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Abstract 

Background:  Cardiovascular health is linked to sugar- and artificially-sweetened beverages (SSBs and ASBs). Prior 
studies document declines in SSB purchases. However, it is unclear if similar trends exist at convenience and other 
small food outlets, which often serve lower-income communities and where objective point-of-sales data are difficult 
to obtain. We examined trends (2014–2017) in observed SSB, ASB, and water purchases at convenience and other 
small stores as well as differences in purchasing by customer characteristics.

Methods:  We used observational purchase data collected annually (2014–2017) from 3010 adult customers at 147 
randomly-sampled stores in Minneapolis/St. Paul, USA. SSB sub-types included any ready-to-drink sweetened soda, 
fruit, sport, energy, tea, or other drink, and ASBs included artificially-sweetened versions. Unsweetened water included 
ready-to-drink water. Mixed regression models examined trends over time and associations with customer character-
istics, accounting for customers nested within stores and stores repeatedly measured over time.

Results:  Nearly 50% of purchases included an SSB. Approximately 10% included an ASB. There was no evidence of 
change over time in SSB or ASB purchasing. Customer purchasing of unsweetened water significantly increased over 
time (5.7 to 8.4%; P for trend = 0.05). SSB purchasing was highest among men, young adults, customers with lower 
education/ income, and customers that shopped frequently. ASB purchasing was highest among women, those 
40–59 years, non-Hispanic White, Hispanic, and customers with higher education/ income.

Conclusions:  Despite research suggesting previous declines in SSB consumption and purchasing in the US, we iden-
tified a persistent, high trend of SSB purchasing overtime at convenience and other small food stores. Consumption 
of SSBs and water are growing targets for public policy and health campaigns. Results demonstrate additional work is 
needed curb sweetened beverage purchasing and promote water purchasing at convenience and other small food 
stores, which are often prevalent in low-income and marginalized communities.

Keywords:  Sugar-sweetened beverages, Water purchasing, Corner stores, Convenience stores, Customer purchases, 
Trend analyses
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Introduction
Sugar-sweetened beverages (SSBs) are important con-
tributors to obesity and cardiovascular health [1–7] and 
increasing evidence indicates similar concerning patterns 
with artificially-sweetened beverages (ASBs) [4, 5, 8, 9]. 
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With this, decreasing consumption of SSBs and ASBs 
have become growing targets for public health and policy 
intervention [10–14]. Given the ongoing need for evi-
dence-informed policy approaches, it remains important 
to understand sweetened beverage purchasing trends 
over time, characteristics of purchasers, and how inter-
ventions may need to be modified depending on the type 
of outlet where these beverages are purchased.

Recent US evidence using self-reported intake has 
documented declines in SSB consumption [15–19] and 
increases in both ASB [16] and water consumption [17, 
20] across the past 10–20 years. Objective customer 
purchasing data are an important complement to self-
reported intake data, avoiding self-report bias and other 
measurement challenges. Studies using purchasing data 
have documented similar declines in SSBs and increases 
in ASBs and water and relied on either point-of-sale data 
or household scanner data of Universal Product Codes 
[21–25]. One study examined purchasing across specific 
store types, such as pharmacies and supermarkets [21].

Convenience and other small food stores, such as cor-
ner stores, gas-marts, and dollar stores, are frequent ven-
ues for SSB purchasing [26–28], and research suggests 
these are key SSB purchasing outlets for low-income 
communities [29]. However, objective purchase data 
from convenience and other small food stores are often 
difficult to capture for two important reasons [30]. First, 
beverages at these venues are often purchased in small 
trips and immediately consumed, creating known data 
gaps in large consumer panel datasets (e.g., immediately 
consumable items, such as small drink bottles, have been 
identified as commonly missing from household scan-
ner datasets) [31]. Second, many convenience and other 
small food stores lack point-of-sale systems due to high 
costs [30, 32]. Relying only on sales data from venues 
with point-of-sale technology introduces selection bias 
effects [29] and underrepresents purchasing in mar-
ginalized communities. Thus, it remains unclear if the 
observed declines in SSB consumption and purchasing 
from prior US studies reflect trends in purchases made in 
convenience and other small stores and the distribution 
of customers making these different purchases.

This study addresses these gaps by using objective 
(observed) purchasing data among adult customers at 
convenience and other small food stores in Minneapolis- 
St. Paul, USA. We examined trends (2014–2017) in the 
purchasing of SSBs, ASBs, and unsweetened water overall 
and by beverage sub-type (e.g., sugar-sweetened energy 
drinks, sugar-sweetened fruit drinks). We also examined 
whether purchasing varied across key customer charac-
teristics relevant to understanding inequity (e.g., custom-
ers’ residential neighborhood socioeconomic status) and 
are commonly targeted by the beverage industry (e.g., 

age, race/ethnicity) [33–35]. Such work is important to 
support ongoing public health efforts to promote water, 
reduce sweetened beverage consumption, and under-
stand how this work should be approached at conveni-
ence and other small food stores.

Methods
Study design
We used observational food and beverage purchasing 
data collected annually (2014–2017) as part of the STaple 
foods ORdinance Evaluation (STORE) study. The primary 
objective of the STORE study was to assess the effects of 
the Minneapolis Staple Foods Ordinance on the health-
fulness of store environments and customer purchasing 
in small and non-traditional food stores [36]. The Min-
neapolis ordinance required vendors to stock a minimum 
amount and varieties of healthy staple foods (e.g., fruits, 
whole grains). However, SSBs, ASBs and water were not 
addressed in the policy. Data were collected in Minneap-
olis as well as in St. Paul, Minnesota, USA, which served 
as the comparison (i.e., control) site.

One-hundred and eighty eligible stores (90 Minne-
apolis, 90 St. Paul) were randomly selected based on 
administrative lists of licensed retailers. After a pre-data 
collection store visit, 23 stores were deemed ineligible 
and 2 stores did not provide consent, resulting in 155 
stores that participated at one or more study time points. 
Additional details on store eligibility, including par-
ticipation at each time point, have been previously pub-
lished [36, 37]. All human subjects study protocols were 
approved by the University of Minnesota Institutional 
Review Board.

Data collection and sample
To evaluate customer purchases, teams of two data col-
lectors visited stores primarily on weekdays between 
10 am and 7 pm to assess customer activity at the busi-
est times for stores. With manager permission, intercept 
interviews were performed with customers exiting the 
store. All customers that had a visible food, beverage, or 
bag of purchases and were not clearly under the age of 
18 were invited to participate [38]. Customers who were 
at least 18 years old, had made a food or beverage pur-
chase, and agreed to participate then participated in a 
direct observation of their purchased foods and bever-
ages, and data collectors recorded details, including the 
product name, amount, and size. Data collectors also 
performed a brief interviewer-administered survey that 
collected information about customers’ socio-demo-
graphics, shopping behaviors, and self-reported height 
and weight. Across the four time points, a total of 3010 
customers participated in intercept interviews at 147 
stores, which reflected an overall customer response rate 
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of 35%. Additional details on data collection methods, 
participant eligibility, and response rates are published 
elsewhere [36, 38].

Among the 147 stores (78 Minneapolis, 69 St. Paul) 
with customers participating at one or more time points, 
40% were food-gas marts, 34% were convenience/corner 
stores, 15% were pharmacies, 10% were dollar stores, 
and < 1% were classified as a general retailer. Fifty-six per-
cent of stores were corporate- or franchise-owned and 
44% independently-owned. Nearly all (95%) stores were 
authorized to accept US Supplemental Nutrition Assis-
tance Program customer benefits.

Measures
SSB, ASB, and water purchases
Data on customer food and beverage purchases were 
entered by trained staff into the Nutrition Data Sys-
tem for Research, a software application that generates 
nutrition profiles for food and beverage product catego-
ries [39]. We defined a SSB, ASB, or unsweetened water 
purchase as any customer who purchased at least 4 fluid 
ounces of a ready-to-drink version (i.e., packaged bever-
age ready for consumption immediately after purchase). 
We examined the prevalence of customers who pur-
chased these beverages overall and by sub-categories (see 
Table 1 for definitions).

Customer characteristics
We examined both individual and residential neighbor-
hood characteristics of customers. Individual charac-
teristics included: age group (18–39 years, 40–59 years, 
or ≥ 60 years); sex (female or male); race/ethnicity (cat-
egorized based on frequency distributions into non-
Hispanic White, non-Hispanic Black, Hispanic, or other 
non-Hispanic race); education (high school diploma 
or less, some college, or Bachelor’s degree or higher); 
annual household income (<$25,000, $25,000–$50,000, 
or > $50,000); body mass index (BMI; derived from self-
reported height and weight and categorized into < 25.0, 
25.0–29.9, and ≥ 30.0); and shopping frequency at the 
recruited small food store (at least daily, 1–6 times per 
week, or less than once per week). Categories were 
informed by prior studies [15, 17] and cell size.

Customers’ residential neighborhood characteristics 
were derived from their residential census tract, identi-
fied based on customer reports of the street name they 
live on and the nearest cross street. We categorized cus-
tomers’ residential census tracts by poverty status and 
food desert status using data from the 2013–2017 Ameri-
can Community Survey (ACS) [40] and the USDA Food 
Access Research Atlas [41], respectively. Following prior 
work [37, 42], we defined high poverty neighborhoods as 
census tracts with > 50% of residents below 185% of the 

Table 1  Category scheme to classify beverage purchases entered in the Nutrition Data System for Research into sugar-sweetened 
beverage (SSB), artificially sweetened beverage (ASB), and unsweetened water categories and sub-categories

ASB artificially sweetened beverage, SSB sugar-sweetened beverage

Beverage category Definition

SSB
  Regular Soda Carbonated non-alcoholic beverage with added sugar or a combination of sugar and artificial sweeteners; sweetened soft drinks.

  Fruit Drinks Non-carbonated, non-alcoholic fruit drink with added sugar or a combination of sugar and artificial sweeteners; fruit drinks; does 
not include 100% fruit juices.

  Sports Drinks Sweetened sports drinks; hand-coded from nondairy-based sweetened meal replacement/ supplement beverage category; 
includes Gatorade, Powerade, and thirst quencher or sports type ready-to-drink beverages.

  Energy Drinks Sweetened energy drinks; hand-coded from nondairy-based sweetened meal replacement/ supplement beverage category; 
includes AMP Energy, Red Bull, Rockstar, Monster Energy, Venom, Full Throttle, and special formulated energy drink products.

  Sweetened Tea Sweetened tea drinks; tea with added sugar or a combination of sugar and artificial sweeteners.

  Other SSBs Ready-to-drink sweetened water; dairy/milk-based drinks with added sugar; sweetened coffee/ coffee substitute drinks; com-
bined due to limited purchases across time points.

  Overall Any purchase from the SSB sub-categories above.

ASB
  Diet Soda Carbonated non-alcoholic beverage with only artificial or non-nutritive sweeteners (no added sugar); artificially sweetened soft 

drinks.

  Other ASBs Ready-to-drink artificially sweetened fruit drinks; nondairy-based artificially sweetened meal replacement/ supplement drinks, 
including artificially sweetened sports and energy drinks; artificially sweetened tea; artificially sweetened water; artificially sweet-
ened milk/dairy-based drinks; artificially sweetened coffee/ coffee substitute drinks; combined due to limited purchases across 
time points.

  Overall Any purchase from either ASB sub-category above.

Water
  Overall Ready-to-drink unsweetened bottled water; includes unsweetened coconut water.
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federal poverty level [43] (FPL) and less poverty neigh-
borhoods as census tracts with ≤50% of residents below 
185% FPL. Food desert neighborhoods were defined as 
census tracts that were both low-access (100 or more 
households without access to a vehicle and located >½ 
mile from nearest supermarket) and low-income (either 
a poverty rate > 20% or the census tract’s median fam-
ily income is ≤80% of the state or metropolitan area’s 
median family income) [41].

Statistical analysis
We first calculated descriptive statistics for all measures, 
including customer characteristics and beverage pur-
chases, for each study year. To examine trends over time 
(2014–2017) in customer SSB, ASB, and water purchas-
ing, we began by identifying whether there were changes 
in customer participation across time. Both customer 
race/ethnicity and BMI varied across time and were sub-
sequently treated as covariates. We then computed sepa-
rate mixed regression models for each beverage type to 
examine the purchasing rate across time controlling for 
customer race/ethnicity and BMI, a fixed city effect for 
the study design (Minneapolis/ St. Paul), and a random 
effect for store to account for nesting of customers within 
stores, the variation in customer interviews conducted 
per store, and stores repeatedly measured over time. 
Results are presented as predicted probabilities and the 
p-value for the linear time trend test (df = 1). As a sensi-
tivity check, we examined whether predicted change over 
time varied by city, given a SSB public health campaign 
(i.e., “reTHINK your drink!”) was initiated in Minneapo-
lis during the study period [44]; we did not identify any 
notable interactions between city and time and do not 
report results.

We then examined differences in beverage purchases 
by customer characteristics in an additional set of mixed 
regression models. Models examined each customer 
characteristic separately controlling for time trends, 
confounders (customer age, race/ethnicity, and sex), a 
fixed city effect for the study design, and a random effect 
to account for nesting of customers within stores and 
unbalanced number of customer observations. Results 
are presented as predicted percentages of customers with 
standard errors.

All analyses were performed using SAS 9.4 (SAS Insti-
tute, Cary NC) with significance set at α ≤ 0.05.

Results
The analytic sample included 3010 adult food and bever-
age customers of convenience and other small food stores 
in Minneapolis and St. Paul, MN, USA. Table  2 reports 
sample sizes and proportions of customer characteristics 
across time.

Trends in SSB, ASB, and water purchases (2014–2017)
Nearly 50% of all observed food and beverage purchases 
included an SSB with approximately 25% of all purchases 
including soda across all study years (Table 3). There was 
no evidence of change over time between 2014 to 2017 
in the proportion of customers purchasing SSBs overall 
or across beverage sub-types (P for trend > .05). A simi-
lar pattern was observed for ASB purchasing over time 
(P for trend > .05 overall and by sub-type), and ASB pur-
chases were less commonly purchased among customers 
(approximately 8–9% overall). Unsweetened water pur-
chases were less common than overall ASBs and SSBs, 
however, prevalence of purchasing significantly increased 
from 2014 to 2017 (5.7 to 8.4%; P for trend = 0.05).

Differences in SSB, ASB, and water purchases by customer 
characteristics
Table 4 reports the differences in the prevalence of SSB, 
ASB, and water purchasing across customer character-
istics. Compared to customers aged 18–39, those aged 
40–59 and ≥ 60 years demonstrated significantly less 
SSB purchasing overall (52.5% vs 44.2 and 25.9%, respec-
tively; P < .0001) as well as across fruit drink, sports 
drink, and energy drink SSB sub-categories. Custom-
ers aged 40–59 years had significantly higher purchasing 
than those aged 18–39 of overall ASBs (10.2% vs. 6.4%; 
P =  0.0006) and diet soda. Compared to men, women 
had significantly less purchasing of SSBs overall (37.6% 
v. 43.0%; P =  0.008) and energy drinks while signifi-
cantly greater purchasing of overall ASBs (8.9% v. 6.0%; 
P =  0.002) and diet soda. Across racial/ethnic groups, 
overall SSB purchasing did not vary significantly, but 
purchasing by sub-type did. Compared to non-Hispanic 
White, non-Hispanic Black customers demonstrated sig-
nificantly less purchasing of sports and energy drinks and 
significantly more purchasing of soda and fruit drinks. 
Compared to non-Hispanic White customers, non-
Hispanic Black and other non-Hispanic racial groups 
displayed significantly less purchasing of ASBs overall 
(13.4% v. 2.6 and 6.1%, respectively; P <  .0001) and diet 
soda, while there were no significant differences between 
Hispanic and non-Hispanic White customers.

Across educational attainment, customers with a high 
school diploma or less, compared to those with bach-
elor’s degree or higher, had significantly greater purchas-
ing of overall SSBs (45.8% vs. 31.5%; P < .0001) and soda 
while significantly less purchasing of overall ASBs (5.7% 
vs. 10.8%; P = 0.0001), diet soda, and unsweetened water 
(5.6% vs. 8.7%; P =  0 .02). Compared to customers with 
at least a bachelor’s degree, those with some college 
education also had greater overall SSB (40.0% vs. 31.5%; 
P = 0.0002), soda, energy drink, and sweetened tea pur-
chasing and less overall ASB (6.2% vs. 10.8%; P < .0001) 
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and diet soda purchasing. Largely similar socio-economic 
patterns of greater SSB and less ASB purchasing were 
observed across annual household income levels as well 
as the poverty status and food desert status of custom-
ers’ residential neighborhoods; though, differences were 
small and most not statistically significant.

Across shopping frequency, customers that shopped 
daily at the store had significantly greater overall SSB 

(44.4% vs. 36.3%; P = 0.002) and soda purchasing com-
pared to customers shopping there less than once per 
week. Diet soda purchases were significantly more 
common among weekly shoppers compared those who 
shopped there less than once per week. Unsweetened 
water purchases were significantly less among both 
daily (5.4%; P = 0.008) and weekly (6.8%; P = 0.01) 

Table 2  Characteristics of customers (n = 3010) at convenience and other small food stores, Minneapolis-St. Paul, USA, 2014–2017

FPL, federal poverty level
a  Non-Hispanic Other Racial Group included: n = 9 Non-Hispanic Pacific Islander/Native Hawaiian, n = 99 Non-Hispanic Asian, n = 123 Non-Hispanic American Indian/ 
Native Alaskan, n = 128 Non-Hispanic More than 1 racial group, n = 132 Non-Hispanic Racial Category not captured

2014 2015 2016 2017
N (%) N (%) N (%) N (%)

Individual Characteristics
  Age

    18–39 years 332 (52) 452 (60) 457 (58) 420 (53)

    40–59 years 230 (36) 247 (33) 273 (34) 275 (35)

     > = 60 years 75 (12) 56 (7) 62 (8) 94 (12)

  Sex

    Female 275 (43) 337 (44) 341 (43) 329 (41)

    Male 358 (57) 423 (56) 459 (57) 469 (59)

  Race/ethnicity

    Non-Hispanic White 295 (46) 310 (41) 314 (40) 297 (38)

    Non-Hispanic Black 230 (36) 278 (37) 303 (38) 309 (39)

    Hispanic 21 (3) 48 (6) 53 (7) 29 (4)

    Non-Hispanic Other Racial Groupa 90 (14) 122 (16) 124 (16) 155 (20)

  Education

    High school diploma or less 244 (38) 273 (36) 323 (40) 305 (38)

    Some college 227 (36) 297 (39) 288 (36) 308 (39)

    Bachelor’s degree or higher 166 (26) 190 (25) 188 (24) 183 (23)

  Household income

     < $25,000 216 (38) 259 (37) 266 (36) 274 (38)

    $25,000–$50,000 201 (35) 230 (33) 251 (34) 236 (33)

     > $50,000 156 (27) 210 (30) 220 (30) 211 (29)

  Body Mass Index

     < 25 235 (37) 275 (37) 275 (36) 232 (30)

    25–29.9 197 (31) 254 (34) 228 (30) 280 (37)

     > =30 210 (33) 215 (29) 263 (34) 255 (33)

  Shopping frequency

    At least daily 187 (29) 224 (29) 237 (30) 262 (33)

    1–6 times per week 280 (44) 345 (45) 349 (43) 328 (41)

    Less than 1 time per week 171 (27) 195 (26) 217 (27) 207 (26)

Residential Neighborhood Characteristics
  Poverty Status

    High Poverty (> 50% of residents < 185% FPL) 163 (28) 171 (25) 170 (23) 153 (21)

    Less Poverty (≤50% of residents < 185% FPL) 429 (72) 518 (75) 577 (77) 560 (79)

  Food Desert Status

    Low-income/ low-access neighborhood 166 (28) 191 (28) 200 (27) 182 (26)

    Not in low-income/ low-access neighborhood 426 (72) 498 (72) 547 (73) 531 (74)
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shoppers compared customers that shop less than once 
per week (10.3%).

Discussion
Using direct observation data from a repeated cross-
sectional sample of adult food and beverage customers, 
we examined SSB, ASB, and unsweetened water pur-
chases at urban convenience and other small food stores 
over time (2014–2017) and across customer characteris-
tics. The prevalence of both SSB and ASB purchases did 
not change across time, however, there were significant 
increases in the purchases of unsweetened water. Several 
differences in beverage purchases were identified across 
customer characteristics, which reflects different cus-
tomer groups targeted to purchase SSBs and ASBs. Over-
all, findings demonstrate that significant work is needed 
to curb sweetened beverage and promote unsweetened 
water purchasing at convenience and other small food 
stores.

Despite promising trends in reduced SSB consumption 
and purchasing in the US [15, 17, 18, 21, 22, 24] since its 
peak in 2000 [19], we identified that nearly 1 in 2 food/
beverage purchasers at convenience and other small 
food stores included an SSB and this high proportion of 
SSB purchasing did not significantly decrease from 2014 
to 2017. Some of the disparity of our results with prior 
research may relate to our cohort of understudied con-
venience retail outlets capturing “on-the-go” purchasing, 

being limited to a small US geographic area, and/or study 
years—as most prior investigations ended before or near 
the start of our time frame (2014). A few recent trends 
bolster the flattened SSB purchase trend we identified. 
Jiang et  al. (2020) identified a similarly flat 2014–2017 
pattern in SSB consumption among adults in New York 
City [45], and industry sales of sugary drink calories per 
person per day have demonstrated a plateaued trend 
since 2013 [19, 46].

While we also identified stable trends in ASB pur-
chases, water purchases increased significantly. Similar 
patterns of water have been identified by other studies 
using dietary intake [17, 20] and point-of-sales volume 
data at pharmacies [21]. However, ready-to-drink water 
was the least commonly purchased beverage type in our 
sample. Without complimentary evidence of decreases in 
SSB and ASB purchasing, these results suggest few, if any, 
customers were swapping water for their sweetened bev-
erage selection.

We also identified SSB and ASB purchasing varied 
by key social groups that may be targeted differently by 
the beverage industry [33–35]. Aligning with prior SSB 
intake studies [15, 17, 19, 47], we found SSB purchasing 
to be highest among men, young adults, and custom-
ers with lower education and economic resources. In 
comparison, ASB and diet soda purchasing was highest 
among women, those 40–59 years, non-Hispanic White, 
Hispanic, and customers with higher education and 

Table 3  Trends in beverage purchases overtime at convenience and other small food stores, Minneapolis-St. Paul, USA, 2014–2017

Models included store identification as a random effect due to nesting of customers within stores and controlled for city effect (study design) and two covariates 
identified as varying across time (race/ethnicity and BMI). Boldface indicates statistically significant change over time (P ≤ 0.05)
a  Includes ready-to-drink sweetened water, dairy/milk-based, and/or coffee-based drinks; combined due to limited cell size
b  Includes ready-to-drink artificially sweetened: fruit drinks, sports drinks, energy drinks, tea, water, and dairy/milk- and/or coffee-based drinks; combined due to 
limited cell size

Outcome Predicted % of Customers by Year P value 
for linear 
trend

2014 2015 2016 2017 (df = 1)

Sugar-sweetened beverages
  OVERALL 47.9 47.4 47.4 46.6 0.59

  Regular Soda 27.3 26.6 26.2 25.6 0.37

  Fruit Drinks 8.7 8.1 7.5 6.6 0.09

  Sports Drinks 4.8 4.7 4.8 4.7 0.96

  Energy Drinks 3.9 4.1 4.3 4.4 0.40

  Sweetened Tea 5.1 4.8 4.7 4.2 0.37

  Other Sweetened Beverages a 2.5 3.0 3.5 4.1 0.16

Artificially sweetened beverages
  OVERALL 8.1 8.3 8.3 8.7 0.42

  Diet Soda 5.7 5.3 5.1 4.7 0.78

  Other Artificially Sweetened Beverages b 2.7 3.1 3.2 4.0 0.10

Unsweetened Water 5.7 6.5 7.2 8.4 0.05
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Table 4  Prevalence of beverage purchases across customer characteristics (n = 3010 customers), Minneapolis-St. Paul, USA, 2014–
2017

All models controlled for customer age, sex, race/ethnicity, a city effect (study design), time trends, and included store identification as a random effect due to nesting 
of customers within stores. Boldface indicates statistically significant difference from reference category(P ≤ 0.05). ASB artificially-sweetened beverages; ref., reference 
category; SSBs sugar-sweetened beverages
a  Unsweetened water
b  Non-Hispanic Other Group included: n = 9 Non-Hispanic Pacific Islander/Native Hawaiian, n = 99 Non-Hispanic Asian, n = 123 Non-Hispanic American Indian/ Native 
Alaskan, n = 128 Non-Hispanic More than 1 racial group, n = 132 Non-Hispanic Racial Category not captured
c  n = 2741 customers with residential neighborhood data. High poverty status, > 50% of residents < 185% federal poverty level; Less poverty status, ≤ 50% of 
residents < 185% federal poverty level
d  n = 2741 customers with residential neighborhood data. Food desert neighborhoods were defined as census tracts that were both low-access (100 or more 
households without access to a vehicle and located > ½ mile from nearest supermarket) and low-income (either a poverty rate > 20% or the census tract’s median 
family income is < 80% of the state or metropolitan area’s median family income [41]

SSBs ASBs Watera

OVERALL Soda Fruit Sports Energy Tea OVERALL Diet Soda OVERALL

Customer Characteristic Predicted % (SE)

  Age

    18–39 years (ref ) 52.5 (1.8) 26.7 (1.6) 10.0 (1.0) 6.3 (0.7) 4.7 (0.7) 5.5 (0.7) 6.4 (0.8) 2.9 (0.5) 6.9 (0.8)

    40–59 years 44.2 (2.1) 27.1 (1.7) 6.0 (0.9) 2.7 (0.5) 2.2 (0.5) 4.7 (0.8) 10.2 (1.2) 7.3 (1.1) 7.1 (0.9)

     > = 60 years 25.9 (2.6) 17.3 (2.3) 1.3 (0.7) 0.9 (0.7) 0.5 (0.3) 2.6 (1.2) 5.9 (1.4) 4.9 (1.3) 8.2 (1.8)

  Sex

    Male (ref ) 43.0 (1.9) 24.1 (1.6) 4.0 (0.9) 2.6 (0.7) 2.3 (0.6) 4.9 (0.9) 6.0 (0.8) 3.5 (0.7) 7.4 (0.9)

    Female 37.6 (2.2) 22.6 (1.9) 4.5 (1.0) 2.4 (0.7) 1.3 (0.4) 3.4 (0.7) 8.9 (1.2) 6.4 (1.0) 7.4 (0.9)

  Race/ethnicity

    Non-Hispanic White (ref ) 40.1 (2.0) 21.7 (1.4) 2.7 (0.6) 3.3 (0.9) 3.1 (0.8) 3.5 (0.6) 13.4 (1.2) 9.3 (1.0) 7.2 (0.8)

    Non-Hispanic Black 41.3 (2.0) 25.9 (1.8) 5.8 (1.2) 2.1 (0.6) 0.8 (0.3) 3.7 (0.8) 2.6 (0.4) 1.4 (0.4) 6.8 (0.9)

    Hispanic 40.2 (4.5) 20.8 (3.6) 4.8 (1.4) 2.3 (1.0) 1.9 (0.9) 5.1 (1.8) 11.5 (3.1) 11.1 (3.3) 7.9 (2.3)

    Non-Hispanic Other Groupb 39.4 (2.9) 25.3 (2.3) 4.4 (1.2) 2.5 (0.7) 1.7 (0.5) 4.2 (1.1) 6.1 (1.2) 3.1 (0.8) 7.6 (1.4)

  Education

    High school diploma or less 45.5 (1.8) 28.4 (1.8) 4.9 (1.1) 2.2 (0.6) 1.5 (0.5) 4.3 (0.9) 5.7 (0.9) 4.4 (0.8) 5.6 (0.9)
    Some college 40.0 (2.4) 23.2 (1.9) 3.4 (0.8) 2.7 (0.8) 2.2 (0.7) 5.0 (1.0) 6.2 (0.9) 3.2 (0.6) 8.4 (1.1)

    Bachelor’s degree or more (ref ) 31.5 (2.4) 15.5 (1.7) 4.2 (1.0) 2.9 (0.8) 1.4 (0.4) 2.7 (0.7) 10.8 (1.6) 7.8 (1.5) 8.7 (1.2)

  Household income

     < $25,000 43.3 (2.1) 25.5 (1.9) 4.9 (1.1) 2.5 (0.8) 2.0 (0.5) 4.4 (1.1) 5.8 (1.0) 3.7 (0.8) 6.5 (1.1)

    $25,000–$50,000 41.1 (2.3) 25.2 (2.0) 3.1 (0.8) 2.8 (0.8) 2.0 (0.6) 3.7 (1.0) 6.8 (1.0) 4.7 (0.8) 8.3 (1.3)

     > $50,000 (ref ) 37.9 (2.6) 21.5 (2.0) 4.3 (1.0) 2.6 (0.7) 1.6 (0.5) 3.1 (0.8) 8.7 (1.5) 6.6 (1.4) 8.8 (1.2)

  Body Mass Index

     < 25 (ref ) 37.3 (2.5) 21.2 (1.9) 4.4 (1.0) 2.1 (0.6) 2.0 (0.6) 3.7 (0.9) 6.0 (1.1) 3.9 (0.9) 7.8 (1.0)

    25–29.9 41.5 (2.2) 25.6 (2.0) 3.9 (0.8) 2.3 (0.6) 1.4 (0.4) 3.1 (0.7) 7.6 (1.2) 4.6 (0.9) 6.8 (0.9)

     > =30 41.5 (2.0) 23.4 (1.7) 4.5 (1.1) 3.1 (1.0) 1.9 (0.6) 4.6 (0.9) 7.4 (1.1) 5.1 (0.9) 7.6 (1.3)

  Shopping frequency

    At least daily 44.4 (2.3) 26.3 (2.0) 4.5 (1.1) 2.6 (0.9) 2.1 (0.6) 3.0 (0.8) 6.3 (1.0) 4.4 (0.9) 5.4 (0.9)
    1–6 times per week 39.8 (2.0) 23.3 (1.8) 3.6 (1.0) 2.5 (0.7) 1.7 (0.5) 4.5 (0.9) 8.4 (1.2) 5.5 (1.0) 6.8 (1.0)
    Less than 1 time per week (ref ) 36.3 (2.4) 20.3 (1.9) 3.2 (0.8) 2.5 (0.7) 1.3 (0.5) 4.6 (1.1) 6.6 (1.1) 3.8 (0.8) 10.3 (1.3)

  Neighborhood Poverty Statusc

    High Poverty 43.7 (2.4) 26.0 (2.1) 5.1 (1.4) 2.5 (0.8) 1.8 (0.5) 4.2 (1.2) 6.4 (1.3) 3.3 (1.0) 5.3 (1.1)

    Less Poverty (ref ) 39.2 (2.1) 21.7 (1.7) 4.1 (0.9) 2.6 (0.7) 1.8 (0.5) 4.4 (0.9) 7.8 (1.0) 5.7 (0.8) 7.5 (0.9)

  Neighborhood Food Desert Statusd

    Low-income/ Low-access 41.7 (2.5) 23.0 (2.1) 5.0 (1.1) 2.7 (0.9) 1.7 (0.4) 4.0 (0.9) 6.0 (1.0) 3.3 (0.8) 7.3 (1.3)

    Not low-income/ Not low-access (ref ) 39.8 (2.0) 22.7 (1.7) 4.2 (0.9) 2.5 (0.6) 2.2 (0.8) 4.5 (0.9) 8.0 (1.0) 5.7 (0.9) 6.8 (0.8)
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economic resources. Given the robust evidence about 
the links between SSBs and poor health [2–7] and the 
increasing evidence for the harmful health effects of 
ASBs [4, 5, 8, 9], these results suggest that multiple popu-
lation groups may all be at-risk for poor health outcomes 
due to their beverage choices. If future research contin-
ues to identify evidence of the harmful health impacts 
of ASBs, then a shift in public health may be required to 
focus on reducing all sweetened beverages (sugar- and 
artificially-) [14] and recognizing the greater diversity of 
social groups that may be affected.

Differing from prior research on SSB intake [17, 47], 
we did not identify differences in overall SSB purchas-
ing by race/ethnicity at convenience and other small food 
stores. However, there were distinct purchasing patterns 
across SSB sub-types (e.g., higher purchasing of energy 
drinks among non-Hispanic White compared to non-
Hispanic Black) as well as by overall ASB and diet soda 
purchasing. Such variation reflects the beverage indus-
try’s product targeting of different sweetened beverages 
to specific racial/ethnic groups and highlights the need 
for additional research to investigate the ways diverse 
social groups may be exposed to different industry mar-
keting messages and practices [34, 35].

Unsweetened water purchases showed fewer dif-
ferences across customer characteristics compared to 
overall SSB and ASB purchases. Purchases were highest 
among customers with higher educational attainment 
and those that shopped less than once per week at the 
store. Shopping frequency was also associated with SSB 
purchasing with higher purchasing among daily com-
pared to less frequent shoppers. Given the healthfulness 
of beverage selections varied by shopping frequency, 
the relative exposure to in-store marketing features 
at convenience and other small food stores may be an 
important contributor to the healthfulness of beverages 
selected by consumers [48–50] and deserves additional 
investigation.

Strengths and limitations
These findings provide estimates for sweetened beverage 
and unsweetened water purchasing at venues underrep-
resented in previous research due to their known status 
of being highly challenging research venues. Using obser-
vational purchase data from convenience and other small 
food stores randomly-sampled and repeatedly measured 
across time, we analyzed recent trends and patterns in 
beverage purchases from 2014 to 2017. Despite these 
strengths, this study had several limitations. These data 
are limited to the specific region of Minneapolis-St. Paul, 
USA, and the narrow time frame (2014–2017) restricted 
our ability to assess longer trends over time. In addition, 
the process for determining customers’ age eligibility and 

the overall limited participation rate among customers 
may have introduced bias. Categories of customer char-
acteristics were at times broad preventing comparisons 
among more refined groups (e.g., comparing customers 
with only a high school diploma to those who had not 
obtained a high school diploma). No explicit control for 
multiple models was employed, but we focused inter-
pretation on the robust patterns observed in the associa-
tions with customer characteristics. We also focused on 
the proportion of customers making a beverage purchase 
and did not use other measures previously used to exam-
ine population patterns in beverage purchasing (e.g., vol-
ume sales, kilocalories purchased per person per day).

Conclusion
While US research indicates improving trends in SSB and 
water purchasing over the past two decades, we found 
limited support for promising sweetened beverage trends 
at urban convenience and other small food stores from 
2014 to 2017. Coupling this with industry evidence that 
sweetened beverages are an ever-growing share of rev-
enue at convenience stores [32], suggests that interven-
tions and policies specifically directed at US convenience 
and related outlets are a necessary focus to the work 
accomplished to date [14]. Fortunately, a recent policy 
evaluation [13] suggests excise taxes may be one effective 
tool in reducing purchases at these unique sites. At the 
same time, with many low-income communities relying 
on these outlets for their food and beverage needs [29, 
51] and our results showing distinct patterns by socio-
economic resources, it remains important to understand 
beverage purchasing as both a health and equity issue. 
Addressing the historical and social conditions that place 
marginalized communities at increased risk for SSB pur-
chasing and limited water selections, including those at 
convenience stores, will be essential to improve popula-
tion health as well as health equity.
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