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Abstract

Background: Policy interventions are important public health tools because they can reach large 

numbers of people. State context has been associated with health outcomes, yet few studies have 

examined the extent to which state-level policies are associated with dietary quality.

Objectives: The objective of this study was to evaluate whether state policies are associated with 

the nutritional quality of household packaged food purchases (PFPs).

Design: This observational study used data from Nielsen Homescan, an open-cohort household 

panel where participants track purchases, and a combination of state-level food and social safety 

net policy variables from 2008-2017.

Corresponding Author: Allison Maria Lacko, alacko@frac.org, Telephone: (908) 625-6323.
Author contributions: AML, DG, BMP and SWN participated in the design of the study; SWN and BMP acquired funding; AML 
conducted primary analysis; AML and DG reviewed and refined methodological approach; all authors reviewed and refined analysis; 
AML wrote the first draft; all authors reviewed and commented on subsequent drafts of the manuscript.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our 
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review 
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered 
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Conflict of Interest: The authors have no conflicts of interest of any type with respect to this manuscript.

HHS Public Access
Author manuscript
J Acad Nutr Diet. Author manuscript; available in PMC 2023 April 01.

Published in final edited form as:
J Acad Nutr Diet. 2022 April ; 122(4): 731–744.e32. doi:10.1016/j.jand.2021.09.017.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Participants/Setting: This study included 615,634 household-year observations in the U.S. 

from 2008-2017. Household-year observations were excluded if a household did not make a 

minimum number of purchases and if they had incorrect geographic information. The final 

analytic sample was 611,719 household-years.

Main outcome measures: Study outcomes included a set of nutritional measures of public 

health interest, including nutrients of concern (sugar, saturated fat, sodium) and calories from 

specific food groups (fruits, non-starchy vegetables, processed meats, mixed dishes, sugar-

sweetened beverages and desserts and snacks).

Statistical Analysis: This study used multilevel generalized linear models with state fixed 

effects on three samples: all households, only households with low income, and only households 

with low educational attainment.

Results: Few significant associations were found between Healthy Food Retail policies and the 

nutritional quality of purchases, and mixed associations were found between social safety net 

policies and lower or higher quality PFPs.

Conclusions: Little evidence was found that state policy context in 2008-2017 was associated 

with the quality of PFPs. However, variation in state policies is increasing over time, warranting 

future research into the relationship between these policies, the quality of PFPs, and the rest of the 

diet.
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Introduction

Despite recent improvements, the average American diet is unhealthy,1 and disparities in 

diet quality are increasing.2-5 Diet quality, like many health behaviors, is influenced by 

both individual and contextual factors.6 Several conceptual models integrate individual and 

contextual determinants of health, including the Socioecological Model7 and Fundamental 

Cause Theory.8, 9 Context matters because the association of individual characteristics and 

health outcomes is conditional on the socioeconomic, cultural or policy context in which 

people live.10 Contextual factors that influence dietary quality include those that affect the 

relative cost and availability of healthy and unhealthy foods.11, 12

Research on how diet is influenced by individual, neighborhood, state, and national contexts 

is important for a comprehensive understanding of diet quality and opportunities for 

potential interventions, yet state context is understudied. There is reason to hypothesize 

that state context may be associated with diet. There is state-level variation in many diet-

related diseases, such as obesity and type 2 diabetes.13 State context is associated with food 

security14 and disparities in self-rated health15 and mortality16 by educational attainment. 

Furthermore, the importance of differences between states in explaining mortality increased 

from 1999 to 2017.17 State context may be associated with diet through policies that 

improve access to healthier foods. For example, Healthy Food Retail Legislation18 refers to 
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policies that are designed to improve access in food retail by attracting full-service grocery 

stores to underserved communities and improve the quality of foods that are sold.

State context is also increasingly influential due to devolution and preemption laws.19 

Devolution, or decentralization, of political power from the federal to the state level has 

resulted in varied implementation of public health policies20 and federal social programs.21 

Federal nutrition and social policies that aim to increase household resources are relevant 

to diet because higher incomes are associated with better dietary quality22 and disparities in 

diet are mediated by the cost of food.23 For example, administration of the Supplemental 

Nutrition Assistance Program (SNAP) varies by state because each state can expand the 

population eligible to receive benefits through Broad Based Categorical Eligibility (BBCE), 

allowing families with assets or income exceeding the national threshold to qualify for 

SNAP.24 The Supplemental Nutrition Program for Women, Infants and Children (WIC) has 

an even more explicit focus on nutrition, and states vary in the resources they invest in 

program outreach to enroll eligible women and children.25 Therefore, although SNAP and 

WIC are federal programs, administration of these programs, and therefore access to them, 

varies widely by state. While SNAP and WIC benefits can only be used on food purchases, 

other social programs may increase a household’s food budget by making other household 

needs more affordable (e.g., Medicaid expansion, financial aid for college) or increasing 

overall income (e.g., a larger Earned Income Tax Credit).26, 27 In contrast, state preemption 
laws limit the power of local (e.g., county or city) governments and have stymied addressing 

a range of public health issues.28 These include laws directly affecting food purchases, like 

prohibiting taxes on sugar-sweetened beverages (SSBs) even though SSB taxes have been 

shown to reduce disparities in SSB purchases,29, 30 as well as preemption laws indirectly 

affecting food purchases, like those against labor laws that would increase household 

income, like local ordinances to raise the minimum wage.

While diet includes food eaten at home and eaten out, it is important to understand what 

drives the quality of packaged foods purchases (PFPs). Packaged foods (or foods with a 

universal barcode, e.g., a bag of onions, frozen entrees, etc) are a subset of foods purchased 

from stores. Other store foods include unpackaged foods (e.g., loose onions, meat from 

a butcher) which are not included in this analysis. This study focuses solely on PFPs for 

several reasons. First, PFPs contribute significantly to overall dietary quality as they make 

up about 50% of total caloric intake (estimated by multiplying 70%, the proportion of total 

caloric intake from stores,31 by 70%, the proportion of calories purchased in stores that 

come from PFPs among adults32). Second, the average American consumes excess saturated 

fat, sugar and sodium, and the types of PFPs most purchased are high in these nutrients of 

concern.33 Linking Nutrition Facts Panel data to brand-specific PFPs allows for an accurate 

analysis of trends in these nutrients of concern. Third, a healthier selection of PFPs can be 

induced through targeted policy interventions, like the 2016 beverage tax in Philadelphia 

which caused some retailers to stock fewer and smaller-sized sugar-sweetened beverages 

(SSBs).34

The objective of this study was to evaluate whether state context is relevant to the 

nutritional quality of PFPs using a dataset with a large sample of households and extensive 

coverage of the contiguous United States. The first aim was to assess whether individual 
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state policies were associated with the quality of PFPs using all households. The study 

hypothesized that state policies would be associated with nutritional outcomes. Since these 

policies may be more relevant for low socioeconomic households, the second aim was 

to repeat the analysis limiting the sample to only households with low income and only 

households with low educational attainment. The study hypothesized that the magnitude of 

the associations between state-level policies would be larger when restricting the sample to 

low socioeconomic groups.

Methods

Household Panel and Nutritional Outcomes

This study used data from the 2008-2017 Nielsen U.S. Homescan Panel35 (n=615,634 

household-year observations). Participating households scan barcodes on all purchased 

items. Nielsen uses direct mailing (targeting low-income and racial/ethnic minority groups) 

and the Internet to recruit households. An open cohort study design allows households 

to participate for multiple years but drop out at any time; once households drop out, 

they cannot reenter, and new households are enrolled to replace dropouts based on 

demographic and geographic targets. Households are sampled from 52 metropolitan and 24 

non-metropolitan markets and are weighted to be nationally representative. This study was 

deemed exempt from IRB approval by the University of North Carolina Office of Human 

Research Ethics, as it does not constitute human subjects research as defined under federal 

regulations [45 CFR 46.102 (d of f) and 21 CFR 56.102 (c)(e)(l)].

For inclusion in the Nielsen panel, households needed to report at least ten months of 

purchases. Households were further excluded if they did not purchase a minimum amount 

of food and beverages every three months ($45 for a single-person household and $135 

for households with two or more people) (n=3,311). Finally, households with incorrect 

geographic information were excluded (i.e., located in counties outside the boundaries of 

their identified markets, n=604) for a final analytic sample of 611,719 household-year 

observations.

Household PFPs were linked to Nutrition Facts Panel36 data, which includes data on 

calories, saturated fat and sugar content. These matches were updated annually to account 

for product reformulation as well as product entry and exit in the market, as detailed 

elsewhere.31 Outcomes included nutrients of concern: total sugar (as % kcal purchased 

and as grams per capita per day), saturated fat (as % kcal purchased and as grams per 

capita per day), sodium (mg per capita per day), total calories (per capita per day); 

calories (per capita per day) from food groups to limit (processed meats, mixed dishes, 

sugar-sweetened beverages (SSBs) and desserts and snacks); and calories (per capita per 

day) from encouraged food groups (fruits and non-starchy (NS) vegetables). Food groups 

were created by aggregating Nielsen product categories. Mixed dishes included foods such 

as canned soups and frozen entrees and desserts and snacks included desserts, candies, and 

salty snacks. A list of Nielsen products included in each food grouping and the public health 

relevance for each outcome can be found in Figure 1 (online only).
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Household Sociodemographic Data

Demographic data was self-reported annually via questionnaire. Household characteristics 

were included that have been associated with dietary quality.47, 48 Differences in the cost 

of living across the country were accounted for by adjusting the self-reported household 

income using Regional Price Parities from the Bureau of Economic Analysis.49 Income was 

then recalculated as a percent of the Federal Poverty Level50 (FPL) and updated every year 

to reflect annual changes in household composition and changes to the FPL. This measure of 

cost-of-living-adjusted income was then divided into tertiles.

Education was defined as the highest level of self-reported educational attainment by a 

head of household and categorized as high school or less, some college, college graduate 

or post college graduate. Race and Hispanic ethnicity were self-reported by only one head 

of household and were combined into five categories: Hispanic (any race), Non-Hispanic 

(NH) White, NH Black, NH Asian, and NH Other Race. To control for household age 

composition, a series of count variables on the number of people in the household were 

included as follows: 0-1 years, 2-5, 6-11, 12-18, 19-64 and 65 and older.

State Context and Policy Data

State policies were chosen that had the potential to impact food purchasing behavior directly 

or indirectly. Direct factors included the flexibility states have in facilitating access to food 

assistance programs, state-level healthy food retail policy, and preemption laws relevant 

to food purchases. Indirect factors included social policies. Since household education 

and income are associated with the quality of food purchases,51, 52 policies were chosen 

that improve access to educational and economic opportunities. These included per capita 

expenditures on higher education,53 per capita expenditures on housing and financial 

assistance programs,53 the proportion of the Earned Income Tax Credit (EITC) paid by the 

state,54 minimum wage, Medicaid expansion, and preemption laws related to labor. Details 

regarding the justification for each factor, how they were operationalized, and data sources 

can be found in Figure 2 (online only).

Healthy Food Retail Legislation was identified using similar data collection methods as 

those used by the CDC in creating their 2011 database on state initiatives supporting 

healthier food retail.18 The database with 2008-2017 legislation collected for this study can 

be found in Figure 3 (online only).

Statistical Methods

All outcomes were continuous and, except for percent calories from sugar and from 

saturated fat, were logged to control for undue influence of high outliers. Statistical analysis 

was completed using STATA version 15.135 To calculate descriptive study characteristics, 

averages and proportions were calculated using survey weights. Nielsen provides household 

weights to account for survey design and generate nationally-representative estimates. These 

weights are recalculated each year to adjust for changes in their open cohort and US 

demographic trends.
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To determine the best statistical model, a three-level multilevel model was tested first, 

as it was the most consistent with the hypothesis that state context is associated with 

the quality of foods purchased by households residing within the state. Multilevel models 

are important tools for disaggregating the contribution of individual-level and contextual 

influences on health behaviors.136-138 The three levels were defined as level one (year), level 

two (household) and level three (state). However, after controlling for sample design, the 

proportion of variance explained at the state level was close to zero. Therefore, a two-level 

model was used (time within households). Further detail on the three-level model and 

analysis of the variance explained by household-level versus state-level factors, as well as 

relevant equations and STATA code, can be found in Figure 4 (online only).139

To control for unobserved, time-invariant differences between states and potential 

endogeneity of observed state policies, the longitudinal design of the panel data and state 

fixed effects were used as an identification strategy to detect policy effects (binary state 

indicators; n=49, 48 contiguous states and the District of Columbia). This strategy required 

variation in policy variables within states over time. Since sufficient variation was found 

and state fixed effects were jointly significant in all outcome models, the final model was 

a two-level model with state fixed effects. The final series of models use the nutritional 

outcomes as dependent variables, state policies as the key explanatory variables of interest, 

adjust for household income, education, race/ethnicity and composition, and control for 

year and state fixed effects. Therefore, effect estimates for the policy variables should be 

interpreted as the association between policies and each nutritional outcome controlling for 

household demographic characteristics and time-invariant state context. STATA’s meglm 

command was used with a gamma distribution and log link to control for high outliers (note, 

this is distinct from a log-transformation of our outcome variables). The only exceptions 

were the percent calories from saturated fat and from sugar, where meglm was used with a 

gaussian distribution and identity link. All models use svyset to adjust for Nielsen’s complex 

sampling design, which uses a stratified random sample with households as the primary 

sampling unit and Nielsen markets as sampling strata.140-142 Results are presented with 95% 

confidence intervals and marked as statistically significant at p-values of 0.05, 0.01, and 

0.001.

Several sensitivity analyses were conducted. Two subpopulation analyses were conducted to 

test the hypothesis that state context would be more meaningful for households with low 

income and households with low educational attainment. The analytic sample was limited 

to those households with an income at or below 200% the Federal Poverty Level, and 

separately for households with no higher than a high school education using the subpop 

option and repeated the analysis (n=142,025 and n=112,989, respectively). To statistically 

evaluate whether the model could be stratified by income (or education), a likelihood 

ratio test (LRT) was used. A LRT compares the log likelihoods from a restricted and 

unrestricted model. The restricted model used all household-year observations. The log 

likelihood for the unrestricted model was the sum of the log likelihood from the model 

using only households with low income (or education) and the log likelihood of the model 

with all other observations. Across all nutritional outcome models, the p-value was <0.0001, 

rejecting the null hypothesis that the coefficients of the two subsamples were the same and 

providing statistical justification to stratify the models by income (or education).
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Lastly, a sensitivity analysis was conducted using the full sample, but replacing food 

group outcomes with calories from each group as a percent of total calories purchased, 

rather than as calories per person per day. Controlling for compositional effects accounts 

for households that may have purchased more or less PFPs. Whereas analysis of the 

absolute value of the association between policies and nutritional outcomes can be easily 

compared to serving sizes for each outcome, compositional analysis captures whether 

potential increases or decreases in outcomes are occurring relatively faster or slower than 

the change in total calories purchased from PFPs in response to policy change. Results from 

this sensitivity analysis should be interpreted as the association between policies and the 

percent of purchases dedicated to each group while controlling for household demographic 

characteristics and time-invariant state context.

Results

A summary of nutritional outcomes, household-level characteristics and state-level variables 

is provided in Table 5. From 2008-2017, calories from all PFPs declined, partly due to the 

declines in SSBs and desserts and snacks. Sugar also decreased, both in grams and as a 

percent of total calories. In comparison, calories from fruits and NS vegetables remained low 

and the percent calories from saturated fat increased. The household demographic profile 

slightly changed, where the percent of households with low income increased but the percent 

of households with low educational attainment decreased. The percent of Non-Hispanic 

White households decreased while the percent of Hispanic and Asian households increased. 

Finally, there is substantial variation in state policy and spending patterns, with a trend 

towards increasing action at the state level over time. This variation was necessary for 

the identification strategy used to detect an association between these state policies and 

nutritional outcomes using a fixed effects model. State fixed effects are jointly significant at 

p<0.0001 for all nutritional outcomes, indicating that state context is associated with average 

nutritional outcomes for households within each state.

Association of state policies and quality of PFPs using all households in sample

Two-level GLM models were used to examine the association between state level policies 

and nutritional outcomes. Results for models using a log link can be found in Table 6, where 

coefficients have been exponentiated and converted to percent changes for interpretability. 

Overall, few policies are associated with nutritional outcomes. The supplemental EITC paid 

by the state as a percent of the federal EITC is significant for several outcomes, where 

an increase of one percentage point is associated with an increase in purchases of NS 

vegetables and a decrease in purchases of fruit, SSBs, and sugar. Medicaid expansion and 

expenditures on financial assistance and housing were associated with a notable decline in 

SSBs, where expansion of Medicaid or an increase of $1,000 spent per capita was associated 

with a decline in daily calories from SSBs of 4.7% [95% CI: −6.9%, −2.4%] and 5.1% [95% 

CI: −8.3%, −1.8%] respectively.

Although not always statistically significant, almost all outcomes showed a decline when 

programs intended to raise income increase: an expansion of SNAP broad-based categorical 

eligibility (BBCE) criteria, minimum wage and expenditures on financial assistance and 
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housing. This suggests that an expansion of these policies was associated with an overall 

decline in PFPs. These inverse associations were also statistically significant in the following 

cases: increasing one of the SNAP BBCE criteria was statistically associated with a decline 

in grams of sugar; a $1/hour increase in state minimum wage was statistically associated 

with a decline in total calories, calories from NS vegetables, grams of saturated fat and 

milligrams of sodium; an increase of $1,000 spent per capita on welfare and housing was 

associated with a decline in SSBs and grams of sugar.

Results for models using an identity link should be interpreted as a change in percentage 

points (Table 7). Similarly, few policies are associated with statistically significant changes 

in nutritional outcomes. No policies are associated with changes in the percent calories from 

saturated fat. The associations that exist between policies and the percent calories from sugar 

are small, and results for specific policies are consistent with models for total calories and 

grams of sugar. Increasing BBCE criteria to expand SNAP eligibility and increasing the 

EITC are not associated with a change in calories but are associated with a decrease in 

grams of sugar per person per day (Table 6) and are therefore also associated with a decrease 

in the percent calories from sugar (Table 7). In comparison, an increase in the minimum 

wage is associated with a decrease in total calories but not with a change in grams of sugar 

– therefore, it is associated with an increase in the percent of calories from sugar (0.13 

percentage points for every dollar increase [0.05, 0.20]).

Results from sensitivity analyses were largely consistent. For the first sensitivity analysis, 

when the sample was limited to only households with low income or only households with 

low educational attainment, there were fewer significant associations between policies and 

nutritional outcomes. Therefore, presentation of results is limited to Tables 8-9 online only 

for households with low income and Tables 10-11 online only for households with low 

educational attainment. For the second sensitivity analysis, when food group outcomes were 

operationalized as the share of total calories rather than calories per person per day, there 

were slightly more significant associations (Table 12 online only). Most notably, an increase 

in expenditures on financial assistance is associated with a 4.2% increase in the share of 

calories from NS vegetables [1.9, 6.8], while this association is not significant using calories 

of NS vegetables per person per day.

Discussion

This study used data with full coverage of the contiguous United States from 2008 to 2017 

to examine whether state context is associated with the nutritional quality of food purchases. 

While the joint significance of the state fixed effects variables for all nutritional outcomes 

indicated the importance of state context, its effect was not captured by observed policy 

variables. Although some social policies, like minimum wage, were associated with several 

nutritional outcomes, policies directly relevant to food purchases (e.g., Healthy Food Retail 

legislation, increasing BBCE for SNAP) were not associated with most outcomes.

Contrary to the study hypothesis, state-level policies directly related to purchasing food were 

rarely significant, even when the sample was limited to households with low income or only 

households with low educational attainment. In addition, there were not many differences in 
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significant policy effects when outcomes were operationalized as grams/calories per person 

per day or as the share of total calories purchased. This suggests that the absolute increase 

or decrease in nutritional outcomes is generally proportional to the change in overall calories 

purchased associated with a policy change.

This does not mean food assistance policies are not important for households directly 

impacted by them and are not important tools for reducing socioeconomic disparities in 

the nutritional quality of food purchases. Rather, this study focuses on the part of food 

assistance programming that is modifiable by states (e.g., increasing BBCE for SNAP and 

how well states facilitate access to WIC) and assess their relevance to the quality of PFPs. 

For example, participating in WIC is associated with healthier food purchases,61 but no 

association was found between expanded access to WIC and the quality of purchases when 

the sample was limited to only households with low income. As another example, individual 

Healthy Food Retail policies may still be important for specific states. The effect of the 

Healthy Food Retail variable may have been diluted because the scope of legislation varied 

widely, but assumptions were not made about how to weight them relative to one another. In 

addition, policies like financing initiatives may be important in specific neighborhoods143 or 

populations with low income83 but may not be expansive enough to affect average purchases 

in a state. For example, Pennsylvania’s 2004-2006 Fresh Food Financing Initiative has been 

one of the most successful state-level healthy food financing initiatives in terms of projects 

funded and residents impacted, yet is estimated to have only reached 400,000 people143 in a 

state with 12,400,000 people.144 There are also initiatives that operate at the state-level but 

are not codified as laws (e.g., the New Jersey Food Access Initiative145). Since the focus of 

the present study was on the state as a political actor, only legislative efforts tied to state 

government were included. Data collection methods used by the CDC in creating their 2011 

database on state initiatives supporting healthier food retail were replicated.18 The updated 

database will be a useful resource in and of itself (see Figure 3 online only).

In comparison with food policies, several social safety net policies were associated with 

nutritional outcomes, although they did not always improve the nutritional quality of 

PFPs. For example, minimum wage appears to be associated with a general reduction 

in purchases, even when the sample is limited to households with low income or only 

households with low educational attainment. These findings may reflect that states most 

likely to increase minimum wage are also those states with faster increases in the cost 

of living,49, 73 driving down the purchase of PFPs. Although state fixed effects were 

included, this may not fully control for confounding if cost-of-living also changes over 

time. In addition, PFPs may decline if minimum wage increases reduce eligibility for social 

safety net programs such as SNAP,146 thereby increasing income without increasing the 

affordability of food. In addition, while this study finds that an increase in minimum wage 

is not significantly associated with fruit PFPs and is negatively associated with NS vegetable 

PFPs, other research is mixed. One longitudinal study following workers with low incomes 

in Minneapolis found no significant change in self-reported consumption of fruits and 

vegetables after the city’s first phase of raising the minimum wage, which may be because 

the initial wage increase from 2018 to 2019 was not large enough to produce changes 

in dietary intake.147 Another study used cross-sectional data from the Behavioral Risk 

Factor and Surveillance System survey and, after controlling for the endogeneity of state 
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policies, found a small but positive association between state-level minimum wage policy 

and the consumption of fruits and vegetables.72 Comparing results across studies suggests 

that higher wages may lead to higher purchases of non-packaged fruits and vegetables, but 

further research is needed.

Similarly, an increase in SNAP BBCE criteria may be associated with a general reduction 

in purchases due to differences in the purchasing power of SNAP. Benefits are calculated 

using a national formula that does not adjust for local cost of living. Although SNAP BBCE 

expands who is eligible for benefits, this increased enrollment does not equalize SNAP’s 

purchasing power. Areas of the country with the lowest purchasing power of SNAP tend to 

be areas where states have expanded SNAP BBCE.148

These results do not suggest that state context can be ignored. State fixed effect variables 

were jointly significant and not equal to each other. Before including state fixed effects, 

most state policies were statistically significant. In models with state fixed effects, most 

associations were attenuated and no longer significant. Given that within-state variation 

was present in all policies over time, these policies are likely endogenous. For example, 

households with a preference for healthier foods may self-select into states with more 

progressive food, health, and social policies. Similarly, different food retailers (e.g., Walmart 

vs Whole Foods) may disproportionately locate stores in states according to these household 

preferences and/or state policies. Since the nutritional quality of PFPs has been found 

to differ by store type,149, 150 the relative proportion of store types across states may 

be important.151 This suggests that state context must be accounted for as a confounder 

between state policy and diet-related outcomes.

This study also has several methodological implications for multilevel analysis. It is not 

surprising that household characteristics explained most of the variance in PFPs in the 

multilevel models, which included data for approximately 60,000 households per year 

compared to 49 states. In these three level models, adjusting for survey design and 

measurable household and state-level characteristics explained 60% to 100% of variation 

at the state level (Table 1 online only). Findings in this study illustrate the importance 

of examining both the change in the state residual and the proportion of total variance 

explained at the state level. Many multilevel variance components analysis in public 

health14, 16, 152 simply add measurable characteristics to the model and interpret percent 

changes in the higher-level variance (in this study, state-level variance). However, large 

percent reductions in this variance may be misleading if the proportion of total variance 

explained by higher levels is low to begin with.153 In addition, most of the state-level 

variation was reduced by introducing market fixed effects (to adjust for survey design strata). 

While some markets are nested within states, others cross state boundaries. This suggests 

that the quality of PFPs is influenced by higher level contextual factors but that these factors 

are not necessarily delineated by political boundaries.

The present study has several limitations. First, state-level policy variables are considered 

independently, when they act in complex and interacting ways.16 However, low levels 

of collinearity were observed between policy variables. In addition, not all household-

level variation can be accounted for. Accounting for measurable household characteristics 
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(income, education, race/ethnicity and age composition) only explained 3% (fruits) to 

16% (total calories) of household variance (Table 1 online only). The remaining residual 

variance attributed to the household level reflects a combination of measurement error 

and unmeasured factors such as health preferences, which may influence the likelihood 

of shopping at healthier retail outlets and food preferences. A limitation of the fixed 

effects analysis is limited variation in some policies, although there was no policy for 

which within-state variation was zero (Table 5). A limitation of the categorization of our 

outcome variables is that some healthy foods may be misclassified in food groups to avoid 

(e.g., unbuttered popcorn in “desserts and snacks” or low-sodium, healthy frozen entrees 

in “mixed dishes”) and some less healthful foods may be misclassified into healthy food 

groups (e.g., pre-packaged salads kits in “NS vegetables” contain add-ons or dressings 

that may be high in added sugar or unhealthy fats, or canned fruit in “fruits” with added 

sugar). Finally, packaged foods are not a complete picture of the diet. State policies may be 

associated with overall dietary quality through impacts on other parts of the diet, such as 

improving the healthfulness of food away from home (e.g., menu labelling) or expanding 

access to fresh fruits and vegetables (e.g., farmers markets).154

This study also has several important strengths. Nielsen Homescan is a panel dataset with 

extensive geographic (contiguous US) and temporal coverage (ten years), and a large and 

diverse sample of households. In addition, the nutrition information linked to packaged 

foods were updated each year, providing an up-to-date understanding of the nutritional 

quality of packaged food purchases. Lastly, the CDC’s State Initiatives Healthy Food 

Retail Legislation database18 from 2011 has been updated. This allowed for evaluation 

of state policy directly related to food purchases. This state policy database compliments 

a concurrent review of federal policies aimed at improving the nutritional quality of food 

purchases155 and will serve as a useful tool for the broader research community.

Conclusions

Little evidence was found that state policy context in 2008-2017 was associated with the 

quality of PFPs. However, there is increasing variability in state policies directly related 

to food purchases (e.g., Healthy Retail legislation and preemption of nutrition laws) and 

indirectly related to food purchases (e.g., social safety net policies and preemption of labor 

laws which may affect PFPs through purchasing power). Therefore, future research should 

continue to monitor how state context affects the nutritional quality of PFPs. In addition, 

future research is needed to evaluate how specific policies in individual states or local 

jurisdictions affect purchases and measures of overall dietary quality, should sufficient data 

be available at the state and local level. As part of this continuing effort, part of the data 

collection process was an update of the 2011 CDC database on state initiatives supporting 

healthier food retail. This will be a useful resource for public health research focused on 

food retail.
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Practice Implications

What is the current knowledge on this topic?

Although diet quality is influenced by individual and systemic factors and that state 

context is associated with mortality, no research has examined whether state policies are 

associated with differences in the nutritional quality of packaged food purchases (PFPs).

How does this research add to knowledge on this topic?

This is the first study to examine the association between state-level food and social 

safety net policies and the nutritional quality of PFPs, which make up the majority of the 

diet.

How might this knowledge impact current dietetics practice?

Keeping current with changing state social support policies can assist registered 

dietitians/nutritionists in identifying potential resources to meet client needs. This study 

updated CDC’s 2011 Healthy Food Retail database, which is a resource they may find 

useful.
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Research Snapshot

Research Question:

Are state food and social safety net policies associated with the nutritional quality of 

household packaged food purchases?

Key Findings:

This study used data from a range of state policies and from the Nielsen Homescan 

Panel, an observational, open-cohort of households, from 2008-2017, and found some 

associations between social safety net policies and the nutritional quality of PFPs. 

However, very few associations were found between Healthy Food Retail policies at the 

state level and the quality of purchases. These results were consistent when the sample 

was limited to households with low income or low educational attainment.
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Figure 1 online only: 
The public health relevance of study nutritional outcomes, including examples of food items 

included in each food grouping
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Figure 2 online only: 
Dependent policy variables used to characterize state context with explanation of potential 

impact on food purchases, variable categorization in statistical model, and data source
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Figure 3 online only: 
State-level Healthy Food Retail Policies and Legislation, 2008-2017

a: AB = Assembly Bill; HB = House Bill; HCR = House Concurrent Resolution; HF = 

House File Number; HJM = House Joint Memorial; FY = Fiscal Year; SB = Senate Bill; SJR 

= Senate Joint Resolution; SR = Senate Resolution.
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Figure 4 online only –. 
Derivation of statistical model
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Table 7:

Change in the percent of calories from saturated fat and sugar
a
 in U.S. household packaged food purchases 

(PFPs)
b
 associated with changes in state policies, 2008-2017

% calories from
saturated fat

% calories from
sugar

Policies expected to be associated with healthier PFPs c 

Healthy Food Retail Policy β (95% confidence interval) 0.00% (−0.03%, 0.02%) −0.01% (−0.07%, 0.05%)

SNAP
d
 eligibility

0.01% (−0.01%, 0.04%) −0.07%* (−0.13%, 0.00%)

WIC
e
 coverage

0.00% (0.00%, 0.00%) 0.01% (0.00%, 0.02%)

Medicaid Expansion 0.03% (−0.02%, 0.08%) −0.07% (−0.20%, 0.05%)

Minimum Wage −0.03% (−0.06%, 0.00%) 0.13%** (0.05%, 0.20%)

Proportion of EITC
f 0.00% (−0.07%, 0.18%) −0.01%*** (−0.83%, −0.28%)

Expenditures on higher education (per capita) 0.18% (−0.04%, 0.39%) 0.04% (−0.48%, 0.57%)

Expenditures on welfare and housing (per capita) 0.07% (−0.01%, 0.14%) −0.05% (−0.22%, 0.12%)

Policies expected to be associated with less healthful PFPs g 

Preemption: Food Purchasing −0.06% (−0.14%, 0.02%) 0.15% (−0.09%, 0.39%)

Preemption: Labor Laws 0.01% (−0.01%, 0.02%) 0.05%** (0.02%, 0.09%)

a
Multilevel models control for household-level characteristics, year and include state fixed effects. All GLM models were generated using an 

identity link. Beta-coefficients should be interpreted as changes in percentage points of the outcome for an increase of one unit of each variable (see 
Figure 2 online only for details on policy variable coding). Outcomes were calculated as a percent of total calories from PFPs. For example: A state 
expanding SNAP BBCE is associated with a 0.07 percentage point decrease in PFP calories from sugar.

b
Authors’ calculations based in part on data reported by Nielsen through its Homescan Services for all food categories, including beverages and 

alcohol for the 2008-2017 periods across the U.S. market. The Nielsen Company, 2019. The conclusions drawn from the Nielsen data do not reflect 
the views of Nielsen. Nielsen is not responsible for and had no role in, and was not involved in, analyzing and preparing the results reported herein.

c
A healthier purchasing pattern was expected to be lower in sugar and saturated fat. Therefore, these policies were expected to be negatively 

associated with these outcomes.

d
SNAP: Supplemental Nutrition Assistance Program

e
WIC: Special Supplemental Nutrition Assistance Program for Women, Infants, and Children

f
EITC: Earned Income Tax Credit

g
These policies were expected to be positively associated with nutritional outcomes to limit – in this case, a high percentage of calories from sugar 

or saturated fat.

*
p < 0.05

**
p < 0.01

***
p < 0.001
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Table 9 online only:

Change in the percent of calories from saturated fat and sugar
a
 in U.S. household packaged food purchases 

(PFPs)
b
 associated with changes in state policies among low-income households,

c
 2008-2017

% calories from

saturated fat
d

% calories
from sugar

Policies expected to be associated with healthier PFPs e 

Healthy Food Retail Policy 0.00% −0.07%

SNAP
f
 eligibility −0.02% −0.01%

WIC
g
 coverage −0.01% 0.01%

Medicaid Expansion 0.05% −0.15%

Minimum Wage −0.04% 0.13%

Proportion of EITC
h 0.00% 0.00%

Expenditures on higher education ($1,000 per capita) 0.28% −0.49%

Expenditures on welfare and housing ($1,000 per capita) 0.17%* −0.14%

Policies expected to be associated with less healthful PFPs i 

Preemption: Food Purchasing −0.06% 0.02%

Preemption: Labor Laws 0.00% 0.06%

a
Multilevel models control for household-level characteristics, year and include state fixed effects. All GLM models were generated using an 

identity link. Therefore, beta-coefficients should be interpreted as the change in the outcome for an increase of one unit of each variable (see Figure 
2 online only for details on coding). Outcomes were calculated as calories/grams/milligrams per person per day. For example: A $1,000 per capita 
increase in a state’s expenditures on welfare and housing programs is associated with a 0.17 percentage point increase in the PFP calories from 
saturated fat.

b
Authors’ calculations based in part on data reported by Nielsen through its Homescan Services for all food categories, including beverages and 

alcohol for the 2008-2017 periods across the U.S. market. The Nielsen Company, 2019. The conclusions drawn from the Nielsen data do not reflect 
the views of Nielsen. Nielsen is not responsible for and had no role in, and was not involved in, analyzing and preparing the results reported herein.

c
The study sample was limited to households with an income less than 200% of the federal poverty level, hypothesizing that social policies would 

have a more meaningful effect on households more likely to benefit from these programs. To test whether the model could be stratified by income, 
a likelihood ratio test was used. The restricted model log likelihood was derived using all household-year observations (e.g., the model used for 
primary analysis, see Table 6). The unrestricted log likelihood was the sum of the log likelihood from the model using only households with low 
income and the log likelihood of the model with all other observations. Across all nutritional outcome models, the p-value was <0.0001, rejecting 
the null hypothesis that the coefficients of the two subsamples were the same and providing statistical justification to stratify the models by income.

d
Percentages are calculated by converting grams of saturated fat (or sugar) purchased in a year to calories from saturated fat (or sugar) and dividing 

by total calories for the same year.

e
A healthier purchasing pattern was expected to be lower in sugar and saturated fat. Therefore, these policies were expected to be negatively 

associated with these outcomes.

f
SNAP: Supplemental Nutrition Assistance Program

g
WIC: Special Supplemental Nutrition Assistance Program for Women, Infants, and Children

h
EITC: Earned Income Tax Credit

i
These policies were expected to be positively associated with nutritional outcomes to limit – in this case, a high percentage of calories from sugar 

or saturated fat.

*
p < 0.05
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Table 11 online only:

Change in the percent of calories from saturated fat and sugar
a
 in U.S. household packaged food purchases 

(PFPs)
b
 associated with changes in state policies among households with low education,

c
 2008-2017

% calories from

saturated fat
d

% calories
from sugar

Policies expected to be associated with healthier PFPs e 

Healthy Food Retail Policy −0.01% −0.01%

SNAP
f
 eligibility −0.01% −0.10%

WIC
g
 coverage −0.01% 0.01%

Medicaid Expansion 0.03% 0.06%

Minimum Wage −0.04% 0.15%*

Proportion of EITC
h 0.00% −0.01%*

Expenditures on higher education ($1,000 per capita) 0.32% −0.13%

Expenditures on welfare and housing ($1,000 per capita) 0.08% −0.08%

Policies expected to be associated with less healthful PFPs i 

Preemption: Food Purchasing 0.03% 0.28%

Preemption: Labor Laws 0.01% 0.07%

a
Sample is limited to households with a high school education or less. Multilevel models control for household-level characteristics, year and 

include state fixed effects. All GLM models were generated using an identity link. Therefore, beta-coefficients should be interpreted as the change 
in the outcome for an increase of one unit of each variable (see Figure 2 online only for details on coding). Outcomes were calculated as percent of 
total calories. For example: An increase of the state supplemental EITC equal to 1% of the federal EITC is associated with a 0.01 percentage point 
decrease in the PFP calories from sugar.

b
Authors’ calculations based in part on data reported by Nielsen through its Homescan Services for all food categories, including beverages and 

alcohol for the 2008-2017 periods across the U.S. market. The Nielsen Company, 2019. The conclusions drawn from the Nielsen data do not reflect 
the views of Nielsen. Nielsen is not responsible for and had no role in, and was not involved in, analyzing and preparing the results reported herein.

c
The study sample was limited to households with a high school education or less, hypothesizing that social policies would have a more meaningful 

effect on households more likely to benefit from these programs. To test whether the model could be stratified by income, a likelihood ratio test 
was used. The restricted model log likelihood was derived using all household-year observations (e.g., the model used for primary analysis, see 
Table 6). The unrestricted log likelihood was the sum of the log likelihood from the model using only households with low education and the log 
likelihood of the model with all other observations. Across all nutritional outcome models, the p-value was <0.0001, rejecting the null hypothesis 
that the coefficients of the two subsamples were the same and providing statistical justification to stratify the models by education.

d
Percentages are calculated by converting grams of saturated fat (or sugar) purchased in a year to calories from saturated fat (or sugar) and dividing 

by total calories for the same year.

e
A healthier purchasing pattern was expected to be lower in sugar and saturated fat. Therefore, these policies were expected to be negatively 

associated with these outcomes.

f
SNAP: Supplemental Nutrition Assistance Program

g
WIC: Special Supplemental Nutrition Assistance Program for Women, Infants, and Children

h
EITC: Earned Income Tax Credit

i
These policies were expected to be positively associated with nutritional outcomes to limit – in this case, a high percentage of calories from sugar 

or saturated fat.

*
p < 0.05
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