




$0.30/serving), with a reasonable summary estimate of
$0.12/serving, but statistical heterogeneity was high
(I2=85.9%) partly due to narrow within-study CIs. Thus,
the calculated heterogeneity in each summary estimate
should be interpreted in light of the actual range of
observed price differences across studies. Since clinically
relevant heterogeneity was lower than statistical hetero-
geneity, the pooled results provide an insight into
average price differences between healthier and less
healthy foods and diet patterns.
Although similar classes of foods and diet patterns

were evaluated separately, the foods or diet patterns
within each category were not exactly the same. Our aim
—and the relevant public health question—was not to
evaluate whether one specific product costs more than
another, but whether healthier foods in a broad class of

foods cost more, on average, than less healthy foods in
the same broad class.

Strengths and limitations
Several strengths can be highlighted. This systematic
review and meta-analysis represents, to our knowledge,
the most comprehensive examination of the evidence
on prices of more versus less healthy foods and diet pat-
terns. Our systematic search makes it unlikely that we
missed any large reported studies. Error and bias were
each minimised by independent, duplicate decisions on
inclusion of studies and data extraction. Adjustment for
inflation and purchasing power parity to 2011 prices
accounted for the varying value of money across years
and countries. The exclusion of price data prior to the
year 2000 increased the generalisability of the results to

Figure 4 Price difference between healthier and less healthy nutrient-based diet patterns per day (A) and per 2000 kcal (B).

One outlying, implausible estimate from Aggarwal et al38 (mean adequacy ratio) was excluded ($17.23; 95% CI $14.35 to

$20.11). Price difference was defined as the healthier category minus the less healthy category. Dollars/day was defined as

dollars/three meals. One serving of any food was assumed to comprise one-fourth of a meal, except for condiments, fats and oils

for which one serving was assumed to comprise one-eighth of a meal. Calorie-adjustment of price differences based on the

United States Department of Agriculture (USDA) database. Information reported was not sufficient to perform calorie-adjustment

for Temple et al39 and Krukowski et al.40 For studies reporting price across quantiles of healthfulness, the most extreme quantile

comparison was selected for meta-analysis. Number of participants reported for dietary surveys (studies comparing diets across

samples of participants), and number of foods reported for market surveys (studies comparing samples of foods). Summary

estimates were generated using a random effects model in which studies were weighted according to the inverse variance of the

price difference. All estimates were adjusted for inflation and purchasing power parity—standardised to the international dollar,

defined as US$1—by country to reflect prices in 2011.
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contemporary diets. A key strength of our analysis was
evaluation of food groups separately from diet patterns.
The former provides data to inform choices when com-
paring otherwise relatively similar foods, whereas the
latter informs price differences across very different
selections of foods. Additional strengths include the
standardisation of disparate metrics, foods and units; the
assessment of food-based and nutrient-based diet pat-
terns; and the evaluation of heterogeneity by food type,
intensity of contrast and unit of comparison.
Potential limitations should be considered. Like all

meta-analyses, our analysis was based on the available
data; for certain comparisons, relatively few studies were
available. For example, only one study directly compared
the prices of restaurant foods with home-cooked foods;
all other studies evaluated supermarket prices. Thus,
our results summarise the best current data on price dif-
ferences of foods and diet patterns while also highlight-
ing the gaps in knowledge that require further
investigation. Definitions of healthfulness varied across
food groups and diet patterns. Yet, our findings across a
variety of diet patterns and definitions of healthfulness
inform how such contrasts may influence price differ-
ences. Our assessment of publication bias suggested that
price differences for dairy foods and diet patterns may
be partly overestimated due to selective publication of
smaller studies with more extreme estimates. Statistical
heterogeneity was evident in most comparisons, a

significant consideration in the interpretation of the
results. All meta-analyses must strike a balance between
the imperative for generalisability and the need to min-
imise heterogeneity. Additionally, the actual range of
observed price differences for many comparisons was
not extreme. The rating system for intensity of contrast
was subjective; yet, the ratings were assigned independ-
ently and in duplicate with good concordance and
provide important sensitivity analyses on the robustness
of the results. Our findings on price differences per day
and per 2000 kcal reflect an adult diet; the summary
estimates should be adjusted for other caloric intakes,
for example, in young children. Only English-language
studies from PubMed were included, so some studies
may have been missed. Given the absence of accepted
criteria for judging the quality of observational studies,
quality of studies was not formally assessed. Most of the
comparisons were from high-income countries, high-
lighting the need for similar studies in low-income and
middle-income nations.

CONCLUSIONS
In sum, our findings provide the most complete evi-
dence until today on price differences of healthier foods
and diet patterns, while also highlighting the import-
ance of carefully considering the metric of healthful-
ness, intensity of contrast and unit of comparison. Our

Figure 4 Continued.

14 Rao M, Afshin A, Singh G, et al. BMJ Open 2013;3:e004277. doi:10.1136/bmjopen-2013-004277

Open Access

 on January 25, 2021 by guest. P
rotected by copyright.

http://bm
jopen.bm

j.com
/

B
M

J O
pen: first published as 10.1136/bm

jopen-2013-004277 on 5 D
ecem

ber 2013. D
ow

nloaded from
 

http://bmjopen.bmj.com/


results indicate that lowering the price of healthier diet
patterns—on average ∼$1.50/day more expensive—
should be a goal of public health and policy efforts, and
some studies suggest that this intervention can indeed
reduce consumption of unhealthy foods.24–26

It remains an open question as to why healthier diets
cost more. Some have argued that US agricultural subsid-
ies for commodities (eg, corn and soy) lower the price of
less healthy, more processed foods compared with unpro-
cessed foods.27 However, careful economic analyses dem-
onstrate that the main impact of such subsidies is a direct
income transfer to farmers, with little influence on retail
prices; and that tariffs and other protectionist policies are
actually raising the prices of many commodities such as
sugar.28–30 Conversely, many decades of policies focused
on producing inexpensive, high volume commodities
have led to a complex network of farming, storage, trans-
portation, processing, manufacturing and marketing cap-
abilities that favour sales of highly processed food
products for maximal industry profit.31 Based on these
experiences, efforts to create an infrastructure and com-
mercial framework that facilitates production, transporta-
tion and marketing of healthier foods could increase the
availability and reduce the prices of more healthful pro-
ducts.31 Taxation of less healthy foods and subsidies for
healthier foods would also be an evidence-based interven-
tion to balance price differences.31

Other potential barriers to a healthier diet exist, such
as availability and cultural acceptability. However, our
findings suggest that for socioeconomically disadvan-
taged populations, the relatively higher cost of healthy
foods may be an impediment to eating better. On the
other hand, Americans at all income levels allocate too
little of their food budgets towards healthy foods.32 A
daily price difference of ∼$1.50 translates to ∼$550
higher annual food costs per person. For many low-
income families, this additional cost represents a
genuine barrier to healthier eating. Yet, this daily price
difference is trivial in comparison with the lifetime per-
sonal and societal financial burdens of diet-related
chronic diseases.33 34 For example, suboptimal diet
quality was recently estimated to account for 14% of all
disability-adjusted life years in 2010 in the USA35; if
translated to a proportion of national health expendi-
tures in 2012,36 this corresponds to diet-related health-
care costs of $393 billion/year or more than $1200/year
for every American. Our findings highlight the nuanced
challenges and the opportunities for reducing financial
barriers to healthy eating.
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