence from larger quantitative studies is currently lacking.

In existing research, HHFI is commonly operationalized using
quantitative tools such as the United States Department of Agriculture
(USDA) Household Food Security Survey Module (Economic Research
Service, USDA, 2012) and the Food Insecurity Experience Scale (FIES)
(Cafiero et al., 2018). These scales primarily ask about not having
enough money to afford sufficient food for the household. However,
they do not provide quantitative information on how people are eating
and their patterns of food intake (i.e., timing and frequency of eating
occasions, portion sizes). It is important to capture these aspects of
eating because, in the general population, meal frequency (defined
based on energy contribution and timing) is positively associated with a
healthy diet (Murakami & Livingstone, 2016). Moreover, research has
found that, compared to food-secure women, food-insecure women had
more variable time gaps between eating, and more variable day-to-day
(i) hunger, (ii) time of first consumption, and (iii) number of eating
occasions (Neal et al., 2025; Nettle & Bateson, 2019; Shinwell et al.,
2022). Food-insecure women also ate a smaller and less variable number
of distinct foods per eating occasion (Nettle & Bateson, 2019). However,
overeating has also been observed among food-insecure individuals in a
controlled laboratory setting when food access was unlimited (Stinson
et al., 2018). This may suggest that unpredictable food availability could
lead to higher energy intake (e.g., via larger meals) in food-insecure
individuals during times of greater food access (e.g., after receiving
food aid).

The current study was a cross-sectional observational study of UK
adults (mostly women). We aimed to understand the associations be-
tween HHFI, psychological distress, motives underlying food choices,
meal patterning behaviours and diet quality. All hypotheses were pre-
registered on AsPredicted.org (https://aspredicted.org/blind.php?
x=j8ui5j). We predicted that:

1. HHFI would be associated with higher food choice motives based on
convenience and price (as measured by the Food Choice Question-
naire) which, in turn, would be associated with poorer diet quality.

2. HHFI would be associated with lower food choice motives based on
health, weight control and ethical concern (as measured by the Food
Choice Questionnaire) which, in turn, would be associated with
poorer diet quality.

3. Psychological distress (depression, anxiety, stress) will mediate the
above associations between HHFI and food choice motives.

We also conducted pre-registered exploratory analyses to determine
the nature of associations between HHFI and eating patterns. Based on
previous findings, we predicted that HHFI would be associated with less
frequent meals, more frequent snacking, and more variable time gaps
between eating (Nettle & Bateson, 2019), and tentatively with larger
habitual meal sizes (Stinson et al., 2018).


http://AsPredicted.org
https://aspredicted.org/blind.php?x=j8ui5j
https://aspredicted.org/blind.php?x=j8ui5j

R. Evans et al.

2. Method
2.1. Participants

Adult participants were recruited from the city of Liverpool and the
wider North West region of the United Kingdom (UK). Specific inclusion
criteria were: 18-65-years-old, currently living in the Liverpool/Mer-
seyside area, and fluent in English. Participants were recruited via paid
advertisements posted on social media (e.g., Facebook). Consistent with
Keenan et al. (Keenan et al., 2021), our recruitment plan involved
recruiting participants during an on-site visit at a food bank in Liverpool
with the aim to ensure sufficient variability in levels of HHFI. Uptake
was lower than anticipated and this resulted in N = 3 participants.
However, variability in participant HHFI levels was achieved regardless
(40 % experiencing some form of food insecurity). As reimbursement for
their time and effort to complete the questionnaire measures, partici-
pants could opt to be entered into a prize draw to win an Amazon
voucher (1 x £100, 1 x £50, 2 x £25 prizes). Based on the protocols
described by MacCallum et al. (MacCallum et al., 1996) and Kim (Kim,
2005), a power analysis for the hypothesized structural model (DF =
30), indicated that 406 participants were needed for 90 % power at
alpha 0.05, for an acceptable RMSEA (<0.08). To account for a dropout
rate of 20 %, we aimed to recruit a minimum of 488 participants. Ethical
approval was obtained from the University of Liverpool ethics com-
mittee (reference number: IPHS-1516-LB-174), and informed consent
was obtained from all participants before they took part in the study.

2.1.1. Measures

McDonald’s Omega (ot) was calculated to assess the internal reli-
ability of relevant measures. Internal reliability was deemed acceptable
atwt > 0.7 (McDonald, 2013). The full survey is accessible at https://osf.
io/fu94n/.

Household food insecurity (HHFI). The USDA Household Food
Insecurity Survey Module (Economic Research Service, USDA, 2012)
measures the difficulties individuals and household members experi-
enced in the previous 12 months in accessing sufficient nutritionally
adequate food. Participants answered questions from modules 1, 2, and
3, amounting to 10 questions in total (i.e., the 10-item Adult Food Se-

T

curity Survey Module). Responses of “sometimes true”, “often true”,
“some months but not every month”, “almost every month” and “yes”
were coded as 1, and all other answers were coded as 0. The sum in-
dicates household food insecurity with scores ranging from 0 (high food
security) to 10 (low food security). Individuals can be categorised as
high (0), marginal (1-2), low (3-5), and very low (6-10) food security.

Psychological distress. The 21-item Depression, Anxiety & Stress
Scale (DASS) (Henry & Crawford, 2005) is divided into three subscales,
each containing 7 items. Response options were 0 = Never, 1 = some-
times, 2 = often, 3 = almost always, considering how much the state-
ment applied over the past week. The sum of the three scales indicates
level of distress, with a higher score indicating greater levels of psy-
chological distress. For the current data, ot = 0.96.

Food choice motives. The Food Choice Questionnaire (Steptoe et al.,
1995) is a 36-item questionnaire which measures motives underlying
people’s food choices (9 sub-scales; Convenience, Price, Health, Mood,
Sensory Appeal, Natural Content, Weight Control, Familiarity, Ethical
Concern). Convenience, Price, Health, Weight Control and Ethical
Concern were measured in this study in line with the hypotheses.
Response options were 1 = Not at all important, 2 = A little important, 3
= Moderately important, 4 = Very important. Scores for each subscale
were averaged, with a higher score indicating greater motive. For the
current data, convenience ot = 0.95, price ot = 0.84, health ot = 0.89,
weight control ot = 0.82, and ethical concern ot = 0.77.

Diet quality. A food frequency questionnaire (FFQ) was used and
adapted from the South Yorkshire Healthy survey. This measure has
previously been used by Keenan et al. (Keenan et al., 2021) and Evans
et al. (R. Evans et al.,, 2023). Participants rated the frequency of
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consuming unhealthy (e.g. crisps, fried chicken, processed meats) and
healthy foods (e.g., fruit, vegetables, oily fish) (1 = “More than once a
day”, 2 = “Once a day”, 3 = 4-6 times a week”, 4 = “2-3 times a week”,
5 = “Once a month”, 6 = “Less than once a week”, 7 = “Never”). Foods
were categorised as healthy and unhealthy according to established
relationships between their intake and health outcomes derived from
extensive nutritional research (Roberts et al., 2024). Responses for
healthy foods were reverse-scored, and total scores were summed and
averaged, with lower values representing poorer diet quality. For the
current data, ot = 0.7.

Eating patterns. We developed a novel measure for the purpose of
this study, to quantify meal frequency, snack frequency, variability in
time gaps between eating, and habitual meal size.

Meal frequency was measured by asking how often participants
typically eat breakfast, lunch, and dinner (evening meal). Response
options were 1 = Never, 2 = Rarely, 3 = Sometimes, 4 = Nearly always,
5 = Always. The sum of scores pertaining to each meal occasion in-
dicates the level of meal frequency with scores ranging from 3 (low meal
frequency) to 15 (high meal frequency).

Snack frequency was measured as how often snacks/drinks were
consumed outside of a main meal as a single snack (i) during the week
and (ii) at the weekend; “How many times do you eat snacks and/or
consume drinks (including tea, coffee) per day? Consider every time you
eat or drink something outside of a main meal as a single snack”.
Response options were 1 = 1-2 snacks a day, 2 = 3-4 snacks a day, 3 - 5-
6 snacks a day, 4 = more than 6 snacks a day. The sum indicates the
frequency of snack consumption with scores ranging from 2 (low
snacking) to 8 (high snacking).

Variability in time gaps between eating was measured by asking par-
ticipants to choose a weekday and a weekend day over the past week and
report each of the meals and snacks they ate along with the time which
they were consumed. The mean time gap and standard deviation in time
gap were calculated across the two days, as in Nettle et al. (Nettle &
Bateson, 2019). A higher standard deviation indicates greater variability
in time gaps between eating and was used as the outcome for this
measure in the analyses.

Habitual portion size was measured by showing participants images of
four foods at a standard portion size, consisting of two meals (pasta in
tomato sauce, porridge), and two snacks (crisps, chocolate cake with ice
cream). Foods were presented on a white plate on a plain worktop.
Images were obtained from an image bank created and maintained by a
researcher in our University research group to be used in portion size
studies. Participants were prompted “Imagine you are going to eat the
above food for [lunch/breakfast/a snack]. Please indicate what your
ideal portion would be.” and responded on a slider scale with anchor
endpoints from 0 = “A lot smaller” to 100 = “A lot bigger”. Scores were
averaged across the four foods.

Demographics. Participants self-reported height in metres and
weight in kilograms (for calculation of BMI). Additional demographic
information collected were gender, age, ethnic group, highest education
level, employment status, living situation, and household income. For
the income measure, participants reported their annual household pre-
tax income on a 9-point scale ranging from less than £5200 a year
(less than £100 a week) to £78 000 a year or more (£1500 a week or
more).

2.2. Procedure

The survey was administered online using Qualtrics. Participants
accessed the questionnaire via a web link. Participants recruited at the
foodbanks were provided with an electronic tablet connected to the
internet or given paper copies of the questionnaire depending on their
preferred completion method. Participants first read an information
sheet and provided written informed consent. They were then asked to
provide demographic information, height and body weight. The study
questionnaires were then presented in a randomised order. Following
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completion of the questionnaires, participants were debriefed and given
the option to be entered into the prize draw to win Amazon vouchers.

2.2.1. Statistical analysis

The analyses were pre-registered on AsPredicted.org (https://as
predicted.org/blind.php?x=j8ui5j). Analyses were run using R. Struc-
tural equation modelling was conducted using the Lavaan package
(Rosseel, 2012). The research data is accessible at https://osf.io/fu94n/.

Primary analyses. To test hypotheses 1-3, we used structural
equation modelling (SEM). This allowed comprehensive exploration of
direct and indirect associations between household food insecurity
(HHFI) and diet quality, when mediated by stress and each of the five
food choice motives (i.e. price, convenience, health, weight control
ethical concern). A confirmatory factor analysis was performed for the
psychological distress variable, which was made up of 21 items. As this
variable and the other variables in the structural model used ordinal
scales, the confirmatory factor analysis and structural model were fitted
using a maximum likelihood with robust standard errors (29). Fit was
assessed using the normed X% (X%/df) with values below three or five
indicating a good fit or acceptable fit respectively, and the comparative
fit index (CFI) with values deemed as acceptable at >0.90 and good at
>0.95. The root mean square error of approximation (RMSEA) parsi-
mony adjusted measure was also used, with values between 0.06 and
0.08 considered acceptable, and <0.06 considered a good fit. Finally,
the standardised root mean residual (SRMR) absolute fit index was
calculated, with values < 0.08 considered a good fit (30).

Exploratory analyses. We conducted a series of regression analyses
on the eating patterns variables. HHFI, age, and gender (eating patterns
can vary by age and gender (Jacob & Panwar, 2023)) were entered as
predictors in each model. Outcome variables were (i) meal frequency,
(ii) snack frequency, (iii) variability in time gaps between eating and (iv)
habitual meal size. We planned to follow up any significant associations
using mediation models with HHFI as the independent variable, diet
quality as the dependent variable, and the relevant eating patterns
variable as the mediator.

3. Results

The final sample consisted of 594 participants. Approximately 96 %
of participants were female, 98 % were white, and 40 % had children
living with them. Forty-seven percent were employed full-time, 23 %
part-time, 10 % students, 6 % unable to work due to health or disability,
5 % retired, 4 % housewife/husband, 2 % unemployed and looking for
work, 1.5 % unemployed and not looking for work, and 1 % in voluntary
employment. Regarding HHFI, 60 % were experiencing high, 15 %
marginal, 11 % low, and 14 % very low food security. See Table 1 for
further descriptive characteristics of the sample.

3.1. Primary analyses

3.1.1. Confirmatory factor analysis

A confirmatory factor analysis was conducted for the psychological
distress variable. Covariances were added between items from the same
subscale (e.g., depression, anxiety, stress) where modification indices
were high (>40). The confirmatory factor analysis was an acceptable-
good fit for the data X2/df = 3.63, CFI = 0.93, RMSEA = 0.07, SRMR
= 0.04).

3.1.2. Structural model

Structural equation modelling was used to examine associations
between HHFI, psychological distress, food choice motives, and diet
quality (see Fig. 1). Covariances were added between each of the food
choice motives in response to high modification indices (>40). Theo-
retically, this is appropriate, as we would expect food choice motives to
be related (e.g., healthy foods are usually less convenient to purchase).
For ease of interpretation, the values in Fig. 1 are standardized (f)
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Table 1

Descriptive characteristics of the sample.
Variable Mean SD Range
Age (y) 40.6 13.0 18-68
Height (m) 1.65 0.08 1.32-1.93
Weight (kg) 79.1 219 38.1-171.5
BMI (kg/m?) 28.95 7.73 12.4-65.3
Annual total household income * 5.92 2.16 1-9
Highest educational qualification 5.12 1.34 1-8
Household food insecurity* 1.7 2.72 0-10
Psychological distress 19.56 13.00 0-59
Convenience motives 2.84 0.70 1-4
Ethical concern motives 2.18 0.83 1-4
Health motives 2.73 0.69 1-4
Price motives 2.97 0.73 1-4
Weight control motives 2.51 0.83 1-4
Diet quality 35.82 6.17 18-53
Snack frequency 3.85 1.77 2-8
Meal frequency 12.19 2.30 5-15
Eating time gap variability (minutes) 73.76 41.30 0-502.29
Habitual portion size 54.24 14.66 4-100

2 9_point scale: 1 = < £5 200, 2 = £5200 - £10 399, 3 = 10 400 - £15 599, 4 =
£15 600 - £20 799, 5 = £20 800 - £25 999, 6 = £26 000 - £36 399, 7 = £36 400 -
£51 999, 8 = £52 000 - £77 999, 9 = >£78 000.

b 8 point scale: 1 = none, 2 = GCSE grade D or below, 3 = GCSE grade C or
above, 4 = A-level or equivalent, 5 = university degree or equivalent, 6 =
postgraduate qualification or equivalent, 7 = Masters or equivalent, 8 = PHD or
equivalent.

¢ categorised as high (0), marginal (1-2), low (3-5), and very low (6-10) food
security.

coefficients, whereas those in Table 2 are unstandardised.
The final model was an acceptable-good fit for the data (X2/df =
2.74, CFI = 0.93, RMSEA = 0.06, SRMR = 0.04).

3.1.3. The association between HHFI and diet quality

There was a significant total association between HHFI and diet
quality (B = —0.290, SE = 0.106, p = .006, CI -0.498 to —0.082). Higher
levels of food insecurity were associated with poorer diet quality,
considering both direct and indirect associations. HHFI was not directly
associated with diet quality (see Table 2). This is likely due to the as-
sociation between food insecurity and diet quality being accounted for
by the significant indirect paths (see Table 3).

3.1.4. The association between HHFI and diet quality via food choice
motives

As can be seen in Table 2, HHFI was directly associated with greater
food choice motives based on price. However, there were no direct as-
sociations between HHFI and any other food choice motives.

As can be seen in Table 3, there was a significant indirect association
between HHFI and diet quality via price motives. HHFI was associated
with greater price motives, which in turn was associated with poorer
diet quality.

3.1.5. The association between HHFI and diet quality via distress and food
choice motives

HHFI was directly associated with higher distress, which in turn was
directly associated with some food choice motives. Specifically, higher
distress was associated with higher convenience, price, and weight
control motives, and lower health motives, but was not directly associ-
ated with ethical motives. Food choice motives were then in turn asso-
ciated with diet quality. Convenience and price motives were associated
with poorer diet quality, while health and weight control were associ-
ated with better diet quality.

As can be seen in Table 3, there were significant indirect associations
between HHFI and diet quality via (i) distress and health motives and (ii)
distress and convenience motives. HHFI was associated with higher
distress, which was associated with lower health motives, which was in
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Fig. 1. The association between household food insecurity and diet quality via psychological distress and food choice motives
*p < .05, **p < .001. Values are standardized regression coefficients. For ease of interpretation, not all direct associations are shown in the figure (but are presented
in Table 2), and error terms and covariances are not visually represented. A dashed line represents a non-significant path.

Table 2

Direct associations from the model.
Association B (SE) p 95 % CI
HHFI > Diet 0.008 (0.111) 0.942 —0.219 to 0.226
HHFI > Distress 0.063 (0.009) <0.001 0.046 to 0.081
HHFI > Convenience 0.021 (0.011) 0.066 —0.001 to 0.044
HHFI > Price 0.105 (0.011) <0.001 0.084 to 0.126
HHFI > Health —0.0111 (0.012) 0.354 —0.034 to 0.012
HHFI > Weight —0.010 (0.014) 0.443 —0.037 to 0.016
HHFI > Ethical —0.000 (0.014) 0.972 —0.028 to 0.027
Distress > Convenience 0.301 (0.083) <0.001 0.138 to 0.464
Distress > Price 0.162 (0.078) 0.037 0.009 to 0.315
Distress > Health —0.307 (0.081) <0.001 —0.466 to —0.148
Distress > Weight 0.203 (0.097) 0.037 0.009 to 0.315
Distress > Ethical —0.112 (0.093) 0.229 —0.295 to 0.070
Convenience > Diet —1.426 (0.326) <0.001 —2.064 to —0.788
Price > Diet —1.048 (0.396) 0.008 —1.824 to —0.273

Health > Diet 3.930 (0.402) <0.001 3.142 to 4.719

Weight > Diet 1.178 (0.294) <0.001 0.601 to 1.755

Ethical > Diet 0.538 (0.286) 0.0604 —0.02 to 1.097

Table 3
Hypothesized indirect associations.

Association B (SE) P 95 % CI

HHFI > Health > Diet —0.042 (0.046) 0.352 —0.132 to
0.047

HHFI > Ethical > Diet —0.000 (0.008) 0.972 —0.015 to
0.015

HHFI > Price > Diet —0.110 (0.040) 0.006 —0.189 to
—0.032

HHFI > Convenience > Diet —0.030 (0.018) 0.085 —0.064 to
0.004

HHFI > Weight > Diet —0.012 (0.016) 0.443 —0.044 to
0.019

HHFI > Distress > Health > Diet —0.076 (0.022) <0.001 —0.120 to
—0.033

HHFI > Distress > Ethical > Diet —0.004 (0.004) 0.325 —0.011 to
0.004

HHFI > Distress > Price > Diet —0.011 (0.007) 0.106 —0.024 to
0.002

HHFI > Distress > Convenience —0.027 (0.010) 0.006 —0.047 to

> Diet —0.008

HHFI > Distress > Weight > Diet 0.015 (0.008) 0.063 —0.001 to

0.031

turn associated with poorer diet quality. Concurrently, HHFI was asso-
ciated with higher distress, which was associated with higher conve-
nience motives, and in turn this was associated with poorer diet quality.

3.2. Exploratory analyses

Linear regression analyses were used to examine associations be-
tween HHFI and (i) meal frequency, (ii) snack frequency, (iii) eating
time gap variability, and (iv) habitual portion size. Age and gender were
also included as predictors in each model.

3.2.1. HHFI and meal frequency

The overall regression model was significant, explaining approxi-
mately 21 % of variance in meal frequency, adjusted R? = 0.21, F (3,
589) = 53.39, p < .001. HHFI was associated with lower meal frequency
(B=-0.371,SE =0.031, p < .001, CI-0.432 to —0.309). Older age was
also associated with higher meal frequency (B = 0.017, SE = 0.006, p =
.009, CI 0.004 to 0.030).

This significant association was followed up with a mediation anal-
ysis which included HHFI as the independent variable, meal regularity
as the mediator, and diet quality as the dependent variable. There was a
significant indirect association between HHFI and diet quality through
meal frequency (B = —0.202, SE = 0.049, p < .001, CI -0.298 to
—0.106). HHFI was associated with lower meal frequency (B = —0.383,
SE = 0.031, p < .001, CI -0.443 to —0.322), and this in turn was asso-
ciated with poorer diet quality (B = 0.528, SE = 0.120, p < .001, CI
0.292 to 0.764).

3.2.2. HHFI and snack frequency

The overall regression model was non-significant (adjusted R? =
0.001, F(3, 589) = 1.29, p = .279). HHFI was not significantly associated
with snack frequency (B = —0.021, SE = 0.027, p = .432, CI -0.075 to
0.032).

3.2.3. HHFI and eating time gap variability

The overall regression model was non-significant (adjusted R? =
0.004, F(3, 589) = 1.70, p = .166). HHFI was not significantly associated
with eating time gap variability (B = 1.288, SE = 0.666, p = .054, CI
-0.021 to 2.597).

3.2.4. HHFI and habitual portion size

The overall regression model was significant, explaining approxi-
mately 3 % of variance in habitual portion size, adjusted R? = 0.03, F(3,
589) = 7.71, p < .001). However, HHFI was not significantly associated
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with habitual portion size (B = —0.243, SE = 0.220, p = .270, CI -0.674
to 0.189). The only significant predictor of habitual portion size was age,
with younger age being associated with larger portion size (B = —0.220,
SE = 0.046, p < .001, CI -0.310 to —0.130).

4. Discussion

The current study tested whether distress and food choice motives
were mediating variables in explaining the association between food
insecurity and diet quality. HHFI was indirectly associated with diet
quality via only one of the food choice motives — price (higher HHFI was
associated with greater price motives, which in turn were associated
with poorer diet quality). HHFI was also indirectly associated with diet
quality via a serial pathway that included distress and certain food
choice motives. Specifically, HHFI was positively associated with
distress; distress was associated with lower health/higher convenience
motives; these motives were in turn associated with poorer diet quality.

Our finding that HHFI was indirectly associated with poorer diet
quality via greater price motives complements broader evidence high-
lighting the importance of food affordability (The Food Foundation,
2025). Individuals experiencing HHFI are constrained by limited in-
come, meaning that food choices are motivated by price, and this likely
compromises health as healthier foods tend to be relatively more
expensive than less healthy foods (Hunter et al., 2025; Puddephatt et al.,
2020; The Food Foundation, 2025). Our findings also highlight the role
of psychological distress and its associations with certain food choice
motives that may also help to explain the relationship between HHFI and
poorer diet quality. Specifically, we found evidence to suggest that being
food-insecure, and the associated psychological distress, may bias peo-
ple’s decisions towards convenient food, and away from food that is
healthy, which is consistent with qualitative findings from food bank
clients (Puddephatt et al., 2020). Other research suggests that in-
dividuals may seek to alleviate distress by using maladaptive coping
behaviours, such as consuming rewarding, highly palatable
energy-dense foods (Laitinen et al., 2002), which are typically more
convenient (i.e., easy to access) than healthy foods, particularly in the
neighborhoods of those experiencing food insecurity (Freedman & Bell,
2009). Our findings highlight the importance of ensuring that healthy
food is a convenient affordable choice, particularly for those who are
food-insecure and experiencing psychological distress.

Recent research shows that food insecurity is related to greater
barriers to consuming a healthy diet, pertaining to both the food envi-
ronment (e.g., price, distance, transport, variety/quality of foods) and
food preparation (time to shop and prepare food, cooking skills) (Stone
et al., 2025). Indeed, currently, more than a million UK residents live in
‘food deserts’ — dynamic areas where people have difficulty accessing
affordable, healthy food due to shifting factors such as economic con-
ditions, reliable transport, and food retailer presence. (Karpyn et al.,
2019). According to the Priority Places for Food Index, Liverpool (where
the current study was conducted) currently has one of the largest
numbers (relative to other UK local authorities) of ‘highest priority’
neighborhoods for food insecurity risk (Consumer Data Research Centre,
2022). The Index is based on food accessibility (supermarket,
non-supermarket, delivery), sociodemographic barriers, need for family
support (e.g., due to low income, distance to nearest food bank), and fuel
poverty (Consumer Data Research Centre, 2022). Experiencing distress
(stress, anxiety, depression) may exacerbate these barriers, for example
people may have less energy to shop and prepare food from scratch
(Puddephatt et al., 2020). Research has previously demonstrated that
context-related factors (e.g., high cost and accessibility of healthy food)
as opposed to personal factors (e.g., lack of efficiency in healthy life-
style) are the greatest barriers to healthy eating in disadvantaged adults
in the UK (Briazu et al., 2024). This highlights the need for systemic,
upstream government policy change that makes healthy food easy to
access on (i) a structural level (by ensuring grocery stores are walka-
ble/accessible via affordable public transport) and (ii) an economic level
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(by addressing the underlying market failure and wider economic fac-
tors contributing to food insecurity) (Swinburn et al., 2011).

We also examined exploratory associations between HHFI and eating
patterns. HHFI was found to be associated with lower meal frequency,
and this in turn was associated with poorer diet quality. No significant
associations were identified between HHFI, snack frequency, eating time
gap variability, and habitual portion size. Our finding that HHFI was
associated with lower meal frequency, and in turn poorer diet quality, is
consistent with Nettle et al. (Nettle & Bateson, 2019). Reduced meal
frequency in those experiencing HHFI may reflect an increased likeli-
hood of chaotic home and work lives, or simply that food insecure in-
dividuals deliberately skip meals to save money (Neal et al., 2025). It is
possible that lower meal frequency, as measured in this study as less
frequent intake of three main meals (breakfast, lunch, dinner), provides
less opportunity for eating a variety of foods that contribute to a healthy
diet. For example, based on cultural norms around mealtime foods,
skipping dinner may reduce opportunity for vegetable consumption
(Myhre et al., 2015). Indeed, other research has found that food-insecure
individuals consume a less diverse diet, which is driven by fewer distinct
foods per meal, more carbohydrates, and less fiber and protein (Nettle &
Bateson, 2019; Shinwell et al., 2022). One possible strategy could be to
support community food spaces (e.g., pantries, social supermarkets,
community kitchens) and initiatives (e.g., healthy start vouchers) to
increase meal frequency and variety for those experiencing HHFI (Bull
et al., 2023). A limitation of our meal frequency measure is it does not
provide specificity about which meals were less frequent (i.e., an indi-
vidual that “sometimes” consumes all three meals, and someone who
“always” consumes breakfast but “rarely” lunch or dinner would receive
the same score). A measure that provides further insight in this regard
would help with tailoring more targeted interventions. Our finding that
HHFI was not significantly associated with greater variability in eating
time gaps is somewhat contradictory to existing findings, although re-
sults were in the expected direction (p = .054) (Nettle & Bateson, 2019;
Shinwell et al., 2022).

The current study has several strengths, including the high per-
centage of individuals sampled experiencing some form of food inse-
curity (~40 %), and the use of structural equation modelling which
allowed us to control for direct associations of HHFI while investigating
indirect associations. However, there are several limitations to be
acknowledged. The sample was almost exclusively white females,
meaning that results cannot be generalized to males or individuals with
different ethnic backgrounds who are food-insecure. Moreover, very few
participants were recruited from food banks. While it is important to
study HHFI on a continuum (as individuals experiencing milder HHFI
can be harder to reach by research studies), we may not have captured
the experience of people experiencing severe food insecurity, and
further research with food bank clients specifically may be warranted.
Our measure of snack frequency did not include a “0 snacks per day”
option, and snacks were broadly defined as anything eaten/drank
outside of a main meal, which may have impacted findings. Moreover,
the current study employed a cross-sectional design, which means that
evidence of associations is not evidence of causality. Relatedly, HHFI,
distress, and price are overlapping constructs (i.e., HHFI is characterized
as anxiety about food access, and a lack of money to buy food) and there
was some semantic overlap in their respective measures, which may
have driven associations. However, they also have key differences. Our
measure of psychological distress covered general symptoms of stress,
anxiety, and depression. Similarly, our measure of price motives does
not exclusively pertain to the experiences of food-insecure individuals;
indeed, food prices were found to be a top concern among a represen-
tative sample of the UK population (87 % of all respondents) (Food
Standards Agency, YouGov, 2024). The value of the current study is
being able to demonstrate the interrelationships between these distinct
variables. Finally, we did not examine associations between variables in
this study and BMI, so we can only speculate as to how the examined
associations may contribute to the food insecurity-obesity relationship.
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5. Conclusions

The current study found that psychological distress and certain food
choice motives were mediating variables in the relationship between
food insecurity and diet quality. We found HHFI was indirectly associ-
ated with poorer diet quality via price motives, and via distress and
higher convenience/lower health food choice motives. We also found
that HHFI was associated with lower meal frequency, and this in turn
was associated with poorer diet quality. Findings provide insight into
possible mediators in the relationship between HHFI and diet quality
and highlight the need for upstream policy change to make healthy food
accessible for all.
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