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The adult RDA is defined as the average daily level of intake sufficient to meet the nutrient requirements of nearly all healthy people. The RDA for
protein for adults =18 y of age (0.8 g/kg) has been essentially unchanged for >70y. In practice, the RDA for protein was derived to estimate the

minimum amount of protein that must be eaten to avoid a loss of body nitrogen. The Acceptable Macronutrient Distribution Range (AMDR) (10—

35% of calories as protein) was developed to express dietary recommendations in the context of a complete diet. It is noteworthy that the lowest
level of protein intake reflected in the AMDR is higher than that of the RDA. Furthermore, recent studies, particularly in older individuals, suggest
specific health benefits at levels of protein intake that significantly exceed the RDA. Translation of protein intake recommendations for the

general adult population into dietary guidance for individuals requires an understanding of the derivation and intended use of both the protein
RDA and AMDR. The following discussion will describe limitations to the derivation and practical application of the RDA compared with the use

of the AMDR to help maximize health benefits associated with higher protein intake by using flexible calories inherent in different dietary

patterns. Adv Nutr 2017,8:266-75.
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Introduction

Dietary protein recommendations have been made for al-
most 100 y (1). Nonetheless, the answer to the seemingly
simple question of “how much protein should we eat?”
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remains unclear. Protein constitutes a vital portion of
body composition, and is required for growth and develop-
ment (2). In addition, dietary protein is required through-
out life to replace irreversibly oxidized amino acids that
cannot be synthesized in the body [i.e., the essential amino
acids (EAAs)’] (2). There also appears to be a requirement
for a certain amount of protein intake to provide amino
acids that can be produced in the body, but not at a rate
to satisfy all requirements (2).

The cornerstone of macronutrient recommendations in
the United States comes from the Food and Nutrition Board
(FNB) of the Institute of Medicine. On a periodic basis, the
FNB convenes meetings of experts to determine or update a
set of reference values for both micro- and macronutrients.
A variety of values are derived, as sufficient data allows, for

’ Abbreviations used: AMDR, Acceptable Macronutrient Distribution Range; DGA, Dietary
Guidelines for Americans; DIAAS, Digestible Indispensable Amino Acid Score; DRI, Dietary
Reference Intake; EAA, essential amino acid; EAR, Estimated Average Requirement; FNB,
Food and Nutrition Board; LBM, lean body mass; NB, nitrogen balance; UL, Tolerable Upper
Intake Level.
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each macronutrient. These values include the Estimated Av-
erage Requirement (EAR), the RDA, and the Tolerable Up-
per Intake Level (UL). These values are collectively
referred to as the Dietary Reference Intake (DRI). The
DRI specifies macronutrient intake requirements in absolute
terms (i.e., grams per day) by age and sex group or, in the
case of protein, as a function of body weight. In this paper
we will focus on recommendations for protein intake in
adults, who are defined in the DRI as individuals =18 y.
The RDA for protein does not distinguish sex or age group
beyond the classification of adult. In addition to the RDA,
recommendations for macronutrient intake are also pro-
vided in the context of a complete diet as the Acceptable
Macronutrient Distribution Range (AMDR). The AMDR
expresses intake recommendations as a percentage of total
caloric intake. The DRI serves as a reference point in the de-
velopment of food-based dietary guidance for the general
population, specifically, the Dietary Guidelines for Ameri-
cans (DGA) (3), commissioned by the USDA and the De-
partment of Health and Human Services. Food-based
dietary guidance is presented in the DGA via healthy eating
patterns and expressed in MyPlate guidance as MyPlate
Daily Checklists (4) designed to guide individual food
choices to promote healthful eating.

Although the focus of this paper is the specific recom-
mendations promulgated by agencies in the United States,
the general principles related to dietary protein intake are
relevant to all dietary recommendations of which we are
aware. Dietary recommendations of agencies such as a joint
the FAO/WHO committee, as well as recommendations of
other countries, do not differ markedly from the US recom-
mendations for macronutrient intake, although many of
these other agencies do not express an AMDR.

The DRI states that dietary protein recommendations are
based on high-quality proteins. However, the definition of
“high-quality” is not provided. The FAO/WHO has con-
vened consultations to provide qualitative rankings of pro-
tein. The initial scoring system was termed the Protein
Digestibility Corrected Amino Acid Score (5). Most recently,
the FAO/WHO released the description of the improved Di-
gestible Indispensable Amino Acid Score (DIAAS) (6). The
DIAAS for a dietary protein is based on the proportion
and profile of EAAs in the protein and the true ileal digest-
ibility of the protein (6). The basic concept is that a high-
quality protein should provide an abundance of EAAs in a
profile that closely resembles the profile of individual EAA
requirements, and that the protein should be readily digest-
ible. Ultimately, the goal of the DIAAS would be to incorpo-
rate protein quality into dietary planning, and to assist the
consumer in that endeavor by enabling the inclusion on
package labeling of not only the protein content but also
the protein quality. However, this goal is not currently feasi-
ble because of insufficient data on a variety of proteins;
therefore, protein quality is not considered in depth in this
article. We recently published a detailed discussion of the
DIAAS that included an evaluation of the underlying as-
sumptions (7).

Current Status of Knowledge

DRI and dietary guidance. Currently, the EAR and the
RDA for protein are 0.66 and 0.80 g - kg~ ' - d™", respec-
tively (Table 1) (2). The AMDR is 10-35% of caloric intake
as protein, which is 1.05-3.67 g - kg~ ' - d”~ ' when reference
body weights of 57 and 70 kg are assumed for women and
men, respectively, and a mean estimated energy requirement
of 36.5 kcal - kg71 - d7"is used (2) (Table 1). The actual
energy requirement of an individual depends on sex, body
weight and lean body mass (LBM), activity level, and other
factors. The value of 36.5 kcal - kg™ ' - d™ ' is estimated for a
30-y-old man with low activity levels weighing 70 kg (2). For
such an individual, the lowest acceptable protein intake
according to the AMDR is ~10% greater than that of the
RDA. For a higher rate of energy expenditure, the lowest
acceptable value would exceed the RDA by even more (8).
The recommended protein intake from MyPlate is more in
accord with the AMDR than is the RDA, being equivalent
to 17-21% calories (4). This is equivalent to 1.78-2.20 g
protein - kg™ ' - d”' if mean estimated energy requirements
and body weight are assumed (Table 1). MyPlate
recommendations are consistent with the usual protein
intake in the United States, which ranges from 13% to
16% of total calories, depending on age and sex, or
~1.60 g - kg”' - d7' for a healthy adult (9). These
values highlight the value of the AMDR, which is defined
as “a range of intakes for a particular energy source that
is associated with reduced risk of chronic diseases while
providing adequate intakes of essential nutrients” (2).
The AMDR is thus meant to be a target for dietary
macronutrient intake in the context of a complete diet
and potentially variable nutritional goals of the
individual. However, the RDA, rather than the AMDR, is
widely considered to be the appropriate target for protein
intake. For example, the Health Statistics division of the
CDC’s National Center for Health Statistics cites the
recommended daily intake of protein as 0.8 g - kg ' - d”',
and states on its health blog that “Adults’ daily protein
intake is much more than recommended,” because mean
protein intake exceeds the RDA (10). This representative
statement is not only at odds with both the AMDR and
MyPlate recommendations, as well as current dietary
practice in the United States, but also the FNB’s position
regarding the RDA for protein. In discussing the RDA for
protein, the FNB points out that there may be benefits to
eating amounts of dietary protein greater than that in the

TABLE 1 Recommendations for dietary protein intake'
Value, g protein - kg™' - d™’

EAR? 0.66

RDA 0.80

AMDR 1.05-3.67

MyPlate® 148-1.86

T All from reference 2. AMDR, Acceptable Macronutrient Distribution Range; EAR,
Estimated Average Requirement.

2 For adults =18 y of age.

3 Calculated with the use of 36.5 kcal - kg™' - d™", which was estimated for a 30-y-
old man with low activity levels weighing 70 kg (reference 2, Tables 5-22).
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RDA, and it is extensively documented in the same chapter
that no UL for protein intake beyond which adverse effects
may result could be identified (2). Confusion regarding the
relation between the RDA and the optimal amount of
dietary protein intake in all adults may in part stem from
semantic issues. The term “RDA” suggests to the average
consumer not familiar with the technical definition of the
RDA that it is recommended that the RDA be eaten, and
that any level of protein intake above the RDA will exceed
that which is allowed. Thus, there is an inherent
possibility of misinterpretation of the meaning of the RDA
when planning the desired amount of dietary protein
intake. In this regard, the pertinent issue is whether there
is an amount of dietary protein in excess of the RDA but
within the AMDR that provides beneficial outcomes.

It is our assertion that current dietary guidance is pre-
sented in a way that may lead to confusion between nutri-
tional scientists, nutrition practitioners, and the general
public as to how much protein we should eat. Translation
of protein intake recommendations for the general popula-
tion to dietary food-based guidance for individuals requires
an understanding of the derivation and intended use of both
the RDA for protein and the AMDR for protein. We will dis-
cuss the limitations of use of only the RDA for protein to de-
velop dietary guidance, highlight the evidence that there are
benefits to an intake of dietary protein in excess of the RDA
in many circumstances, and provide examples of how die-
tary food-based guidance can be developed with the use of
the AMDR.

Determination of DRI for protein. The EAR and RDA for
adults =18 y of age have been determined by the single end-
point of the amount of protein intake required to maintain
nitrogen equilibrium, or nitrogen balance (NB). It is stated
in the DRI that “the criterion of adequacy of the EAR is
based on the lowest continuing intake of dietary protein
that is sufficient to achieve body nitrogen equilibrium
(zero balance)” (2). The RDA is determined as being 2
SDs above the EAR, meaning that the RDA is an estimate
of the lowest dietary protein intake level that meets the pro-
tein requirement of nearly all (97-98%) healthy individuals.
Thus, approximately one-half of individuals consuming the
EAR for protein will satisfy minimal protein requirements to
maintain nitrogen equilibrium, whereas one-half will fail to
maintain a zero NB while consuming the EAR for protein.
In contrast, most individuals who consume the RDA for
protein will be satisfying their minimal requirement for
protein as defined by NB.

There is a reason, however, to question reliance on results
from NB studies as the sole criterion for determination of
recommendations for dietary protein. Even if the NB tech-
nique is accepted as the appropriate methodology, there is
debate as to how the EAR and RDA are calculated from
NB data (2). The NB technique to determine protein re-
quirements is a conceptually straightforward approach
with a quantitative endpoint that has been used as a standard
by which to assess protein nutrition for >100 y. As a
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consequence of the long-standing use of the NB technique,
there have been a large number of NB studies performed
that provide an abundance of data upon which to base the
EAR. On the other hand, there are shortcomings in the
NB method for determining protein requirements. There
is considerable variability in the determination of NB, in
part because it is difficult to accurately measure all sources
of nitrogen excretion. The calculation of NB also is variable
because NB is a small number resulting from the difference
in 2 large numbers (nitrogen intake and nitrogen excretion),
each of which has its own sources of variability. Further-
more, NB is dependent on the length of time at a particular
level of nitrogen intake, and there is no consensus on the ac-
ceptable duration of experimental control. In addition, dif-
ferences in protein quality that are not accounted for, as well
as the nature and amount of nonprotein macronutrients in
the diet (i.e., carbohydrate and fat), can affect the observed
NB data.

Conceptually, NB has generally been presumed to be a sur-
rogate for measurement of changes in LBM over a defined pe-
riod of time, but to our knowledge, there are few studies
documenting the fact that changes in NB correspond to mea-
sured changes in LBM. In fact, the assumed relation between
NB and changes in LBM is limited to circumstances of nega-
tive NB. A progressively positive NB results as nitrogen intake
exceeds nitrogen excretion. However, positive NB values have
been assumed to be artifacts, and therefore are not accounted
for in the estimation of the EAR (2). Ignoring these positive
NB values has been justified by the fact that LBM does not
change in healthy adults in the short duration of most NB
studies, so that the apparent increase in NB at levels of protein
intake greater than the EAR must be artifactual (2). In our
opinion, this justification is weak. Data cited in the following
section give reason to believe that higher rates of protein con-
sumption in fact often lead to increased LBM.

Even if it is stipulated that there is physiologic relevance
to the amount of protein intake required for zero NB, the
means of estimating the values for EAR and RDA from ex-
isting NB data can be questioned. The theory of the calcula-
tion of the EAR and RDA from NB data is illustrated
schematically in Figure 1A. Once NB (i.e., zero balance)
has been achieved, further increases in protein intake are as-
sumed to not result in corresponding increases in NB. This
assumption would appear to be at odds with the actual data
used to calculate the EAR (Figure 1B) (11). When calcula-
tion of EAR and RDA was more inclusive of all NB data,
values were calculated (0.93 and 1.2 g protein - kg~ ' - d ™'
for EAR and RDA, respectively) that were ~50% greater
than the DRI values (12). Assessment of the validity of one
statistical approach compared with the other is beyond the
scope of this paper, but the different results add to the uncer-
tainty of the quantification of protein requirements from NB
studies.

The DRI report recognizes the shortcomings of the NB
technique. The report states that “due to the shortcomings
of the NB method noted earlier, it is recommended that
the use of NB should no longer be regarded as the ‘gold
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FIGURE 1 Nitrogen balance as a tool to determine protein

requirements. A simplified schematic of the model used to
calculate the EAR and RDA for protein from nitrogen balance
studies (A). Positive nitrogen balance values are considered to
be artifacts. Results from the meta-analysis of nitrogen balance
data that was used by the Food and Nutrition Board to
calculate the EAR and the RDA (B). This represents the relation
between individual nitrogen balances, corrected for dermal and
miscellaneous losses, and nitrogen intake in healthy adults. In
some cases the same individuals were tested at different levels
of protein intake, whereas in other cases the subject was tested
at only one level of protein intake. The values for EAR and RDA
depend on the means by which they are calculated from this
data set (11). EAR, Estimated Average Requirement. Panel B
reproduced from reference 11 with permission.

standard’ for the assessment of the adequacy of protein in-
take and that alternative means should be sought” (2).
Nonetheless, all other evidence regarding dietary protein
was ignored in the derivation of the RDA. If the shortcom-
ings of the NB technique are disregarded and the RDA is
considered to be the best available estimate of protein intake
to meet minimal requirements for most individuals, there
remains the important issue of whether the terminology
“RDA” is an accurate reflection of its true meaning. It is
our opinion that the protein RDA would more appropriately
be termed the “recommended minimum intake.” Although
we recognize the impracticality of a new expression’s being
accepted in lieu of that used in the DRI, we feel it is worth-
while to consider the proposed new nomenclature in the
context of this paper to better understand the true meaning
of the RDA.

Is there an optimal level of protein intake that is greater
than the RDA? Many more factors than simply maintaining
LBM should be considered when determining recommenda-
tions for dietary protein intake. Maintaining or increasing
LBM has been the major focus of studies designed to address
the question of whether there is a benefit to dietary protein
intake at rates greater than those of the RDA. It has been con-
sistently shown that increasing the level of nitrogen intake
corresponds to increases in LBM or a surrogate of LBM,
such as NB or net protein synthesis. NB progressively in-
creases as nitrogen intake increases above the RDA, as shown
in Figure 1B. Whereas many discount the validity of those NB
results for reflecting actual changes in LBM, the NB results are
consistent with the results of stable isotope tracer studies that
show that net protein synthesis increases linearly with increas-
ing protein or amino acid intake (13-15).

Consistent with the results from short-term tracer studies
of protein synthesis and breakdown, observable changes in
outcomes over longer periods are achieved with higher levels
of protein intake than those in the RDA. For example, both
our own study (16) and a study from a different group (17)
showed improvements in LBM, strength, and functional tests
when the normal diet was supplemented 2 times/d with 11 g
of a mixture of EAAs. We also showed that the decrease in
functional capacity that normally occurs in healthy elderly in-
dividuals confined to bed rest could be minimized by supple-
mentation of the diet with EAAs (18). Similarly, the loss of
LBM and muscle strength that occurred with 28 d of bed
rest in healthy young subjects was ameliorated by supplemen-
tation with a mixture of EAAs and a small amount of carbo-
hydrate (19). The results from the bed rest studies are
particularly relevant because all known factors other than to-
tal protein intake that might potentially affect LBM changes,
including activity and other macronutrient intake, were com-
pletely controlled. The fact that acute isotopic studies at the
onset and end of the bed rest interval agreed quantitatively
with the measured changes in LBM over that 28 d period sup-
port the validity of isotopic studies as one approach to assess-
ing the response to protein or amino acid nutrition.

Muscle mass has been shown to be improved in other
studies in elderly subjects (20), as well as in patients with
heart failure and cachexia (21). Tieland et al. (22) showed
that supplementation of the diet of frail elderly with 30 g
milk protein for 24 wk significantly improved physical per-
formance compared with a placebo control. The results of
the prospective Healthy Aging and Body Composition Study
(23) also provide support for the benefit of higher protein
intake in preserving LBM in a large group of >2000 elderly
subjects studied over 3 y. Loss of LBM was lowest in the
quintile consuming the most protein (18.6% of caloric in-
take), whereas the quintile consuming the lowest amount
of protein (10.9% of caloric intake) lost 40% more LBM
than did the highest quintile (23). These results are consis-
tent with a survey of the dietary habits of 142 older adults,
which reported a positive correlation between dietary pro-
tein intake and midarm muscle area (24).
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Not only does the preponderance of evidence indicate
that maintenance of maximal LBM requires a level of pro-
tein intake greater than that of the RDA, other physiologic
functions have been shown to benefit from consumption
of dietary protein at a rate >0.8 g - kg~ - d~'. The delete-
rious effects of chronic inflammation on muscle in elderly
persons have been shown to be inversely related to the level
of protein intake (25). In addition, intake of 13.4% of energy
as protein compared with 8.0% (the EAR) was beneficial in
terms of strength and physical function in young, healthy
volunteers restrained to bed rest (26). Studies have uni-
formly shown that levels of protein intake greater than those
in the RDA are particularly important in caloric restriction
weight loss. Diets containing between 18% and 25% calories
as protein have been shown to result in greater maintenance
of LBM than diets containing 10-12% of calories (27). In a
study of 60 obese older adults who participated in a weight
program, receiver-operating characteristic curve analysis
revealed a protein intake requirement of 1.2 g - kg™ ' - d™'
to maintain LBM (28). This amount of protein intake may
exceed 35% of caloric intake, depending on the weight of
the individual and the extent of caloric restriction. Beneficial
effects of higher protein diets have not only been observed in
normal-weight adults, but also in children. In a study of
normal-weight children aged 5-18 y who had overweight
parents, a diet containing ~20% protein improved cardio-
vascular disease risk markers such as blood pressure and
blood lipids compared with a diet containing ~16% of cal-
ories as protein (29). Supplementation of the normal diet of
older individuals with 22 g EAAs/d not only improved phys-
ical function, but also decreased liver fat and circulating TGs
(14, 30). Insulin sensitivity was improved in men with type 2
diabetes when they consumed a diet containing 30% of cal-
ories as protein as opposed to 15% of calories as protein
(31). Although high-protein diets were at one time thought
to cause bone resorption because of acidification of the
blood, studies since then have convincingly demonstrated
that higher-protein diets are in fact beneficial for bone
health (32).

We believe that the overall conclusion from these various
studies is that there is an optimal level of protein intake that
is greater than that of the RDA. Importantly, to our knowl-
edge, there has never been a study in which the RDA for pro-
tein intake was compared with a higher level of protein
intake, and the RDA was found to be superior in terms of
any endpoint. We emphasize that this discussion has focused
entirely on the amount of dietary protein, and neither the
quality of protein nor the protein food source has been
considered.

Although there are numerous studies that have
demonstrated a benefit of increasing the level of protein in-
take above the RDA for protein, it should be understood
that, in all of these studies, the amount of protein consumed
did not exceed the upper limit as defined by the AMDR
(35% of caloric intake). In fact, there are few data in which
subjects received >20% of calories as protein, whereas in
certain circumstances, such as in training for strength events
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or bodybuilding, individuals may consume >20% of calories
as protein. In general, a diet composed of >35% of calories
as protein would be unusual and even difficult to accom-
plish. This means that, in all cases, nonprotein macronutri-
ents comprise =65% of the diet. This amount of nonprotein
macronutrient intake is adequate to supply all of the poten-
tial beneficial effects of factors, such as fiber, essential FAs,
and w-3 FAs. This discussion of the beneficial effects of di-
etary protein has therefore been presented in the context of
the AMDR, and does not imply failing to satisfy other nutri-
ent requirements.

Applying the AMDR. The AMDR clearly recommends an
intake of protein that exceeds that of the RDA (Table 1).
The wide acceptable range expressed in the AMDR (10—
35% of calories) suggests flexibility regarding exactly how
much protein should be eaten in the context of a complete
diet. Determination of the appropriate flexible level of pro-
tein intake to achieve optimal physiologic responses is an
important area of investigation, and it is likely dependent
on the dietary goals of the individual. The AMDR is partic-
ularly practical in this regard, because the AMDR provides
guidance for individualizing meal plans according to specific
circumstances.

The RDA for carbohydrate is 130 g/d, and the recom-
mended minimal intake for fat (there is no RDA for fat) is
30 g/d (2). For a 70-kg man, this would correspond to
1.86 g - kg ' - d™' for carbohydrate and 0.43 g - kg~ ' - d”!
for fat. When the caloric equivalents of the recommended
allowances for fat (3.9 kcal - kg~' - d~') and carbohydrate
(7.4 kcal - kg71 - d7") are added to that for protein
(3.2 keal - kg_1 - d™Y), the total (14.5 keal - kg_1 -d™h
constitutes between 30% and 40% of the estimated energy
requirement, depending upon the age, sex, and activity level
of the individual (Figure 2) (2). Thus, depending on phys-
iologic circumstances, =60% of caloric intake can be con-
sidered to be flexible (Figure 2). The flexible component
of the diet may be the most important in terms of devel-
opment of obesity, undernutrition, or diseases that are, at
least in part, related to dietary habits. The issue of practi-
cal importance is the amount of protein, fat, and carbohy-
drate that should comprise the flexible component of
caloric intake.

Determining the flexible intake of protein to achieve op-
timal physiologic responses requires consideration of all as-
pects of dietary macronutrient intake, including the benefits
and potential adverse effects. Adverse responses to diets high
in carbohydrate and/or fat are well documented in animal
studies (33-36). Epidemiologic data indicate that the rela-
tions between the amount of carbohydrate intake and ad-
verse responses in humans are similar to those in the rat
(37). Prospective studies in human subjects in which the
type or amount of carbohydrate intake was altered demon-
strated adverse effects on cardiovascular disease risk factors.
Recently, the Canadian Trial of Carbohydrates in Diabetes
reported that higher carbohydrate intake was associated with
increased postprandial glucose and TG concentrations (38).
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FIGURE 2 The relation of the caloric contributions of the RDA
for protein and carbohydrate and the recommended minimal
intake of fat to total caloric requirement as estimated for a 30-y-
old man with low activity levels (36.5 kcal - kg™' - d™")
(reference 2, Tables 5-22). Although energy requirements may
vary according to sex, age, activity level, and other factors, at
most, the RDA of the macronutrients can account for ~40% of
energy requirement. CHO, carbohydrate.

The DRI for macronutrients reports no metabolic benefit of
the carbohydrate component of the diet. The RDA for carbo-
hydrate is based entirely on the estimated utilization of glucose
by the central nervous system, with the caveat that a
carbohydrate-free diet causes no adverse effects because the
central nervous system adapts to the use of ketone bodies as
energy substrates (39). Thus, there is no physiologic rationale
for increasing carbohydrate intake above the RDA.

The physiologic consequences of dietary fat are less clear
than those for carbohydrate. Fat intake has historically been
considered to be undesirable, particularly if a substantial
portion of fat intake is in the form of trans or nonstearic
acid saturated fat (2). However, it has become recognized
that diets that use nonhydrogenated unsaturated fats as the
predominant form of fat, along with adequate w-3 FA, can
be part of a healthy diet (40). Even consumption of saturated
fats, once thought to be directly linked to the development
of heart disease, has since been cast in a favorable light
(41). Nonetheless, even though the detrimental effects of in-
creasing fat intake are less clear-cut than are those with car-
bohydrate, there is no metabolic advantage attributable, per
se, to increasing the fat portion of the diet above require-
ment levels, other than an advantage that might be gained
by a corresponding decrease in carbohydrate consumption.

A lengthy discussion of the voluminous data on the pros
and cons of dietary fat and carbohydrate is beyond the
scope of this paper. Relative to determining the optimal
level of protein intake, it is sufficient to recognize that a
diet containing =65% nonprotein calories has adequate
flexibility to accommodate all potential beneficial effects
of both dietary fat and carbohydrate. To meet this level
of nonprotein intake, it is not necessary for the sum

total of fat and carbohydrate to comprise a large portion
of flexible caloric intake.

In contrast to the scenario of increasing either the fat or
carbohydrate portion of the diet to satisfy the total require-
ment for energy intake, consumption of dietary protein in
excess of the RDA but within the AMDR guidelines is not
known to cause adverse responses. Areas of potential con-
cern with a higher protein intake that were discussed in
depth in the DRI included renal function, formation of kid-
ney stones, bone health, and the development of cardiovas-
cular disease (2). Evidence indicates that a higher intake of
protein by patients with renal disease may contribute to
the deterioration of kidney function (42). However, in
healthy individuals, there is no evidence linking reduced glo-
merular filtration with increased protein intake (43). No
clear conclusions can be drawn between the intake of pro-
tein and the formation of kidney stones (2). Evaluations of
the effect of protein intake on bone health concluded that
dietary intake at levels in excess of the recommended dietary
intake would be beneficial (44). With regard to cardiovascu-
lar disease, evidence from human studies indicates that diets
with a higher proportion of protein are beneficial (45, 46).
These observations are consistent with analysis of epidemi-
ologic data from the Nurses’ Health Study of >80,000
women (47), which reported an inverse correlation between
occurrence of ischemic heart disease and the level of protein
intake.

How much protein should we eat? A menu modeling
exercise based on the AMDR for protein. Given that no
adverse metabolic consequences of a higher protein diet
within the AMDR range have been identified, the question
of nutrient balance of other key nutrients is logical to con-
sider. The 2015 DGA provides 12 USDA food patterns, based
on age and sex, to model dietary plans that would provide
the basis for nutrient adequacy (3). All 12 USDA food pat-
terns meet or exceed the majority of nutrient adequacy
goals, although some nutrients in the food patterns of the
DGA, including choline, vitamin E, potassium, and vitamin
D, are below the RDA or Adequate Intake for several age and
sex groups (3). A 2000-kcal, healthy US-style eating pattern
is used to demonstrate how a nutrient-dense diet can be
created with the use of the types and proportions of foods
commonly consumed by Americans to meet most nutrient
needs. This healthy US-style eating pattern includes daily
servings of vegetable, fruit, grain, dairy, protein, and oil
food groups, and allows for a limited amount of flexible
calories from added sugars and saturated fats. The protein
food group servings allocated in the 2000-kcal healthy
US-style eating pattern are 5.5 ounce—equivalent protein
food servings, which translates to ~18% energy or 91 g
protein/d (Table 2). This amount is aligned with the
AMDR, but exceeds the RDA by providing 163% and
198% of the estimated protein RDA for adult women and
men (48), respectively.

The 2015 DGA states that the 2000-kcal healthy US-style
eating plan consists of 1732 essential kilocalories, foods
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TABLE 2 Selected nutrients in food patterns modeled with the
use of the AMDR for protein’

AMDR modeling

DGA 18% 30%
20152 protein protein
Macronutrients

Protein, g/d 91.0 94.0 147
% of RDA® 00 192 300
% of calories 18.2 18.8 294
Total lipid (fat), g/d 720 64.5 51.3
% of calories 320 290 230
Cholesterol, mg/d 215 128 226
% of goal (<300 mg/d) 720 430 75.0
SFAs, g/d 18.7 14.0 1.3
% of calories 84 6.3 5.1
Carbohydrate, g/d 256 278 250
% of calories 51.0 55.7 50.0
Added sugars 300 320 20.0
% of goal* 100 106 67.0
Total dietary fiber, g/d 31.0 278 32.1
% of goal (14 g/1000 kcal) 1M 99.0 104

Minerals
Calcium, mg/d 1274 1420 1275
% of RDA’ 127 142 124
% of UL 510 57.0 510
Iron, mg/d 17.0 16.2 18.0
% of RDA? 940 20.0 101
% of UL 380 36.0 40.0
Magnesium, mg/d 352 442 518
% of RDA’ 110 138 159
% of UL® NA NA NA
Potassium, mg/d 3348 4236 4500
% of Al 710 90.0 96.0
Sodium, mg/d 1787 1932 1928
% of goal* (<2300 mg) 780 840 840

Vitamins
Vitamin A, ug RAE/d 898 1480 1464
% of RDA’ 128 21 209
% of UL 300 490 490
Vitamin E, mg 10.2 6.8 10.5

a-tocopherol/d

% of RDA’ 68.0 450 700
% of UL® 10 07 10
Vitamin C, mg/d 117 165 153
% of RDA® 156 219 204
% of UL 58 82 76
Vitamin D, 1U/d 274 410 403
% of RDA’ 460 680 68.0
% of UL 6.8 10.0 10.0
Folate, ug DFE/d 586 441 373
% of RDA® 146 112 93
% of UL 59.0 44.0 370
Choline, mg/d 349 294 365
% of Al 820 69.0 86.0
% of UL 10.0 84 10.0

" All based on the USDA Health Eating Pattern and 2000 kcal/d. Al, Adequate Intake;
AMDR, Acceptable Macronutrient Distribution Range; DFE, dietary folate equivalent;
DGA, Dietary Guidelines for Americans; IU, international unit; NA, not applicable; RAE,
retinol activity equivalent; UL, tolerable upper intake level.

2 From reference 3, Table E3.1.A6.

3 Assumes a woman aged 31-50 y with a body weight of 61.5 kg.

4 As described in reference 3, Table E3.1.

® Established only for dietary supplements and pharmaceutical preparations.

© Applies to synthetic forms obtained from fortified foods, supplements, or a
combination of the 2.
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consumed in nutrient-dense forms without additional solid
fats or added sugars, and 271 nonessential kilocalories,
e.g., calories that can be obtained from solid fats or added
sugars. If those nonessential or flexible calories would be al-
located to protein instead, it would translate to ~68 g addi-
tional protein (159 g total protein or 32% protein energy) in
the eating plan. This amount is significantly above the RDA
for the age and sex groups, but remains within the AMDR. It
is therefore theoretically possible to incorporate a relatively
high percentage of protein into the diet while staying funda-
mentally within the context of the DGA.

Building on this concept, to determine whether a higher-
protein eating pattern (30% protein energy) can be consis-
tent with the 2000-kcal healthy US-style eating pattern
that has ~18% protein energy in nutrient adequacy and
meets USDA food group intake recommendations, menu
modeling exercises were conducted. We chose to model diets
composed of only 2000 kcal to be consistent with the healthy
US-style eating pattern, recognizing that, for most
Americans, individual caloric balance would require an in-
take of >2000 kcal/d (2). In addition to the fact that our
model conformed to the published healthy US-style eating
pattern, our rationale in using such a low rate of energy con-
sumption in our modeling was that if higher protein intake
can be successfully incorporated into a 2000-kcal diet, then
it would not be a problem to do the same with a higher-
calorie diet. Similarly, we did not model a diet consisting
of <18% protein, because if all other nutrients and food
groups could be successfully incorporated into a diet con-
taining 18% protein, then this certainly could be done
with a diet containing <18% protein.

Two single-day menus were created, each consistent with
the USDA food group serving recommendations for a
2000-kcal healthy US-style eating pattern (Supplemental
Tables 1 and 2). Results of the modeling exercise demon-
strated that a higher-protein version (30% protein energy)
of the 2000-kcal healthy US-style eating pattern could be
achieved without compromising food group serving intake
recommendations for fruits, vegetables, grains (including
whole grains), and dairy foods, all while maintaining or im-
proving nutrient content (Table 3). A variety of sources of
high-quality proteins were used in these meal plans,
with a preponderance of animal sources of protein. Note
that in the DGA, those animal sources of protein are referred
to as “meat equivalents,” which consists of a variety of pro-
tein food sources that include fish, poultry, milk, and cheese,
in addition to meat. It was necessary to rely on meat equiv-
alents as sources of protein within the limits of a 2000-kcal
meal plan, because the protein density relative to total calo-
ries in vegetable protein sources generally is low. Vegetable
protein sources could be used more extensively in a meal
plan targeting a higher caloric intake. The main point of
the meal plans was to demonstrate that a higher level of pro-
tein intake than that of the RDA could be incorporated
into a meal that was consistent with the healthy USDA eating
pattern referred to in the DGA, and also fall within the limits
of the AMDR.



TABLE 3 Daily food group amounts for USDA Healthy Eating
Pattern modeled with the use of the AMDR for protein’

Protein level of pattern, %

Food group 18.2% 18.8° 30.0°
Vegetables,* cup equivalents 25 25 25
Dark-green subgroup NS® 0.5 0.5
Red and orange subgroup NS® 1.0 1.0
Starchy subgroup NS® 10 10
Fruits® cup equivalents 20 20 20
Grains,” ounce equivalents 6.0 6.0 6.0
Whole grains 30 30 6.0
Refined grains 30 30 0.0
Dairy,2 cup equivalents 30 30 30
Protein foods,” ounce equivalents 55 55 120

" All based on 2000 kcal/d. AMDR, Acceptable Macronutrient Distribution Range; NS,
not specified.

2 DGA reference pattern reported in reference 3, Table A3-1.

3 patterns modeled for current manuscript exercise.

4 One cup of raw, canned, frozen, or cooked vegetables; 2 cups of raw, leafy vegetables;
1 cup of cooked beans and peas; or 1 cup of 100% vegetable juice are defined as
1 cup equivalent of vegetables; cup weights range from 80 to 245 g, depending on
vegetable selected.

® Subgroups reported in the Dietary Guidelines for Americans on a weekly basis only.

©One cup of raw, canned, or frozen fruit or 1 cup of 100% fruit juice is defined
as 1 cup equivalent of fruit. The weights of 1 cup equivalents range from 70 to
250 g, depending on fruit selected.

’ For grain products made with flour (e.g, cakes and breads), each 16 g flour in the
food defines 1 ounce equivalent of grain; for intact grains (e.g., oats, pasta, and rice),
2835 g defines 1 ounce of grain equivalent.

8 One cup equivalent of dairy ranges in weight from 125 to 245 g for fluid products
and from 28 to 127 g for solid or semisolid cheese.

° One ounce equivalent of protein food is defined as 28.35 g cooked lean portion of meat,
poulltry, or seafood, 50 g egg, 14 g nuts and seeds, 16 g nut butters, or 175 g legumes.

In the case of many nutrients (e.g., iron, vitamin E, and
saturated fat), a higher-protein diet manages to meet intake
recommendations by replacing flexible calories from poten-
tial saturated fats and added sugars with protein foods,
which provide a more favorable nutrient profile (Table 3).
More specifically, the 18% protein pattern provides 65 g to-
tal fat (29% of total calories), 14 g saturated fat (~6.5% of
total calories; 70% of daily limit), and 128 mg cholesterol
(43% of daily limit; goal =300 mg/d), whereas the 30% pro-
tein energy menu provides less total fat at 51 g (23% of total
calories), less saturated fat at 11.3 g (~5.0% of total calories;
55% of daily limit) and slightly more cholesterol at 226 mg,
but still within daily limits (76% of daily limit). Sodium in-
take is below intake limit recommendations for both the
30% protein energy menu and the 18% protein energy
menu at 84% of the recommended goal. The 30% protein
menu is higher in several vitamins (e.g., riboflavin, niacin,
vitamin B-6, vitamin B-12, and pantothenic acid) and
minerals (e.g., magnesium, manganese, phosphorus, sele-
nium, zing, and iron), although both menus contain enough
of these nutrients to meet or exceed the RDA without ex-
ceeding ULs. Biotin and iron quantities in the 30% protein
energy menu are high enough to meet daily intake recom-
mendations, but not in the 18% protein energy menu.
With respect to iron, the 30% protein energy menu meets
iron recommendations at 101% for a woman aged 31-50 vy,
whereas the 18% protein energy menu falls slightly short at
899%; adequate iron is lacking in the diets of adolescent girls

and women aged 19-50 y (3), and increasing the intake of
select protein foods, such as lean beef, may help achieve rec-
ommendations, as demonstrated in this modeling exercise.
The 30% protein menu is lower in folate (providing 93%
of daily folate recommendations), whereas the 18% protein
energy menu meets folate recommendations. All other nu-
trients assessed are at adequate levels to meet or exceed daily
intake recommendations and/or are provided in comparable
quantities (<10% difference between the 2 menus). It is im-
portant to note that this exercise provides a single-day
menu, whereas a healthful eating plan is part of a lifestyle
in which nutrient adequacy is obtained and maintained
over an extended period of time. Thus, the results of the
menu exercise are intended to provide an example of how
recommended nutrient and food group servings can be
met in an eating pattern that incorporates more protein
foods. An additional limitation of this exercise is the reliance
on individual food items when USDA food patterns are tra-
ditionally based on composites. Foods selected for the cur-
rent exercise may or may not be representative of foods
included in USDA composites, but by no means are they
considered to be unusual for the US diet.

Conclusions
The ultimate goal of dietary guidance should be to inform the
public of optimal nutrient intake. We propose that the RDA
represents an acceptable estimate of the minimal level of pro-
tein intake required, the limitations of the methodology used
to determine it notwithstanding. The flexible amount of die-
tary protein may vary according to the physiologic circum-
stance, and thus there may be no unique optimal
proportion of protein in the flexible caloric intake. However,
the absence of definitive studies precisely defining optimal
protein intake levels does not imply that we should rely solely
on recommendations for total protein intake based on the
“recommended minimal intake”. Ample data exist from a va-
riety of studies that use more modern techniques than NB, in-
cluding body composition analysis and stable isotope tracer
studies, as well as functional and health outcomes, to make
informed recommendations regarding the optimal amount
of protein to include in the flexible portion of the diet.
There is little doubt that some component of the flexible
dietary intake should be composed of protein. Not only are
there documented benefits of higher protein intake, but also,
adverse consequences of increased protein intake are minimal,
particularly when compared with an excess intake of carbohy-
drate and/or fat. Future DRI committees might provide addi-
tional terminology or explanation to help highlight the
differences between the RDA and the AMDR for practitioners.
Future DGA might provide more recognition of the AMDR
for protein and encourage nutrition professionals to consider
this macronutrient range the goal or target for formulating in-
dividual dietary patterns rather than the RDA.
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