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Abstract

Objective: Online supermarkets are increasingly used both by consumers and as a
source of data on the food environment. We compared product availability, nutri-
tional information, front-of-pack (FOP) labelling, price and price promotions for
food and drink products between physical and online supermarkets.

Design: For physical stores, we collected data on price, price promotions, FOP
nutrition labels and nutrition information from a random sample of food and drinks
from six UK supermarkets. For online stores, we used foodDB, a research-ready
dataset of over 14 million observations of food and drink products available in
online supermarkets.

Setting: Six large supermarket stores located near Oxford, UK.

Participants: General sample with 295 food and drink products, plus boost sam-
ples for both fruit and vegetables, and alcohol.

Results: In the general sample, 85 % (95 % CI 80, 90 %) of products found in physi-
cal stores could be matched with an online product. Nutritional information found
in the two settings was almost identical, for example, concordance correlation
coefficient for energy = 0-995 (95 % CI1 0:993, 0-996). The presence of FOP labelling
and price promotions differed between the two settings (Cohen’s kappa = 0-56
(95 % CI 0-45, 0-66) and 0-40 (95 % CI 0-26, 0-55), respectively). Prices were similar
between online and physical supermarkets (concordance correlation coefficient
> 09 for all samples).

Conclusions: Product availability, nutritional information and prices sourced
online for these six retailers are good proxies of those found in physical stores.
Price promotions and FOP labelling vary between the two settings. Further
research should investigate whether this could impact on health inequalities.
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Online shopping for groceries was the fastest growing sec-
tor of the supermarket industry between 2010 and 2018 in
the UK and elsewhere'?; Kantar Worldpanel data indi-
cate that the effects of the Covid-19 pandemic are likely
to further support this trend®. In the UK in 2018, 7 % of
supermarket shopping was conducted online, representing
over £11 billion annually™. Online grocery sales are par-
ticularly strong in the UK, France, the USA, China and
South Korea‘?,

Increasingly, online supermarkets are being used as a
source of ‘big data’ for monitoring the food system and
developing novel nutrient composition tables to support
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public health research. In the UK, data collected from six
online supermarkets have been used to monitor the health-
iness of ready meals and pizzas” and to evaluate the
impact of the Soft Drink Industry Levy on sugar levels in
drinks®. In Australia, data collected from two online super-
markets have been used to monitor price promotions on
sugar-sweetened beverages® and foods™. These studies
assume that the nutrition information, defined as nutrient
declarations and/or supplementary nutrition informa-
tion®, available in online supermarkets is representative
of physical (i.e., brick and mortar) supermarkets. Pricing
and price promotions were compared between the two
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settings, but there is limited research in this area. One New
Zealand study comparing fruit and vegetable pricing in
physical stores with an online supermarket found that
many fruits and vegetables were cheaper in the online
supermarket®; however, it is unclear whether this finding
applies outside of New Zealand and whether it applies to
other food and drink products found in supermarkets.

Product availability!” and provision of nutritional infor-
mation™? are important factors for promoting healthy eat-
ing when grocery shopping. There is also some evidence
that online grocery shoppers are less price sensitive and
have completed higher levels of education?; although
much more research is needed on this topic, particularly
in a UK context. If prices and promotions — two aspects
of marketing known to influence purchasing behaviour!31¢
- differ between online and physical stores, then this could
influence health inequalities. This is particularly so if cat-
egories associated with health outcomes, for example,
fruits and vegetables"” and alcohol™®, differ in how they
are marketed online and in physical stores.

We compared a sample of food and drinks (hereafter
referred to as ‘food’ as shorthand for food and drink prod-
ucts) collected in six physical supermarkets with products
found in the online offering of those supermarkets to assess
coverage, data validity and differentiation of online super-
markets. Specifically, we estimated the proportion of foods
available in physical supermarkets that can also be pur-
chased online; we compared nutritional data which should
be identical in the two settings and compared provision of
front-of-pack (FOP) food labelling, price and price promo-
tions between identical foods available to purchase in
online and physical stores.

Methods

Data collection from pbysical supermarkets

We collected data on price, price promotions, FOP nutri-
tion labels and nutrition information from physical super-
markets by photographing the shelf barkers, and front
and back packaging of a random sample of foods from each
of Tesco, Sainsbury’s, Asda, Waitrose, Morrisons and Iceland.
For each supermarket, we selected the nearest superstore to
the city of Oxford, UK; we used the supermarkets’ own def-
inition of superstore, as listed on their websites. We received
permission from store managers to collect data.

Our protocol for random sampling of foods, established
before data collection, followed a published method'?.
The population that we sampled consisted of all items
available for purchase in the supermarket excluding
non-food items, items from deli/fresh food counters and
items for sale at the checkout. Deli and fresh food counter
products were excluded due to difficulty in photographing
products without assistance from supermarket staff. Checkout
items such as mints or chewing gum were excluded as it was
assumed that these items would also be available for purchase
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in other places in the supermarket, and hence including them
in the sampling frame would lead to over-representation.
For each supermarket, a researcher visited and identified
all of the sections (i.e., aisles and end of aisle displays)
where eligible foods were available and assigned each sec-
tion a number. The number of different foods available in
each section was estimated by counting the number of
foods in one section; this provided an estimate of the maxi-
mum number of products in each section. A random num-
ber generator, weighted by the estimated number of foods
per section, was used to generate thirty-five randomly
selected numbers. Following a standard protocol, these
generated numbers were then used to count products in
each section; when the randomly generated number was
reached, that product was included in the sample. To allow
for stratified analyses for two categories strongly associated
with health, in each supermarket, an additional seven foods
were randomly selected from the fresh fruit and vegetable
section, and seven from the alcohol section, making a total
of forty-nine foods sampled in each supermarket. We were
unable to find any similar previous studies to provide effect
sizes for power calculations; therefore, the sample size
was based on the number of products needed to estimate
Cohen’s kappa statistic with 95 % CI of +/— 0-1.

Two researchers used the photographs to build a dataset
that consisted of supermarket and product IDs, product
name, product size, price observed on the day, whether
or not on price promotion (defined as an advertised tempo-
rary difference in price), whether or not FOP nutrition
labelling of any kind is present and nutritional information
per 100 g for the following mandatory®” values: energy,
fat, saturated fat, carbohydrates, sugar, fibre, protein and
salt. Non-nutritional FOP labels describing dietary types
or health claims were not investigated in the current study.
Using the FoodEx2 classification system®" to categorise
the foods sampled, in total fifty-three categories of food
were sampled across the six supermarkets (Fig. 1).

Data matching with online supermarkets

We used foodDB to identify equivalent products from
online supermarkets. A full description of this dataset is
provided elsewhere®®. Briefly, foodDB is a research-ready
dataset of over 14 million observations of food and drink
products available in online supermarkets, collecting
weekly ‘snapshots’ since November 2017. Time-stamped
data are collected weekly from seven UK online supermar-
kets (the six supermarkets included in the current study,
plus Ocado which does not have any physical stores) using
automated methods which capture, process and store data
on over 99 % of all food and drink products available to
purchase online. Data collected include product price, pro-
motions, product size, ingredients, nutritional information
and image. These data are curated in a MySQL database.
The presence of FOP labelling was assessed by a
researcher manually assessing the images identified in the
online database.
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Alcohol

Animal fresh meat

Animal organs (edible offals non-muscle)
Aromatic herbs or flowers, fresh

Artificial sweeteners (e.g., aspartam, saccharine)
Berries and small fruit

Bovine fresh meat

Brassica vegetables

Bread and similar products

821

Number of products

151 20 25 30 35 40 45

Breakfast cereals

Bulb vegetables

Cheese

Chocolate

Coffee, cocoa, tea and herbal ingredients
Coffee, cocoa, tea and infusions

Dairy dessert and similar

Diet soft drinks

Dishes, incl. Ready to eat meals (excluding soups and salads)
Extracts

Fermented milk or cream

Fine bakery wares

Fish

Food for infants and young children

Fruit and fruit products

Fruit juices

Fruit, citrus

Fruiting vegetables

Fungi

Gravy ingredients

Leafy vegetables

Legumes, vegetable fresh

Meat and dairy imitates

Meat products

Miscellaneous root and tuber vegetables (non-starchy) except sugar beet
Miscellaneous tropical and sub-tropical fruits
Pasta and similar products

Pasta, plain (not stuffed)

Pome fruit

Processed fruit products

Processed legumes, nuts, oilseeds and spices
Pulses (dry)

Soft drinks

Soups and salads

Spices

Spreadable fat emulsions and blended fats
Starchy root and tuber products

Starchy roots and tubers

Sugars

Sweet confectionery

Table-top condiments

Tree nuts

Vegetable products

Vegetables, stalk and stem

Fig. 1 Food categories sampled in each supermarket. m, Asda; |, Iceland;

For each of the foods sampled in the physical stores,
foodDB snapshots within a maximum of a month of the
physical data collection were searched for an equivalent
product matched on date of collection, supermarket, prod-
uct name and product size. Where an equivalent product
could not be found, we relaxed the criterion of matching
on product size (e.g., if an equivalent food with product
size 400 g could not be found in the online supermarket
from the same time period, but the same food with product
size 200 g was available, we selected the smaller variant). In
the cases where product size was not matched, we only
included these foods in the comparison of nutritional val-
ues. Therefore, this resulted in two datasets. The full match
dataset that matched both the name and product size in the
physical and foodDB databases was used for comparison
of price, price promotions and presence of FOP labels.
The product-match dataset was used to compare the nutri-
tional data per 100 g.

Analysis

We assessed the coverage by calculating the proportion of
foods collected that were available in online supermarkets
for the general, fruit and vegetable, and alcohol samples.
Next, we calculated the proportion of price promotions
and FOP labelling in online and physical supermarkets.
We then assessed the median and interquartile values
for price and all nutritional variables using a Wilcoxon
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rank-sum test to assess if there were significant differences
between the online and physical datasets.

To explore the degree of agreement between the online
and physical supermarket samples, we calculated inter-
rater reliability for price, whether or not on price promo-
tion, whether or not contains FOP nutrition labelling and
each of the eight nutrients stated on back-of-pack nutrition
labelling. For the binary variables, we used Cohen’s kappa
statistic. For the continuous variables, we used the concord-
ance correlation coefficient and produced Bland-Altman
plots to assess evidence of systematic bias. These analyses
were conducted on the general sample and also on the two
subsamples of fresh fruit and vegetables, and alcoholic
drinks separately. For nutritional information, we used data
as presented in both physical stores and online supermar-
kets; the data presented in nutritional tables inconsistently
use 0, 1 or 2 decimal places. For purposes of these calcu-
lations, we used the value ‘x’ wherever nutritional informa-
tion was reported as ‘<x’ (e.g., <0-1 g salt per 100 g).

Results

Matching of products

Table 1 shows the success in matching products identified
in physical stores with equivalent foods from online super-
markets found in foodDB. We found that 14-7 % (95 % CI
10-3 %, 20-4 %) of the general sample were not found in
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Table 1 Percentage match between physical store samples and online supermarkets samples

n Full match* 95 % ClI Product only matcht 95 % Cl
General sample 211 85-3% 79-6, 89-7 90-5% 85-5, 94-0
Fruit and vegetable sample 42 88-1% 73-6, 955 929 % 79-4, 98-1
Alcohol sample 42 95-2% 82.6, 99-2 97-6 % 85-9, 99-9
Total sample 295 257 271

*Both a product and size match between the physical and online supermarket.

1The same product was found in both the online and physical supermarkets, but the size of the product differed.

Table 2 Description and comparison of price in £ per product and nutritional data in g/100 g in physical and online supermarket total samples

(n 295)
Difference between physical and
Physical supermarkets Online supermarkets online supermarkets P
First Third First Third First Third Wilcoxon rank

Median  quartile quartile  Median  quartile quartile  Median  quartile quartile sum
Price £1.87 £1-16 £3-00 £1.85 £1.19 £3-00 £0-02 —£0-03 £0-00 0-8928
Energy (kcal)* 218-0 785 384.5 206-5 70-75 386-25 11.50 7-75 -1.75 0-5751
Protein 51 1-8 92 4.8 1.5 970 0-30 0-30 —0-50 0-8001
Carbohydrates  16-0 53.0 2.0 13-6 2.85 52.12 2.40 50-15 -50-12 0-8933
Sugar 2:6 0-6 16-0 2.55 0-6 17-90 0-05 0-00 -1.90 0-724
Fat 6-7 1.0 179 6-4 0-5 16-50 0-26 0-48 1.43 0-5404
Saturated fat 1-8 0-2 6-0 16 0-175 6-03 0-20 0-03 —-0-03 0-5804
Fibre 1.6 0-5 2.9 1.8 0-6 3-00 -0-20 -0-10 -0-15 0-5826
Salt 0-4 0-1 0-9 0-3 0-03 0-79 0-07 0-06 012 0-2728

*To convert kcal to kd, multiply by 4-184.

online supermarkets, but this reduced to 9-5% (6:0%,
14-5 %) when including product matches (where the prod-
uct name matched, but the size of the product differed
between physical and online supermarkets). Confidence
intervals for both full matches and product only matches
overlapped for the general sample and the fruit and vege-
tables, and alcohol samples (Table 1). Full and product
only matches by supermarket are available in the online
Supplementary Tables. Prices in physical and online super-
markets had similar medians (£1-87 ». £1-85); nutritional
value medians and interquartile ranges were also similar
between the two settings (Table 2).

Comparing front-of-pack labelling, price and
promotions

The price displayed for products was very similar between
the physical and online stores, with little indication of dif-
ference for the general sample, alcohol or fruit and vegeta-
bles samples (concordance correlation coefficient > 0.9 for
all samples). Bland-Altman plots showed no evidence
of bias (Fig. 2). The presence of FOP labelling was only
assessed in the general sample as alcoholic drinks are only
allowed to display an energy label on a voluntary basis'?,
and fruit and vegetable products are often not packaged.
There was moderate agreement between physical stores
and online supermarkets (Cohen’s kappa = 0-56 (95 % CI
0-45, 0-66)), with 74 % of FOP labels present on products
from physical stores, compared with 42 % on products in
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online stores (P < 0-001). There was fair agreement in the
general sample for the presence of price promotions
(Cohen’s kappa = 0-40 (95 % C1 0-26, 0-55)) with more price
promotions present in physical supermarkets (32 % of
products) as compared with online supermarkets (24 %
of products); however, CI were wide for the alcohol and
fruit and vegetable samples (Table 3).

Nutritional information validation

In the general sample, the nutrient composition informa-
tion displayed on online supermarkets was almost identical
to the nutrient composition information displayed on the
packaging found in physical supermarkets (Table 4).
Bland-Altman plots for all nutrients showed no evidence
of bias (Fig. 2).

Discussion

In a random sample of foods selected from six UK super-
markets, we found that there was a good correlation in
the availability of products between online and physical
supermarkets. The nutritional information displayed on
packaging is almost identical to the nutritional information
displayed on online supermarket websites. The presence
of FOP labelling was somewhat inconsistent between
the two settings. Prices were very similar between online
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Fig. 2 (colour online) Bland—Altman plots

Table 3 Comparison of price, presence of front-of-pack labelling and price promotions between online supermarkets and physical

supermarkets, using full match dataset

nin analytic sample Estimate Lower 95 % ClI Upper 95 % ClI
Cohen’s kappa statistic
Presence of front-of-pack labelling
General sample 180 0-56 0-45 0-66
Presence of price promotions
General sample 179 0-40 0-26 0-55
Fruit and vegetable sample 36 0-67 0-40 0-93
Alcohol sample 40 0-28 -0-02 0-57
Concordance correlation coefficient
Price
General sample 180 0-95 0-94 0-97
Fruit and vegetable sample 37 0-98 0.97 0-99
Alcohol sample 40 0-98 0-97 0-99

and physical supermarkets, but there is evidence of marked
differences in price promotions between the two settings.

Nutrient composition tables on packaging are required
by law to be accurate®® and previous research has sug-
gested that nutritional labels are a reasonably accurate rep-
resentation of the food contained in the packaging®. Our
study shows that the nutritional information available
online and in physical stores in the UK correlates very

0.1017/51368980020004346 Published online by Cambridge University Press

highly; therefore, it is viable to use data from online super-
market databases such as foodDB™ for nutrition studies
and interventions.

The difference in price promotions between online and
physical stores is interesting and particularly relevant in
light of the UK government’s 2018 childhood obesity
plan®® which outlines a policy to ban price promotions
on unhealthy foods. As this policy may also be applied
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Table 4 Comparison of nutritional information between online supermarkets and physical supermarkets, using the

product-match dataset and general sample

Concordance correlation coefficient

Nutrition information nin analytic sample Estimate Lower 95 % CI Upper 95 % CI
Energy 191 0-995 0-993 0-996
Protein 191 0-997 0-996 0-998
Carbohydrates 191 0-997 0-996 0-998
Sugar 191 0-993 0-991 0-995
Total Fat 191 0-993 0-991 0-995
Saturated fat 191 0-991 0-988 0-993
Fibre 191 0-994 0-991 0-996
Salt 191 0-999 0-999 0-999

online, it is important to identify differences between physi-
cal and online stores to determine how effective the regu-
lations may be and to prevent exacerbation of inequalities.
The report also indicates a plan to ban promotions of
unhealthy items by location in physical retail stores;
although it states an aim to extend policy to online shop-
ping, the precise details of this are unclear.

As use of online supermarkets increases, understanding
how differences in price promotions impact dietary
inequalities is becoming increasingly important. The higher
number of price promotions in physical stores means that it
may be easier to get better value for money when grocery
shopping in physical stores. Although our survey was
underpowered to assess whether price promotions varied
according to the healthiness of products, there is some evi-
dence that higher sugar foods are more likely to be price
promoted® and shoppers whose baskets contain high
proportion of foods on price promotion buy higher num-
bers of less healthy foods®?. Price promotions are made
use of similarly by people with differing incomes and family
structures in physical retail stores in the UK??; however, it
is unknown if this translates to online supermarket shop-
ping. Further research into promotions online is needed
to better understand patterns in promotions, the impact
on purchasing behaviour and the implications for policy.

The presence of FOP labelling differed somewhat
between online and physical supermarkets. As the aim of
FOP nutritional labelling is to convey the nutritional con-
tent of a food in a simple manner, this may mean that those
doing their grocery shopping online lose out on this infor-
mation. However, many online supermarkets provide traf-
fic light labelling on the individual product pages which
may overcome this issue somewhat.

We made an assumption that products of the same type
with different sizes have the same ingredients and nutrient
composition; this was the basis for the ‘product only’ match
group. If the nutritional composition per 100 g was to
change with the size of the product, then this would have
an impact on our findings for the ‘product only’ matches.

Our study was underpowered to detect differences
between the sub-categories of alcohol and fruit and vegeta-
bles and to produce supermarket-level results. Future
research should use these data for sample size calculations,
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to enable studies to be adequately powered to detect
differences in price promotions between online and physical
stores, and whether these differences are associated with the
healthiness of a product.

Our data collection was limited to Oxford and its sur-
rounding areas; therefore, it is possible that regional varia-
tion in price and price promotions may be present which
could not be investigated in our study. Supermarkets are
known to practice price flexing or varying process by geo-
graphic location®”. Given that there are variations in price
by geographic location, it is possible that there may also be
variation in the offering of online supermarkets according to
the location of the shopper; however, to date this is unknown.

Overall, we found there is good correlation between
online supermarkets and physical stores. The current study
provides some validation for using online and big data
methods to monitor food systems, as well as using online
supermarket data for public health interventions.
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