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ABSTRACT

This systematic review and landscape analysis describes patterns in dietary meat (skeletal muscle and associated tissues from mammalian, avian,
and aquatic species; i.e., muscle foods) categories (CAT) and descriptions (DESCR) used throughout nutrition-related chronic disease literature, as
there is anecdotally noted variation. A total of 1020 CAT and 776 DESCR were identified from 369 articles that assessed muscle food consumption
and primary prevention of cardiovascular disease, obesity, type 2 diabetes, or cancer in adults ≥19 y from PubMed, Cochrane, and CINAHL up to
March 2018. Specificity of CAT was analyzed on an empirical 1–7 ordinal scale as: 1) broad/undescriptive, “fish”; 2) muscle food type, “red meat”; 3)
species, “poultry”; 4) broad + 1 descriptor, “processed meat”; 5) type/species + 1 descriptor, “fresh red meat”; 6) broad/type + 2 descriptors, “poached
lean fish”; and 7) specific product, “luncheon meat.” Median CAT specificity for randomized controlled trials (RCTs) and observational studies (OBSs)
was 3 and 2 points out of 7, respectively, with no differences between chronic disease types. Specificity of OBS CAT was higher in recent articles but
RCT CAT became less specific starting in the 2000s. RCT CAT were 400% more likely to include species, 500% more likely to include leanness, but
400% less likely to include processing degree compared with OBS CAT. A DESCR was included for 76% and 82% of OBS and RCT CAT, respectively.
Researchers described processed meat, red meat, and total meat CAT more commonly than poultry or fish CAT. Among processed meat DESCR, 31%
included a common term used in public regulatory definitions. In conclusion, muscle food categories and descriptions are substantively different
within and between experimental and observational studies and do not match regulatory definitions. A practical muscle food classification system
is warranted to improve interpretation of evidence regarding muscle food consumption and chronic disease. Adv Nutr 2020;11:41–51.

Keywords: muscle foods, red meat, white meat, fish, poultry, dietary guidance, food group terminology, dietary intake assessment, animal proteins,
flesh foods

Introduction
Dietary meat is a fundamental component of eating patterns
within many populations, yet the term “meat” is disparately
described in regulatory and scientific settings. The American
Meat Science Association developed a lexicon to provide
standardized descriptions of selected meat and poultry prod-
ucts (1). The American Meat Science Association defines
“meat” as “skeletal muscle and associated tissues derived
from mammalian, avian, reptilian, amphibian, and aquatic
species harvested for human consumption” (1). However,
the term “meat” is often equated to mammalian species by

nutrition researchers, health practitioners, and the public.
For example, the 2015–2020 Dietary Guidelines for Ameri-
cans describes meat as: “Meat (also known as “red meat”) –
all forms of beef, pork, lamb, veal, goat, and nonbird game
(e.g. venison, bison, elk)” (2). The distinctly different ways in
which the American Meat Science Association (1) and 2015–
2020 Dietary Guidelines for Americans (2) describe the term
“meat” highlight the varied use of this term and creates
confusion among health researchers, clinical professionals,
and policymakers. Due to the noted misconception that
“meat” is equated with mammalian sources only, the term
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“muscle food” is used for the present systematic review and
landscape analysis to be inclusive of all species.

Although the scientific community is aware of incon-
sistent muscle food categorizations and descriptions in
chronic disease research (2), the types and magnitude of
inconsistencies lack systematic assessment. Understanding
and documenting variation in muscle food categories and
descriptions has meaningful implications in accurately mea-
suring dietary intakes and inferring causal associations
between intake and disease. Therefore, this systematic review
and landscape analysis describes patterns from published
articles regarding muscle food consumption and chronic
disease outcomes. Patterns assessed included changes in
the content or specificity of muscle food categories and
descriptions across publication date, between observational
and experimental research designs, and among chronic
disease types [i.e., obesity, cardiovascular disease (CVD),
type 2 diabetes mellitus (T2DM), and various types of
cancer].

Methods
Search process
Research question, search strategy, and data extraction.
This systematic review was registered at the International
Prospective Register of Systematic Reviews (PROSPERO)
(https://www.crd.york.ac.uk/prospero/) before the search
commenced (ID# CRD42018078994) and is in accordance
with PRISMA (Preferred Reporting Items for Systematic Re-
views and Meta-Analyses) guidelines (3). The Population, In-
tervention, Comparator Outcome, and Study design (PICOS)
criteria used to define our research question is presented
in Table 1. This systematic review included observational
studies (OBSs), randomized controlled trials (RCTs), and
systematic reviews/meta-analyses of OBSs or RCTs that
assessed associations between or effects of, respectively,
consuming muscle foods (1, 4) on human chronic disease
risk or commonly recognized risk factors. The overarching
term “muscle food” is used throughout this article to refer to
skeletal muscle and associated tissues from livestock, poultry,
or seafood (1, 4). Articles were included if: 1) primary
independent variable(s) of interest described in the article
purpose statement included consumption of muscle food(s);
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2) primary dependent variable(s) of interest described in the
article purpose statement included the primary prevention
of ≥1 chronic disease outcome or associated risk factor(s),
i.e., prevention of the first occurrence of the main chronic
disease assessed by researchers; and 3) included participants
aged ≥19 y and not pregnant or lactating. Chronic disease
outcomes included obesity, CVD, T2DM, and cancer, as
well as various risk factors including body weight, BMI,
waist circumference, body composition, fasting blood lipids,
lipoproteins, apolipoproteins, inflammatory markers, and
markers of glycemic control. Postulated cancer risk factors
were not included due to lack of validation and consensus
in the field; hence, only articles assessing cancer cases were
included.

Potentially eligible articles were identified via a search of
3 electronic health research databases [PubMed, Cochrane,
and CINAHL (Cumulative Index of Nursing and Allied
Health Literature)] up to March 2018. Database and search
terms were selected with assistance from Purdue University’s
Health and Life Sciences Library Division and are described
in Supplemental Table 1. Each article identified during the
search process (n = 3427) was independently assessed by 2
reviewers (LEO and CLG) to determine eligibility. A third
reviewer (KEB or WWC) was consulted if the 2 primary
reviewers could not reach a consensus on article inclusion
or exclusion. The search and data extraction processes
consisted of the following 3 stages: 1) potential eligibility
based on information provided in the title and abstract, 2)
confirmation of eligibility based on information provided in
the purpose statement of the full text of qualified abstracts,
and 3) data extraction from full text articles if deemed
qualified. The following information was extracted from all
qualified full text articles: 1) author; 2) year of publication; 3)
country where research was conducted; 4) purpose statement
as reported by the researchers in the introduction; 5)
muscle food categorization(s) as independent variable(s);
6) description(s) of muscle food categories if provided;
7) research design; 8) chronic disease-dependent variables
categorized into obesity, CVD, T2DM, and cancer; and 9)
categorizations and descriptions of other pertinent muscle
foods assessed by researchers. All doubly extracted data were
crosschecked and confirmed for accuracy. Article authors
were not contacted for additional information, risk of bias for
included articles was not assessed, and strength of evidence
was not graded as the purpose of this present analysis was
to assess how muscle food categories and descriptions were
reported in published articles. Extracted data regarding the
author, publication year, PubMed ID, category name, and
category description are presented in Supplemental Tables
2 and 3. Results of the search are presented in Figure 1.

Assessment of muscle food categories
Coding.
The term that researchers used to refer to a muscle food or
muscle food grouping was considered a “category” in this
analysis. The amount of detail, i.e., the “specificity,” included
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TABLE 1 Description of PICOS criteria used for a systematic review and landscape analysis of muscle food categorizations and description
used throughout chronic disease literature1

Population Adults aged ≥19 y; males and females; females not pregnant or lactating
Intervention Muscle food consumption (for example: meat, fish, poultry)
Comparator Not applicable
Outcome Primary prevention of nutrition-related chronic disease, i.e., outcomes and/or associated risk factors of obesity, cardiovascular

disease, type 2 diabetes, and cancer
Study design Observational studies (prospective cohorts, case-controls, and cross-sectional analyses) and randomized controlled trials (acute and

longitudinal feeding trials)
Research question How are muscle foods categorized and described in research assessing primary prevention of nutrition-related chronic diseases?

1PICOS, Population, Intervention, Comparator Outcome, and Study design.

in a category term was coded from 1 (most broad) to 7 (most
specific) on an ordinal scale, as described further in Table 2
(5–15). The text mining package (16) was used in RStudio
3.4.4 (The R Foundation for Statistical Computing) to build
word clouds and visually represent the most common muscle
food categories identified by researchers in the included
articles. The mapping global data package, rworldmap (17),
was used to develop figures displaying frequency of country
of origin of included articles.

Statistics.
A generalized linear mixed model (GLMM; PROC GLIM-
MIX, SAS 9.4, SAS Institute Inc.) was used to model muscle

food category specificity (as an ordinal categorical variable)
by publication date for OBSs and RCTs independently. The
number of muscle food categories assessed per article was
included as a covariate because a higher number of muscle
food categories per article could represent categories that
were more specific (i.e., the contrast of assessing 1 category of
“meat” compared with 2 categories of “processed meat” and
“fresh meat”). World region was also included as a covariate
to adjust for potentially unmeasurable differences in muscle
food types and intake assessment methods. Article ID was
used as a random effect to control for articles that identified
>1 muscle food category. When statistical significance was
identified on an ordinal scale, a weighted least squares

Articles screened n=3427
PubMed n=2182 CINAHL n=632 Cochrane n=613

Full text articles assessed for eligibility n=545

Articles excluded n=2882
Meat consumption not primary objective n=1843

No dependent variable of interest n=207
Not targeted population n=124

Not observational or experimental design n=122
Repeat within search n=585

Retracted article n=1

Full text articles excluded n=176
Meat consumption not primary objective 

n=74
No dependent variable of interest n=19

Indirect association with chronic disease 
n=58

Not primary prevention of chronic 
disease n=10

Not targeted population n=2
Not observational or experimental 

design n=4
Access unavailable n=8

Repeat n=1

Articles included in systematic review n=369

Included observational studies 
n=282

Included randomized 
controlled trials n=87

Muscle food categories 
identified from included 

randomized controlled trials
n=157

Muscle food categories 
identified from included 

observational studies
n=863

Search stage 1*

Search stage 2

Search stage 3

Muscle food descriptions 
identified from included 

randomized controlled trials
n=130

Muscle food descriptions 
identified from included 

observational studies
n=646

FIGURE 1 Search process of a systematic review and landscape analysis assessing muscle food categorization and descriptions in
chronic disease literature. ∗The search process and data extraction consisted of the following 3 stages: 1) potential eligibility based on
information provided in the abstract, 2) confirmation of eligibility based on information provided in the full text if abstract qualified, 3) data
extraction from full text articles once deemed qualified.
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TABLE 2 Overview of muscle food category specificity and description scales with examples from a systematic review and landscape
analysis assessing muscle food categorization and descriptions in chronic disease literature

Scale Example

Ordinal muscle food category resolution scale
1 Broad or undescriptive category “Meat” (5)1

2 Type of meat “Red meat” (6)
3 Species-specific “Beef” (7)
4 Broad category plus 1 descriptor2 “Processed meat” (8)
5 Type or species plus 1 descriptor “Fresh red meat” (9)
6 Broad, type, or species with ≥2 descriptors “Poached lean fish” (10)
7 Specific product “Luncheon meats” (11)

Discrete muscle food description factor scale

1 One factor in a description3 “Beef, lamb, and pork” (12)1

2 Two factors in a description “All types of cold cuts, bacon, ham, hotdogs, and sausages from red and white meats” (13)
3 Three factors in a description “Cooked lean red meat with all visible fat removed” (14)
4 Four factors in a description “Select grade top round, chuck shoulder pot roast and 95% lean ground beef” or “prepared

via braising, grilling, or frying (95% lean ground beef only)” (7)
5 Five factors in a description “Poultry (chicken, cold cuts, ground, turkey), fish (fresh, frozen, canned), and low-fat

hotdogs and sausages, which are usually made from turkey” (15)

1References correspond to the article reference list and are examples of descriptions used by researchers in observational studies and randomized controlled trials identified in
this systematic review.
2"Descriptors" included leanness, degree of processing, origin, size, or cooking method.
3Descriptive factors included the following: 1) species, e.g., “beef” or “chicken”; 2) specific cut or product, e.g., “sirloin” or “ham”; 3) food dish, e.g., “mixed dish”; 4) processing
method, e.g., “salted” or “cured”; 5) muscle food type, e.g., “white meat” or “fish”; 6) specification of fat content or using a description of leanness; 7) nonspecific or broad
description, e.g., “all meat” or “total meat”; 8) cooking method or doneness; 9) preparation method, e.g., “sliced” or “ground”; 10) quality grade, e.g., “choice” or “select”; 11)
geographical origin or location; 12) animal specification, e.g., animal age; 13) phrases, e.g., “processed” or “other.”

regression model was used to model muscle food category
specificity as a continuous outcome variable, weighted by
the covariate of number of included articles published
per year and adjusted for yearly average count of muscle
food categories. All analyses were performed independently
for OBSs and RCTs for all muscle food categories. In a
separate analysis, a 1-factor ANOVA was performed to assess
differences in muscle food category specificity among OBSs
and RCTs, world regions, and chronic disease types. The
main analyses assess the totality of muscle food groups
extracted from included studies. Supplementary material
presents independent analyses for water-based muscle foods
(such as fish or shellfish) and land-based muscle food (such
as beef, pork, and poultry) when appropriate.

Assessment of muscle food descriptions
Coding.
In this analysis, ‘muscle food descriptions’ were considered
the explanation of muscle food categories provided to human
subjects or assessed by researchers. Terminology used in
researchers’ descriptions of muscle foods, such as species
(e.g., “beef”) or leanness (e.g., “95% lean”) were considered
description factors and are further described in Table 2.
The number of muscle food description factors used to
describe each muscle food category name was quantified on
a discrete 1–5 scale to assess the level of detail provided
by researchers. A combination of any 5 description factors
was the maximum number of factors observed among all
descriptions. The mapping global data package, rworldmap
(17), was used to develop figures displaying frequency

of country origin of extracted muscle food category de-
scriptions. Among description factors in this analysis, the
degree of processing was considered a physical change of
the product (i.e.’, “unprocessed” or “processed,” “fresh” or
“frozen,” “ground” or “minced”). Processing methods were
considered as preservative processes (i.e., the addition of
ingredients such as salt, phosphate, or nitrite; using the terms
“smoking,” “curing,” etc.) and leanness was considered the
identification and/or designation of fat content in muscle
food products (i.e., using the term “lean,” “85% lean,”
etc.).

Statistics.
Frequency of description factors (quantity of each level
of the discrete scale), frequency of experimental design,
and chronic disease outcomes assessed in articles were
determined (PROC FREQ, SAS 9.4, SAS Institute Inc.). A
binary logit model (PROC GLIMMIX, SAS 9.4, SAS Institute
Inc.) was used to estimate probabilities of each description
factor (dependent variable: presence/absence of description
or description factor) included in muscle food categories
(independent variable; e.g., “fish,” “poultry,” “red meat,”
“processed meat”). Muscle food category mean conditional
probabilities (95% confidence limits) were calculated and
compared using the PDIFF function at α = 0.05. A GLMM
(PROC GLIMMIX, SAS 9.4, SAS Institute Inc.) was used
to model muscle food description specificity (as a discrete
categorical variable) by publication date for OBS and RCT
in the same manner as described previously for category
specificity.
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Results
Search process
All extracted categories and descriptions including first au-
thor, publication date, and PubMed ID number are presented
in Supplemental Tables 2 and 3, which also serves as the
reference list for all articles included in this systematic review.
A total of 369 articles (n = 3427 originally reviewed) met
inclusion criteria for this systematic review, including 282
OBS (165 prospective, 72 case controls, 35 cross-sectional
assessments, and 10 meta-analyses) and 87 RCTs (7 acute
feeding trials, 78 longitudinal trials, and 2 meta-analyses).
The US and Canada/Australia produced the most OBS and
RCT articles in the final data set, respectively (Figure 2).
The most common outcomes assessed for OBS and RCT
were cancer and CVD, respectively, [OBS: cancer n = 163,
58%, (Supplemental Table 4); CVD n = 68, 24%; T2DM
n = 30, 11%; obesity n = 5, 2%; and ≥2 outcomes n = 16,
6% and RCT: cancer n = 1, 1%; CVD n = 58, 67%; T2DM
n = 10, 12%; obesity n = 6, 7%; and ≥2 outcomes n = 12,
14%].

Muscle food categories
The 25 most common OBS and RCT muscle food categories
identified from the included articles are shown in Figure 3
(see Supplemental Figures 1 and 2 for land- and water-based
subgroups, respectively). The median category specificity
score for OBS and RCT, identified on a 7-point ordinal
scale (higher numbers indicating higher specificity) as
described in Table 2, were 2 (IQR = 2) and 3 (IQR = 3)
points, respectively. Mean muscle food category specificity,
for either OBS or RCT, did not differ among chronic
disease types. Specificity levels 2 and 5 were most common
among all chronic disease outcomes for OBS and RCT,
respectively (except RCT T2DM risk factors were level 3;
Supplemental Figure 3). Articles from Norway and the
UK contained more specific OBS muscle food categories
than several other countries (an average of ∼1.9 and ∼1.4
points higher, respectively). Norway was ∼2 points more

specific than other countries for OBS water-based muscle
food category resolution, but not land-based. There were no
differences in RCT muscle food category specificity among
countries or world regions. Among all muscle food categories
identified, specificity of OBS categories increased with more
recent publication dates but specificity of RCT categories
began to decrease in the 2000s (Figure 4). Muscle food
categories from RCTs were 400% more likely to be species
specific, 500% more likely to specify leanness, but 400%
less likely to specify degree of meat processing compared
with OBS.

Muscle food descriptions
Overview.
A total of 1020 total muscle food categories were identified.
Of OBS and RCT articles, 75% (n = 646) and 83%
(n = 130) of categories were accompanied by a description,
respectively. Articles from the United States and Australia
for OBSs and RCTs, respectively, were most likely to
provide a muscle food category description (Supplemental
Figure 4). The number of factors included in muscle food
descriptions increased for RCTs per increasing year of
publication date but was unchanged for OBS (Supplemental
Figure 5). Less than 1% and 3% of OBSs and RCTs,
respectively, reported the maximum of 5 description factors
per muscle food. Overall, species was most commonly used
by researchers to describe muscle food categories, more
so for RCTs than OBSs. Beef and pork were the most
commonly identified land-based muscle food species for
both OBSs and RCTs, and mackerel and cod were the
most commonly identified water-based species for OBSs
and RCTs, respectively (Supplemental Table 5). Muscle
food cut name or product name was included in ≥40% of
OBS and RCT descriptions (Table 3). Processing descriptors
(“fresh” or “frozen,” “unprocessed” or “processed,” “ground”
or “minced”) were more commonly reported for OBSs,
whereas leanness descriptors (using the term “lean” or
including a fat specification) were more commonly reported
for RCTs.

A  
 

B  
 

Number of articles 

Color key 

Number of articles 

Color key 

FIGURE 2 Country of publication for observational studies (A) and randomized controlled trials (B) included in a systematic review and
landscape analysis assessing muscle food categorization and descriptions in chronic disease literature.
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FIGURE 3 Top 25 most commonly used muscle food categories in observational studies (A) and randomized controlled trials (B) from a
systematic review and landscape analysis assessing muscle food categorization and descriptions in chronic disease literature. The larger
text implies more frequent use. Land-based and water-based muscle food frequency word clouds are presented in Supplemental Figures
1 and 2.

Among OBSs, the probability (P) that a description was
provided was higher for processed meat (P = 0.87), red meat
(P = 0.85), and total meat (P = 0.91) categories than for
fish (P = 0.60) or poultry (P = 0.63) categories (Table 4).
Articles including red meat and poultry were most likely
to list a species, whereas articles incorporating processed
meat were most likely to include a product term or to list
cut or product names. Small numbers of meat (n = 8),
red meat (n = 11), poultry (n = 5), and fish (n = 10)
categories were assessed in RCTs (conditional probabilities
of description terminology are presented in Supplemental
Table 6).

In general, the number of description factors did not
increase as specificity of category name increased on each
respective scale (Figure 5). Among OBS, categories with a
specificity level 2 (type of muscle food) were most commonly
described using 1, 2, or 3 description factors. The next most
common combination were categories with a specificity level
4 (broad with 1 descriptor) which were described using 1
or 2 description factors. Among RCTs, categories with a
specificity level 3 (species) were described with 3 description
factors and categories with a specificity level 5 (type or species
with 1 descriptor) were described with 2 description factors.
Among OBSs and RCTs, muscle food categories were most
commonly described using 1 or 2 description factors across
chronic disease types (Supplemental Figure 6).

Red meat descriptions.
Of articles that assessed red meat as a category, 10% (n = 12)
of OBSs and 17% (n = 2) of RCTs used “unprocessed,”
“fresh,” or muscle cut names to describe unprocessed red
meat. Thirty-eight percent (n = 44) of OBSs described
red meat categories using the term “processed” or included
common processed meat product names such as “bacon,”
“ham,” “sausage,” or “deli meats,” compared with 8% (n = 1)
of RCTs. Twenty-seven percent (n = 33) of OBSs and

42% (n = 5) of RCTs described red meat using species
names without providing additional information such as
whether the form of red meat was unprocessed, processed, or
lean.

Processed meat descriptions.
Definitions of processed meat or further processing of
meat provided by the USDA’s Food Safety Inspection Ser-
vice (4), 2015–2020 Dietary Guidelines for Americans (2),
International Agency for Research on Cancer (18), and
World Cancer Research Fund (19) vary. However, these
organizations all include the terms “salting,” “smoking,” and
“curing” as part of their definitions. Among studies that
included an assessment of processed meat as a category, 31%
(n = 39 OBS descriptions and n = 3 RCT descriptions)
included a common term used by these organizations as
part of the description. Among OBS studies, the probabilities
that “salting,” “smoking,” or “curing” were included in
a description were 0.19, 0.06, and 0.07, respectively. In
comparison, a total of 81% (n = 109 of OBSs and n = 2
of RCTs) included common processed meat product names.
A total of 26% (n = 34 of OBSs and n = 2 of RCTs)
descriptions included both processed meat product names
(i.e., “bacon,” “ham,” “sausage,” etc.) and processing methods
(i.e., “curing,” “salting,” “smoking,” etc.). The probability that
white meat or poultry terms were included in processed meat
descriptions were 0.14 and 0.09, respectively.

White meat descriptions.
Descriptions were provided for 84% (n = 37) of white meat
categories for OBSs and the term “white meat” was not
assessed as a category for RCTs. A total of 57% (n = 25)
of OBS white meat descriptions included both chicken or
poultry and fish together as part of the same description.
Of these, 9 referenced leanness or a fat specification in the
description. Fish, poultry (chicken and turkey), and low-fat
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FIGURE 4 Trends in muscle food category specificity over time for observational studies (A) and randomized controlled trials (B) from a
systematic review assessing muscle food categorization and descriptions in chronic disease literature. Results were analyzed via a least
squares regression model weighted by total number of muscle food categories assessed per year and adjusted by the yearly average
count of muscle food categories per article. ∗Total number of muscle food categories assessed that year, ¥number of articles published
that year from the final data set. Land-based and water-based muscle food category resolution showed similar trends. Observational
studies adjusted and weighted R2 = 0.39, coefficient for year = 0.03 (0.01 to 0.05). Randomized controlled trials adjusted and weighted
quadratic R2 = 0.54, transformed coefficients nonsensical.

sausages or hotdogs were included in all 9 descriptions of lean
white meat. Six of these descriptions included canned fish or
tuna and only 1 description included finfish or shellfish as a
more specific descriptor of fish.

Discussion
Inconsistent muscle food categories and descriptions (such
as meat, poultry, or seafood) are a recognized challenge for
human chronic disease (20) and meat science researchers
(1). To the best of our knowledge, this is the first systematic
landscape assessment to characterize use of muscle food
categories and descriptions in chronic disease literature.
Our results provide quantitative support to the notion
(2, 20) that muscle food categories and descriptions are
inconsistent and substantively different within and between
human observational and clinical research. Notably, ∼20% of
researchers did not provide a description of the muscle food
categories assessed in their articles. Further, there have not
been meaningful increases in detail used to group or describe

muscle food categories since the 1980s. Noted previously,
inconsistent muscle food categories and descriptions hinder
accurate measures of muscle food intakes, interpretations of
associations between muscle food intakes and disease, as well
as translation of research findings into public programs and
policy (2, 20).

The amount of detail reported by OBS researchers,
regarding muscle food categories and descriptions, has not
increased meaningfully over time. The noted 0.03-point per
publication year incremental improvement on our 7-point
category resolution scale was likely trivial because category
resolution remained below 4 points for all publication
years. A 4-point score on our empirical scale disregards
subcategories of “meat” and “fish,” particularly species-
specific subcategories. This lack of granularity is likely
attributable to frequent use of FFQs in OBSs. FFQs are
the most commonly used dietary intake assessment method
in OBSs (21), and assess broad food categories with little
adaption to each research question, population of interest,
or time period (21, 22). Although some FFQs have recent
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TABLE 3 Counts and percentages of muscle food description factors of observational studies and randomized controlled trials from a
systematic review and landscape analysis assessing muscle food categorization and descriptions in chronic disease literature

Observational studies Randomized controlled trials

Terminology in description n %1 n %2

Species 404 63 112 86
Processing methods

“Smoking” or “smoked” terms 38 6 2 2
Preservation by use of other ingredients3 26 4 4 3

Degree of processing
“Fresh” or “frozen” terms 56 9 12 9
“Unprocessed” term 15 2 2 2
“Processed” term 124 19 6 5
“Ground” or “minced” terms 48 7 19 15

Leanness
“Lean” term 24 4 25 19
Fat specification 15 2. 12 9

Muscle cut or product name 337 52 53 41
Cookery method or “cooked” term 35 5 6 5
Other terminology4 487 75 78 60

1Percentage calculated as frequency of terminology used/646 descriptions from observational studies provided × 100.
2Percentage calculated as frequency of terminology used/130 descriptions from randomized controlled trials provided × 100.
3Includes chemical preservatives such as nitrates.
4Other terminology includes specifying a local term, using “all” or “total” to describe muscle foods, or using “products” in the description.

updates (23), others do not appear updated to reflect changes
in the food supply over the past 10 y (24). Muscle food
products are frequently changing based on evolving public
health concerns, including lowered sodium, removal of
nitrates, and even changing breeding systems to produce
leaner animals (25, 26). Continuing to use dietary intake
assessment methods that are unable to capture transient
consumption trends are of limited value to improve muscle
food methodologies, and this limits our understanding of
relations between current muscle food products and health
outcomes for future generations.

Researchers’ muscle food reporting methods were, on
average, 1 point higher for RCT categories than OBSs.
Researchers conducting RCTs on CVD or obesity-related
outcomes used the most specific categorizations (score of
5 out of 7) of any subgroup assessed. However, muscle
food categorizations in RCTs showed a downward trend
of becoming less descriptive in the 2000s compared with

those reported in previous decades. It is unclear whether
a 0.02-point increase per publication year in number of
factors included in descriptions counteracts the noted decline
in categorization specificity. It is important to highlight
that the muscle food groups assessed in RCTs were those
allocated as part of treatment protocols, not from dietary
intake assessments. Therefore, researchers were at liberty
to describe muscle food protocols without the restraints
of typical dietary intake assessment methods (21, 22).
This was reflected by RCT categorizations and descriptions
that contained more detail than OBSs about species and
leanness. The finding that OBSs more commonly had muscle
food processing descriptors whereas RCTs had more details
about species and leanness likely reflects noted differences
in experimental structure and dietary intake assessment
methods.

A historical lack of muscle food reporting guidelines
limits researchers’ abilities to accurately and consistently

TABLE 4 Conditional probabilities within each column of description factors included by authors for selected muscle food categories
among observational studies from a systematic review and landscape analysis assessing muscle food categorization and descriptions in
chronic disease literature1

Components of descriptions

Category n
Description

provided
Included species

name
Included muscle cut

or product name
Included leanness term

or fat specification
Included “all” or

“total” terms
Included

“product” term

Fish 82 0.60b (0.49–0.70) 0.34b,c (0.25–0.45) 0.15d (0.08–0.24) 0.07 (0.03–0.15) 0.17a,b (0.10–0.27) 0.21c (0.13–0.31)
Poultry 52 0.63b (0.50–0.75) 0.62a (0.48–0.74) 0.21 c,d (0.12–0.34) 0.02 (0–0.13) 0.12b (0.05–0.23) 0.21c (0.12–0.34)
Processed meat 118 0.87a (0.80–0.92) 0.18c (0.12–0.26) 0.80a (0.71–0.86) 0.06 (0.03–0.11) 0.17a,b (0.11–0.25) 0.80a (0.71–0.86)
Red meat 123 0.85a (0.79–0.91) 0.80a (0.72–0.86) 0.49b (0.40–0.58) 0.02 (0.01–0.08) 0.20a,b (0.14–0.28) 0.50b (0.41–0.58)
Total meat 56 0.91a (0.80–0.96) 0.46b (0.34–0.59) 0.43b,c (0.31–0.56) None2 0.38a (0.26–0.51) 0.27b,c (0.17–0.40)
White meat 44 0.84a,b (0.70–0.92) 0.64a (0.49–0.76) 0.25bc (0.14–0.40) 0.20 (0.11–0.36) 0.14a,b (0.06–0.27) 0.25b,c (0.14–0.40)

1Data are presented as least squares means (95% confidence limits). a–cMeans within a column without a common superscript differ at P <0.05. A binary logit model
was used to estimate probabilities of each description factor included in muscle food categories.
2No probabilities were calculated for a component with 0 observations.
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5 2 7 0 1 0 0 0 2 0 1 0 0 0 0
4 5 30 0 4 7 0 2 0 2 5 1 1 0 0
3 24 65 3 20 27 0 1 5 3 16 2 7 0 0
2 27 99 6 54 39 1 1 8 7 12 3 25 0 0
1 29 85 5 62 42 1 6 1 11 1 1 14 0 1
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100

80

60

40

20

0

1 2 3 4 5 6 7

Pe
rc

en
t o

f s
tu

di
es

1 2 3 4 5 6 7

# 
of

 fa
ct

or
s

Category
resolution

100

80

60

40

20

0

FIGURE 5 Distribution of description factors across category
resolution from a systematic review and landscape analysis
assessing muscle food categorization and descriptions in chronic
disease literature. Category resolution, i.e., specificity, was analyzed
on an empirical ordinal scale as 1) broad/undescriptive, e.g., “fish”; 2)
type of muscle food, e.g., “red meat”; 3) species, e.g., “poultry”; 4)
broad + 1 descriptor, e.g., “processed meat”; 5) type/species + 1
descriptor, e.g., “fresh red meat”; 6) broad/type + 2 descriptors, e.g.,
“poached lean fish”; and 7) specific product, e.g., “luncheon meat.”
Number of factors included in the description were analyzed on a
discrete 1–5 scale.

group and describe muscle foods in chronic disease literature.
Researchers need to carefully consider species source and nu-
trient content when determining which muscle foods should
be grouped together into broader categories for analysis (20).
Although rabbit is not among the most commonly consumed
muscle foods in the United States, there seemed to be a
great misunderstanding of how to classify it worldwide. This
review identified 19 US-based OBSs that classified “rabbit”
as processed meat, processed red meat, or white meat;
but OBS researchers in other countries classified “rabbit”
as poultry or fresh red meat. By most definitions, rabbit
would be considered a red meat, but may be inappropriately
referred to as poultry due to similarities in fat content (27,
28). Another example, more relevant to the United States,
was characterization of processed red meat products (i.e.,
“ham,” “sausage,” “hotdogs”) without indicating the degree
of processing in the category name. This was problematic as
commonly consumed muscle foods such as red meat should
ideally be differentiated by degree and type of preservation
method (18–20). Inconsistent muscle food grouping was also
apparent among federal datasets such as the USDA’s Food
Availability Data System (29) and Food Patterns Equivalent
Database (20, 30).

Conclusions regarding the effects of muscle food con-
sumption on health outcomes are ambiguous and inconsis-
tent (2, 20, 31–33), potentially because it was often unclear
which muscle food(s) was assessed or included in analyses.
For example, researchers who assessed red meat did not
provide a description 15% and 18% of the time for OBSs
or RCTs, respectively. Among studies that assessed “red
meat” as a muscle food category, 26% and 42% of RCTs
and OBSs, respectively, did not specify the degree of meat

processing. Not specifying processing degree or method may
contribute to unclear or erroneous conclusions regarding
red meat and human health (33, 34). For example, from a
previous article (35), when sandwich meats were classified
as unprocessed meat, thereby disregarding that sandwich
meats are generally processed, unprocessed red meat was
associated with an increased risk of CVD. However, when
sandwich meats were not included as unprocessed red meats,
associations between unprocessed red meat and CVD risk
were null (20, 34, 36–38). Similarly, grouping lean fish,
fatty fish, and poultry as “white meat” poorly represent the
nutritional diversity of these muscle foods (20). Including
fatty fish in a white meat category may falsely attribute
cardioprotective benefits (39) to lean white fish and poul-
try products. Muscle food descriptions developed without
careful consideration of species source, nutrient content, or
degree of processing can lead to confusion when interpreting
results.

The collaborative interdisciplinary effort between human
clinical researchers and meat scientists was a major strength
of this extensive and comprehensive systematic review.
This is the first systematic review, to the best of our
knowledge, to characterize muscle food terminology used
among chronic disease literature. This work identified muscle
food categories described in diverse ways, highlighting the
complexity for scientific audiences to interpret which foods
were assessed. The exploratory nature of this descriptive, yet
quantitative, landscape assessment limited the ability of using
traditional hypothesis-driven meta-analytics. However, the
descriptive statistics and probability calculations employed
met the main objective of assessing variation and patterns
in the use (or misuse) of muscle food categories and
descriptions in chronic disease literature. Other limitations
include that 1) the muscle food scoring systems were derived
empirically for these data, 2) fish/seafood categories were not
in the original aim or search terms, and 3) included article
reference lists that were not hand-searched for potential ad-
ditional articles. Fish and seafood data were largely extracted
from articles that compared meat with fish/seafood intakes
or assessed all together, but not fish/seafood independently.

Conclusions
The influx of health researchers adopting muscle food ter-
minologies (such as meat, poultry, or seafood) has inconsis-
tently evolved these terms away from the originally intended
meanings (1). The main intention of this article was to pro-
vide a systematic assessment to inform regulatory agencies
and nutrition-related policymakers about the stark variation,
diversity, and misclassification of muscle food categories
and descriptions used throughout chronic disease literature.
In conclusion, muscle food categories and descriptions are
substantively different within and between experimental and
observational articles and do not match definitions provided
by regulatory agencies. Assessing variation in terminology
used to describe other food groups (40, 41) may be warranted
in future work to develop a universal food classification
system used consistently across nutrition-related chronic
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disease disciplines. We hope that this article will ignite
discussion about muscle food research reporting guidelines,
provide novel ways to dissect and compare results across
articles, and lead to the development of a universal muscle
food classification or reporting system for human nutrition
and health research.
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