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ABSTRACT

Background: The “carnivore diet,” based on animal foods and excluding most or all plant foods, has attracted recent popular attention. However,
little is known about the health effects and tolerability of this diet, and concerns for nutrient deficiencies and cardiovascular disease risk have been
raised.

Objectives: We obtained descriptive data on the nutritional practices and health status of a large group of carnivore diet consumers.

Methods: A social media survey was conducted 30 March-24 June, 2020 among adults self-identifying as consuming a carnivore diet for >6 mo.
Survey questions interrogated motivation, dietary intake patterns, symptoms suggestive of nutritional deficiencies or other adverse effects,
satisfaction, prior and current health conditions, anthropometrics, and laboratory data.

Results: A total of 2029 respondents (median age: 44 y, 67% male) reported consuming a carnivore diet for 14 mo (IQR: 9-20 mo), motivated
primarily by health reasons (93%). Red meat consumption was reported as daily or more often by 85%. Under 10% reported consuming
vegetables, fruits, or grains more often than monthly, and 37% denied vitamin supplement use. Prevalence of adverse symptoms was low (<1% to
5.5%). Symptoms included gastrointestinal (3.1%-5.5%), muscular (0.3%—-4.0%), and dermatologic (0.1%—1.9%). Participants reported high levels of
satisfaction and improvements in overall health (95%), well-being (66%—91%), various medical conditions (48%—-98%), and median [IQR] BMI (in
kg/mz) (from 27.2 [23.5-31.9] to 24.3 [22.1-27.0]). Among a subset reporting current lipids, LDL-cholesterol was markedly elevated (172 mg/dL),
whereas HDL-cholesterol (68 mg/dL) and triglycerides (68 mg/dL) were optimal. Participants with diabetes reported benefits including reductions
in median [IQR] BMI (4.3 [1.4-7.2]), glycated hemoglobin (0.4% [0%—-1.7%]), and diabetes medication use (84%-100%).

Conclusions: Contrary to common expectations, adults consuming a carnivore diet experienced few adverse effects and instead reported health
benefits and high satisfaction. Cardiovascular disease risk factors were variably affected. The generalizability of these findings and the long-term

effects of this dietary pattern require further study. ~ Curr Dev Nutr 2021;5:nzab133.
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Introduction

Dietary variety is near-universally recommended in National Guide-
lines to satisfy human nutritional needs (1, 2). Consumption of a va-
riety of food groups from both plant and animal food sources has been
linked to favorable health outcomes in epidemiologic studies (3) and
clinical trials (4-6) and is expected to satisfy the recommended DRIs of
macronutrients (i.e., protein, carbohydrates, and fats), micronutrients

(i.e., vitamins and minerals), and food components (e.g., dietary
fiber).

Nevertheless, restrictive diets have long been promoted for vari-
ous health and philosophical reasons. One notable eating pattern, a ve-
gan diet, that eliminates animal foods has been promoted for ethical
(7), environmental (8), and health (9) benefits—including reduction in
BMI, improvement in serum lipids, and cancer prevention (9). However,
these reported benefits may be confounded by dietary and nondietary
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health behaviors, and negative effects have also been reported (10). Ve-
gan diet consumers may not meet DRIs for vitamin B-12, calcium, and
protein, and adverse events, such as an increased incidence of bone frac-
tures (11), have been observed.

Recently, popular interest has grown in an opposite eating pattern,
a carnivore diet, which aims to eliminate most or all plant-based foods.
Numerous social media groups (e.g., https://www.facebook.com/group
s/worldcarnivoretribe/) have been formed, with membership of many
thousands in the United States and other nations, to promote this diet
for health and other benefits. Whereas diets high in animal foods have
been commonly discouraged owing to high saturated fats content and
low density of essential nutrients and bioactive compounds (e.g., fiber,
phytonutrients) (12), little is known about the health status of people
habitually following a carnivore eating pattern. According to a common
view, long-term consumption of a strictly animal-based diet would be
associated with significant nutritional deficiencies (13) and confer neg-
ative health effects compared with a plant-based diet (14, 15), including
poor gut and gut-microbiota health (16-19), an adverse cardiovascu-
lar disease risk pattern (20, 21), and other chronic health complications
(22).

What little evidence exists for the sustainability of carnivore diets
derives from historic reports on Arctic or nomadic societies, clinical
case studies, and accounts on nutrition therapy for diabetes mellitus in
the preinsulin era ¢.1920. Early reports by Arctic researchers and pop-
ulation surveys provide evidence that animal-based diets with little to
no plant matter were consumed by traditional populations at high lat-
itude during most of the year (23-25), and were associated with good
health and longevity (26, 27). Inspired by their experiences, 2 Arctic
explorers participated in a study, partly conducted under strict inpa-
tient observation, of a diet containing only meat (27). After 1y, they
reported good health and displayed no clinical evidence of any vita-
min deficiency, although a negative calcium balance was reported (28).
Of note, the animal-based diets consumed in this study incorporated
both lean and fatty meats, including a variety of organ meats; these
were frequently boiled, and sometimes consumed raw, with potential
implications for the availability of low-concentration or labile nutrients.
Likewise inspired by observations on an indigenous diet in St. Lucia,
Dr. John Rollo in 1797 successfully treated 2 patients with diabetes
with a diet consisting only of meat and fat. Rollo recommended near-
complete elimination of plant foods (29), a prescription that was
widely adopted and empirically optimized to prolong the life of peo-
ple with diabetes in the 19" century. Recognizing the link between
carbohydrate intake and glucosuria, some physicians allowed intake of
low-carbohydrate vegetables (30), whereas others promoted a strictly
meat- and fat-based approach for diabetes management [e.g., Cantani,
Primavera (31)]. With the discovery of insulin, these dietary approaches
were abandoned in favor of less restrictive mixed diets (32), and modern
research on an animal-based diet is sparse.

Although several contemporary treatments of obesity or type 2
diabetes promote high intake of meat and fat (e.g., the Atkins diet)
(33), these diets typically include, or reintroduce after short periods,
consumption of low-carbohydrate vegetables and low-sugar fruits.
Whereas a recent perspective suggests that all essential nutrients
can be obtained from a carnivore diet (34), few empirical data are
available. Therefore, the aim of this study was to characterize the
motivation, dietary behaviors, self-perceived health status, and

satisfaction of a large group of adults habitually consuming a carnivore
diet, and thereby to provide insights into this poorly characterized
dietary approach.

Methods

Design

Using an online survey, we collected self-reported data from respon-
dents who self-identified as following a carnivore diet for a minimum
of 6 mo. Our aims were to I) characterize the diet consumed by parti-
cipants, 2) describe perceived health status and changes in health since
starting the diet, 3) assess perceived symptoms of nutritional deficien-
cies or other adverse effects, and 4) evaluate the satisfaction and accep-
tance of consuming a carnivore diet. The study was approved by the
Boston Children’s Hospital Institutional Review Board. Electronic con-
sent was obtained from all respondents, with no restrictions on data use.
The only identifiable data collected were participants’ email addresses;
these were removed for de-identification upon completion of data col-
lection and elimination of duplicate responses.

Participants and enroliment

Respondents were recruited from open social media communities
(World Carnivore Tribe, Facebook, 23%; Instagram, 18%; r/Zerocarnb,
Reddit, 7%; Zeroing in on Health, Facebook, 5%; Twitter, 5%; other,
42%). Inclusion criteria were age > 18 y and consumption of a carni-
vore diet for >6 mo by self-report. After 2 eligibility questions, a link to
the study survey was displayed and sent by e-mail, with <3 reminders
provided over a 1-mo period. Survey data acquisition was conducted
between 30 March and 24 June, 2020. As such, data collection occurred
during the period of the COVID-19 pandemic when most people were
in lockdown.

Of an initial 3883 respondents, 1418 were excluded owing to age
< 18y (n = 4), diet duration < 6 mo (n = 156), incomplete screening
information (n = 113), declining participation (n = 87), or not starting
the main survey (n = 1058). Duplicate survey responses (n = 28) were
identified on the basis of e-mail addresses and deleted. Participants who
did not provide at least a diet start date and food intake frequency in-
formation (n = 126) in the main survey, or whose diet start date was
within 6 mo of survey participation (n = 282), were excluded from the
analysis. A total of 2029 (52%) respondents were eligible and willing
to participate and provided sufficient information to be included in the
study.

Data collection and treatment

Survey instruments.

Data were collected and managed with research electronic data cap-
ture (REDCap, version 10.0.23; Vanderbilt University) tools hosted at
Boston Children’s Hospital (35). Survey questions were developed in
consultation with members of the carnivore diet community and ad-
dressed several domains: 1) current intake frequency of main food
groups and relevant food items, as well as food preparation and re-
lated considerations; 2) chronic medical conditions and medication use,
anthropometric and laboratory data, perceived health and well-being,
and perceived symptoms of nutritional deficiencies or other adverse
effects—including in the present and before starting the diet; 3) diet
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satisfaction and social support; and 4) sociodemographic data.
Multiple-choice questions were used to solicit specific habits, reasons
for choosing the diet, medical conditions, and medication intake. Mod-
ified Likert scales were used to estimate the frequency of intake of
prespecified food categories; satisfaction; and changes in health, well-
being, chronic conditions, and symptoms. Highest educational attain-
ment was categorized as primary (primary school or less), secondary
(secondary school, including high school), postsecondary [intermedi-
ate between secondary and university (e.g., some college and technical
training)], or tertiary (completed college, university, graduate school,
or equivalent). Participants were asked to specify their income category
as lower, middle, or upper. Race and ethnicity were self-reported with
multiple-choice and free-text options. Self-reported anthropometric
and laboratory data were collected for the following timeframes: Prior:
within 1 and 5 y before starting the diet, respectively; Present: within a
year of taking the survey and >3 mo after starting the carnivore diet.
Participants were asked to specify source of anthropometrics as clini-
cian or self-measured, and data were prioritized in that order.

Units of measure.

To account for the international background of people within the
social media communities, respondents were able to select among
unit systems (metric, imperial, international system of units, con-
ventional); data were collected accordingly and converted to met-
ric and conventional units with the following conversion factors:
height—inches to centimeters, 2.54; weight—pounds to kilograms, 0.45;
glucose—mmol/L to mg/dL, 18; total cholesterol (TC), LDL-cholesterol,
and HDL-cholesterol—mmol/L to mg/dL, 38.67; triglycerides (TG)—
mmol/L to mg/dL, 88.57; B-hydroxybutyrate—mg/dL to mmol/L,
0.096; C-reactive protein (CRP)—nmol/L to mg/dL, 0.105; creatinine
(Cr)—umol/L to mg/dL, 0.113; alanine aminotransferase, aspartate
aminotransferase, and y-glutamyltransferase (GGT)—pukat/L to U/L,
60. Glycated hemoglobin (HbAlc) was converted from mmol/mol to
percentages by using the formula HbAlc (%) = 0.09148 x HbAlc
(mmol/mol) 4 2.152, and from estimated average glucose (eAG; mmol)
with the formula HbAlc (%) = (eAG*18.02 + 47.6)/28.7, as proposed
by the International Federation of Clinical Chemistry and Laboratory
Medicine for the standardization of HbA1c (http://www.ngsp.org/ifccn

gsp.asp).

Calculated variables.

Time on the diet and timing of anthropometric and laboratory data were
calculated with reported dates and the survey date. Height was aver-
aged if >1 value was reported. BMI (in kg/m?) was calculated by divid-
ing weight (kg) by the square of height (m). Symptoms consistent with
nutrient deficiency or other adverse effects were assessed categorically;
Supplemental Table 1 lists all symptoms queried. Changes in symptoms
were grouped into 2 categories: stable/improved and new/deteriorated.
Respondents were designated as having diabetes if they reported using
the carnivore diet as a way to manage or reverse diabetes, if they had ever
been prescribed any oral or injectable diabetes medications, or if they
reported an HbAlc >6.5%. Respondents were designated as not using
any vitamins if they answered “never” to both using a multivitamin and
using any other vitamin supplement.
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Statistical analysis.

Analyses were performed using SPSS version 27 (SPSS, IBM Corpo-
ration). Continuous data were visually assessed for normality. Owing
to skewed data distribution, we used nonparametric testing and re-
port medians and IQRs. Statistical significance was defined as a 2-tailed
P value < 0.01. Present and prior (prediet) data were compared by
Wilcoxon rank-link test for respondents with data at both time points.
Comparisons were made between respondents reporting never taking
any vitamin supplements and the rest of the group, and between respon-
dents with and without a diabetes diagnosis, by chi-square test for nom-
inal variables and Mann-Whitney U test for numeric variables. Because
all information was not available for all participants, the number of an-
swers is reported for each variable, and percentages based on number
of respondents are given.

Results

Participants

Table 1 lists descriptive characteristics. Most respondents were from
the United States, Canada, Europe, or Australia; 67% were male; 83%
were white and non-Hispanic; and 64% completed college or the equiv-
alent. Income spanned all classes with 14% reporting low, 66% mid-
dle, and 20% high income. Seven women were pregnant and 10 were
breastfeeding at median 12 mo [IQR: 9-18 mo] postpartum. The me-
dian [IQR] time following a carnivore diet was 14 mo [9-20 mo]; 93% of
participants stated health reasons as their motivation for beginning the
diet.

Food intake and eating habits

Table 2 and Supplemental Table 2 show the intake of food groups and
individual foods. Red meat other than pork (e.g., beef, lamb, venison,
buffalo, goat) was the most commonly consumed food, followed by eggs
and nonmilk dairy, whereas pork, poultry, and seafood were less fre-
quently eaten. Weekly or more frequent consumption was reported for
organ meat by 42%, and for nonmilk dairy by 72%. Less than 10% of re-
spondents consumed starchy vegetables, nonstarchy vegetables, fruits,
or grains more often than once monthly, and 37% reported no use of any
vitamin supplements. Use of other over-the-counter supplements (e.g.,
dietary, herbal, digestive enzymes, antioxidants) was denied by 75%. Al-
cohol was rarely consumed, with 63% reporting frequency of less than
once a month or never. More than 50% of participants drank coffee at
least daily. In contrast to the typical Western/Standard American diets,
few individuals following the carnivore diet reported consuming fast
foods.

Most participants reported eating 1-3 times daily (differentiation
between meals and snacks was not queried), including 16% three times
per day, 64% twice per day, and 17% once per day. Generally, more par-
ticipants reported choosing cuts of meat with high (61%) or moderate
(37%) fat content as opposed to lean cuts (2%). Seventy-six percent re-
ported a preference for consuming meat at raw, rare, or medium-rare
doneness. Intention to achieve nutritional ketosis was reported by 41%,
among whom 41% monitored ketone concentrations; 56% intended to
achieve a medium or high amount of salt intake, as commonly recom-
mended in the setting of low-carbohydrate diets that are associated with
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TABLE 1 Participant characteristics

Responses, Finding, n (%) or
Characteristics median [IQR] Range
Time on carnivore diet, mo 2029 14 [9-20] 6-337
Anthropometrics
Sex 2002
Male 1347 (67)
Female 651 (33)
Other 4(0.2)
Age, y 1991 44 [34-54] 18-85
Height, cm 1818 175[168-183] 147-203
Weight, kg 1699 76 [66-86] 38-176
BMI, kg/m? 1682 24.3[22.1-27.0] 13.7-56.6
Sociodemographics
Country of residence 1891
United States/Canada 1205 (64)
Europe/United Kingdom 217 (11)
Australia 146 (8)
Other 323(17)
Race 1889
White, non-Hispanic 1573 (83)
Black 16 (0.9)
Hispanic or Latino 74 (4)
Asian 59 (3)
Other 167 (9)
Education 1890
Primary or less 15(0.8)
Secondary 179 (9)
Postsecondary 484 (26)
Tertiary 1212 (64)
Income 1888
Low 261 (14)
Middle 1244 (66)
High 383 (20)
Reproductive status (female or other) 653
Pregnant 7(1
Breastfeeding 10 (2
Motivation
Aiming for ketosis 2025 832 (41)
Reason for carnivore 2029
Health/body weight 1879 (93)
Food preference 671 (33)
Curiosity 303 (15)
Ethics 185 (9)
Other 256 (13)
Health reasons 1879
Body weight/composition 1572
Athletic performance 869
Focus/energy 1398

Allergies/skin/autoimmunity
Digestive health

Mental health

Diabetes

Other

increased natriuresis (36). Additional dietary data are available in Sup-
plemental Table 3.

Perceived health-related outcomes
Participants reported improvements in chronic medical conditions,
general health, and aspects of well-being such as energy, sleep,

strength, endurance, mental clarity, memory, and focus (Figure 1).
Table 3 lists the prevalence of specific medical conditions and
changes in their severity. Although most queried medical con-
ditions improved with the diet, lipid abnormalities were vari-
ably affected: 56% of participants reported resolution or im-
provement, 18% stability, and 27% new occurrence or worsening.

CURRENT DEVELOPMENTS IN NUTRITION
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Intake frequency, %

Food class n Each meal >Daily >Weekly Weekly >Monthly  Monthly <Monthly  Never
Meat
Red meat, nonpork 2027 39 - 46 14 0.3 0.3 0.1 0.2 0.1
Pork 2005 2 1" 38 15 11 9 8 7
Poultry 2007 0.5 2 20 18 18 14 19 8
Seafood, fish 2015 0.5 3 17 19 19 15 19 7
Seafood, nonfish 2014 0.1 0.7 8 11 16 17 27 20
Organ meat 2017 1 5 18 18 14 10 14 20
Processed meats 2020 0.1 3 16 11 16 12 20
Dairy
Eggs 2023 7 37 33 4 5 4 4
Dairy, nonmilk 2023 7 36 24 5 7 4 5
Dairy, milk 2009 0.9 8 6 2 4 4 10
Nuts 2020 0.1 1 5 3 5 8 14
Fruits/vegetables
Vegetables, nonstarchy 2021 0.0 0.5 2 3 3 5 17
Vegetables, starchy 2024 0.0 0.1 1 2 2 4 17
Legumes 2018 0.0 0.0 0.0 0.3 0.3 1 9
Fruit 2018 0.1 0.7 2 2 3 6 20
Grains 2016 0.0 0.1 0.6 1 2 4 14
Sugars
Sugar 2017 0.0 0.7 1.0 1 2 4 13
Honey 2013 0.1 1 2 3 4 14
Noncalorie sweeteners 2017 0.7 9 7 3 4 4 8
Miscellaneous
Exceptions? 2027 0.3 1 5 9 10 1 31 33
Multivitamin usage 1988 0.7 8 1 1 0.9 4
Other vitamin usage 1706 2 29 11 2 B 1 5 -

"Participants were asked to report intake frequency of the listed food groups and items on an 8-point scale. For visualization, the response frequencies are color-coded
dark gray if >70%, with increasing brightness if 40%—69%, 20%-39%, 10%-19%, 5%-9%, 1%-4%, and <1%.

2Frequency of making exceptions from the carnivore diet.

Ophthalmologic conditions were improved or unchanged with equal
frequency.

Table 4 and Supplemental Figure 1 summarize changes in anthro-
pometrics and laboratory studies. Median [IQR] BMI decreased from
27.2(23.5-31.9] to 24.3 [22.1-27.0]. As observed with other diets low in
carbohydrate, TC and LDL-cholesterol were markedly elevated, whereas
HDL-cholesterol and TG were in an optimal range. The Present ratio
of TG to HDL-cholesterol was 1.0 [IQR: 0.7-1.5]. CRP and GGT de-
creased, and other liver enzymes, Cr, and HbAlc were unchanged from
pre-diet to current. Coronary artery calcium score was low at Prior (2;
IQR: 0-132) and Present (0; IQR: 0-27) among the few respondents re-
porting this value.

Among the 262 respondents with type 1 diabetes mellitus or type
2 diabetes mellitus (T2DM), prior BMI, HbAlc, and TG were higher
than among those without diabetes. Respondents with diabetes experi-
enced relatively large median [IQR] reductions in BMI (4.3 [1.4-7.2])
and HbAlc (—0.4% [0% to 1.7%]) (Supplemental Table 4). Diabetes
medication use was significantly reduced. All respondents with dia-
betes discontinued noninsulin injection agents, 84% discontinued oral
medications, and 92% of participants with T2DM discontinued insulin
(Table 3).

Reported prevalence of adverse effects or symptoms consistent with
nutritional deficiency was generally low, as shown in Supplemental Ta-
ble 1, and commonly preceded the diet. New or worsened diarrhea
occurred in 5.5%, constipation in 3.1%, weight gain in 2.3%, muscle
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cramps in 4.0%, hair loss or thinning in 1.9%, insomnia in 1.7%, dry skin
in 1.4%, itchiness in 1.1%, heart rate changes in 1.1%, brittle fingernails
in 1.0%, and menstrual irregularity in 1.0%. Worsening or incidence of
any of the other assessed symptoms occurred in <1% of participants.
Prevalence and incidence of symptoms were not increased compared
with the overall group in participants who denied intake of vitamin sup-
plements or denied consuming organ meat or dairy.

Satisfaction and support

Participants reported high levels of overall satisfaction with the diet
(Supplemental Table 5). The majority perceived no impact on their
social life, and neutral or positive supportiveness from social contacts.
Medical providers were perceived as neutral, supportive, and unsup-
portive by generally similar proportions.

Discussion

In this social media-based survey, a self-selected group of adults con-
suming a carnivore diet for >6 mo reported perceived good health
status, perceived absence of symptoms of nutritional deficiencies, and
high satisfaction with this eating pattern. To our knowledge, this is the
first modern report on a large group of people habitually consuming
few plant foods, a dietary pattern broadly considered incompatible with
good health.
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FIGURE 1 Reported changes in health status. Participants were asked to rate their current overall health and well-being on a 3-point
scale as better (light gray bars), unchanged (dark gray), or worse (black) compared with the time before starting the carnivore diet.

Percentage of respondents is given.

Weight loss and other health benefits were most frequently indi-
cated as the motivation for adoption of a carnivore diet. In accordance
with this possibility, respondents reported substantial BMI reduction
and improvements in physical and mental well-being, overall health,
and numerous chronic medical conditions. Respondents with diabetes
reported special benefit, including greater weight loss than the over-
all group, and marked reductions in diabetes medication usage and
HbAlc—notable findings in view of the generally low success of lifestyle
interventions for obesity and diabetes (37, 38). Although we did not for-
mally assess macronutrient intake, carbohydrate content in meat and
other animal-based foods is minimal, and inherent limits to protein
intake exist. Both ancestral data (39) and self-reported preference of
fatty cuts of meat in our survey suggest high fat intake with the car-
nivore diet. As such, the macronutrient composition of a carnivore diet
would likely correspond to other very-low-carbohydrate diets (e.g., ke-
togenic, Atkins). For this reason, studies of these diets may provide
relevant comparisons. In meta-analyses of trials for T2DM, low- com-
pared with high-carbohydrate diets produced greater weight loss (40—
42), lower HbAlc (40-46), and reduction in usage of glucose-lowering
medications (41, 43, 45, 46), consistent with our observations. Although
general dietary adherence and glycemic effects diminish over time (47),
the findings of 1 recent nonrandomized trial suggest that a very-low-
carbohydrate diet may be sustainable and efficacious when combined
with high-intensity individual support (48).

Consistent with other low-carbohydrate diet studies (40-45), re-
spondents reported a mixed blood lipid pattern: LDL-cholesterol, a
major conventional cardiovascular disease risk factor, was markedly
elevated whereas HDL-cholesterol and TG were favorable. However,
LDL-cholesterol elevation, when associated with low TG, may reflect
large, buoyant lipoprotein particles, possibly comprising a relatively
low-risk subtype (49). Indeed, the low ratio of TG to HDL-cholesterol
is suggestive of high insulin sensitivity and good cardiometabolic

health (50). However, it is unclear whether this apparent benefit of
the diet, together with the reported weight reduction and improved
glycemic control (in the subset with diabetes), would counterbalance or
outweigh any increased risk from LDL-cholesterol elevation. For indi-
viduals with a more extreme LDL-cholesterol response, drug treatment
could be considered—an option that is generally more effective and bet-
ter tolerated than drug treatment of insulin-resistance dyslipidemia.
Beyond macronutrient composition, elimination of allergenic, in-
flammatory, or other food components may provide potential health
benefits to individuals following a carnivore diet. Food allergies and
sensitivities are common, and predominantly related to plant foods (51).
Some plant chemicals may produce adverse effects through other mech-
anisms, such as lecithin in beans, cyanogenic glycosides in certain seeds,
and glycoalkaloids in potatoes. Indeed, >50% of survey participants
started the carnivore diet to improve allergic, skin, or autoimmune con-
ditions, or digestive health, and many reported improvements in in-
flammatory conditions and related symptoms. Conversely, dietary in-
take may be low for vitamins that are typically derived from plant foods
(e.g., fruits, vegetables, nuts, seeds, and grains) or from nutritional forti-
fication of staple foods (e.g., milk, juices, cereals, pastas, and other grain
products) (52, 53). In addition, often unquantified phytochemicals (e.g.,
polyphenols, alkylresorcinols, phytosterols) are largely absent from the
diet. Although these phytochemicals do not have DRIs, they have been
linked to cardiometabolic benefits (54, 55). In people who eat meat only
with exclusion of dairy (~30% in this survey), calcium intake might also
be low, as illustrated by the low intake and negative calcium balance in
2 Arctic explorers (28). Although essential nutrients can presumably be
derived in sufficient amounts from animal foods (34), they are present
in less commonly consumed parts of the animal, such as fat and organ
meats (vitamins A and D), or bone (calcium), or may be reduced during
food preparation (vitamin C) (34). Vitamin C is of particular interest,
because meats are not formally considered a good source of vitamin C
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Health status among carnivore diet consumers 7

TABLE 3 Self-reported prevalence of and changes in chronic conditions and medication usage’

Prevalence, Changes when following diet, %
Chronic condition n (%) Resolved Improved Unchanged Worsened New
Obesity/overweight [ 52 = & 5 1 0.2
Underweight 14 5 1
Lipid abnormalities 18 19 8
Hypertension 7 0.3 0.0
Cardiovascular _ 15 0.8 0.8
Diabetes/insulin resistance 1 0.0 0.0
Gastrointestinal — 1 1 0.2
Endocrinologic 12 0.5 0.0
Musculoskeletal 4 0.0 0.2
Cognitive 4 0.0 0.0
Respiratory 14 0.0 0.0
oot S 00 05
Dermatologic 7 0.6 0.1
Ophthalmologic 12 0.6 0.6
Hematologic 18 14 0.0 2
Oncologic _ 12 47 0.0 0.0
Other L4 s 13 00 1
Diabetes medications Discontinued Decreased Unchanged Increased New
Insulin 29 (1) 3 0.0 7
Insulin (T2DM only) 13 (0.6) 0.0 0.0 0.0 8
Diabetes injectables, other 16 (0.8) 0.0 0.0 0.0 0.0
Oral diabetes medications 82 (4) _ 14 2 0.0 0.0

"Participants were asked if they had ever suffered from or taken any of the listed conditions or medications. n (%) of positive responses is given in the first column
(prevalence) and is the denominator for percentages in the subsequent columns. Positive respondents were then asked to rate the severity of each condition relative to
the time before starting the carnivore diet on a 5-point scale. For visualization, response frequencies are color-coded dark gray if >70%, and in increasing brightness if
40%—69%, 20%-39%, 10%—-19%, 5%—9%, 1%-4%, and <1%. T2DM, type 2 diabetes mellitus.

ZIncludes people with type 1 diabetes mellitus and T2DM.

(i.e., they contain <10% of the DRI per serving) (56). Typical symp- ~ <2% of survey participants, whereas the majority of participants re-
toms of deficiencies in these vitamins would include dermatological, ~ ported improvements, resolution, or no change—regardless of intake of
cognitive, or neurological symptoms, as listed in Supplemental Table 1. vitamins, organ meat, or dairy. Given the self-reported nature of these
A worsening or new presentation of these symptoms was reported in  findings, it remains unclear whether clinical or subclinical symptoms

TABLE 4 Self-reported current and prediet anthropometrics and laboratory studies’

Data source,? n Current3 Prediet3

Measure Current/prediet/pairs Median Q1 Q3 Median Q1 Q3
Weight, kg 1699/1333/1235 76* 66 86 85 71 101
BMI, kg/m? 1682/1315/1229 24.3* 221 27.0 27.2 235 31.9
TC, mg/dL 467/334/259 256* 214 323 209 175 243
LDL-C, mg/dL 462/326/247 172* 131 237 126 98 164
HDL-C, mg/dL 466/333/256 68* 57 84 58 45 73
TG, mg/dL 465/334/260 68* 50 94 83 58 122
HbAlc, % 340/204/158 5.3* 5.0 55 53 5.1 5.7
CRP, mg/dL 210/75/73 0.7 (0.8)* 0.3 1.5 (2.0) 1.0 0.3(0.4) 3.3
Cr, mg/dL 435/307/244 0.9 0.8 1.1 0.9 0.8 1.1
ALT, U/L 336/247/190 26 19 35 25 19 (20) 35
AST, U/L 305/229/177 23 18 (19) 28 22 18 (19) 30
GGT, U/L 159/99/74 15% 11(12) 20 (21) 18 (19) 13 (14) 24
CAC 118/55/15 0(81) 0(12) 27 (401) 2 (55) 0 132 (182)

TALT, alanine aminotransferase; AST, aspartate aminotransferase; CAC, coronary artery calcium score; Cr, creatinine; CRP, C-reactive protein; GGT, y-glutamyltransferase;
HbA1c, glycated hemoglobin; HDL-C, high-density lipoprotein-cholesterol; LDL-C, low-density lipoprotein-cholesterol; Q, quartile; TC, total cholesterol; TG, triglyceride.
2Number of participants who reported data for the following time points: current/prediet/both (pairs).

3Medians and quartiles are given for the entire sample, and in parentheses for participants with available pre- and postdiet measures (pairs) when >5% discrepant.

*P < 0.01, paired comparison.
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of nutrient deficiency are present. Research is needed to clarify the ab-
sence of perceived symptoms of nutrient deficiencies and the under-
lying biochemical processes that govern nutrient needs with the long-
term consumption of a carnivore diet. It is possible that requirements
for some micronutrients may be lower than those established in DRIs
for the general population (57), related to remodeling of the gut micro-
biome, whole-body metabolism, and nutrient utilization in the setting
of a low-carbohydrate carnivore diet, analogous to observations with a
vegan diet (58).

Respondents reported high levels of satisfaction, and little social im-
pact, from following a carnivore diet. Notably, medical providers were
perceived as supportive, neutral, or unsupportive at generally similar
proportions despite the discrepancy of the carnivore diets from dietary
guidelines. Whereas meat is more expensive than grains and starchy
foods, it may be less expensive on a caloric basis, depending on location
and specific comparisons, than fresh fruits and nonstarchy vegetables
(59), and cost may be in addition offset by decreased expenditure for
diabetes and other medications. Our respondents spanned low to high
income classes, suggesting against major financial barriers to the diet.

Our study does not address several important concerns related to
consumption of an animal-based diet. Intensive animal production,
typically with use of commodity grains and soy for feed, causes sig-
nificant environmental harms and raises ethical issues about animal
treatment. These concerns may be mitigated, to some degree, with inte-
grated, pasture-based agricultural systems (60) and other interventions,
such as the use of algal feed additives to reduce greenhouse gas pro-
duction (61, 62). For context, industrial-scale, commodity grain mono-
culture may also cause substantial environmental impacts and loss of
wildlife.

These findings must be interpreted cautiously in view of several ma-
jor design limitations. Our survey assessed the perception of individu-
als following a carnivore diet and did not objectively assess diet, nutri-
ent status, health-related outcomes, or confounding health-associated
behaviors; and no physiological or biochemical measurements were
obtained. These self-reported data are prone to recall and reporting
bias, especially for the prediet information. Specifically, participants
may have started the diet during a time of poor health and perceived
subsequent regression to the mean as a benefit of the diet and being
online community members may have resulted in over-reporting of ad-
herence and perceived beneficial effects. Because no validated instru-
ments are available to assess food intake frequency in a carnivore pop-
ulation, we used modified Likert scales. We did not assess portion size
or other quantitative intake characteristics, nor did we use other dietary
instruments for a more detailed characterization of the diet; these com-
prise topics of future investigations. Finally, the generalizability of the
findings is unknown owing to the existence of selection bias, because
individuals who experienced adverse effects or lack of health benefits
are likely to have abandoned the diet and would therefore not have been
captured in this survey. Adults adhering to a carnivore diet and respond-
ing to this online survey represent a special subpopulation with high
levels of motivation and other health-related behaviors (e.g., physical
activity, consumption of relatively whole, unprocessed foods). There-
fore, respondents likely differ from the general population in ways that
could influence the effectiveness, practicality, and safety of a carnivore
diet. Related to this point, we did not obtain detailed information on
diet and lifestyle habits before beginning a carnivore diet.

Our study reports on a large group of participants following a car-
nivore diet, with perceived health benefits and absence of symptoms
consistent with nutritional deficiencies, providing insights into a poorly
characterized dietary approach. However, the data are limited by several
major design limitations inherent to the survey design. A clearer under-
standing of the long-term safety and benefits of a carnivore diet, exact
dietary habits of people following this diet, and the generalizability of
our findings, must await additional research.
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