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Abstract

Objective: Estimate the impact of 20% flat-rate and tiered sugary drink tax structures on the
consumption of sugary drinks, sugar-sweetened beverages, and 100% juice by age, sex, and

socioeconomic position.

Design: We modelled the impact of price changes —for each tax structure— on the demand for
sugary drinks by applying own- and cross-price elasticities to self-report sugary drink
consumption measured using single day 24-hour dietary recalls from the cross-sectional,
nationally-representative 2015 Canadian Community Health Survey-Nutrition. For both 20%
flat-rate and tiered sugary drink tax scenarios, we used linear regression to estimate differences
in mean energy intake and proportion of energy intake from sugary drinks by age, sex, education,

food security and income.

Setting: Canada.
Participants: 19,742 respondents aged 2 and over.

Results: In the 20% flat-rate scenario, we estimated mean energy intake and proportion of daily
energy intake from sugary drinks on a given day would be reduced by 29 kcal/day (95%Ul: 18,
41) and 1.3% (95%Ul: 0.8, 1.8), respectively. Similarly, in the tiered tax scenario, additional
small, but meaningful reductions were estimated in mean energy intake (40 kcal/day, 95%Ul: 24,
55) and proportion of daily energy intake (1.8%, 95%Ul: 1.1, 2.5). Both tax structures reduced,
but did not eliminate, inequities in mean energy intake from sugary drinks despite larger
consumption reductions in children/adolescents, males and individuals with lower education,

food security and income.
Conclusions:

Sugary drink taxation, including an additional benefit of taxing 100% juice, could reduce overall

and inequities in mean energy intake from sugary drinks in Canada.

Keywords: sugary drinks; sugar-sweetened beverages; taxation; policy; health equity,

socioeconomic factors
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Introduction

Sugary drinks, defined as beverages with added sugars (e.g., sugar-sweetened beverages
(SSB), a subset of sugary drinks) and beverages with natural intrinsic sugars (e.g.,100% juice),
are associated with increased chronic disease risk in children and adults, including obesity, type
2 diabetes and cardiovascular disease™?). Excise taxation of sugary drinks, levied at the point of
manufacturing or distribution, is well-established to reduce population-level intake, and related
health, economic and social costs®. Evidence from real-world SSB taxation policies suggests
that excise taxes result in higher prices, reduced sales and increased revenue for investment in
public heath priorities®”. A systematic review and meta-analysis of high quality international
studies found that excise SSB taxes had an average pass-through rate (defined as the proportion
of the excise tax that is reflected in the retail price of the product) of 79% (95%CI: 60, 97) which
increased the overall SSB prices, and was associated with a corresponding 13% (95%Cl: 6, 20)
mean reduction in SSB sales (a price elasticity of demand of —1.39 (95%Cl: -1.86, -0.91))®.
Sugary drinks taxes are considered a World Health Organization (WHO) ‘best-buy’ intervention,
recommended as part of a suite of population-level interventions to reduce sugar consumption,
including: financial (e.g., excise taxation, incentives), advertising, health beverage defaults, and
restricted availability.

Internationally, SSB taxes have been implemented in 105 jurisdictions, covering 51% of
the world’s population®. The targeted beverages, tax rate, and tax structure are important
considerations for the development of sugary drink taxes. To date, existing sugary drink taxes
have overwhelmingly targeted SSBs, omitting important sources of free sugar consumption from
100% juice. Further, on average, implemented SSB tax rates have been 10% or less®, falling
below the WHO recommended 20% flat excise tax®. The structure of existing sugary drink
taxation policies also vary, targeting the overall price of the product (e.g., flat-rate), the amount
of volume of beverage purchased, or the concentration of sugar (e.g., tiered tax design) or other
tax instruments that apply to a broad range of goods and services (e.g., import taxes or sale
taxes)'”, which can lead to heterogeneous effects of SSB taxation. Flat-rate tax structures aim to
shift individual consumer behaviour away from sugary drinks. Tiered tax structures can
additionally incentivize sugary drink reformation by manufacturers to reduce sugar content under

tax thresholds, which can indirectly reduce sugar consumption through reduced sugar content of
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sugary drinks®. A recent global review of SSB taxes found that only 18% (18 of 104) of SSB
taxes worldwide apply a tiered tax structure®. Tiered SSB taxes were predominant identified in
high income countries, as they can be more burdensome to implement than flat-rate structures
due to their contingency on sugar concentrations of each product®.

In Canada, a national sugary drink tax has not been adopted, despite these beverages
contributing 21% (aged 9-18) and 17% (aged 19+) of Canadians’ total sugar consumption®*?
and a higher prevalence of consumption and mean energy intake from sugary drinks among
individuals with low compared to high socioeconomic position (SEP)*?. A recent Canadian
study estimated that total free sugar consumption above 10% of total energy intake, WHOQO’s
benchmark for total free sugar intake, cost Canada’s healthcare system 2.5 billion CAD in 2019
from direct (1.1 billion CAD) and indirect (1.4 billion CAD) costs®™®. Subnational SSB taxes
exist in the Canadian provinces of Newfoundland and Labrador (a 20cent/L sugary drink tax
levied on manufacturers since September 2022"%) and in British Columbia (where soda
beverages are no longer exempt from the 7% Provincial Sales Tax applied to food products for
human consumption as of April 2021%%). The impact of these sugary drink taxes have not yet
been evaluated, however their introduction suggests sugary drink taxes are an acceptable policy
option for reducing the health and economic burden associated with sugary drink consumption in

Canada.

Additional evidence is required to inform the development of a national sugary drink tax
in Canada. First, while tiered taxes have been implemented across jurisdictions, the potential
impact of this taxation structure has not been examined in Canada. Second, natural and added
sugars are indistinguishable through the metabolic process in humans®, therefore despite

containing essential nutrients_and possibly contributing to a healthy diet in moderation, it is

important to consider 100% juice in potential taxation scenarios which are often omitted from
SSB taxes. Third, evidence regarding the extent to which SSB tax outcomes are heterogeneous
across sociodemographic factors is limited®, with evidence from a systematic review suggesting
the tax would deliver similar if not greater benefits for individuals with lower SEP®®. Studies
modelling the potential impact of sugary drink taxes across SEP have focused on income
(individual or ecological) as the sole indicator of SEP®" 9. It is important to understand the

impact of such policies across additional indicators of SEP to fully reflect social pathways
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associated with consumption and health®. Modelling studies are useful to estimate and compare
the impact on consumption under multiple potential implementation scenarios®. Our study
objective was to estimate the impact of implementing 20% flat-rate and separately, tiered sugary
drink tax structures on consumption of sugary drinks, SSB, and 100% juice across age, sex, and
SEP in Canada using the most recent population representative dietary intake data available in

Canada.
Methods
Data source

We conducted a modelling study using data from the 2015 Canadian Community Health
Survey-Nutrition (CCHS-N)@Y. The cross-sectional CCHS-N is the most recent nationally-
representative assessment of Canadians’ dietary intakes since 2004. The CCHS-N, administered
by Statistics Canada, used interviewer-administered 24-hour dietary recalls adapted from the
Automated Multi-Pass Method from the United States Department of Agriculture®®. A multi-
stage, cluster sampling approach was used to secure a sample of 20,487 Canadians aged 1 and

older living in private dwellings across the 10 provinces (61% response rate)®@V.

We included single day 24-hour dietary recalls among Canadians aged 2 and older
(n=20,115). We excluded respondents if they were breastfeeding or reported no energy intake
(n=200), or were missing information on income (n=22), education (n=41) or food security

(n=110). The final analytic sample included 19,742 respondents.

Modelled interventions: Flat-rate and tiered sugary drinks tax

Tax structures

We modelled two sugary drink taxation structures: 1) a 20% flat-rate tax, the most
commonly advocated tax by public health experts(3); and, 2) a tiered tax that applied 10% (2-4.9
9/100ml), 20% (5-7.9 g/100ml), or, 30% (> 8 g/100ml) tax based on the amount of sugar per
volume. Tiers were defined based on the UK Sugar Drinks Industry Levy® with tax levels
matching a previous Canadian experimental study®® (tax assumptions and beverages list

available in Supplementary Table 1).
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Beverage tax base options

We examined three potential beverage tax bases: sugary drinks (all beverages containing
free sugars, which includes both added and natural sugars), SSB (beverages containing added
sugars only) and, 100% juice (beverages containing natural sugars only). Sugary drinks included
both SSB and 100% juice™?. Briefly, we estimated per-capita energy intake (kcal) on a given
day from each beverage category by applying Health Canada’s sugary drinks definition® to
Nutrition Survey System (NSS) codes linked to Canadian Nutrient File (CNF) descriptions
(sugary drinks = 249 codes, SSB = 190 codes, 100% juice = 59 codes). For each beverage
category, we estimated their relative proportion of daily energy intake from all food and

beverages consumed (%).
Model inputs — price to demand

We modelled the impact of price changes — for each tax scenarios— on the demand for
sugary drinks using price elasticities. Own-price elasticities (OPE) represent the responsiveness
of demand for a product to a percentage change in the price of that product. Cross-price
elasticities (CPE) represent responsiveness of demand for one product to a percentage change in
the price of another product. Price elasticities for sugary drinks were derived from a recent meta-
analysis which estimated a -1.39 (95%CI: -1.86, -0.91) OPE of sugar-sweetened beverages from
high quality studies and 0.42 (95%CI: -0.52, 1.35) CPE for beverage substitutions (e.g., milk,
diet beverages) at an average pass-through of taxation from manufacturer to consumer of 79%®.
To estimate the impact of taxation by SEP, we applied the percentage change of income-specific
price elasticities from a Canadian study®”, assuming that the OPE and CPE from the meta-
analysis® represented the average of the middle income quintile (Q3). Detailed methods for
parameters are available in Supplementary Table 2. Each CCHS-N respondent was assigned
price elasticities for 1% increase in price for each beverage type based on reported household

income-quintile®”,
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Model inputs — demand to energy intake from sugary drinks

We modelled the impact of the demand on energy intake from sugary drinks by
multiplying income-specific OPE and CPE by the modelled tax amount (e.g., 10%, 20% or 30%)
for each respondent, beverage, and tax scenario. Energy intake from taxed beverages and CPE-
impacted beverages was estimated by taking the product of the expected demand change for each
tax scenario and reported energy intake from each beverage type. Energy estimates from all other
food/beverages items were unchanged. For each respondent, we summed modelled energy intake

for each beverage type and from all sources for each tax scenario.

Primary outcomes

Our primary outcomes were per-capita mean energy intake (kcal) and proportion of daily
energy intake (%) — i.e., the ratio of energy intake from taxed beverages to all food/beverage

items — from sugary drinks, SSB, and 100% juice on a given day.

Exposures

We examined study outcomes across a sociodemographic characteristics. We categorized
sex as female or male and age into children/adolescents (aged 2-18) or adults (aged 19+). We
categorized highest level of household education into four groups: “less than high school”, “high
school diploma”, “certificate below bachelor’s degree” (e.g., a trade, college, or non-bachelor
certificate), or “bachelor degree or above”. Household food security status was assessed by eight
questions for children/adolescents (aged 2-18) and ten for adults (aged 19+) with responses
classified as either food secure (i.e., answered “yes” to 0-1 questions about difficulty with
income-related food access) or food insecure (i.e., answered “yes” to twO Or more questions
about compromised quality/quantity or reduced food intake due to disrupted eating patterns)®?.
Household income adequacy quintiles were derived based on the adjusted ratio of the
respondents’ total household income reported in the previous 12 months to the low income cut-

off corresponding to their household and community size®®?.
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Statistical Analysis

We estimated means, mean differences and corresponding 95% confidence intervals (CI)
using ordinary linear regressions (OLS) and the least-squared means procedure for per-capita
mean energy intake and proportion of daily energy intake on a given day, for sugary drinks,
SSBs, and 100% juice overall and across sociodemographic characteristics measured in the ‘no
tax’ scenario (i.e., CCHS-N) and for each modelled taxation scenario. In addition, we used OLS
regressions to estimate the change in per-capita mean energy intake (change in kcal) and
proportion of daily energy intake (change in percentage-points) measured in the ‘no tax’
compared to each modelled taxation scenario across sociodemographic characteristics. All

models were unadjusted to estimate actual intake in population representative surveys®©®.

We derived 95% uncertainty intervals (Ul) using a probabilistic approach. We selected
20 OPE and 20 CPE values based on their probability distributions. For the per-capita mean
energy intakes, we fit 20 regression models since the energy intake from sugary drinks is only
affected by OPE but not CPE; while for the proportion of daily energy intake, we fit 400
regression models based on the 400 pairs of OPE-CPE values. Each model was bootstrapped
(500 repetitions) following Statistics Canada procedures to account for the CCHS-N’s complex
survey design®?. Survey sample weights were applied to all analyses to produce population
representative estimates®?. We applied Rubins’ Rules, designed for pooling repeated parameter
estimates that are normally distributed from multiple imputation, to derive pooled estimates and
uncertainty intervals from the regression models®”. We used the “miceadds” R package to
obtain the pooled estimates. Statistical analyses were conducted using R v4.3.1.

We explored several deterministic sensitivity analyses to assess the robustness of our
findings. Specifically, we varied the following model inputs: 1) applied a consistent own price
elasticity of -1.39 (95%Cl: -1.86, -0.91) © assuming similar price responses across income™®; 2)
applied a smaller own price elasticity -1.00 (95% CI. -1.47, -0.50) from an earlier systematic
review and meta-analysis(zg); and, 3) for both taxation scenarios, assumed 100% pass-through

rate from manufacturer to consumer.
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Results

We estimated mean per-capita energy intake and proportion of daily energy intake from
sugary drinks, on a given day, across sociodemographic characteristics measured in the CCHS-N
(Table 1). Overall, Canadians consumed on average 127 kcal (95%CI: 122, 132) from sugary
drinks, which was 6.7% (95%CI: 6.4, 7.0) of daily energy intake. Mean per-capita energy intake
and the proportion of daily energy intake from sugary drinks was 57 kcal (95%CI: 46, 68) and
3.4% (95%Cl: 2.8, 3.9) higher in Canadians aged 2-18 compared to 19+. Mean energy intake
from sugary drinks was 47 kcal (95%CI: 38, 56) higher in males compared to females. Sugary
drink consumption on a given day was higher among individuals with ‘high school diploma’ (18
kcal, 95%CI: 4, 32) and ‘certificate below bachelor’s degree’ (17 kcal, 95%CI: 4, 29) compared
to ‘bachelor’s degree or above’, in food insecure compared to the food secure group (43 kcal,
95%Cl: 15, 70) and in the lowest compared to the highest income quintile (15 kcal, 95%ClI: -5,
35).

We modelled the difference in sugary drinks, SSB and 100% juice consumption from the
‘no tax’ scenario for both 20% flat-rate tax and tiered tax scenarios (Figure 1 and
Supplementary Table 3 and 4). In the 20% flat-rate tax scenario, we estimated mean per-capita
energy intake from sugary drinks would decrease 29 kcal (95%Ul: 18, 41) on a given day, a
1.3% (95%Ul: 0.8, 1.8) reduction of daily energy intake from sugary drinks. In the tiered tax
scenario, we estimated that mean energy intake from sugary drinks would decrease by 40 kcal
(95%Ul: 24, 55) and 1.8% (95%Ul: 1.1, 2.5) reduction of daily energy intake from sugary
drinks. Similar trends were observed for reductions in energy intake and the proportion of daily
energy intake for SSB and 100% juice. Although SSBs accounted for the majority of reduced
energy intake from sugary drinks, including 100% juice as part of each sugary drink tax scenario
resulted in an additional 28% reduction in mean energy intake from sugary drinks compared to a
SSB-only tax in both 20% flat-rate tax and tiered tax scenarios.

We estimated the difference in sugary drink consumption across sociodemographic
characteristics from baseline for each tax scenario on sugary drink consumption (Figure 2 and
Supplementary Table 3 and 4). Baseline inequities in energy intake and the proportion of daily

energy intake from sugary drink consumption across age, sex, and socioeconomic indicators
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were reduced but not eliminated in each modelled taxation scenarios, with additional small but

meaningful reductions in the tiered tax scenario across subgroups.

Further, for each modelled taxation scenario, we assessed whether reductions in sugary
drink consumption were differential across sociodemographic characteristics (Table 2). Both tax
structures reduced absolute energy intake from sugary drinks by a larger degree among
individuals aged 2-19 compared to 19+ (20% flat tax: -13 kcal, 95%Ul: -19, -8; tiered tax: -17
kcal, 95%Ul: -25, -9), males compared to females (20% flat tax: -11 kcal, 95%UlI: -16, -6; tiered
tax: -15 kcal, 95%UlI: -21, -8) and food insecure compared to secure (20% flat tax: -10 kcal,
95%UlI: -18, -3; tiered tax: -13 kcal, 95%UlI: -23, 1), with smaller reductions across education
and income quintiles. These trends were mirrored across the proportion of daily energy intake

from sugary drinks, with additional reductions ranging between 0.1-0.9%.

We assessed per-capita mean energy intake from sugary drinks targeted by each tier (tier
1 — lowest, tier 2, tier 3 — highest) in the tiered tax scenario by sociodemographic characteristics
(Figure 3). Across sociodemographic characteristics, groups who consumed more energy from
sugary drinks overall consumed more energy from beverages with higher sugar concentration

and were estimated to reduce energy intake by a larger scale under a tiered tax scenario.

Sensitivity analyses

Analyses using a homogenous own price elasticity across income groups did not change
our results (Supplementary Table 5). Using a lower own price elasticity (-1.00) reduced the
benefit of the modeled taxation scenarios compared to the estimates used in our main result (-
1.39), however, the overall patterns of sugary drink consumption across sociodemographic
characteristics remained (Supplementary Table 6). Assuming a 100% pass-through of both a
flat rate tax and tiered tax resulted in further reductions of overall intake and inequities across

equity groups (Supplementary Table 7).
Discussion

Using the most recent Canadian nationally representative dietary intake survey, we
modelled the impact of implementing a sugary drink tax — a widely implemented policy
internationally that is under consideration in Canada - on energy intake from sugary drinks. We
estimated a sugary drink tax would reduce both mean energy intake and the proportion of daily
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energy intake from sugary drinks, with the tiered tax associated with a potential small additional
but meaningful reductions in energy intake compared to the 20% flat-rate tax scenario.
Additionally, we estimated both taxation structures would reduce inequities in mean energy
intake from sugary drinks measured in the CCHS-N, through greater reduction in energy intake
in children/adolescents, males, lower education, food insecure and the low income quintile
groups. However, in each sugary drink taxation scenario, inequities in sugary drink consumption
remained after modelled tax implementations. In addition, 100% juice contributed an additional
34 kcal to per-capita or 1.9% of daily energy intake, demonstrating the potential benefit of
considering policies that reduce the consumption of beverages containing both added and natural
sugars®'. Overall, our study highlights the potential of sugary drink taxation, including
additional benefit of taxing 100% juice, for reducing overall and inequities in energy intake from

sugary drinks in Canada.

Our findings from Canada add to the emerging international literature suggesting that
tiered tax structures may be more effective than flat-rate taxes for reducing SSB consumption.
For example, a US modelling study estimated a tiered tax to be more cost-effective than a flat-
rate tax, with nearly double the health gains and savings®®. In our study, reductions in mean per-
capita energy from sugary drinks were greater in the tiered compared to the 20% flat-rate
scenarios (40 vs. 29 kcal, respectively), with greater per capita mean energy intake from
beverages with higher sugar concentration (Tier 2 and 3 tax targets), however 95% uncertainty
intervals were overlapping after incorporating uncertainties related to OPE and CPE values.
Additionally, our estimates are likely conservative, as shifts in consumer choice to lower sugar
products and incentivized manufacturer product reformulation to reduce sugar content observed
in real world tiered sugary drink taxes were not modelled. For example, following the
implementation of the two-tiered United Kingdom (UK) soft drinks industry levy [high tier:
£0.24/L in the high tier (> 8 g/100ml) and £0.18/L in the low tier (5-7.9 g/100ml)], the purchased
volume of drinks in the high levy tier decreased 44% (95%CI: 29-60) and the percentage of
drinks with sugar in the high tier was reduced by 30% [9,30]. Similarly, in Portugal, product
reformulation following the introduction of a two tiered SSB tax in 2017 (<8 g/100ml: €0.08/L,
and >8 g/100ml: €0.17/L) decreased the average energy density of SSBs by 3.1 kcal/100mI®%3D,
Tiered tax structures are consistent with public health rationale for the implementation of sugary

drink taxation, in that it can target both specific beverages and sugar content of these
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beverages®. However, their limited implementation outside of high income economies highlight
potential implementation barriers, for example the challenges in verifying and monitoring sugar
content of SSBs®.

Our findings suggest the introduction of a sugary drinks tax in Canada could reduce
sugary drink consumption with the potential to reduce inequities in energy intake from sugary
drinks. These findings are consistent with the international literature from empirical studies in
the US®? and Mexico® as well as modelling studies from Canada®” and Australia®® which
suggest that SSB taxes reduce SSB purchases more among individuals with lower incomes and
educational attainments. Further, sugary drink taxes have the potential to reduce social
inequities in the prevalence and healthcare costs of associated health conditions. Modelling
studies in Canada and elsewhere estimate larger potential health benefits among lower SEP

groups with minimal additional financial burden concentrated among lower income groups’-

193435 For example, a Canadian study modelling estimated the annual financial burden
associated with the implementation of a 20% flat-rate sugary drink tax would be larger in the
lowest income quintiles ($43.52 CAD) compared to the highest income quintile ($38.74 CAD)
@7 While this suggests the sugary drink tax was regressive, because price increases would
represent a larger percentage of income from low compared to high income earners, the tax
difference was offset by the increase in averted DALYs (156,000 vs.125,000 DALYS) and
increased lifetime healthcare savings ($2.27 vs. $1.98 billion) in the lowest compared to highest

income quintile, respectively™”.

Although our study estimated a sugary drink tax would reduce inequities sugary drink
consumption in Canada, it is critical that policy-makers consider the wider impacts of the design
and implementation of a sugary drink tax. While from a public health perspective implementing
a sugary drink tax can have health benefits and generate revenue, critics have argued these taxes
can be paternalistic and regressive, unfairly and disproportionately impacting lower income
consumers ©"3®. Appropriately balancing the ethical concerns raised by proponents and critics
alike is important to the design of a sugary drink tax®?. Transparency about the rationale for and
anticipated benefits of the tax — health benefit, revenue generation, countering manipulation of

§(7:39) _

consumers by sugary drink manufacturer and how tax revenues will be equitably invested

to balance the unfair tax burden for low SEP sugary drink consumers are critical considerations
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for assessing the degree to which a sugary drink tax is just®*?). For example, the 7 US cities with
a SSB taxes raise $134 million annually from SSB taxes and contributed 85% of revenues
towards supporting projects and program in impacted communities, for example early childhood
programs ($58 million), community improvements including recreation centres and libraries
($21M) and increasing healthy food and beverage access ($17 million)“Y. Considerations for the
design, implementation and evaluation of a just sugary drink tax go beyond ‘to tax or not to tax’,
and require insights from multiple disciplines and stakeholders, including constructive

collaboration between finance and health policy makers®“?.

Sugary drink taxation policies are an important first step for reducing sugar consumption
and related adverse health conditions. However, no single policy will reduce sugary drink
consumption to healthy levels and additional interventions should be considered®*?. A recent
Canadian study estimated that targeting SSBs with taxation would be insufficient on its own to
effectively reduce the health and economic burden of chronic diseases associated with excess
sugar consumption from additional products®®. Moreover, it is imperative to consider taxation in
the context of an embodied policy approach, with additional considerations for improving access
(i.e., availability and affordability) to safe nutrient-dense items“® and reducing health inequities
associated with material deprivation®. A recent systematic review found that food subsidy
programs are associated with increased purchasing of subsidized goods however there was
uncertainty around associated shifts in consumption®”. Moreover, food subsidy programs®“®
have existed for decades but are inadequate in alleviating material deprivation (food insecurity)
in Canada®, where in 2022, 6.9 million Canadians in the ten provinces lived in a food-insecure

“7  Recent

households, with further inequities across geography, race/ethnicity, and income
economic shifts associated with reductions in food access (among other necessary goods and
services)“? reflect a timely need for broad policy action. Comprehensive monetary policies such
as guaranteed annual income may provide autonomy in regards to accessing healthy and safe
food options and reduce barriers associated with targeted food subsidy programs, such as

(46)

enrollment criteria and longevity"™. Further research on this topic should be considered in

Canada.

This study is not without limitations. Social desirability bias in self-reported data may

have attenuated inequities towards the null as lower compared to higher SEP groups may be
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more likely to underreport the unfavourable consumption of sugary drinks“®. However, our
previous analysis of sugary drink consumption in the CCHS-N found minimal impact on
outcomes when adjusting for energy misreporting™®. We utilized single-day 24-hour dietary
recalls which are prone to random error associated with within-person variation. However single-
day 24-hour dietary recalls are sufficient for estimating mean intake on a given day™". Our
analyses required several assumptions for modelling inputs. Price elasticity estimates vary across
modelling studies®"?®. For example, a recent systematic review estimated average SSB price
elasticity estimates of -1.00 (95% CI: -1.47, -0.50)*® while income-specific price elasticities
utilized in previous Canadian research ranged from -0.87 to -0.92%". We leveraged the most
recent meta-analysis which estimated a larger price elasticity of -1.39 from high-quality
studies*?. Despite the variability in price elasticities, our estimates align with other studies®”.
We assumed consistent price elasticities for all sugary drinks and the tax effect on different
beverage types (e.g., soft drinks vs. 100% juice) may differ overall and across equity stratifiers.
However, due to the heterogeneity of beverage options included in modelling price elasticity
estimates, we assumed that the average impact represents an appropriate measure for our study.
For the tiered taxation scenario, we assumed that cross-price elasticities would be reflected by a
20% price increase which may not directly reflect the replacement related to low and high sugar

beverage products.

Our study has several strengths. We leveraged the most recent population-representative
nutrition survey, which contains the only data on consumption, to estimate the impact of sugary
drink taxation on intake in the population and across equity stratifiers. Our comprehensive list of
sugary drinks included traditional and novel types, including 100% juice®®. We estimated the
impact of two taxation structures in Canada, both of which have been implemented in real-world
policies”). We tested the robustness of including both income-specific (primary analysis) and
homogenous price elasticity estimates and found similar impacts of both taxation scenario across
equity stratifiers. Finally, our sociodemographic-specific trends highlight the importance of

population-level interventions to consider differential impacts across important equity stratifiers.
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Conclusion

We estimated that sugary drink taxation would reduce overall intake from sugary drinks,
SSB, and 100% juice and would reduce, but did not eliminate, inequities in energy intake across
age, sex and SEP among Canadians. The tiered tax scenario was estimated to a have small but
meaningful reduction in mean energy intake from sugary drinks compared to a 20% flat-rate
scenario. Future research should consider how best to design and implement a sugary drinks tax

in Canada that both maximizes the health benefits and reduces social inequities in consumption.

Ethical Standards Disclosure: This study was conducted according to the guidelines laid
down in the Declaration of Helsinki and all procedures involving research study
participants were approved by the Ethics Review Board at Public Health Ontario (Protocol
Code: 2018-046.01). The project involved the secondary use of non-identifiable data,
therefore consent was not required as per Canada’s Tri-Council Policy Statement: Ethical
Conduct for Research Involving Humans — TCPS 2 (2022) Article 5.5B, which states that
“Researchers shall seek REB review, but are not required to seek participant consent, for

research that relies exclusively on the secondary use of non-identifiable information.”
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Table 1: Descriptive statistics and weighted mean per-capita energy intake from sugary drinks
on a given day by sociodemographic characteristics, Canadian Community Health Survey-
Nutrition (n=19,742)

Absolute Energy Intake (kcal) Relative Contribution (%)

. . ‘s Mean Mean Mean Mean
o)
Sociodemographic characteristics N % (95%C1) Difference (95%Cl) Difference
(95%Cl) (95%Cl)
Sugary drinks 19,742 100 127 (122, 132) 6.7% (6.4, 7.0)
Sugar-sweetened beverages 19,742 100 93 (88, 98) 4.8% (4.6,5.1)
100% juice 19,742 100 34 (32, 36) 1.9% (1.7, 2.0)
Age (years)
34 (28,
2-18 years 6,114 31 173 (163, 184) 57 (46,68)  9.4% (8.9,10.0) 3.9)
19 years or older 13,628 69 116 (111, 121) Ref 6.1% (5.8, 6.3) Ref
Sex
06 (0.1
Male 9473 48 151 (143,150) 47 (38,56)  7.0% (6.7,7.4) 1.1
Female 10,269 52 104 (99, 109) Ref 6.4% (6.0,6.8)  Ref
Education
. 02 (08
Less than high school 1,748 9 117 (94, 140) 1(-24,22)  65%(5.6,7.4) 1.1)

. 10 (0.2
High school 3668 18 136 (123,149)  18(4,32)  7.4%(67,80) 18)
Certificate below bachelor’s degree 7,429 38 135 (126, 143) 17 (4, 29) 6.9% (6.5, 7.3) (1”1;) ©0
Bachelor’s degree or higher 6,897 35 118 (110, 126) Ref 6.3% (6.0, 6.7) Ref

Food Security
Food insecure 2,056 10 25 @2,
' 166 (141, 191) 43(15,70)  9.0%(7.9,10.1) 3.7)
Food secure 17,686 90 124 (118, 129) Ref 6.5% (6.2, 6.8) Ref
Income
o 19 (08,
Quintile 1 (low) 4085 20 137 (123,151)  15(5,35)  7.7%(7.0,83)  3.0)
o 09 (02,
Quintile 2 4044 20 122 (107,137)  0(-16,17)  6.6% (60,7.3) 15)
o 11 (01
Quintile 3 4,281 22 129 (118, 139) 7 (-9, 23) 6.8% (6.4,7.3)  2.0)
o 09 (00,
Quintile 4 3,678 19 126 (114, 139) 4 (-10, 19) 6.6% (6.0,7.2)  1.7)
Quintile 5 (high) 3,698 19 122 (111, 133) Ref 5.8% (5.1,65)  Ref

Footnotes: ‘Absolute energy intake (kcal)’ refers to the mean per-capita energy intake from
sugary drinks on a given day. ‘Relative contribution (%)’ refers to the mean per-capita
proportion of energy intake from sugary drinks relative to all food and beverages consumed on a

given day.
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Table 2: Difference of reduction in per-capita energy intake and proportion of daily energy intake from sugary drinks between

sociodemographic groups for each modelled taxation scenario , Canadian Community Health Survey-Nutrition (n=19,742)

Flat-rate (20%) Tax Tiered Tax
Absolute Energy Relative Contribution Relative ~ Contribution
reduction Reduction Absolute Energy Reduction
(kcal) (pct-age points) Reduction (kcal) (pct-age points)
Mean Difference Mean Difference Mean Difference Mean Difference
(95%U1) (95%U1) (95%U1) (95%U1)
Age
2-18 years -13 (-19, -8) -0.7 (-0.9, -0.4) -17 (-25, -9) -0.9 (-1.2,-0.5)
19 years or older Ref Ref Ref Ref
Sex
Male -11 (-16, -6) -0.1 (-0.2, -0.0) -15 (-21, -8) -0.2 (-0.3,-0.0)
Female Ref Ref Ref Ref
Education
Less than high school 0 (-6, 5) -0.0 (-0.2,0.1) -1 (-8, 6) -0.1 (-0.3,0.2)
High school -4 (-8, -1) -0.2 (-0.3,-0.0) -6 (-11, -1) -0.2 (-0.5, 0.0)
Certificate below
bachelor’s degree -4 (-7,-1) -0.1 (-0.2, -0.0) -5 (-10, -1) -0.2 (-0.3,-0.0)
y Bachelor’s degree or Ref Ref Ref Ref
igher
Food Security
Food insecure -10 (-18, -3) -0.4 (-0.7,-0.2) -13 (-23, -3) -0.6 (-0.9, -0.2)
Food secure Ref Ref Ref Ref
Income
Quintile 1 (low) -4 (-9,1) -0.4 (-0.6, -0.1) -5(-12, 1) -0.5(-0.8,-0.2)
Quintile 2 0(-4,4) -0.2 (-0.3, -0.0) 1(-5,7) -0.2 (-0.4, 0.0)
Quintile 3 -1 (-5, 3) -0.2 (-0.4, 0.0) -1 (-6, 4) -0.2 (-0.5, 0.0)
Quintile 4 -1 (-4, 3) -0.1 (-0.3,0.0) 0(-5,5) -0.2 (-0.4,0.1)
Quintile 5 (high) Ref Ref Ref Ref
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