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Abstract

Objective: The contribution of subsidized food commodities to total food
consumption is unknown. We estimated the proportion of individual energy
intake from food commodities receiving the largest subsidies from 1995 to 2010
(corn, soyabeans, wheat, rice, sorghum, dairy and livestock).

Design: Integrating information from three federal databases (MyPyramid
Equivalents, Food Intakes Converted to Retail Commodities, and What We Eat
in America) with data from the 2001-2006 National Health and Nutrition
Examination Surveys, we computed a Subsidy Score representing the percentage
of total energy intake from subsidized commodities. We examined the score’s
distribution and the probability of having a ‘high’ (>70th percentile) v. low’ (<30th
percentile) score, across the population and subgroups, using multivariate logistic
regression.

Setting: Community-dwelling adults in the USA.

Subjects: Participants (72 11 811) aged 18-64 years.

Results: Median Subsidy Score was 56-7% (interquartile range 47-2-65-4%).
Younger, less educated, poorer, and Mexican Americans had higher scores. After
controlling for covariates, age, education and income remained independently
associated with the score: compared with individuals aged 55-64 vyears,
individuals aged 18-24 years had a 50 % higher probability of having a high
score (P<0-0001). Individuals reporting less than high-school education had 21 %
higher probability of having a high score than individuals reporting college
completion or higher (P=0-003); individuals in the lowest tertile of income had an
11 % higher probability of having a high score compared with individuals in the
highest tertile (P=0-02).

Conclusions: Over 50 % of energy in US diets is derived from federally subsidized
commodities.
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In the USA, 26% and 14 % of mortality and disability-
adjusted life years, respectively, are related to our dietary
patterns'”. Traditionally, diets high in total energy, refined
carbohydrates, and red and processed meats have been
implicated in the development of obesity, diabetes and
common co-morbidities, particularly CVD“™, while diets
high in fruit and vegetables are associated with reduced
risks®®. Currently, more than one-third (36 %) of Amer-
ican adults are obese'” and 12 % have diabetes®™®, while
heart disease is the leading cause of death.

Finding suitable policy interventions that positively
influence the nation’s diet and resulting cardiometabolic
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health has been challenging. The US Department of
Agriculture (USDA) and US Department of Health and
Human Services set nutritional recommendations that
encourage consumption of diets high in fruits and vege-
tables and lower in energy, sugar, salt and saturated fat, but
a recent report suggests that the majority of Americans do
not meet these dietary guidelines’”. Moreover, current US
agricultural policies promote the production of refined
grains, dairy and meat products. From 1995 to 2010, 83 % of
the $US 194 billion total in government agricultural
subsidies under Title I (commodity payments that subsidy
the production of crops) of the Farm Bill went to five
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commodity crops: corn, soyabeans, wheat, rice and
sorghum. In the same period, the USDA spent an additional
$US 5 billion and $US 4 billion on dairy and livestock
programmes, respectively. A large proportion of the grain
commodities become feed for livestock or ingredients in
processed food. In contrast, apples are the only fresh fruit
or vegetable receiving significant federal commodity pay-
ments; from 1995 to 2010, $US 262 million was spent on

Ecological data suggest that US agricultural policies
influence food consumption and, thereby, cardiometabolic
health*'® but we lack individual-level, non-ecological
evidence on whether and how an individual’s consumption
of these commodities is associated with health status.
There is utility in examining what people with high-
subsidized diets are eating: if diets higher in foods derived
from subsidized commodities are found to be less healthy
than those that are unsubsidized, this would support
the need to better align agricultural and nutritional policies
in order to improve the nutritional composition of US
diets. To date, however, no study has empirically and
systematically quantified individual-level consumption of
foods derived from subsidized commodities. We aim to
fill this gap. In the present paper we describe a method
to estimate the proportion of total daily dietary energy
intake that comes from the seven commodities (corn,
soyabeans, wheat, rice, sorghum, dairy and livestock)
that from 1995 to 2010 received the most federal subsidy
dollars overall.

Methods

To trace these food commodities through the food system,
we used several federal databases, each of which
provided key pieces of information.

Data sources

National Health and Nutrition Examination Survey

We used information from the National Health and
Nutrition Examination Survey (NHANES)'® to determine
the actual intake of specific foods. The National Center for
Health Statistics at the Centers for Disease Control and
Prevention conducts continuous, cross-sectional surveys
of the US population in 2-year cycles. NHANES uses
stratified, multistage, probability cluster sampling to
ensure adequate representation of the nation’s non-
institutionalized civilian population. We pooled NHANES
dietary data from 2001 to 2006, recent years in which the
sampling and dietary measurement methods were similar
across the 2-year cycles. Dietary intake data were
collected through 24 h dietary recall (1 d in the 2001-2002
cycle; 2d in 2003-2004 and 2 d in 2005-20006); to ensure
methodological consistency, we used data from only the
first survey day of each survey cycle. Nutrient content of
foods reported in NHANES included total intakes in
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kilocalories and grams as determined by standardized
food composition databases?>'®. With the NHANES
database restricted to individuals aged 18-64 years, a total
of 11811 non-elderly adults from 2001-2006 surveys
completed the first day of 24 h recalls and examination.

MyPyramid Equivalency Database

The MyPyramid Equivalency Database (MPED)"'” provides
the number of MyPyramid equivalents (standard serving
sizes of grams, cups, ounces or teaspoons) of major food
categories (grains, meat, dairy, fruit, vegetables and beans,
as well as for added sugars and discretionary fat) that each
NHANES participant reports consuming daily. We used
MPED version 1-0 for NHANES data collected in 2001-2002,
and version 2-0 for data in 2003-2006.*

Food Intakes Converted to Retail Commodities Database
Similar to the MPED, the Food Intakes Converted to Retail
Commodities Database (FICRCD)"® provides the number
of grams of sixty-five commodities in each 100 g of food,
including food commodities of interest: dairy, fats and oils,
fruit, grains, meat, poultry, fish and eggs, nuts, caloric
sweeteners and vegetables. This conversion database
was developed for the foods reported in various national
surveys, including NHANES 2001-2002.1

What We Eat In America Food Commodity Intake Database
The What We Eat In America Food Commodity Intake
Database (WWEIA)'”, produced by the Environmental
Protection Agency, provides information about the
gram weights of certain food commodities, including
farm-raised fish, soyabean oil and sorghum syrup, present
in foods reported in NHANES 2001-2002 to 2007-2008.%

Tracing food commodities throughout the

food system

Our objective was to identify, for each individual, the
number of grams consumed from the seven subsidized
commodities and those consumed from all other sources.
Although many forms of food subsidies exist, we focus on
commodity programmes in Title I of the US Farm Bill?”.
The majority (80-90 %) of food subsidy dollars are spent
on only seven key food commodities (corn, soyabeans,
wheat, rice, sorghum, dairy and livestock). Supplemental
Table 1 (see online supplementary material) shows how
spending on individual commodities varies across

*These two versions of MPED are comparable and based on the same
methodological principles; the MPED version 1-0 was developed for use
with NHANES surveys from 1994-2002, while the updated MPED version
2:0 was developed for use with the NHANES What We Eat in America
surveys for 2003-2004 and is updated with seventy additional food codes
and 811 food modification codes. MPED can be accessed at http://www.
ars.usda.gov/Services/docs. htm?docid=17565.

+tFICRCD can be accessed at http://www.ars.usda.gov/Services/docs.htm?
docid=21993.

FWWEIA can be accessed at http://fcid.foodrisk.org/.
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programmes as well as across years. However, these
commodities are abundant throughout our food system.
For this reason, in estimating consumption of subsidized
food commodities, it is important to include not only the
raw commodities, but also their numerous end-products
and by-products. For example, a large proportion of
commodities become feed for livestock and farm-raised
fish or ingredients in highly processed foods. Of the corn
grown in the USA, approximately 5% is consumed as
sweet corn, corn meal or corn starch; the majority is
incorporated into processed foods and made into high-
fructose corn syrup or is used as feed for livestock, which
is then turned into dairy and meat products®". As another
example, approximately 1 % of the sorghum grown in the
USA is turned into molasses; the rest is grain sorghum,
which is used as feed for livestock.

We used data from NHANES to identify the quantity
consumed and which food items (e.g. hamburgers) were
consumed. We used MPED to derive the daily amounts (in
ounces or teaspoons) of soya products and added
sweeteners in each food. To identify corn sweeteners
specifically from the added sweetener category, we used
the Glinsmann method®**, which uses data on avail-
ability of natural and added sugars, including high-fructose
corn syrup, sucrose and other corn sweeteners, to create
category-wide estimates of the proportion of added
sweetener that is derived from corn for various industry
sectors: dairy products; bakery and cereal products;
canned, bottled and frozen foods; confectionery and
related products; beverages; and all other foods***®. We
applied this to the individual diet by multiplying each
individual’s added sugar consumption by these category-
wide estimates for the proportion of added sweetener that
is derived from corn. We converted the amounts of soya
and corn sweeteners from ounces/teaspoons into
grams using conversion factors of 28-3495 g/ounce and
16 g/teaspoon""”.

We used FICRCD to estimate the amount (in grams) of
whole corn, corn flour/corn starch, soyabean meal (feed),
grain sorghum (feed), wheat, rice, dairy (milk, yoghurt,
cheese, butter) and meat (beef, pork, chicken) per 100 g of
each reported food item in NHANES. We used WWEIA for
soyabean oil, farm-raised fish and sorghum syrup. To
convert these values into the amounts of commodities
(in grams) consumed, we multiplied the percentages by
the total amount (in grams) of the food consumed as
reported in NHANES.

From these four sources, we estimated the grams of
food commodities of interest consumed by each NHANES
participant. To account for imported foods (which do not
receive US subsidies), we divided each commodity
category (meats, dairy, grains) by the appropriate number
according to the percentage of that category imported in
2002, 2004 and 2006, as reported by the USDA“?. These
percentages are shown in Supplemental Table 2
(see online supplementary material).
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Subsidy Score
We multiplied the total amount of foods (in grams) by the
energy (kilocalories per gram) to obtain the total energy
consumed from each commodity. We obtained energy per
gram from the USDA’s National Nutrient Database for
Standard Reference’”. For commodity categories with a
range of kilocalories per gram (such as cheese), we cal-
culated the median value across the category and used
that for our calculations. We used the median rather than
the mean value due to the skewed nature of these food
categories. We also performed sensitivity analyses using
the 25th and 75th percentile values across each category.
We computed the Subsidy Score (also referred to below
as the ‘score’) as the proportion of total energy derived
from subsidized commodities. Specifically, we divided the
total energy from subsidized commodities by the total
energy intake (in kilocalories per day), using the formula:

n n Grams
{( " MPED; ~Kcali> + (ijl FICRCD; - <58 -Kcalj)

+ (ZZ:I WWEIA, - Kcalk)} / TotalDailyKcal

where MPED; is the grams consumed daily of each
subsidized commodity from MPED (soya products and
corn sweeteners), FICRCD; is the grams per 100 g of food
item of each of the commodities from FICRCD (corn flour/
starch, corn/soyabean meal/sorghum used as feed, wheat,
rice, dairy and meat), and WWEIA,, is the grams of each of
the commodities from WWEIA (soyabean oil, farm-raised
fish, sorghum consumed by people). Grams is the number
of grams of the food item consumed (provided by
NHANES); Kcal is the amount of energy (in kilocalories)
per gram of food item; and TotalDailyKcal is the total daily
energy intake (in kilocalories).

As initially computed, 0-46% of scores exceeded 1-0
(maximum value: 1-27). We truncated these scores at a
theoretical maximum of 1-0. Thus, the score ranges from
0-0 to 1.0, where 0-0 indicates zero percentage of total
energy from commodities and 1-0 indicates 100 % of total
energy from commodities.

Statistics

We used the statistical software package SAS version 9-2
for calculations and analyses, and SAS-callable SUDAAN
version 10-0 to adjust for the complex sample design used
in NHANES. To ensure results are representative of the US
population aged 18-64 years, we applied sample weights
for the six years of data that reflected the probability of
selection and non-response.

We calculated weighted medians and interquartile ranges
(IQR) for the score. To check whether the score performs as
expected, with individuals with low ». high scores con-
suming relatively small and large amounts of subsidized
commodities, respectively, and to examine the relative
healthfulness of a high v. low score, we split our sample
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population into deciles of the score and calculated the mean
amount (in grams) of commodities, total fats, total sugars
and total energy consumed in each decile. We calculated
P values for overall trend using the F test. Additionally, we
randomly selected two individuals each from the 10th, 50th
and 90th percentile of the score to compare the actual
foods consumed by individuals with low, median and high
scores.

We also calculated medians and IQR, as well as means
and 95 % CI of the score by key demographic subgroups
that differ in their food consumption patterns and risk for
cardiometabolic disease, specifically: age (categorized into
10-year intervals); sex (male/female); self-reported
race/ethnicity (non-Hispanic White, non-Hispanic Black,
Mexican American, Other); educational attainment (less
than high school, high school, some college, college
graduate or above); and socio-economic status (deter-
mined using tertiles of the poverty—income ratio (PIR)).
PIR is an index of income in relation to family need,
derived from household income and federally established
poverty thresholds based on family size and cost of living
as reported by the Consumer Price Index®”. We cate-
gorized PIR according to eligibility for food assistance
programmes: <130 % of the poverty level (eligible for the
Supplemental Nutrition Assistance Program and free
school meals), 130-185 % of the poverty level (eligible for
the Special Supplemental Nutrition Program for Women,
Infants, and Children), >185% of poverty level (high
income). We used F tests to compare Subsidy Score means
across groups; all P values were two-sided; P<0-05 was
considered statistically significant.
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We also performed multivariate logistic regression
(categorizing the score as ‘high’ (in the highest 30th per-
centile, >0-6362) or ‘low’ (in the lowest 30th percentile,
<0-4935)) to investigate associations between various
demographic subgroups and odds of having a high v. low
score. Prevalence ratios (PR) and 95 % CI derived from
predicted marginal probabilities are reported and P values
were calculated using the Wald F test.

Validation

Since the construction of our main score, the Subsidy Score,
is novel, we performed an internal validation to test its
reliability. To do this, we used a split-sample comparison by
dividing our 2001-2006 NHANES sample into two even
random samples and comparing the mean (95 % CD, median
(IQR) and distribution of the score for each sample. We also
assessed the association between the score and a commonly
used diet quality index. The Healthy Eating Index-2010
(HEI-2010) is a measure of diet quality that assesses con-
formance to federal dietary guidance (Dietary Guidelines for
Americans 2010) and measures adequate intake of fruits and
vegetables, whole grains, dairy, total and seafood and plant
protein, and fatty acids, and moderate consumption of
refined grains, sodium and empty calories®. We examined
mean HEI-2010 scores across deciles of the Subsidy Score,
using the F test to calculate P values for overall trend.

Results

The Subsidy Score estimated for the adult, non-elderly
population displayed a near normal distribution (Fig. 1).
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Subsidy Score, mid estimate

Fig. 1 Distribution of the Subsidy Score among US adults (n 11 811) aged 18-64 years, National Health and Nutrition Examination
Survey 2001-2006 (mean=0-561254, median =0-566949; sp=0-137782, maximum=1, minimum=0, skewness=-0-183540,

kurtosis = 0-272957)
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Table 1 Percentage of dietary energy from subsidized food commodities, overall and by age, sex, race/ethnicity, educational attainment and
socio-economic status, among US adults (n 11 811) aged 18-64 years, National Health and Nutrition Examination Survey 2001-2006

Sample n Median IQR Mean 95% Cl P value
Overall 11 811 56-7 47-2-65-4 56-1 55.7, 56-6
Sex 0-15
Men 5580 56-7 46-9-65-3 55.9 554, 56-4
Women 6231 567 47-4-65-5 56-3 55.8, 56-9
Age (years) <0-0001
18-24 2998 60-3 51.0-68-6 59.5 58.5, 60-4
25-34 2505 582 49-1-67-3 58-0 57.0, 59-0
35-44 2327 56-7 47-0-65-0 56-0 552, 56-9
45-54 2174 54.5 44.6-63-0 53.7 52.7, 54.7
55-64 1807 54.0 45.0-63-2 53-9 532, 54-6
Race/ethnicity <0-0001
NHW 5356 56-1 46-6-65-2 55-8 552, 56-4
NHB 2805 56-4 47-1-64-9 55.7 54.5, 56-9
MA 2753 60-0 51.3-67-8 591 58-2, 60-1
Other 897 58-3 48-0-65-9 56-6 55.4, 57-8
Educational attainment <0-0001
Less than high school 3287 589 49-6-67-5 580 57-1, 58-8
High school 2960 57-5 47-7—-66-4 56-9 56-2, 57-6
Some college 3399 56-3 46-9-65-3 55.9 552, 56-6
College graduate or more 2160 54.7 45.6-63-5 54.4 53-8, 55-1
PIR <0-0001
<130 % of PL 3356 59-4 50-0-67-0 58-4 576, 59-2
131-185 % of PL 1307 58-5 49-3-67-1 576 56-3, 58-8
>185 % of PL 6533 55.7 46-3-64-9 55.3 54.8, 55-9

IQR, interquartile range; NHW, non-Hispanic White; NHB, non-Hispanic Black; MA, Mexican American; PIR, poverty—income ratio; PL, poverty level.
Data on educational status were missing for five individuals; data on PIR were missing for 615 individuals.

Among US adults aged 18-64 years, the median score was
56-7 % (IQR 47-2-65-4 %) and the mean score was 56-1 %
(95 % CI 55-7, 56-6 %; Table 1). Table 2 shows food intake
amounts by Subsidy Score decile. While total energy
decreased significantly from decile 1 to decile 10
(P<0-001), the amount of total fats increased from decile 1
to decile 7, at which point it began to decrease until decile
10 (P value for trend <0-001). As could be expected, the
mean intakes of total and higher-fat milk (but not skimmed
milk), butter, cheese, yoghurt, eggs, grains and total meat
(and beef, pork, chicken and turkey individually) were
significantly higher in decile 10 compared with decile 1
(P<0-05) and the mean intakes of vegetables (excluding
sweet corn) and fruit, as well as overall diet quality as
measured by the HEI-2010, were significantly lower in
decile 10 compared with decile 1 (£<0-001). Random
selection of individuals in the 10th, 50th and 90th
percentile of the score showed a range of diets, whereby
an individual with a lower score consumed a diet relatively
higher in foods derived from non-subsidized commodities
(peanut butter, fruit, vegetables, chocolate, coffee, wine)
and an individual with a higher score consumed a diet
higher in foods derived from subsidized commodities
(whole milk, meat, and grains like pasta and rice; Table 2).

The score varied by demographic subgroups. Individuals
aged 18-24 years had a higher mean score (59-5 %; 95 % CI
58:5, 60-4 %) than adults aged 55-64 years (53-9 %; 95 % CI
53-2, 54-6 %). Compared with non-Hispanic Whites (55-8 %;
95 % CI 55-2, 56-4 %), non-Hispanic Blacks (55-7 %; 95 % CI
545, 56:9%) and Mexican Americans (59-1%; 95%
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CI 58-2, 60-1 %) had higher mean scores. The Subsidy Score
varied across levels of educational attainment, with higher
scores among individuals reporting less than a high-school
education compared with college or higher-educated indi-
viduals (580 %; 95% CI 57-1, 58:8% v. 54-4; 95 % CI 53-8,
55-1%). Those in the lowest category of PIR had higher
scores than those in the highest category (58-4; 95 % CI 576,
59:2% v. 55-3; 95 % CI 54-8, 55-9 %). The score did not vary
by sex (P=0-15; Table 1).

In models adjusted for age, sex, race/ethnicity, education
and income, we noted that age, education and income
remained independently associated with a high Subsidy
Score. Compared with individuals aged 55-64 years, higher
proportions of those aged 18-24 years (PR=1-50; 95 % CI
1-34, 1-68), those aged 25-34 years (PR = 1-40; 95 % CI 1-24,
1-57) and those aged 35-44 years (PR=1-21; 95% CI 1-07,
1-36) consumed diets with high a Subsidy Score. Compared
with non-Hispanic Whites, 20 % more Mexican Americans
had high scores (PR=1-20; 95% CI 1-07, 1-35). Compared
with college-educated individuals, 21 % more of those with
less than a high-school education (PR=1-21; 95 % CI 1-08,
1-36) and 18 % more of those with a high-school education
alone (PR=1-18; 95% CI 1-07, 1-30) consumed high diets
with a Subsidy Score. Compared with individuals in the
highest PIR category (representing higher socio-economic
status), 11% more of those in the lowest PIR category
(lowest socio-economic status: PR=1-11; 95% CI 1-03,
1-20) consumed diets with a high Subsidy Score. Control-
ling for covariates, scores did not vary significantly by sex
or across race/ethnicity (Table 3).
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Table 2 Food intake amounts by Subsidy Score decile among US adults (n 11 811) aged 18-64 years, National Health and Nutrition Examination Survey 2001-2006

Subsidy Score decile

1st 2nd 3rd 4th 5th 6th 7th 8th 9th 10th

Dietary component Mean se Mean s Mean s Mean s Mean  sE Mean SE Mean s Mean s Mean s Mean s Pvalue
n 1077 1035 1082 1041 1074 1125 1115 1106 1128 1137

Total energy 2305 48 2370 43 2453 56 2321 38 2304 49 2395 42 2394 48 2296 54 2235 44 2005 40 <0-001
Total fats 837 24 905 20 917 21 89-0 1.8 900 25 916 19 917 24 870 24 828 19 722 21 <0001
Total sugars 1146 31 1341 38 1429 52 1324 31 1327 33 1430 39 1423 41 1371 46 1363 45 1218 37 0-22
Total milk 1115 70 1867 142 2017 103 2148 125 2231 174 2196 113 2250 11.3 2831 190 2914 195 3167 21 <0-001
Whole milk 336 31 590 59 519 52 582 50 698 61 68-2 49 634 50 951 121 900 85 1217 142 <0-001
2% milk 296 39 406 79 514 60 607 59 615 73 69-9 71 751 59 960 95 921 115 957 83 <0-001
1% milk 89 19 158 28 196 34 221 39 202 38 232 63 274 59 254 34 M5 72 521 139 <0-001
Skimmed milk 394 44 73 93 789 73 737 98 716 101 58-2 52 592 105 667 102 678 117 473 91 0-69
Butter 14 03 15 02 22 03 16 02 244 03 241 0-3 20 03 23 03 1.7 02 20 03 0-04
Cheese 156 12 239 16 279 22 334 24 329 20 36-6 18 386 18 433 22 429 20 544 41 <0001
Yoghurt 53 1.0 78 15 111 20 113 20 104 18 104 2.7 90 15 81 18 103 24 135 28 0-048
Eggs 199 14 2141 14 262 20 252 17 287 19 26-5 19 33 19 271 17 276 20 239 18 0-007
Corn flour 79 06 104 07 121 09 104 141 131 09 14.8 i0 168 12 141 13 155 12 141 1.0 <0001
Sweet corn 90 25 123 27 143 29 134 18 212 33 128 24 210 43 240 43 319 53 695 93 <0-001
Rice 67 09 100 12 109 11 112 10 103 13 11.2 i1 123 14 135 18 177 22 153 14 <0001
Wheat flour 609 22 800 24 945 37 950 35 954 27 1089 24 1098 32 1150 46 1090 37 962 43 <0001
Total meat 888 42 125 45 144 43 1571 51 163 58 1797 56 1976 83 1792 61 2055 76 2175 76 <0-001
Beef 32-1 23 444 26 590 44 572 30 657 44 72-8 37 81 53 743 46 84 53 86 53 <0001
Pork 206 18 279 22 289 17 374 42 383 34 38-1 31 373 35 37 33 38 31 37 35 <0001
Chicken 31.8 31 467 37 507 47 546 29 514 33 61-0 36 677 41 617 36 730 39 868 61 <0001
Turkey 43 09 62 11 58 08 79 14 75 141 79 1.3 76 17 75 10 103 23 120 26 <0001
Soya 24 04 25 07 15 04 1.8 04 25 06 21 0-6 11 02 18 06 09 02 39 10 0-90
Vegetables 3818 130 3881 167 4039 162 3881 153 3855 16 3670 108 3594 119 3386 135 3080 113 2425 9.0 <0-001
Fruit 492.3 242 4011 257 4491 454 3499 187 2985 155 2960 231 2508 162 2131 134 1574 103 1174 91 <0-001
HEI-2010 542 06 510 07 497 05 474 06 461 06 44.8 05 428 06 423 06 404 06 415 07 <0-001

Total energy is reported in kilocalories (1 kcal =4-184 kJ). All dietary components are in grams. ‘Vegetables’ category excludes sweet corn. HEI-2010 is the Healthy Eating Index-2010. Subsidy Score deciles are broken
down as follows: 1st (<0-3868); 2nd (0-3869-0-4465); 3rd (0-4466-0-4935); 4th (0-4936-0-5327); 5th (0-5328—0-5669); 6th (0-5670-0-6024); 7th (0-6025—0-6362); 8th (0-6363—0-6755); 9th (0-6756-0-7310); 10th (>0-7310).

P values are for overall trend (F test).
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Table 3 Multivariate logistic regression to predict the probability of
having a high v. low Subsidy Score among US adults (n 11 811)
aged 18-64 years, National Health and Nutrition Examination
Survey 2001-2006

Predicted
marginal
probability
(%) s PR 95%Cl Pvalue
Sex 0-05
Men 488 0-011 095 0-90, 1-00
Women 516 0-015 1-00 Ref.
Age (years) <0-0001
18-24 622 0-022 1.50 1-34, 1-68
25-34 580 0-023 1-40 1.24, 1--57
35-44 50-1 0-020 1-21 1-07, 1-36
45-54 40-8 0-021 0-98 0-88, 1-10
55-64 416 0-017 1.00 Ref.
Race/ethnicity 0-02
NHW 467 0-027 1.00 Ref.
NHB 596 0-031 0-94 0-83, 1-07
MA 497 0032 1.20 1.07,1-35
Other 498 0-014 1.00 0-87, 1-15
Educational attainment 0-003
Less than high school 54.8 0-019 1.21 1.08, 1-36
High school 534 0-016 1-18 1.07, 1-30
Some college 49-4 0-018 1-09 099, 1-20
College graduate or 45.2 0-019 1-00 Ref.
more
PIR 0-02
Tertile 1 541 0-017 1.11 1.08, 1-20
Tertile 2 534 0-027 1-10 0-99, 1-21
Tertile 3 48.7 0-012 1.00 Ref.

PR, prevalence ratio; NHW, non-Hispanic White; NHB, non-Hispanic Black;
MA, Mexican American; PIR, poverty—income ratio; Ref., referent category.
The dependent variable was defined as score values in the lowest 30th
percentile (<0-4935) v. values in the highest 30th percentile (>0-6362). The
reference category was low score (i.e. <0-4935). Wald F tests were used to
determine P values.

Sensitivity analysis

We performed a sensitivity analyses in which we calculated
the Subsidy Score using the 25th and 75th percentile values
for the amount of energy (kilocalories) per gram of com-
modity categories from the USDA’s National Nutrient Data-
base for Standard Reference™ . In this sensitivity analysis, the
score also had a relatively normal distribution and respective
means of 50-2% and 64-2% (Supplemental Fig. 1 and
Supplemental Table 3; see online supplementary material).

Validation
Results from the split-sample validation of the Subsidy
Score suggested strong reliability: sample 1 (72 5905) had a
median score of 56:7% (IQR 47-3-65-4 %) and a mean
score of 56:1% (95% CI 555, 56:6 %), while sample 2
(7 5906) had a median score of 56-7 % (IQR 47-0-65-4 %)
and a mean score of 56:2% (95 % CI 55-5, 56:8 %).
Results from the regression of Subsidy Score v. HEI-2010
suggested the two scores are negatively correlated, with a
mean HEI-2010 score of 54-2 (95 % CI 52-9, 55-5) among
individuals in decile 1 of the Subsidy Score and a mean
HEI-2010 score of 415 (95% CI 40-1, 42-9) among
individuals in decile 10 of the Subsidy Score (P value for
trend <0-001). Food intake amounts by HEI-2010 decile
are presented in Supplemental Table 4 (see online
supplementary material).
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Discussion

Overall, US non-elderly adults (aged 18-04 vyears)
consume more than half (56-7 %) of their total daily energy
intake in the form of foods derived from seven subsidized
commodities: corn, soyabeans, wheat, rice, sorghum, dairy
and livestock. Young adults, Mexican Americans, lower-
educated and lower-income individuals had a larger per-
centage of their diets comprised of foods derived from
these subsidized commodities. Adjusted for common
sociodemographic factors, younger, lower-educated and
lower-income individuals were significantly more likely to
have a high ». low Subsidy Score diet. As Table 2 shows,
the diets of individuals with higher scores tended to be
rich in high-fat dairy, grains and meat products, and poor
in fruits and vegetables as well as overall diet quality (as
measured by HEI-2010).

The present study is the first one to empirically examine
the distribution and the consumption of foods derived
from subsidized food commodities in a representative
sample of the US adult population (different from those
captured in other diet quality indices like HEI-2010, a
commonly used measure of overall diet quality as related
to cardiometabolic disease). Since diet quality is strongly
associated with diabetes and obesity (including long-term
weight gain), this understanding is critical for informing
agricultural policy in the USA. For example, results from a
systematic review and meta-analysis of dietary patterns
(rather than specific foods) and type 2 diabetes risk indi-
cate that dietary patterns consisting of healthy foods and/
or nutrient choices and with higher energy contributions
from wholegrain products, fruit and vegetables may
decrease the risk of type 2 diabetes. In contrast, dietary
patterns represented by unhealthy food choices and
higher energy contributions from foods such as red or
processed meats, high-fat dairy refined grains and sweets
may increase the risk of developing type 2 diabetes®”. A
prospective analysis of three separate cohorts found
specific dietary (higher consumption of potato chips,
potatoes, sugar-sweetened beverages, unprocessed red
meats and processed meats; lower consumption of whole
grains, fruits, vegetables, nuts and yoghurt) and lifestyle
(physical inactivity, alcohol use, smoking, sleep and tele-
vision watching) factors to be independently associated
with long-term weight gain — and with a substantial
synergistic effect®®.

Nutrition experts have started to rethink dietary
guidelines for cardiometabolic disease, with a focus on
foods and dietary patterns rather than single key micro- or
macronutrients®. For example, fruits, vegetables, whole
grains and nuts are consistently associated with lower
disease risk (and fish with reduced cardiac mortality),
while processed meats, packaged and fast foods, and
sugar-sweetened beverages increase cardiometabolic
risk®”. Overall, healthy eating patterns tend to emphasize
whole or minimally processed foods and minimal sugary
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beverages; be lower in salt trans-fat, saturated fat, refined
carbohydrates and added sugars while higher in
unsaturated fats, fibre, antioxidants, minerals and phyto-
chemicals; and be more satiating(29’50). However, these are
not the dietary patterns associated with subsidized diets.
Although nutritional guidelines take the population’s
needs for healthier foods into consideration, food and
agricultural policies that influence the availability of these
healthier foods have not yet done the same.

It is important to note that our findings do not suggest
that subsidies are causing poor nutrition (due to the cross-
sectional nature of the study) nor that it is the agricultural
subsidies themselves that are responsible for suboptimal
diet quality and resulting cardiometabolic health problems
in the USA. The findings do, however, support better
alignment of agricultural and nutritional policies in order
to improve nutrition and reduce risk factors for cardio-
metabolic disease. Our analysis shows that, controlling for
energy, individuals consuming a diet comprised of more
subsidized foods have worse nutritional intake as com-
pared with those individuals consuming a diet comprised
of fewer subsidized foods.

Still, there are some limitations to our analysis. First,
approximately 0-46 % of computed Subsidy Score values
exceeded 1.0, suggesting inconsistencies and limitations
across the databases used in their derivation. This could be
due to overestimation of the amount of commodities in
various foods in the databases used. Another reason may
be that, across some commodity categories, we averaged
the energy content per gram. The use of these averages
may have led to overestimation of kilocalories from
commodities as a percentage of total energy. For example,
it was not possible to directly estimate the amount of
high-fructose corn syrup in foods due to incomplete
nutritional and ingredient information for foods reported
in NHANES. Additionally, there are some by-products of
subsidized commodities (such as soya lecithin, for
example) that have not been captured by our analysis,
since these by-products are not traced through the food
system. However, the amount of these by-products in
foods is negligible and their exclusion is unlikely to
significantly affect results.

Second, we are limited in our ability to precisely esti-
mate consumption of imported foods (~11 % of the total
US food supply) which do not receive federal subsidies.
However, we used category-specific estimates of the
shares of imported foods, as reported by the USDA, which
attenuate this limitation.

Third, a single 24 h dietary recall was used to assess
diet; this may not represent the usual diet of respondents
(which varies by weekdays or weekend days), and may
serve to decrease between-group differences we see in
Table 3. However, a single 24 h recall is appropriate to
assess mean group intakes®” and provides greater detail
on the specific types and amounts of food eaten than does
an FFQ. Fourth, under-reporting of certain foods high in
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sugar, fat, salt or energy may occur more frequently
among certain subgroups. Moreover, since processed and
packaged foods are those most likely to be under-
reported, the true contribution of the Subsidy Score is
likely to be higher than that estimated.

Our study also has several important strengths. We used
individual-level dietary assessment data that are nationally
representative and, to our knowledge, the current study is
the first to present a method to describe the contribution of
subsidized commodities to the diet of US adults. The large
sample size and detailed description of dietary intakes
facilitated comparison of the proportion of energy derived
from subsidized commodities among various demographic
subgroups.

Our analysis may help to clarify the ongoing debate — and
ecological evidence — on the role of farm policies and food
consumption. To date, opinions — and ecological evidence —
on the role of farm policies, food consumption and health
have been mixed. Recent economic evaluations posit that
agricultural policies play no role in determining consump-
tion patterns and, in turn, health®?>. The main arguments
against farm policies playing a role are: (i) subsidies have a
mixed effect on the prices and production outputs of
various food items®*3%3%: (i) the impacts on commodity
prices offer savings to the food industry, but have little effect
on food costs at retail and even less on those prices passed
on to consumers””; (i) food consumption is relatively
unresponsive to changes in market prices and so the very
small food price changes induced by farm subsidies could
not have had large effects on food consumption patterns®>*;
and (iv) food consumption has not previously changed
markedly in response to policy-induced adjustments in
relative prices®?.

However, ecological studies and public health com-
mentaries suggest that farm policies do matter for
health#133773% Since agricultural policy changes in the
1970s (the origin for today’s policies), food supply —
the amount of energy available to the population — has
increased from 9075 kJ (2169 kcal)/person per d in 1970 to
10 853kJ (2594 kcal)/person per d in 2009“?” with the
largest increase seen in refined grains (782 kJ (187 kcal)
and added fats and oils (703 kJ (168 kcal)). At the same
time, the USA does not produce enough healthy foods
(whole grains, fruits and vegetables) to meet the nutri-
tional needs of the population in accordance with federal
recommendations“". Since the agricultural sector of the
US economy produces roughly 80% of the foods that
Americans eat®® — for example, only 8% of vegetables
and 23 % of fruits consumed in the USA are imported*? —
domestic production is important. Less than 4% of US
cropland was planted with fruits and vegetables in
2004 and a report by the American Farmland Trust
estimated that in order to produce enough to provide
Americans with the five recommended servings of fruits
and vegetables per day, approximately 52,600 more
square kilometres (13 million more acres) of farmland
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devoted to growing these crops is needed®. One

potential policy lever for addressing this may be shifting
agricultural subsidies towards the production of healthier
crops — such as fruits and vegetables, unrefined grains and
lower-fat dairy — rather than meat, high-fat dairy, eggs and
corn-sweetened products high in energy and saturated fat.

The results of our analyses underscore the importance
of aligning agricultural policies with nutrition recommen-
dations, but there remains much work to be done. Future
research is needed that examines how agricultural
policies, including foods derived from subsidized
commodities, are associated with key markers of cardio-
metabolic health at the individual level, as well as how the
Subsidy Score varies by levels of food security. Addition-
ally, modelling analyses are needed to investigate how
various changes to the current subsidy structures would
impact consumption of various foods, and resulting
nutritional status and health outcomes. Subsidies may not
cause poor diets or poor health, but by tracing subsidized
commodities through the US food supply and examining
associations with the nutritional composition of American
diets, we highlight the importance of better aligning agri-
cultural policies with federal nutritional recommendations.
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