Murphy et al. Nutrition Journal (2022) 21:39

https://doi.org/10.1186/512937-022-00794-w N Utriti O n J O u rna I

RESEARCH Open Access

- ®
Healthy U.S.-style dietary patterns can sl

be modified to provide increased energy
from protein
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Abstract

Background: Dietary patterns developed by the USDA provide modest levels of protein (14-18% energy) within the
Acceptable Macronutrient Distribution Range (AMDR) of 10-35% for adults, though diets providing a higher percent-
age of energy may be beneficial for some individuals. The purpose of this study was to determine if it is feasible to
modify the Healthy U.S.-Style Eating Pattern ("HEP”) to provide a higher percentage of energy from protein.

Methods: Using the framework implemented by the USDA in developing the HEP, energy from protein was set at
20%, 25%, and 30%. Amounts of protein foods were proportionally increased while amounts of other foods were
adjusted iteratively within specified parameters. The models also disaggregated total meat/poultry into fresh and
processed forms to develop patterns maintaining current proportions, current levels, reduced, or no processed meat/
poultry. Nutrient intakes were compared with nutrient goals for representative U.S. populations with 2,000 kcal needs
(females 19-30 years, males 5170 years), with 90% of the Recommended Dietary Allowance or Adequate Intake
regarded as sufficient.

Results: Dietary patterns with 20% energy from protein were constructed with minor deviations from the current
2,000 kcal HEP. Dietary patterns with 25% energy from protein were constructed for all levels of processed meat/
poultry excluding the current proportion model, though relative to the current HEP the constructed patterns reflect
substantial reductions in amounts of refined grains and starchy vegetables, and substantial increases in protein foods
consumed as beans and peas, seafood, and soy products. It was not possible to develop a pattern with 30% energy
from protein without reducing the percentage of energy from carbohydrate below the AMDR or non-compliance
with other modeling constraints. Stepwise reductions in processed meat/poultry reduced sodium intake.

Conclusions: It is feasible to develop dietary patterns in a 2,000 kcal diet while mirroring the HEP that meet recom-
mended intakes of nutrients with 20% or 25% energy from protein, though the pattern with 25% energy from protein
may be more idealistic than realistic. Reduced levels of processed meat/poultry may translate to lower sodium intake.

Keywords: Dietary patterns, Protein foods, Processed meat, NHANES, Sodium reduction

Introduction

The Dietary Guidelines for Americans (DGA) identify
several healthy dietary patterns that Americans can fol-
low to meet nutrient needs within energy requirements,
including the Healthy U.S.-Style (“HEP”), the Healthy
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and components to meet nutrient needs and DGA rec-
ommendations across a range of calorie levels [1]. The
food patterns from USDA were designed to meet nutri-
ent recommendations established in the Dietary Refer-
ence Intakes (DRIs), including macronutrient levels that
fall within the Acceptable Macronutrient Distribution
Ranges (AMDR) [2]. For an adult, the AMDR for car-
bohydrate is 45-65% of energy and the AMDR for fat is
20-35% of energy. The balance, 10-35% of energy, rep-
resents the AMDR for protein. In a 2,000 kcal diet, the
model HEP and MEP patterns provide 18% of energy
from protein and the VEP provides 14% of energy from
protein, which are levels in the lower to middle range of
the protein AMDR.

Dietary sources of protein in the HEP include a variety
of plant and animal-based foods, including lean meats,
poultry, eggs, seafood, nuts, seeds, and soy products that
collectively account for nearly 40% of total dietary pro-
tein. Dairy foods contribute nearly 30% of total dietary
protein, while the balance is provided by grains, vegeta-
bles, and fruits [3]. The DGA as well as guidance from
the American Heart Association support consumption of
protein from a variety of animal and plant sources, which
reflects the preferences of many Americans as assessed
in nationwide surveys [1, 4]. Americans are, however,
encouraged to limit consumption of red meat and in par-
ticular processed meat [1], largely based on concerns of
chronic disease risk observed in epidemiological stud-
ies [5—8]. Some evidence suggests that adverse effects of
meat intake may be attributed to processed meat rather
than total meat [9, 10], and evidence indicates that effects
vary based on the comparator diet [11].

Randomized controlled studies provide evidence that
dietary patterns delivering a higher proportion of energy
as protein, including higher protein as meat, may in fact
support health. For example, compared with a balanced
diet proving 17% energy as protein and 33% energy as fat
(12% energy as saturated fat), a diet providing 27% energy
as protein and 28% energy as fat (6% energy as saturated
fat) with 153 g lean beef daily for five weeks resulted in
lower total cholesterol and LDL-cholesterol and lower
systolic blood pressure in a sample of adults with hyper-
cholesterolemia [12, 13]. Dietary patterns providing a
higher percentage of energy from protein while remain-
ing within the AMDR (i.e., no more than 35% energy from
protein) may have beneficial effects including improved
body weight management in adults with overweight or
obesity [14], or lean mass and handgrip strength in the
elderly when combined with resistance exercise [15].
Findings from a 2021 meta-analysis of 54 randomized
controlled trials show that compared to diets providing
on average 18% energy from protein (range of 10-23%),
higher protein diets (average of 28% energy from protein,
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range of 20-45%) can support weight loss and reduc-
tions in fat mass, and lower systolic blood pressure, total
cholesterol, triacylglycerol, and fasting insulin without
adverse effects on other cardiometabolic risk factors [16].
This meta-analysis did not include an assessment based
on protein source due to the absence of source informa-
tion in most studies [16], though other research indicates
that different sources of protein may differentially affect
health outcomes, with neither plant nor animal sources
consistently identified as superior [17, 18]. Dietary pat-
terns providing a higher percentage of energy as protein
therefore may be of interest for some individuals, though
alternate dietary patterns must of course meet all nutri-
ent needs to ensure nutritional balance.

The purpose of this study was to determine if it is feasi-
ble to modify the 2,000 kcal HEP (i.e., M-HEP) to provide
a higher percentage of energy from protein while meeting
all nutrient needs using the framework implemented by
the USDA in developing the HEP. The models also dis-
aggregated total meat/poultry into fresh and processed
forms under scenarios representing processed meat/
poultry at the current proportion of total meat/poultry
representative of typical consumption among the U.S.
population, the current level (i.e., no increase in ounce-
eq/week of processed meat/poultry despite increased
intake of protein foods), a reduced level of processed
meat/poultry, and no processed meat/poultry. This study
provides an exploratory step in considering dietary pat-
terns with a higher percentage of energy from both ani-
mal and plant sources represented by the protein foods
group and subgroups in the DGA, including meat/poul-
try, seafood, eggs, nuts, seeds, and soy products.

Materials and methods

Overview and data inputs

This modeling study is based on the framework and data
developed by USDA for food pattern modeling. USDA
established an approach for food pattern modeling to
develop dietary patterns that meet nutrient goals for the
U.S. population ages 2 years and older [19]. The approach
has been used to develop the HEP, and also the first
food patterns for infants and toddlers introduced in the
2020-2025 DGA [3, 19-21]. The established method for
developing dietary patterns is a 5-step process defined
as follows: Step 1) establish energy levels, Step 2) estab-
lish nutritional goals, Step 3) establish food groupings
and food group amounts, Step 4) determine nutrients
obtained from foods within each group, and Step 5)
evaluate nutrient levels compared to nutrient goals. The
underlying data used by USDA in the development of
dietary patterns for the 2020-2025 DGA are two days of
food intake as reported in the National Health and Nutri-
tion Examination Survey (NHANES) 2015-2016, and the
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Standard Reference (SR) Legacy nutrient composition
data used by USDA to process nutrient intakes in the sur-
vey. In the current study, modifications were made only
to the percentage of energy from macronutrients neces-
sary to achieve the objective of the study (step 2 of the
5-step process), and these modifications in turn required
revision of food group amounts (step 3 of the 5-step pro-
cess) to reflect the adjustment in macronutrient goals.

Nutritional goals and modifications to macronutrient
distributions

The defining characteristic of the patterns modeled in
this study is a higher level of energy from protein relative
to the HEP. In this study, the modified HEP models with
higher protein are referred to as “M-HEP”. Modified pat-
terns were constructed with 20% (M20-HEP), 25% (M25-
HEP), and 30% (M30-HEP) energy from protein, or 100 g,
125 g, and 150 g protein, respectively, in a 2,000 kcal diet.
Food Patterns developed by USDA represent 12 energy
levels from 1,000 to 3,200 kcal to address the range of
energy needs for most individuals ages 2 years and older.
Given the exploratory nature of this study, patterns
were developed for the 2,000 kcal diet as a representa-
tive pattern. The 2,000 kcal diet is appropriate for energy
needs of adolescents and adults over a range of ages and
activity levels, including older sedentary men and older
active women. Consistent with the approach used in
development of dietary patterns in the DGA, nutrient
requirements for patterns at the 2,000 kcal energy recom-
mendation were designed to meet the DRIs for females
ages 19-30 years and males ages 51-70 years [22].

Modifications to the protein food group amounts and fresh
vs processed forms

The nutrient profiles for all food groups and subgroups
used in this modeling are the consumption-weighted
nutrient-dense food averages for the U.S. population ages
2 years and older as established by the food pattern mod-
eling team for the 2020-2025 HEP [22]. Recommended
amounts of foods from each food group in the HEP for
a 2,000 kcal diet provided the starting values for all food
groups and subgroups in these models, and consump-
tion-weighted data for the U.S. population ages 2 years
and older were selected for representative nutrient pro-
files of all food groups for the U.S. population. The HEP
was modified to meet the nutrient goals of 20% (M20-
HEP), 25% (M25-HEP), and 30% (M30-HEP) energy from
protein by adjusting contributions of protein foods to
meet the protein targets. The constructed diets largely
align with the HEP, with modifications necessary only to
provide higher levels of protein while still meeting nutri-
ent goals.
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The protein subgroups modified to develop the HEP in
this analysis are subgroups for meat, poultry, eggs, sea-
food (with separate groups for seafood with higher and
lower concentrations of omega-3 fatty acids, i.e., high n-3
and low n-3), nuts/seeds, and soy products. The beans
and peas group, which counts towards either the veg-
etable or protein foods group in USDA food patterns,
was also a potential source of protein in the models.
Consistent with the DGA, in this study the meat group
(referenced in some literature as red meat [23]) includes
beef, pork, lamb, goat, and game meat, all in either
unprocessed (fresh) or processed forms, while the poul-
try group includes chicken, turkey, Cornish hens, duck,
goose, and game birds, likewise all in unprocessed (fresh)
or processed forms. Lean meat or poultry therefore
includes both fresh and processed forms.

In USDA’s development of the HEP, the nutrient profile
of each food group represents a composite of the popu-
lation weighted average nutrient profiles of similar foods
in the constituent subgroups referred to as item clusters.
Representative data selected by USDA for the nutrient
profiles typically reflect nutrient data for a food with
the least amount of added sugars, sodium, and solid fat.
Examples of item clusters for protein foods include lean
meat, poultry and fish cooked without added fat or salt,
canned fish without added salt, hard-boiled whole eggs,
reduced-fat hot dogs, reduced-fat turkey sausage (repre-
sentative of all sausage), unsalted nuts, tofu, and soy pro-
tein isolate.

In the HEP, item clusters for meat and poultry include
fresh and processed (i.e., cured) forms of these protein
foods. For the current study, item clusters correspond-
ing to fresh and processed forms of meat/poultry were
disaggregated into the proportions of ounce-equiva-
lents (ounce-eq) used by USDA in development of the
2020-2025 HEP (Table 1). The meat and poultry groups
combined account for 68% of all ounce-eq in the pro-
tein foods group, with 57% as meat and 43% as poultry.
Approximately one-third (34%) of all meat is represented
by processed meat, while 12% of all poultry is repre-
sented by processed poultry. Across the combined sub-
groups of meat and poultry, 24% of these protein foods
are represented by processed products and the balance
(76%) is represented by fresh products. The proportion-
ally weighted nutrient profiles for the disaggregated fresh
and processed item clusters within the meat and poultry
subgroups developed for use in this analysis, along with
the nutrient profiles for all protein foods subgroups, are
shown in Table 2. All values in Table 2 represent the
nutrient profile per 1 ounce-eq of these protein foods,
defined as 1 ounce lean meat, poultry, or seafood, 1 egg,
% cup cooked beans or tofu, 1 tablespoon peanut butter,
or % ounce nuts/seeds.
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Table 1 Contributions of fresh and processed meat and poultry item clusters to protein foods in the HEP

Item clusters in the red meat and Representative Food

Contribution to Contribution to

poultry food subgroups?® Protein Foods (%) Food Subgroup
(%)
Red meat 38.21 100
Fresh
Beef Beef, round, eye of round, separable lean only, roasted 9.06 23.71
Beef, ground Ground beef, 97% lean, patty, pan-broiled 10.36 27.12
Game meat Deer, top round, lean only, steak, broiled 0.35 0.91
Lamb Lamb, domestic, leg, separable lean only, choice, roasted 032 0.83
Liver Beef, liver, pan-fried 023 061
Pork, fresh Pork, fresh, sirloin chops, boneless, lean, broiled 488 12.76
Subtotal 252 65.94
Processed
Sausage Turkey sausage, reduced fat, brown and serve, cooked 253 6.62
Luncheon meats, beef Frankfurter, beef, low fat 335 8.75
Luncheon meats, pork Ham, sliced, extra lean 472 12.34
Pork, cured Pork, cured, ham, whole, separable lean only, roasted 242 6.35
Subtotal 13.02 34.06
Poultry 29.39 100
Fresh
Chicken Chicken, meat only, roasted 2437 829
Turkey Turkey, meat only, roasted 1.6 544
Subtotal 25.97 88.34
Processed
Luncheon meats, poultry Turkey breast, sliced, prepackaged 343 11.66
Subtotal 343 11.66
Total red meat and poultry 67.62
Fresh 5117 76
Processed 16.45 24

2 Contributions calculated from data used by USDA in the development of the U.S. Healthy Style Eating Pattern (HEP) [22]. Consistent with the DGA, the meat group
in this study includes beef, pork, lamb, goat, and game meat, all in either unprocessed (fresh) or processed forms, while the poultry group includes chicken, turkey,
Cornish hens, duck, goose, and game birds, likewise all in unprocessed (fresh) or processed forms. Lean meat or poultry therefore includes both fresh and processed

forms

Analysis

A series of food pattern models was developed using
stepwise reductions in the number of ounce-eq of pro-
cessed meat/poultry relative to levels in the HEP. At
each target level of energy from protein (i.e., 20%, 25%,
and 30%), a pattern that maintained the HEP ratio of
processed to fresh meat and poultry ounce-eq (i.e.,
34:66 for processed: fresh meat and 12:88 for processed:
fresh poultry) and proportionately increased all protein
foods was first attempted. Patterns that proportionately
increased all protein foods other than processed meat
and poultry were then modeled, thus maintaining cur-
rent allowances for processed meat and processed poul-
try in the HEP, namely 4.5 and 1.0 ounce-eq per week,
respectively, based on weighted consumption data for
the U.S. population. Contributions of processed meat and
poultry were then decreased to 2 and 0.5 ounce-eq per
week, respectively; an additional model was developed

in which all processed meat/poultry was eliminated. If
the M-HEP could not be achieved with proportional
increases in all protein food subgroups, the subgroups
were individually adjusted. With the exception of eggs,
minimum levels of weekly ounce-eq from each protein
subgroup were maintained at levels no lower than levels
in the HEP. The weekly allowance for eggs, which are a
concentrated source of cholesterol, was reduced to offset
the cholesterol provided by additional ounce-eq of meat,
poultry, and seafood.

To accommodate increased energy from protein foods,
levels of refined grains and starchy vegetables were first
decreased and energy allowed from the solid fats and
added sugars components of the “calories for other uses”
was reduced. To maintain some flexibility in other die-
tary choices and consistency with the HEP, the M-HEP
retained total calories for other uses in the range of 75%
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to 100% of calories allocated for this use in the HEP (i.e.,
approximately 180 to 242 kcal). The percent allocation of
solid fat and added sugars was maintained approximately
in the ratio used in the HEP of 16 g solid fat and 27 g
added sugars.

In developing the M-HEP in this study, nutrient goals
consistent with those used by the USDA were used to
assess nutrient adequacy. Nutrient goals for the patterns
are diets within the macronutrient AMDRs, at least 90%
of the Recommended Dietary Allowance (RDA) or Ade-
quate Intake (AI) for micronutrients, fiber, and fatty acids
as established by the IOM [2, 24, 25], below the Chronic
Disease Risk Reduction (CDRR) for sodium [25], and
within quantitative recommendations in the 2020-2025
DGA for saturated fat [1]. In the current analysis, M-HEP
model diets likewise were considered nutritionally suf-
ficient if the levels of nutrients were at least 90% of the
RDA/AI for both males ages 51-70 years and females
ages 19-30 years which are representative populations
consuming a 2,000 kcal diet and the nutrient goals used
by USDA to assess compliance [22]. The HEP developed
by USDA does not meet the specified nutrient goals for
vitamin D, vitamin E, choline, iron (females) and mag-
nesium (males) [22]. If the level of these nutrients in a
model was marginally less than the specified RDA/AI tar-
get (i.e., 90% of the RDA/AI), the model was considered
sufficient, which is consistent with the approach utilized
by the USDA [20]. Although the 2020-2025 DGA does
not specify a limit on dietary cholesterol, Americans are
encouraged to consume only as much as necessary within
a nutritionally adequate diet [1]. The patterns modelled
in this study were designed to provide less than 300 mg
cholesterol, which is the limit used in food pattern mod-
eling exercises to support the 2020-2025 DGA [22].

In developing the M-HEP, food group recommenda-
tions for underconsumed foods were maintained within
the median and 95th percentiles of Usual Intakes (UI) to
maintain feasible dietary patterns while overconsumed
components were maintained between 5" percentile and
median intakes [22]. Given the exploratory nature of this
modeling exercise, this constraint was not consistently
enforced and deviations are noted.

The patterns generated following this stepwise
approach were further reviewed and modified by manu-
ally adjusting food group amounts to create food patterns
translatable for communicating dietary guidance, which
is consistent with the refinements detailed by USDA in
development of the HEP. These modifications included
rounding food groups to the nearest half unit (e.g., 2.4
units was rounded to 2.5 units) and minor adjustments to
minimize variations within a food group across food pat-
terns for a given protein level.
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Results

The modified HEP diets (at 2,000 kcal) designed to
meet the target levels of energy from protein and tar-
get allowances of processed meat and poultry are sum-
marized in Table 3. Nutrient profiles for these food
patterns and a comparison of the nutrient content of
each pattern to reference nutrient goals are provided
in Table 4.

Modified food groups with 20% energy from protein

It was feasible to develop a M20-HEP (i.e., 100 g protein
daily) that proportionately increased all protein foods,
and a M20-HEP that proportionately increased all pro-
tein foods while maintaining processed meat/poultry at
the current proportion, current level, at a reduced level,
or eliminating all processed meat/poultry. The model
diets provide 50% energy as carbohydrate and 32-33%
energy as fat (Table 4). Development of the M20-HEP
patterns was achieved with a reduction of 0.5 ounce-
eq per day refined grains and elimination of 16—20 kcal
from the calories for other uses group (i.e., elimination
of up to 1 g solid fat and 2-3 g added sugars) for mod-
els including processed meat/poultry. In the M20-HEP
that eliminated processed meat/poultry, no reduction in
calories for other uses was necessary and protein needs
were met with 44 ounce-eq per week of protein foods
compared to 46.5 ounce-eq per week in models with
processed meat/poultry.

Modified food groups with 25% energy from protein

Under the specified constraints of this study, it was
not feasible to develop a M25-HEP (i.e,, 125 g pro-
tein daily) that proportionately increased all protein
foods while maintaining the HEP proportion of pro-
tein foods as processed meat/poultry. It was, however,
feasible to develop M25-HEP patterns that increased
protein foods while maintaining processed meat/
poultry at the current level, at a reduced level, or
eliminating all processed meat/poultry. These diets
provide 46% energy as carbohydrate and 31% energy
as fat (Table 4). M25-HEP models reflecting current
amounts, reduced amounts, or no processed meat/
poultry were constructed by limiting increases in the
eggs subgroup (2 eggs per week) to offset additional
sources of cholesterol, maintaining HEP levels of nuts
and seeds (4 ounce-eq per week), increasing soy prod-
ucts to 4 ounce-eq per week and increasing beans and
peas by 3.5 cup eq/week (i.e., 14 ounce-eq per week),
and proportionally increasing meat, poultry, and sea-
food protein foods to meet the protein target. Refined
grains were reduced from 3 to 1 ounce-eq per day and
starchy vegetables were reduced from 5 to 3 ounce-eq
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Table 3 Modified HEP with 20% or 25% energy from protein and varying proportions of processed meat/poultry

HEP? M20-HEP M25-HEP®

Scenarios for Proportion of Total Meat/Poultry as Processed Meat/Poultry

Food Group and Intake Frequency Current% Current% Current Amount Reduced None Current Amount Reduced None
Subgroup Amount Amount
Total fruit ounce-eq/ day 2 2 2 2 2 2 2 2
Total vegetables ounce-eq/week 17.5 17.5 17.5 17.5 175 19 19 19
Dark green 1.5 1.5 15 15 15 15 15 1.5
Red-orange 55 55 55 55 55 55 55 55
Beans and peas 15 1.5 15 1.5 15 5 5 5
Starchy 5 5 5 5 5 3 3 3
Other 4 4 4 4 4 4 4 4
Total grains ounce-eq/ day 6 5.5 5.5 5.5 5.5 4 4 4
Whole grains 3 3 3 3 3 3 3 3
Refined grains 3 25 2.5 2.5 2.5 1 1 1
Total protein foods ounce-eq/ week 39 46.5 46.5 46.5 440 64.0 64.5 64.0
Meats, poultry, eggs ounce-eq/ 26 31 31 31 295 415 42 4.5
week
Meats® 12.5 15 15 15 145 215 22 215
Meats, fresh 85 10 11 13 145 175 19.5 215
Meats, processed 4.5 5 45 2 0 45 2 0
Poultry® 105 125 125 125 12 18 18 18
Poultry, fresh 9.5 1 1.5 12 12 17 175 18
Poultry processed I 1.5 1 0.5 0 1 0.5 0
Eggs 3 35 35 35 3 2 2 2
Total seafood ounce-eq/ week 8 10 10 10 9.5 14.5 14.5 14.5
Fish-Hin3 2.1 25 25 2.5 24 3.6 3.6 36
Fish-Lo n3 6.3 76 7.6 76 7.2 10.8 109 10.7
Nuts, seeds, soy prod- ounce-eq/ week 5 55 5.5 5.5 5 8 8 8
ucts
Soy products 0.5 0.5 0.5 0.5 0.5 4 4 4
Nuts/seeds 4 5 5 5 4.5 4 4
Total dairy cup-eq/ day 3 3 3 3 3 3 3 3
Qils g/day 27 27 27 27 27 27 27 27
Total energy other kcal/day 242 226 222 222 242 181 181 181
sources
Solid fats g/day 16 15 15 15 16 13 13 13
Added sugars g/day 27 25 24 24 27 18 18 18

2 Healthy U.S. Style Eating Pattern (HEP)

b Modified Healthy U.S. Style Eating Pattern (M-HEP) with 20% energy from protein (M20-HEP) or 25% energy from protein (M25-HEP). Processed meat was modeled
under four scenarios: (1) maintain current proportion of total meat/poultry as processed; (2) maintain the current level of total meat/poultry as processed (i.e.,
ounce-eq/week of processed meat/poultry consistent with level in the HEP), (3) reduce the level of total meat/poultry as processed (i.e., approximately one-half the
ounce-eq of processed meat/poultry consistent in the HEP), and (4) no processed meat/poultry. In all scenarios, the level of fresh meat/poultry was calculated as the
difference between total meat/poultry and the level allocated to processed forms

¢ Contributions calculated from data used by USDA in the development of the (HEP) [22]. Consistent with the DGA, the meat group in this study includes beef, pork,
lamb, goat, and game meat, all in either unprocessed (fresh) or processed forms, while the poultry group includes chicken, turkey, Cornish hens, duck, goose, and
game birds, all in unprocessed (fresh) or processed forms

per week. In all models, 62 kcal were eliminated from  Modified food groups with 30% energy from protein

the category of calories for other uses through reduc- It was not possible to develop a diet providing 30% of
tion of 3 g solid fat and 9 g added sugars. Total weekly  energy from protein (i.e., 150 g protein daily) under the
protein foods amounts are 64 to 64.5 ounce-eq in all  constraints specified for this study, specifically a diet
models. satisfying the AMDR with at least 45% energy from
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Fig. 1 Intake of macronutrients and nutrients to limit in the M20-HEP and M25-HEP models. The solid black line represents the nutrient
concentration per 2,000 kcal provided by the Healthy U.S.-Style Eating Pattern (HEP) and the dashed black lines represent the Acceptable
Macronutrient Distribution Ranges (AMDR) for macronutrient intake by adults as established by the IOM,? the Chronic Disease Risk Reduction
(CDRR) level for sodium [25], and the cholesterol limit used in food pattern modeling exercises to support the 2020-2025 DGA [22]. Blue bars (1)
are patterns with the same proportion of processed meat/poultry as the HEP (34% of total meat and 12% of total poultry as processed); red bars (2)
are patterns with the current level of processed meat (4 ounce-eq per week) / poultry (1.5 ounce-eq per week); green bars (3) are patterns with a
reduced level of processed meat (2 ounce-eq per week) / (1 ounce-eq per week) poultry; and purple bars (4) are patterns with no processed meat/

carbohydrate while maintaining a balance of solid fat
and added sugars in the calories for other uses category.

Modifications to overconsumed nutrients in the modified
patterns

In both the M20-HEP and M25-HEP models, the step-
wise reductions in weekly ounce-eq of processed meat/

poultry resulted in reductions in daily sodium intake.
As shown in Fig. 1, sodium declined in the M20-HEP
from 1,680 mg in the pattern with the current propor-
tion of processed meat/poultry (6.5 ounce-eq per week)
to 1,647 mg, 1,542 mg, and 1,443 mg in the modified
patterns with the current level (5.5 ounce-eq per week),
reduced level (3 ounce-eq per week), and no processed
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meat/poultry, respectively. Likewise, stepwise reduc-
tions in processed meat/poultry in the M25-HEP model
resulted in reductions in sodium from 1,597 mg in the
pattern with the current level of processed meat/poultry
to 1,494 mg and 1,405 mg in the modified patterns with
reduced (3 ounce-eq) and no processed meat/poultry
patterns, respectively.

The M20-HEP and M25-HEP models provide no more
than 8% energy from saturated fat (Fig. 1). In contrast to
sodium and saturated fat, the level of cholesterol in the
model diets was consistently higher relative to the level of
214 mg in the HEP, with cholesterol ranging from 241 to
255 mg in the M20-HEP, and from 266 to 272 mg in the
M25-HEP.

Achievement of nutrient goals in the modified patterns

Per the constraints of the study, the model patterns
developed for M20-HEP and M25-HEP meet or exceed
nutrient goals for all nutrients for which HEP met at least
90% of the RDA/AI (Table 4). Consistent with the USDA’s
HEP, the M20-HEP and M25-HEP also do not meet
nutrient goals for vitamin E and vitamin D. For vitamin E,
the modified plans provide 71-72% of the RDA (vs. 70%
in the HEP), while for vitamin D the M20-HEP and M25-
HEP provide 52-54% and 59% of the RDA, respectively
(vs. 52% in the HEP). With the exception of the M20-HEP
with no processed meat/poultry, which provides 89% of
the choline Al for females ages 19-30 years, all modi-
fied patterns meet or exceed the choline goals for females
ages 19-30 years. For males ages 51-70 years, the M20-
HEP provide 69-71% of the Al and the M25-HEP provide
80—-81% of the AI for choline. Consistent with the HEP,
some of the dietary patterns provide less than 90% of the
RDA for magnesium among adult males. The M20-HEP
provide 86-87% of the RDA for magnesium for adult
males ages 51-70 years, which is consistent with the level
provided by the HEP for this population (86%), while the
M25-HEP provide 97% of the magnesium RDA for these
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males, which meets the nutrient goal. For females ages
19-30 years, the M20-HEP and the M25-HEP provide a
minimum of 78% and 89%, respectively, of the RDA for
iron, thus all models are comparable to or higher than the
79% of the iron RDA provided by the HEP.

Comparison of higher protein patterns to usual intake
Dietary patterns that are within 5% and 50" percentile
of UI for over-consumed foods and the 50 and 95%
percentile of UI for under-consumed food could not be
achieved for the M25-HEP. In all M25-HEP scenarios,
refined grains are below the 5% percentile UI of 2.4 g
ounce-eq/day, while beans and peas are above the 95™
percentile (5.5 vs. 5 cup-eq/week), total seafood exceeds
the 95™ percentile of UI of 11.9 ounce-eq/week, and soy
products exceeds the 951 percentile of UI of 2.8 ounce-
eq/week. For the M25-HED, solid fats are less than the 5
percentile of 15 g/day (Table 5).

Discussion

This modeling study demonstrates that the Healthy U.S.
Style Eating Pattern (HEP), which provides 18% energy
from protein, can be modified to provide 20% or 25%
energy from protein while meeting nutrient needs in a
2,000 kcal diet. Under the constraints of the models in
this study, however, it was not feasible to construct a
pattern with 30% energy from protein without reduc-
ing the percentage of energy from carbohydrate below
the carbohydrate AMDR and remaining compliant
with other nutrient constraints. In the M20-HEP mod-
els, increased energy from proportional increases in
all protein foods was offset by reductions in refined
grains with little to no reduction in calories from other
sources required to meet nutrient needs. In the M25-
HEP models, further reductions in refined grains,
reductions in starchy vegetables, and shifts in protein
foods including reductions in eggs, increases in beans
and peas, and proportionately higher increases in soy

Table 5 Food group amounts in M20-HEP and M25-HEP vs 51 and 95" percentiles of usual intake

Pattern Basis for Amount of Processed Meat/Poultry® Food Group Recommendation  Food Group
< 5th Percentile Recommendation
>95th Percentile
M20-HEP Current %, Current amount, Reduced amount, None - No deviations? - No deviations?
M25-HEP Current % -

Current amount, Reduced amount, None

- Refined grains
- Solid fats

+ Beans and peas
- Total seafood
- Soy products

@ Current %, current proportion of processed meat/poultry in HEP; Current amount, current level of processed meat/poultry in HEP; Reduced amount, reduced level of

processed meat/poultry compared to HEP; None, no processed meat/poultry
b Only deviations beyond those present within the HEP [22] are noted here

¢ Pattern not feasible in this modeling study
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products, along with greater reductions in energy des-
ignated for other uses, were required to meet the pro-
tein goal and nutrient needs. Stepwise reductions in
levels of processed meat and poultry in the M20-HEP
and M25-HEP models were accompanied by reductions
in sodium intake while elimination of processed prod-
ucts in the M20-HEP allowed for a small reduction in
total protein foods to meet the protein target.

We are aware of a previous study in which dietary
pattens providing a higher percentage of energy from
protein were constructed; in that study, models provid-
ing 18.8% and 30% energy as protein were developed,
primarily by using nonessential calories for additional
protein [26]. In the current study, patterns maintained
at least 75% of calories for other uses (i.e., approxi-
mately 180 or more of the 242 kcal) to allow for con-
sumer choice and ideally diets to which individuals can
adhere. Under these constraints, it was not feasible to
develop a 30% energy from protein pattern. In contrast
to the current study, the study by Wolfe and colleagues
did not manipulate contributions of fresh vs. processed
meat and poultry.

Dietary guidance recommends limiting intake of pro-
cessed meat/poultry [1]. Nonetheless, food pattern mod-
els in the DGA, which reflect consumption patterns by
the U.S. population, assume approximately one-quarter
of all meat and poultry combined is consumed in a pro-
cessed form, and approximately one-third of all meat is
a processed meat [22, 27]. In developing the dietary pat-
terns in this study, protein food subcategories of meat and
poultry were disaggregated into weighted proportions of
fresh and processed components. This disaggregation
of fresh and processed meat and fresh and processed
poultry components allowed the models to examine the
effects of stepwise reductions in the levels of processed
products on nutrient intakes, which is a major strength
of this study. Processed meat/poultry including cold cuts
and cured meats and bacon, frankfurters, and sausages
are among the top sources of sodium in the U.S. diet [28],
and most Americans are encouraged to decrease intake
of sodium to support cardiovascular health [4]. As shown
in the stepwise reductions of processed meat/poultry in
both the M20-HEP and M25-HEP models, elimination
of processed products may translate to reductions in
sodium on the order of 200—300 mg daily.

The models in this study demonstrate that consump-
tion of fresh forms of lean meat and poultry, or select
forms of other protein foods, can more efficiently meet
protein needs as processed forms provide relatively low
levels of protein per ounce-eq. While higher fat meats
may be a source of saturated fat in the diet, lean meats
are a modest source of this component. Per ounce-eq,
processed meat provides more total fat than fresh meat,
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though the saturated fat content is comparable at 0.49
and 0.47 g, respectively. No increase in overall total fat
intake or saturated fat intake (or percent energy from
saturated fat) was observed, which is a reflection of the
nutrient profiles of the foods in the modified patterns
and the reduction of 1-3 g solid fat in the models.

In all modeled dietary patterns, review of the nutri-
ent intakes and comparisons to reference intakes dem-
onstrate that nutrient intakes are comparable or, in
some cases, enhanced relative to the HEP. The level of
dietary choline, for example, is adequate for females in
the modified diets while it is below recommended levels
in the HEP. This shift may be attributed to an increase
in eggs in the M20-HEP and the increase in beans and
peas in the M25-HEP. In all models, ounce-eq of refined
grains are reduced to provide a key source of increased
energy from protein. While many refined grains are
enriched and make important nutrient contributions to
the diet, including the micronutrients folate, iron, and
magnesium [29], reduced levels of refined grains do
not have a detrimental effect on nutrient intakes, likely
because these micronutrients are present across a range
of protein foods and in particular bean and peas. The
M-HEP do provide higher levels of cholesterol (an addi-
tional 27-41 mg per day for M20-HEP, and 52-58 mg
per day for M25-HEP), though all models remain below
the limit of 300 mg per day used in this analysis. A 2020
science advisory from the American Heart Association
concluded that dietary patterns emphasizing lean pro-
tein sources and other foods naturally low in choles-
terol, and providing cholesterol levels comparable or
lower than current intake in the U.S., are recommended
for cardiovascular health [30]. Overall the M-HEP pro-
vide nutritionally adequate patterns comparable to the
USDA HEP.

The models developed in this study demonstrate that
a 2,000 kcal diet with 20% energy from protein can be
achieved with minor modifications to the HEP, namely
reduction of 0.5 ounce-eq refined grains daily and use
of no more than 20 kcal from the calories for other uses
category in models with some processed meat/poultry.
With the elimination of processed meat/poultry, the
modified protein diet was constructed without compro-
mising any calories for other uses. For individuals inter-
ested in slightly increasing energy from protein while
eliminating processed meat from the diet, the M20-HEP
with no processed meat provides a feasible pattern.
Models with 25% energy from protein were constructed
in this exercise, though with greater restrictions, includ-
ing more substantial reductions in amounts of refined
grains as well as reductions in starchy vegetables and
some substantial modifications in the specific forms of
protein foods consumed, namely in the weekly ounce-eq
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of beans and peas, seafood, and soy products. It is note-
worthy that the levels of beans and peas and the level of
seafood in this pattern are comparable to levels in the
MEP or VEP in a 2,000 kcal diet. Nonetheless, it may be
difficult for individuals interested in consuming more
energy as protein to easily transition to these dietary
patterns while staying within the recommended energy
levels given substantial shifts in amounts of some food
groups, thus the patterns may be more idealistic than
realistic for some individuals.

The current modeling exercise did not consider impact
on the environment, though this issue warrants con-
sideration in future research on dietary patterns. The
M-HEP models in this analysis were developed assum-
ing proportionally higher intake of all foods within the
protein foods group defined in the DGA, which include
both animal and plant protein sources. Reduced con-
sumption of animal-based foods is considered a strat-
egy to support environmental sustainability [3, 31].
The relationship between optimal dietary patterns and
environmental sustainability is, however, complex, as a
recent systematic review of dietary patterns in the U.S.
recommends that future research also consider the water
demands of higher consumption of plant-based foods
and nutritional tradeoffs associated with dietary shifts
away from animal sources [31].

Strengths of this study include use of the USDA food
pattern modeling methods to develop higher protein
patterns based largely on the HEP. Protein foods were
increased in proportions aligning with proportions in the
HEP in the M20-HEP, and as feasible in the M25-HEP. A
significant feature of this study is the disaggregation of
the meat and poultry subgroups into fresh and processed
components, which allows for modeling to develop diets
with reduced or no processed meat/poultry. In future
analyses of dietary intakes, disaggregation of the fresh
and processed meat/poultry components will be impor-
tant for understanding sources of nutrients and effects of
different food selections.

The study is a modeling exercise and not without lim-
its. As with all food pattern modeling, the diets developed
in these patterns represent diets composed of foods with
little to no added sodium, sugar, or solid fat, and a speci-
fied allowance of calories as added sugars and solid fat
for consumers to enjoy food forms that deviate from the
reference foods or to consume additional foods. In reality,
many individuals do not select diets completely aligned
with the patterns and are not able to meet nutrient needs
within energy needs. Further nutrition education is nec-
essary to help consumers select nutrient-dense choices.
While numerous constraints were developed to ensure
that the resulting eating patterns would provide higher
energy as protein while remaining generally similar to the
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HEP, it was not feasible to maintain alignment with the
HEP in developing the M25-HEP. The patterns presented
in this study represent possible dietary patterns for a
2,000 kcal diet, though numerous patterns could be devel-
oped with slightly different selections and constraints. In
this exploratory study, patterns were constructed only for
a 2,000 kcal diet. Additional modeling could be completed
to cover the range of energy needs for most adults (i.e.,
1,600 kcal to 3,200 kcal). It is noteworthy that the current
HEP corresponding to 1,600 kcal provides 21% of energy
as protein and the 1,800 kcal diet provides 19% of energy
as protein [22]. Thus, relative to the 2,000 kcal diet, fewer
if any modifications may be needed to achieve higher pro-
tein levels in the lower energy diets consumed by older
adults or adults on weight loss diets for whom the pat-
terns may be beneficial. Only foods in the protein foods
(including beans and peas in the M25-HEP) were used to
increase protein; other foods that are sources of protein
such as dairy products were not modified as these are not
recognized in the protein foods group in USDA food pat-
tern modelling. Additionally, this study was designed only
to examine the feasibility of constructing food patterns
with higher energy from protein, not the health effects of
these diets. Further analyses to determine the feasibility of
higher protein diets based on other USDA patterns, i.e.,
the MEP and the VEP, are warranted to provide insight on
other options.

Conclusions

In summary, the models developed in this study dem-
onstrate that it is feasible to meet recommended
intakes of nutrients with consumption of diets similar
to the HEP in a 2,000 kcal diet though modified to pro-
vide a higher proportion of energy from protein. Diets
with 20% energy from protein were constructed with
minor deviations from the current HEP. While nutri-
tionally adequate diets with 25% energy from protein
were constructed under the imposed constraints to
maintain parallels to the HEP, the resulting diets may
be regarded as considerably different from current
dietary patterns, which could present challenges for
adherence. It was not possible to develop a pattern with
30% energy from protein without reducing the percent
energy from carbohydrate below the AMDR or non-
compliance with other modeling constraints. Lastly,
the disaggregation of meat and poultry into fresh and
processed components serves to clearly demonstrate
the effects of reducing levels of processed products in
the diet, particularly on sodium consumption. Rou-
tinely presenting meat and poultry in terms of fresh
and processed components may be helpful in educat-
ing consumers on the value of fresh meat/poultry while
limiting consumption of processed meat/poultry.
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