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Sugar-sweetened beverage (SSB) taxes are generally adopted with the goal of reducing SSB 

consumption and improving public health. Extensive research on local SSB excise taxes in the US 

shows that taxes consistently increase prices and decrease purchasing of taxed beverages in the 

taxed jurisdiction. Evidence of impacts on SSB consumption, however, is less consistent. In 

January 2018, Seattle implemented a 1.75-cent-per-ounce tax on the distribution of SSBs. While 

the tax was associated with fewer SSB purchases in Seattle, SSB consumption unexpectedly 

decreased in Seattle and the nearby nontaxed comparison area in King County in a cohort study of 

families with lower income. We hypothesized that the Seattle tax influenced comparison area 
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residents to reduce SSB consumption, known as spillover effects. We also hypothesized that 

parents responded differently to the SSB tax as compared to other adults as an alternative possible 

explanation for the cohort findings. Considering the essential role of parents in their child’s dietary 

patterns and the limited evidence around tax spillover effects, the overall goal of this dissertation 

was to developing a better understanding of how perceived healthfulness and consumption of SSBs 

may have changed among families with lower income in Seattle and nearby areas. In Chapter 1, 

we conducted qualitative interviews with 35 former participants of the cohort study and learned 

that health was the primary reason that parents in Seattle and the comparison area decreased their 

SSB consumption one- and two-years post-tax. Parents said the tax had some influence on their 

SSB consumption as well, including some comparison area parents who were exposed to media 

coverage of the tax or beverage prices while shopping in Seattle. In Chapter 2, we analyzed a large 

panel of retail scanner data using linear difference-in-differences regression to investigate whether 

the tax  influenced SSB purchasing in communities near Seattle as a form of spillover tax effects. 

We did not find evidence of spillover effects of the SSB tax in communities near Seattle relative 

to a matched comparison area, although we observed a 20% net decline in volume sold in Seattle 

relative to a matched comparison area. In Chapter 3, we analyzed repeated cross-sectional survey 

data from a Seattle tax evaluation study to examine whether associations between the SSB tax and 

perceived healthfulness and consumption of SSBs differed between adults with and without 

children in the home. Using linear and logistic difference-in-differences regression, we did not 

observe associations between the SSB tax and these outcomes among adults with or without 

children. Findings highlight the need to understand potentially unique experiences of tax spillover 

among households with lower income and strategies that support parents’ motivations to reduce 

SSB consumption post-tax.  
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Introduction 

 

Background 

Sugar-sweetened beverages (SSBs) are the largest source of added sugars in the diets of 

children and adults in the United States1–3. Frequent intake of SSBs increases the risk of tooth 

decay, weight gain, obesity, diabetes, and cardiovascular disease,4–6 and consuming one additional 

SSB per day in the long-term is associated with a 10% increase in the risk of cardiovascular disease 

death6. Due to targeted marketing and long-standing structural and socioeconomic disparities in 

the food environment, populations with lower income and persons of color have disproportionately 

higher SSB intake and burden of disease1,7. Moreover, while highly prevalent in the diet, SSBs 

contribute minimal nutritional value. There is a strong rationale for public health policies to help 

limit SSB consumption and improve health equity. 

Sugar-sweetened beverage taxes show promise as an effective policy approach to reducing 

SSB consumption by increasing prices and reducing purchases of SSBs. Dietary behavior change 

is difficult to achieve with informational interventions alone.8 Fiscal policies can incentivize 

healthier decisions by changing the relative price of items at point of purchase, as well as generate 

revenue health promotion, and encourage product reformulation among beverage manufacturers.9 

As such, SSB taxes are recommended by the World Health Organization to address a market failure 

of external costs linked to related health outcomes10 and incentivize behavior change.9,10 Further, 

excise taxes that reinvest tax revenue in community programs and public health like those in the 

US have been shown to have net benefits for populations disproportionately impacted by SSB-

related health outcomes.11 

In the last decade, over 45 countries, regions, and cities have adopted SSB taxes.12 In the 

US, rigorous evaluation studies of excise taxes in Berkeley,13,14 Philadelphia,15–18 Oakland,19 
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Seattle,20–23 and the repealed tax in Cook County24 have established the majority of the evidence 

base showing that excise taxes on the distribution of SSBs increase the retail prices of SSBs (i.e., 

at least a portion of the tax is “passed through” to consumers) and reduce purchases in the taxed 

area relative to comparator non-taxed areas 25.  

However, evidence of SSB tax impacts on consumption of SSBs has been less consistent. 

In general, reductions appear to be larger and most consistent for populations with lower income 

and for daily consumers of SSBs as compared to those with higher income and infrequent 

consumption, although other studies do not observe impacts in either group or overall13,17,19,26–31. 

To date, only several studies have assessed tax impacts on health outcomes of SSB taxes. Evidence 

indicates positive impacts on weight gain32–34 and dental health particularly among lower income 

populations35, suggesting that the taxes influence behavior despite the lack of consistency from 

SSB consumption data.  

The Seattle Sweetened Beverage Tax 

On January 1, 2018, the City of Seattle implemented a 1.75-cent-per-ounce tax on the 

distribution of SSBs. To assess the impact of the tax on SSB consumption, the Seattle Shopping 

and Wellness (SeaSAW) longitudinal cohort study enrolled children and their parents/caregivers 

from lower income households in Seattle and a non-bordering comparison area of South King 

County, Washington20,31. Unexpectedly, SSB consumption decreased by similar amounts for 

families in Seattle and the comparison area after one and two years post-tax20,31. This was 

unexpected because other studies observed significant tax impacts on SSB prices relative to the 

South King County comparison area 22 and purchasing relative to Portland, Oregon 23. 

In light of these findings and emerging evidence of health impacts33,34 , it is important to 

gain a better understanding of what led Seattle and South King County families to decrease SSB 

consumption, but not to a greater degree among Seattle families, in the SeaSAW cohort. More 
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broadly, examining how SSB taxes may influence behavior across different population groups can 

highlight implications for health equity. Parents/caregivers (henceforth, parents) are an important 

group in which to understand drivers of SSB consumption because their consumption and 

availability of SSBs in the household are the leading influences of their child’s SSB 

consumption.36,37 In addition, individuals with lower income are more likely to be sensitive to 

beverage price increases than their higher income counterparts38,39; this reinforces the need to 

investigate why differential change in SSB consumption was not observed among parents with 

low income in Seattle versus the comparison area.  

Tax spillover effects in nearby areas 

One hypothesis about the SeaSAW cohort findings is that of spillover effects, whereby 

Seattle and South King County parents were exposed to the SSB tax and this led parents in Seattle 

and some in South King County to decrease their SSB consumption. Mechanisms of this type of 

spillover include a signaling effect pathway and price sensitivity pathway of SSB taxes (Figure 

1.1)  

Signaling effects. Signaling effects, which can be understood through the theory of the 

expressive function of law 40,41, could change perceived healthfulness of SSBs or change social 

norms that lower the perceived appropriate intake of SSBs41,42. The role of media coverage about 

the SSB tax can also be considered part of the tax signaling pathway. South King County and 

Seattle share a media market20 , thus potentially exposing both groups to information about the tax. 

There are several ways in which signaling effects could have manifested for South King County 

parents. Some people could have misunderstood the taxed jurisdiction and perceived the tax in 

their city as well. Evidence from other settings suggests that tax awareness is associated with 

reduced consumption 43 and framing higher prices as a SSB tax heightens its salience above the 

price alone 44,45. Even for South King County parents who understood the boundaries of the tax, 
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their awareness of the policy and the health rationale behind the policy may have also led to 

signaling effects.  

Price sensitivity. The price sensitivity pathway is the primary way in which SSB taxes are 

thought to influence behavior in the taxed area 10,14. In the context of spillover, South King County 

parents may have been frequently exposed to high beverage prices due to the tax while shopping 

in Seattle and this led them to reduce purchasing and consumption. For example, commuting into 

Seattle regularly may have an influence on one’s purchasing.  

Differential impacts of SSB taxes for parents/caregivers versus other adults 

A second hypothesis is that parents (with children in the home) were differentially 

responsive to the Seattle SSB tax as compared to other adults. To our knowledge this has not been 

examined in the SSB tax literature. Parents may be more responsive or less responsive to a SSB 

tax for several reasons. Marketing and health claims on beverages targeted towards children have 

been shown to mislead parents in perceiving certain SSBs are healthful 47,49,109. A tax may have a 

stronger signaling effect to parents than other adults if it makes clear which beverages are higher 

in sugar. Parents may in return modify their own consumption and their child’s access to different 

beverages as they consider their health and their child’s health. With relatively higher household 

costs, parents may be more price sensitive to the tax than other adults as well. On the other hand, 

parents may be less responsive to the tax if they have higher risk perceptions around SSBs to begin 

with or if child-directed marketing and demand for SSBs outweighs the potential burden of higher 

prices. 53,54   

Aims 

The overall goal of this dissertation is to develop a better understanding of how SSB 

consumption may have changed among families with lower income in Seattle in light of the 

unexpected findings from the SeaSAW cohort study. In the next three chapters, this work 
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investigates the hypotheses above to understand the extent to which the Seattle tax may have 

influenced health perceptions and consumption of SSBs in Seattle and nearby nontaxed 

communities, i.e., a form of spillover effects, and whether there is evidence of differential tax 

influences for parents with children in the home versus other adults.  

Specifically, in Chapter 1, we collected qualitative data via semi-structured interviews with 

former participants of the SeaSAW cohort study to understand the experiences of parents who 

decreased their SSB consumption after implementation of the tax. We explored whether 

experiences and reasons for decreasing consumption differed between parents in Seattle and South 

King County to understand potential influences of the Seattle SSB tax and spillover. In Chapter 2, 

we conducted a quasi-experimental differences-in-differences analysis of retail scanner data to 

estimate changes in volume sold of SSBs in nontaxed areas of King County after implementation 

of Seattle’s tax relative to a matched comparison area. This analysis used objective purchasing 

data to investigate whether tax spillover effects reduced SSB purchasing among shoppers in the 

nontaxed King County area. In Chapter 3, we analyzed data from the Seattle Sweetened Beverage 

Tax Norms and Attitudes survey, a repeated cross-sectional survey of adults in Seattle and a well 

matched comparison area, to estimate whether associations of the SSB tax and changes in health 

perceptions and SSB consumption differed between parents with versus without children in the 

home. We used linear and logistic triple differences regression models and propensity score 

weights to estimate associations and the extent to which they differed by having a child in the 

home. 
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Chapter 1 | Understanding changes in sweetened beverage consumption 

following implementation of the Seattle Sweetened Beverage Tax among 

parents in Seattle and nearby cities 

 

Overview 

 

Evaluation of Seattle’s SSB tax showed that SSB prices increased and sales decreased in 

the two years post-tax, but in a community-based cohort study, SSB consumption unexpectedly 

decreased in both Seattle and nearby comparison areas. The objective of this qualitative study was 

to understand why parents in the cohort decreased or did not decrease their SSB consumption after 

implementation of the tax and whether reasons differed between Seattle and comparison area 

parents. We conducted semi-structured phone interviews with 35 participants who spoke English, 

Somali, or Spanish. Questions were based on socioecological influences on SSB consumption 

including price and non-price pathways of the SSB tax. Using thematic analysis, we compared 

themes between Seattle and the comparison area.  

Most parents were primarily concerned about their health and the health of their families 

and this led them to decrease their SSB consumption. Other influences on SSB consumption were 

similar between Seattle and comparison area parents including beverage prices, media coverage, 

and participation in the cohort survey. Most Seattle parents and about half of comparison area 

parents who were aware of the SSB tax perceived some degree of influence of the tax on their SSB 

consumption. For some comparison area parents, media coverage about the SSB tax and exposure 

to taxed beverage prices while shopping in Seattle raised awareness of their consumption of sugary 

beverages. Some Seattle parents occasionally cross-border shopped for SSBs to avoid paying the 

tax.  

Findings suggest that SSB taxes reinforce parents’ health concerns about SSBs and support 

intentions to reduce consumption of SSBs. Pairing health messaging with SSB taxes may support 
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behavior change among families in the tax area and in nearby cities. Investigations of such 

spillover tax effects in other settings and with other data is warranted.  

Note. A previous and extended version of this study was presented in a report to the Seattle 

Sweetened Beverage Tax Community Advisory Board and the City of Seattle in May 2022 as part 

of a suite of reports that finalized the five-year evaluation project on the tax, funded by the City of 

Seattle. The funder did not influence the study design, analysis, or results presented herein or in 

the above report.  
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Introduction 

Sugar-sweetened beverages (SSBs) are the largest source of added sugars in the 

American diet and are a modifiable risk factor for diabetes, hypertension, heart disease, and 

dental caries 3,5,6. In the past decade, sugar-sweetened beverage taxes have been adopted in 

several US jurisdictions and many countries worldwide to disincentivize SSB consumption and 

generate revenue for public health 12. Rigorous evaluations of SSB excise taxes in the US in 

Berkely, Oakland, Philadelphia, Seattle, among others, have consistently found that these taxes 

are passed on to consumers in the form of higher retail prices and, in response, net SSB 

purchasing decreases in the taxed areas55. Evidence of tax impacts on SSB consumption, 

however, is less consistent. Findings range from no change to moderate reductions in SSB 

consumption, mostly among populations with lower incomes or higher baseline levels of SSB 

consumption 55.  

On January 1, 2018, the city of Seattle, Washington, implemented an excise tax of 

$0.0175/ounce on the distribution of SSBs 56. To assess the impact of the tax on SSB 

consumption, the Seattle Shopping and Wellness (SeaSAW) longitudinal cohort study enrolled 

children and their parents/caregivers from lower income households in Seattle and a non-

bordering comparison area of South King County, Washington 20,31. Unexpectedly, SSB 

consumption decreased by similar amounts for families in Seattle and families in the comparison 

area after one and two years post-tax20,31. This finding was unexpected because other studies 

pointed to significant tax impacts on SSB prices relative to the South King County comparison 

area 22 and purchasing relative to Portland, Oregon 23.  

To begin investigating reasons for the discordance between the cohort findings and other 

Seattle tax findings, the research team held community event conversations with participants 

after the two-year study was completed 31. Several potential explanations for the results were 

offered: a growing awareness of health effects of SSBs, high costs of SSBs in Seattle and the 
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comparison area even before the tax, differences in community resources for lower income 

families in Seattle versus the comparison area, and an increased awareness of beverage 

consumption after completing cohort surveys 31. Because we could not analyze responses at the 

community events separately for participants from Seattle versus the comparison area or for 

participants who did versus did not decrease SSB consumption, it is unclear how the above 

experiences differ or relate across these groups and how the tax might have interacted with these 

experiences.    

Further investigation can strengthen the field’s understanding of SSB tax impacts beyond 

the Seattle context. Since taxes may influence beverage consumption through health risk 

signaling in addition to the main pathway of price sensitivity57. This pathway may affect people 

in nearby areas outside of the taxed jurisdiction, known as spillover effects14,58. Seattle and the 

comparison area in the cohort share a media market, whereas Seattle and Portland (the 

comparison area in the purchasing study mentioned above) do not 59. In addition, comparison 

area participants may have traveled into Seattle frequently enough to be exposed to the increased 

beverage prices due to the tax and leading to decreased consumption. Alternatively, the tax may 

have had little impact on cohort participants in either area. Questions remain about factors that 

lead individuals to change or not change beverage consumption in the context of a tax. 

Objectives 

Building on findings from the SeaSAW study community events, we sought to understand 

the experiences of parents in the SeaSAW cohort who decreased their SSB consumption after 

implementation of the tax and explore whether experiences and reasons for decreasing 

consumption differed between parents in Seattle and the comparison area. Secondarily, we sought 

to understand the experiences of parents who did not decrease their SSB consumption after 

implementation of the tax and explore whether reasons differed between Seattle and comparison 
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area parents. Findings from this study offer important insights for future work on SSB taxes and 

other efforts to eliminate diet-related health inequities.  

Methods 

Design and population 

We conducted semi-structured interviews with a sample of parents who were participants 

of the SeaSAW cohort. We interviewed parent participants instead of child participants because 

parents in the cohort were the primary grocery shoppers for their household and may have been 

more immediately exposed to the SSB tax, e.g., due to beverage price increases and media 

coverage. Participants were residents of Seattle or the nearby, non-taxed comparison area, 

comprised of cities in South King County, primarily Auburn, Federal Way, Kent, and Renton 

Cohort participants who were eligible for the qualitative interviews must have completed all 

SeaSAW assessments (per-tax, and 6-, 12-, and 24-month post-tax) and must not have moved out 

of their location group (Seattle or comparison area) during the study. At the time of cohort 

enrollment in 2017, cohort participants had a household income <312% of the Federal Poverty 

Level, with the majority having income <130% of the Federal Poverty Level. Detailed 

descriptions of eligibility and the baseline cohort population have been previously reported 20. 

Interviews occurred between October 2022 and January 2023.  

Sampling and recruitment 

We used a stratified, convenience sampling scheme of four subgroups. The subgroups were 

based on whether participants lived in Seattle or the comparison area and whether their reported 

consumption of taxed SSBs decreased or did not decrease (i.e., increased or did not change) based 

on a modified beverage intake questionnaire 60 from baseline (pre-tax) to 12-months post-tax. We 

expected that participants who made large decreases in their SSB consumption may be more likely 

to remember what led to their change compared to participants with smaller decreases in SSB 
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consumption. Therefore, we used the midpoint between the mean changes in consumption for all 

Seattle parents and comparison area parents in the cohort after 12 months post-tax, 5.75 fluid 

ounces per day, as the cut point for the consumption change subgroups. This ensured that about 

half of the sample decreased their consumption by at least this amount.  

We contacted individuals from a list of eligible cohort participants in a random order 

within each subgroup. Outreach was conducted in English, Spanish, and Somali, based on the 

language used in the cohort surveys. We contacted a larger proportion of Spanish-speaking 

participants because one of the interviewers primarily spoke Spanish, whereas the other 

interviewer spoke Somali and English. We made up to three contact attempts by text, phone, or 

email using following protocols similar to the cohort. Participants provided verbal informed 

consent after confirming eligibility criteria and were mailed a $40 debit card after the interview. 

We closed recruitment when we reached our target sample size of 30-45 individuals within our 

timeline constraints.  

Data collection 

Theoretical framework. The interview questions were informed by our conceptual model 

depicting pathways through which a SSB tax may impact SSB consumption in the context of 

multilevel factors (Error! Reference source not found.). The model draws from previous work on 

socioecological determinants of SSB consumption 8, community nutrition environments61, and 

multilevel influences on health behaviors62. The pathways involve exposures to 1) beverage prices 

(i.e., price pathway) and 2) health risk signaling of the tax (i.e., non-price pathway). Factors within 

individual, family, community, and regional domains influence one’s experience with the tax 

pathways and SSB consumption over time. In this framework, we can identify factors that may 

lead tax effects to “spillover” in the comparison area for some individuals, and identify factors 

associated with little to no change in SSB consumption among parents in Seattle and the 
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comparison area. Finally, we include a pathway for the effects of participating in the SeaSAW 

cohort since this was a theme from community event discussions31. Different factors may be 

associated with the extent to which parents decreased their SSB consumption in response to 

participating in the study.  

Interviews. Interview questions explored how parents’ individual, family, community, 

and regional circumstances influenced their experiences with the pathways above. For example, 

we asked parents about SSB-related and tax-related information that they noticed and whether 

the information influenced their SSB consumption. When applicable, questions focused on the 

timeframe within the cohort study: from several months before the tax to one and two years after 

the tax was implemented. We also used parents’ SSB consumption data from the cohort surveys 

to focus their recall of details around cohort study period. For example, we told parents whether 

their reported (taxed) SSB consumption decreased, did not change, or increased from baseline to 

one year and two years later. Among those whose SSB consumption decreased, we asked about 

the top reasons why about their top reasons why it decreased. To limit social desirability bias, the 

questions that mentioned the SSB tax were asked near the end of the interview. Finally, to explore 

the role of cohort participation, we asked participants directly if they thought any differently 

about the beverages they consumed after completing the surveys at each assessment and if this 

experience had an impact on their SSB consumption.  

While we did not ask participants to describe their children’s SSB consumption and 

reasons for changes over the same period, we asked participants about any changes in what they 

served to their children. We included these questions to understand household-level factors that 

may have influenced parental changes in SSB consumption. All questions incorporated input 

from the interviewers and were pilot-tested with two individuals not involved in the study. The 

interview guide is included in Appendix 1.1.  
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We offered interviews in English, Somali, and Spanish by phone, in person, and web-

based video. Interviews were audio-recorded and professionally transcribed, and when 

applicable, translated to English. Interviewers also typed field notes following each interview to 

capture main points in the conversation. A subset of the research team met weekly with 

interviewers during data collection to assess interview quality, progress, and findings. Field notes 

and patient enrollment data were stored using REDCap electronic data capture tools 63,64. The 

study was approved by the Seattle Children’s Institutional Review Board.  

Research team. The interviewers, FA, and JFT, conducted recruitment and data collection. 

They each have extensive experience with community-based data collection, are native Somali- 

and Spanish-speakers, and identify as members of the local Somali and Hispanic/Latinx 

communities, respectively. Their community connections were essential to recruiting a diverse 

sample in the SeaSAW cohort and maintaining excellent retention over the two-year study. The 

interviewers were acquainted with many of the interview participants, as many recalled their 

involvement in the cohort study. The interviewers were also female, parents, and participants of 

the cohort study. Prior to data collection, each interviewer attended two trainings led by other team 

members on semi-structured interviewing techniques that included mock interviews. The 

interviewers worked for community public health and research programs at the time of this study.  

Analysis  

Method and code framework. We analyzed the transcripts using a thematic analysis 

approach, which is a method for identifying and interpreting patterns across individuals 65. 

Specifically, we tagged sections of text in transcripts with codes that described the basic meaning 

of the text in relation to our research objectives. We then examined coded text for patterns within 

each of the four analysis groups and iteratively developed themes within key topics relating to 

interview questions and the conceptual model. We additionally examined text that was not 
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patterned but meaningful to our understanding of diverse experiences. To compare themes between 

Seattle and comparison area groups, we created summary tables and further distillations of coded 

text, and to develop key findings, we interpreted thematic differences and similarities between the 

groups in the context of the conceptual model.  

For our primary analysis, we compared themes between Seattle and comparison area 

parents who decreased their SSB consumption. Secondarily, we compared themes among 

participants who did not decrease their consumption. We did this because the number of parents 

who did not decrease their SSB consumption was small and the participants had relatively low 

SSB consumption to begin with compared to participants in the groups that decreased 

consumption.  

We employed a largely deductive approach to analysis in that we used the interview 

questions and conceptual model to inform the code framework. Codes were organized into two 

categories: 1) determinants of SSB consumption, which were organized within socioecological 

levels, and 2) indicators that either overlapped with determinants to provide context (e.g., 

timeframe, relating to the child versus the adult) or cataloged descriptive text (e.g., the number and 

ages of one’s children). The code framework is included in Appendix 1.2.     

Coding and theme development. Two members of the research team who were experienced 

with thematic analysis coded the transcripts. The coders first independently coded the same 

transcript, then discussed code applications. They adjusted the code framework to refine code 

definitions and adjusted code applications until all were in agreement. They repeated this process 

for each transcript until no further changes to the code framework were needed and they reached 

acceptable intercoder reliability (Cohen’s kappa value of 0.78), which occurred after dual coding 

eight transcripts. Next, they separately coded the remaining interviews. Because interview 

questions asked about participants’ beverage consumption data and city of residence, this 
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information was present in the transcripts and coders were aware of the subgroups in which 

participants belonged. Finally, one of the coders reviewed all coded text to develop themes and 

key findings. Throughout this process, early findings were shared with interviewers to gather 

feedback and obtain clarifications on sections of text. Dedoose Version 9.0.85 was used for coding 

and analysis 66.  

Results  

We received responses from 64 of the 201 participants who were contacted at least once 

for an interview invitation. Of those, six individuals declined to participate, 22 did not keep their 

scheduled appointment for an interview, one was lost to follow-up, and 35 agreed to participate 

and completed an interview. The participant sample included 16 individuals from Seattle and 19 

from the comparison area. Participant demographic characteristics are described in Table 1.1 and 

SSB consumption data from the cohort survey are presented in Table 1.2. All interviews were 

completed by phone and the average interview length was 40 minutes (range 22-68 minutes). One 

interview was repeated due to an audio recording failure; another was partially lost due to a 

recording failure and was not repeated.  

Below, we describe five key findings from themes among participants whose sweetened 

beverage consumption decreased from baseline (pre-tax) to 12 months post-tax. Select 

illustrative quotes from participants are included below, and additional quotes are presented in 

Table 1.3.  

 

1. Seattle and comparison area parents cited health as the top reason why they decreased 

their SSB  consumption. Parents discussed motivations to improve their overall health as well 

as prevent weight gain, cavities, and diabetes which many parents linked to high consumption of 

sugary foods and beverages. Health concerns were discussed at the individual and household 
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level, as parents felt that modeling healthier behaviors and limited access to sugary drinks in the 

home was important for their children’s health. Many parents also shared that having a recent 

medical diagnosis or a family history of diabetes and other conditions motivated them to change 

their SSB consumption, and this was slightly more common among comparison area parents than 

Seattle parents.   

 

The main reasons I changed what I was consuming that period are, I understood what 

it’s made of and what I was drinking. I got to know they were not good for the health of 

my children and mine. I planned to reduce its consumption as I couldn’t stop consuming 

altogether. – Participant 29, Somali-speaker, Seattle 

 

2. Parents in Seattle and the comparison area recalled information about the SSB tax in the 

media. While recollection of SSB tax media coverage was stronger among Seattle parents, many 

of those in the comparison area recalled hearing about the tax in the news. When asked about the 

information they remembered hearing or seeing about the tax, comparison area participants 

tended to comment on the health-related rationale of the tax in addition to the increased prices, 

while Seattle parents focused primarily on their personal experiences with noticing higher prices. 

This reinforces the idea that some comparison area participants were aware of the rationale for 

the tax which may have been communicated in the media coverage.  

 

I remember once on Seattle Univision news; they were saying that they were going to 

charge a few cents more for people who consumed sugary drinks. But I didn't pay much 

attention because we don't consume that much. I only heard it on the news, on the Univision 

channel, from Latinos. But I don't remember hearing it anywhere else. Some friends were 
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also commenting on it. And well, it's good, so they don't buy sugary drinks anymore. – 

Participant 3, Spanish-speaker, Comparison area 

 

3. Most Seattle parents felt that the higher beverage prices from the tax had some influence 

on their sweetened beverage consumption, and some parents occasionally cross-border 

shopped.  Although health was the top reason for decreasing consumption sweetened beverages, 

many of the same parents in Seattle said the higher prices from the tax also had an influence on 

their consumption. Beverages became expensive and there was a strong motivation to limit 

purchasing. Some participants said they no longer bought SSBs in Seattle, and instead shopped 

outside the city to avoid the tax. Most conveyed that the cross-border shopping did not offset the 

amount they previously bought in Seattle.  

 

That I've experienced it, I didn't need to hear about it. When you go it's like very 

evidenced that you are going to pay a big cut and nobody wants to pay it. So, I just walk 

away. When I think I need to buy it, I just walk away. As soon as it happened. And I was 

like, "Oh no, no, no," I was like no, I don't wanna be a part of this, water it is. [laughs]. 

In Seattle, I'm not gonna pay it. If I need it, I will yes, I will go to a different city and buy 

it and that will be the end of that. […] But, it may not happen that day like I might go in 

Seattle and be like oh I forgot. But we don't need it that bad, we got bottles of water at 

home. Then like the next time when I'm going to another city, I remember like if I'm in 

Renton, I will go through that city and then I'll pick up whatever it is that I was gonna 

get. – Participant 34, English, Seattle   

 

4. Some parents in the comparison area felt that the tax influenced their sweetened 

beverage consumption. When asked about the potential influence of the SSB tax on their SSB 
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consumption, about  half of comparison area parents who were aware of the tax said that it had 

an influence on their consumption. Parents bought fewer beverages and limited their 

consumption to avoid paying higher prices. Some parents specified they did not buy SSBs while 

they were in Seattle, e.g., at work, while others did not specify where they noticed high prices of 

SSBs. For other parents, their awareness of the tax and its health rationale served as a reminder 

to limit consumption even when shopping elsewhere. Lack of clarity on the Seattle city 

boundaries of the tax did not surface as a theme (we introduced the Seattle SSB tax in the 

interview question). 

 

Yes, yes, because I think, why should I spend on something that is not going to give me 

nutrition, that is not going to do me any good? […] Yes, yes, everybody knows that, what I 

have heard is that the soda is so expensive, and we went to this place and a soda was about 

$5. And with tax increase, people have stopped consuming so much of these sugary drinks. 

[…] Because I believe in the same thing. Me too. No, I don't buy a soda to save my money. 

– Participant 13, Spanish-speaker, Comparison area 

5. The experience of participating in the cohort and completing beverage surveys led some 

parents in Seattle and the comparison area to become more aware of the amount they 

consumed. Although many participants were already informed about health risks associated with 

excess SSB consumption, parents generally described a lack of awareness of the amount they 

and their household consumed prior to the cohort study. Most parents said the detailed cohort 

surveys helped increase this awareness. Both Seattle and comparison area participants mentioned 

that ubiquitous beverage industry marketing and promotions made it easy to buy and consume 

more than they intended, and the surveys brought clarity to this. Many parents attributed their 

increased awareness and ability to decrease consumption to participating in the cohort study. 
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Reinforcing these views, some comparison area parents discussed needs for more education and 

awareness efforts to expand beyond the study cohort and into their community.  

 

So when I participated in the first survey, I started to see what I was consuming. I think, 

before that, I hadn’t realized what my son and I consumed. And the study made me realize, 

“Wow, I’m eating too much sugar.” – Participant 12, Spanish-speaker, Comparison area 

 

Findings and illustrative quotes from the secondary analysis of participants whose SSB 

consumption did not decrease are presented in Supplemental Table 1.1. Briefly, we found that 

preferences for SSBs and habits were the top reasons offered for having not changed or increased 

their consumption in that period. Parents in both areas were generally aware of the Seattle SSB 

tax and had heard about it in the news or while shopping in Seattle. The Seattle SSB tax was 

perceived to have had little influence on SSB consumption patterns except for some comparison 

area participants when they shopped in Seattle. Parents recalled health clinics and the media as 

sources of health risk information about SSBs that motivated them to reduce consumption, but 

also mentioned beverage marketing and child’s preferences for SSBs as barriers to doing so. 

Participating in the study increased some parents’ awareness of their SSB consumption and 

prompted some to try to cut back. Other parents felt that the tax and cohort study had no 

influence on their consumption because they consumed few SSBs to begin with. 

Discussion 

In a racially/ethnically diverse sample of parents with lower incomes who reside within 

Seattle (taxed area) and nearby communities in South King County (non-taxed comparison area), 

this qualitative study identified factors that influenced SSB consumption following 

implementation of the Seattle SSB tax. We found that factors influencing declines in SSB 
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consumption were generally similar among participants in Seattle and the comparison group, 

including health concerns as the primary reason for change, as well as beverage prices, media 

coverage, and participation in the SeaSAW cohort study, with prices being a stronger influence 

among Seattle parents. Some parents in the comparison area were exposed to media coverage about 

the tax and this reinforced concerns about the health risks of SSBs, while others bought fewer 

beverages due to price increase when shopping in Seattle. Several parents in Seattle cross-border 

shopped to avoid paying the tax.  

The finding of health as the primary reason for change among residents of the taxed and 

nontaxed areas aligns with other data from Seattle, Philadelphia, and Berkeley. In the SeaSAW 

cohort study, at two-years post-tax, participants reported whether they believed their sweetened 

beverage consumption changed in the previous two years, and if so, the primary reason for the 

change. Among those who believed their consumption decreased, most parents in Seattle (59%) 

and the comparison area (95%) selected health as their primary reason, whereas 26% of Seattle 

parents and 1% of comparison area parents selected SSB taxes or costs of beverages as their 

primary reason.31 A representative survey of Seattle adults two years post-tax with the same 

question found similar patterns as well67. In addition, in Philadelphia and Berkeley, discussions 

with parents living in the taxed areas suggested that the tax supported parents’ health-related 

motivations to reduce SSB consumption68,69. Finally, there were subtle differences in the types of 

health reasons that parents described in the interviews. Relative to Seattle parents, comparison area 

parents more frequently discussed specific medical conditions that they or a family member were 

experiencing. This may point to differences in health status between Seattle and comparison area 

participants in the SeaSAW cohort. If such differences existed, this could have led to differential 

patterns of SSB consumption over the study period. However, while health status was not assessed 
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in the cohort study, many associated factors were controlled for in the analysis, including age, 

income, and race/ethnicity.31  

Findings from the interviews support the hypothesis that a shared media market in the 

greater Seattle area raised parents’ awareness of the SSB tax and health risks of SSBs in the 

comparison area. There was no publicly funded awareness campaign about the Seattle SSB tax, 

and while there were some grassroots community advocacy efforts to increase awareness about 

the tax and the health benefits of reducing SSB consumption prior to tax adoption, it is likely that 

news media was the main driver of public awareness about the tax in Seattle70. A formal analysis 

of media coverage about the Seattle tax has not been conducted, but evidence from Boulder, CO, 

Oakland, CA, and elsewhere suggests that media more frequently framed SSB taxes in a neutral 

or positive manner than a negative manner, commonly citing health benefits of the tax71–74. 

Evidence from a representative survey of Seattle adults indicated that a greater proportion of adults 

with low income recalled hearing or seeing positive messaging about the tax (32%) than adults 

with higher income (22%) 67, reinforcing the idea that parents in the SeaSAW cohort study from 

both Seattle and the comparison area may have been exposed to health risk messaging about SSBs 

in media coverage about the tax. It is worth noting from the interviews that two comparison area 

parents were unsure whether the tax had been up for a public vote (it was not; it was passed and 

enacted through vote of the Seattle City Council), suggesting potential confusion between the 

Seattle SSB tax and the 2018 Washington state ballot initiative 1634 (passed) to ban local grocery 

taxes and preempt any future SSB taxes in the state which generated substantial media attention 

75. 

In addition to media coverage, interviews suggested that some comparison area parents 

were exposed to high beverage prices that reinforced their intentions to decrease SSB 

consumption. Evidence from store audit studies indicate that SSB prices increased by a small 
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amount on average in the comparison area after implementation of the SSB tax, relative to larger 

price increases in Seattle as a result of the tax being applied to the distribution of SSBs in Seattle 

20,76. This suggests that pricing in the comparison area did not increase dramatically post-tax and 

instead parents were probably exposed to the tax when shopping in Seattle. In addition, several 

comparison area parents described a signaling effect of the tax in that it served as a reminder to 

limit excess sugar intake even though they knew the tax was not in effect in the areas in which 

they lived. Confusion about the city boundaries of the tax did not emerge as a theme (we introduced 

the Seattle SSB tax in the interview question). However, this phenomenon may exist in the broader 

King County population, since a study in non-taxed communities in the Bay Area, CA, found that 

15% of respondents incorrectly believed they lived in a taxed area77.  

From other studies of SSB taxes, there is mixed evidence about health risk signaling 

effects. Some natural and discrete choice experiments of SSB taxes suggest that awareness of the 

policy, apart from the higher prices themselves, has impacts on SSB purchasing or consumption 

43,45,78 and impacts may be greater when the tax is paired with health-related rationale44. In contrast, 

after the repeal of the SSB tax in Cook County, IL, SSB purchasing quickly returned to pre-tax 

levels, indicating the tax did not have a signaling effect 79.   

Responses from Seattle parents about the SSB tax align with previous evaluation work on 

this topic. Parents noticed higher beverage prices in stores and this motivated them to buy fewer 

taxed beverages. Some participants shopped outside of the city to avoid the tax, but most conveyed 

that this did not offset the amount they previously purchased. This finding is consistent with the 

one- and two-years studies of retail scanner data in Seattle compared to Portland that found there 

was minimal effect of cross-border shopping on tax-related decreases in volume sold in Seattle21,23. 

We did not ask participants in the cohort study surveys if they cross-border shopped during the 

cohort study, so it is possible that this was a stronger theme than what surfaced here. In a separate 
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study, some parents with lower income in Philadelphia reported cross-border shopping to avoid 

the tax 68. In Seattle, it is unclear if cross-border shopping was more common for individuals with 

lower income than the retail scanner studies suggest since retail scanner data may underrepresent 

stores in lower-income neighborhoods80. However, much of the literature suggests otherwise: tax 

impacts on SSB consumption and health outcomes are often greater in populations with lower 

income than higher income25,55. 

Finally, findings about the experience of participating in the SeaSAW cohort study is 

supported by literature on research participation effects on health behaviors81–83. There is evidence 

that participation raises participants’ awareness of unhealthy behaviors, and that intentions to 

change behavior may depend on perceived social acceptability as well as participants’ relationship 

with the research study.81 In a systematic review, answering questions about alcohol consumption 

resulted in subsequent reductions in the amount consumed over time 82. It is important to note that 

in the case of the SeaSAW cohort study, we would expect the influence of participation effects to 

be similar for parents in Seattle and parents in the comparison area because they completed the 

same surveys and received no intervention or health information about SSBs. The interviews 

suggested this, as participants from both areas described similar experiences of participating in 

study. Therefore, participation effects are an unlikely source of potential bias in the analysis of tax 

impacts on SSB consumption in the SeaSAW cohort. On the other hand, if there were differences 

between Seattle and comparison area participants with respect to health status or motivations for 

enrolling in the study, for example, participants effects may have been differential over time.  

Limitations 

First, this study relied on participant recall up to five years in the past, around the time of 

the baseline cohort assessment. Anticipating this, we designed our interview questions to prompt 

individuals to think thoroughly about their current SSB consumption to refresh their memories 
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before recalling past consumption and other life circumstances. We used evidence-based 

approaches to anchor one’s memory to a point in time with the help of event-oriented prompts 84 

and found it particularly effective to mention the baseline assessment itself. Nonetheless, some 

participants had difficulty remembering past details and their responses were brief. This limited 

our ability to compare them with those of participants who remembered more details.  

Second, while our sampling approach oversampled people with large decreases in SSB 

consumption, which helped us explore potential tax spillover effects, the groups of individuals 

who did not decrease their consumption were substantially smaller in size. It was difficult to 

identify strong themes from the small groups of individuals who did not decrease consumption, so 

we described individual experiences to represent the variety of responses when appropriate. 

Several participants who did not decrease consumption had low consumption levels at baseline 

and thus had little room to decrease their consumption during the cohort study.  

Third, whereas coding was conducted independently by two team members and found 

reliable, only one member of the study team analyzed the coded data and developed key findings; 

we did not have another team member try to independently reproduce findings. In addition, we 

were unable to share findings with interview participants during analysis. In light of these 

limitations, we use a relatively simple analytical framework and thematic analysis method so that 

our analytical process was more transparent than methods of greater complexity65. We additionally 

checked our early findings with the interviewers and discussed the analytical approach with other 

study team members to find consensus on steps towards theme development and synthesis. 

Fourth, when planning this study, we aimed to also interview peers of comparison area 

cohort participants who lived in the comparison area but did not participate in the cohort study. 

We wanted to understand the experience of living near the Seattle tax in the comparison area in 

the absence of cohort participation. Due to staffing and timeline limitations, we did not recruit 



  

34 

 

enough peers to be able to adequately synthesize and compare responses to those from cohort 

participants, and thus they were not included in this analysis. 

Conclusion 

This study revealed common threads between the experiences of Seattle and comparison 

area parents with lower income after SSB tax implementation in Seattle. Parents were primarily 

concerned about their health and the health of their families and this motivated them to reduced 

their SSB consumption. Most Seattle participants and about half of comparison area participants 

who decreased their SSB consumption and were aware of the SSB tax said the tax had some 

influence on their consumption. Findings provide insights on potential mechanisms of tax spillover 

among residents in the comparison area, including exposure to beverage prices while shopping in 

Seattle and media coverage of the tax. Future research investigating spillover of SSB tax signaling 

effects in other settings and with quantitative data is warranted.  

 

 

 

 

 



35 

 

Figure 1.1. Conceptual model of potential factors influencing the pathways through which a sugar-sweetened beverage (SSB) tax affects SSB 

consumption among families living within and nearby the taxed jurisdiction.  
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Table 1.1. Sample of interview participants who were former participants in the Seattle Shopping 

and Wellness cohort study (N=35). 
 

Seattle, n=16 Comparison, n=19 Total N (%) 

Language spoken    

English 6  7 13 (37%) 

Somali 7 0 7 (20%) 

Spanish 3 12 15 (43%) 

Race/Ethnicity    

Non-Hispanic African American/Black 8 5 13 (37%) 

Non-Hispanic White 2 2 4 (11%) 

Non-Hispanic other racea 2 0 2 (6%) 

Hispanic 3 12 15 (43%) 

Declined to answer 0 1 1 (3%) 

    

Mean participant age, years (range) 46.0 (31-60) 41.4 (30-57) 43 (30-60) 

Mean number of children (range) 3.3 (1-8) 2.7 (1-10) 3.0 (1-10) 

Mean age of children, years (range) 13.9 (3-24) 12.3 (<1 – 27) 13.1 (<1 – 27) 
aTo protect participant confidentiality, this category combines two self-reported races that were each only 

reported once in the study sample. All participants but one identified as female.  
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Table 1.2. Participant sample categorized by location and the change in consumption of sugar-sweetened beverages that were subject to the 

Seattle sugar-sweetened beverage tax from pre-tax to one-year post-tax in the Seattle Shopping and Wellness cohort study (N=35). 

Daily SSB consumption reported in the cohort study, fl.oz. Decreased SSB consumption Did not decrease SSB consumptiona 

 Seattle 

n=10 

Comparison area 

n=14 

Seattle 

n=6 

Comparison area 

n=5 

Mean pre-tax SSB consumption (SD)  
19.5 (19.4) 

Range: 1.1, 64.0 

19.9 (21.5) 

Range: 2.9, 73.1 

0.7 (1.2) 

Range: 0, 2.9 

1.8 (2.5) 

Range: 0, 5.1 

Mean change 1 year post-tax (SD)   
-16.1 (19.3) 

Range: -62.3, -1.1 

-16.7 (22.2) 

Range: -73.1, -1.4 

2.8 (3.7) 

Range: 0, 9.14 

2.9 (3.5) 

Range: 0, 7.1 

a Sweetened beverage consumption either did not change or increased. SSB: sugar-sweetened beverage; SD: standard deviation. 
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Table 1.3. Themes and illustrative quotes reflecting self-reported reasons for sweetened beverage 

consumption and influences on consumption among parents in Seattle and the comparison area 

whose consumption of sweetened beverages subject to the tax decreased from baseline (pre-tax) 

to 12 months post-tax. 

Seattle parents (n=10) Comparison area parents (n=14) 

1. Seattle and comparison area parents cited health as the top reason why they decreased their 

sugar-sweetened beverage consumption.   

There is no need to drink sugary sweets. Salty or 

sugary sweets are not good [for] health. Yes, I 

have cut down due to health reasons. – 

Participant 32, Somali-speaker  

 

The main reasons I changed what I was 

consuming that period are, I understood what it’s 

made of and what I was drinking. I got to know 

they were not good for the health of my children 

and mine. I planned to reduce its consumption as I 

couldn’t stop consuming altogether. – Participant 

29, Somali-speaker 

Well, it's also very much based on my family. One 

of my little sisters, the youngest one, she likes to 

eat a lot of sugar, a lot of sugar. So seeing that, 

she's gaining too much weight and it's affecting 

her breathing, she's getting like asthma. So that 

leads me to how to reduce the consumption of 

sugar even more. And if I do consume it, I'm 

trying not to consume it more than two or three 

times a week as I used to do in the past for the 

reason that on several occasions, whether it's part 

of my family, I'm also seeing many cases of people 

who are suffering or are being affected by the 

sugar. – Participant 11, Spanish-speaker 

2. Parents in Seattle and the comparison area recalled information about the sugar-sweetened 

beverage tax in the media. 

I was like, are you kidding me? I was so upset, 

because it's not like I bought the stuff all the time. 

But even when I do buy it, I don't want to pay like 

double the amount. […] All over the news. 

Everything. It was all over everywhere. 

 – Participant 35, English-speaker 

 

Yeah, it was everywhere. They don't really talk 

about it much anymore. I guess everybody's used 

to it. – Participant 21, English-speaker 

 

 

I remember once on Seattle Univision news; they 

were saying that they were going to charge a few 

cents more for people who consumed sugary 

drinks. But I didn't pay much attention because we 

don't consume that much. I only heard it on the 

news, on the Univision channel, from Latinos. But 

I don't remember hearing it anywhere else. Some 

friends were also commenting on it. And well, it's 

good, so they don't buy sugary drinks anymore. – 

Participant 3, Spanish-speaker 

 

There was just more information being pushed out 

about how sweetened  drinks aren't healthy for 

your body. And that's why there's this sugar tax to 

decrease the consumption.- Participant 14, 

English-speaker 

 

3. Most Seattle parents felt that the higher 

beverage prices from the tax had an 

influence on their sweetened beverage 

consumption, and some occasionally cross-

border shopped.   

4. Some parents in the comparison area felt 

that the tax influenced their sweetened 

beverage consumption. 
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That I've experienced it, I didn't need to hear 

about it. When you go it's like very evidenced that 

you are going to pay a big cut and nobody wants 

to pay it. So, I just walk away. When I think I need 

to buy it, I just walk away. As soon as it happened. 

And I was like, "Oh no, no, no," I was like no, I 

don't wanna be a part of this, water it is. [laughs]. 

In Seattle, I'm not gonna pay it. If I need it, I will 

yes, I will go to a different city and buy it and that 

will be the end of that. […] But, it may not happen 

that day like I might go in Seattle and be like oh I 

forgot. But we don't need it that bad, we got 

bottles of water at home. Then like the next time 

when I'm going to another city, I remember like if 

I'm in Renton, I will go through that city and then 

I'll pick up whatever it is that I was gonna get. – 

Participant 34, English    

Yes, yes, because I think, why should I spend on 

something that is not going to give me nutrition, 

that is not going to do me any good? […] Yes, yes, 

everybody knows that, what I have heard is that 

the soda is so expensive, and we went to this place 

and a soda was about $5. And with tax increase, 

people have stopped consuming so much of these 

sugary drinks. […] Because I believe in the same 

thing. Me too. No, I don't buy a soda to save my 

money. – Participant 13, Spanish-speaker 

 

Well, I have thought about it more, although here 

where I live there is no tax, anyway it reminds me 

that if this tax exists, it is to remind us that sugar 

is not so good, that we should avoid consuming it. 

So, at least the tax will motivate us to stop buying 

so many sweetened beverages. – Participant 7, 

Spanish-speaker 

5. The experience of participating in the cohort and completing beverage surveys led some 

parents in Seattle and the comparison area to become more aware of the amount they 

consumed 

Yes, sometimes it gives me an idea like how to cut 

it. Even with my kids, even though I did it myself. 

Yes, whenever I did the survey with you guys, I 

used to slow it down with the sweet drinks. 

Participant 17, Somali-speaker 

 

The truth is that I started to think about it when 

you started to investigate how much sugars I was 

drinking, and that was one of the reasons why I 

started to think "it is true that we are drinking a 

lot of sugars, my children are drinking" […] And I 

said no, I have to start making the change. And 

then, since they have been doing the surveys I 

started to change a little bit, not completely like 

now, I don't buy them anymore, […] but after the 

surveys I started to think about sugar, because my 

family suffers from diabetes, and I think it is a 

good step so that my children don't end up with 

diabetes, or me, who is older. – Participant 2, 

Spanish-speaker 

Oh yeah, of course, made me think about how 

much sugary drinks I really did have. So 

yeah, just got me thinking, too much sugary 

drinks, need to cut back for sure. […] We started 

to cut back less and less on juice and then 

eventually we don't even drink the juice anymore. 

– Participant 33, English-speaker 

 

So when I participated in the first survey, I started 

to see what I was consuming. I think, before that, I 

hadn’t realized what my son and I consumed. And 

the study made me realize, “Wow, I’m eating too 

much sugar.” – Participant 12, Spanish-speaker 
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Supplemental Material 

Supplemental Table 1.4. Themes and illustrative quotes reflecting self-reported reasons for and 

influences of sweetened beverage consumption among parents in Seattle and the comparison area 

whose consumption of beverages subject to the tax did not decrease from baseline (pre-tax) to 12 

months post-tax. 

Seattle parents (n=6) Comparison area parents (n=5) 

Preferences for sweetened beverages and habits were the top reasons participants reported for 

having not changed or increased their sweetened beverage consumption. 

 Because children liked it, that’s why I used to buy 

them and drink with them, but now I noticed that 

it’s not good for health. […]  I knew it was not 

healthy to drink those. Also, the more water you 

drink, the healthier your body will be. I knew this. 

[…] No, I just liked it with ice. – Participant 28, 

Somali-speaker 

 

I think maybe just the time when I was struggling 

to not to drink too much coffee because coffee was 

the main problem. […] That's the thing that when 

I tried to lower how much I drink then sometimes 

when I'm at work it's getting stressful and I 

say, "oh I need coffee," then I go get coffee. That's 

the only thing that I can say, that was hard to cut 

back. – Participant 25, English-speaker 

Participants had some awareness of the Seattle SSB tax and heard about it in the news or while 

shopping in Seattle. 

I remember that too. If I bought any sweet 

drinks, I wouldn't buy them in Seattle.  Sometimes 

I'd just do my grocery shopping outside of Seattle, 

just to limit. [When did you first hear about the 

tax?] I don't really know, but before it was about 

to roll out. I think it might be [from the] news. – 

Participant 19, English-speaker 

Well, just that, that sugary drinks were going to 

have a tax increase, but I don't know how much, 

honestly. - Participant 1, Spanish-speaker 

 

The Seattle SSB tax was perceived to have had little influence on SSB consumption patterns 

except for some comparison area participants when they shopped in Seattle. 

That's because if I wanted, I would just buy, if you 

have a habit of doing something, you don't look at 

the money, you just buy it. – Participant 31, 

Somali-speaker 

 

If I lived in Seattle and I was on a budget knowing 

the fact that it has that high tax, that extra high 

tax, I probably wouldn't [buy taxed beverages]. 

My kids would probably be drinking water.  – 

Participant 26, English-speaker 

Parents recalled health clinics and the media as common sources of SSB health risk messaging 

that motivated them to reduce consumption, but also mentioned beverage marketing and child’s 

preferences for SSBs as barriers to doing so.   

Well, yes, because before we used to drink more, 

almost every day and now it's not so much, it's not 

so much anymore. […] Also, sharing information 

with the children, what you know, and also buying 

less so as not to be tempted. – Participant 16, 

Spanish-speaker 

Well, it's always tempting to stop consuming, 

right? [...] Well, the truth is, I wouldn't want us to 

drink, neither them nor me. But sometimes I am 

not with my children all the time, so it's difficult. 

For example, the youngest sometimes drinks 

Sprite instead of Coca-Cola, which I think the 

only thing that changes is the color because I 

think it's the same amount of sugar. – Participant 

1, Spanish-speaker 

Participating in the study increased parents’ awareness of their own or their child’s sweetened 

beverage consumption and prompted some to try to decrease their consumption. 

 

Yeah. I understand even more better that it's not 

good for you. It can affect so many things and I 

also read some little bit more. […] Definitely it 

 

For example, I learned the amount, and I shared 

them with them so they could realize. […] Yes, we 

reduced the quantity, immediately. […] We 



  

41 

 

helps. […] Yeah. I understand more better than 

what is the difference between those regular 

concentrate juice or just normal fresh fruit? 

Which one is better? Definitely, yeah. In fact let 

me buy more fresh fruits than juice. – Participant 

20, English-speaker 

reduced the excessive consumption. […] 

For example, some years ago, my answers were a 

lot of about sugar. Each day more and more. So. 

we have tried to moderated it, but there is still 

work to do. – Participant 5, Spanish-speaker 
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Chapter 2 | Investigation of spillover effects of a sugar-sweetened beverage 

tax on beverage purchasing in a nearby, non-taxed area 

 

Overview 

Growing research supports that excise taxes on sugar-sweetened beverages (SSBs) help reduce SSB 

purchasing and improve health outcomes in the taxed area. Some evidence suggests taxes influence 

behavior beyond price increases alone due to signaling effects and media messaging. It is unclear if these 

influences extend to non-taxed communities that share a media market. We assessed whether the 1.75 cent-

per-ounce SSB tax in Seattle, WA (implemented in January 2018), influenced SSB purchasing in nearby 

communities within the same county and media market impacted SSB purchasing behaviors in surrounding 

non-taxed communities.  

We used retail scanner data on weekly sales of 3,531 beverages at the Universal Product Code 

(UPC) level among 127 retailers in King County, Washington, excluding Seattle and its bordering area 

(KCES), and 243 retailers in a matched comparison area drawn from outside the regional media market. 

We estimated difference-in-differences in mean volume sold of taxed and nontaxed beverages comparing 

two years before (2016-2017) and after the tax (2018-2019) using linear regression with UPC fixed effects 

and robust standard errors clustered at the UPC level. We also estimated the DD among 87 retailers in 

Seattle versus 115 retailers in a matched comparison area outside the regional media market.  

For taxed beverages, the mean difference in volume sold from pre-tax to post-tax in KCES was 

5,811 fl. oz. (95% CI: -47,207, 58,828; p=0.830) above and beyond the change in the comparison area, 

reflecting a 1% change from the pre-tax mean in KCES. There was suggestive evidence of increased volume 

sold for regular and diet soda, and taxed multipack beverages in KCES relative to the comparison area. In 

Seattle, the mean difference from pre-tax to post-tax for taxed beverages was -122,677 fl. oz. (95% CI: -

15,629, -89,064; p<0.001) above and beyond the change in the comparison area, translated to a 20% 

decrease in taxed volume sold associated with the tax.  
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This study did not find evidence of spillover effects in the form of reduced volume sold in 

communities near but not bordering the tax in Seattle. Studies in other SSB tax contexts are needed to 

investigate spillover on purchasing as well as possible changes to marketing in nearby areas that may 

explain observed increases in taxed and nontaxed soda. 

Note. Researcher(s)’ own analyses calculated (or derived) based in part on data from Nielsen 

Consumer LLC and marketing databases provided through the NielsenIQ Datasets at the Kilts Center for 

Marketing Data Center at The University of Chicago Booth School of Business. The conclusions drawn 

from the NielsenIQ data are those of the researcher(s) and do not reflect the views of NielsenIQ. NielsenIQ 

is not responsible for, had no role in, and was not involved in analyzing and preparing the results reported 

herein. 
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Introduction 

Sugar-sweetened beverages (SSBs) are the largest source of added sugars in the American diet 1–3, 

contributing to high rates of obesity, diabetes, and cardiovascular diseases 4,5. To reduce SSB consumption 

and improve public health, more than 50 places worldwide have enacted SSB taxes over the past decade; 

this includes eight US jurisdictions12.  

There is consistent evidence that SSB taxes reduce purchasing of SSBs in the taxed area, suggesting 

a positive effect on public health 55. However, evidence of reduced SSB consumption is less clear. Drawing 

primarily from quasi-experimental studies in the US and Mexico, studies report moderate to no substantial 

reductions in reported SSB consumption or reductions only among high consumers of SSBs, populations 

with lower income, or within certain types of SSBs like soda25,55,85.  

The discrepancy between observed impacts on SSB purchasing and consumption raises questions 

about spillover effects of the tax in nearby comparison areas.  A commonly studied form of spillover is tax 

avoidance, or cross-border shopping, whereby residents of the taxed area shop for SSBs outside of the taxed 

area and maintain their pre-tax SSB consumption levels10. While there is evidence of cross-border shopping 

in most SSB tax studies on SSB purchasing, the extent to which it occurs tends to vary by location, and it 

does not typically offset the net decreases in purchasing in the taxed areas25,55.  

Unlike cross-border shopping, a second form of tax spillover is thought to have positive 

implications for public health. In this case, a SSB tax may decrease SSB consumption not only among 

residents in the taxed area, but also in nearby nontaxed areas. A signaling effect of the tax about health risks 

of SSBs has been shown to influence behavior more than price increases alone in several 41,45,86–88, but not 

all studies 79. Residents living in nearby areas may be exposed to signaling effects through a shared media 

market or to messaging while spending time in the taxed area. While this type of spillover is a 

methodological consideration when selecting comparison areas for SSB tax evaluations25 , to our 

knowledge no studies have assessed SSB purchasing or consumption in nearby non-taxed areas beyond the 

immediate border areas prone to cross-border shopping. One study of four SSB taxes observed smaller tax 

effects on purchasing when compared to areas in the same media market as opposed to a national 
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comparison, offering some support for spillover effects58. However, in a separate study, larger effects on 

purchasing were observed in Berkeley when compared to in-state versus out-of-state controls14.  

On January 1, 2018, the City of Seattle implemented a 1.75-cent-per-ounce tax on the distribution 

of SSBs56. Similar to other studies, extensive research on this tax has produced inconsistent findings. Prices 

of SSBs increased and purchasing of SSBs decreased, with little evidence of cross-border shopping.21–23. 

However, in a longitudinal cohort study of families with lower income in Seattle and nearby, non-bordering 

communities, SSB consumption decreased in both groups, but not differentially 20,31. These results leave 

open the possibility of tax spillover effects on nearby areas due to health risk signaling. To understand the 

scope and reach of the public health impact of SSB taxes, research on consumer behavior in nearby 

nontaxed areas is warranted.  

Objective 

This study investigated whether the Seattle Sweetened Beverage Tax influenced SSB purchasing 

in communities near Seattle as a form of spillover tax effects. We examined changes in volume sold of 

beverages before and after tax implementation among retailers in King County, Washington, that were not 

in Seattle or directly bordering Seattle, compared to changes in a matched comparison area drawn from 

outside of the Seattle media market. We also compared changes in volume sold among retailers within 

Seattle, relative to a matched comparison area outside of the media market. While tax effects on purchasing 

in Seattle have been observed 21,23, the comparison areas and statistical approach in the present study differ 

from previous studies. Moreover, it was important to assess whether our study detected a tax effect in Seattle 

to contextualize our assessment of spillover beyond Seattle.  

Methods 

Study design 

We used a longitudinal, quasi-experimental difference-in-differences (DD) design to compare 

changes in the volume of taxable beverages sold in areas exposed to the Seattle Sweetened Beverage Tax—

the treated areas—to comparison areas unexposed to the tax from two years before and after tax 
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implementation (2016-2017 vs. 2018-2019). We defined and examined separately two treated areas: 1) 

King County, Washington, excluding Seattle (KCES), which was not subject to the tax, but hypothesized 

to be subject to tax spillover effects, and 2) Seattle. We cannot directly estimate spillover effects by 

comparing KCES and Seattle to one another because we need comparison areas to represent trends we 

would expect in the absence of any tax and spillover effects. Further, due to demographic differences 

between the Seattle and KCES populations, SSB purchasing may trend differently over time in each area. 

Therefore, we estimated the DD for each treated area relative to comparison areas matched on demographic 

measures. The comparison area for KCES was the combination of Sacramento County, CA, and Oakland 

County, MI, and for Seattle, the combination of Dane County, WI, and Denver County, CO. 

To select the comparison areas, we used a multi-step process that matched US counties with the 

treated areas on population-level variables thought to be associated with trends in SSB consumption89. Steps 

are detailed in Supplemental Material i. We used Mahalanobis distance matching 90 based on pre-tax, 

county-level demographic measures from the American Community Survey 91. From the list of matches, 

we excluded counties with a history of passing or proposing a SSB tax in or near the county because media 

coverage about a proposed tax may influence SSB purchasing behavior 14,57,92 and we needed a comparison 

area unexposed to tax media coverage. We further narrowed the list by prioritizing counties with similar 

pre-tax political climates and SSB consumption levels to those in the treated areas. For the final comparison 

areas, we combined the top two county matches for each treated area and took the average of the volume 

sold; each county contributed equal weight to the outcome. We used combined comparison areas to smooth 

out potential violations of parallel trends that would be more problematic in a single county.  

Data source and sample 

We used retail scanner data from the NielsenIQ Datasets at the Kilts Center for Marketing Data 

Center at The University of Chicago Booth School of Business. Each observation represented the weekly 

total volume sold for a beverage item from each store in the dataset. Beverage items were defined at the 

Universal Product Code (UPC) level. The store types defined by NielsenIQ and present in the dataset were 

convenience, drug, food, and mass merchandizer stores.  
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The location of each store, and thus treatment assignment, was determined by the store’s county 

and first three digits of the ZIP code. Within King County, WA, we assigned stores with a ZIP code starting 

with 980 to the KCES treated area and stores with a ZIP code starting with 981 to the Seattle treated area. 

Since this was the smallest geographic level at which we could assign treatment, some stores assigned to 

the Seattle area may have been located outside the border of the city and tax. Likewise, the KCES treated 

area may have included stores in King County that were located beyond the area most likely to experience 

tax spillover. For example, cities in South King County may be more sensitive to spillover effects than 

cities east of Seattle which extend over waterways and, further east, a mountain pass. Since the population 

density is highest in the areas we believe to be sensitive to spillover (Supplemental Figure 2.3), we assume 

stores are distributed similarly and that our sample largely reflects purchases in the areas sensitive to 

spillover. Importantly, all stores in the city of Seattle in the dataset were assigned to the Seattle treated area. 

In addition, stores in the immediate border around Seattle where cross-border shopping would likely occur 

are also grouped in the Seattle treated area. In the presence of cross-border shopping, a Seattle tax effect 

would be underestimated; however, previous studies found no evidence of cross-border shopping21,23.  

At the UPC level, we categorized beverages as taxed (i.e., would be subject to the tax) or nontaxed 

using product module and item descriptions in the dataset. The Seattle tax applies to beverages sweetened 

with caloric sweeteners, whereas beverages with artificial, non-caloric sweeteners (e.g., diet soda) are not 

taxed56. We classified beverages by type, with taxed beverages including soda, fruit drinks, bottled coffee 

and tea, energy drinks, and sports drinks. Nontaxed beverages included diet soda, 100% juice/diet fruit 

drinks, milk, bottled water (plain, flavored, or sparkling), and diet/unsweetened bottled coffee, 

diet/unsweetened bottled tea, diet energy drinks, and diet sports drinks. We included nontaxed beverages 

because they serve as comparator to taxed beverages as we do not expect the tax or spillover of the tax to 

reduce purchasing of nontaxed beverages in the same way. Further, we wanted to understand whether 

nontaxed beverage purchasing increased as consumers may switch to nontaxed beverages in response to 

the tax. We additionally categorized beverages by size, including single serving (≤1 liter), family size ( >1 
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liter), and multipack (>1 beverages of any size per package sold) because tax pass-through and purchasing 

are known to vary by beverage size22,23
.  

Due to ambiguous tax status, we excluded from our sample: self-serve and fountain drink 

purchases, beverages in powder or syrup form, and beverages designated by NielsenIQ as mixers and 

additions to alcoholic beverages. We then excluded beverages for which we could not determine taxable 

status or beverage type after searching online for details, which accounted for 0.8-1.0% of volume sold in 

each of the treated and comparison areas. Finally, we omitted observations in the three months preceding 

the tax and in the first month after the tax due to potential effects of tax anticipation and implementation 

delays, as was suggested in previous studies of beverage purchasing and Seattle’s tax21,23  

To limit bias due to differences in the number of stores participating in the dataset over time and 

between the treated and comparison areas, we used a balanced sample of stores. This means we excluded 

stores that appeared only once in the dataset in either the pre- or post-tax period. We also restricted our 

sample to balanced UPCs, allowing us to compare changes in volume sold within the same beverages over 

time. We excluded UPCs that appeared only once in the pre- or post-tax periods, which amounted to 

excluding 5.5% of the total volume in our dataset for KCES, 4.2% for the KCES comparison area, 6.0% 

for Seattle, and 5.3% for the Seattle comparison area.  

Statistical analysis  

We aggregated the total volume sold for beverages each in the pre-tax and post-tax periods by 

multiplying the UPC unit size in fluid ounces by units sold. We then plotted weekly volume sold for 

beverages subject to the tax in the treated and comparison areas and performed event study analyses in the 

pre-tax period93. Findings supported the parallel trends assumption in that pre-tax trends did not differ 

meaningfully between treated and comparison areas.  

For the primary analysis, we estimated the DD in the volume sold of taxed beverages from the pre-

tax to post-tax periods in KCES and the comparison area, and separately, in Seattle and the comparison 

area. We additionally estimated the DD for nontaxed beverages and for each beverage type and size 
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category among taxed and nontaxed beverages. We fit linear DD regression models with UPC fixed effects 

and robust standard errors clustered at the UPC level. The DD, or tax effect estimate, reflects the average 

amount by which volume sold changed in the two years post-tax compared to two years pre-tax for a typical 

beverage in the treated area above and beyond changes in the comparison area over the same period. Fixed 

effects adjust for time-invariant, unobserved factors at the UPC level that may otherwise bias the tax effect 

estimate. The statistical model is described in Supplemental Material ii. 

In a secondary analysis, we estimated the DD in the first year post-tax because the tax may have 

influenced purchasing differently in the short-term. We balanced the sample on stores and UPCs present 

one year before and after the tax, and applied the same exclusion criteria and fixed effects model above. In 

a separate analysis, we fit a pooled ordinary least squares regression model to estimate DDs using an 

unbalanced sample of UPCs over the two years before and after the tax. This added back to our sample 

beverages with purchases reported in only one of the pre- or post-tax periods. We estimated the DDs for 

the same categories of beverages described above, with covariate adjustment for beverage type and/or size. 

Instead of estimating within-UPC changes in the primary balanced sample, this analysis estimated the 

average change per UPC across all beverages in the context of compositional shifts in product availability 

over time. Estimates may take on more bias since we cannot adjust for unobserved UPC-specific 

characteristics. Further, the number of UPCs in each area and each timepoint differ and therefore affect the 

outcome of mean volume sold per UPC. 

Additionally, we fit a linear regression model to estimate the triple difference (DDD) in volume 

sold—the difference between the KCES DD and Seattle DDs—each for taxed and nontaxed beverages. 

This represented the amount by which the change in volume in Seattle that was attributed to the tax was 

different from any change in volume in KCES that was attributed to spillover of the tax 94. We used this 

model to test whether the DD in Seattle differed from the DD in KCES; if both DDs were negative and not 

statistically significantly different from other another, this suggests a similar effect of the tax in Seattle and 

KCES. We estimated the triple difference within each beverage type and size to examine differences in 

potential tax effects by beverage characteristics. We used the primary, balanced samples of UPCs and 
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adjusted for UPC-level fixed effects and clustered, robust standard errors. The statistical model is described 

in the Supplemental Material iii. A key assumption of a DDD analysis is that the relative differences 

between the pairs of treated and comparison areas trend similarly over time94; we extend our assumption of 

parallel trends in the primary DD models to this case.  

Finally, we assessed the robustness of our findings to different model specifications and sample 

inclusion criteria. First, we explored whether results from the primary analysis differed substantively when 

using fixed effects for store-type-specific UPCs. We considered a UPC sold at a drug store to be a unique 

observation from the UPC sold at a mass merchandizer store. With evidence of differential pass-through of 

the tax across store types 22, this specification allowed changes in volume sold for a beverage product to 

vary by store type. Then, we examined whether results were materially different when using a more 

restrictive definition of a unique UPC. A beverage that changed its product size, brand, or description from 

one year to another was considered a separate beverage from its previous version and was thus less likely 

to be retained in the balanced sample. Results from both analyses were not materially different from those 

of the primary analysis (data not shown).  

For all analyses in this study, we set α to 0.05. Due to known limitations of using the p-value to 

distinguish meaningful results, we did not correct for multiple comparisons and instead considered the 

magnitude of DD estimates, 95% confidence intervals, and p-values altogether to guide interpretation of 

results95 . All analyses were performed using Stata version 17.0 (College Station, TX).  

Results 

The analysis samples included 1,541 UPCs from 127 stores in KCES, 1,990 UPCs from 243 stores 

from the KCES comparison area, 1,439 UPCs from 87 stores in Seattle, and 2,135 UPCs from 115 stores 

from the Seattle comparison area between the years 2016 and 2019. Tables 2.1 and 2.2 present mean 

volume sold for a typical UPC over time, by taxed status, beverage type, and size in each analysis sample. 

Figures 2.1 and 2.2 show trends in volume sold by taxed status for each analysis sample.  
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Difference-in-differences in beverage volume sold in King County excluding Seattle 

i. Taxed beverages 

The estimate of the Seattle tax effect on mean taxed beverage volume sold over two years in KCES 

relative to the comparison area was 5,811 fl. oz. (95% CI: -47,207, 58,828; p=0.830) (Table 2.3). This 

translates to an approximate 1% change from the mean in the pre-tax period in KCES above and beyond 

changes in the comparison area and does not provide evidence of a tax effect. Estimates of tax effects by 

beverage type and size similarly reflected little differential change from pre- to post-tax. There was 

suggestive evidence of small increases for soda (7%; p=0.059) and multipack beverages (10%; p=0.076), 

and a small decrease for sports drinks (-9%, p=0.089) in KCES relative to changes in the comparison area.  

When restricting the sample to balanced UPCs sold in the last year preceding the tax and the first 

year after the tax, some tax effect estimates were more positive compared to the primary results over the 

four-year period (Supplemental Table 2.4). The effect of the tax on mean taxed beverage volume sold in 

the first year in KCES was 20,375 fl. oz. (95% CI: -4,524, 45,274; p=0.109), a 7% increase from the pre-

tax period relative to the change in the comparison area. There was some evidence of increased volume 

sold for soda (15%; p=0.028), energy drinks (20%; p=0.020), and multipack beverages (26%; p=0.004) in 

association with the tax.  

In the unbalanced sample of UPCs, we retained UPCs that were present only in one of the pre- or 

post-tax periods and we adjusted for beverage type and size. Several tax effect estimates differed from those 

in the primary balanced sample (Supplemental Table 2.5). The tax effect for an average UPC among taxed 

beverages was more positive, at 74,795 fl. oz. (95% CI 22,841, 126,749; p=0.005), reflecting an 

approximate 16% increase in taxed beverages sold in KCES relative to the comparison area. We also 

observed increases for soda (44%; p=0.003) and multipack beverages (17%; p=0.011) in association with 

the tax. 
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ii. Nontaxed beverages. 

The estimate of the Seattle tax on mean volume sold of nontaxed beverages in KCES was 65,241 

fl. oz. (95% CI: -55,044, 185,525; p=0.288), a 3% increase in KCES from the pre-tax period after 

accounting for changes in the comparison area (Table 2.3). Tax effect estimates were generally small across 

nontaxed beverage types and sizes except for increases in volume sold of diet soda (12%; p=0.008) and 

diet/unsweetened bottled coffee (41%; p=0.043) relative to changes in the comparison area.  

In the analysis restricted to one year before and after tax implementation, tax effect estimates were 

generally more positive than in the primary analysis (Supplemental Table 2.4). The effect of the tax on 

volume sold in KCES was 69,956 fl. oz. (95% CI: 8,028, 131,885; p=0.027) for nontaxed beverages overall, 

a 13% increase relative to the comparison area. We also observed increases for diet soda (24%; p=0.003), 

milk (26%; p=0.033), diet/unsweetened bottled coffee (70%; p=0.008), and nontaxed single serving sizes 

(23%; p<0.001) in association with the tax.  

When we estimated the tax effect estimate in the unbalanced sample of UPCs, the tax effect in 

KCES was more positive than the balanced sample estimate (Supplemental Table 2.5). We observed an 

increase of 103,612 fl. oz. (95% CI: 4,384, 202,839; p=0.041) for nontaxed beverages overall in KCES 

above and beyond the change in the comparison area, which suggested a 31% increase from the pre-tax 

period. We observed increases for milk (35%; p=0.024), diet/unsweetened bottled coffee (61%; p=0.068), 

and nontaxed family size beverages (10%; p=0.080) as well.  

Difference-in-differences in beverage volume sold in Seattle 

i. Taxed beverages. 

Among taxed beverages overall, the effect of the tax on mean volume sold in Seattle was -122,677 

fl. oz. (95% CI: -156,290, -89,064; p<0.001) within the two years post-tax (Table 2.3). This amounts to a 

20% decrease in taxed volume sold in Seattle above and beyond the change in the comparison area. Tax 

effect estimates were similarly negative and large across beverage types and sizes, with notable decreases 

for soda (-18%; p<0.001), fruit drinks (-30%; p<0.001), sports drinks (-23%; p<0.001), and family size 
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beverages (-29%; p<0.001) in Seattle relative to the comparison area. No change was observed for bottled 

coffee (-1%; p=0.844) and energy drinks (0%; p=0.999). 

In analyses restricted to one year before and after tax implementation, tax effect estimates for 

overall taxed beverages and by beverage type and size were similar to those in the primary analysis 

(Supplemental Table 2.4). In the unbalanced sample of UPCs, estimates of the tax effect were also 

generally negative and similar to those in primary analysis (Supplemental Table 2.5). For overall taxed 

beverages, we observed a mean decrease of -52,580 fl. oz. (95% CI: -82,557,-22,603; p=0.001), or 14% 

from pre-tax levels, in Seattle relative to the change in the comparison area. The greatest reduction was 

observed for soda (-25%; p=0.002), while no change was observed for bottled coffee (1%; p=0.971), energy 

drinks (-9%; p=0.276), and single serving beverages (-5%; p=0.252). 

ii. Nontaxed beverages. 

The effect of the tax on the mean volume sold of nontaxed beverages in Seattle was 1,572 fl. oz. 

(95% CI: -65,948, 69,091; p=0.964), approximating 0% change in volume sold in the two years post-tax 

(Table 2.3). Across beverage types and sizes, tax effect estimates were generally small and suggested 

minimal change associated with the tax. An exception was a decrease in volume sold for 100% fruit 

juices/diet fruit drinks (-14%; p=0.024) relative to the comparison area.  

When we restricted the sample to purchases in the one year preceding and one year following tax 

implementation, tax effect estimates suggested an increase in nontaxed volume sold in Seattle 

(Supplemental Table 2.4). The effect of the tax for nontaxed beverages overall was 44,313 fl. oz. (95% 

CI: 13,065, 75,561; p=0.005), a 14% increase from the pre-tax period in Seattle. Estimates suggested 

increases for diet soda (15%; p=0.034), milk (19%; p=0.064), and diet/unsweetened bottled coffee (60%; 

p=0.059), as well as increases for nontaxed single serving sizes (18%; p<0.001) and nontaxed multipack 

sizes (15%; p=0.077).  

In the unbalanced sample of UPCs, estimates of the tax effect were similar to those in the balanced 

sample (Supplemental Table 2.5). For nontaxed beverages overall, the tax effect estimate on mean volume 
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sold in Seattle was 10,136 fl. oz. (95% CI: -46,488, 66,759; p=0.726), a 2% change from the pre-tax period. 

Estimates for beverage types and sizes were similarly small, except for a large increase for diet/unsweetened 

bottled coffee (82%; p=0.057).  

Triple difference in beverage volume sold in Seattle relative to King County excluding Seattle 

For taxed beverages overall, the triple difference estimate suggests that the effect of the tax on 

mean volume sold in Seattle was more negative than the effect of the tax in KCES by -128,487 fl. oz. (95% 

CI -191,247, -65,727; p<0.001), on average, in the two years post-tax. (Table 2.3). Since we observed 

evidence of a tax-related decrease in volume sold in Seattle from the DD analyses, but not in KCES, the 

triple difference estimate is similar in magnitude to the Seattle DD estimate. Among specific beverage types 

and sizes, there were larger tax-related decreases in Seattle relative to KCES for taxed soda (DDD: -204,856 

fl. oz., 95% CI: -297,948, -111,763; p<0.001), taxed single serving sizes (DDD: -31,696 fl. oz., 95% CI: -

59,793, -3,600; p=0.027), taxed multipack sizes (DDD: -212,305 fl. oz., 95% CI: -355,404, -69,206; 

p=0.004), and taxed family sizes (DDD: -288,097 fl. oz., 95% CI: -546,165, -30,030; p=0.029). Among 

nontaxed beverages, triple difference estimates were generally negative and small in magnitude; altogether, 

there was no evidence that the tax effect for nontaxed beverages in Seattle differed from the tax effect in 

KCES.    

Discussion 

In this quasi-experimental study of the Seattle Sweetened Beverage Tax, we did not find evidence 

of spillover effects on sweetened beverage purchasing in communities nearby but not bordering Seattle 

after two years post-tax. Primarily, volume sold of taxed beverages in KCES over time did not differ 

meaningfully from volume sold in the matched comparison area over the same period. Unexpectedly, there 

was suggestive evidence of small increases in volume sold for taxed soda (7%) and multipack (10%) 

beverages in KCES that persisted and became statistically significant in analyses that examined changes 

one-year post-tax and in an unbalanced sample. In contrast, in Seattle we observed an approximate decrease 

of 20% in mean taxed beverage volume sold in association with the tax, relative to the comparison area. 

We observed this tax effect even though the defined Seattle area in this study included immediate bordering 
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cities. Our overall findings in Seattle align with the 22% reduction reported previously that used a similar 

dataset but different comparison area and model specifications23.  

Among nontaxed beverages in KCES, we observed tax effects on volume sold for diet soda in the 

first year (24%) and combined two years (12%) post tax. Estimates suggested a similar pattern in Seattle. 

Volume purchased of diet single serving size beverages increased in KCES (24%) and Seattle (15%) in the 

first year post tax, though not in the two years combined. A previous Seattle study reported small increases 

in volume sold for diet single serving soda and diet single serving juice drinks after two years post-tax23. 

As a larger trend, recent systematic review and meta-analysis did not find evidence of substitution (from 

taxed beverages) to nontaxed beverages or water in association with SSB taxes55. 

The overall null finding for spillover effects on purchasing has mixed support from other Seattle 

SSB tax studies with comparison areas in or containing KCES. First, two recent studies observed significant 

tax impacts on BMI change in Seattle relative to nearby counties33,34,96 . This suggests spillover was not 

present to the extent that it masked observable tax impacts in Seattle. On the other hand, a study of SSB 

consumption among families with lower income in Seattle and South King County found no evidence of a 

tax impact, and instead found SSB consumption to decrease in both areas20,31 . In the context of known tax 

impacts on price and purchasing in Seattle22,23, the SSB consumption results support the idea of spillover 

on purchasing and consumption in KCES. Moreover, in follow-up interviews with parents with lower 

income, some comparison area parents reported decreasing their SSB consumption in part due to exposure 

to the price and messaging of the tax 97.  If spillover effects were experienced among lower but not higher 

income households, this may explain our different findings. Small, independent stores (e.g., corner stores) 

are underrepresented in scanner data used in the present analysis80, and they tend to be the primary source 

for SSB purchases among residents of lower-income neighborhoods80,98,99. Alternatively, it is possible  that 

tax spillover effects were indeed negligible, and that the consumption data were influenced by self-reporting 

biases.  

There is little research from other SSB tax settings on spillover effects in nearby areas. However, 

the potential for spillover on nearby comparison areas is a known methodological consideration when 
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selecting comparison areas. 25 There is some evidence that nearby versus distal comparison areas tend to 

estimate smaller tax impacts10 , though this has not been systematically evaluated across the SSB tax impact 

literature. One study of Berkeley’s tax observed decreases in SSB purchasing post-tax when compared to 

in-state controls but not to out-of-state controls.14 The finding contrasts with the hypothesis that areas near 

a tax may trend more similarly than distal areas, but since this study omitted the Bay Area from the 

analysis—home to Berkeley and two other local SSB taxes—the findings say more about state-level secular 

trends than spillover within a shared media market. Findings from the repealed tax in Cook County offer 

some evidence against spillover effects. Since beverage purchasing returned to pre-tax levels soon after the 

repeal, 79 it is unlikely that the tax had a health risk signaling effect, i.e., consumers did not continue to 

purchase less due to the tax conveying health risk information about SSBs. Thus, it is unlikely that signaling 

effects spilled over into nearby areas.    

Much of the literature instead examines cross-border shopping, which is also important to 

understanding the public health impact of SSB taxes. Unlike our study, these studies examined areas 

directly bordering the taxed area with the hypothesis that purchasing increased because shoppers avoided 

the tax. While moderate cross-border shopping has been observed outside of most local-level tax settings, 

such as Oakland and Philadelphia, it was not observed in the Seattle context17,19,23,100,101. In this study, 

however, we observed small increases in volume sold for soda and multipack beverages in KCES relative 

to the comparison area, which could indicate cross-border shopping. The increases were larger within the 

first year post-tax; shoppers may have been more motivated early on to travel to non-bordering cities to 

avoid the tax. However, we also observed increases for diet soda in KCES, which would be inconsistent 

with cross-border shopping as an explanation for these results. In a post-hoc analysis, we performed an 

event study by year to explore changes within the first- and second-years post-tax. Relative to the 

comparison area, results suggested that volume sold of taxed and nontaxed beverages increased slightly in 

KCES in the first year and decreased slightly in the second year, but these were not statistically significant 

(Supplemental Figure 2.4). The Seattle event study is presented in Supplemental Figure 4.5.  
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Unlike previous studies of tax impacts on purchasing in Seattle, we additionally estimated 

difference-in-differences using an unbalanced sample of beverages. We observed increases in volume sold 

for overall taxed beverages (16%), taxed soda (44%), taxed multipack beverages (17%) as well as overall 

nontaxed beverages (31%) in KCES relative to the comparison area. Results appear to be largely driven by 

products new to the market in the post-tax period, suggesting shoppers purchased more new beverage 

products within the same stores over time. Cross-border shopping is an unlikely explanation because we 

would instead expect to observe increases in volume sold of taxed beverages previously on the market (i.e., 

in the balanced sample). It is possible that in-store promotions and marketing changed in response to the 

tax and contributed to this finding. For instance, in-store SSB advertising tends to decrease in the taxed area 

as producers attempt to reduce costs96,102–104. Consequently, in-store advertising may have increased in 

stores beyond Seattle to offset losses. In a study of supermarket interior marketing displays before and after 

Seattle’s tax, non-statistically significant increases for taxed and nontaxed SSBs were observed in the South 

King County comparison area relative to Seattle96. The extent to which such advertising applies to new 

products is unclear and warrants further study. 

Limitations 

First, treatment assignment of stores in Seattle and KCES involved some amount of 

misclassification because we were limited to the store’s county and three digits ZIP code as geographic 

identifiers which do not perfectly align with Seattle city boundaries. As noted earlier, this type of 

misclassification would bias estimates toward the null, producing underestimates of a tax or spillover effect. 

Second, the store sample is not representative of all retailers in the treated and comparison areas; therefore, 

we examine within-UPC changes in volume sold within the same stores over time to minimize bias related 

to store participation and product availability. Convenience stores and other small/independent stores are 

underrepresented in the scanner data, and dollar stores are absent from the data. Further, we are unable to 

analyze volume sold in food service establishments or vending machines. Third, we cannot control for 

potential bias due to time-varying, market-specific factors because we selected comparison areas in 

different media markets from the treated areas. While a synthetic control study design with many weighted 
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comparison areas would have diminished this concern, the burden of classifying thousands of unique 

beverages in each comparison area was too high to justify this approach. Instead, we examined weekly 

trends in the two years pre-tax to assess plausibility of parallel trends. Finally, with the small number of 

treated and comparison areas in the study, as is the case for most SSB tax studies, we were unable to adjust 

for clustering at the level of treatment and thus standard errors may be underestimated105.  

Conclusion 

This quasi-experimental study is among the first to directly assess the extent to which SSB tax 

spillover effects may occur for beverage purchasing in communities beyond cross-border shopping. We did 

not find evidence of spillover effects in the form of reduced volume sold in communities near but not 

bordering the taxed city. Suggestive evidence of increased volume sold for regular and diet soda, as well as 

regular multipack beverages, raise questions about intensified beverage marketing in nearby areas post-tax. 

Studies are needed from other SSB tax contexts to investigate spillover effects on purchasing as well as 

marketing exposure in nearby areas. In the absence of additional evidence, this study supports efforts 

towards adopting state or national SSB taxes to increase the public health benefit of this policy.  
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Table 2.1. Sample of beverages and mean volume sold (fluid oz.) by taxable status, type, and size in King County Excluding Seattle and its 

combined comparison area, 2016-2019. 

 KCES (N stores = 127) Comparison (N stores = 243) 

 
N, UPCs 

Pre-tax Post-tax 

N, UPCs 

Pre-tax Post-tax 

  

Mean 

Volume 

Lower 

95% CI 

Upper 

95% CI 

Mean 

Volume 

Lower 

95% CI 

Upper 

95% CI 

Mean 

Volume 

Lower 

95% CI 

Upper 

95% CI 

Mean 

Volume 

Lower 

95% CI 

Upper 

95% CI 

 Taxed Beverages                              

 Overall  1,541 923,942 806,816 1,041,069 872,394 757,521 987,268 1,990 652,308 551,128 753,488 594,949 504,362 685,537 

 Beverage Type                              

 Soda  614 1,034,827 798,306 1,271,347 1,067,468 827,478 1,307,457 817 789,489 567,440 1,011,538 746,930 549,432 944,427 

 Fruit Drinks  393 821,338 643,254 999,421 629,483 497,160 761,806 592 519,825 414,950 624,701 409,061 326,279 491,842 

 Bottled Coffee  67 417,806 250,801 584,811 434,391 246,749 622,034 77 186,875 114,887 258,864 192,404 112,596 272,212 

 Bottled Tea  228 538,226 377,574 698,878 495,630 335,927 655,333 246 426,676 292,164 561,188 394,009 254,969 533,049 

 Energy Drinks  79 844,348 488,147 1,200,550 918,887 545,037 1,292,738 81 394,811 191,473 598,150 419,636 196,716 642,556 

 Sports Drinks  95 1,834,736 1,242,906 2,426,566 1,571,429 990,075 2,152,784 106 1,397,326 993,009 1,801,642 1,291,290 887,252 1,695,327 

 Beverage Size                              

 Single Serving (≤ 1 liter)  913 474,888 390,073 559,702 468,554 384,003 553,105 1,066 269,972 216,675 323,269 269,654 214,664 324,644 

 Multi-pack  342 1,155,589 881,933 1,429,245 1,252,254 971,877 1,532,630 466 800,020 597,065 1,002,976 783,178 608,443 957,912 

 Family Size (> 1 liter)  286 2,080,459 1,640,941 2,519,977 1,707,341 1,280,866 2,133,815 458 1,391,906 1,033,297 1,750,515 1,160,562 840,149 1,480,974 

 Nontaxed Beverages                              

 Overall  3,594 1,990,609 1,577,823 2,403,394 2,076,426 1,647,029 2,505,822 4,313 1,210,400 899,529 1,521,270 1,230,976 903,061 1,558,891 

 Beverage Type                              

 Diet Soda  858 1,981,544 1,568,906 2,394,182 2,233,312 1,732,417 2,734,207 995 1,055,686 812,546 1,298,825 1,075,403 818,664 1,332,142 

 100% Juice/Diet Fruit Drinks  1,014 640,026 540,482 739,569 511,226 406,831 615,622 1,209 341,685 282,667 400,704 259,067 206,855 311,278 

 Milk  594 3,860,876 1,946,737 5,775,016 3,916,127 2,032,001 5,800,253 820 1,588,904 574,161 2,603,648 1,514,471 603,077 2,425,865 

 Bottled Coffee  72 221,892 110,466 333,318 354,394 192,231 516,557 75 98,129 51,758 144,499 139,972 75,555 204,390 

 Bottled Tea  193 617,048 435,365 798,731 610,191 418,761 801,621 226 390,615 238,673 542,556 379,380 234,629 524,132 

 Plain/Sparkling/Flavored Water  578 3,673,496 2,171,508 5,175,484 3,969,732 2,319,119 5,620,345 643 3,413,598 1,836,460 4,990,737 3,773,591 1,962,853 5,584,329 

 Diet Energy Drinks  53 749,693 433,015 1,066,370 766,424 399,331 1,133,518 57 325,828 191,657 459,999 313,668 168,730 458,606 

 Diet Sports Drinks  70 2,152,670 1,525,851 2,779,489 2,085,366 1,425,309 2,745,423 81 1,328,091 910,375 1,745,807 1,267,311 858,672 1,675,949 

 Beverage Size                              

 Single Serving (≤ 1 liter)  1,970 455,406 405,326 505,487 469,673 416,525 522,820 2,312 185,941 163,573 208,308 190,071 166,021 214,121 

 Multi-pack  832 3,488,689 2,423,218 4,554,160 3,948,748 2,754,254 5,143,241 1,000 2,604,974 1,585,538 3,624,410 2,813,780 1,654,058 3,973,502 

 Family Size (> 1 liter)  792 4,235,490 2,756,496 5,714,483 4,106,138 2,640,546 5,571,729 1,001 2,183,401 1,324,024 3,042,778 2,053,923 1,257,520 2,850,326 

KCES: King County Excluding Seattle. UPC: Universal Product Code. CI: confidence interval. Sample is balanced on stores and beverages (defined by the UPC), meaning that unique stores 

and unique beverages that are present in both the pre and post periods are included in the sample. Mean estimates adjust for clustered standard errors at the UPC level. The combined comparison 

area includes Oakland County, MI, and Sacramento County, CA.  
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Table 2.2. Sample of beverages and mean volume sold (fluid oz.) by taxable status, type, and size in Seattle and its combined comparison area, 

2016-2019. 

 Seattle (N stores = 87) Comparison (N stores = 115) 

 
N, UPCs 

Pre-tax Post-tax 

N, UPCs 

Pre-tax Post-tax 

  
Mean 

Volume 
Lower 
95% CI 

Upper 
95% CI 

Mean 
Volume 

Lower 
95% CI 

Upper 
95% CI 

Mean 
Volume 

Lower 
95% CI 

Upper 
95% CI 

Mean 
Volume 

Lower 
95% CI 

Upper 
95% CI 

 Taxed Beverages                              

 Overall  1,439 623,748 545,545 701,951 496,579 434,351 558,807 2,135 267,646 232,536 302,756 263,153 228,469 297,838 

 Beverage Type                              

 Soda  565 709,278 551,015 867,542 593,034 462,865 723,203 895 317,397 244,439 390,354 330,808 258,438 403,178 

 Fruit Drinks  376 571,721 450,960 692,482 369,472 295,549 443,395 636 182,998 145,660 220,336 152,428 121,447 183,409 

 Bottled Coffee  63 293,744 182,798 404,690 298,507 180,587 416,427 75 133,914 83,965 183,863 142,973 84,755 201,191 

 Bottled Tea  214 379,800 275,980 483,620 311,898 226,806 396,989 260 216,162 156,873 275,450 217,230 151,386 283,074 

 Energy Drinks  74 518,133 304,395 731,871 529,408 319,081 739,735 74 236,587 131,392 341,781 247,872 137,475 358,269 

 Sports Drinks  84 1,313,664 849,960 1,777,367 953,560 596,210 1,310,910 114 583,858 412,200 755,516 526,322 352,752 699,892 

 Beverage Size                              

 Single Serving (≤ 1 liter)  871 339,795 279,510 400,080 305,801 254,211 357,391 1,153 127,014 102,203 151,825 130,732 105,379 156,085 

 Multi-pack  300 686,611 526,892 846,331 613,475 482,839 744,110 529 358,297 273,739 442,855 383,958 298,370 469,546 

 Family Size (> 1 liter)  268 1,476,227 1,171,251 1,781,203 985,753 745,707 1,225,799 453 519,730 406,934 632,525 459,127 350,300 567,954 

 Nontaxed Beverages, Overall                              

 Overall  3,409 1,318,999 1,073,135 1,564,863 1,352,112 1,105,096 1,599,127 4,859 568,521 443,330 693,712 600,063 467,877 732,249 

 Beverage Type                              

 Diet Soda  806 1,411,452 1,148,734 1,674,170 1,565,039 1,267,604 1,862,473 1,153 686,864 512,546 861,182 741,730 555,251 928,208 

 100% Juice/Diet Fruit Drinks  966 458,435 393,653 523,217 356,783 290,310 423,256 1,449 163,360 139,348 187,371 126,867 107,554 146,181 

 Milk  580 2,402,824 1,364,856 3,440,791 2,407,427 1,418,297 3,396,558 845 944,140 447,818 1,440,462 981,702 458,440 1,504,965 

 Bottled Coffee  71 181,877 84,465 279,289 296,696 145,935 447,457 74 83,597 44,672 122,523 131,917 68,613 195,221 

 Bottled Tea  190 342,963 251,804 434,122 324,389 229,221 419,558 245 209,085 150,848 267,322 201,398 140,198 262,597 

 Plain/Sparkling/Flavored Water  526 2,473,318 1,460,689 3,485,946 2,619,470 1,562,371 3,676,568 751 1,052,232 535,167 1,569,297 1,192,483 647,385 1,737,580 

 Diet Energy Drinks  50 488,236 280,269 696,203 498,908 266,359 731,456 46 225,524 146,381 304,666 226,278 132,406 320,151 

 Diet Sports Drinks  59 1,348,552 947,751 1,749,352 1,259,451 876,325 1,642,577 82 749,912 558,844 940,980 748,396 540,617 956,176 

 Beverage Size                              

 Single Serving (≤ 1 liter)  1,845 359,818 319,445 400,191 358,075 317,547 398,602 2,613 106,900 94,757 119,043 111,672 98,850 124,494 

 Multi-pack  790 2,199,760 1,523,900 2,875,620 2,479,697 1,760,266 3,199,129 1,122 1,145,091 764,286 1,525,896 1,257,988 859,903 1,656,073 

 Family Size (> 1 liter)  774 2,706,449 1,889,760 3,523,139 2,570,725 1,787,474 3,353,975 1,124 1,066,125 685,862 1,446,388 1,078,686 673,299 1,484,072 

UPC: Universal Product Code. CI: confidence interval. Sample is balanced on stores and beverages (defined by the UPC), meaning that unique stores and unique beverages that are present in 

both the pre and post periods are included in the sample. Mean estimates adjust for clustered standard errors at the UPC level. The combined comparison area includes Dane County, WI, and 

Denver County, CO. 
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Figure 2.1. Total weekly volume sold of beverages in King County excluding Seattle (KCES) and the comparison area, 2016-2019. 

 

Notes: Sample is balanced on stores and beverages (defined at the Universal Product Code level). KCES: King County excluding Seattle. The 

comparison area for KCES is the combined area of Sacramento County, CA, and Oakland County, MI, and the comparison area for Seattle is the 

combined area of Dane County, WI, and Denver County, CO. The average volume sold per county is presented for each comparison area (e.g., [total 

volume in Sacramento + total volume in Oakland] / 2). 
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Notes: Sample is balanced on stores and beverages (defined at the Universal Product Code level). KCES: King County excluding Seattle. 

The comparison area for KCES is the combined area of Sacramento County, CA, and Oakland County, MI, and the comparison area for 

Seattle is the combined area of Dane County, WI, and Denver County, CO. The average volume sold per county is presented for each 

comparison area (e.g., [total volume in Sacramento + total volume in Oakland] / 2). 

 

Figure 2.2. Total weekly volume sold of beverages in Seattle and the comparison area, 2016-2019. 
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Table 2.3. Difference-in-differences in mean volume sold (fluid oz.) in Seattle and King County versus comparison areas, by taxed status, 

beverage size, and beverage type, comparing two years before to two years after the Seattle Sweetened Beverage Tax, 2016-2019. 

  

King County Excluding Seattle (KCES) vs. Comparison Area Seattle vs. Comparison Area Seattle DD v. KCES DD 

Pre-tax 

Mean 

DD 

Estimate 

95% CI 

P 

value 

Percent 

change 

from 

pre-tax 

Pre-tax 

Mean 

DD 

Estimate 

95% CI 

P value 

Percent 

change 

from 

pre-tax 

DDD 

Estimate 

95% CI 

P value 
Lower Upper Lower Upper Lower Upper 

Taxed Beverages                                 

Overall 923,942 5,811 -47,207 58,828 0.830 1% 623,748 -122,677 -156,290 -89,064 < 0.001 -20% -128,487 -191,247 -65,727 < 0.001 

Beverage Type                                 

Soda 1,034,827 75,201 -2,956 153,357 0.059 7% 709,278 -129,655 -180,332 -78,978 < 0.001 -18% -204,856 -297,948 -111,763 < 0.001 

Fruit Drinks 821,338 -81,090 -225,156 62,977 0.270 -10% 571,721 -171,679 -261,413 -81,945 < 0.001 -30% -90,589 -260,168 78,990 0.295 

Bottled Coffee 417,806 11,057 -58,499 80,612 0.754 3% 293,744 -4,296 -47,437 38,845 0.844 -1% -15,353 -96,710 66,005 0.711 

Bottled Tea 538,226 -9,929 -95,271 75,412 0.819 -2% 379,800 -68,971 -121,028 -16,913 0.010 -18% -59,041 -158,826 40,743 0.246 

Energy Drinks 844,348 49,714 -36,016 135,445 0.254 6% 518,133 -10 -48,237 48,218 0.999 0% -49,724 -147,564 48,115 0.318 

Sports Drinks 1,834,736 -157,270 -338,805 24,265 0.089 -9% 1,313,664 -302,568 -448,922 -156,214 < 0.001 -23% -145,298 -377,478 86,882 0.219 

Beverage Size                                 

Single Serving (≤ 1 liter) 474,888 -6,016 -27,734 15,702 0.587 -1% 339,795 -37,712 -55,557 -19,867 < 0.001 -11% -31,696 -59,793 -3,600 0.027 

Multi-pack 1,155,589 113,507 -11,717 238,731 0.076 10% 686,611 -98,798 -168,367 -29,228 0.005 -14% -212,305 -355,404 -69,206 0.004 

Family Size (> 1 liter) 2,080,459 -141,774 -357,368 73,820 0.197 -7% 1,476,227 -429,871 -572,250 -287,492 < 0.001 -29% -288,097 -546,165 -30,030 0.029 

Nontaxed Beverages                                 

Overall 1,990,609 65,241 -55,044 185,525 0.288 3% 1,318,999 1,572 -65,948 69,091 0.964 0% -63,669 -201,593 74,256 0.366 

Beverage Type                                 

Diet Soda 1,981,544 232,050 60,625 403,475 0.008 12% 1,411,452 98,721 -15,941 213,383 0.091 7% -133,329 -339,472 72,814 0.205 

100% Juice/Diet Fruit Drinks 640,026 -46,180 -131,845 39,484 0.291 -7% 458,435 -65,159 -121,899 -8,419 0.024 -14% -18,979 -121,690 83,732 0.717 

Milk 3,860,876 129,684 -215,329 474,696 0.461 3% 2,402,824 -32,959 -229,930 164,012 0.743 -1% -162,643 -559,682 234,396 0.422 

Bottled Coffee 221,892 90,659 2,738 178,579 0.043 41% 181,877 66,499 -26,133 159,131 0.158 37% -24,160 -151,116 102,797 0.708 

Bottled Tea 617,048 4,377 -87,723 96,478 0.926 1% 342,963 -10,886 -56,267 34,495 0.638 -3% -15,263 -117,725 87,198 0.770 

Plain/Sparkling/Flavored Water 3,673,496 -63,757 -661,633 534,119 0.834 -2% 2,473,318 5,901 -311,884 323,687 0.971 0% 69,658 -606,946 746,263 0.840 

Diet Energy Drinks 749,693 28,892 -80,128 137,913 0.600 4% 488,236 9,917 -48,601 68,436 0.737 2% -18,975 -141,754 103,804 0.761 

Diet Sports Drinks 2,152,670 -6,524 -229,070 216,022 0.954 0% 1,348,552 -87,585 -258,044 82,875 0.311 -6% -81,061 -359,761 197,639 0.567 

Beverage Size                                 

Single Serving (≤ 1 liter) 455,406 10,136 -8,449 28,721 0.285 2% 359,818 -6,516 -20,221 7,189 0.351 -2% -16,652 -39,740 6,435 0.157 

Multi-pack 3,488,689 251,253 -164,997 667,504 0.237 7% 2,199,760 167,040 -57,058 391,138 0.144 8% -84,213 -556,732 388,305 0.727 

Family Size (> 1 liter) 4,235,489 126 -318,434 318,686 0.999 0% 2,706,449 -148,285 -334,626 38,056 0.119 -5% -148,411 -517,291 220,468 0.430 

DD: difference-in-differences. DDD: triple difference. CI: confidence interval. UPC: Universal Product Code. 

Notes: Balanced sample of stores and beverages (defined by the UPC). Analyses use a linear DD regression model adjusted for UPC fixed effects and with standard errors clustered at the UPC level. 

Beverages with unknown taxed status or unknown beverage category are omitted.  
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Supplemental Material 

 

METHODS 

i. Comparison area selection.  

To select the comparison areas, we first calculated the Mahalanobis distance90 between 

each exposed area and nonrural US counties, using American Community Survey 2017 five-year 

estimates of county-level population size and density, age distribution, race and ethnicity 

distribution (non-Hispanic Asian, non-Hispanic Black, non-Hispanic white, and Hispanic), 

educational attainment, median household income, proportion living in poverty, and proportion of 

residents who rent106.  

Second, from the top 30 closest matched counties, we excluded those with a history of 

passing or proposing a sweetened beverage tax either in the county or in the county’s Census-

defined Core-Based Statistical Area during the study period. To align political contexts, we 

excluded counties in which Democratic votes were the minority for the 2016 Presidential Election.  

Third, we estimated a proxy for pre-tax sweetened beverage consumption levels by 

calculating per capita volume sold of carbonated beverages in each area, using the data described 

below. We considered all these measures to select three top comparison area candidates for each 

treated area. Among the top three comparison area candidates for each treated area, we assessed 

evidence of pre-trends in the volume sold of taxed beverages. We found that two comparison areas 

trended similarly with each of the treated areas. Therefore, we decided to create a combined 

comparison area of the two counties for each exposed area.  
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ii. Difference-in-differences (DD) equations. 

We used two linear DD regression models to estimate the mean difference in fluid ounces 

sold associated with the SSB tax from 2 years before and after implementation. The comparison 

areas are specific for each treated area: Sacramento and Oakland counties for King County 

excluding Seattle (KCES), and Dane and Denver counties for Seattle. The models will compare 

the changes in Seattle v. comparison area, and KCES v. comparison area: 

1. YKCES_it = β0 + β1[Time]t + β2[KCES]i + β3[Time*KCES]it +  εit, 

2. YSeattle_it = β0 + β1[Timei]t + β2[Seattle]i + β3[Time*Seattle]it +  εit 

 Where Yit is the mean outcome i at time t, and Time is set to a value of 1 for post-tax 

observations and 0 for pre-tax observations. KCES is an indicator variable set to 1 for purchases 

in KCES and 0 for purchases in the comparison are. Likewise, Seattle is set to 1 for purchases in 

Seattle and 0 for the comparison area. β3 is the coefficient of interest in each model, representing 

the change in the mean volume purchased in the treated area above and beyond the change in the 

comparison area over the same time. Fixed effects at the UPC-level were used to adjust for time-

invariant characteristics specific to each beverage.  

iii. Triple difference equation. 

The triple difference (DDD) estimates the degree to which Seattle experiences a larger 

effect of the tax than in KCES. The benefit of estimating this model is to be able to test whether 

the DDD coefficient is different from 0, meaning the effect of the tax in Seattle was different than 

the effect of the tax in KCES. 

We fit the following linear regression model: 

Yit = β0 + β1[Time]t + β2 [Group] + β3 [Treat] + β4[Time*Group] + β5[Time*Treat] + 

β6[Group*Treat] +  β7[Time*Group*Treat] ε, 
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Where Yit is the mean outcome i at time t, and Time is set to a value of 1 for post-tax 

observations and 0 for pre-tax observations. Treat is a dummy variable set to 1 for Seattle and 

KCES areas, and 0 for comparison areas. Likewise, Seattle is set to 1 for Seattle and its comparison 

area of Dane and Denver counties, 0 for KCES and its comparison area of Sacramento and Oakland 

counties. Fixed effects were applied as described in ii. 
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Supplemental Table 2.4. Difference-in-differences in mean volume sold (fluid oz.) in Seattle and King County versus comparison areas, by 

taxed status, comparing one year before to one year after the Seattle SBT, 2017-2018. 
 
 King County Excluding Seattle (KCES) vs. Comparison Area Seattle vs. Comparison Area 

 

Pre-tax mean 
DD 

Estimate 

95% CI 

P value 

Percent 

change 

from pre-

tax 

Pre-tax 

mean 

DD 

estimate 

95% CI 

P value 

Percent 

change 

from pre-

tax   
Lower Upper Lower Upper 

Taxed Beverages                         

Overall 276,327 20,375 -4,524 45,274 0.109 7% 153,920 -33,601 -46,184 -21,017 < 0.001 -22% 

Beverage Type                         

Soda 308,970 44,973 4,770 85,176 0.028 15% 170,658 -36,824 -52,688 -20,960 < 0.001 -22% 

Fruit Drinks 238,527 -10,352 -73,275 52,570 0.747 -4% 128,539 -41,312 -78,179 -4,445 0.028 -32% 

Bottled Coffee 97,960 18,041 -7,581 43,664 0.167 18% 71,582 -2,360 -17,718 12,999 0.762 -3% 

Bottled Tea 178,839 2,924 -34,471 40,318 0.878 2% 112,648 -27,097 -47,675 -6,519 0.010 -24% 

Energy Drinks 255,354 51,259 8,033 94,486 0.020 20% 155,029 7,559 -14,347 29,465 0.497 5% 

Sports Drinks 615,151 -26,105 -107,813 55,604 0.530 -4% 357,480 -103,488 -145,326 -61,649 < 0.001 -29% 

Beverage Size                         

Single Serving (≤ 1 liter) 133,240 12,004 452 23,556 0.042 9% 79,748 -7,537 -13,906 -1,167 0.020 -9% 

Multi-pack 325,024 83,449 27,415 139,483 0.004 26% 175,481 -26,350 -47,046 -5,654 0.013 -15% 

Family Size (> 1 liter) 621,971 -18,373 -120,428 83,681 0.724 -3% 350,016 -118,956 -176,007 -61,905 < 0.001 -34% 

Nontaxed Beverages                         

Overall 549,666 69,956 8,028 131,885 0.027 13% 320,583 44,313 13,065 75,561 0.005 14% 

Beverage Type                         

Diet Soda 551,680 129,988 43,049 216,926 0.003 24% 372,387 56,506 4,180 108,831 0.034 15% 

100% Juice/Diet Fruit Drinks 175,161 16,208 -21,957 54,372 0.405 9% 107,717 6,906 -18,751 32,563 0.598 6% 

Milk 843,680 215,790 17,875 413,705 0.033 26% 532,721 101,184 -6,069 208,437 0.064 19% 

Bottled Coffee 60,703 42,794 11,087 74,502 0.008 70% 50,288 30,386 -1,218 61,990 0.059 60% 

Bottled Tea 184,497 13,611 -24,050 51,272 0.478 7% 103,309 3,078 -16,397 22,553 0.756 3% 

Plain/Sparkling/Flavored Water 1,231,324 -58,686 -355,518 238,147 0.698 -5% 598,955 67,496 -68,323 203,315 0.330 11% 

Diet Energy Drinks 201,494 45,482 -8,826 99,790 0.100 23% 138,232 22,476 -9,558 54,510 0.167 16% 

Diet Sports Drinks 692,589 86,571 -9,567 182,708 0.077 12% 409,441 -19,448 -84,035 45,139 0.553 -5% 

Beverage Size                         

Single Serving (≤ 1 liter) 113,554 25,572 17,317 33,826 < 0.001 23% 77,287 13,991 8,041 19,941 < 0.001 18% 

Multi-pack 1,081,013 111,763 -95,132 318,659 0.290 10% 599,840 87,125 -9,493 183,744 0.077 15% 

Family Size (> 1 liter) 1,082,697 146,691 -25,296 318,677 0.095 14% 636,538 73,921 -20,457 168,298 0.125 12% 

DD: difference-in-differences. CI: confidence interval. UPC: Universal Product Code. Sample is balanced on and UPCs, meaning stores and UPCs that were present in the year prior 

to the tax and year following the tax were included in the analysis. Model: linear DD regression with UPC fixed effects, with standard errors clustered at the UPC level. Beverages with 

unknown taxed status or unknown beverage category are omitted. 
 
 

 

 

 



  

68 

 

Supplemental Table 2.5. Difference-in-differences in mean volume sold (fluid oz.) in Seattle and King County versus comparison areas, by 

taxed status, comparing two years before to two years after the Seattle SBT in an unbalanced sample of UPCs, 2016-2019. 
  

 King County Excluding Seattle (KCES) vs. Comparison Area Seattle vs. Comparison Area  

 
Pre-tax 

mean 

DD 

Estimate 

95% CI 

P value 

Percent 

change 

from pre-

tax 

Pre-tax 

mean 

DD 

estimate 

95% CI 

P value 

Percent 

change 

from pre-

tax 

 

  
Lower Upper Lower Upper  

Taxed Beverages                          

Overall 458,638 74,795 22,841 126,749 0.005 16% 367,542 -52,580 -82,557 -22,603 0.001 -14%  

Beverage Type                          

Soda 268,791 118,877 41,810 195,943 0.003 44% 271,433 -67,636 -110,795 -24,477 0.002 -25%  

Fruit Drinks 179,380 41,345 -84,779 167,468 0.520 23% 211,322 -51,763 -126,977 23,450 0.177 -24%  

Bottled Coffee 230,641 27,760 -46,950 102,471 0.465 12% 165,615 931 -49,044 50,905 0.971 1%  

Bottled Tea 267,600 40,583 -49,102 130,267 0.375 15% 224,122 -34,000 -87,053 19,053 0.209 -15%  

Energy Drinks 807,765 -39,013 -156,880 78,853 0.515 -5% 460,867 -39,989 -112,176 32,197 0.276 -9%  

Sports Drinks 1,588,323 -113,942 -362,208 134,323 0.367 -7% 1,118,023 -149,193 -294,782 -3,604 0.045 -13%  

Beverage Size                          

Single Serving (≤ 1 liter) 207,768 23,066 -1,965 48,098 0.071 11% 181,122 -9,267 -25,132 6,597 0.252 -5%  

Multi-pack 856,318 141,800 32,833 250,766 0.011 17% 514,786 -62,749 -119,724 -5,774 0.031 -12%  

Family Size (> 1 liter) 2,477,064 115,894 -121,829 353,617 0.339 5% 1,691,620 -197,109 -342,512 -51,706 0.008 -12%  

Nontaxed Beverages                          

Overall 335,798 103,612 4,384 202,839 0.041 31% 508,026 10,136 -46,488 66,759 0.726 2%  

Beverage Type                          

Diet Soda 763,208 58,681 -84,677 202,040 0.422 8% 517,738 24,265 -74,720 123,250 0.631 5%  

100% Juice/Diet Fruit Drinks 211,127 9,106 -67,118 85,331 0.815 4% 194,995 -13,612 -64,471 37,248 0.600 -7%  

Milk 1,089,552 377,341 48,939 705,742 0.024 35% 771,999 87,306 -85,394 260,006 0.322 11%  

Bottled Coffee 102,299 62,007 -4,738 128,753 0.068 61% 80,402 65,963 -2,007 133,933 0.057 82%  

Bottled Tea 191,749 46,422 -49,082 141,926 0.340 24% 139,243 26,882 -21,868 75,633 0.279 19%  

Plain/Sparkling/Flavored Water 527,931 61,676 -431,566 554,917 0.806 12% 800,974 -73,963 -340,434 192,508 0.586 -9%  

Diet Energy Drinks 614,296 93,601 -32,295 219,496 0.144 15% 387,423 36,094 -47,710 119,897 0.396 9%  

Diet Sports Drinks 1,665,780 88,098 -214,761 390,958 0.567 5% 1,090,578 23,976 -181,055 229,007 0.818 2%  

Beverage Size                          

Single Serving (≤ 1 liter) 473,837 13,062 -7,374 33,498 0.210 3% 337,948 -242 -13,386 12,902 0.971 0%  

Multi-pack 2,179,705 150,271 -181,104 481,647 0.374 7% 1,673,234 23,360 -168,654 215,375 0.811 1%  

Family Size (> 1 liter) 2,804,260 278,437 -33,762 590,635 0.080 10% 1,886,317 -25,603 -199,496 148,290 0.773 -1%  

DD: difference-in-differences. CI: confidence interval. UPC: Universal Product Code. 

Notes: Sample is balanced on stores but not beverages (defined by the UPC). This sample allows for any UPC to enter or leave the dataset from pre- to post-tax. Analysis uses a linear 

DD regression model adjusted for beverage type and size, with standard errors clustered at the UPC level. Beverages with unknown taxed status or unknown beverage category are 

omitted. 
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Supplemental Figure 2.3. Map of the census tract-level population density in the treated areas in King County defined by the first three 

digits of the ZIP code. 
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Supplemental Figure 2.4. Differences in differences in annual mean volume sold of taxed and 

nontaxed beverages in King County excluding Seattle (KCES) relative to the comparison area from 

two years before and after implementation of the Seattle Sweetened Beverage Tax, 2016-2019. 

Note: Estimates are from a linear regression model with Universal Product Code (UPC) fixed effects and year 

fixed effects. Standard errors are clustered at the UPC level. The x axis refers to the year in which the SSB tax 

was implemented: 2018, i.e., Year = 0. Comparison areas: the combined area of Sacramento County, CA, and 

Oakland County, MI, for the KCES treated area, and the combined area of Dane County, WI, and Denver County, 

CO, for the Seattle treated area. 
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Supplemental Figure 2.5. Differences in differences in annual mean volume sold of taxed and 

nontaxed beverages in Seattle relative to the comparison area from two years before and after 

implementation of the Seattle Sweetened Beverage Tax, 2016-2019. 

 

Note: Estimates are from a linear regression model with Universal Product Code (UPC) fixed effects and 

year fixed effects. Standard errors are clustered at the UPC level. The x axis refers to the year in which the 

SSB tax was implemented: 2018, i.e., Year = 0. Comparison areas: the combined area of Sacramento 

County, CA, and Oakland County, MI, for the KCES treated area, and the combined area of Dane County, 

WI, and Denver County, CO, for the Seattle treated area. 
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Chapter 3 | Perceived healthfulness and consumption of sugar-sweetened 

beverages two years after the Seattle Sweetened Beverage Tax among adults 

with and without children in the household 

 

Overview 

 Parents and primary caregivers of children are an important population in which to 

understand impacts of a sugar-sweetened beverage (SSB) tax due to their influence on child SSB 

consumption. It is unclear whether parents with children in the home respond differently than other 

adults to SSB taxes. 

 We administered a repeated cross-sectional phone and online survey of adults in Seattle, 

WA, and a matched comparison area before and two years after implementation of the Seattle SSB 

tax. Adults reported living with (n=830) or without (n=2,398) children in the home. Using triple 

difference analyses (taking the difference between two difference-in-differences [DD]), we 

assessed whether net changes in a summary score of perceived health risks of SSBs, the probability 

of reporting that  high SSB consumption (≥1 times/day) is a healthful amount, and the probability 

of reporting high SSB consumption were different after tax implementation in Seattle between 

adults with and without children in the home. Propensity score weights and covariate adjustment 

were used to improve comparability between samples over time. 

Perceptions of health risks of SSBs were relatively high and did not change over time in 

association with the tax for adults with and without children in the home (DD with children: 0.54; 

[95% CI: -0.81, 1.89]; DD without children: -0.27; [95% CI: -1.06, 0.53]; triple difference: 0.81; 

[95% CI: -0.76, 2.38]; p=0.31). Self-reported high SSB consumption did not significantly change 

over time in Seattle or the comparison area, and we did not observe differential changes for adults 

with versus without children in the home. The ratio of odds ratios (ORs) for high SSB consumption 

was 0.88 (95% CI: 0.41, 1.88) among Seattle adults with children and 1.34 (95% CI: 0.79, 2.29) 

among Seattle adults without children (triple difference: 0.66 [95% CI: 0.26, 1.67]; p=0.38). 
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Results were similarly not significant for reporting that high SSB consumption was a healthful 

amount (triple difference: 0.80 [95% CI: 0.21, 3.05]; p=0.74).  

We did not find evidence of associations between a SSB tax and changes in perceived 

healthfulness and high consumption of SSBs among adults living with and without children in the 

home. Identifying predictors of and barriers to parental behavior change in response to taxes is a 

direction for future research.  
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Introduction 

Sugar-sweetened beverages (SSBs) are the largest source of added sugars in the diets of 

children and adults in the United States 1–3. While highly prevalent in the diet, SSBs contribute 

minimal nutritional value and are thus a recent target of tax policy to improve public health. In the 

past decade, eight US jurisdictions adopted excise taxes on the distribution of SSBs 12.  

Evidence is clear from numerous evaluations that such taxes increase retail prices and 

reduce purchases of SSBs in the taxed areas 25. However, evidence of changes in reported SSB 

consumption is less consistent. Some studies observed reduced consumption in population 

subgroups such as those with low income and high consumers of SSBs, but other studies did not 

observe changes in these groups or overall 13,17,19,26–31. One reason for the inconsistent findings 

may be related to different pathways through which SSBs taxes influence behavior. In addition to 

the price sensitivity pathway, SSB taxes may also have health risk signaling effects which likely 

vary across local tax contexts and population subgroups41,42,45,70,107,108.  

Parents and primary caregivers of children are an important subgroup of the population in 

which to understand potential tax impacts and signaling effects. Marketing and health claims on 

beverages targeted towards children have been shown to mislead parents in perceiving certain 

SSBs are healthful 47,49,109. A tax may have a stronger signaling effect to parents than other adults 

if it makes clear which beverages are higher in sugar. Parents may in return modify their own 

consumption and their child’s access to different beverages as they consider their health and their 

child’s health. With relatively higher household costs, parents may be more price sensitive to the 

tax than other adults as well. On the other hand, parents may be less responsive to the tax if they 

have higher risk perceptions around SSBs to begin with or if child-directed marketing and demand 

for SSBs outweighs the potential burden of higher prices.   
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Previous studies that investigated SSB tax impacts among parents did not observe changes 

in SSB consumption, except for a reduction in soda in one study 17,19,31. To our knowledge, no 

previous work has assessed whether SSB tax impacts on health perceptions and consumption differ 

for parents versus other adults. Considering the essential role of parents in their child’s dietary 

patterns, 36,37,110 it is important to understand the extent to which parents may change beliefs and 

behavior in response to a SSB tax.  

 Objective 

On January 1, 2018, the City of Seattle implemented a $0.0175/ounce excise tax on the 

distribution of SSBs. In a repeated cross-sectional survey of adults in Seattle and a well matched 

comparison area, perceived health risks of SSBs increased and daily SSB consumption decreased 

in association with the Seattle SSB tax among adults with lower but not higher household 

income67,70. In the present study, we analyzed the same survey data to estimate the degree to which 

associations between Seattle’s tax and changes in perceived healthfulness and self-reported 

consumption of SSBs differed between adults with and without children in the home. We 

additionally explored whether associations with the tax differed by household income among 

adults with children in the home.  

Methods 

Design and sample 

 We used a repeated cross-sectional differences-in-differences design to compare changes 

in Seattle and a comparison area before and two years after tax implementation. We administered 

a population-based telephone and online survey in October-December 2017 (pre-tax) and again, 

with a different sample of individuals, in September-November 2019 (post-tax). Survey details 

have been previously described 111. In brief, the sample included 3,221 adults 18 years or older, of 

whom 1,621 had a home address in Seattle, WA, and 1,598 had a home address in the combined 
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comparison area of Minneapolis, MN, and the Washington, DC, Metro Area (Arlington, VA, 

Bethesda, MD, and Rockville, MD). The combined comparison area was selected because it shared 

similar demographic characteristics and political leanings with Seattle and did not have a history 

of proposing or adopting a SSB tax.  

 The overall sampling design achieved approximately representative racial/ethnic 

distributions in each city and oversampled participants who reported lower household income 

(<260% of the federal poverty level [FPL] based on 2017 federal poverty guidelines112). In the 

present study, we categorized adults based on whether they reported at least one child under 18 in 

their household (n=830) or no children in the household (n=2,389). Two participants were 

excluded because data was missing for this variable. Since we did not have information on 

parent/guardian status for the sample, we refer to participants as adults living with or without 

children in the home.  

Survey questions assessed participants’ perceptions about health risks of SSBs 

consumption, self-reported SSB consumption, and perceived impacts of SSB taxes. Participants 

also reported demographic and household information, such as the number of children and adults 

in their household and annual household income. The original study and the present analysis were 

determined to be exempt from review by the University of Washington Institutional Review Board 

because the researchers did not have access to identifiable information.  

Outcomes 

We examined three outcomes. The first two measured aspects of perceived healthfulness 

of SSBs: a summary score of perceived health risks, and perceived healthfulness of high SSB 

consumption. The third outcome was self-reported high SSB consumption. The survey referred to 

SSBs as “sugary drinks,” and defined them as including regular soft drinks, soda or pop, fruit-

flavored drinks, sports drinks, sweetened teas or coffees, and energy drinks. It further clarified that 
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SSBs do not include milk, 100% fruit juice, diet drinks, or artificially sweetened drinks This was 

consistent with how the Seattle SSB tax defined SSBs56.  

Perceived health risks of SSBs. Participants were asked a total of 11 questions about 

whether consumption of SSBs increases risks for various serious health conditions. Participant 

response options included strongly agree, agree, don’t know, disagree, and strongly disagree. The 

first five questions individually asked about risk of obesity, dental health problems, diabetes, heart 

disease, and serious health conditions in general. The next six questions separately asked whether 

consumption of added sugar, soda, fruit drinks, sports drinks, sweetened coffee/tea, and energy 

drinks increases risk of serious health conditions. To calculate the summary score, we combined 

and scored responses across all questions. A response of “strongly agree/agree” was given a score 

of 1, “strongly disagree/disagree” a score of -1, and “don’t know” a score of 0. The summary score 

ranged from -11 to 11, with a higher score indicating greater perceived health risks of SSBs. We 

hypothesized that the summary score would increase in response to the Seattle SSB tax to a greater 

degree for adults with children in the home than adults without children in the home.  

Perceived healthfulness of high SSB consumption. We created a binary outcome from 

responses to the following question: “Thinking about how sugary drinks affect health, what is the 

MOST people should drink them?” Response options included none or <1 time per week, weekly, 

2-6 times per week, and daily or more. We defined high SSB consumption as daily or more. In 

association with the SSB tax, we hypothesized that the probability of reporting that daily (or more) 

SSB consumption was a healthful amount would decrease in Seattle to a greater degree among 

adults with children in the home than among adults without children in the home.  

Self-reported high SSB consumption. Like the previous outcome, we defined a binary 

outcome of self-reported high SSB consumption as daily or more. Participants were asked, “during 

the past 30 days, did you drink sugary drinks never or less than 1 time per week, 1 time per week, 
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2-6 times per week, 1 time per day, or 2 or more times per day?” We hypothesized that the 

probability of reporting high SSB consumption would decrease in Seattle in response to the SSB 

tax to a greater degree among adults with children in the home than among adults without children 

in the home. 

Covariates 

We selected covariates based on hypothesized associations with each outcome and with 

the exposure of living in Seattle with the tax 113–115. Covariates in the regression model and 

propensity score weights, described below, included self-reported age (18-30, 31-40, 41-50, and 

51+), sex (male or female), race/ethnicity (non-Hispanic Asian, non-Hispanic Black or African 

American, non-Hispanic white, non-Hispanic other, and Hispanic), household income (<$30,000, 

$30,000-$59,000, $60,000-$89,000, $90,000-$120,000, >$120,000), education (some or 

completed high school, some or completed college, and completed graduate/professional degree), 

political affiliation (Democrat, Independent, Republican, other/don’t know), marital status 

(married, widowed/divorced/separated, single and never married, and living with a partner), 

number of people living in the household (i.e., household size), and survey mode (phone or online).  

Statistical analysis 

To retain all participants in the analytical samples, we imputed missing data on all 

covariates and outcomes using multiple imputations by chained equations116. About 7% of 

participants were missing information on at least one covariate and 11% were missing information 

on at least one outcome. Missingness was no higher than 11% for any one variable (Supplemental 

Table 3.4). In addition to the imputed variables, predictors in the imputation model included a 

combined indicator for participants’ location (Seattle or comparison area) and timepoint (pre- or 

post-tax) as well as survey mode and living with or without a child in the home. Imputed data were 

evaluated using trace plots and summary statistics comparisons with non-missing observations. 
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We then calculated propensity score weights that weighted observations so that each pre- and post-

tax sample in each location resembled the distribution of covariates of the Seattle pre-tax 

sample117. The purpose of the propensity score weights was to minimize bias due to potential 

compositional changes in each pre- and post-tax sample in each location. Weights were winsorized 

to a value of 10 to limit the influence of extremes.   

For the primary analysis, we fit adjusted difference-in-differences regression models for 

each of the three outcomes. We modeled the perceived health risks summary score using ordinary 

least squares regression and modeled the binary outcomes of perceived healthfulness of high SSB 

consumption and self-reported high SSB consumption using logistic regression. In addition to 

covariates, each model included indicator variables for location, timepoint, and living with or 

without a child in the home. The models included two-way interaction terms between each of the 

indicator variables and a three-way interaction term between all three indicator variables (see 

Supplemental Materials for details). All models included the covariates and propensity score 

weights, resulting in doubly-robust estimates that are robust to misspecifications of either the 

regression model or propensity score model 118. 

For the perceived health risk summary score, we used linear combinations of the model 

coefficients to calculate the difference-in-differences in the score among adults with children in 

the home, and separately, among adults without children in the home. Each difference-in-

differences represented the average amount by which perceived health risks of SSBs changed in 

Seattle from pre-tax to post-tax above and beyond the change in the comparison area over the same 

period. The three-way interaction term in the model was the triple difference estimator, or the 

extent to which the difference-in-differences among adults with children in the home was different 

than the difference-in-differences among adults without children in the home. In other words, the 
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triple difference compared the tax impact on perceived health risks of SSBs in Seattle among adults 

with children to the tax impact in Seattle among adults without children.   

For perceived healthfulness of high SSB consumption and self-reported high SSB 

consumption, we exponentiated the coefficients to interpret them in terms of odds of participants 

reporting each outcome. Using log-linear combinations of coefficients, we calculated the 

difference-in-differences for each outcome among adults with children, and separately, without 

children, interpreting each as a ratio of odds ratios (ORs). Each ratio of ORs compared the OR of 

the outcome in Seattle in the post-tax versus pre-tax period relative to the OR of the outcome in 

the comparison area over the same period. To support interpretation, we also calculated predicted 

probabilities of each outcome at each timepoint and location using postestimation calculations 

from the model. The three-way interaction term reflected the ratio of ratio of ORs, which compared 

the ratio of ORs of the outcome in association with the tax among adults with children in the home 

to the ratio of ORs of the outcome among adults without children in the home.  

In a sensitivity analysis, we fit adjusted difference-in-differences models stratified by 

living with or without children in the home to assess whether the difference-in-differences 

estimates were materially different from the primary model. Unlike in the primary model, the 

covariate-outcome relationships can vary by the stratification variable in the stratified models. We 

imputed data and calculated propensity scores separately for each sample to maximize 

exchangeability between Seattle and comparison area participants within each sample.  

In addition, we were interested in whether household income modified the association 

between the tax and changes in the three outcomes among adults with children in the home. To 

explore this, we fit a difference-in-differences regression model with two-way and three-way 

interaction terms between location, timepoint, and higher versus lower income (260% and <260% 

FPL) in the sample of adults with children in the home. Previous analyses of the overall survey 
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sample observed tax impacts among participants with lower income, but not higher income 67,70, 

so this was important to explore within the sample with children in the home. We used household 

size information to define the binary household income variable coinciding with eligibility for 

state-subsidized health insurance.  

Finally, in a post-hoc sensitivity analysis, we explored whether the variance of our 

difference-in-differences estimates were inflated due to the combination of propensity score 

weights and covariate adjustment. We compared estimates from the primary model to results from 

an unweighted model with covariate adjustment, a weighted model without covariate adjustment, 

and a weighted model with adjustment for covariates that remained unbalanced based on 

standardized mean differences, which were household income and education. Results did not 

substantially change across variations (Supplemental Table 3.7). All analyses set α = 0.05 and 

were performed using Stata 17 software (StataCorp). We did not adjust for multiple comparisons. 

Results 

Characteristics of the weighted analytic sample within each timepoint, location, and group 

defined by living with or without a child in the home is presented in Table 3.1. The unweighted 

sample is presented in Supplementary Table 3.4.  

Summary score of perceived health risks of SSBs.  

Among adults with children in the home, the adjusted mean summary scores for perceived 

health risks of SSBs were relatively similar across the pre- and post-tax periods in Seattle and the 

comparison area (Table 3.2). In Seattle, the mean summary score was 6.05 in the pre-tax period 

and 6.45 in the post-tax period, reflecting an increase of 0.39 (95% CI: -0.54, 1.32) that was not 

statistically significant. In the comparison area, the mean score was 6.46 at pre-tax and 6.31 at 

post-tax, reflecting a decrease of -0.15 (95% CI: -1.12, 0.82) that was not statistically significant. 

Relative to the change in the comparison area, there was a net increase of 0.54 (95% CI: -0.81, 
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1.89]; p=0.43) in the mean score in Seattle from pre-tax to post-tax, which was not statistically 

significant. 

Among adults without children in the home, the adjusted mean summary scores were 

similar in the pre- and post-tax periods in Seattle and the comparison area. In Seattle, the pre-tax 

mean score was 6.93 and the post-tax mean score was 6.68, which was a non-statistically 

significant decrease of -0.25 (95% CI: -0.76, 0.25). In the comparison area, the mean pre-tax score 

was 7.09 and the mean post-tax score was 7.10, reflecting a difference of 0.01 (95% CI: -0.60, 

0.63). Relative to the change in the comparison area, the mean score in Seattle decreased by -0.27 

(95% CI: -1.06, 0.53; p=0.51) from the pre-tax to post-tax period, but this was not statistically 

significant.  

Comparing the net changes among Seattle adults with versus without children in the home, 

the triple difference estimate indicates that the net changes in perceived health risks of SSBs were 

not statistically significantly different from each other (0.81; [95% CI: -0.76, 2.38]; p=0.31).  

Perceived healthfulness of high SSB consumption.  

Among adults with children in the home in Seattle, the adjusted predicted probability of   

reporting that daily SSB consumption (or more) is a healthful amount was 9.9% in the pre-tax 

period and 10.4% in the post-tax period (Table 3.3). This translates to a non-statistically significant 

increase in the odds over time by 5% (OR: 1.05; [95% CI: 0.49, 2.25]). Among adults with children 

in the comparison area, the adjusted predicted probability decreased from 11.2% in the pre-tax 

period to 9.4% in the post-tax period, but this was also not statistically significant (OR: 0.82; [95% 

CI: 0.34, 1.97]). This suggests that relative to the change in the comparison area from pre- to post-

tax, the odds of reporting that daily SSB consumption is a healthful amount increased in Seattle 

by 28% (ratio of ORs: 1.28; [95% CI: 0.41, 4.03]; p=0.67), though this was not statistically 

significant.  
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Among adults without children in the home in Seattle, the adjusted predicted probability 

of reporting that daily SSB consumption is a healthful amount was 6.5% in the pre-tax period and 

8.4% in the post-tax period (OR: 1.33; [95% CI: 0.85, 2.07]). Among comparison area adults 

without children in the home, the pre-tax predicted probability was 9.7% and the post-tax predicted 

probability was 8.2% (OR: 0.83; [95% CI: 0.49, 1.41]). Relative to the change in the comparison 

area, there was a non-statistically significant increase of 60% (ratio of ORs: 1.60; [95% CI: 0.80, 

3.20]; p=0.18) in the odds of reporting that daily SSB consumption is a healthful amount from pre-

tax to post-tax in Seattle.  

Finally, the triple difference indicates that the relative change in the odds in Seattle adults 

with children was not statistically significantly different from the relative change in the odds in 

Seattle adults without children in the home (0.80; [95% CI: 0.21, 3.05]; p=0.74).  

Self-reported high SSB consumption. 

Among adults with children in the home in Seattle, the adjusted predicted probability of 

reporting high SSB consumption was 19.0% in the pre-tax period and 22.6% in the post-tax period 

(Table 3.3). This amounts to 24% (OR: 1.24; [95% CI: 0.77, 1.99]) higher odds in the post-tax 

versus pre-tax period, which was not statistically significant. Among adults with children in the 

home in the comparison area, the pre-tax adjusted predicted probability was 18.5% and the post-

tax probability was 24.1%, translating to 40% (OR: 1.40; [95% CI: 0.77, 2.56]) higher odds over 

time, which was also not statistically significant. Relative to the change in the odds in the 

comparison area, the odds of reporting high SSB consumption in Seattle decreased by 12% (ratio 

of ORs: 0.88; [95% CI: 0.41, 1.88]); p=0.75), though this was not statistically significant. 

Among adults without children in the home in Seattle, the adjusted predicted probability 

of reporting high SSB consumption was 12.9% at pre-tax and 15.7% at post-tax, reflecting non-

statistically significant higher odds by 26% (OR: 1.26; [95% CI: 0.90, 1.76]) over time. In the 
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comparison area, the adjusted predicted probability was 17.1% in the pre-tax period and 16.3% in 

the pre-tax period, translating to 6% lower odds of high SSB consumption over time (OR: 0.94; 

[95% CI: 0.62, 1.43]), which was not statistically significant. Relative to the change in the 

comparison area from pre-tax to post-tax, there was a non-statistically significant increase in the 

odds of reporting high SSB consumption in Seattle by 34% (ratio of ORs: 1.34; [95% CI: 0.79, 

2.29]; p =0.28).  

Lastly, comparing the ratios of ORs in Seattle adults with versus without children, the triple 

difference estimate suggests that the relative change in the odds of reporting high SSB 

consumption in Seattle was not statistically different for adults with children versus adults without 

children in the home (0.66; [95% CI: 0.26, 1.67]; p=0.38). 

Sensitivity analysis stratified by living with or without a child in the home.  

To understand whether the difference-in-differences results were materially different from 

those calculated from the primary models with three-way interaction terms, we performed 

stratified difference-in-differences analyses among adults with children in the home, and 

separately, adults without children in the home. Despite minor variations likely to due to stratified 

imputation and propensity scores, results are not materially different from the primary results 

(Supplemental Table 3.5). 

Exploratory analysis of effect modification by household income among adults with children in 

the home.     

Among adults with children in the home, 49% (n=409) reported lower household income 

(< 260% FPL). In general, we did not observe significant associations between the Seattle tax and 

changes in the outcomes, and these did not differ for lower versus higher income households, 
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though power is limited due to smaller sample sizes within each timepoint and location, 

(Supplementary Table 3.6).  

Discussion  

In this repeated cross-sectional difference-in-differences study, we assessed changes in 

perceived healthfulness and self-reported consumption of SSBs in adults with children in the home 

relative to adults without children in the home before and after the Seattle SSB tax. We found that 

perceptions of health risks of SSBs were relatively high and did not change over the two years 

post-tax in either location among adults with or without children in the home. Additionally, we did 

not observe changes in the probabilities of reporting that daily SSB consumption was healthful 

and reporting daily SSB consumption in the past month, nor did we observe differential changes 

between adults with and without children in the home. Findings were not substantially different in 

stratified sensitivity analyses and across model variations of confounding control with covariate 

adjustment and propensity score weights.  

While tax impacts on perceived healthfulness of SSBs among parents have not been 

quantitatively assessed elsewhere, surveys of overall adults and qualitative studies with parents 

provide some context. In a Philadelphia survey, perceived healthfulness of taxed beverages 

(artificially and sugar-sweetened) decreased after tax implementation, particularly among 

participants from low-income neighborhoods 119. Similarly, in an analysis of all survey participants 

from the present study, perceived health risks of SSBs increased among participants with lower 

income, but not higher income70. In qualitative studies with parents in Berkeley, and parents with 

lower income in Philadelphia and Seattle, parents generally were aware of health risks of SSBs 

prior to the tax, and some parents discussed health risk signaling of the tax in Seattle and 

Philadelphia68,69,97. These qualitative findings support our observation that parents (as well as other 

adults) had a relatively high perception of health risks of SSBs prior to the tax. In addition, effect 
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modification by household income could be present, but we were unable to adequately investigate 

this due to limited power.  

Studies have assessed tax-related changes in SSB consumption among parents in Oakland, 

Philadelphia, and Seattle in the two years post-tax 17,19,31. Like the present study, self-reported SSB 

consumption did not significantly change among Oakland parents after the tax, however, 

reductions in SSB purchasing were observed19. In Philadelphia, parents decreased their 

consumption of soda in particular, offering some support for a health risk signaling pathway since 

soda is most often associated with SSB taxes and health concerns17,41. In Seattle, a longitudinal 

cohort of parents with lower income found that SSB consumption decreased significantly in Seattle 

as well as in the nearby comparison area31. We did not observe such decreases in Seattle, and 

reasons for the discordance may be due to sociodemographic differences between study 

populations.  

In the broader SSB tax literature on all adults, high consumers of SSBs tended to reduce 

their consumption more so than other SSB consumers after tax implementation.25 In our study, 

although the confidence intervals overlap, the adjusted proportion of high SSB consumers in 

Seattle prior to the tax was higher among adults with versus without children in the home (19% v. 

13%). The direction of the relative change in reporting high SSB consumption in Seattle post-tax 

suggested a non-statistically significant decrease for adults with children relative to adults without 

children in the home (triple difference: 0.66; p=0.38). It is possible that if high SSB consumption 

is indeed more common among parents with children in the home versus other adults, which we 

were not able to detect, parents may be more sensitive to the tax for this reason than adults without 

children.  

Finally, qualitative studies with parents have explored tax impacts on SSB consumption. 

Parents in the Berkeley, Philadelphia, and Seattle studies described the tax as supporting their goals 
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in reducing SSB consumption in the household, but also mentioned barriers to doing so such as 

heavy advertising and cross-border shopping 68,69,97. Altogether, our findings support this body of 

literature by advancing discussion of possible differential impacts of SSB taxes for parents and 

caregivers towards the broader goal of understanding barriers and facilitators to health behavior 

change.  

Limitations. We note several limitations of this study. First, we were not able to evaluate 

the plausibility of the parallel trends assumption between Seattle and the comparison area 

because we had only one pre-tax time point. We used propensity score weights and covariate 

adjustment to strengthen this assumption by making the samples similar to one another on factors 

believed to be related to trends in the outcomes. Second, the sample size of adults with children 

in the home was relatively small compared to adults without children in the home. Considering 

the magnitude of some point estimates and substantial width of confidence intervals, we may 

have lacked power to detect potential associations and differences between groups. Third, the 

nature of the survey questions limited the range of possible answers related to SSB consumption 

and are subject to social desirability bias. Fourth, we did not have information on whether 

participants were parents or guardians of the children in their household, nor did we have 

information on the age of the children.  

Strengths. This study explores a novel question of whether adults with children in the 

household respond differently to a SSB tax than adults without children in the household. In 

addition to SSB consumption, we investigate measures of perceived healthfulness of SSBs, 

which are  relatively understudied tax impacts relevant to health and health risk signaling. 

Finally, we used multiple imputations to address missing data unlike previous analyses from this 

survey that omitted participants with missing data70,111.  
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Conclusion 

Adults with children in the household were similar to adults without children in the 

household with respect to perceived health risks of SSBs and high consumption of SSBs before 

and two years after the Seattle SSB tax. Directions for future work include exploring whether SSB 

tax impacts differ for parents with young children versus older children in the home and formally 

investigating household income as an effect modifier in studies among parents. Understanding 

how parents and caregivers respond to SSB taxes can inform public health efforts aiming to 

maximize health benefits of the taxes.   

 

 

 



  

89 

 

Table 3.1. Characteristics of the pre-tax and post-tax analytic sample in Seattle and the comparison 

area with and without at least one child in the home, 2017 and 2019. 

 

Living with children in the home  

(N=830) 

Living without children in the home 

(N=2,389) 

 Seattle Comparison Seattle Comparison 

 Pre-tax Post-tax Pre-tax Post-tax Pre-tax Post-tax Pre-tax Post-tax 

n = 187 205 244 194 645 584 653 597 

Age                 

18-30 years old 14% 18% 24% 17% 16% 15% 13% 17% 

31-40 years old 31% 40% 34% 35% 15% 11% 15% 13% 

41-50 years old 38% 28% 30% 30% 10% 11% 12% 10% 

51+ years old 18% 15% 13% 18% 60% 63% 60% 60% 

Sex                 

Female 60% 52% 57% 60% 59% 62% 62% 59% 

Race/Ethnicity                 

Non Hispanic Asian 8% 8% 18% 23% 8% 7% 5% 5% 

Non Hispanic Black/African American 6% 11% 9% 12% 7% 6% 7% 4% 

Non Hispanic White 65% 63% 44% 46% 71% 74% 77% 76% 

Non Hispanic Other 13% 8% 13% 11% 8% 9% 6% 11% 

Hispanic 9% 11% 16% 8% 6% 4% 5% 4% 

Household Income relative to the FPL                 

< 260% 43% 45% 55% 52% 49% 49% 53% 48% 

260-400% 27% 30% 30% 23% 24% 23% 22% 21% 

> 400% 30% 25% 16% 25% 27% 28% 26% 31% 

Education                 

Completed high school or less 12% 12% 17% 11% 12% 11% 12% 12% 

Some or completed college 56% 62% 52% 65% 60% 57% 67% 57% 

Completed graduate/professional degree 32% 26% 32% 24% 28% 31% 21% 32% 

Political Affiliation                 

Democrat 52% 56% 45% 57% 58% 56% 61% 55% 

Independent 28% 24% 31% 24% 29% 30% 26% 30% 

Republican 14% 15% 12% 8% 7% 7% 7% 8% 

Other/Don't Know 7% 5% 12% 10% 7% 7% 6% 7% 

Marital Status                 

Married 64% 66% 56% 59% 31% 29% 30% 31% 

Widowed/divorced/separated 12% 8% 11% 11% 21% 23% 22% 22% 

Single, never married 19% 18% 23% 22% 39% 40% 40% 38% 

Living with partner 5% 8% 10% 8% 10% 9% 8% 9% 

Household Size                 

1 person 0% 0% 0% 0% 43% 49% 47% 42% 

2-4 people 73% 75% 69% 66% 55% 49% 52% 56% 

5 or more people 27% 25% 31% 34% 2% 2% 1% 1% 

Survey Mode                 

Online (versus phone) 56% 73% 64% 64% 49% 43% 49% 45% 

Summary score of perceived health harms of SSBs*  

Score -11-0 10% 5% 5% 5% 6% 7% 5% 5% 

Score 1-5 13% 19% 17% 16% 16% 17% 15% 14% 

Score 6-11 77% 76% 78% 79% 79% 77% 79% 81% 

Considering how SSBs affect health, what is the MOST that people should drink them?  

None or <1 times/week 35% 24% 26% 31% 35% 37% 30% 30% 

1 time/week 34% 33% 38% 41% 35% 31% 39% 43% 

2-6 times/week 21% 33% 26% 21% 23% 23% 19% 18% 

1+ times/day 10% 10% 11% 7% 7% 9% 11% 10% 

Past 30-day consumption of SSBs                 

None or <1 times/week 39% 20% 16% 33% 51% 49% 41% 40% 

1 time/week 11% 19% 24% 9% 17% 15% 20% 23% 

2-6 times/week 27% 31% 36% 28% 18% 22% 22% 21% 

1+ times/day 23% 30% 25% 30% 14% 15% 18% 16% 

Note: Percentages are weighted based on propensity score weights that adjust the distribution of covariates in each pre-tax and post-tax 

sample in each location to look similar to the Seattle pre-tax sample. Percentages also reflect the final distribution of covariates in the analysis 

including those from observations initially missing and imputed using multiple imputations by chained equations (see Supplemental Table 

1 for unweighted proportions and missingness for each variable in each sample).  

FPL=Federal Poverty Level calculated from the 2017 Federal Poverty Guidelines.  

*A higher score indicates a greater perceived health risk.  
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Table 3.2. Changes in perceived health risks of sugar-sweetened beverages (SSBs) from before and after implementation of the Seattle SSB tax among 

adults with and without children in the home in Seattle and the comparison area, 2017 and 2019. 

 Seattle Comparison Area  
Difference-in-

Differences  

Triple 

Difference** 
  

Pre-tax Mean Post-tax Mean Difference Pre-tax Mean Post-tax Mean Difference 

Perceived health risks of SSBs, mean summary score* (95% CI)    

Adults with children in 

the home (n=830) 

6.05 

(4.82, 7.29) 

6.45 

(5.27, 7.62) 

0.39 

(-0.54, 1.32) 

6.46 

(5.32, 7.6) 

6.31 

(4.99, 7.63) 

-0.15 

(-1.12, 0.82) 

0.54 

(-0.81, 1.89) 

P=0.43 
0.81 

(-0.76, 2.38) 

P=0.31 Adults without children 

in the home (n=2,389) 

6.93 

(5.94, 7.92) 

6.68 

(5.67, 7.68) 

-0.25 

(-0.76, 0.25) 

7.09 

(6.08, 8.09) 

7.10 

(6.10, 8.11) 

0.01 

(-0.60, 0.63) 

-0.27 

(-1.06, 0.53) 

P=0.51 

Note: We used adjusted difference-in-differences linear regression models with a three-way interaction term between variables for timepoint, location, and living with or 

without a child in the home. Models adjusted for age, sex, race/ethnicity, household income, education, political affiliation, marital status, household size, and survey 

mode and imputed missing observations using multiple imputations by chained equations. Models also used propensity score weights, based on the covariates, so that 

each pre- and post-tax sample in each location resembled the Seattle pre-tax sample117.  

*The summary score range of possible values is -11 to 11. A higher score reflects a greater perceived health risk of SSBs.   

**The triple difference estimates the amount by which the difference-in-differences in the outcome among adults with children in the home is larger or smaller than the 

difference-in-differences in the outcome adults without children in the home.  

CI=confidence interval. P=p-value. 
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Table 3.3. Changes in the odds of perceiving high consumption of sugar-sweetened beverages (SSBs) as healthful and reporting high consumption of 

SSBs from before and after implementation of the Seattle SSB tax among adults with and without children in the home in Seattle and the comparison area, 

2017 and 2019. 
 Seattle Comparison Area  

Ratio of ORs  
Triple 

Difference**   
Pre-tax 

Probability 

Post-tax 

Probability  
OR* 

Pre-tax 

Probability 

Post-tax 

Probability  
OR* 

Reported high SSB consumption as healthful (95% CI)    

Adults with children in 

the home (n=830) 

9.9%   

(4.8, 15.0) 

10.4%  

(4.4, 16.4) 

1.05  

(0.49, 2.25) 

11.2%   

(5.7, 16.6) 

9.4%   

(3.0, 15.8) 

0.82  

(0.34, 1.97) 

1.28  

(0.41, 4.03) 

P=0.67 
0.80  

(0.21, 3.05) 

P=0.74 Adults without children 

in the home (n=2,389) 

6.5%   

(4.5, 8.4) 

8.4%   

(5.8, 11.1) 

1.33  

(0.85, 2.07) 

9.7%   

(6.6, 12.8) 

8.2%   

(5.0, 11.4) 

0.83  

(0.49, 1.41) 

1.60  

(0.80, 3.20) 

P=0.18 

Self-reported high SSB consumption in the past 30 days (95% CI)    

Adults with children in 

the home (n=830) 

19.0%  

(12.9, 25.1) 

22.6%  

(16.2, 28.9) 

1.24  

(0.77, 1.99) 

18.5%   

(11.9, 25.0) 

24.1%   

(15.0, 33.2) 

1.40  

(0.77, 2.56) 

0.88  

(0.41, 1.88) 

P=0.75 
0.66  

(0.26, 1.67) 

P=0.38 Adults without children 

in the home (n=2,389) 

12.9%   

(10.2, 15.5) 

15.7%   

(12.4, 18.9) 

1.26  

(0.9, 1.76) 

17.1%  

(13.1, 21.2) 

16.3%   

(11.8, 20.7) 

0.94  

(0.62, 1.43) 

1.34  

(0.79, 2.29) 

P=0.28 

Note: We used adjusted difference-in-differences logistic regression models with a three-way interaction term between variables for timepoint, location, and living with 

or without a child in the home. Models adjusted for age, sex, race/ethnicity, household income, education, political affiliation, marital status, household size, and survey 

mode and imputed missing observations using multiple imputations by chained equations. Models also used propensity score weights, based on the covariates, so that 

each pre- and post-tax sample in each location resembled the Seattle pre-tax sample117.  

*Odds ratio (OR) of the outcome when comparing the odds of the outcome in the post-tax period to the odds in the pre-tax period. The ratio of ORs is the difference-in-

difference estimator and reflects the relative change in the odds of the outcome in Seattle above and beyond the relative change in the odds of the outcome in the 

comparison area. Pre-tax and post-tax estimates in each city are presented as predicted probabilities calculated from the logistic regression model.  

**The triple difference estimates the amount by which the difference-in-differences (or ratio of ORs) in the outcome among adults with children in the home is larger or 

smaller than the difference-in-differences (or ratio of ORs) in the outcome adults without children in the home.  

CI=confidence interval. P=p-value. 
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Supplemental Material 

 

Linear Regression Model Equation 

 

Yit = β0 + β1[Timepoint]t + β2 [City]i + β3 [HHchild]i + β4[Timepoint*City] it + β5[Timepoint*HHchild] it 

+ β6[City*HHchild]i +  β7[Timepoin*City*HHchild] it + β8[X] it εit 

 

Where Yit is the mean outcome for person i at time t. Timepoint is set to a value of 1 for post-tax 

observations and 0 for pre-tax observations. City is a dummy variable set to 1 for Seattle and 0 for 

comparison areas. Likewise, HHchild is set to 1 for adults with children in the home and 0 for adults without 

children in the home. X is a vector of person-level covariates. The coefficients are described and interpreted 

below:  

 

 Time (T) City (C) HHchild (H) 

β0 0 0 0 

β0 + β1  1 0 0 

β0 + β2 0 1 0 

β0 + β3 0 0 1 

β0 + β1+ β2 + β4 1 1 0 

β0 + β1+ β3 + β5 1 0 1 

β0 + β2 + β3 + β6 0 1 1 

β0 + β1 + β2 +  β3 + β4 +  β5 + β6 + β7 1 1 1 

 

 

 Expected value Interpretation 

β0 E[Y| T=0, C=0, H=0] Mean outcome in comparison area, no 

children, pre-tax 

β1  E[Y|T=1, C=0, H=0] - E[Y|T=0, C=0, H=0] Difference in mean outcome in comparison 

area from pre- to post-tax, among adults 

without children 

β2 E[Y|T=0, C=1, H=0] - E[Y|T=0, C=0, H=0] Difference in mean outcome comparing 

Seattle to comparison area, pre-tax, among 

adults without children 

β3 E[Y|T=0, C=0, H=1] - E[Y|T=0, C=0, H=0] Difference in mean outcome comparing 

adults with children to adults without 

children in the comparison area, pre-tax 

β4 (E[Y|T=1, C=1, H=0] - E[Y|T=1, C=0, H=0]) - 

(E[Y|T=0, C=1, H=0] - E[Y|T=0, C=0, H=0]) 

Difference in differences in mean outcome 

comparing Seattle to comparison area from 

pre- to post-tax, among adults without 

children 

β5 (E[Y|T=1, C=0, H=1] - E[Y|T=0, C=0, H=1]) - 

(E[Y|T=1, C=0, H=0) - E[Y|T=0, C=0, H=0]) 

 

Difference in differences in mean outcome 

comparing adults with children to adults 

without children from pretax to post tax, in 

the comparison area 

 

β6 

 

(E[Y|T=0, C=1, H=1] - E[Y|T=0, C=1, H=0]) - 

(E[Y|T=0, C=0, H=1) - E[Y|T=0, C=0, H=0]) 

 

Difference in difference in mean outcome 

comparing adults with children and adults 
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without children in Seattle to comparison 

area, at pre-tax 

β7 {(E[Y|T=1, C=1, H=1] - E[Y|T=1, C=1, H=0]) - 

(E[Y|T=0, C=1, H=1) - E[Y|T=0, C=1, H=0]) } -  

{(E[Y|T=1, C=0, H=1] - E[Y|T=1, C=0, H=0]) - 

(E[Y|T=0, C=0, H=1) - E[Y|T=0, C=0, H=0]) } 

 

Triple difference: the difference between the 

difference-in-differences comparing Seattle 

to comparison area from pre to post tax in 

adults with children versus adults without 

children 

β4 +  

β7 

(E[Y|T=1, C=1, H=1] - E[Y|T=0, C=1, H=1]) - 

(E[Y|T=1, C=0, H=1) - E[Y|T=0, C=0, H=1) 

 

Difference in difference in mean outcome 

comparing Seattle to comparison area from 

pre tax to post tax among adults with 

children 

 

 

Logistic Regression Model Equation 

 

ln(Yt) = β0 + β1[Timepoint]t + β2 [City]i + β3 [HHchild]i + β4[Timepoint*City] it + 

β5[Timepoint*HHchild] it + β6[City*HHchild]i +  β7[Timepoin*City*HHchild] it + β8[X] it εit 

 

Where Yit is the mean outcome for person i at time t. Timepoint is set to a value of 1 for post-tax 

observations and 0 for pre-tax observations. City is a dummy variable set to 1 for Seattle and 0 for 

comparison areas. Likewise, HHchild is set to 1 for adults with children in the home and 0 for adults without 

children in the home. X is a vector of person-level covariates. The coefficients are described and interpreted 

below:  

 

 Time (T) City (C) HHchild (H) 

β0 0 0 0 

β0 + β1  1 0 0 

β0 + β2 0 1 0 

β0 + β3 0 0 1 

β0 + β1+ β2 + β4 1 1 0 

β0 + β1+ β3 + β5 1 0 1 

β0 + β2 + β3 + β6 0 1 1 

β0 + β1 + β2 +  β3 + β4 +  β5 + β6 + β7 1 1 1 

 

 

Exponentiated 

coefficient: 

Expected value Interpretation of exponentiated 

coefficient 

β0 E[Y| T=0, C=0, H=0] Odds in comparison area, no children, 

pre-tax 

β1  E[Y|T=1, C=0, H=0] - E[Y|T=0, C=0, 

H=0] 

OR of outcome in comparison area from 

pre- to post-tax, among adults without 

children 

β2 E[Y|T=0, C=1, H=0] - E[Y|T=0, C=0, 

H=0] 

OR of the outcome comparing Seattle to 

comparison area, pre-tax, among adults 

without children 

β3 E[Y|T=0, C=0, H=1] - E[Y|T=0, C=0, 

H=0] 

OR of the outcome comparing adults 

with children to adults without children 

in the comparison area, pre-tax 
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β4 (E[Y|T=1, C=1, H=0] - E[Y|T=1, C=0, 

H=0]) - (E[Y|T=0, C=1, H=0] - E[Y|T=0, 

C=0, H=0]) 

Ratio of ORs of the outcome comparing 

Seattle to comparison area from pre- to 

post-tax, among adults without children 

β5 (E[Y|T=1, C=0, H=1] - E[Y|T=0, C=0, 

H=1]) - (E[Y|T=1, C=0, H=0) - E[Y|T=0, 

C=0, H=0]) 

 

Ratio of ORs of the outcome comparing 

adults with children to adults without 

children from pretax to post tax, in the 

comparison area 

 

β6 

 

(E[Y|T=0, C=1, H=1] - E[Y|T=0, C=1, 

H=0]) - (E[Y|T=0, C=0, H=1) - E[Y|T=0, 

C=0, H=0]) 

 

Ratio of ORs of the outcome comparing 

adults with children and adults without 

children in Seattle to comparison area, 

at pre-tax 

β7 {(E[Y|T=1, C=1, H=1] - E[Y|T=1, C=1, 

H=0]) - (E[Y|T=0, C=1, H=1) - E[Y|T=0, 

C=1, H=0]) } -  

{(E[Y|T=1, C=0, H=1] - E[Y|T=1, C=0, 

H=0]) - (E[Y|T=0, C=0, H=1) - E[Y|T=0, 

C=0, H=0]) } 

 

Triple difference: Ratio of ratio of ORs 

of the outcome comparing Seattle to 

comparison area from pre to post tax in 

adults with children versus adults 

without children 

β4 +  β7 (E[Y|T=1, C=1, H=1] - E[Y|T=0, C=1, 

H=1]) - (E[Y|T=1, C=0, H=1) - E[Y|T=0, 

C=0, H=1) 

 

Difference in difference in mean 

outcome comparing Seattle to 

comparison area from pre tax to post tax 

among adults with children 
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Supplemental Table 3.4. Characteristics of the pre-tax and post-tax unweighted samples in Seattle and the comparison area among participants 

with and without at least one child in the household, 2017 and 2019. 

 Living with children in the home (N=830) Living without  children in the home (N=2,389) 

 

Seattle 

n (%) 

Comparison 

n (%) 

Seattle 

n (%) 

Comparison 

n (%) 

 Pre-tax Post-tax Pre-tax Post-tax Pre-tax Post-tax Pre-tax Post-tax 

Age                 

18-30 years old 26 (14) 43 (21) 68 (28) 51 (26) 102 (16) 107 (18) 91 (16) 148 (25) 

31-40 years old 57 (30) 79 (39) 90 (37) 79 (41) 92 (14) 75 (13) 88 (16) 83 (14) 

41-50 years old 70 (37) 57 (28) 58 (24) 35 (18) 62 (10) 67 (11) 66 (12) 62 (10) 

51+ years old 32 (17) 26 (13) 28 (11) 26 (13) 378 (59) 328 (56) 317 (56) 304 (51) 

Missing 2 (1) 0 (0) 0 (0) 3 (2) 11 (2) 7 (1) 1 (0) 0 (0) 

Sex                 

Male 75 (40) 101 (49) 133 (55) 59 (30) 263 (41) 222 (38) 310 (55) 194 (32) 

Female 112 (60) 103 (50) 111 (45) 134 (69) 379 (59) 354 (61) 251 (45) 402 (67) 

Missing 0 (0) 1 (0) 0 (0) 1 (1) 3 (0) 8 (1) 2 (0) 1 (0) 

Race/Ethnicity                 

Non Hispanic Asian 14 (7) 21 (10) 42 (17) 27 (14) 51 (8) 54 (9) 33 (6) 43 (7) 

Non Hispanic Black/African American 11 (6) 25 (12) 21 (9) 53 (27) 47 (7) 39 (7) 40 (7) 55 (9) 

Non Hispanic White 120 (64) 120 (59) 102 (42) 73 (38) 458 (71) 414 (71) 408 (72) 421 (71) 

Non Hispanic Other 24 (13) 12 (6) 11 (5) 17 (9) 51 (8) 50 (9) 23 (4) 39 (7) 

Hispanic 17 (9) 27 (13) 64 (26) 23 (12) 36 (6) 27 (5) 55 (10) 34 (6) 

Missing 1 (1) 0 (0) 4 (2) 1 (1) 2 (0) 0 (0) 4 (1) 5 (1) 

Household Income relative to FPL                 

< 260% 78 (42) 99 (48) 115 (47) 113 (58) 302 (47) 256 (44) 244 (43) 285 (48) 

260-400% 48 (26) 61 (30) 78 (32) 51 (26) 146 (23) 159 (27) 117 (21) 160 (27) 

> 400% 54 (29) 38 (19) 44 (18) 19 (10) 163 (25) 140 (24) 159 (28) 124 (21) 

Missing 7 (4) 7 (3) 7 (3) 11 (6) 34 (5) 29 (5) 43 (8) 28 (5) 

Education                 

Completed high school or less 22 (12) 31 (15) 63 (26) 33 (17) 77 (12) 81 (14) 89 (16) 87 (15) 

Some or completed college 103 (55) 133 (65) 95 (39) 132 (68) 381 (59) 356 (61) 329 (58) 380 (64) 

Completed graduate/professional degree 60 (32) 41 (20) 81 (33) 29 (15) 175 (27) 143 (24) 129 (23) 130 (22) 

Missing 2 (1) 0 (0) 5 (2) 0 (0) 12 (2) 4 (1) 16 (3) 0 (0) 

Political Affiliation                 

Democrat 96 (51) 108 (53) 77 (32) 104 (54) 359 (56) 317 (54) 256 (45) 300 (50) 

Independent 52 (28) 47 (23) 74 (30) 39 (20) 180 (28) 169 (29) 158 (28) 151 (25) 

Republican 25 (13) 33 (16) 47 (19) 18 (9) 41 (6) 38 (7) 80 (14) 76 (13) 
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Other/Don't Know 12 (6) 15 (7) 34 (14) 33 (17) 43 (7) 53 (9) 43 (8) 70 (12) 

Missing 2 (1) 2 (1) 12 (5) 0 (0) 22 (3) 7 (1) 26 (5) 0 (0) 

Marital Status                 

Married 118 (63) 123 (60) 149 (61) 84 (43) 193 (30) 127 (22) 212 (38) 138 (23) 

Widowed/divorced/separated 23 (12) 17 (8) 15 (6) 25 (13) 130 (20) 119 (20) 92 (16) 131 (22) 

Single, never married 35 (19) 47 (23) 55 (23) 63 (32) 246 (38) 275 (47) 200 (36) 290 (49) 

Living with partner 9 (5) 18 (9) 20 (8) 22 (11) 63 (10) 58 (10) 36 (6) 38 (6) 

Missing 2 (1) 0 (0) 5 (2) 0 (0) 13 (2) 5 (1) 23 (4) 0 (0) 

Household Size                 

1 person 0 (0) 0 (0) 0 (0) 0 (0) 276 (43) 302 (52) 219 (39) 278 (47) 

2-4 people 135 (72) 156 (76) 176 (72) 136 (70) 355 (55) 273 (47) 336 (60) 306 (51) 

5 or more people 50 (27) 49 (24) 66 (27) 56 (29) 13 (2) 9 (2) 8 (1) 13 (2) 

Missing 2 (1) 0 (0) 2 (1) 2 (1) 1 (0) 0 (0) 0 (0) 0 (0) 

Survey Mode                 

Online 105 (56) 171 (83) 188 (77) 171 (88) 317 (49) 356 (61) 378 (67) 471 (79) 

Phone 82 (44) 34 (17) 56 (23) 23 (12) 328 (51) 228 (39) 185 (33) 126 (21) 

Summary score of perceived health harms of SSBs*         

Score -11-0 18 (10) 10 (5) 21 (9) 13 (7) 38 (6) 36 (6) 38 (7) 26 (4) 

Score 1-5 25 (13) 41 (20) 47 (19) 37 (19) 100 (16) 94 (16) 82 (15) 86 (14) 

Score 6-11 144 (77) 154 (75) 176 (72) 144 (74) 503 (78) 454 (78) 442 (79) 485 (81) 

Missing 0 (0) 0 (0) 0 (0) 0 (0) 4 (1) 0 (0) 1 (0) 0 (0) 

Considering how SSBs affect health, what is the MOST that people should drink them?         

None or <1 times/week 62 (33) 45 (22) 51 (21) 47 (24) 203 (31) 195 (33) 157 (28) 192 (32) 

1 time/week 61 (33) 57 (28) 76 (31) 64 (33) 208 (32) 163 (28) 177 (31) 211 (35) 

2-6 times/week 38 (20) 66 (32) 63 (26) 41 (21) 137 (21) 118 (20) 102 (18) 96 (16) 

1+ times/day 18 (10) 18 (9) 23 (9) 12 (6) 41 (6) 49 (8) 57 (10) 48 (8) 

Missing 8 (4) 19 (9) 31 (13) 30 (15) 56 (9) 59 (10) 70 (12) 50 (8) 

Past 30-day consumption of SSBs                 

None or <1 times/week 72 (39) 31 (15) 40 (16) 49 (25) 328 (51) 252 (43) 208 (37) 204 (34) 

1 time/week 21 (11) 36 (18) 47 (19) 23 (12) 109 (17) 93 (16) 114 (20) 127 (21) 

2-6 times/week 49 (26) 67 (33) 85 (35) 72 (37) 116 (18) 138 (24) 129 (23) 161 (27) 

1+ times/day 43 (23) 70 (34) 71 (29) 48 (25) 86 (13) 93 (16) 108 (19) 102 (17) 

Missing 2 (1) 1 (0) 1 (0) 2 (1) 6 (1) 8 (1) 4 (1) 3 (1) 

Note: All values are unweighted. Missing observations presented here were imputed in the primary analysis using multiple imputations by chained equations.  

FPL=Federal Poverty Level calculated from the 2017 Federal Poverty Guidelines. 

*A higher score indicates a greater perceived health risk. 
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Supplemental Table 3.5. Changes in perceived health risks of sugar-sweetened beverages (SSBs) and high SSB consumption in Seattle and 

the comparison area from before and after implementation of the Seattle SSB tax among participants with and without children in the household, 

2017 and 2019. 
 Seattle Comparison Area 

Difference in 

Differences (95% CI) 
P-value 

Perceived health risks of SSBs, summary score 
Difference in means 

(95% CI) 

Difference in means  

(95% CI) 

Adults with children in the home (n=830) 0.29 (-0.67, 1.25) -0.11 (-1.06, 0.84) 0.40 (-0.93, 1.73) 0.55 

Adults without children in the home (n=2,389) -0.22 (-0.72, 0.29) 0.11 (-0.50, 0.73) -0.33 (-1.13, 0.46) 0.35 

Reported high SSB consumption as healthful OR (95% CI)* OR (95% CI)* Ratio of ORs (95% CI) P value 

Adults with children in the home (n=830) 1.24 (0.53, 2.89) 1.31 (0.49, 3.48) 0.94 (0.25, 3.61) 0.93 

Adults without children in the home (n=2,389) 1.46 (0.91, 2.33) 0.81 (0.47, 1.40) 1.79 (0.87, 3.68) 0.11 

Self-reported high SSB consumption in the past 30 days (%) OR (95% CI)* OR (95% CI)* Ratio of ORs (95% CI) P value 

Adults with children in the home (n=830) 1.06 (0.61, 1.85) 1.33 (0.69, 2.58) 0.80 (0.34, 1.89) 0.60 

Adults without children in the home (n=2,389) 1.27 (0.90, 1.78) 0.93 (0.61, 1.41) 1.36 (0.80, 2.33) 0.26 

Note: We used stratified difference-in-differences regression based on whether participants were living with children. Linear regression models were used in the first 

outcome and logistic  regression models were used for the second and third outcomes. All models adjusted for age, sex, race/ethnicity, household income, education, 

political affiliation, marital status, household size, and survey mode, and used propensity score weights, based on the covariates, so that each pre- and post-tax sample in 

each location resembled the Seattle pre-tax sample117. Missing observations for covariates and outcomes were imputed using multiply imputations by chained equations. 

For the first outcome, the difference-in-differences reflect the mean change in the score over time in Seattle above and beyond the change in outcome in the comparison. 

The summary score range of possible values is -11 to 11. A higher score reflects a greater perceived health risk of SSBs.  

*Odds ratio (OR) of the outcome when comparing the odds of the outcome in the post-tax period to the odds in the pre-tax period. The ratio of ORs is the difference-in-

difference estimator and reflects the relative change in the odds of the outcome in Seattle above and beyond the relative change in the odds of the outcome in the 

comparison area. Pre-tax and post-tax estimates in each city are presented as predicted probabilities calculated from the logistic regression model.  

**Refers to testing whether the difference-in-differences are statistically significantly different between households with and without children, based on a pooled model 

with a three-way interaction term between variables for timepoint, location, and child in the household.   

CI=confidence interval. 
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Supplemental Table 3.6. Changes in perceived health risks of sugar-sweetened beverages (SSBs) and high SSB consumption in Seattle and 

the comparison area from before and after implementation of the Seattle SSB tax among participants with children in the household and stratified 

by lower and higher household income (N=830), 2017 and 2019. 
  Seattle Comparison Area 

Difference in 

Differences 
Triple difference 

 Pre-tax mean 
Post-tax 

mean 

Difference in 

means 
Pre-tax mean 

Post-tax 

mean 

Difference in 

means 

Perceived health risks of SSBs,  summary score (95% CI)    

Lower household 

income (n=409) 
7.09 6.84 

-0.24  

(-0.98, 0.49) 
7.52 7.33 

-0.18  

(-1.16, 0.79) 

-0.06  

(-1.28, 1.16) 

P=0.93 
0.57  

(-1.08, 2.23) 

P=0.5 Higher household 

income (n=421) 
7.33 7.13 

-0.19  

(-0.91, 0.52) 
7.14 7.58 

0.44  

(-0.35, 1.23) 

-0.63  

(-1.70, 0.43) 

P=0.24 

 
Pre-tax 

probability 

Post-tax 

probability 
OR* 

Pre-tax 

probability 

Post-tax 

probability 
OR* Ratio of ORs* Triple difference** 

Reported high SSB consumption as healthful (95% CI)    

Lower household 

income (n=409) 
7% 10% 

1.47  

(0.78, 2.76) 
10% 8% 

0.74  

(0.35, 1.54) 

2.00  

(0.75, 5.32) 

P=0.17 
1.25  

(0.75, 5.00) 

P=0.75 Higher household 

income (n=421) 
5% 7% 

1.44  

(0.74, 2.80) 
9% 8% 

0.90  

(0.42, 1.96) 

1.60  

(0.58, 4.39) 

P=0.36 

Self-reported high SSB consumption in the past 30 days (95% CI)   

Lower household 

income (n=409) 
15% 18% 

1.28  

(0.82, 1.98) 
16% 18% 

1.19  

(0.69, 2.07) 

1.07  

(0.54, 2.15) 

P=0.85 
0.55  

(0.17, 1.73) 

P=0.3 Higher household 

income (n=421) 
9% 11% 

1.27  

(0.71, 2.28) 
18% 12% 

0.65  

(0.33, 1.27) 

1.97  

(0.81, 4.80) 

P=0.14 

Note: Lower and higher household income refer to < 260% and ≥ 260% of the Federal Poverty Level, respectively. We used linear difference-in-differences regression to model 

the first outcome, and logistic difference-in-differences regression for the second and third outcomes. All models adjusted for age, sex, race/ethnicity, household income, education, 

political affiliation, marital status, household size, and survey mode, and used propensity score weights, based on the covariates, so that each pre- and post-tax sample in each 

location resembled the Seattle pre-tax sample117. For the first outcome, the difference-in-differences reflect the mean change in the score over time in Seattle above and beyond 

the change in outcome in the comparison. The summary score range of possible values is -11 to 11.  

*Odds ratio (OR) of the outcome when comparing the odds of the outcome in the post-tax period to the odds in the pre-tax period. The ratio of ORs is the difference-in-difference 

estimator and reflects the relative change in the odds of the outcome in Seattle above and beyond the relative change in the odds of the outcome in the comparison area. Pre-tax 

and post-tax estimates in each city are presented as predicted probabilities calculated from the logistic regression model.  

**Refers to testing whether the difference-in-differences are statistically significantly different between households with lower and higher income, based on a pooled model with 

a three-way interaction term between variables for timepoint, location, and household income below or above 260% of the Federal Poverty Level.   

CI=confidence interval. 
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Supplemental Table 3.7. Differences-in-differences estimates from primary and stratified model variations in the use of propensity score 

weights and covariate adjustments in samples with and without children in the home. 

Model Variation 

1. Primary Model: 

Covariates and 

propensity score 

weights 

2. Covariate 

adjustment only 

3. Propensity score 

weights only 

4. Propensity score 

weights and 

adjustment for 

age, household 

income, political 

affiliation, mode* 

5. Propensity score 

weights and 

adjustment for 

household income 

and education** 

Pooled model: Adults with children 

DD in health risk summary score (95% CI) 0.54 (-0.81, 1.89) 0.24 (-0.97, 1.44) 0.25 (-1.17, 1.68) 0.43 (-0.94, 1.81) 0.38 (-0.98, 1.73) 

ROR of reporting high SSB consumption is 

a healthful amount (95% CI) 
1.28 (0.41, 4.03) 1.40 (0.52, 3.75) 1.36 (0.44, 4.19) 1.35 (0.44, 4.15) 1.28 (0.42, 3.91) 

ROR of reporting high SSB consumption 

(95% CI) 
0.88 (0.41, 1.88) 1.76 (0.92, 3.36) 1.12 (0.54, 2.30) 1.02 (0.49, 2.10) 1.06 (0.51, 2.20) 

Stratified model: Adults with children 

DD in health risk summary score (95% CI) 0.40 (-0.93, 1.73) 0.43 (-0.92, 1.78) 0.33 (-1.10, 1.77) 0.40 (-0.96, 1.76) 0.42 (-0.92, 1.76) 

ROR of reporting high SSB consumption is 

a healthful amount (95% CI) 
0.94 (0.25, 3.61) 1.33 (0.47, 3.82) 0.87 (0.23, 3.38) 0.95 (0.25, 3.61) 0.91 (0.24, 3.44) 

ROR of reporting high SSB consumption 

(95% CI) 
0.80 (0.34, 1.89) 1.59 (0.82, 3.12) 0.77 (0.32, 1.86) 0.79 (0.43, 1.86) 0.76 (0.32, 1.78) 

Pooled model: Adults without children 

DD in health risk summary score (95% CI) -0.27 (-1.06, 0.53) -0.16 (-0.86, 0.54) -0.28 (-1.10, 0.55) -0.24 (-1.05, 0.56) -0.21 (-1.02, 0.60) 

ROR of reporting high SSB consumption is 

a healthful amount (95% CI) 
1.60 (0.80, 3.20) 1.63 (0.91, 2.94) 1.54 (0.77, 3.08) 1.57 (0.79, 3.15) 1.54 (0.77, 3.06) 

ROR of reporting high SSB consumption 

(95% CI) 
1.34 (0.79, 2.29) 1.40 (0.9, 2.19) 1.31 (0.77, 2.23) 1.30 (0.76, 2.23) 1.27 (0.34, 2.17) 

Stratified model: Adults without children 

DD in health risk summary score (95% CI) -0.33 (-1.13, 0.46) -0.13 (-0.82, 0.55) -0.36 (-1.19, 0.47) -0.34 (-1.15, 0.46) -0.31 (-1.12, 0.50) 

ROR of reporting high SSB consumption is 

a healthful amount (95% CI) 
1.79 (0.87, 3.68) 1.74 (0.93, 3.27) 1.75 (0.85, 3.61) 1.84 (0.89, 3.78) 1.72 (0.84, 3.55) 

ROR of reporting high SSB consumption 

(95% CI) 
1.36 (0.80, 2.33) 1.43 (0.91, 2.24) 1.41 (0.83, 2.39) 1.39 (0.82, 2.37) 1.38 (0.81, 2.36) 

Notes: A higher health risk score indicates greater perceived risk of SSBs. We expect the score to increase and the odds of the two SSB consumption 

measures to decrease in association with the tax. DD = Difference-in-differences. ROR = ratio of odds ratios. CI = confidence interval. SSB = sugar-

sweetened beverage. *The 4 covariates were selected after qualitatively assessing balance in the distribution of covariates in a propensity-score-weighted 

Table 1. **The 2 covariates were selected after assessing balance based on standardized mean difference calculations on the pooled, weighted sample.  
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Conclusion 

 

The overall goal of this dissertation was to develop a better understanding of how SSB 

consumption may have changed among families with lower income in Seattle in light of the 

unexpected findings from the SeaSAW cohort study. Triangulating new data collected from 

Seattle-area parents, existing data from two evaluation studies of the Seattle SSB tax, and retail 

purchasing data, this work investigated different pathways through which SSB taxes influence 

behavior—namely,  price sensitivity and health risk signaling—in the taxed area and nearby non-

taxed areas. This generated new insights on whether parents/caregivers in the nontaxed comparison 

area were additionally impacted by the SSB tax via spillover effects and whether 

parents/caregivers as a population group are particularly affected (or unaffected) by SSB taxes 

more broadly. With emerging evidence of tax impacts on health outcomes in Seattle and 

elsewhere,32–35 there is a renewed importance to understanding how SSB taxes may influence 

behavior across different population groups with implications of health equity.  

In Chapter 1, we conducted qualitative interviews with 35 former participants of the 

SeaSAW cohort study and learned that health was the primary reason for decreasing SSB 

consumption in the one- and two-years post-tax for parents in Seattle and the comparison area. 

Many parents also cited the tax as having some influence on their consumption, with some 

comparison area parents experiencing spillover effects of the tax through exposure to media 

coverage or beverage prices while shopping in Seattle. In Chapter 2, using retail scanner data and 

a difference-in-differences analysis of beverage volume sold in the two years before and after the 

tax, we did not find evidence of tax spillover effects in the form of reduced purchasing in the 

nontaxed King County area. Relative to matched comparison areas, volume sold of taxed 

beverages did not substantially change in King County, whereas a net decrease of -20% was 



  

102 

 

observed in Seattle, reinforcing previous findings of tax effects on purchasing in Seattle23. In 

Chapter 3, we examined the question of whether parents/caregivers responded differently to the 

SSB tax than other adults. Using a difference-in-differences analysis of repeat cross-sectional 

survey data in Seattle and matched comparison areas, we did not find evidence of differential tax 

impacts on health perceptions or consumption of SSBs for adults with versus without children in 

the home. We also did not observe associations between the SSB tax and these outcomes among 

adults in either group, and power was limited to explore potential differences by household income 

among adults with children. 

Within the Seattle SSB tax context, the findings provide more pieces to the puzzle of what 

happened with SSB consumption patterns following tax implementation. However, the findings 

are also discordant, and implications are not immediately clear. Specifically, there was no 

detection of tax spillover effects on purchasing in nearby nontaxed areas, although interviews with 

parents in the nearby nontaxed area suggested some experiences of tax spillover. It is possible that 

spillover effects in the comparison area were too subtle to detect in the retail scanner data over the 

large area of King County. Since retailers in lower income neighborhoods are underrepresented in 

retail scanner data80, it is also possible that spillover affected lower income households to a greater 

degree than higher income households, and this was not captured well in the scanner data. Finally, 

it is possible that experiences of spillover effects were relatively unique to the SeaSAW cohort 

study population or the sample who participated in interviews. We also cannot rule out potential 

bias related to social desirability, recall, and selecting into the interviews.  

Despite this, our findings have general implications for continued implementation and 

evaluation of Seattle’s SSB tax with respect to potential health benefits for families with lower 

income. First, health concerns were the primary driver of SSB consumption change among 

parents/caregivers in Seattle, and risk perceptions of SSBs were high before and after the SSB tax 
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among adults with children in the home. This suggests that pairing health messaging with 

information about the SSB tax may reinforce parents’/caregivers’ health motivations and support 

their efforts to reduce SSB consumption. Since there was no coordinated public education 

campaign when the tax was implemented,67 incorporating new messaging in stores, clinics, and 

community centers years later may provide an additional nudge towards behavior change. 

Evaluating changes in awareness, purchasing, or consumption after the campaign would be 

informative as well.  

Second, SSB taxes primarily influence behavior by increasing prices of taxed beverages, 

as evidenced by our finding of no substantial change in SSB purchasing in nearby nontaxed areas 

and studies elsewhere of price elasticity10,23,79. As the cost of all beverages rises over time with 

inflation, the price differential between taxed and nontaxed beverages and thus the potential impact 

of the tax may diminish. In recent years, Washington and other states have adopted preemption 

laws, promoted heavily by the beverage industry,120 that prevent local jurisdictions from adopting 

or increasing excise taxes on beverages and other grocery items. Seattle and other cities wanting 

to preserve the public health goal of the SSB tax may consider advocating for the adoption of state-

level SSB taxes. In addition, cities may consider bolstering food subsidy programs that lower the 

relative cost of healthier food and beverages for eligible households and create a price differential 

that would disincentivize SSB purchasing121. 

Finally, there are several directions for future research to build on and contextualize our 

findings. First, quantitative investigations of spillover effects in nearby nontaxed areas around 

other SSB tax locations are needed. It would be particularly informative to investigate spillover in 

a large sample of individuals with lower income as well as with objective purchasing data from 

stores in lower income neighborhoods. Second, SSB tax impact studies should increasingly assess 

for effect modification by household income or stratify the sample across income strata, and larger 
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studies among families with low income are needed. Third, there is little research on tax impacts 

among families with young and very young children. Parents with young or very young children 

may respond differently to SSB taxes than parents with older children in the home, and this has 

not been assessed. Further, additional qualitative and quantitative research on the experiences of 

parents with lower income in taxed areas can extend our findings to understand predictors and 

barriers to parental and child behavior change.     
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Appendix 1.1 Qualitative Interview Guide for Cohort Participants 

 

Thank you for talking with me today. I’m going to take us through several questions about 

sweetened drinks that you, your family, and your friends may typically drink. 

 

Since you previously participated in the SeaSAW study that asked about sweetened drinks over 

time, we are also interested in understanding more about the survey responses that we received 

during the study between the years 2017 and 2019.  

 

The questions I will ask you are open-ended, and I invite you to share as many details as you 

would like throughout our conversation. My goal is to understand your experiences, 

perspectives, and day-to-day decisions about buying and drinking sweetened drinks. 

 

Building rapport 

 

1. To start off, just to get us thinking about different types of drinks and those that you drink, 

can you describe for me your most favorite drink? It does not have to be sweetened or 

something that you typically drink.  

➢ What makes this drink your favorite?  

➢ How and when do you typically drink this drink?  

 

Current sweetened drink intake 

 

2. Now I am going to ask about sweetened drinks, in particular. I want to take a moment to 

explain what I mean by “sweetened drinks.” These include regular soft drinks, soda or pop 

(such as [pick one] Coke, Pepsi, Orange Soda, and Jarritos), fruit-flavored drinks (such as 

[pick one] lemonade, Sunny Delight, and Hawaiian Punch), sports drinks (such as [pick one]  

Gatorade and Powerade), sweetened teas or coffees (such as [pick one] Arizona Iced Tea, 

Snapple, Starbucks Frappuccino, mochas, or bubble teas), and energy drinks (such as [pick 

one] Red Bull and Rockstar). Sweetened drinks do NOT include milk, 100% fruit juice, diet 

drinks, or artificially sweetened drinks. 

 

Do you have any questions about what I mean by sweetened drinks? 

 

Can you describe for me all of the kinds of sweetened drinks you typically drink? 

➢ In a typical day, or a typical week? 
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[If necessary, paraphrase, reflect back. E.g., “Okay, so it sounds like you typically have X 

once a day in the morning and sometimes you drink Y a couple times a week...”] 

 

[For each drink type mentioned, cover the following details as applicable. Repeat with 

each drink type]  

  

 For [X drink]… 

➢ How often would you say you drink this drink? 

➢ How much do you usually drink? 

➢ Why do you choose to drink this drink? What are your top reasons you choose this 

drink? 

➢ Where do you typically buy this drink?  

➢ Can you describe the store(s)? E.g., store type, in your neighborhood, 

close to your neighborhood? 

➢ What makes you decide to get the drink from this place instead of others? 

 

3. [If not previously mentioned in above responses] Some people add their own sweeteners 

to drinks, like adding sugar to coffee or tea [or making horchata at home]. Do you 

typically add sweeteners to any of your drinks?  

 

YES → Can you tell me more about what you drink and what you add to sweeten it? 

 

[For each drink mentioned, cover the following details as applicable] 

➢ How often would you say you drink this drink? 

➢ How much do you usually drink?  

➢ Why do you choose to drink this drink?  

➢ Where do you typically prepare and drink this drink? (Could also ask 

where you buy, if applicable) 

 

NO → [proceed] 

 

Contextual factors: home/work location, peer and child intake, media messaging 

 

4. Next, I’d like to get a better understanding of where you live and work, since this can 

sometimes influence where someone grocery shops and buys sweetened drinks.  
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What is the name of the neighborhood where you currently live? How long have you lived 

in this neighborhood? 

 

[If less than 4 years] In what neighborhood did you live previously? What 

neighborhood were you living in when you participated in the SeaSAW study? 

 

Do you work outside your home? 

 

YES → In which neighborhood or city do you work?  

 

➢ Do you typically buy or drink sweetened drinks as part of your workday or 

commute? What does that look like for you? Can you tell me more about 

that? 

➢ How long have you worked in that area? 

 

[If less than 4 years] In what neighborhood or city did you work before the 

place where you work now? What neighborhood or city were you working in 

when you participated in the SeaSAW study? 

➢ Did you typically buy or drink sweetened drinks as part of your work 

day or commute? Can you tell me more about that? 

 

 NO → [proceed] 

 

5. Thinking about your current sweetened drink habits you shared earlier, in general, how do 

you think your intake of sweetened drinks compares to other people in your city? More 

than, less than, about the same? 

 

How do you think it compares to your friends and family? More than, less than, about the 

same? 

  

6. Now I am interested specifically in the drinks that your child or your children drink. You 

were eligible for this interview because you have at least one child. Can you please tell me 

how many children you have at home and how old they are?  

 

7. What kinds of sweetened drinks does your child/do you children typically drink? It can be 

hard to know exactly what they drink, especially if they are older and in school. Please 

give me your best guess!  
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 [For each drink mentioned, cover the following details as applicable] 

➢ In a typical day, in a typical week? 

➢ How often would you say they drink these drinks? 

➢ How much or what size drink do they usually drink? 

➢ What do you think are the top reasons they drink these drinks? 

➢ Where do you think they usually get or buy these drinks? 

 

 

8. Next, I am interested in what information you notice and hear about sweetened drinks. 

 

What sorts of things have you heard, seen, or read in the news or on social media about 

sweetened drinks? 

➢ What radio stations, TV channels, or news stations do you remember sharing 

this information? Were these national or local? 

➢ On what social media sites? 

➢ Do you remember around what year or time period you noticed this 

information? 

➢ Is there anywhere else that you’ve heard or seen information about sweetened 

drinks? 

 

How has this information affected your decision making around drinking sweetened 

drinks? 

 

How has it affected your decision making around serving sweetened drinks to your 

child/children?  

 

Past sweetened drink intake and serving to children 

 

9. Now, I’m going to ask about what you liked to drink several years ago. Think back over 

the last five years, going back to the year 2017. I realize that’s a long time!  

 

So, this would be around the time you signed up for the SeaSAW cohort and completed the 

first survey. You may remember meeting us at a community event or health clinic, or you 

may have completed the survey online after getting a text message, letter, or online ad from 

us about the study.   
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➢ To help you think back to this time period, it can also be useful to try to imagine 

what your day-to-day life was like. For example, how old [was your child/were 

your children] in 2017 and what activities were they were doing? Remembering 

family events, like weddings, could also be helpful.  

➢ It may also help to think about national events that happened then. For example, 

2017 was the first year of Donald Trump’s presidency. In the 2017 Super Bowl, 

the New England Patriots beat the Atlanta Falcons. 

 

So, thinking of life five years ago, what sweetened drinks would you say you chose to 

typically drink then? 

 

[If necessary, paraphrase, reflect back] 

 

[For each drink type mentioned, cover the following details as applicable]  

  

 For [X drink]… 

➢ How often would you say you drank this? Per day, per week? 

➢ How much did you usually drink? 

➢ Why did you choose to drink this drink? What are your top reasons you 

choose this drink? 

➢ Where did you typically buy this drink?  

➢ Can you describe the store(s)? Type of store, in your neighborhood or 

close to your neighborhood? 

➢ What made you decide to get the drink from this place instead of 

others? 

 

10. Now, I have a few questions about a specific time frame during the SeaSAW study that 

you participated in. We asked you about what sweetened drinks you typically drink at 

each survey in 2017, 2018, and 2019. From the beginning of the study to 1 year later, so 

from 2017 to 2018, your survey responses indicated that you [decreased / increased / did 

not change] the amount of sweetened drinks that you drink.  

 

[If increased or decreased] What do you think are the top reasons you changed what 

you drink during this time frame?  
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[If about the same] Can you think of times when you wanted to change what you 

typically drink but did not during this time frame?  

➢ What were your reasons for wanting to change? 

➢ What were the reasons why you did not change?   

 

Now I have similar questions about your survey responses at the 2-year survey. From the 

beginning of the study to 2 years later, so from 2017 to 2019, your survey responses 

indicated that you [decreased / increased / did not change] the amount of sweetened 

drinks that you drink. 

 

[If increased or decreased] What do you think are the top reasons you changed what 

you drink during this time frame?  

 

[If about the same] Can you think of times when you wanted to change what you 

typically drink but did not during this time frame?  

➢ What were your reasons for wanting to change? 

➢ What were the reasons why you did not change?   

 

11. Thinking back, again, over the last five years from 2017 until now, can you describe any 

change you have made to the drinks you buy or serve to your [child/children]? 

 

[If changes] 

➢ What drinks did you used to serve? 

➢ What were the top reasons for this change? 

 

[If no changes] 

➢ Can you think of times when you wanted to change what you typically serve them 

but did not? What were your reasons for wanting to change? What were the 

reasons why you did not change?   

 

Tax awareness and impacts 

 

12. In the year 2018, about four and a half years ago, a tax was added to sweetened drinks in 

Seattle. Do you know about this tax? 

 

YES → What sorts of things have you heard about it? 
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➢ Do you remember when you first heard about the tax? Around what time frame 

was this?  

➢ What do you remember hearing about it at that time? 

➢ Can you describe where you heard this information? For example, the local 

newspaper, social media, or community organizations.  

 

NO → May I tell you a bit about it?  

 

YES →In January 2018, the City of Seattle added a tax of 1.75 cents per 

ounce on sweetened drinks – so, for example, an extra 35 cents on a 20oz 

bottle of soda. Since the tax, most businesses have raised prices for 

sweetened drinks in Seattle. The purpose of the tax is to raise money to help 

give more people access to healthy food, expand childhood education, and 

help high school graduates enter college. 

 

NO → Okay, I’ll move on to the next question.  

 

13. Do you think the tax has affected your decisions to buy or drink sweetened drinks? 

Why/why not? 
 

Do you think the tax has affected your decisions to serve sweetened drinks to your 

child/children? Why/why not? 

 

14. Thinking about other people you know in your community or city, do you think the tax 

has affected what they drink? Why/why not? 

 

Cohort study experience  

 

15. Finally, I am wondering about your experience with the SeaSAW cohort study. Do you 

recall participating in this cohort study? 

➢ If you could think back to the cohort survey visits, after completing the surveys, 

did you think anything differently about the sweetened drinks you typically 

drink? 

➢ Did this have any impact on what you drink?  

➢ Did this have an impact on what your child drinks/children drink? 
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Wrap up and close out 

 

16. To wrap up, are there other things you think about when deciding to buy or drink 

sweetened drinks that we have not covered today? 

 

Great, those are all the questions I have. Thank you for taking the time to share your perspectives 

and experiences with me.  Do you have any additional comments or questions for me before 

we end our interview? 
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Appendix 1.2 Qualitative Coding Framework and Protocol 

Coding framework and protocol for thematic analysis of interview transcripts with parents living in Seattle and South King County, Washington, who 

participated in the Seattle Shopping and Wellness cohort study.  

 SEM 

Level 
Code Definition 

Examples / 

Characteristics 
Rules/Reminders 

Determinants of and reasons for sweetened beverage consumption (SSB) 

M
ic

ro
-l

ev
el

: 
In

tr
ap

er
so

n
al

 a
n
d
 F

am
il

y
 

1. Bev-preferences   

Taste or preferences for SSBs that 

the participant articulates as a 

reason for their SSB consumption. 

Include aspects of habit, tradition, 

culture, and special occasions 

here.  

Include if it is a reason why 

someone chooses to drink 

SSBs or the reasons why 

they made changes or did 

not make changes to their 

SSBs intake. 

Does not include basic 

mentioning of the types of 

beverages. Does not include non-

SSBs that are mentioned as a 

favorite drink, except for those 

mentioned as a replacement for 

SSBs or if they are frequently 

consumed. 

2. Bev-perceived-healthfulness 

Statements about perceived 

healthfulness of SSBs and 

perceived appropriate levels of 

consumption as it relates to their 

behavior. Focus on concepts 

involving learning about health 

harms of SSBs, becoming more 

aware.  

  

Aiming to capture evidence 

of signaling effects of the 

tax such as increased 

awareness of health harms 

of SSBs. 

Include attitudes about health 

risks of SSBs and one’s 

awareness of their current or past 

intake.  

 

3. Health-status/goals 

Mentions of a health condition or 

health-related goals as drivers of 

their SSB consumption. Include 

statements about one’s motivation 

and/or ability to make intended 

changes to SSB intake.  

Examples: learning of a 

diagnosed health condition, 

mentioning the health status 

of their children as a 

motivator. 

 



 

 

 

Purpose: to understand how 

health-related reasons for SSB 

intake differed between study 

groups and may serve as a 

moderator to tax effects. 

In
te

rp
er

so
n
al

 

4. Social-norms-acceptability 

Perceived family-, peer- or 

community-level norms around 

SSB consumption, including 

values and attitudes about 

consuming SSBs and acceptable 

amounts. May or may not have an 

influence on one’s SSB 

consumption and one’s 

purchasing decisions for their 

child.  

Purpose: Understand potential 

pathways from exposure to the tax 

or media/information and changes 

to SSB intake; social norms may 

moderate this pathway; may 

indicate signaling effects of the 

tax.  

When the participant is 

talking about what and how 

much other people drink and 

why. E.g., responses to the 

questions about how their 

consumption compares to 

others in their city and 

family/friends.   

Do not code the tax influence 

responses as social norms. 

S
et

ti
n

g
s 

an
d

 f
o

o
d

 

en
v

ir
o

n
m

en
t 

5. Bev-sourcing/access 

Places where the participant 

purchases or accesses SSBs and 

the reasons for accessing SSBs at 

these places. Include child’s SSB 

access. Include preparing SSBs at 

home.  

 

Places such as grocery 

stores, restaurants, school. 

Reasons such as 

convenience (same location 

where all groceries are 

purchased), having a 

preferred beverage in stock, 

and close to one’s home. 

If specifically related to work or 

commuting), overlap with  

Work/commute. 

 

Overlap with Bev-affordability if 

beverage costs are a determinant 

of their SSB purchasing at these 

sources. 



 

 

 

a. Cross-border-shopping 

  

A subcode of Bev-

sourcing/access. This code 

captures shopping decisions to 

avoid the tax by shopping outside 

of Seattle for SSB. Also captures 

the reverse, where a non-Seattle 

resident is unable to avoid the tax 

by working, shopping in Seattle 

and says they reduce purchasing 

because of it. 

 Only code if the action of tax 

avoidance (or reduced purchasing 

as result of non-avoidance) is 

mentioned directly. Overlap with 

Bev-sourcing/access when 

applicable.  

S
et

ti
n

g
s 
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d

 f
o

o
d
 e

n
v
ir

o
n
m

en
t 

b.  Work/commute 

A subcode of Bev-

sourcing/access. Whether the 

participant works outside the 

home and shops for SSBs in this 

context, including the commute.  

Purpose: The place of work may 

alter one’s SSB tax exposure and 

response to it.  

Code responses to the 

specific questions about 

purchasing beverages in the 

context of their work and/or 

other routine commutes.  

Always overlap with bev-

sourcing/access. Code here even 

if they do not work or they work 

at home. 

 

6. Bev-affordability 

Mentions of absolute and relative 

costs of SSBs as a determinant of 

the participant’s SSB purchasing 

and consumption. 

Making shopping decisions 

to find cheaper items, SSB 

cost changes over time, 

increased personal resources 

that make food/beverages 

more affordable 

Overlap with Bev-

sourcing/access if beverage costs 

are a determinant of their SSB 

purchasing. 

7. Cohort-effects 

Whether the participant believes 

their cohort participation made 

them think differently about what 

they drink/buy and whether it 

ultimately influenced what they 

drink/buy 

Code responses to the 

specific questions about the 

cohort and elsewhere if the 

participant raises the topic 

Code the response to all cohort 

effect questions as one excerpt. 

Do not overlap this excerpt with 

Cohort-period or Child codes. 

Avoid overlapping with other 

determinant codes. 



 

 

 

Peer participants: Code responses 

to questions about the cohort 

participant who referred them. 

M
ac

ro
le

v
el

 (
ci

ty
- 

an
d
 c

o
u
n
ty

-l
ev
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 p

o
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ci
es

, 
m

ed
ia
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8. Bev-information 

The information seen, heard, read 

about SSBs and how that 

information did or did not 

influence their SSB decisions. 

Include sources of the 

information, including from their 

community. 

 

News media, online, 

community/friends, doctor, 

etc. Include when the 

participant remembers 

hearing it and how the info 

has changed over time. 

Include nutrition 

information such as 

nutrition labels. 

 

Code the whole response to the 

information questions as one 

excerpt. Do not overlap with 

Child code. 

Limit overlapping with other 

determinant codes in most cases. 

Can overlap if there is a separate 

thought describing a different 

influence on one’s SSB intake 

and it is not appropriate to create 

separate excerpts.  

Overlap with Tax-

awareness/information only if the 

participant spontaneously brings 

up the tax (verbatim)  in response 

to the question about hearing 

beverage information. Overlap 

with Pre-cohort or Cohort-period 

codes if the participant describes 

the timing in which they received 

the information. 

9. Tax-awareness/information 

Whether the participant is aware 

of the SSB tax. When they 

became aware; What they have 

seen, heard, read  about the SSB 

tax. 

Include responses to the 

questions that specifically 

ask about the information 

they have received about the 

tax.  

May overlap with codes above, 

but if the response reflects the 

content of the information the 

participant received, rather than 

their own experiences with the 

tax, then no need to overlap.  



 

 

 

10. Tax-influence 

Whether the participant perceives 

the tax to have influenced their 

own SSB habits and/or others’ 

SSB habits. 

Code responses to the 

questions that ask 

specifically about this.  

Do not overlap with social-

norms code for the 

responses to the tax 

influence question. 

May overlap with other codes 

above to describe the way that the 

participant believes the tax has 

influenced them–e.g., higher 

prices, signaling a health risk. 

Indicator codes (can be used on the same text coded with the above determinants of beverage consumption) 

 

11. Intake 

Use to capture responses about the 

participant’s SSB intake or their 

children’s SSB intake. Focus on 

quantifiable responses that often 

detail the beverage type, amount, 

frequency. If reporting none, code 

that response and the info about 

non-SSBs. Include responses 

about adding sweeteners at home. 

Often accompanying the 

amount that they drink and 

types of beverages they 

drink. Include responses to 

what parents recall serving 

to their children in the pre-

tax/beginning of the cohort 

period. 

Can overlap with Child, Pre-

cohort.  

Do not use when coding the 

determinants of the intake and/or 

change. Describe the 

determinants using the codes 

above instead. Do not include 

sources of the SSBs; code with 

Bev-sourcing/access instead 

12. Child 

To indicate the excerpt relates to 

the determinants of or reasons for 

their child/children’s SSB intake. 

Also use when capturing 

descriptions of the child’s intake 

and what the participant serves to 

their child, overlapping with the 

Intake code.  

Include responses to the 

questions that specifically 

what the parent serves or 

buys for their children and 

the influences of those 

decisions, including 

information received, taxes. 

 

13. Cohort-period 

Indicates that a determinant of 

SSB intake or a change in SSB 

intake occurred (or did not occur) 

during the cohort study period, 

2017-2019. Overlap with 

determinant codes and other 

Combine with Child to code 

answers to the question 

about changes to what 

parents served their children 

from 2017 to now, and the 

Do not use with the Change 12mo 

and Change 24mo codes.  

Exclude determinants that clearly 

occurred after the study: 2020-

2022 



 

 

 

indicator codes as needed. E.g., 

Child and Cohort study period 

would describe a factor of the 

child's SSB intake during the 

study period.  

top reasons for these 

changes or no changes. 

14. Pre-cohort 

To indicate that the excerpt relates 

to determinants of SSB intake or a 

change to SSB intake or reasons 

for the participant's SSB intake, or 

the SSB intake itself, prior to the 

SeaSAW study and tax (prior to 

2017). Can overlap with 

determinant codes and indicator 

codes as needed. 

Combine with Child to code 

answers to the question 

about what parents served 

their children around 2017 

or earlier. 

 

15. Quote 
Capture quotes that reflect larger 

themes and main ideas in the data 

 Not counted in the interrater 

agreement calculations 

16. Children-age 

Code responses to the question 

about number of children and 

their ages 

 Not counted in the interrater 

agreement calculations 

17. Change-12mo 

Code responses to the question  

about the top reasons for change 

or no change in the cohort study 

from baseline to 12 months 

 Do not overlap with Intake or 

Cohort-period. Code the response 

to the specific question. 

Overlap with determinant codes 

above as needed. 

18. Change-24mo 

Code responses to the question 

about the top reasons for change 

or no change in the cohort study 

from baseline to 24 months 

 Do not overlap with Intake or 

Cohort-period. Code the response 

to the specific question.  

Overlap with determinant codes 

above as needed. 



 

 

 

19. Unclear: E 

(English speakers) Request for 

clarification on what was said or 

meant.  

Flag the excerpt to 

potentially bring back to 

interviewer or listen to 

audio.  

Not counted in the interrater 

agreement calculations 

20. Unclear: Sp 

(Spanish speakers) Request for 

clarification on what was said or 

meant.  

Flag the excerpt to 

potentially bring back to 

interviewer or listen to 

audio.  

Not counted in the interrater 

agreement calculations 

21. Unclear: So 

(Somali speakers) Request for 

clarification on what was said or 

meant. 

Flag the excerpt to 

potentially bring back to 

interviewer or listen to 

audio. 

Not counted in the interrater 

agreement calculations 

 

 

 


