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I N TRODUC TION

Household food insecurity in high-income economies has 
serious public health consequences,1 and the number of 
households affected in countries such as the USA, Canada, 

Australia is a growing concern.2 In the UK, food insecurity 
is substantial and growing3 with levels being among the 
worst in Europe.3 Despite being one of the world's highest 
ranked economies,4 an estimated 3.4  million people live 
in UK households where at least one person is moderately 
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Abstract
Background: Food insecurity in UK households is a substantial and growing con-
cern. The present study identified those at risk of food insecurity and explored the 
relationship between food security and fruit and vegetable consumption.
Methods: Data were examined from the Food and You survey (2016) for a large rep-
resentative sample (n = 3118) living in England, Wales and Northern Ireland. A ‘Food 
Security Score’ and a ‘Food Changes Score’ (relating to financially driven changes to 
food habits) were compiled and relationships with fruit and vegetable consumption 
were examined.
Results: The prevalence of marginal, low and very low food security was 12.6%, 5.4% 
and 2.8%, respectively. Significant correlations were observed between food secu-
rity and fruit and vegetable consumption. Food security and food changes, indepen-
dently, were significant predictors for fruit and vegetable consumption. With every 
unit increment in the Food Security Score (i.e., more food insecure), an 11% decrease 
in the odds of being a high fruit and vegetable consumer was evident. Likewise, the 
odds of being a high fruit and vegetable consumer decreases by 5% with every incre-
ment in the financially driven Food Changes Score.
Conclusions: A notable proportion (more than one-fifth) experienced marginal, low 
or very low food security. Food insecurity and financially driven food changes were 
accompanied by decreases in the odds of being a high fruit and vegetable consumer. 
Findings underline the potential consequences of food insecurity, and point to fur-
ther work aiming to examine other dietary implications, as well as strategies to miti-
gate against food insecurity and its detriment.
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or severely food insecure.5 This is according to the United 
Nations Food and Agriculture Organisation (FAO) Voices 
of the Hungry project, based on relatively small samples of 
1000 people,6 and also potentially under representative of 
the highly vulnerable groups. Food insecurity has been re-
ported to be linked to poverty associated with austerity and 
welfare changes.7

Central to food security are issues such as food avail-
ability, accessibility and affordability.8 Moreover, food 
security encompasses the ‘physical, social and economic 
access to sufficient, safe and nutritious food’ to meet an 
individual's ‘dietary needs and food preferences for an ac-
tive and healthy life’.9 Conversely, food insecurity has been 
defined as a ‘household-level economic and social condi-
tion of limited or uncertain access to adequate food’10 and 
limited or uncertain ‘availability of nutritionally adequate 
and safe foods’ or limited or uncertain ‘ability to acquire 
acceptable foods in socially acceptable ways’.11 Largely 
associated with socio-economic status, factors such as 
household income, working status, education, social net-
work and capital have been found to be relevant to food 
insecurity.12 Income, specifically, is an inf luential predic-
tor for food security, and a UK study revealed receipt of 
means-tested benefits and perception of financial inse-
curity to be critical to food insecurity.13 In every region 
of the world, women are slightly more likely than men to 
be food insecure,14 and differences in food provision and 
preparation roles, as well as dietary intake [e.g., fruit and 
vegetable (FV) consumption15,16], are also apparent.

There have been calls to ascertain levels of food security 
in the UK and identify those most at risk.17 Likewise, a new 
national initiative to measure food insecurity has been wel-
comed by social advocacy groups.18 Both reflect increasing 
concerns, particularly regarding the growing numbers af-
fected and the subsequent impact on public health and dis-
ease prevention.

Food security influences individuals’ diets, and studies 
have examined associations between food insecurity and 
diet quality.19–21 Notably, US research has suggested that, 
independent of poverty and socio-demographic differences, 
food-insecure individuals have poorer quality diets than 
food-secure adults.19 Furthermore, food-insecure adults 
reportedly use food sources differently; analysis of the US 
National Health and Nutrition Examination Survey data in-
dicated that the dietary quality of foods sourced from gro-
cery stores was higher in the highly food secure individuals.22

Food security influences food choice. Accessibility to 
nutritious foods is central to food security and, likewise, is 
a pre-requisite to an adequate diet. Poor diet has been im-
plicated in the global disease and mortality burden, and the 
need to improve diets has been highlighted.23 Chief risk fac-
tors are diets high in sodium and those low in fruit, vegeta-
bles, whole grains, nuts and seeds, and omega-3 fatty acids, 
with each of these factors accounting for at least 2% of deaths 
globally.23 Furthermore, the relevance of FV consumption 
to an adequate diet and food-based dietary guidelines in-
ternationally is established.24 Therefore, the present study 

aimed to identify subgroups of the population that may be 
considered more at risk with respect to food security, as well 
as to explore the relationship between food security and FV 
consumption.

M ETHODS

The present study used data from the Food and You survey, 
a biennial cross-sectional survey administered by the Food 
Standards Agency. The Food and You survey focusses on 
the UK population's self-reported food-related behaviours, 
attitudes and knowledge.25 Using a random probability 
cross-sectional design, a representative sample from all in-
cluded countries (England, Wales and Northern Ireland) is 
obtained, with data collected via face-to-face interviews with 
a trained interviewer.26 Further details on the methodology, 
including the sample design and sampling frame, are avail-
able elsewhere.26 In 2016, for the first time, the Food and You 
survey included items on food security.25 Cognitive testing 
techniques were used to check respondents’ understanding 
and ability to select response options and the sensitivity of 
questions, before the full questionnaire was piloted; fur-
ther details are available.26,27 The presented study used data 
from this wave in 2016.28 The data relate to a representative 
sample (n = 3118) aged ≥ 16 years, recruited with an overall 
response rate of 52.6%.26 The Government Social Research 
guidelines were adhered to, including participants’ informed 
consent (for participants under the age of 18 years, consent 
from the legal guardian/parent was obtained); ethical ap-
proval for the data collection was obtained from NatCen in-
ternal Research Ethics Committee29 (NatCen 2019, personal 
communication).

Ten items from a validated measure of food security, in-
cluded in the survey, were used in the presented study; these 
corresponded to the US Adult Food Security Survey Module 
developed by the US Department of Agriculture (USDA).30–32 
These items revolved around food-related behaviours and/or 
experiences related to difficulties in meeting food needs30,31 
(Table 1). In the study, these data were used to compile a Food 
Security Score (range: 0–10) on the basis of the Adult Food 
Security Scale.32 The score corresponded to a measure of the 
severity of food insecurity30 where a higher score indicated 
a lower food security. Cronbach's alpha coefficient was cal-
culated and showed good internal consistency (0.86), which 
corresponded well with coefficients from other studies using 
the USDA measure for food security.33 The original data-
set also categorised respondents according to USDA food se-
curity status, that is, high, marginal, low and very low food 
security. High food security status reflects households with 
no difficulties or anxiety accessing adequate food, whereas 
marginal food security status households experience diffi-
culties at times or anxiety (but overall, the quality, variety 
and quantity are not substantially affected). Low food secu-
rity households decrease the quality, variety and desirability 
of food consumed, at the same time maintaining the overall 
quantity and normal eating patterns. In very low food secure 
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households, the eating patterns of at least one member of the 
household was disrupted with reduced intake.25,34

A further eleven items in the survey related to respon-
dents’ changes based on finances (Table 1). For the present 
study, these were deemed less ‘severe’ and used to compile 
the Food Changes Score, which ranged from 0 to 11, with a 
lower score reflecting fewer changes made. Cronbach's alpha 
coefficient for the food changes scale was 0.83, showing good 
internal consistency. Also in this study, a food changes status 
was compiled, with cases banded into four categories (i.e., 
no, few, some and many food changes made).

Fruit and vegetable consumption was established with 
three items: How often do you eat raw fruit? How often do 
you eat raw vegetables, including salad? How often do you 
eat cooked vegetables? The response options ranged from ‘at 
least once a day’ to ‘never’. Responses for these items were 
combined to provide a FV score, with a higher FV score cor-
responding to more frequent consumption. Internal scale 

reliability was assessed using mean inter-item correlation 
(because there were three component items), which was 
calculated at 0.30, within the optimal range of 0.2–0.4.35 
Respondents were categorised based on their FV scores (i.e., 
never/rarely, sometimes, often and regularly consumes FV).

The dataset was analysed using SPSS, version 21 (IBM 
Corp.). Weighting was applied accordingly (further details 
are available elsewhere25), and descriptive analysis un-
dertaken, with a focus on levels of food security and food 
changes by key demographic variables. Kendall's correlation 
tests, a nonparametric measure of the strength of the rela-
tionship between two ordinal variables, were conducted to 
examine scores. To examine the relationship between age 
and also gender and food security status, food changes sta-
tus and FV consumption, chi-squared tests of independence 
were undertaken. A logistic regression model was developed 
to examine the relationship between Food Security Score 
and Food Changes Scores and FV consumption (dichoto-
mised to high and low). The model was adjusted for gender, 
age, household income, education, working status and coun-
try. p < 0.05 was considered statistically significant.

R E SU LTS

Food security status and financially driven changes varied 
across demographic characteristics, Figure 1 and Table 2. 
The sample comprised 3118 participants (51.2% women); 
one-third of participants were 35–54  years (33.4%), and 
three-fifths (60.6%) were in work, with 22% being retired. 
Almost one-third had a degree/diploma in higher education 
as their highest attained qualification (32.1%).

Most (79.2%) were in the category of high food security; 
the remainder experienced marginal (12.6%), low (5.4%) and 
very low food security (2.8%). Food security status was as-
sociated with gender (χ2 = 16.41, df = 3, n = 3118, p < 0.001, 
φc = 0.07); more men (80.9%) were highly food secure com-
pared to women (77.7%) and more women had a low and very 
low food security status. Interestingly, when considering 
only respondents with responsibility for all or most of the 
food preparation/cooking and food/grocery shopping (most 
of whom were women), then this association did not hold. 
There were significant associations between these responsi-
bilities and gender (food preparation/cooking φc = 0.41; food/
grocery shopping φc = 0.38); the odds of being responsible 
for all or most of the food preparation/cooking for women 
was 4.70 times that of men; the equivalent for food/grocery 
shopping for women was 4.64 times that of men.

The most food secure age group was ≥ 75 years, with the 
least secure being the youngest (16–24 years). Here, low and 
very low food security accounted for 9.2% and 6.3%, respec-
tively, of the youngest respondents; furthermore, one-fifth 
fell in the marginal food security band (21.2%). A general 
pattern of increasing food security with age was observed; 
food security status and age had a significant association 
but with a small effect size (χ2 = 174.04, df = 18, n = 3115, 
p < 0.0001, φc = 0.14). A greater proportion of unemployed 

T A B L E  1   Items relating to food security and financially driven food 
changes

Food security

‘I/We worried whether my/our food would run out before I/we got 
money to buy more’

Was that often true, sometimes true, or never true for you/your 
household in the last 12 months?

‘The food that I/we bought just didn't last, and I/we didn't have money 
to get more’

Was that often true, sometimes true, or never true for you/your 
household in the last 12 months?

‘I/We couldn't afford to eat balanced meals’
Was that often true, sometimes true, or never true for you/your 

household in the last 12 months?
In the last 12 months, since last (name of current month), did you or 

other adults in your household ever cut the size of your meals or 
skip meals because there wasn't enough money for food? (if yes) How 
often did this happen – almost every month, some months but not 
every month, or in only 1 or 2 months?

In the last 12 months, did you ever eat less than you felt you should 
because there wasn't enough money for food?

In the last 12 months, were you ever hungry but didn't eat because there 
wasn't enough money for food?

In the last 12 months, did you lose weight because there wasn't enough 
money for food?

In the last 12 months, did you or other adults in your household ever 
not eat for a whole day because there wasn't enough money for 
food? (if yes) How often did this happen—almost every month, some 
months but not every month, or in only 1 or 2 months?

Financially driven food changes

Have you made any of these changes in the last 12 months for financial 
reasons?

Eaten at home more
Cooked at home more
Eaten fewer takeaways
Eaten out less
Made packed lunches more
Bought items that were on special offer more
Changed the places you buy food for cheaper alternatives
Changed the food you buy to cheaper alternatives
Prepared food that could be kept as leftovers more
Kept leftovers for longer before eating
Eaten food past its use-by date more
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respondents had very low (19.8%) or low food security 
(15.1%) compared to other groups. The retired were the 
most food secure (91.5% with high food security status). 
The percentage of highly food secure individuals increases 
with household income. Households with the highest in-
come were overwhelmingly in the highly food secure status 
(90.7%); in contrast, only 59.6% of those with an income less 
than £10,399 were highly food secure, and 14.5% were cate-
gorised as very low food secure.

When considering financially driven changes, more 
than two-fifths of respondents reported at least one change; 
for example, bought items that were on special offer more 
(20.3%) and changed the place to buy food for cheaper al-
ternatives (17.6%). More women (48.8%) than men (37.7%) 

reported at least one change, and a significant association 
(with a small effect size) was observed (χ2 =  39.09, df  =  1, 
n = 3118, p < 0.0001, φ = 0.11). Likewise, more women (than 
men) reported any individual change (Figure 2); the associ-
ations between each change (except for eaten out less) and 
gender were significant (small effect sizes). When restricting 
the sample to only those with main responsibility for all or 
most of the food/grocery shopping and food preparation/
cooking, the association between gender and reporting at 
least one change remained significant and weak (χ2 = 14.04, 
df = 1, n = 1310, p < 0.0005, φ = 0.10). Interestingly however, 
the association did not hold for four changes: eaten food past 
its use-by date more, kept leftovers for longer before eating, 
changed the places you buy food for cheaper alternatives and 

F I G U R E  1   Food security status and financially driven changes: distribution (%) by gender and age
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made packed lunches more. For all changes, an association 
between age and reporting financially driven changes was 
observed; with the largest effects being observed for ‘no 
changes’ (χ2 = 327.92, df = 6, n = 3113, p < 0.0001, φc = 0.33) 
where most 16–24  year olds (58.1%) and 25–34  year olds 
(60.6%) reported at least one change compared to a minority 
of those aged 75 years or more (13.1%) and 65–74 year olds 
(21.1%).

Gender was associated with FV consumption (χ2 = 146.42, 
df = 3, n = 3119, p < 0.0001, φc = 0.22) and more than one-half 
of women (52.6%) were regular consumers of FV compared 
to less than one-third of men (31.7%). FV consumption 
was also associated with age (χ2 = 115.19, df = 18, n = 3114, 
p < 0.0001, φc = 0.11); one-half of 65–74 year olds were regu-
lar consumers of FV (50.7%) compared to less than one-third 
of 16–24 year olds (30.8%).

Kendall's correlation tests revealed a significant but weak 
negative correlation (τ  =  −0.116, p  <  0.0001) between food 
security (higher Food Security Score corresponds to lower 
food security) and FV consumption (FV score), and between 
food changes (higher Food Changes Score corresponds to 
more changes) and FV consumption (FV score; τ = −0.043, 
p < 0.005). There was a significant association between food 
security status and FV consumption (χ2  =  91.07, df  =  9, 
n = 3118, p < 0.0001, φc = 0.10). More individuals of a higher 
food security status were in the highest consumers of FV 
compared to those of a lower food security status. Likewise, 
a significant association between food changes status and 
FV consumption was observed (χ2 = 50.28, df = 9, n = 3119, 
p < 0.0001, φc = 0.07). Effect sizes for both these associations 
are small.

The logistic regression model developed to examine 
the relationship between Food Security and Food Changes 

Scores with FV consumption as the dependent variable (di-
chotomised to high and low) was statistically significant 
(χ2 = 345.01, df = 23, n = 2452, p < 0.0001) and able to dif-
ferentiate between those who reported a higher and a lower 
frequency for FV consumption, correctly classifying 65.4% 
of cases and explaining 18.4% (Nagelkerke R2) of the vari-
ance in FV consumption. Food Security and Food Changes 
Scores, independently, were significant predictors (p < 0.001 
and p < 0.05, respectively) for FV consumption. When con-
trolling for age, gender, household income, working status, 
education and country, with every unit increment in the 
Food Security Score (i.e., less food secure), there was an 11% 
decrease [odds ratio (OR)  =  0.89; 95% confidence interval 
(CI) = 0.83–0.95] in the odds of being a high FV consumer. 
Likewise, the odds of being a high FV consumer decreased 
by 5% (OR = 0.95; 95% CI = 0.91–0.99) with every unit incre-
ment in the Food Changes Score.

Other variables contributed to FV consumption, most 
notably gender [women were almost three times as likely 
(OR = 2.88) to report having a higher FV consumption then 
men], age [individuals aged 65–74  years being almost four 
times as likely (OR = 3.88) to report a high FV consumption 
compared to those aged 16–24 years] and education [those 
with a degree/diploma in higher education or a higher/post-
graduate degree were more likely (OR = 1.77 and OR = 3.10, 
respectively) to report high FV consumption compared to 
those whose highest qualifications were GCSEs].

DISCUSSION

The present study examined food security and financially 
driven food changes in relation to FV consumption in a large 

F I G U R E  2   Financially driven changes as reported by men and women (% of men and women, separately)
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representative sample across England, Wales and Northern 
Ireland. Furthermore, the study demonstrated the relation-
ship between food security and FV consumption. The find-
ings revealed that, although most individuals were food 
secure, with no difficulty or anxiety around accessing ad-
equate food, the prevalence rates of marginal, low and very 
low food security were 12.6%, 5.4% and 2.8%, respectively. 
This outlines the extent and nature of food insecurity, and 
responds to calls aiming to identify those at most risk.17 It 
is interesting to consider these levels with reference to, for 
example, the prevalence of very low food security in the 
USA, at 4.3%.36 The prevalence rates in the presented study 
can also be compared with FAO data for the UK (measured 
on a different scale, the Food Insecurity Experience Scale), 
which indicated a 3-year average for 2017–2019 of 5% at the 
moderate or severe level and 1.3% at the severe level for food 
insecurity.5

The present study also revealed a relationship between 
gender and both food security status and food changes sta-
tus, with more women experiencing low and very low food 
security, and making more financially driven food changes. 
This may be a reflection of women as the traditional gate-
keepers when it comes to food provision. In this represen-
tative sample, the odds of being responsible for all or most 
of the food preparation/cooking were more than four times 
higher for women than those for men; likewise, for all or 
most of the food/grocery shopping, the odds were more 
than four times higher for women than those for men. It 
may follow that women are more aware of levels of house-
hold food security by virtue of their responsibility for food 
provision. Interestingly, this argument is supported by the 
data, whereby food security and gender were no longer sig-
nificantly associated when the sample was restricted to those 
respondents with responsibility for food. This was less ap-
parent for financially driven food changes, where gender 
was still a significant variable for some changes. The role of 
gender in food security is critical; globally, women have been 
shown to have a higher probability of being food insecure 
compared to men.37 Furthermore, in the developed regions 
of the European Union, women are almost five percentage 
points more likely to experience food insecurity of some 
level than men.37

As well as gender, age was also important in consider-
ing those most at risk, with younger individuals being more 
likely to have lower food security status and also make more 
financially driven food changes. An inverse association be-
tween age and food insecurity has been reported previously 
in the USA38 and Australia.39

When examining food security and FV consumption, 
the more food insecure a person and the more changes to 
an individual's food habits because of financial reasons, the 
more likely they were to report a lower frequency of FV con-
sumption. For every unit increment in the Food Security 
Score (i.e., less food secure), there was an 11% decrease in the 
likelihood of reporting a higher FV consumption. The num-
ber of financially driven food changes was also associated 
with FV consumption, showing a 5% decrease in the odds of 

reporting a higher FV consumption for every unit increment 
in the Food Changes Score. This provides evidence that an 
individual's food security status can influence the frequency 
of consumption of certain foods, in support of literature on 
the adverse relationship between food insecurity and dietary 
patterns.40 Moreover, given the place of FV within dietary 
guidelines, and as a public health priority, then its relation-
ship with food security is pertinent.

Previous work from across the world has found an as-
sociation between food security and FV consumption.41–44 
A US study of low-income pregnant women found that, as 
the food security decreased, fresh FV variety in the home 
declined, which was then associated with reduced FV con-
sumption.41 An analysis of the Korean National Health and 
Nutrition Examination Survey showed food insecurity to be 
associated with inadequate dietary intake, including lower 
FV consumption.42 Both studies measured food security 
based on the US Household Food Security Survey Module. 
A Brazilian study also adapted this module and found food 
insecurity to negatively affect FV consumption,43 alongside 
other work reporting food-insecure households to have a 
more monotonous diet, largely composed of high energy 
foods.45

In the present study, it is important to acknowledge the 
limitations, including the self-report nature of the data. 
Likewise, the relevance of social desirability and social ap-
proval bias in general dietary self-report is relevant, as is the 
possibility of under-reporting of food insecurity. The study's 
cross-sectional nature and the model specificity, in terms 
of the variables included, should be acknowledged (e.g., 
food skills and nutrition knowledge were not considered). 
Furthermore, it is important to recognise the complex nature 
of food habits and the interplay of other variables, not in-
cluded in the analysis. The Food Changes and FV scores are 
unique to this study, and should be considered in the context 
of the items, when comparing across studies. Furthermore, 
the FV score, based on three items, was at an individual level 
and incorporated raw fruit, raw/cooked vegetables and salad, 
but did not, for example, capture tinned fruit, and may have 
also been under-reported with respect to compound dishes.

This findings of the present study contribute to the mount-
ing evidence concerning the prevalence of food insecurity, 
and likewise inform the development of dedicated strategies 
and interventions to address household food security. Given 
the observed relevance of the food gatekeeper (i.e., the indi-
vidual with responsibility for most/all food), in addition to 
the greater risk of food insecurity in lower income house-
holds, as well as in those who are younger and unemployed, 
efforts should be targeted at those most relevant.

Other implications lie in the relationships observed be-
tween food security (also financially driven food changes) 
and FV consumption. With dietary risk factors being im-
plicated in the global burden of non-communicable dis-
ease and diets low in FV being specifically highlighted,23 
there is a need to establish and address the full implica-
tions of food security on the diet of those affected. Future 
studies focussing on wholegrains, fast food consumption 
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and dietary patterns would provide a better understanding 
of diet across food security status in the UK. Food insecu-
rity has been found to be associated with dietary outcomes 
for populations in US,19 Canada20 and France.21 Likewise, 
studies could provide an understanding of the complex-
ities of how compromised food security relates to lower 
FV consumption. This is critical to inform wider targeted 
strategies, and ref lects recommendations to consider food 
insecurity alongside hunger, malnutrition and obesity, 
given their shared causal factors.3 In this way, steps can be 
taken to ameliorate the dietary consequences on the indi-
viduals and households most affected.

CONCLUSIONS

Most of the population were considered to be in the cat-
egory of high food security; a notable proportion, how-
ever, experienced marginal (12.6%), low (5.4%) or very low 
food security (2.8%). Food insecurity, as well as financially 
driven food changes, were accompanied by decreases in 
the odds of being a high FV consumer. As the prevalence 
of food insecurity in the UK rises, and its implications on 
diets materialise, the calls to develop measures to address 
food insecurity become more urgent, and there is a need to 
incorporate food security within strategies aiming to im-
prove dietary practices. This ref lects recommendations to 
consider hunger, malnutrition and obesity alongside food 
insecurity. Given the mounting evidence of its pervasive 
nature and the existing health inequalities, there is an im-
perative to act in an attempt to limit the reach and conse-
quences of food insecurity.
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