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An unhealthy diet is a key risk factor for chronic diseases including obesity, diabetes, and heart

disease1, 2. Limited access to healthy food options may contribute to unhealthy diets3, 4. Studying

diets is challenging, typically restricted to small sample sizes, single locations, and non-uniform

design across studies, and has led to mixed results on the impact of the food environment5–21. Here

we leverage smartphones to track diet health and weight status in a country-wide observational

study of 1,164,926 U.S. participants and 2.3 billion food entries to study the independent contri-

butions of fast food and grocery access, income and education on these outcomes. This study con-

stitutes the largest nationwide study examining the impact of the food environment on diet to date,

with 300 times more participants and 4 times more person years of tracking than the Framingham

Heart Study. We find that higher access to grocery stores, lower access to fast food, higher income

and education are independently associated with higher consumption of fresh fruits and vegetables,

lower consumption of fast food and soda, and lower likelihood of being overweight/obese, but that

these associations vary significantly across predominantly Black, Hispanic, and White zip codes.

For instance, within predominantly Black zip codes we find that high income is associated with

a decrease in healthful food consumption patterns across fresh fruits and vegetables (6.5%) and

fast food (5.5%). Further, high grocery access has a significantly larger association with increased

fruit and vegetable consumption in predominantly Hispanic (7.4% increase) and Black (10.2% in-

crease) zip codes in contrast to predominantly White zip codes (1.7% increase). Policy targeted at

improving food access, income and education may increase healthy eating, but interventions may

need to be targeted to specific subpopulations for optimal effectiveness.
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1 Introduction
Unhealthy diet is the leading risk factor for disability and mortality globally1. Emerging

evidence suggests that the built and food environment, behavioral, and socioeconomic cues and

triggers significantly affect diet5. Prior studies of the food environment and diet have led to mixed

results5–21, and very few used nationally representative samples. These mixed results are poten-

tially due to methodological limitations of small sample size, differences in geographic contexts,

study population, and non-uniform measurements of both the food environment and diet across

studies. Therefore, research with larger sample size and using improved and consistent methods

and measurements is needed7, 22, 23. With ever increasing smartphone ownership in the U.S.24 and

the availability of immense geospatial data, there are now unprecedented opportunities to combine

various data on individual diets, population characteristics (gender, race and ethnicity), socioeco-

nomic status (income and education), as well as food environment at large scale. Interrogation of

these rich data resources to examine geographical and other forms of heterogeneity in the effect of

food environments on health could lead to the development and implementation of cost-effective

interventions25. Here, we leverage large-scale smartphone-based food journals and combine sev-

eral Internet data sources to quantify the independent impact of food (grocery and fast food) access,

income and education on food consumption and weight status of 1,164,926 subjects across 9,822

U.S. zip codes. This study constitutes the largest nationwide study examining the impact of the

food environment on diet to date, with 300 times more participants and 4 times more person years

of tracking than the Framingham Heart Study26.
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2 Methods
2.1 Study Design and Population We conducted a United States countrywide cross-sectional

study of participants’ self-reported food intake and body-mass index (BMI) in relation to demo-

graphic (education, ethnicity), socioeconomic (income), and food environment factors (grocery

store and fast food access) captured on zip code level.

Overall, this cross-sectional matching-based study analyzed 2.3 billion food intake logs from

U.S. smartphone participants over seven years across 9,822 zip codes (U.S. has total of 41,685 zip

codes). Participants were participants of the MyFitnessPal app, a free application for tracking

caloric intake. We analyzed anonymized, retrospective data collected during a 7-year observation

period between 2010 and 2016 that were aggregated to the zip code level. Comparing our study

population to nationally representative survey data, we found that our study population had signifi-

cant overlap with the U.S. national population in terms of population demographics, education and

weight status (Body Mass Index; BMI), but that it was skewed towards women and higher income

(Supplementary Table e1). Our matching-based statistical methodology controls for observed

biases between comparison groups in terms of income, education, grocery access, and fast food

access (Section 2.4). Data handling and analysis was conducted in accordance with the guidelines

of the Stanford University Institutional Review Board.

2.2 Study Data We compute outcome measures of food consumption and weight status from

2.3 billion food intake logs by 1,164,926 U.S. participants of the MyFitnessPal (MFP) smartphone

application to quantify food consumption across 9,822 zip codes. During the observation period

from January 1, 2010 to November 15, 2016, the average participant logged 9.30 entries into their

digital food journal per day. The average participant used the app for 197 days. All participants

in this sample used the app for at least 10 days. We classified the 2.3 billion food intake entries

into three categories of public health interest, fresh fruits and vegetables (F&V), fast food, and

sugary non-diet soda, and excluded them from analysis if they did not match these categories. For

more details see Supplementary Information. We intentionally use a cross-sectional rather than

longitudinal study design, since fine-grained and large-scale temporal data on changes in the food

environment were not available.

We obtained data on demographic and socioeconomic factors from CensusReporter27. Specif-

ically, for each zip code in our data set we obtained median family income, fraction of population
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with college education (Bachelor’s degree or higher), and fraction of population that is White (not

including Hispanic), Black, or Hispanic from the 2010-14 American Community Survey’s census

tract estimates27. While data were available only on zip code level, previous studies have shown

that area-level income measures are meaningful for health outcomes and describe unique socioe-

conomic inequities.28

Grocery store access was defined as the fraction of population that is more than 0.5 miles

away from a grocery store following the food desert status definitions from the USDA Food Ac-

cess Research Atlas29. Contrary to the USDA definition, we found evidence that even in rural zip-

codes, the fraction of population greater than 0.5 miles away from grocery stores has the strongest

association with food consumption (compared to 10 and 20 miles away), and thus we used 0.5

miles as the threshold in both rural and urban zipcodes (Supplemental Methods: Details on food

environment measures). We measured fast food access through the fraction of restaurants that are

fast food restaurants within a sample from Yelp, querying the nearest 1000 businesses from the zip

code’s center, up to a maximum radius of 40 km (25 miles). See Supplementary Information for

details and validation of these objective food environment measures.

We will release all data aggregated at a zipcode level in order to enable validation, follow-up

research, and use by policy makers.

2.3 Reproducing state-of-the-art measures using population-scale digital food logs To investi-

gate the applicability of population-scale digital food logs to study the impact of food environment,

income and education on food consumption, we measured the correlation between our smartphone

app-based measures and state-of-the-art measures of food consumption including the Behavioral

Risk Factor Surveillance System (BRFSS), based on representative surveys of over 350,000 adults

in the United States 30, 31, and the Nielsen Homescan data 32, which is a nationally representative

panel survey of the grocery purchases of 169,000 unique households across the United States,

based on UPC records of all consumer packaged goods participants purchased from any outlet.

(Figure 3). We compare against BRFSS rather than National Health and Nutrition Examination

Survey (NHANES), since BRFSS is significantly larger than NHANES, it is remotely administered

matching our study, and it has much better geographical coverage than NHANES and geographical

comparisons are central to our study.

Comparing our data to BRFSS on county level, we found strong correlations between the
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amount of fresh fruits and vegetables (F&V) consumed (Figure 3a, R=0.63, p < 10−5) and body

mass index (Figure 3b, R=0.78, p < 10−5). Comparing to USDA purchase data from the Nielsen

Homescan Panel Survey we found that our app-based food logs were very highly correlated with

previously published results (Figure 3c, R=0.88, p < 0:01) and that the absolute differences be-

tween food deserts and non-food deserts were stronger in the MFP data compared to Nielsen pur-

chase data. See Supplementary Information for more details. These results demonstrate convergent

validity and suggest that population-scale digital food logs can reproduce the basic dynamics of

traditional, state-of-the-art measures, and they can do so at massive scale and comparatively low

cost.

2.4 Statistical Analysis In this large-scale observational study, we used a matching-based ap-

proach33, 34 to disentangle contributions of income, education, grocery access, and fast food access

on food consumption. To estimate the impact of each of these factors, we divide all available zip

codes into treatment and control groups based on a median split; that is, we estimate the difference

in outcomes between matched above-median and below-median zip codes. We create matched

pairs of zip codes by selecting a zip code in the control group that is closely matched to the zip

code in the treatment group across all factors, except the treatment factor of interest. Since we

repeat this matching process for each zip code in the treatment group, this approach estimates the

Average Treatment Effect on the Treated (ATT). Through this process, we attempt to eliminate

variation of plausible influences and to isolate the effect of interest. We repeat this process for

each treatment of interest; for example for the results presented in Figure 4, we performed four

matchings, one for each of income, education, grocery access and fast food access. For the sub-

population experiments (Figure 5), we repeated the same method on the subset of the zip codes in

which the majority of inhabitants were of a particular racial group. See Supplementary Information

for details on the matching approach and detailed statistics that demonstrate that treatment and

control groups were well-balanced on observed covariates after matching.

We tested discriminant validity of our statistical approach by measuring the effect of null-

treatments that should not have any impact on food consumption. We chose examples of null-

treatments by selecting variables that had little correlation with study independent variables (in-

come, education, grocery access, fast food access) and were plausibly unrelated to food consump-

tion. This selection process lead to use of the fraction of countertop installers, electronics stores,
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and waterproofing services nearby as measured through Yelp. Applying our analysis pipeline to

these null-treatments, we found that all of these null-treatments had zero effect on food consump-

tion. This demonstrated that our statistical analysis approach did not produce measurements that it

was not supposed to measure; that is, discriminant validity (Supplementary Figure e2).
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3 Results
Across all 9,822 U.S. codes, we found that high income, high education, high grocery ac-

cess, and low fast food access were independently associated with higher consumption of fresh

fruits and vegetables (F&V), lower consumption of fast food and soda, and lower prevalence of

overweight or obese BMI levels (Figure 4).1 Specifically, in zip codes of above median grocery

access participants logged 3.4% more F&V, 7.6% less fast food, 8.6% less soda and were 2.4%

less likely to be overweight or obese (all P < 0:001). In zip codes of below median fast food

access participants logged 5.3% more F&V, 6.2% less fast food, 15.7% less soda and were 1.5%

less likely to be overweight or obese (all P < 0:001). In zip codes of above median education

participants logged 9.2% more F&V, 8.5% less fast food, 10.6% less soda and were 13.1% less

likely to be overweight or obese (all P < 0:001). Finally, in zip codes of above median household

income (referred to as higher income below), participants logged 3.3% more F&V, 6.8% less fast

food, 5.2% less soda (all P < 0:001), but had a 0.6% higher likelihood of being overweight or

obese (P = 0:006). However, above median household income was associated with a 0.34% de-

crease in BMI (P < 0:001). Note that the reported effect size are based on comparing above and

below median zip codes for any given factor. We found a general pattern of consistent but increased

effect sizes when comparing top versus bottom quartiles (Supplementary Figure e1), suggesting a

dose-response relationships across all considered variables (with the exception of the association

between low fast food access and likelihood of overweight or obese BMI levels). We found that

zip codes with high education levels compared to low education levels had the largest relative in-

creases in F&V, fast food, and overweight or obese BMI levels. However, in terms of its impact on

soda consumption, we found low fast food access to be associated with the largest relative decrease

in soda consumption. In particular, high education zip codes had the largest relative decrease in

reported soda consumption (15.7%).

We separately repeated our data analyses within zip codes that were predominantly Black

(3.7%), Hispanic (5.6%) and non-Hispanic White (78.4%) (Figure 5). Results within predomi-

nantly non-Hispanic White zip codes closely matched results within the overall population, since

most zip codes in this study were predominantly White (78.4%), not unlike to the overall U.S.

population (61.3%)35. However, restricting our analyses to predominantly Black and Hispanic zip

1The only exception to this pattern was a slight (0.34%) increase in overweight or obese BMI levels associated

with income.
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codes led to remarkably different findings. Specifically, within predominantly Black zip codes

we found an impact of higher income in the inverse direction of the population average and to-

wards low healthful food consumption, across across four out of four outcome variables, resulting

in decreased F&V consumption (6.5%), increased fast food consumption (5.5%), and increased

likelihood of overweight or obese BMI levels (8.1%). Higher income was also associated with in-

creased soda consumption (11.8%) but was not statistically significant (P = 0:081). On the other

hand, low fast food access and high education access were generally associated with increased

diet health, with low fast food access correlating with the highest decrease in soda consumption

(14.4%) and high education with the highest increase in fresh fruit and vegetable consumption

(11.2%), although decreased fast food access was harmful to one of the outcome variables. Specif-

ically, decreased fast food access was associated with a slight increase in fraction overweight or

obese (3.1%). The only variable that had a positive effect on the health of all outcome variables

was increased grocery access, which was associated with increased F&V consumption (10.2%),

decreased fast food consumption (12.6%), decreased soda consumption (9.3%), and decreased

likelihood of overweight or obese BMI levels (9.0%).

In contrast, within predominantly Hispanic zip codes we found a significant effect of higher,

above-median, income on higher F&V consumption (5.7%), but not across the remaining three

outcome variables. Higher education zip codes had the most positive association with diet health

across all variables, with the exception of soda consumption for which none of the factors had a

significant impact. Specifically, higher education was associated with increased F&V consump-

tion (8.9%), decreased fast food consumption (11.9%), and decreased likelihood of overweight

or obese BMI levels (13.7%). Higher grocery access and decreased fast food access had similar

effects as on the overall population for some outcome variables (i.e. similar associations with like-

lihood of overweight or obese BMI levels and fast food consumption). However, in some cases

the magnitude of impact was higher (i.e. grocery access increased Hispanic F&V consumption by

7.4% which more than twice the increase of the overall population) and in others, unlike the over-

all population, there was no significant association (i.e. no significant relationship between fast

food/grocery access on soda consumption, or between fast food access and F&V consumption).

Few factors led to consistent improvements across all three subpopulations. Across all three

groups, F&V consumption was strongly increased by high grocery access and education. Fast food
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consumption was reduced by all potential intervention targets besides increased income. Soda

consumption was most reduced by decreased fast food access for Black and White-majority zip

codes, but was not impacted by any of the intervention targets within Hispanic zip codes. Lastly,

overweight or obese BMI levels were, by far, most strongly reduced across all groups by increased

education levels.

4 Discussion
By analyzing 1.5 billion food intake logs and BMIs from 751,493 MyFitnessPal smartphone

app users over seven years across 9,822 zip codes in relation to their demographic (education,

ethnicity), socioeconomic (income), and food environment factors (grocery store and fast food

access), we found higher access to grocery stores, lower access to fast food, higher income and

education were independently associated with higher consumption of fresh fruits and vegetables,

lower consumption of fast food and soda, and lower body mass index. This is consistent with

previous studies36–38. As suggested in Larson's review of neighborhood environment disparities in

access to healthy foods in the U.S., residents who have better access to supermarkets and limited

access to fast food restaurants have healthier diet and lower levels of obesity, and low-income,

minority and rural neighborhoods often have limited access to supermarkets and higher availability

of fast food restaurants36. Darmon39 and Hiza40 also found higher socioeconomic status (SES)

groups had higher diet quality.

While we report on differences between above/below median, we �nd signi�cantly larger

effect sizes for top vs bottom quartile (Supplementary Figure e1). This indicates that effects of food

environment on diet are even more pronounced when considering larger differences in income,

education, access, and fast food prevalence. Of note, we found high education zip codes had the

largest relative decrease in BMI levels of overweight and obese by 13.1%, which suggests that

intervention programs and policies that aimed at increase education levels of residents of low-

income neighborhoods are essential in curbing the obesity trends.

When we restricted our analyses to predominantly Black and Hispanic zip codes, we found

the independent impacts of food access, income and education on food consumption and weight

status varied signi�cantly across Black, Hispanic and White populations. These �ndings suggest

that tailored intervention strategies are needed based on neighborhood population distributions,

assets and contexts.
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Within predominantly Black zip codes, unlike other races, having higher income seems to

be harmful as higher income Black zip codes had decreased fruits and vegetable consumption,

increased fast food and soda consumption, and increased likelihood of overweight and obesity.

The effect of higher education was low compared to grocery and fast food access. This could

be explained by the “diminishing return hypothesis”, which suggests that Blacks receive fewer

protective health bene�ts from increases in SES than Whites41,42. Research has documented that

Blacks and Whites receive different levels of economic return for their location in the educational

and occupational hierarchies43, and increases in SES (higher education and income) do not protect

Blacks from increases in BMI in the same way as Whites44. A combination of factors, including

neighborhood economic disadvantage45,46, racial discrimination47,48, and stress associated with

educational attainment and mobility49, may prevent higher SES Blacks from achieving their fullest

health potential relative to Whites44.

Furthermore, in Sherman's investigation of African American men's perceptions of their food

environment, the author showed that African American men perceived that fast food was their food

choice and that they had no other healthy food options in or near their residences. This perception

was shaped by their food environment, food marketing and advertising, the cost of eating healthy

versus convenience, as well as their formative years23. In fact, it has been documented that African

American and Hispanic children were disproportionately exposed to more fast food advertisements

than White children50. Grier and Kumanyikas study showed that Black youth were exposed to as

much as 70% more fast food and soda TV commercials than White youth. Black youth also had

higher media use and spending patterns, which made them ideal target for marketers51. While there

have been many public nutrition education campaigns and individual level interventions designed

to change individual dietary behavior, these cannot be matched for the amount of advertising and

marketing of unhealthy food52.

Within predominantly Hispanic zip codes, higher income was not associated with reduce

BMI levels, but higher education signi�cantly reduced BMI levels by 7%. High grocery access

was the only factor associated with higher consumption of fresh fruits and vegetables, and high

grocery and low fast food access had similar effects in reducing fast food and soda consumption

and lowering overweight and obese BMI levels. The relationship between higher income and BMI

could be partially explained by the “Hispanic health paradox” and “Hispanic health advantage”53.
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The Hispanic health paradox suggests that even though the �rst-generation Hispanics have lower

SES, they experience better health outcomes including lower prevalence of cardiovascular dis-

eases, asthma, diabetes and cancer compared to those who were U.S.-born53–55. Hispanic health

advantage suggests that Hispanics have lower rates of harmful health behaviors, such as smoking,

which in turn positively in�uence other health outcomes compared to non-Hispanic Whites53,56–58.

Acculturation may also be another factor that in�uence Hispanics' dietary behaviors. Previous re-

search has shown that by adopting American culture, Hispanic immigrants engage in less healthy

behaviors, which in turn put themselves at higher risk for chronic diseases53–55,59–63. Obtaining

higher education may increase the health literacy of Hispanics, which in turn could also in�uence

their dietary behaviors, as well as preventive care use64. However, a recent study that examined

atherosclerotic cardiovascular disease risk of a cohort of highly educated Hispanics found no ev-

idence of the “Hispanic health paradox” in that Hispanics had the similar cardiovascular disease

risk as non-Hispanic Whites with the same educational attainment, and this was likely due to

acculturation61.

Besides the individual health consequences, including increased risk of mortality, cardio-

vascular diseases, diabetes and certain cancers, obesity also brings direct and indirect economic

consequences65. Cawley and Meyerhoefer estimated that obesity accounts for 21% of medical

spending ($190 billion) in 200566, and if obesity trends continue to increase, obesity-related med-

ical costs could rise by $48-66 billion a year67. More recent data indicated that the aggregate costs

of obesity in the noninstitutionalized adult population of the US was as high as $315.8 billion

in 2010, and the estimated extra annual medical care cost of an obese adult was $3,429 on aver-

age in 2013. The extra medical care costs are even higher for non-White populations ($4,086)68.

Waters and Graf estimated chronic diseases caused obesity and overweight accounted for $480.7

billion in direct health care costs, plus additional $1.24 trillion in indirect costs attributed by lost

productivity, which was 9.3 percent of the U.S. gross domestic product (GDP)69.

The prevalence of overweight and obesity in the U.S., which was estimated to be 42.4% and

about 107.6 million adults in 2017-201870. A 13.1% decrease by implementing effective education

programs and policies (i.e., based on our estimate of above/below median effect size, see Figure 4),

could potentially lead to more than $48.3 billions of annual health care cost savings71. According

to the U.S. Department of Education, the 2019 presidents education budget for the entire U.S.
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was $64 billion72, which is signi�cantly less than the aggregate costs of obesity. The national

postsecondary education budget, which include important funding supporting upward mobility

such as the federal Pell grant, work study and student loans, was $24.2 billion in 202072. Based

on our analysis, implementing effective education programs and policies could potentially lead

to more than $48.3 billions of annual medical care cost savings in 2013 dollars. Taking in�ation

into account, this cost saving would be $53.6 billion in 2020, and could support 83.8% of the

education budget and cover the entire postsecondary budget twice. Effective program and policy

interventions could range from mandatory schooling policies, such as those promoting health and

nutrition education at schools, to increasing educational quality, such as those aimed at promoting

higher levels of education3,73,74.

Similarly, having higher grocery access, and lower fast food access could potentially lead to

$9.9 billions and $6.1 billions of annual health care cost savings today respectively (based on our

estimates in Figure 4). While it is challenging to close the education and income gaps, establishing

more grocery stores and limit fast food restaurants together could potentially save $16 billion. Pre-

vious reviews suggested that government policies that addressing food affordability and purchase,

such as the Healthy Food Financing Initiative (HFFI), increasing food stamp (SNAP) bene�t and

provide incentives to create healthy retail food environment have been effective in reducing food

insecurity and dietary behaviors75–80. While several studies showed that the establishments of

new supermarkets had little improvement in BMI81–83; however, the investments in the new super-

markets have improved economic opportunity and social cohesion84–86. Our results showed that

the impact of having higher grocery store access increased fresh fruit and vegetable consumption

and decreased fast food consumption 2-3 times than for Whites. Although previous literature has

shown null effects of grocery access87,88, these studies have focused on the general population,

which is White-skewed. Therefore, policies and strategies in increasing grocery store access and

decreasing fast food access could potentially be the most effective approaches in changing dietary

habits among African Americans.

Furthermore, having more grocery access and lower fast food access, in the food environment

may work in synergistic ways that may lead to even lower obesity prevalence and obesity-related

cost savings. This is demonstrated in a new study by Cantor et al. that HFFI boosted the effects

of SNAP participation on improving food security and healthy food choices in food desserts89.
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This synergy could be multiplied when combining with effective education programs that could

potentially lower obesity prevalence further by increasing individuals' SES (e.g., income and

education)90,91, health literacy and behaviors90–94, as well as sense of control and empowerment95.

Due to the cross-sectional design of this observational study, we were not able to make any

causal inferences between SES and food environment variables and dietary behavior and BMI.

However, we used a matching-based approach to mimic a quasi-experimental design to disentan-

gle the individual impact of income, education and food access on participants' food consumption.

Our analysis did not include other important variables such as gender and age, but we jointly

considered the impacts of income, education and food environment access (grocery stores and

fast food restaurants) on participants' food consumption with consistent measures across the U.S.,

whereas many previously published studies examined one or a few at a time. We used individuals'

food loggings to estimate their consumption. Food loggings may not capture what individuals ac-

tually ate. However, we conducted rigorous validations through comparisons with high quality and

highly representative datasets which demonstrated high correlations to gold-standard approaches

(Figure 3). Majority of the food environment studies used screeners, food frequency questionnaires

or 24-hour recalls for dietary assessment, and very few used diaries7. Our participants logged their

food intakes for an average of 197 days each.

Our analysis was conducted at the zip code level. We used comparisons between above

median and below-median zip codes across all dependent variables (SES and food environment)

rather than using more speci�c cut-offs. In terms of zip code level income, our less wealthy zip

codes are still relatively wealthy compared with average national income levels (Supplementary

Table 4). Despite the �ne-grained spatial resolution, the analysis included a total of 9,822 zip

codes, covering the vast majority of US counties. Two large neighborhood food environment stud-

ies included 20,897 participants from the Reasons for Geographic and Racial Differences in Stroke

Study96 and 3,768 participants from the Framingham Heart Study26 respectively. Recently, Aiello

et al. conducted an analysis using 1.6 billion food purchases and 1.1 billion medical prescriptions

for the city of London; however, as the authors point out, food purchase data could not be used to

construct individual dietary patterns97. We used individual's food logging and BMI data generated

from 1,164,926 participants using one of the most popular commercially available apps. Our study

constitutes the largest United States nationwide study examining the impact of food environment
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on diet to date.

For this analysis, we also harnessed other large datasets such as Yelp to examine partici-

pants' food environments. The usage of our combined dataset goes beyond food environment and

diet studies. Other attributes such as participants physical activity levels and social networks can

be utilized to study other built and social environment exposures and health outcomes. partici-

pants location tracking data not only can be used to derive environmental exposures such as air

pollution and noise98, but also formulate personalized real-time intervention strategies99,100. Con-

sidering both the strengths and limitations of this study, more research is needed especially based

on longitudinal study design and detailed individual level data to allow causal inference and precise

interpretation of the results.

5 Conclusion
We analyzed 2.3 billion food intake logs and BMIs from 1.2 million MyFitnessPal smart-

phone app participants over seven years across 9,822 zip codes in relation to education, race/ethnicity,

income, and food environment access. Our analyses indicated that higher access to grocery stores,

lower access to fast food, higher income and education were independently associated with higher

consumption of fresh fruits and vegetables, lower consumption of fast food and soda, and lower

likelihood of being overweight or obese. Policy targeted at improving food access, income and

education may increase healthy eating. Potential interventions may need to be targeted to speci�c

subpopulations for optimal effectiveness.
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Figure 1: Number of participants in our study across U.S. counties. A choropleth showing

the number of participants in each U.S. county. This country-wide observational study included

1,164,926 participants across 9,822 U.S. zip codes that collectively logged 2.3 billion food entries

for an average of 197 days each. Most U.S. counties are represented by at least 30 participants

in our dataset. This study constitutes the largest nationwide study examining the impact of food

environment on diet to date, with 300 times more participants and 4 times more person years of

tracking than the Framingham Heart Study26.
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