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Abstract
Objective: To evaluate the trends in the healthiness of packaged food purchases of
Australian consumers before and after the introduction of the Health Star Rating
(HSR) nutrition labels.
Design: Panel data analysis and difference-in-differences analysis.
Setting: The Australian Government endorsed HSR nutrition labels for voluntary
implementation on packaged foods in June 2014. We analyse the packaged food
purchases of households across all major supermarkets before (January 2014 to
June 2014) and after (June 2014–Dec 2018) the introduction of HSR.
Participants: 6284 members of a panel of households across Australia reporting
their grocery purchases to a market research company (Nielsen Homescan panel).
Results: The healthiness of household food purchases exhibited a U-shaped trend –
decreasing from 2014 to 2017, and then increasing from 2018, corresponding to the
time when a higher proportion of products were HSR-labelled. Households that
purchased a higher proportion of HSR-labelled products had healthier household
purchases overall. Further, the healthiness of households’ category-specific food
purchases was positively associated with the proportion of HSR-labelled products
in categories where HSR was adopted, relative to control categories where HSR
was not adopted.
Conclusions: In Australia, once a substantial number of packaged food products
adopted the voluntary HSR summary indicator, we observed an increasing trend in
the healthiness of household food purchases. Widespread adoption of a nutrition
summary indicator, such as HSR, on packaged food is likely to be beneficial for
population health.
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Nutrition labels

Nutrition summary indicators aim to help consumers select
healthier foods by providing a simple and easily under-
standable measure of the overall nutrition quality of food
products(1–4). Several different formats of nutrition summary
indicators have been adopted worldwide, such as the Nutri-
Score system in parts of Europe and the Health Star Rating
(HSR) scheme in Australia andNewZealand(5,6). In 2014, the
Australian Government endorsed the HSR labelling scheme
as a voluntary front-of-pack nutrition summary indicator for
packaged food products (foods that are sealed in a package
such as breakfast cereals and soft drinks)(6).In the HSR
scheme, each food product is assigned a rating from½ star to
5 stars in increments of 1/2 stars. Higher ratings (i.e. more

stars) indicate a healthier product. HSR is calculated based
on the product’s total energy, saturated fat, sugar, sodium,
fibre, protein, fruit, vegetable, nut and legume content per
100 g or 100 ml of the product(6). Food industry began
voluntary implementation of HSR in 2014, with less than
10%of food and beverage products displayingHSR labels in
2015, increasing to 43% of products by 2023, and the extent
of implementation varied both across categories and
within categories over time(7,8). However, whether
nutrition summary indicators, such as HSR, lead to healthier
purchases remains an empirical question.

Several studies have examined the effects of nutrition
summary indicators on consumer purchases. However,
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a major limitation of most of these studies is that they are
lab-based or survey-based studies with a focus on stated
rather than actual purchase behaviour. The very few
studies on nutrition summary indicators that have exam-
ined actual consumer food purchases have been limited to
analysing purchases in a small number of product
categories in one or a few grocery retailers for a limited
time period(9–13). For example, Dubois and colleagues used
sales data on four product categories in three grocery
retailers for 10 weeks and showed that the Nutri-Score
scheme was associated with an increase in the sales of the
healthiest products within a category, but had no impact on
the sales of other products in the category(9). The estimated
effect sizes in their study were found to be 17 times smaller
than those found in laboratory studies, emphasising the
importance of studying real-life purchase behaviour(9). An
exception is the study by Bablani and colleagues which
analysed the effect of HSR labels on packaged food
products purchases of 2500 households in forty-three
categories in New Zealand(12). However, the study focused
on individual products, which does not provide insights
into the effects of labelling on the healthiness of purchases
at the overall household level. Importantly, studies that
focus on few categories in few stores are unlikely to be able
to account sufficiently for the implications of switching of
purchases across product categories (e.g. from soft drinks
to fruit juices) and across different store types (e.g. fresh
foods from one store and packaged foods from
another store).

In this study, we evaluated the trends (2014–2018) in the
healthiness of households’ food purchases across all
packaged food categories across all grocery stores before
and after the introduction of the HSR scheme. We also
analysed the association between the purchases of
HSR-labelled products and the healthiness of products
purchased and the trends in the healthiness of category-
specific purchases.

Methods

Data
The primary source of data for this studywas theHomescan
grocery panel data from Nielsen. This nationally represen-
tative panel dataset records the grocery purchases of
Australian households across all categories and grocery
stores. The dataset covers product information (product or
Universal Product Code (UPC), brand, size), transaction
information (date, store, quantity, price paid) and house-
hold information (household size, location, primary shop-
per’s age, income level, life stage and affluence).

The panel dataset used in the study covers transactions
made by 13 339 households across Australia during the
5-year period: January 2014 to December 2018, which
includes 6 months of data before the endorsement of
HSR (pre-HSR period) and 54 months of data after the

endorsement of HSR (post-HSR period). However, not all
of the panel households were available throughout the data
period. To keep the panel composition consistent, we
included only those households that were available for the
entire data period in our main analysis, resulting in a final
sample of 6284 households. The demographic profiles of
sample households are summarised in online supplemen-
tary material, Supplemental Table 1.

We analysed the changes in the healthiness of house-
hold purchases across all categories of packaged food,
excluding a limited number of categories (such as baby
foods and vitamins) that are ineligible for HSR(6). As HSR is
not applicable to non-packaged fresh food categories like
fruits and vegetables, we focused only on packaged food
categories (e.g. breakfast cereals, sauces, breads) for our
main analysis. Our analysis covered 114 packaged food
categories, accounting for 78·6 % of total household
food spending and 96 % of total household packaged food
spending.

We obtained data on the nutrition content of packaged
food products from the FoodSwitch ® database provided
by The George Institute for Global Health(7). This dataset
includes annual data of the nutrient levels (energy, fat,
saturated fat, sugar, Na), HSR (rating and whether HSR
was displayed) and serving sizes of over 50 000 packaged
food products sold in Australian supermarkets. For
packaged food products that did not display HSR, the
FoodSwitch database provided an estimated HSR based on
the product’s nutrition content. The products available in
the FoodSwitch database covered 66 % of sales (by dollar
value) of households in the Nielsen panel data. For
packaged products purchased by Nielsen households that
were not covered in the FoodSwitch database, a research
assistant manually collected their nutrition content andHSR
frommanufacturer and retailer websites. The data collected
manually accounted for 29 % of the dollar sales of Nielsen
households. For a small number of products for which
nutrition information was not available (accounting for 5 %
of total dollar sales of Nielsen households), we imputed
the nutrition content using the average nutrition content of
all products in the same category (e.g. average energy
of all breakfast cereals was used to impute the energy of a
breakfast cereal product with missing data).

Outcome measures
The primary outcome measure was the healthiness of
quarterly household packaged food purchases (hereafter
referred to as food baskets). For the main analysis, the
household food baskets comprised of 114 packaged food
categories covered in the study. The healthiness of the food
baskets was measured using the HSR of the food basket
(food basket HSR, described below) and the total energy
(kJ) in the food basket for each quarter for each household.

Food basket HSR was calculated as the share weighted
average HSR of individual products (UPC) in households’
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food baskets. The shareweight of a UPC is its dollar share in
households’ food basket (i.e. total dollars spent on the
UPC/total food basket spending of the household). So, if a
household h purchases n UPC in quarter t and the HSR of
each UPC i is denoted as HSRi, then the HSR rating for the
household’s food basket is calculated as,

Food Basket HSRht ¼
Xn

i¼1

wiht

� HSRi where the weight wiht

¼ DollarsihtP
n
j¼1 Dollarsjht

where Dollarsiht is the total dollars spent by household h in
quarter t on UPC i. As a higher level of HSR implies a
healthier product, a higher value of the food basket HSR
indicates a healthier basket. We used HSR (actual or
estimated) of all products (not just those that displayed
HSR) purchased by households in calculating the food
basket HSR, to ensure that it reflects the healthiness of
overall household purchases and is not biased by the
proportion or the type of products choosing to display
HSR labels (e.g. higher tendency of healthier products to
display HSR labels(7)). For the category-wise analyses,
we computed the category-specific HSR separately for each
of the 114 studied categories.

As an alternate measure of the healthiness of food
baskets, we calculated the total energy (kJ) purchased by
households every quarter. Total energy purchased is
commonly used as a summative measure of healthiness
of purchases in the existing literature(14). To compute this
measure, we first calculated the energy from each
product purchased by a household as the product of
energy per 100 units (g or ml) of the product (from the
nutrition information panel), size of the product and the
total quantity of the product purchased by the household in
a quarter. We then calculated the total energy purchased by
a household in a quarter as the sum of energy from all the
packaged food products purchased by the household in
that quarter. To account for differences in the total energy
purchased across households due to differences in house-
hold size and composition, we normalised the total energy
purchased by each household by diving it by the average
energy purchased by the household in the first 6 months of
data (i.e. pre-HSR) period. While a higher food basket HSR
indicates a healthier basket, higher total energy in the food
basket indicates a less healthy basket.

Statistical analysis
As HSR is a voluntary scheme, the trend in the adoption
of HSR labels by products was not linear. We used two
different models to account for potential non-linear trends
in food basket healthiness. First, we estimated the quarterly
changes in food basket healthiness (i.e. food basket HSR

and total energy in the food basket) within households
using regression models with household and time (i.e.
quarter) fixed effects (equation 1).

Food basket healthinessht ¼ αh þ βt þ εht (1)

In this quarter-wise fixed effects model (equation 1),
Food basket healthinessht is the healthiness of packaged
food purchases of household h in quarter t. Household
fixed effects (αhÞ control for the differences in basket
healthiness across households due to differences in time-
invariant household characteristics. Quarter fixed effects
(βtÞ estimate the average changes in food basket health-
iness within households relative to the first quarter. In
addition to the full sample, we also analysed the trends in
the basket HSR of households by sub-groups based on age,
gender and household income, and the results of this
analysis are presented in online supplementary material,
Supplemental Appendix 2.

Second, we estimated a quadratic trend model
with household fixed effects and quadratic time trends
(equation 2).

Food basket heathinessht ¼ αh þ β1Time trendt
þ β2 Time trend2t
þ β3Price index HSR1t
þ β4Price index HSR2t
þ β5Price index HSR3t
þ β6Price index HSR4t
þ β7Price index HSR5t
þ β8 Summer qtrt
þ β9Autumn qtrt
þ β10Winter qtrt þ εht

(2)

In the quadratic trend model, Time trend refers to the
quarterly time trend common across all households. In this
model, we also controlled for potential differential trends in
prices of products with different HSR levels by including
five quarterly price indices (Price index HSR1� 5), one
each for products with HSR scores within the following
ranges: 0·5–1, 1·5–2, 2·5–3, 3·5–4 and 4·5–5. Price indices
were calculated as the share weighted average price per
serve of products with HSR scores within the above ranges,
where the weights are the dollar shares of a product in
the total dollar sales of all products in that HSR range.
To control for seasonality, we included categorical
variables to represent quarters that correspond to summer,
winter and autumn seasons (relative to spring).

To analyse whether the observed trends in the health-
iness of households’ food baskets are consistent
with households’ purchasing healthier foods after HSR
labelling, we conducted two different analyses. First, we
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tested whether the healthiness of food baskets was higher
for households that purchasedmore HSR-labelled products
by estimating the association between households’ food
basket healthiness and the proportion of HSR-labelled
products in their food basket (equation 3).

Food basket heathinessht ¼ αh þ β1 Time trendt
þ β2 %HSR labelled productsht
þ β3Price index HSR1t
þ β4Price index HSR2tβ5Price index HSR3t
þ β6Price index HSR4t þ β7Price index HSR5t
þ β8 Summer qtrt
þ β9Autumn qtrt þ β10Winter qtrt þ εht

(3)

where %HSR labelled productsht is the proportion of prod-
ucts in households’ basket that actually displayed HSR. We
obtained the data on whether or not a product actually
displayed HSR from the FoodSwitch database.

Lastly, we tested whether household purchases were
healthier in categories where more products were
HSR-labelled, using a multi-level fixed effects difference-
in-differences type regression model. Specifically, we
estimated the changes in the healthiness of households’
category-specific purchases before and after the adoption
of HSR labels in treatment categories relative to control
categories where HSR labels were not adopted, and how
the changes in healthiness varied with the proportion of
products in the treatment categories that were HSR-labelled
(equation 4).

Category healthinesshct ¼ αh þ γc þΔ Time trendt
þ β1Post HSRct

þ β2Proportion HSR productsct
þ β3 Summer qtrt
þ β4Autumn qtrt
þ β5Winter qtrt þ εhct

(4)

where Category healthinesshct is the HSR of category-specific
purchases of household h in category c in quarter t.αh and γc
are household and category-specific fixed effects, and Δ

captures the effect of time trend. Post HSRct is a categorical
variable which indicates whether HSR was adopted by
products in a category c in quarter t. Conditional on
Post HSRct being 1, the proportion of HSR-labelled products
in category c in time t (Proportion HSR productsctÞ will be
greater than 0. The coefficient of this term captures how the
effect of HSR adoption on the healthiness of household
purchases varied depending on the proportion of products
in the category that were HSR-labelled.

We used household purchases in all studied 114
categories for this analysis. As all households may not
purchase all categories every quarter, the dataset was an
unbalanced panel dataset. The control categories for this

analysis included those in which HSR labels were
not adopted during the study period (e.g. ethnic foods,
mixes and batters). Additionally, categories in which HSR
adoption started in later years (e.g. HSR labels were first
observed on products in the canned meals and carbonated
fruit juice categories from 2017, and from 2016 in eggs)
served as additional control groups for categories in which
HSR adoption started earlier (e.g. HSR labels were first
observed in breakfast cereals in 2014) for the intervening
years (i.e. 2015 and 2016). More details of the model
specifications are provided in online supplementary
material, Supplemental Appendix 1.

Robustness checks
We conducted multiple tests to assess the robustness of our
results to alternate measures of basket healthiness and to
the household sample used in the analysis. To assess
whether our results were robust to alternate measures of
food basket healthiness, we calculated basket HSR using
share of energy (total energy from a UPC purchased/total
energy in the food basket) as the weight, instead of share of
dollar spending. Results of this analysis are shown in
column 3 of online supplementary material, Supplemental
Tables 3–6.

Second, our main analysis excluded fresh foods, like
fruits and vegetables. For robustness, we also calculated
basket HSR including fresh food purchases of households
(i.e. covering all food purchases in the dataset).
We assigned a HSR of 5 to all fresh food products for
this analysis, consistent with guidance provided by the
Australian Government(6). The results of this analysis are
discussed in online supplementary material, Supplemental
Appendix 3.

Third, we assessed the robustness of our results to the
sample used in the main analysis by analysing an extended
sample that covered all households that were available in
the pre-HSR period and had at least 2 years of data. The
resulting unbalanced panel data covered 7996 households.
We re-estimated all our models with this extended sample
(results are presented in online supplementary material,
Supplemental Tables 5–6).

Role of the funding source
None.

Findings from the empirical analyses

Trends in HSR adoption and purchase over time
We first present the longitudinal trends in the proportion
of HSR-labelled products in the market (number of products
with HSR label/number of products in the FoodSwitch
database) and the average proportion of HSR-labelled
products in household foodbaskets (i.e. number of products
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withHSR label/total number of products in the basket) every
quarter in Fig. 1.

The proportion of products that had adopted HSR
increased from 0 % in 2014 to 6·85 % at the start of 2015 and
reached 35 % in 2018, exhibiting a monotonic but non-
linear trend. The proportion of HSR-labelled products in
household food baskets followed a similar trend, reaching
a level of 28·5 % in the last quarter of 2018.

Trends in food basket healthiness
The average food basket HSR across the studied house-
holds was 2·6, with a SD of 0·3. We first present the
estimated trends in the two measures of household food
basket healthiness (food basket HSR and total energy in the
food basket) in Fig. 2(a) and (b) (corresponding regression
estimates are presented in online supplementary material,
Supplemental Tables 3 and 4).

Trends (Fig. 2(a)) show that the food basket HSR
exhibited seasonality – it was lower in the last quarter
(i.e. Q4) of every year (by 3·74 % on average across studied
years). More importantly, food basket HSR exhibited
a U-shaped trend – it decreased in the first 4 years
(2014–2017) and then increased in 2018. Despite the
reversal, the overall food basket HSR was slightly lower in
2018 compared with 2014. Specifically, the food basket
HSR was lower by 0·4 % in Q4, 2018 compared with
Q4, 2014.

Total energy in the food basket (Fig. 2(b)) exhibited
a corresponding inverted U-shaped trend. Specifically,
the total energy purchased increased in the first 3 years
(2014–2016) of the study period and was 22·46 % higher
in Q4, 2016 compared with Q1, 2014. However, the
trend reversed in the last 2 years of the study period
(2017–2018), and the total energy in the food basket in
the last quarter (Q4) of 2018 was lower than that of Q4,
2016 by 13·7 %.

The non-linear trends in the food basket HSR and total
energy are further supported by the estimates from the
quadratic trend model (presented in online supplementary
material, Supplemental Table 4). The results of this model
illustrated in Fig. 2(a) and (b) show a U-shaped trend for
the food basket HSR, and an inverted U trend for the total
energy in the food basket. Estimates imply that the reversal
in the trend for food basket HSR occurred in the fourth
quarter of 2017.

We also analysed the trends in the food basket
HSR of households by sub-groups based on age
(<44 years, 45–54 years,>55 years), gender (male/female)
and household income (<$40 000, $40–$80 000,
$80–$140 000,>$140 000). Analysis of sub-groups revealed
similar U-shaped trend for the food basket HSR and an
inverted U-shaped trend for the total energy in the food
basket for all sub-groups and minimal differences across
sub-groups (results discussed in online supplementary
material, Supplemental Appendix 2).

In summary, the healthiness of household food baskets
exhibited a U-shaped trend – it decreased in the first 4 years
(2014–2017), corresponding to a timewhen fewer products
in the market had adopted HSR, and then exhibited
an increasing trend in 2018, corresponding to a time
when more products (35·6 % in 2018) had adopted HSR.
Robustness checks conducted with alternate measures for
food basket healthiness, inclusion of fresh foods in the
calculation of food basket healthiness and an extended
sample of households provided consistent results as the
main analysis (results in online supplementary material,
Supplemental Tables 5–7).

The association between food basket healthiness and
purchase of products with Health Star Rating
We found a positive association between the purchases of
HSR-labelled products by households and their food basket
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healthiness. As shown in Table 1, the proportion of
HSR-labelled products in the basket was positively
associated (β= 0·398, P< 0·001) with food basket HSR
and negatively associated with the total energy in the food
basket (β= –0·194, P< 0·001). Our estimates imply that,
across the range of HSR implementation observed in the
study, a 1 % increase in HSR-labelled products in the food
basket was associated with a 0·15 % higher basket health-
iness and a 0·2 % lower total energy consumed.

There was also a significant negative (positive) trend in
the food basket HSR (total energy in the food basket)
during the study period. Taken together, our estimates
(based on Q4, 2018) indicated that the basket healthiness
was higher (i.e. the positive effect of HSR-labelled products
in the basket exceeded the negative trend) when 45·5 %
or more of products in household food baskets were

HSR-labelled. In our sample, the proportion of HSR-
labelled products in the basket was higher than this
threshold (45·5 %) for 12·5 % of households.

As the basket healthiness measure used in the study is
based on HSR rating (actual or estimated) of all products
purchased by households, the construction of the outcome
variables used in this analysis (basket HSR and total energy
in the basket) is not influenced by the proportion and the
characteristics of products choosing to display HSR labels.
If HSR labelling did not lead to improvement in the
healthiness of household purchases (i.e. basket health-
iness), then there would not be any significant positive
association between the basket healthiness measures
(which would remain unchanged or exhibit a declining
trend as indicated by our analyses) and the proportion of
HSR-labelled products in the basket (which would exhibit
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Fig. 2 (a) Trends in the food basket Health Star Rating (HSR). Estimated changes in the food basket HSR (relative to the first quarter)
from the quarter-wise fixed effects and quadratic trend models. HSR was endorsed by the Australian Government for voluntary
adoption in Q2, 2014. (b) Trends in the total energy in the food basket. Estimated changes in the total energy in the food basket
(relative to the first quarter) from the quarter-wise fixed effects and quadratic trend models. HSR was endorsed by the Australia
Government for voluntary adoption in Q2, 2014.
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an increasing trend as more products displayed HSR label
over time). The observed positive association between
the proportion of HSR-labelled products in the basket and
the basket healthiness on the other hand was consistent
with households purchasing healthier products after HSR
labelling.

Category-wise analysis
Results from our category-wise analysis (shown in Table 2)
indicated a negative trend in the healthiness of category
purchases of households and lower healthiness in the
period following the introduction of HSR labels. However,
the effect of proportion of HSR-labelled products in the
category on the healthiness of category-specific purchases
was positive and significant. Specifically, our estimates
(based onQ4, 2018) indicated that when 52·3 %of products
in the category were HSR-labelled, there was a net
increase in the healthiness of category-specific purchases
of households. Results from all robustness checks were
consistent with our main findings using dollar share
weighted basket HSR.

Discussion

In this study, we investigated the changes in the healthiness
of household quarterly food baskets (i.e. total packaged
food purchases) before and after the introduction of
HSR nutrition labels in Australia. We used actual grocery
purchases of a nationally representative panel of Australian
households across all packaged food categories and
supermarkets over a period of 5 years (2014–2018). The
study found a U-shaped trend in the healthiness of
household food baskets – decreasing from 2014 to 2017
and then increasing in 2018. We further found that food
basket healthiness was higher for households that
purchased a higher proportion of HSR-labelled products.
In addition, there was a positive association between the
healthiness of category-specific purchases of households
and the proportion of HSR-labelled products in the
category. Taken together, these findings indicate that as
more packaged products adopted HSR, the healthiness
of household packaged food purchases increased.
However, our results also showed an overall negative
trend in the healthiness of food purchases since 2014,
which is consistent with observed trends in key indicators
of diet quality and levels of overweight and obesity in
Australia(15,16).

Food purchase decisions are influenced by multiple
factors such as food characteristics (sensory, perceptual),
marketing (including price, promotion, etc.), environmen-
tal factors (social and physical environments), personal-
state factors (biological needs, moods, etc.), cognitive
factors (information, knowledge, attitude, etc.) and socio-
cultural factors (culture, religion, etc.)(17). A natural experi-
ment, such as the one conducted in this study, is not
designed to control for all such factors and, consequently,
cannot be used to establish a causal relationship. Instead,
our analysis approach was designed to identify the
association between HSR adoption and the changes in

Table 1 Relationship between food basket healthiness and the proportion of Health Star Rating (HSR)-labelled products in the food basket

Basket HSR
Total energy (KJ) in the

basket

Estimates SE Estimates SE

Time trend −0·009*** 0·0003 −0·001 0·001
Proportion of HSR-labelled products in the food basket 0·398*** 0·008 −0·194*** 0·023
Price_index_HSR_1 −0·130*** 0·040 −0·865*** 0·109
Price_index_HSR_2 0·074*** 0·016 −0·407*** 0·044
Price_index_HSR_3 −0·098 0·093 1·809*** 0·252
Price_index_HSR_4 0·154** 0·048 0·023 0·131
Price_index_HSR_5 0·085*** 0·017 −0·140** 0·046
Summer 0·056*** 0·003 −0·035*** 0·008
Winter 0·055*** 0·002 −0·027*** 0·005
Autumn 0·048*** 0·002 −0·035*** 0·006
R2 0·626 0·564

Household specific fixed effects are not shown in the above table.
**P< 0·01.
***P< 0·001.

Table 2 Relationship between category-specific Health Star Rating
(HSR) and the proportion of HSR-labelled products in the category

Category-specific HSR

Estimates SE

Time trend −0·003*** 0·0001
Post_HSR −0·012*** 0·001
Proportion of HSR-labelled products
in the category

0·140*** 0·004

Summer 0·008*** 0·001
Winter 0·009*** 0·001
Autumn 0·007*** 0·001
R2 0·788

Household specific fixed effects are not shown in the above table.
***P< 0·001.
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actual consumer purchase behaviour, separate from any
other general trends in purchase behaviour. The observed
patterns in the healthiness of purchases and the adoption of
HSR across categories and over time in our study are
consistent with a positive association between the health-
iness of purchases and HSR labelling.

Our results are consistent with the findings in the
existing literature that food labelling, in general, increases
the healthiness of consumer food purchases, and are
therefore likely to be beneficial from a public health
perspective(9–11,13,18,19). However, there are also some
exceptions, such as the study on the effect of HSR on
household foodpurchases conducted inNewZealand,which
found a null effect(12). Existing studies on nutrition summary
indicators are limited in scope to few product categories
across a few grocery stores and therefore do not account for
the implications of households’ switching behaviour across
products within a category, across product categories and
grocery stores(9–11). This large-scale empirical study is the first
to analyse the changes in the total packaged food purchases
of households before and after the introduction of HSR.

However, this study is not without limitations. First, the
study was only able to examine sales over a time period in
which adoption of HSR was relatively low (from 0 %
adoption in 2014 to adoption on 35 %of packaged products
in 2018). It will be important to examine the impact of HSR
when a higher proportion of products display the labels.
This will offer further insights into the extent to which
mandating HSR labels can be expected to improve the
healthiness of food purchases. It will also be interesting to
see the extent to which the observed changes in health-
iness are sustained over time.

Second, we did not examine the changes in the impact
of HSR on the healthiness of product formulation. In this
regard, a number of studies have identified that HSR can
lead to product reformulation and new-product develop-
ment that is healthier(4,5,12,20). Future research can also
analyse the extent to which any observed changes in
household-level basket healthiness are due to changes
in the mix of household purchases as opposed to changes
in product formulation. In addition, nutrition data in
the FoodSwitch database were updated annually, and
the manual collection of nutrition data was undertaken
at the end of the study period, and therefore, the nutrition
data in the study did not take any potential product
formulation and labelling changes in the intervening time
periods into account.

Third, datasets from syndicated data providers such as
Nielsen could have potential selection biases. Specifically,
panel members could differ from the general population in
terms of unobservables (e.g. interest in food). To assess the
extent to which Nielsen Homescan data are representative
of Australian population, we undertook a comparison of
the socio-demographics of the Nielsen panel with those of
the general population (see online supplementarymaterial,
Supplemental Appendix 4). We found that Nielsen panel

represents different demographic groups adequately, but
the share of various demographic groups did not
correspond precisely with the broader population. In this
regard, we conducted stratified analysis by demographic
sub-groups (see online supplementary material,
Supplemental Appendix 2) to demonstrate that our results
are consistent for different sub-groups. Further, studies that
have investigated the selection bias and composition
differences between syndicated data sources such as
Nielsen and the broader population have found that the
overall accuracy of self-reported data by Homescan
panellists was comparable to those from widely used
public surveys such as consumer expenditure surveys(21,22).
Nevertheless, the role of self-selection bias in influencing
our results cannot be completely ruled out. In particular, to
the extent that households who select to participate in the
Nielsen Homescan panel tend to differ from those in the
broader population in terms of unobserved attributes (e.g.
interest in food), and the extent to which these attributes
influence their responses to the HSR scheme, our estimates
could differ from the true population estimates.

Fourth, to avoid biases in our estimates due to house-
hold attrition in the panel, we have included only those
households that remained throughout the study period for
our main analysis. We also assessed the robustness of our
findings to an extended sample of households that
remained in the sample for at least 2 years. Nevertheless,
by not including households that were not available for the
entire study period, our analysis sample may not
adequately represent some of the population sub-groups
that may be more likely to exhibit attrition bias (e.g. lower
socio-economic groups). In addition, the Nielsen dataset
does not allow us to identify potential under-reporting of
purchases by households. Any systematic under-reporting
behaviour by panellists households could potentially
influence our model estimates.

Further, we only analysed purchasing data and do not
have consumption data and so the study could not directly
estimate changes in consumption and resultant changes in
diet quality. However, we know that purchases are strongly
correlated with consumption, particularly for packaged
food where spoilage/wastage is likely to be lower than
fresh food(23,24). In addition, the Nielsen Homescan
dataset did not cover grocery purchases in non-traditional
channels, such as ethnic stores and bakeries etc. and out-
of-home food purchases (e.g. fast food), and therefore, our
analysis did not account for the implications of HSR for
purchases through these channels. Also, given that the
outcome variables in our analyses are the healthiness of
purchases at aggregate household basket level, and price
indices are also at aggregate level, we did not include
detailed analysis of price changes. Examining the effect of
price changes on consumers’ switching behaviour across
products with different HSR and the net effect of these
changes warrants a more granular analysis and is an
important direction for future research.
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The findings of the study, based on the actual purchase
behaviour of a large number of households over a long
period, indicate that, once a substantial number of
packaged food products adopted the voluntary HSR
labels, there was an increasing trend in the healthiness of
household packaged food purchases. While the magnitude
of the observed changes in the healthiness was relatively
small, previous modelling studies indicate that the impact
of changes of this magnitude on the healthiness of
population diets and health outcomes is likely to be
substantial(25). When coupled with other evidence showing
that the HSR is easily understood by users(26), including by
diverse socio-economic groups(27), and is likely to drive
improvements in the healthiness of the nutrient composi-
tion of packaged food(17,28), this study provides strong
support for widespread adoption of HSR on packaged food
from a population health perspective. Given that current
voluntary regulation of HSR has led to less than 50 %
implementation over more than 8 years(29), mandatory
regulations are likely to be required to ensure compre-
hensive adoption.

There is a general agreement that government-led
policies and regulations, such as interpretive front-of-pack
nutrition labelling, are needed to address high rates
of obesity(30). Nutrition labelling has also been widely
noted as a key policy option for promoting healthy diets,
including in the WHO Global Action Plan for the
Prevention and Control of Noncommunicable Diseases
2013–2020(31). However, lack of robust evidence about the
effectiveness of interpretive front-of-pack nutrition label-
ling on consumer purchases has often been cited as a
barrier to their widespread, mandatory implementation(32).
Our study contributes towards building an evidence base
that demonstrates the effectiveness of nutrition summary
indicators in promoting healthier diets.

Acknowledgements

Not applicable.

Financial support

This study was supported by VicHealth Innovation Grant
[27129 / 2017-0253] from the Victorian Health Promotion
Foundation (https://www.vichealth.vic.gov.au/). VicHealth
had no role to play in the study design, analysis and
interpretation of data, writing of themanuscript and decision
to submit the article to the journal. GS is a recipient of a
National Health and Medical Research Council (NHMRC)
Emerging Leadership Fellowship (2021/GNT2008535) and a
Heart Foundation Future Leader Fellowship (102035) from
the National Heart Foundation of Australia.

Conflict of interest

All authors declare that they have no conflict of interest.

Authorship

S.S. contributed to conceptualisation, data curation, formal
analysis, funding acquisition, investigation, methodology,
project administration, validation, visualisation, writing –

original draft and writing – review and editing. A.N.,
D.T. and G.S. contributed to conceptualisation, funding
acquisition, investigation, project administration, validation
writing – original draft and writing – review and editing.
S.S. and A.N. have both accessed and verified the data.
All authors have full access to the data, approved the final
manuscript and the decision to submit it for publication.

Ethics of human subject participation

Not applicable.

Supplementary material

For supplementary material accompanying this paper visit
https://doi.org/10.1017/S1368980024000892

References

1. Ikonen I, Sotgiu F, Aydinli A et al. (2020) Consumer effects of
front-of-package nutrition labeling: an interdisciplinary
meta-analysis. J Acad Mark Sci 48, 360–383.

2. Schmidt JB & Spreng RA (1996) A proposed model of
external consumer information search. J Acad Mark Sci 24,
246–256.

3. Talati Z, Pettigrew S, Dixon H et al. (2016) Do health claims
and front-of-pack labels lead to a positivity bias in unhealthy
foods? Nutrients 8, 787.

4. Pettigrew S, Coyle D, McKenzie B et al. (2022) A review of
front-of-pack nutrition labelling in Southeast Asia: industry
interference, lessons learned, and future directions. Lancet
Reg Health – Southeast Asia 3, 100017.

5. Julia C, Etilé F & Hercberg S (2018) Front-of-pack Nutri-Score
labelling in France: an evidence-based policy. Lancet Public
Health 3, e164.

6. Health Star Rating System (2014) Health Star Rating System.
http://www.healthstarrating.gov.au/ (accessed October
2022).

7. The George Institute of Global Health (2021) FoodSwitch:
State of the Food Supply. https://www.georgeinstitute.
org/sites/default/files/SotFS-Report.pdf (accessed October
2023).

8. Shahid M, Neal B & Jones A (2020) Uptake of Australia’s
health star rating system 2014–2019. Nutrients 12, 1791.

9. Dubois P, Albuquerque P, Allais O et al. (2021) Effects of
front-of-pack labels on the nutritional quality of supermarket
food purchases: evidence from a large-scale randomized
controlled trial. J Acad Mark Sci 49, 119–138.

Health Star Ratings and food purchases 9

https://doi.org/10.1017/S1368980024000892 Published online by Cambridge University Press

https://www.vichealth.vic.gov.au/
https://doi.org/10.1017/S1368980024000892
http://www.healthstarrating.gov.au/
https://www.georgeinstitute.org/sites/default/files/SotFS-Report.pdf
https://www.georgeinstitute.org/sites/default/files/SotFS-Report.pdf
https://doi.org/10.1017/S1368980024000892


10. Nikolova HD & Inman JJ (2015) Healthy choice: the effect of
simplified point-of-sale nutritional information on consumer
food choice behavior. J Mark Res 52, 817–835.

11. Sutherland L, Kaley L & Fischer L (2010) Guiding stars:
the effect of a nutrition navigation program on consumer
purchases at the supermarket. Am J Clin Nutr 91,
1090S–1094S.

12. Bablani L, Mhurchu C, Neal B et al. (2022) Effect of
voluntary Health Star Rating labels on healthier food
purchasing in New Zealand: longitudinal evidence using
representative household purchase data. BMJ Nutr Prev
Health 5, 227.

13. Smed S, Edenbrandt AK & Jansen L (2019)The effects of
voluntary front-of-pack nutrition labels on volume shares of
products: the case of the Dutch Choices. Public Health Nutr
22, 2879–2890.

14. Petimar J, Zhang F, Cleveland L et al. (2019) Estimating the
effect of calorie menu labeling on calories purchased in a
large restaurant franchise in the southern United States:
quasi-experimental study. Br Med J 367, l5837.

15. Australian Institute of Health andWelfare (2023) Overweight
and Obesity. https://www.aihw.gov.au/reports/overweight-
obesity/overweight-and-obesity/contents/overweight-and-
obesity (accessed November 2023).

16. National Health Survey (2022) Information on Health
Behaviours, Conditions Prevalence, and Risk Factors in
Australia. National Health Survey, 2022 | Australian Bureau
of Statistics https://www.abs.gov.au (accessed December
2023).

17. Chen PJ & Antonelli M (2020) Conceptual models of food
choice: influential factors related to foods, individual
differences, and society. Foods 9, 1898.

18. Shangguan S, Afshin A, Shulkin M et al. (2018)
A meta-analysis of food labeling effects on consumer diet
behaviors and industry practices. Am J Prev Med 56, 300–314.

19. Song J, BrownMK, TanM et al. (2021) Impact of color-coded
and warning nutrition labelling schemes: a systematic review
and network meta-analysis. PLoS Med 18, e1003765.

20. Mantilla Herrera AM, Crino M, Erskine HE et al. (2018)
Cost-effectiveness of product reformulation in response to
the Health Star Rating food labelling system in Australia.
Nutrients 10, 614.

21. Einav L, Leibtag ES & Nevo A (2008) On the Accuracy of
Nielsen Homescan Data. https://ageconsearch.umn.edu/
record/56490/ (accessed December 2023).

22. Lusk JL & Brooks K (2011) Who participates in household
scanning panels? Am J Agric Econ 93, 226–240.

23. NelsonM,Dyson PA&Paul AA (1985) Family food purchases
and home food consumption: comparison of nutrient
contents. Br J Nutr 54, 373–387.

24. de Oliveira DCRS, de Moura Souza A, Levy RB et al. (2019)
Comparison between household food purchase and indi-
vidual food consumption in Brazil. Public Health Nutr 22,
841–847.

25. Ananthapavan J, SacksG,BrownV et al. (2020) Priority-setting
for obesity prevention-The Assessing Cost-Effectiveness of
obesity prevention policies in Australia (ACE-Obesity Policy)
study. PLoS One 15, e0234804.

26. Maganja D, Buckett K, Stevens C et al. (2019) Consumer
choice and the role of front-of-pack labelling: the Health Star
Rating system. Public Health Res Pract 29, e2911909.

27. Jones A, Thow AM, Ni Mhurchu C et al. (2019) The
performance and potential of the Australasian Health Star
Rating system: a four-year review using the RE-AIM
framework. Aust NZ J Public Health 43, 355–365.

28. Ni Mhurchu C, Eyles H & Choi Y-H (2017) Effects of a
voluntary front-of-pack nutrition labelling system on pack-
aged food reformulation: the health star rating system in New
Zealand. Nutrients 9, 918.

29. Australia NHFo (2020) Comparison of Eligibility of Health
Star Rating (HSR) Products, Year 5 and Year 6. https://
foodenvironmentdashboard.com.au/wp-content/uploads/
sites/203/2021/06/HSR-Uptake-Year-5-and-6-Eligibility-
reporting.pdf (accessed November 2023).

30. Swinburn B, Kraak V, Rutter H et al. (2015) Strengthening of
accountability systems to create healthy food environments
and reduce global obesity. Lancet 385, 2534–2545.

31. WHO (2013) Global Action Plan for the Prevention and
Control of NCDs 2013–2020. https://www.who.int/
publications/i/item/9789241506236 (accessed November
2023).

32. Goiana-da-Silva F, Cruz-e-Silva D, Miraldo M et al. (2019)
Front-of-pack labelling policies and the need for guidance.
Lancet Public Health 4, e15.

10 S Seenivasan et al.

https://doi.org/10.1017/S1368980024000892 Published online by Cambridge University Press

https://www.aihw.gov.au/reports/overweight-obesity/overweight-and-obesity/contents/overweight-and-obesity
https://www.aihw.gov.au/reports/overweight-obesity/overweight-and-obesity/contents/overweight-and-obesity
https://www.aihw.gov.au/reports/overweight-obesity/overweight-and-obesity/contents/overweight-and-obesity
https://www.abs.gov.au
https://ageconsearch.umn.edu/record/56490/
https://ageconsearch.umn.edu/record/56490/
https://foodenvironmentdashboard.com.au/wp-content/uploads/sites/203/2021/06/HSR-Uptake-Year-5-and-6-Eligibility-reporting.pdf
https://foodenvironmentdashboard.com.au/wp-content/uploads/sites/203/2021/06/HSR-Uptake-Year-5-and-6-Eligibility-reporting.pdf
https://foodenvironmentdashboard.com.au/wp-content/uploads/sites/203/2021/06/HSR-Uptake-Year-5-and-6-Eligibility-reporting.pdf
https://foodenvironmentdashboard.com.au/wp-content/uploads/sites/203/2021/06/HSR-Uptake-Year-5-and-6-Eligibility-reporting.pdf
https://www.who.int/publications/i/item/9789241506236
https://www.who.int/publications/i/item/9789241506236
https://doi.org/10.1017/S1368980024000892

	Trends (2014-2018) in the healthiness of packaged food purchases of Australian consumers before and after the introduction of voluntary Health Star Rating nutrition labels
	Methods
	Data
	Outcome measures
	Statistical analysis
	Robustness checks
	Role of the funding source
	Findings from the empirical analyses
	Trends in HSR adoption and purchase over time
	Trends in food basket healthiness
	The association between food basket healthiness and purchase of products with Health Star Rating
	Category-wise analysis


	Discussion
	Acknowledgements
	Financial support
	Conflict of interest
	Authorship
	Ethics of human subject participation
	Supplementary material
	References


