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Abstract
Background: Online food delivery services facilitate ‘online’ access to food outlets that typically sell energy-dense
nutrient-poor food. Greater online food outlet access might be related to the use of this purchasing format and living
with excess bodyweight, however, this is not known. We aimed to investigate the association between aspects of online
food outlet access and online food delivery service use, and differences according to customer sociodemographic
characteristics, as well as the association between the number of food outlets accessible online and bodyweight.
Methods: In 2019, we used an automated data collection method to collect data on all food outlets in the UK registered
with the leading online food delivery service Just Eat (n = 33,204). We linked this with contemporaneous data on food
purchasing, bodyweight, and sociodemographic information collected through the International Food Policy Study
(analytic sample n = 3067). We used adjusted binomial logistic, linear, and multinomial logistic regression models to
examine associations.
Results: Adults in the UK had online access to a median of 85 food outlets (IQR: 34–181) and 85 unique types of cuisine
(IQR: 64–108), and 15.1% reported online food delivery service use in the previous week. Those with the greatest number
of accessible food outlets (quarter four, 182–879) had 71% greater odds of online food delivery service use (OR: 1.71; 95%
CI: 1.09, 2.68) compared to those with the least (quarter one, 0–34). This pattern was evident amongst adults with a
university degree (OR: 2.11; 95% CI: 1.15, 3.85), adults aged between 18 and 29 years (OR: 3.27, 95% CI: 1.59, 6.72), those
living with children (OR: 1.94; 95% CI: 1.01; 3.75), and females at each level of increased exposure. We found no
association between the number of unique types of cuisine accessible online and online food delivery service use, or
between the number of food outlets accessible online and bodyweight.
Conclusions: The number of food outlets accessible online is positively associated with online food delivery service use.
Adults with the highest education, younger adults, those living with children, and females, were particularly susceptible to
the greatest online food outlet access. Further research is required to investigate the possible health implications of
online food delivery service use.
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Introduction
Food prepared away-from-home is typically energydense and nutrient-poor [1, 2]. Over the last two decades, the number of food outlets selling such food has
increased across the world [3–6]. Whilst purchasing
food prepared away-from-home is likely to be determined by many factors [7], the influence of the number
of food outlets physically accessible in one’s neighbourhood has been researched extensively [8–10]. Evidence
from cross-sectional and longitudinal studies has shown
that individuals living in areas with greater neighbourhood food outlet access consume food prepared awayfrom-home more frequently, and live with higher bodyweight and obesity [11, 12], and that these associations
are stronger for those of lower socioeconomic position
[13]. In the past, individuals may have been limited to
purchasing food prepared away-from-home from outlets
that were physically accessible [14]. However, changing
social-norms [15], technological advances [16], widespread internet availability [17], and a desire for greater
convenience [18], have influenced the emergence of alternative purchasing formats.
Online food delivery services provide online access to
food outlets selling food prepared away-from-home.
Based on their location, customers receive aggregated information about food outlets that will deliver to them.
Customers select a food outlet and place their order
through the online food delivery service platform. Orders are then forwarded to the food outlet where meals
are prepared. When ready, meals are delivered by couriers who work for either the online food delivery service
or independently for the food outlet. In 2018, around
one in six adults in the UK had used an online food delivery service in the previous week [19]. These customers
tended to have higher levels of education, were younger,
male, or living with children.
Socio-ecological models propose that among other factors, an interplay between physical food outlet access
and individual-level characteristics influences the purchase of food prepared away-from-home [9, 20–22].
However, little is known about the determinants of online food delivery service use. Based on findings from research investigating the role of physical food outlet
access, it is reasonable to suggest that greater access to
food outlets via online food delivery services is associated with more frequent use, and that the influence of
this exposure varies according to customer characteristics. Food outlet characteristics may also be important.
Online food delivery services facilitate access to different

types of food outlets, including restaurants and takeaways, often selling a range of cuisines [23]. As taste
preferences contribute to food choices [24], another possible determinant of online food delivery service use is
the type of cuisine sold by accessible food outlets. Finally, food available through online food delivery services is typically energy-dense and nutrient-poor [23,
25]. Since consumption of such food has been associated
with weight gain over time [26, 27], it is plausible that
greater online food outlet access is associated with living
with a higher bodyweight.
In this study, we investigated the association between
the number of food outlets and unique types of cuisine
accessible online and online food delivery service use,
and in the presence of an association, whether it differed
according to sociodemographic characteristics of online
food delivery service customers. In secondary analyses,
we investigated the association between the number of
food outlets accessible online and bodyweight.

Methods
We used Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) guidelines to report
the Methods of our study [28] (Checklist S1).
Study design

In this cross-sectional analysis, we used an automated
approach to collect data on the number of food outlets
and unique types of cuisine accessible through an online
food delivery service. We linked this with data on the
use of online food delivery services and bodyweight
amongst adults in the UK, collected via an online survey.
Study population

The International Food Policy Study (IFPS) is an ongoing annual repeat cross-sectional survey conducted in
Australia, Canada, Mexico, the UK, and USA. We used
data collected between November–December 2019 from
respondents in the UK. Data collection methods for the
IFPS have been described elsewhere [29]. Briefly, respondents were recruited through Nielsen Consumer Insights
Global Panel and their partners’ panels. Email invitations
with links to an online survey were sent to a random
sample of eligible panellists aged between 18 and 100
years. Informed consent was obtained from all respondents prior to survey completion. The IFPS received ethics clearance through a University of Waterloo Research
Ethics Committee (ORE# 21460). Data collection in the
UK was approved by the University of Cambridge
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Humanities and Social Science research ethics committee (case 19/225), and all methods were carried out in
accordance with relevant guidelines and regulations.
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answers to the second question for our primary outcome, and dichotomised respondents into those who reported use of an online food delivery service in the
previous week, and those who did not.

Online food outlet and unique type of cuisine access

The online food delivery service Just Eat has been available in the UK since 2006, and in 2020 was the market
leader in terms of the number of food outlets registered
to accept orders (around 35,000) and annual order volume (over 120 million) [30, 31]. Unlike competitors,
which focus on the largest UK cities, Just Eat reports
that it has outlets accessible across all parts of the UK
[32]. Through pilot work in one region of England, we
identified that 95% of food outlets registered to accept
orders through a competitor (Deliveroo) were also registered with Just Eat (Additional file 1). Therefore, we
used data from Just Eat (referred to as ‘the online food
delivery service’ hereafter) as a proxy for all online food
outlet access.
In November 2019, we used a web-browser extension
to collect data about food outlets in England, Wales and
Scotland that were accessible through the online food delivery service. First, on one weekday, we identified all
food outlets registered to accept orders. Second, within
72-h, we visited the profile of each outlet on the online
food delivery service website and collected data on their
physical location, the types of cuisine sold (a maximum
of two classifications self-determined by outlet owners),
and their delivery area, which is a list of all postcode districts to which they delivered. In the UK, the first half of
a full postcode is the postcode district, for example, in
the postcode ‘CB2 0QQ’, the postcode district is ‘CB2’.
Postcode districts are predominantly used for mail and
delivery routing purposes and vary in size. Based on data
from the 2011 census, the median postcode district
population was 23,610 (IQR; 13,320-34,560) [33].
When completing the IFPS survey, respondents in the
UK reported their residential postcode. From this, we
extracted the postcode district and identified the number
of food outlets accessible online by summing the number of food outlets that listed the same postcode district
in their delivery area. From the accessible food outlets,
we summed the number of unique types of cuisine.
Online food delivery service use

In the IFPS survey, respondents were asked “During the
past 7 days, how many meals did you get that were prepared away-from-home in places such as restaurants,
fast food or takeaway places, food stands, or from vending machines?”. Respondents who had purchased at least
one meal prepared away-from-home in the previous
week were then asked to report the number of meals
that were “Ordered using a food delivery service (e.g.,
Uber Eats, Just Eat, Deliveroo) and delivered”. We used

Body mass index and weight status

We used self-reported height and weight data for our
secondary outcomes. We calculated body mass index
(BMI; kg/m2, continuous), and used World Health
Organization BMI cut-offs to classify respondents as being: ‘not overweight’ (BMI < 25 kg/m2); ‘overweight’
(BMI > 25–29.9 kg/m2); or ‘obese’ (BMI > 30 kg/m2). We
included respondents in a ‘not available’ category when
we were unable to calculate BMI due to bodyweight
non-report, which is a possible reflection of socialdesirability bias [34], or when calculated BMI was < 14
kg/m2 or > 48 kg/m2.
In accordance with findings from research investigating the relationship between neighbourhood food outlet
access and bodyweight [12, 26], it is plausible that
greater online food outlet access is positively associated
with BMI and weight status. However, the focus of our
study was on the association between online food outlet
access and the more proximal outcome of online food
delivery service use, which is a relationship less susceptible to bias from unmeasured confounding [10, 35].
Therefore, we report the findings for our secondary outcomes in additional file 2.
Potential confounders

In the IFPS survey, respondents reported sociodemographic information. We included potential confounders,
decided a priori, based on previous findings that they
were positively associated with online food delivery service use, or purchasing food prepared away-from-home
[19, 36]. Sex at birth was reported as male or female and
treated as a binary variable in analysis. Age was reported
in years. Due to a possible non-linear influence on food
purchasing, we grouped respondents into four age categories for analysis: 18–29 years, 30–44 years, 45–60
years, > 60 years. Ethnicity was reported as the group
that best described racial or ethnic background. We
grouped respondents into a binary variable for analysis:
‘majority’ (white alone) or ‘minority’ (all other responses), which reflects that the majority of IFPS respondents in the UK were white. We used education
and perceived income adequacy as markers of socioeconomic position [37]. Education was reported as the highest qualification completed. We categorised respondents
as having: ‘low’ (high school completion or lower),
‘medium’ (some post-high school qualifications), or
‘high’ (university degree or higher) education for analysis. Perceived income adequacy was reported based on
how well total monthly incomes allowed a respondent’s

Keeble et al. BMC Public Health

(2021) 21:1968

needs to be met. We dichotomised respondents as finding it ‘not easy’ (don’t know, refuse to answer, very difficult, difficult, or neither easy nor difficult responses), or
‘easy’ (easy or very easy responses) to make ends meet.
Living with children under the age of 18 years, and
smoking status in the past 30 days were reported as binary (yes/no) measures.
Food sold through online food delivery services is typically prepared in in the kitchens of existing food outlets.
Therefore, online food outlet access might be a function
of neighbourhood food outlet access. We used Ordnance
Survey Points of Interest (OS POI) data from June 2019
to account for this. This commercial data contains information about food outlets from over 170 suppliers, is
one of the most complete sources of food outlet location
data available for the UK, and has been used in previous
research investigating neighbourhood food outlet access
[38–40]. We extracted information for the following categories as they include food outlets predominantly registered to accept orders through online food delivery
services: ‘Fast food and takeaway outlets’ (food outlets
serving food for consumption away from the premises),
‘Fast food delivery services’ (food outlets serving food for
delivery, not through online food delivery services), ‘Fish
and Chip shops’ (food outlets predominantly serving a
specific type of cuisine for consumption away from the
premises) and ‘Restaurants’ (food outlets serving food
for consumption inside the premises) [41]. We mapped
food outlets in a geographic information system (GIS)
(ArcGIS version 10.7.1) using coordinates supplied in
OS POI data, which have a stated accuracy of 1 m [42].
We obtained coordinates for the postcodes of IFPS
respondents through Doogal (a free web-based
resource), or when this was not successful, the GeoConvert tool (maintained by the UK Data Service),
and mapped them in our GIS. We counted the number of food outlets listed in OS POI data within a
1600 m (1-mile) Euclidean (straight-line) radius of respondents’ postcodes to determine neighbourhood
food outlet access. This distance has been shown to
reflect the spatial extent of an individual’s typical
shopping behaviour, and could reasonably be walked
by an adult in 15–20 min [43].
Exclusion criteria

Data were available for 4139 IFPS respondents in the
UK. We removed 732 (17.7%) respondents as they had
either missing postcode, covariate (except BMI and perceived income adequacy), or outcome data; lived in
Northern Ireland (not covered by OS POI data); or when
the total number of meals purchased away-from-home
in the past 7 days exceeded 21 (as this was not considered plausible). The final analytical sample included
3067 (74.1%) respondents.

Page 4 of 12

Statistical analysis

We used Stata (version 16.1) to complete statistical analysis with a significance threshold of p < 0.05 throughout.
To reduce non-response and selection bias, we applied
post-stratification sample weights constructed based on
population estimates of age, sex, ethnicity and education
from the 2011 UK census [29]. We rescaled sample
weights to our analytic sample, and unless specified, report weighted findings.
Residuals for all models were not normally distributed. Therefore, we modelled exposures (the number
of food outlets and the number of unique types of
cuisine accessible online) as quarters (Q). Q1 was the
quarter with the lowest number and used as the reference category throughout statistical analyses. We
used binomial logistic regression models to estimate
the association between each exposure and online
food delivery service use in the previous week. We
completed unadjusted analyses and analyses adjusted
for potential confounders of neighbourhood food outlet access, sex, age, education, perceived income adequacy, living with children and ethnicity. Where the
exposure was the number of unique types of cuisine
accessible online, we additionally adjusted for the
number of food outlets accessible online, which was
positively related.
Where the exposure was the number of food outlets
accessible online, we added multiplicative interactions
to our adjusted binomial logistic regression model to
investigate if the association with online food delivery
service use varied according to respondent education
level, age and sex, and whether they lived with children. We used post-estimation Wald Tests to determine interaction significance and completed analyses
stratified by the respective sociodemographic characteristic when there was evidence of a significant
interaction.
Sensitivity analyses

In sensitivity analyses, we wanted to test our assumption
that we had appropriately defined neighbourhood food
outlet access. We used our adjusted model for all sensitivity analyses. When constructing our variable to control for broader neighbourhood food outlet access, we
first included the number of supermarkets accessible in
the neighbourhood (as these outlets provide access to
food sold ready-to-eat). Second, we included additional
types of food outlet. Alongside the four OS POI food
outlet categories initially included (‘Fast food and takeaway outlets’, ‘Fast food delivery services’ (not through
online food delivery services), ‘Fish and Chip shops’ and
‘Restaurants’) we also included: ‘Cafés, snack bars and
tea rooms’, ‘Convenience stores’, ‘Supermarkets’,
‘Bakeries’ and ‘Delicatessens’.
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Secondary outcomes

We used linear regression models to investigate the association between online food outlet access and BMI,
and multinomial logistic regression models to investigate
the association between online food outlet access and
weight status. We completed unadjusted analyses and
adjusted analyses that included the aforementioned potential confounders in addition to smoking status, which
is negatively related to bodyweight [44]. Due to the exploratory nature of these analyses, we did not complete
sensitivity analyses or explore interactions.

Results
Sample characteristics

Table 1 summarises sociodemographic characteristics,
access to food prepared away-from-home and online
food delivery service use for the analytic sample. The
median number of food outlets and unique types of cuisine accessible online was 85. Amongst respondents in
the analytic sample, around one in six (15.1%) had used
an online food delivery service in the previous week, the
average BMI was 26.7 kg/m2, and 48.1% were living with
overweight or obesity. Sociodemographic characteristics,
access to food prepared away-from-home and food purchasing behaviours of IFPS respondents in the UK who
were not included in final analyses were not materially
different to those in the analytic sample (Additional file
2: Table S1 and Table S2).
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Table 1 Characteristics of the International Food Policy Study
analytic sample (n = 3067) a
%

Male

1513

(49.3)

Female

1554

(50.6)

18–29 years

479

(15.6)

30–44 years

716

(23.4)

45–59 years

823

(26.8)

> 60 years

1048

(34.2)

Minority

267

(8.7)

Majority

2800

(91.3)

Low

1570

(51.2)

Medium

652

(21.3)

High

845

(27.5)

Sex

Age

Ethnicity

Education level

Ability to make ends meet
Not easy

1790

(58.4)

Easy

1277

(41.6)

No

2268

(74.0)

Yes

799

(26.0)

No

2417

(78.8)

Yes

650

(21.2)

26.7

(5.3)

Not overweight (BMI < 25 kg/m2)

1077

(35.1)

Overweight (BMI > 25–29.9 kg/m2)

877

(28.6)

Obesity (BMI > 30 kg/m )

597

(19.5)

Not available

517

(16.9)

Outlet number

85

(34–181)

Unique cuisine type number

85

(64–108)

25

(9–57)

Child at home

Regular smoker

Associations between online food outlet access and
online food delivery service use

In our unadjusted model, the number of food outlets accessible online was positively associated with online food
delivery service use in the previous week, with suggestion of a dose response relationship (Additional file 2:
Table S3). In our adjusted model, associations were attenuated, however, the positive association persisted for
those with the greatest online food outlet access (Fig. 1).
Those with access to the greatest number of food outlets
online (Q4), had 71% greater odds of using an online
food delivery service in the previous week (OR: 1.71;
95% CI: 1.09, 2.68), compared to those with the lowest
number (Q1).

N

BMI: mean (SD)

b

Weight Status

2

Food exposures (count): median (IQR)
Online

Neighbourhood

Interactions between online food outlet access and
sociodemographic characteristics

There was evidence that the association between the
number of food outlets accessible online and online food
delivery service use in the previous week varied by sociodemographic characteristics of customers: education
(p = 0.0015), age (p < 0.0001), living with children (p <
0.0001) and sex (p < 0.0001) (see Additional file 2: Table
S4). Figure 2 presents findings from stratified analyses.
The positive association between exposure to the

Outlet number

Online food delivery service use in the past week

a

None

2604

(84.9)

Any

464

(15.1)

Data presented as weighted number of respondents (%) unless stated
b
2551 respondents included
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overweight. These effects were attenuated to extinction
in adjusted models (Additional file 2: Table S7).

Discussion
Summary of findings

Fig. 1 Odds of online food delivery service use in the previous week per
quarter of online food outlet access amongst respondents from the
International Food Policy Study (n = 3067). Data collected November–
December 2019, modelled using adjusted binomial logistic regression.
Analysis adjusted for the following potential confounders: neighbourhood
food outlet access, sex, age, education level, perceived income adequacy,
living with children and ethnicity. The number of food outlets accessible
online for each quarter (Q) were: Q1 = 0–34, Q2 = 35–85,
Q3 = 86–181, Q4 = 182–879

greatest number of food outlets online and online food
delivery service use in the previous week was evident
amongst those who had the highest education (OR: 2.11;
95% CI: 1.15, 3.85), those aged between 18 and 29 years
(OR: 3.27, 95% CI: 1.59, 6.72), and those living with children (OR: 1.94; 95% CI: 1.01; 3.75), but not those in
other strata of these variables. The positive association
increased at each level of exposure for female respondents but was entirely absent in males.
Sensitivity analyses

In sensitivity analyses, including neighbourhood access
to supermarkets and a broader range of food outlets in
our adjusted models revealed similar patterns to the
main analyses (Additional file 2: Table S5).
Associations between unique types of cuisine accessible
online and online food delivery service use

In our unadjusted model, we found no evidence of an
association between the number of unique types of cuisine accessible online and online food delivery service use
in the previous week (Additional file 2: Table S6). Effect
sizes were attenuated and remained non-significant in
our adjusted model (Fig. 3).
Secondary analyses: associations between online food
outlet access and bodyweight

In our unadjusted model, the number of food outlets accessible online was inversely associated with BMI for
those with the greatest access, and adults with the greatest number of food outlets accessible online had lower
odds of living with obesity compared to not being

For the first time in the international published literature, we investigated the association between multiple
aspects of access to food prepared away-from-home
through an online food delivery service and the use of
this purchasing format. After adjustment for potential
confounders, we found that adults living in the UK with
the greatest number of accessible food outlets had 71%
greater odds of reporting online food delivery service
use in the previous week, compared to those with the
fewest accessible outlets. This positive association was
evident amongst those with the greatest number of accessible outlets who had the highest education, those
aged between 18 and 29 years, those living with children,
and females. We found no evidence of an association between the number of unique types of cuisine accessible
online and online food delivery service use, or between
the number of food outlets accessible online and
bodyweight.
Interpretation of findings

After adjusting for potential confounders, adults with the
greatest number of food outlets accessible online had 71%
greater odds of online food delivery service use in the previous week. As our study represents the first investigation
into the relationship between online food outlet access
and online food delivery service use, there is no existing
evidence base with which to directly compare our findings. Nonetheless, socio-ecological models propose that
physical exposure to food outlets in the neighbourhood
can act as an environmental cue that results in purchasing
food from them [9, 45], with previous research indicating
that people with greater neighbourhood food outlet access
purchase food prepared away-from-home more frequently
[12, 46]. As food sold through online food delivery services is typically prepared in the kitchens of existing food
outlets, online food outlet access may be closely linked to
the number of food outlets in the neighbourhood [47]. As
we controlled for this in analyses, our findings indicate
that other factors cue online food delivery service use. It is
plausible that seeking out this purchasing format is a response to other environmental exposures such as the visibility of food delivery couriers [48], or digital cues from
targeted marketing [49], both of which are likely to be
most prominent when a greater number of food outlets
are accessible [50].
The positive relationship between access to the greatest number of food outlets online and use of online food
delivery services in the previous week was specific to
adults with the highest education, those aged between
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Fig. 2 Odds of online food delivery service use in the previous week per quarter of online food outlet access amongst respondents from the
International Food Policy Study (n = 3067), modelled using adjusted logistic regression stratified by: A) education level; B) age; C) living with
children; and D) sex. Data collected November–December 2019. Note: Analyses adjusted for the following potential confounders: neighbourhood
food outlet access, sex, age, education level, perceived income adequacy, living with children and ethnicity. The number of food outlets
accessible online for each quarter (Q) were: Q1 = 0–34, Q2 = 35–85, Q3 = 86–181, Q4 = 182–879

18 and 29 years, those living with children, and females.
It has previously been reported that online food delivery
services are more often used by individuals with these
sociodemographic characteristics [19, 51], which
partly explains our findings. Younger adults and those of
higher socioeconomic position spend more time using
the internet [52, 53], and self-report high levels of exposure to marketing from online food delivery services [54],
whilst social roles suggest that females and parents
often seek out food for others [55, 56]. As a result, these
groups in particular might be prone to receiving and acting on cues to visit online food delivery services.
Intentionally seeking out this purchasing format, which
in itself reflects shifting socio-cultural and behavioural
norms regarding how food prepared away-from-home is
purchased [17, 57], leads to exposure to the food outlets
that are accessible online. Once this exposure occurs, access to a greater number of food outlets is likely to facilitate more choice and influence purchasing practices. In

contrast, those who do not use these services are not exposed to, and thus influenced by, the number of food
outlets accessible online. The decision to visit online
food delivery services and to become a customer therefore appears critical, and represents an important focus
for future research.
Future research might also seek to explore why we
found that number of unique types of cuisine accessible
online was not associated with online food delivery service use in the previous week. It is perhaps intuitive that
having access to a greater number of unique types of
cuisine facilitates choice and so might increase online
food delivery service use [58]. However, it stands to reason that access to a greater number of unique types of
cuisine leads to excessive choice [59], which might result
in the decision not to use an online food delivery service
to complete transactions. Furthermore, little is currently
known about the purchasing process undertaken by online food delivery service customers. It might be that
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Fig. 3 Odds of online food delivery service use in the previous week per quarter of online access to unique types of cuisine amongst
respondents from the International Food Policy Study (n = 3067). Data collected November–December 2019, modelled using adjusted binomial
logistic regression. Analysis adjusted for the following potential confounders: neighbourhood food outlet access, sex, age, education level,
perceived income adequacy, living with children and ethnicity. The number of unique types of cuisine accessible online for each quarter (Q)
were: Q1 = 0–64, Q2 = 65–85, Q3 = 86–108, Q4 = 109–148

other food outlet characteristics that reflect determinants of purchasing food prepared away-from-home,
such as food price or the availability of promotions [60–
62], are more important determinants of online food delivery service use.
After adjusting for potential confounders, we observed no significant associations between the number
of food outlets accessible online and either BMI or
weight status. Whilst plausible, our findings of no association might also reflect that this relationship has
not yet had time to develop. Although online food
delivery services have been available in the UK since
at least 2006, purchasing food prepared away from
the home in this way has only reportedly become an
established practice in more recent years [47]. A relationship may emerge in the future, especially since
there is limited opportunity to purchase healthy food
through these services [23]. Further research is required to understand the types and amount of food

purchased through online food delivery services and
how this might be associated with body weight and
other customer characteristics such as education.
Implications for policy

We have previously shown that online food delivery services are an additional purchasing format that increase
overall access to food outlets selling food prepared
away-from-home, but especially in areas of England with
the greatest deprivation [63]. This means that whilst
these services offer additional opportunities for consumption of energy-dense and nutrient-poor food
amongst all populations, they may also exaggerate inequalities in the consumption of less healthy diets and related health outcomes. Despite this, in the current study,
we found that people with the highest education were
particularly susceptible to greater online access to food
outlets (with regards to use of online food delivery services), meaning that these services may worsen diet
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quality in population groups who currently tend to consume the healthiest diets [64].
It is not yet clear if using online food delivery services
supplements or substitutes the purchasing of food prepared away-from-home in other ways, such as directly
from food outlets in person. Nonetheless, consumption
of food prepared away-from-home continues to be a
public health concern. To date, around half of local authorities in England have used urban planning to limit
the proliferation of takeaway food outlets [65]. However,
the delivery areas of food outlets registered to accept orders through online food delivery services (often takeaway food outlets) are unlikely to respect or adhere to
such place-based interventions, potentially undermining
them. The emergence of ‘dark-kitchens’, where food is
prepared in industrial units not classified as takeaway
food outlets and sold entirely through online food delivery services, are also not subject to planning policy regulation [66], and could further undermine efforts to use
the planning system to improve dietary public health
[67].
Alternative digital purchasing formats are available
alongside online food delivery services, including independent food outlet websites and small-scale online food
delivery services. However, these are less prominent and
offer access to a limited number and range of food outlets. Whilst they are not comparable to internationally
established online food delivery services, their emergence suggests a normalisation towards accessing and
purchasing food prepared away-from-home online,
which is reflected in a forecasted increase in online food
delivery service use [16]. Since foods available online are
typically unhealthy [25], public health policies that include online food delivery services and address online
food outlet access may be required in the future. Interventions that aim to improve the nutritional quality of
food prepared away-from-home are widespread but can
be highly resource intensive to deliver and sustain [68–
70]. However, as these interventions often include food
outlets registered to accept orders through online food
delivery services, they could be well-placed to help improve the nutritional quality of food accessible online. It
should be noted that food available through online food
delivery services does not always have an unfavourable
nutrient profile [25, 71]. Implementation of public health
policies with a single point of intervention (i.e. an online
food delivery service) are also an opportunity to promote
healthier options to customers in a consistent manner
and at scale. For example, although evidence of the effectiveness of calorie menu labelling on purchasing practices is currently modest and subject to further
evaluation [72], such labelling will shortly be mandatory
for large chain restaurants in the UK, including on
menus provided via online food delivery services [73].
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Since our data were collected (November 2019), online
food outlet access and use of online food delivery services has increased in many countries due to the
COVID-19 pandemic [74, 75]. Greater use of these services during 2020 contributed to global revenue for online food delivery service companies exceeding $130
billion (a 27% year-on-year increase) [76], reflecting how
online food delivery services have been an important
means of accessing food prepared away-from-home.
Moreover, urban planning reforms in England allowed
new businesses, such as pubs that normally focus on
serving alcohol, to offer food delivery when they had not
previously [66]. This provided the opportunity for a
greater number of establishments to register with online
food delivery services. As a result, cues to visit these services are likely to have increased in number, contributing to greater levels of use. Long term surveillance of
online food outlet access and online food delivery service
use is required to understand any possible sustained
public health implications.
Strengths and weaknesses of the study

A major strength of our study was the use of automated
data collection. This approach allowed unprecedented
nationwide collection of exposure data, allied with contemporaneous outcome data collected from a large sample of adults. Elsewhere, use of exposure and outcome
data collected at different time points is common in
research investigating associations between neighbourhood food outlet access and purchasing of food prepared away-from-home [77]. This temporal mismatch,
which can result in exposure misclassification, was
therefore absent from our work. Moreover, the IFPS
survey was developed from existing measures used in
national surveys that are known to be valid and reliable [29]. And we investigated online food delivery
service use as our primary outcome, which is the behaviour most proximal to online food outlet access,
improving the specificity of our investigation [78, 79].
Nonetheless, our findings should be interpreted in
light of some methodological limitations. Our data were
from November 2019, which pre-dates changes in food
purchasing practices as a result of the COVID-19 pandemic. Moreover, if food outlets were registered with
the online food delivery service but not identified during
data collection, our exposure measures could have been
underestimated [80]. However, we identified 33,204 registered food outlets. This is similar to the “over
30,000” outlets reportedly signed up to the online food
delivery service in contemporaneous annual reports [81],
which provides confidence in the completeness of our
data.
Our cross-sectional analysis prevents us from inferring
a causal relationship between online food outlet access
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and online food delivery service use. Data on the use of
online food delivery services were self-reported, which
introduces the possibility of under-reporting due to
social-desirability bias. However, surveys were completed
online, which would have offered respondents a sense of
anonymity during completion [82], and reduces this
concern.
Finally, we used 1600 m straight-line buffers to define
the neighbourhood of respondents. Our use of this buffer size may have influenced the number of food outlets
that were deemed physically accessible as a potential
confounder. Previous literature has operationalised
neighbourhoods using buffers ranging from 400 m to
3200 m [83, 84]. However, 1600 m buffers have been
shown to reflect the spatial extent of an individual’s typical shopping behaviour, and this distance could be reasonably walked by an adult in around 15–20 min [43].

Conclusions
More frequent online food delivery service use could increase the consumption of energy-dense and nutrientpoor food that is typically sold away-from-home, which
has known implications for health. Our study is the first
to investigate the association between the number of
food outlets or unique types of cuisine accessible online
and the use of online food delivery services. After adjusting for a range of potential confounders, adults in the
UK with the greatest number of accessible food outlets
had 71% greater odds of online food delivery service use
in the previous week compared to those with the lowest
number. This association was particularly evident in
adults who were highly educated, younger, living with
children or female. We did not find evidence that the
number of unique types of cuisine accessible online was
associated with online food delivery service use, and the
number of food outlets accessible online was not associated with bodyweight. Future research might further explore reasons for using online food delivery services and
the implications for public health resulting from use of
this purchasing format.
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