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Abstract
Objective: Soda consumption is high in the USA, especially among minorities and
individuals of lower socio-economic status (SES); this may be due to its affordable
price in relation to healthier alternatives. The objective of the present study was to
examine geospatial variation in price of milk and soda, and the price of milk
relative to soda, by neighbourhood SES and proportion of Hispanic and black
individuals.
Design: Retailer soda and milk prices (n 2987; Information Resources, Inc.
Academic Data Set 2004–2011) were linked to census block group
sociodemographic characteristics (American Community Survey 2005–2009).
Linear hierarchical regression models were used to adjust for confounders.
Setting: Large chain supermarkets and superstores (n 1743) in forty-one states and
1694 block groups (USA).
Results: For equivalent fluid ounces, price of soda on average was 62% lower than
milk ($US 0·23 v. $US 0·63 per serving) and there was high dispersion in milk price
across geographic areas. After adjustment for confounding, neighbourhoods with a
higher concentration of black and Hispanic individuals tended to have lower soda
prices and higher milk prices (−$US 0·001 and +$US 0·007 in price per serving,
respectively, for a one quintile increase in black/Hispanic population), while soda
and milk both became less expensive as SES decreased (–$US 0·002 and −$US
0·015 in serving price per one SD decrease in SES index, respectively).
Conclusions: Neighbourhoods with a higher concentration of blacks and
Hispanics may be at greater risk of higher soda consumption due to more
affordable prices, in absolute terms and relative to the price of milk.
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Soft drink sales per capita are higher in the USA than
anywhere else in the world, other than Argentina(1).
Approximately one-half of the US population consumes a
sugar drink on any given day(2), with blacks, Hispanics
and individuals of low socio-economic status (SES) most
likely to do so(3). Sugar-sweetened beverages, such as
soda, are nutrient deficient and most or all of the energy
they provide comes from refined added sugars, typically
high-fructose corn syrup. The US Department of
Agriculture recommends no more than 10% of energy be
obtained from added sugars(4), yet a single can of cola
includes 586 kJ (140 kcal) of added sugar(5), 7% of energy
in a 8368 kJ/d (2000 kcal/d) diet. Consumption of soda and
other sugar-sweetened beverages has been linked to poor
health outcomes such as diabetes(6–9), obesity/weight
gain(10–12) and CVD(13–15). Furthermore, these chronic
diseases tend to be more prevalent in blacks, Hispanics
and those of low SES(16–19).

Conversely, consumption of fluid milk has dropped by
nearly 18% in the last 10 years(20) and current consump-
tion is lower than levels recommended by the US
Department of Agriculture(4). Additionally, blacks con-
sume less milk per capita than other races and adolescents
from lower-income households consume less than those
from higher incomes(21). While milk’s health benefits have
been questioned(22–24), in general, epidemiological evi-
dence supports a positive association between dairy
consumption and health, specifically a lower risk of
chronic diseases. For example, studies have found that
increased consumption of low-fat dairy is associated with
a lower risk of developing diabetes in men(25) and
women(26), as well as lower odds of developing insulin
resistance syndrome and obesity(27), and consumption of
dairy in general is associated with a lower risk of CVD,
all-cause death, stroke and diabetes(28,29). These benefits
are not limited to low-fat dairy; there is evidence that even
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full-fat dairy may decrease the risk of being overweight or
obese compared with low-fat dairy intake(30). Some pos-
sible reasons for the benefit conferred by milk are appetite
satiety and replacing less healthful drinks with milk(31,32).

High consumption of sugar-sweetened beverages may
be driven in part by their affordability compared with more
healthful alternatives(33). Differential availability across
sociodemographic factors may also contribute to disparities
in intake. It is possible that individuals of certain neigh-
bourhoods are at an increased risk for consuming soda due
to its relative affordability. This is especially likely for
individuals of lower SES who are more sensitive to food
prices(34) – due to a higher proportion of income spent on
food(35) – and those who are at an increased risk of obesity
and diabetes, such as blacks and Hispanics. While the
prices of unhealthy and healthy foods have been studied
previously(36–40), there is little information regarding how
the costs of those foods are related to the demographics of
the neighbourhood in which they are sold.

The present study compiled an analytic data set of soda
and milk prices across the USA in order to examine
differences between the two beverages and whether that
difference is associated with neighbourhood characteristics,
including race and SES. Furthermore, the study aimed to
understand variation in prices by the degree of urbanization
and geographic locale and spatial scale. To our knowledge,
no previous study has examined the relative price of healthy
v. unhealthy foods at the store level and the association with
neighbourhood-level demographics across a wide-ranging
geographic area. Understanding how prices of foods differ
by neighbourhood may help explain differences in diet and
health for residents of those same neighbourhoods.

Methods

Price data
The current retrospective analysis utilized product pricing
data from the Information Resources, Inc. (IRI) Academic
Data Set. IRI is a market research group focused on con-
sumer packaged goods sold in large chain supermarkets
and superstores (Albertson’s, A&P, Food Emporium,
Pathmark, Super Fresh, Kmart, BJ’s, Sam’s Club, Walmart,
etc.) across the USA(41,42). Data were collected weekly at
the Universal Product Code (UPC) level within each store
and contained the store identifier, item UPC, number of
units sold and the price of the item, among other variables.
In total, data used in the present study span January 2004
through December 2011 and came from 1743 stores across
forty-one states (including Washington, DC) and 1694
block groups. The wide temporal range of data was used
to maximize available UPC across stores in order to
increase sample size and the stability of prices, and was
combined to create a cross-sectional data sample.

IRI’s Academic Data Set represented only a small
number of products available in stores (thirty packaged

products that included foods like mayonnaise and
mustard, and non-foods such as deodorant, facial tissue,
etc.). Refrigerated milk and sugar-sweetened soda were
selected because of their generally favourable and unfa-
vourable associations with population health respectively,
their ability to serve as rough proxies for healthier fresh
foods/beverages v. long shelf-life foods/beverages that
offer little or no nutritional benefit, and due to both of
these products having high sales. Milk is recommended as
a healthful beverage in dietary guidelines which call for
three cups of dairy per day for adolescents and adults(4).
Diet soda was not considered for the healthier beverage
category because it offers no nutritional value and is not
widely viewed as a healthful product due to associations
with increased body weight and higher incidence of
diabetes(12,43,44). Bottled water was not available.

To increase comparability across beverage categories
and across stores, only brand-name items (according to
the IRI classification) were retained and analysed. Branded
soda represents 95% of the soda sales observed in the data
set (Coke, Pepsi, Sprite, etc.). Branded milk includes
national or semi-national (Horizon, Organic Valley, Hood,
Deans, etc.) and regional (Alta Dena, Kemps, Tuscan
Dairy, etc.) brands and represents a majority (53%) of milk
sales observed in the data set. Whole, low-fat and
skimmed dairy milk were included because prices varied
only slightly between these types (skimmed was slightly
cheaper than whole milk). Refrigerated non-dairy alter-
natives (e.g. almond milk, soya milk, etc.) were excluded
because they had low sales. Only sugar-sweetened sodas
were included for analysis. Diet soda products were
excluded because they had lower sales than sugar-
sweetened soda and had the same price for equivalent
brand and size (thus redundant with sugar-sweetened
soda). To avoid potential confounding due to different
packaging sizes of items, each product was limited to a
single size: 2-litre bottles of soda and half-gallon contain-
ers of milk, chosen for their similar volumes (2 litres = 0·53
gallons). All products that met the criteria described above
were included in the analysis. Stores sold an average of 81
(SD 24·5) unique soda items, accounting for a median of
580 942 units of soda over the entire observation period;
and an average of 45 (SD 18·1) unique milk items and
median of 213 922 units of milk sold during the same time.

The IRI Academic Data Set includes data for 2001–2011
but because inflation-adjusted prices were more or less
stable during 2004–2011, we excluded 2001–2003 and
aggregated prices across the 8-year period to create a
cross-sectional data set, one observation per store. This
approach was taken since we were most interested in
analysing spatial variation in prices.

Price variables
Prices reflect the shelf price and included store-level
promotions and retailer coupons, but did not include
changes in price applied at the cash register, including
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taxes and manufacturer coupons. Volume equivalent
prices were calculated as the price of an item divided by
the number of fluid ounces (fl. oz) the item contained and
multiplied by 12 to create a price per 12 fl. oz (equivalent
to ‘serving size’), and were calculated for every product
meeting the inclusion criteria described previously.
A standard can of soda is 12 fl. oz (~355ml), and by
selecting 12 fl. oz for soda and milk we were able to
compare across the two products. The price of soda and
the price of milk for each store were calculated by
aggregating over all items sold by the store during the
entire observation period (2004–2011). Store-level prices
were weighted according to the number of 12 fl. oz
servings sold of each item in order to not overweight items
that were infrequently purchased, adjusted for inflation
according to the US Bureau of Labor and Statistics
Consumer Price Index and reported in 2011 US dollars(45).

The average price of brand-name toilet paper was
calculated for each store in order to control for baseline
costs specific to each store which may be influencing the
price of food (e.g. rent, distribution and employee wages)
that may not be captured through other variables. Toilet
paper is a good proxy for the cost of doing business
because it is non-perishable, takes up significant shelf
space and is a supermarket consumer staple item(46), thus
not likely influenced by differences in demand across
stores the way individual food prices may be.

Outcome variables
The outcomes of interest were price of milk alone, price of
soda alone and the relative price of soda compared with
milk. The relative price was operationalized as the ratio of
the average price per 12 fl. oz of soda divided by the
average price per 12 fl. oz of milk. A ratio<1·0 indicates
that the average price of a single serving of soda is less
than the price of a serving of milk, while a ratio>1·0
indicates that a serving of soda is more expensive than a
serving of milk on average. The interpretation of the ratio
is price of soda as a percentage of the price of milk; for
example, a ratio of 0·42 indicates that the price of a serving
of soda is 42% of the price of a serving of milk.

Census variables
Stores were assigned to the population-weighted centroid of
their block group (store block group was known but street
address was not). In order to characterize the census com-
position around the stores, block groups within 1 mile
(1·6km) of each store were selected and census data were
averaged for those block groups. Block groups intersecting
the 1-mile buffer were included as the store’s neighbourhood
and data from each of the block groups in the neighbour-
hood were population weighted. The buffer was chosen to
expand the supermarket’s neighbourhood beyond the block
group in which it was located, which may be an industrial
area with low population and not representative of the

surrounding neighbourhood. Others have referred to a
1-mile buffer as a relevant consumer market area for a
supermarket(47). In order to test how sensitive the results
were to the chosen radius, a second analysis was performed
using a 2-mile buffer (3·2km) and results were consistent
with the original analysis (data not shown).

Census data were obtained from the 2005–2009 Amer-
ican Community Survey 5-year summary file, approxi-
mately the mid-years of the price data file. Neighbourhood
SES was operationalized as a continuous measure as
described by Diez-Roux et al.(48), using six variables from
the American Community Survey representing wealth and
income, housing value, education, and managerial or
professional occupations (see Table 1 footnote). These
variables were combined into a summary score for each
block group by creating a Z-score for each variable
(i.e. the number of standard deviations away from the
overall mean) and summing across all six Z-scores. This
measure was then transformed into a Z-score. The second
exposure of interest in the present study was race, mea-
sured as the proportion of individuals who were black or
non-white Hispanic. To control for potential differences in
age distribution across block groups the proportion of
individuals aged 20 to 39 years, standardized as a Z-score,
was included as a covariate in the multivariable models.

Geographic variables
Geographic region (Northeast, Midwest, South and West)
and urbanicity of each store location were included as
covariates in the regression analysis. Both were included to
control for differences in infrastructure and other aspects of
the built environment unique to regions or to cities v. rural
areas which could affect the price of either soda or milk.
Urbanicity was based on county population size and was
operationalized as a categorical variable with four levels:
(i) large metropolitan area of 1 million or more residents;
(ii) small metropolitan area of less than 1 million residents;
(iii) micropolitan urban areas (centred on an urban area with
population of 10 000 to 49 999); and (iv) non-core (all other
areas smaller than micropolitan)(49).

Supermarket density
Supermarket density data were obtained from the National
Center for Chronic Disease Prevention and Health Promo-
tion of the Centers for Disease Control and Prevention,
which compiled the number of chain and non-chain
supermarkets within each census tract or within 0·5 miles
(0·8 km) of the tract boundary(50). Supermarket density was
included as a covariate to control for potential differences
in market competition that may affect product prices(51).

Statistical analysis
Bivariate associations between demographics (race,
neighbourhood SES, region and urban class) and soda and
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milk prices and the ratio were analysed using unadjusted
normal linear models. SES was normally distributed and
was converted to a Z-score for analysis. Race (measured by
the proportion of individuals who were black or Hispanic)
was heavily skewed and thus was categorized into quintiles
according to the observed distribution and then entered as
an ordinal variable in regression analysis. Region and
urbanicity were treated as categorical variables.

To account for spatial dependence of prices between
stores proximal to each other, a hierarchical model was
used to model stores nested within states and counties.
The hierarchical models used random intercepts for state
and county to allow mean price to vary across space and
account for correlation between prices within a given
geographic area.

The analysis was exploratory in nature and methodi-
cally tested for associations between price and outcomes
and a number of demographic characteristics to under-
stand what factors may explain differences between race
and neighbourhood SES with price outcomes. Following
work by others(52), the analysis began with an empty
model which included only the random effects of state and
county. Region and urbanicity were first added to the
model to analyse the effects of geography on price, and

the price of toilet paper was added to control for baseline
costs of doing business at each specific store (Table 2).
A description of variance decomposition was made pos-
sible by quantifying the amount of clustering by state and
county (intraclass correlation coefficient)(52). After exam-
ining the geographic effects on price, models performing
the regression of price v. race and SES were analysed in
the same manner, nesting stores within county and state
(Table 3). For these models, the outcomes were price
ratio, soda alone and milk alone. Race and SES effects
were first modelled separately with no additional con-
founders. The exposures were then included in the same
model with additional control for age, region, urbanicity,
supermarket density and the price of milk (in the soda
price analysis) or soda (in the milk price analysis).

Results

Descriptive results
The price of soda was always cheaper than the price of
milk by a large margin across all observed neighbourhood
characteristics (Table 1; $US 0·23 v. $US 0·63 per 12 fl. oz
serving). Thus, the unadjusted difference between milk

Table 1 Soda and milk prices at large chain supermarkets by census neighbourhood sociodemographics and geographic region, USA

Soda ($US)*,† Milk ($US)*,† Soda:milk price ratio†,‡

Number of stores Mean SD Mean SD Mean SD

Overall (2004–2011) 1743 0·23 0·02 0·63 0·11 0·379 0·082
Neighbourhood SES tertile§
Lowest tertile (least advantaged) 581 0·23 0·02 0·60 0·11 0·392 0·094
Middle tertile 582 0·22 0·02 0·61 0·11 0·379 0·08
Highest tertile (most advantaged) 580 0·23 0·02 0·65 0·10 0·363 0·069

Proportion black/Hispanic quintile
Lowest (0 to 6·8% black or Hispanic) 349 0·23 0·02 0·57 0·11 0·418 0·096
Second (6·8 to 13·0%) 349 0·23 0·02 0·62 0·12 0·384 0·087
Middle (13·0 to 22·6%) 347 0·23 0·02 0·62 0·11 0·380 0·077
Fourth (22·6 to 41·8%) 350 0·23 0·02 0·65 0·09 0·355 0·057
Highest (41·8 to 98·2%) 348 0·22 0·02 0·65 0·11 0·354 0·071

Urban classification
Large metropolitan (population ≥1 million) 1165 0·23 0·02 0·64 0·10 0·363 0·069
Small metropolitan (population <1 million) 484 0·23 0·02 0·59 0·12 0·406 0·095
Micropolitan (population 10000–50 000) 71 0·23 0·02 0·57 0·11 0·429 0·102
Non-core areas (population <10 000) 23 0·24 0·03 0·60 0·09 0·419 0·108

Region
Northeast 379 0·22 0·02 0·57 0·10 0·403 0·083
Midwest 315 0·22 0·02 0·57 0·14 0·411 0·115
South 641 0·23 0·02 0·65 0·09 0·360 0·064
West 408 0·24 0·02 0·67 0·09 0·358 0·06

SES, socio-economic status.
*Prices are per 12 fl. oz (~355ml) serving of soda and milk; all prices are inflation adjusted and reported in 2011 US dollars.
†Statistical testing for bivariate associations between soda and milk prices and the soda:milk price ratio with demographic characteristic was performed. Normal
linear regression was used for neighbourhood SES (continuous Z-score) and proportion black/Hispanic (ordinal variable of quintiles), and ANOVA models were
used for the urban classification and region. P values for all comparisons were <0·0001.
‡A ratio <1·0 indicates that the average price of a single serving of soda is less than the price of a serving of milk, while a ratio> 1·0 indicates that a serving of
milk is more expensive than a serving of soda on average. The ratio can be interpreted as the price of soda as a percentage compared with that of milk; for
example, a ratio of 0·42 indicates that the price of a serving of soda is 42% of the price of a serving of milk. A higher soda:milk price ratio indicates a smaller
difference between the two products and may be due to higher soda prices and/or lower milk prices.
§Neighbourhood SES was derived from the log of the median household income; the log of the median value of housing units; the percentage of households
receiving interest, dividend or net rental income; the percentage of adults 25 years of age or older who had completed high school; the percentage of adults 25
years of age or older who had completed college; and the percentage of employed persons 16 years of age or older in executive, managerial or professional
specialty occupations.
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Table 2 Hierarchical models examining geographical associations with the soda:milk price ratio, soda price and milk price, nested within
county and state (n 1743), USA

Soda:milk price ratio Soda price Milk price

Fixed effects Estimate* 95% CI Estimate 95% CI Estimate 95% CI

Intercept 0·3690 0·318, 0·420 0·2365 0·228, 0·245 0·6434 0·585, 0·702
Region
Northeast 0·0272 −0·037, 0·091 −0·0174 −0·0276, −0·0072 −0·0794 −0·154, −0·0050
Midwest 0·0716 0·0086, 0·135 −0·0127 −0·0227, −0·0026 −0·0994 −0·173, −0·0264
South −0·0264 −0·085, 0·032 −0·0101 −0·0195, −0·0008 0·0196 −0·0486, 0·0878
West Ref. Ref. Ref.

Urbanicity
Large metropolitan
(population ≥1 million)

Ref. Ref. Ref.

Small metropolitan
(population <1 million)

0·0298 0·0187, 0·041 0·0042 0·0010, 0·0074 −0·0274 −0·0410, −0·0139

Micropolitan (population 10000–50000) 0·0499 0·0315, 0·068 0·0095 0·0039, 0·0151 −0·0361 −0·0590, −0·0131
Non-core areas (population <10 000) 0·0655 0·0377, 0·093 0·0179 0·0092, 0·0266 −0·0395 −0·0745, −0·0045

Additional control variable
TP price −0·0059 −0·0090, −0·0028 0·0049 0·0038, 0·0059 0·0187 0·0147, 0·0227

Random effects Variance SE Variance SE Variance SE

Between states 0·00377 0·00095 0·000074 0·000025 0·00500 0·00128
Between counties (in states) 0·00092 0·00014 0·000062 0·000013 0·00119 0·00018
Within counties 0·00246 0·000094 0·000298 0·000011 0·00429 0·00016
ICC (state level) 0·527 0·171 0·477
ICC (county level) 0·129 0·231 0·115

ICC, intraclass correlation coefficient (the proportion of variation in price that is accounted for by differences at the state and county levels); TP, toilet paper;
ref., referent category.
*A higher soda:milk price ratio indicates a smaller difference between the two products and may be due to higher soda prices and/or lower milk prices;
a negative coefficient indicates lower price of soda relative to milk; and positive coefficient indicates higher price of soda relative to milk. Soda and milk price are
measured in 2011 US dollars.

Table 3 Hierarchical models nested within county and state performing the regression of soda, milk and soda:milk price outcomes v.
neighbourhood socio-economic status (SES) and the proportion of individuals who are Hispanic or black (n 1743), USA

Outcome Estimate 95% CI P value

Neighbourhood SES as the independent variable*
A. Soda:milk price ratio†

Unadjusted for covariates‡ −0·0059 −0·0087, −0·0030 <0·0001
Adjusted for race, age, region, urbanicity, supermarket density
and TP price§

−0·0060 −0·0094, −0·0025 0·0006

B. Soda†
Unadjusted for covariates‡ 0·0037 0·0027, 0·0046 <0·0001
Adjusted for race, age, region, urbanicity, supermarket density,
TP price and milk price§

0·0024 0·0012, 0·0035 <0·0001

C. Milk†
Unadjusted for covariates‡ 0·0176 0·0139, 0·0213 <0·0001
Adjusted for race, age, region, urbanicity, supermarket density,
TP price and soda price§

0·0149 0·0104, 0·0193 <0·0001

Race as the independent variable (proportion non-white Hispanic or black)*
A. Soda:milk price ratio†

Unadjusted for covariates‡ −0·0024 −0·0047, −0·0001 0·0384
Adjusted for neighbourhood SES, age, region, urbanicity,
supermarket density and TP price§

−0·0065 −0·0094, −0·0036 <0·0001

B. Soda†
Unadjusted for covariates‡ −0·0027 −0·0034, −0·0019 <0·0001
Adjusted for neighbourhood SES, age, region, urbanicity,
supermarket density, TP price and milk price§

−0·0014 −0·0023, −0·0004 0·0043

C. Milk†
Unadjusted for covariates‡ −0·0030 −0·0060, 0·0000 0·0504
Adjusted for neighbourhood SES, age, region, urbanicity,
supermarket density, TP price and soda price§

0·0072 0·0035, 0·0109 0·0001

TP, toilet paper.
*Neighbourhood SES is a standardized variable evaluated as a Z-score; the proportion black/non-white Hispanic is operationalized as an ordinal variable:
quintiles cut-offs based on the distribution within the sample.
†A negative soda:milk price ratio indicates a larger differential between the two products and may be due to lower soda prices and/or higher milk prices. Soda
and milk prices are reported in 2011 US dollar amounts and thus effect estimates can be interpreted as the change in dollars.
‡While no covariates were included, results are adjusted for county and state via nesting.
§Age is the proportion of individuals aged 20 to 39 years, standardized as a Z-score; urbanicity is a categorical variable with values of large metropolitan area
(population ≥1 million), small metropolitan area (<1 million), micropolitan area (population 10 000–50000) and non-core area (population <10 000); super-
market density is an ordinal variable with values from 1 to 4 indicating one to four supermarkets in the census tract area, respectively, and a value of 5 indicating
five or more supermarkets.
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and soda was $US 0·40/serving or soda was 37·9% of the
price of milk, on average. Milk prices had more dispersion
than soda prices and tended to drive the variability in milk:
soda price differentials across supermarkets. The Midwest
and Northeast regions also had the lowest price differ-
ential, due to the lower price of milk in these regions.
Large metropolitan areas had the highest differential,
driven by prices of milk that were 7–13% higher on
average than in other areas.

Compared with the highest-SES neighbourhoods, the
lowest-SES neighbourhoods had slightly lower prices of
soda, much lower prices of milk and a smaller differential
between the price of soda and milk (Fig. 1). Areas with the
highest concentration of blacks and Hispanics had a larger
difference in the price between soda and milk than areas
with fewer minorities, due to significantly higher milk
prices in areas with more Hispanic/black persons. The
Spearman rank correlation coefficient between race (as a
proportion) and SES was 0·41 (P< 0·001).

Model results
After adjusting for region, urbanicity and toilet paper cost
at the store, variance decomposition of the price ratio
suggests that most of the store-level variability was
accounted for by state-level factors (53%), 13% was
accounted for by county-level factors (within each state)
and the remaining 34% was due to price ratio variation
between stores (within each county; Table 2). The varia-
tion in milk price was similar, with 48% explained at the
state, 12% at the county level, and the remaining 40% was
between stores. Soda, on the other hand, had much less
variation explained by the state (17%) and county (23%)
levels, with the majority explained by between-store
variation within counties (60%).

Table 3 shows the estimated associations of neigh-
bourhood SES and proportion Hispanic/black with three
outcomes: price of soda relative to milk, soda alone and
milk alone. The direction of the adjusted results was
similar to the gradient seen in the descriptive results of
Table 1. In all adjusted models, a lower price of soda
relative to milk was associated with a higher concentration
of Hispanic/black and higher SES. For example, after
adjusting for region, urbanicity, supermarket density, toilet
paper price and age distribution, the price of soda relative
to milk was 0·65% lower for a one quintile increase in the
proportion of Hispanic/black and 0·60% lower for a one
standard deviation increase in SES (Table 3, A). In order to
assess whether the association between the price ratio and
proportion Hispanic/black and the price ratio and SES was
consistent across urbanicity, post hoc interactions were
tested with county urbanicity. The difference in the price
of soda relative to milk persisted, although it was mar-
ginally weaker in rural areas with lower concentrations of
Hispanic/black (P for interaction= 0·05, df= 3; data not
shown) due to the lower price of milk in those areas.

The association between SES and the price of soda relative
to milk did not differ by urbanicity (P for interaction= 0·89,
df = 3; data not shown).

When the outcome was price of soda alone and milk
alone, adjusted results were similar to the descriptive
results reported in Table 1. Lower SES and higher
proportions of Hispanic/black persons were associated
with lower soda prices (Table 3, B). Although statistically
significant, the magnitude of the association was very
small: $US 0·002 higher and $US 0·001 lower price of 12 fl.
oz of soda per one standard deviation increase in SES and
one quintile increase in the proportion Hispanic or black,
respectively. In higher-SES areas and neighbourhoods
with a larger proportion of Hispanic/black individuals, the
price of milk was also higher (Table 3, C). The magnitude
was somewhat larger but also small: $US 0·015 higher
(or 2·4% of the average price per serving) and $US 0·007
higher (or 1·1% of the average price per serving) price of
12 fl. oz of milk per one standard deviation increase in
SES and one quintile increase in the proportion Hispanic/
black, respectively.

Discussion

The present study explored the association of the price of
soda and milk with neighbourhood sociodemographic
characteristics and found that although there did not
appear to be a strong association between SES and the
relative price of soda compared with milk, there was
evidence that stores in neighbourhoods with a higher
proportion of black and non-white Hispanics sell soda that
is both cheaper overall and less expensive compared with
milk than in comparable neighbourhoods with fewer non-
white Hispanics and blacks. The absolute price of soda
was lower in low-SES neighbourhoods compared with
high-SES neighbourhoods and while there was a slightly
reduced differential between the price of milk and soda in
low-SES neighbourhoods, a serving of soda remained just
38% of the price of a serving of milk. The present study is
one of the first to examine price variation between stores
located within a large geographic area and variation in
price according to neighbourhood-level demographics.

It is known that demand for and purchases of a parti-
cular food or beverage are influenced by the price of the
item and the price of potential substitutes(53), and that
differences in price affect the behaviour of some indivi-
duals more than others. Specifically, those with lower
income spend a greater proportion of their income on
food(35) and are more sensitive to price changes and
relative prices between products than those who are
wealthier(34). The aforementioned conditions and the
findings from the current study, that one serving of milk
was 2·5 times more expensive than a serving of soda, may
partly explain higher soda consumption among low-SES
individuals(3). While soda was also cheap in higher-SES
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areas, higher-SES individuals may be less affected by the
large price gap due to their ability to afford more expen-
sive beverages. This conjecture relies on the assumption

that lower-SES individuals are primarily living in lower-SES
neighbourhoods and higher-SES individuals in higher-SES
neighbourhoods, a trend that has been growing as
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Fig. 1 Soda price (top row), milk price (middle row) and the soda:milk price ratio (bottom row) by race (proportion Hispanic/black)
and neighbourhood socio-economic status (SES) in large chain supermarkets (n 1743), USA. The box-and-whisker plots (left
column) display the distribution of soda price, milk price and the soda:milk price ratio by the proportion of Hispanic/black quintile: the
bottom and top edge of the box represent the first and third quartiles (interquartile range (IQR)); the line (diamond) within the box
represents the median (mean); the ends of the bottom and top whiskers represent the minimum and maximum values; and the
circles represent outliers (values above the 75th percentile plus 1·5 times the IQR and values below the 25th minus 1·5 times the
IQR). The scatter plots (right column) display the bivariate association between beverage prices and neighbourhood SES Z-score.
The lines in the scatter plots are regression lines from the unadjusted bivariate comparison between price and SES. Prices (per 12 fl.
oz (~355ml) serving of soda and milk; reported in 2011 US dollars) are unadjusted for covariates
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levels of income inequality have risen during the past
30 years(54).

The positive association between SES and the price of
soda relative to milk was contrary to our original expec-
tation. This appears to have been driven in part by higher
milk prices in urbanized/metropolitan areas, leading to a
lower relative price of soda. The high price of milk in these
areas may be due to higher property costs, higher cost of
living and higher costs of doing business. However, it
would be expected that the price of soda would also be
higher if these factors were the main price drivers, but
instead soda prices were slightly lower in large metropo-
litan areas. Thus, higher milk prices in cities were likely
due to milk price regulation and distribution costs. The
price of milk is regulated at the federal and/or state level
by setting price floors as well as allowable relative
increases in milk price within marketing areas (‘regulated
price differentials’)(55,56). Regulated price differentials are
specified for every county within a milk marketing area
and generally increase the closer a county is to a major
consumption area, resulting in higher prices in more
populated areas such as cities(55). Lower milk prices
outside large metropolitan areas may be due to lower
distribution costs in dairy-producing areas, which are
typically rural.

The present study found milk more expensive than
soda in neighbourhoods with a higher proportion of black
and Hispanic individuals. However, effect sizes were
small and thus may suggest that price has only a low to
moderate influence on disparities in soda consumption
between white and Hispanic/black populations. A
systematic review by Andreyeva et al. in 2010 found that
the elasticity of soft drinks is 0·79 (95% CI 0·33, 1·24) or
higher, depending on the items used to define soft drinks,
while the elasticity of milk is slightly weaker at 0·59 (95%
CI 0·40, 0·79)(53). If we apply the above elasticities to our
results, consumption may be 1·9% higher and 2·7% lower,
for soda and milk respectively, as concentrations of
Hispanics and blacks rise by 53 percentage points (from
4% as the median in the first quintile to 57% in the fifth).
Black and Hispanic adults, however, obtain roughly 58%
more of their energy from sugar-sweetened beverages
than others(2); much greater than the 2% that may be
explained from soda price differences found in the present
study. It is likely that price is just one of many factors that
contribute to higher consumption of sugar-sweetened
beverages among minorities; for example, advertising,
product promotion and physical access may promote soda
consumption in minority communities(57–61).

The price data used for the present study were limited
to a subset of large chain supermarkets and superstores.
Supermarkets dominate retail food sales, accounting for
63% of all retail food sales in 2009–2012(62). Not included
were smaller/non-chain grocers and convenience/corner
stores. Very little information has been published on the
price of milk and soda at individual stores throughout the

USA, thus it is impossible to know how much our results
generalize to other food retail venues.

Due to the small number of products in the data set,
these analyses were limited to a single unhealthy beverage
category (sugar-sweetened soda) and a single healthy
beverage category (milk). Because diet soda was equiva-
lent in price to sugared soda (for equivalent brand and
size), results would have been roughly equivalent if the
unhealthy category had used diet soda rather than regular
soda (see ‘Methods’ section). Diet soda was not con-
sidered for the healthier beverage category because it
offers no nutritional value and is not widely viewed as a
healthful product. If available data exist, future work
examining differences in unhealthy v. healthy beverages
could include a wider range of unhealthy beverages
(sugar-sweetened sports drinks and flavoured waters) and
healthier beverages (water, 100% juices), thereby
improving the representativeness of the healthy and
unhealthy beverage categories. Furthermore, we limited
our analyses to branded products only in order to increase
comparability across beverage categories and across
stores. This likely had little effect on the price of soda,
given that 95% of soda sales were for branded items;
however, 47% of milk sales were for non-branded items.

Results of the present study are consistent with previous
research that found, in general, that healthier foods are
more expensive than unhealthy foods(36–40). For example,
one study showed that milk costs roughly five times more
than sugar on a per calorie basis(37). Overall cost differ-
entials between milk v. soda can in part be explained by
differences in production and distribution(63). Absolute soda
prices in our study were similar to prices from the Council
for Community and Economic Research (C2ER, formerly
known as ACCRA)(64,65). The absolute price of branded milk
in our study was similar to Nielsen Homes can branded milk
data ($US 0·56 v. $US 0·63 in our study)(66) but was higher
than C2ER data(64) ($US 0·42 per serving v. $US 0·63 in our
study), due to C2ER’s inclusion of private label and branded
whole milk, as opposed to only branded items included in
the current study. Nevertheless, available data from C2ER
affirm that soda is much cheaper than milk (average values
from C2ER suggest one-half the price of milk). It is unlikely
that branded milk strongly affected the association of milk
price with race and SES characteristics because the price of
branded and non-branded items would likely vary similarly
across stores and geographic areas due to underlying
pricing structures that affect all milk and dairy products
(e.g. production, distribution, perishability/refrigeration, etc.)
within a given store.

While literature exists on the demographics of soda and
milk consumers(2,3,20,21), little was previously known
about how area-level demographics relate to the price of
these products, which may affect purchasing and
consumption patterns. Although it does not appear that
lower-SES individuals are exposed to lower prices of soda
relative to milk, there appears to be an association with
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the concentration of Hispanic and black individuals.
As obesity rates are higher within black and Hispanic
populations(16), future research may examine if this is due
in part to pricing structures that make unhealthy foods
more affordable for minority populations compared with
their white counterparts.

Conclusions

To our knowledge, the present study is the first to link stores
to their immediate neighbourhoods to understand the
relationship between neighbourhood demographics and
prices of individual products; specifically, soda and milk.

High consumption of soda and other sugar-sweetened
beverages has been linked to adverse health outcomes,
most notably obesity and type 2 diabetes. If soda con-
sumption can be reduced and replaced by a healthy
alternative, such as milk or water, the increasing pre-
valence of obesity and diabetes may be slowed(7,10,67,68).
Since higher prices discourage consumption and soda is
priced well below many of its potential substitutes, policy
makers may wish to take measures such as taxing sugar-
sweetened beverages or reforming milk price regulations.
Decreasing soda consumption would be especially bene-
ficial in black and Hispanic neighbourhoods where prices
are lowest, soda consumption is highest(2) and obesity
rates are greatest(16).
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