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Abstract

Carnivore diet is a high-protein ketogenic diet in which only animal-derived food is
consumed. Unhealthy dietary patterns and obesity are linked with systemic chronic
inflammation, which can increase disease burden and decrease longevity. Despite the
limited research, the carnivore diet has the potential to decrease systemic chronic
inflammation through a reduction in weight, ketone body signaling, alterations in gut
microbiota, and avoidance of ultra-processed food. The current study aimed to evaluate
the changes in anthropometric measurements and various clinical and serum marker
measurements, with a focus on inflammation. The study consisted of four healthy young
adults, all of whom consumed a high-carbohydrate diet, and underwent a three-week
dietary intervention of ad libitum unprocessed beef, unprocessed chicken, and egg
consumption. After the dietary intervention, participants experienced significant weight
loss (-4 kg; p=0.032). The relative expression of tumor necrosis factor (TNF) was
significantly lower (p=0.006) after the diet, with non-significant changes (p>0.05) in all
other inflammatory markers, including high-sensitivity C-reactive protein (hs-CRP),
homocysteine, interleukin 6 (IL6), interleukin 10 (IL10), C-X-C motif chemokine ligand
1 (CXCL1), and white blood cell count (WBCC). Systolic (p=0.039) and diastolic
(p=0.005) blood pressure were significantly reduced. Branched-chain amino acids were
all elevated, with isoleucine (p=0.031) being significant. Sarcosine was also significantly
elevated (p=0.013). The study provides preliminary findings that inflammatory markers
remain relatively unchanged or lower in healthy participants after the carnivore diet, but
might be more significant with a higher sample size and in individuals with obesity and
inflammatory diseases.
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Popular scientific summary

Long-term inflammation in the body is a silent killer that affects many people. It
increases the risk of many diseases and is especially common in those who are obese, as
it hides in body fat. To get rid of this inflammation, or avoid it altogether, it is important
to control it through healthy lifestyle and food choices.

Meat is an important part of a healthy plate. Meat is highly nutritious with a lot of
protein, which lower the feelings of hunger. Despite this, many dietary guidelines advise
against eating too much meat, and rather filling the plate with vegetables. This is
especially true for red meat, which is often seen as an antagonist to health, alongside
processed food. The association of red meat with inflammation is often shown by cross-
sectional studies, which ask questions to people about their diet and see if they are
healthy or not. These studies provided clues that eating red meat may have a connection
with long-term inflammation and diseases, but they only gave a zoomed-out picture of
the problem. This study decided to take a closer look and investigate if eating meat really
causes inflammation or not.

In order to do it, this study recruited healthy young adults with different body shapes,
who were eating mainly carbohydrates. Then, their diet was changed to only unprocessed
beef, unprocessed chicken, and eggs for three weeks. Because these were the only animal
products that had zero carbohydrates, it was classified as a carnivore diet. Various health
tests were done before and after the diet to determine how it affects inflammation and
general health. These included body measurements, blood tests, and test of genes that
produce signaling molecules that play an important role in inflammation.

After the diet, the participants had a significant weight loss and no changes in most
health markers of inflammation, with the exception of a much lower expression of the
tumor necrosis factor gene, or TNF. TNF is a very common signaling molecule of the
immune system that leads to inflammation, with lower expression of its gene meaning
less inflammation in the body. Additionally, there was a significant drop in blood
pressure, and participants were in a state of ketosis, a bodily shift of the primary fuel
source from carbohydrates to fat. The participants did not lack any nutrients, making the
diet sustainable at least in the short term. There were also some significant changes in
amino acids, the building blocks of the body. The amino acids that were especially high
after the diet were sarcosine and isoleucine. Sarcosine could protect the brain from
inflammation, but isoleucine could stress the cells in the body and lead to inflammation.
Despite this, isoleucine is important for growing muscle, so this elevation could be good
for lifters at the gym. Most importantly, reducing fat mass through weight loss can
decrease long-term inflammation. Losing weight can be done through exercising and
eating less than the body burns at rest, known as the basal metabolic rate, which can be
comfortably achieved by the carnivore diet as shown by this study.

In conclusion, these findings show that a carnivore diet keeps inflammation markers
stable, and might even lower them, in healthy young adults. This effect might be even
stronger in people with obesity, due to lower feelings of hunger and weight loss. The
findings of this study can benefit the society, as there is a growing trend of obesity
globally. Therefore, eating unprocessed meat does not cause inflammation, but can
support a long and healthy life, especially when processed food is avoided.
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1.1

Introduction

The carnivore diet is a type of high-protein ketogenic diet in which only animal
meat and animal products are consumed, commonly for the purpose of weight
loss. When the diet is strictly followed, it results in the consumption of nearly
zero carbohydrates a day, which are replaced with high amounts of protein and
moderate amounts of fat. High amounts of animal-derived proteins are
beneficial for improving satiety but can potentially hinder ketone production
through gluconeogenesis from glucogenic amino acids (Drabinska et al., 2021).
Additionally, animal-sourced food contains every essential nutrient but requires
organ consumption, such as beef liver, for the nutritional adequacy of certain
micronutrients (O’Hearn, 2020). Due to the carnivore diet being minimally
studied, more research is required in order to confidently determine the
therapeutic potential and adverse effects of this diet.

Systemic Chronic Inflammation and Diet

Systemic chronic inflammation (SCI) is characterized by a dysregulation of the
innate immune system, which is known to cause increased disease burden and
decreased longevity. An important environmental factor in SCI is diet.
Unhealthy dietary habits have been linked to inflammatory diseases, such as
inflammatory bowel disease (IBD), cancers, and skin disorders (Graff et al.,
2023). The Western diet, a highly inflammatory diet consisting of a high
consumption of refined sugars and processed meats accompanied by chronic
overeating and a lack of micronutrients, could cause several metabolic
disturbances, such as hyperinsulinemia, insulin resistance, dyslipidemia,
dysbiosis, low-grade SCI, and a high production of reactive oxygen species
(ROS) (Malesza et al., 2021). In contrast, the Mediterranean diet is an anti-
inflammatory diet that consists of a high consumption of fruits, vegetables,
whole grains, olive oil, and moderate consumption of fish. The Mediterranean
diet reduces chronic inflammation and the incidence of non-communicable
diseases through a high content of antioxidants, micronutrients, and fibers, as
well as a favorable lipid profile and gut microbiota, and the elevation of several
binding proteins that reduce biologically active mitogens (Dominguez et al.,
2021). Although high consumption of meat, especially processed meat, was
associated with higher inflammatory markers and adiposity according to cross-
sectional study (Papier et al., 2022), carnivore-ketogenic diet could decrease
SCI through several mechanisms.

IBD is clinically categorized as Crohn’s disease and ulcerative colitis (UC). IBD
occurs due to an impaired immune response against microorganisms of the
intestines in genetically susceptible individuals (Saez et al., 2023). A large
prospective cohort study found that total meat and red meat consumption was
associated with a higher risk of developing UC (Dong et al., 2022). Conversely,
a case-study showed that IBD patients were able to achieve clinical remission
through a ketogenic-carnivore diet intervention (Norwitz & Soto-Mota, 2024).
C-X-C motif ligand 1 (CXCL1), an important chemoattractant of neutrophils in



1.2

the pathophysiology of IBD, is elevated in the serum of IBD patients and it is
indicated as a hub gene in ulcerative colitis, making it a potential biomarker of
the disease (Korbecki et al., 2022). One of the most commonly studied murine
models of UC, is made by administration of dextran sodium sulfate (DSS) in a
drinking water, which induces colitis most likely by damaging the epithelial
monolayer of the large intestines (Chassaing et al., 2014).

Potential Mechanisms of Carnivore Diet on
Systemic Chronic Inflammation

Obesity is a major cause of low-grade SCI, making weight loss crucial in its
reduction. The hypertrophy of the white adipose tissue through excess of
macronutrients results in hypoxia, initiating low-grade SCI through necrosis of
adipocytes and infiltration of immune cells (mainly AT macrophages) into the
adipose tissue (Kawai et al., 2020). Obesity further sustains this inflammatory
state through secretion of pro-inflammatory cytokines, such as tumor necrosis
factor (TNF) and Interleukin (IL)-6 by both dysfunctional adipocytes and
macrophages, as well as through reduced production of anti-inflammatory
adiponectin, leading to insulin resistance (Ellulu et al., 2017). Both TNF and IL-
6 cause lipid accumulation and disruption of the normal development of
preadipocytes and promote an inflammatory phenotype of adipocytes through
augmentation of the canonical Wnt signaling pathway (Gustafson & Smith,
20006).

Ketogenesis induced by fasting and ketogenic diet, produces anti-inflammatory
and anti-oxidant effects on the body. One of the most common ketone bodies,
which can be easily measured in the blood, is B-hydroxybutyrate (BHB). BHB
not only provides alternative source of ATP, but also acts as a signaling mediator
with pleiotropic effects, such as reduced inflammation, epigenetic modification,
suppression of sympathetic nervous system, and neuroprotection (Puchalska &
Crawford, 2017). BHB exerts its anti-inflammatory effects through various
molecular mechanisms, such as by binding to hydroxy-carboxylic acid receptor
2 (HCAZ2) leading to inhibition of NF-kB activation (Pinto et al., 2018), as well
as through inhibition of NLRP3 inflammasome which reduces production of
pro-inflammatory cytokines, IL-1f and IL-18, by human monocytes (Youm et
al., 2015). BHB also promotes the polarization of M2 macrophages, which
increased epithelial cell proliferation and mucosal repair in the intestines of
DSS-induced colitis mice (Huang et al., 2022).

Diet is a major modulator of the gut microbiome, which compromises of trillions
of bacteria that have commensal, mutualistic and pathogenic interactions with
their human host (Ogunrinola et al., 2020). Dietary intervention causes
alterations in the gut microbial composition, due to varying macronutrient
needs between bacterial species. Decreased consumption of non-digestible
carbohydrates, such as dietary fiber, acutely reduced bacterial count in the gut
(Rew et al., 2022). Ketogenic diet alters the gut microbiome distinctively from
high-fat diet, by increasing bacterial phylum of Bacteroidetes and decreasing
Actinobacteria and Firmicutes (Ang et al., 2020). Notably, increase in BHB had



significant negative correlation with Bifidobacterium, which led to reduced
levels of pro-inflammatory Th17 cells in both intestines and visceral adipose
tissue (Ang et al., 2020). Through shift in bacterial species, ketogenic diet
increased levels of stearic acid by depleting its bacterial consumers, which was
found to directly induce apoptosis in tumor cells of inflammation-driven
colorectal cancer mice model (Tsenkova et al., 2025). Although therapeutically
promising, changes of gut microbiota can vary between individuals on ketogenic
diet, and higher number of specific classes of bacteria reduced the efficacy of the
diet in treating refractory epilepsy (Zhang et al., 2018).

Red meat, white meat and processed meat all affect the gut microbiome
differently, although there is insufficient research to identify any consistent
changes or their exact mechanisms (Lee et al., 2023). Meat protein and casein
consumption was found to have lower serum levels of lipopolysaccharide-
binding protein (LBP) compared to soy protein in rats (Zhu et al., 2015). LBP is
considered as a biomarker of inflammatory response, as it binds to
lipopolysaccharide, an endotoxin produced by gram-negative bacteria, and
triggers release of pro-inflammatory cytokines, such TNF and IL-6. Chicken
protein intake had the highest relative abundance of Lactobacillus compared
with casein, beef and soy protein intakes in rats (Zhu et al., 2017). Higher levels
of Lactobacillus may reduce inflammation, antigen load from gut bacteria, and
metabolic syndromes (Zhu et al., 2015). Additionally, chicken protein was found
to increase Akkermansia muciniphila levels compared to soy-protein in mice
(F. Zhao et al., 2019), which improves the function of the intestinal mucosal
barrier, and reduces adipose tissue inflammation and obesity risk (Rodrigues et
al., 2022). Egg whites significantly decreased pro-inflammatory markers, IL-1(,
IL-6 and TNF, in DSS-induced colitis mice by increasing Lactobacillus and
Candidatus Saccharimonas while decreasing pathogenic Ruminiclostridium
and Akkermansia (Ge et al., 2021).

Red meat could also have some negative health effect outcomes. Red meat may
increase the production of uremic toxins by the gut microbiota, which is
associated with cardiovascular risk mortality, as well as disease progression in
patients with chronic kidney disease (Mafra et al., 2018). High heme iron
content in red meat is also associated with colorectal cancer risk, by affecting
homeostasis and cell renewal of epithelial cells in the colon and increasing
carcinogenic bacteria, such as Streptococcus bovis and Helicobacter pylori
(Sasso & Latella, 2018). High amounts of red meat consumption increased
expression of IL-1B, TNF, and IL-6, and also reduced Lachnospiraceae
NK4A136 group in DSS-induced colitis mice, a butyrate-producing bacteria that
protects gut barrier and reduces inflammation, (D.-P. Li et al., 2021).
Conversely, in healthy volunteers, beef-based diet increased Lachnospiraceae
NK4A136 group regardless of BMI, but switching to chicken-based diet had
more significant impact on inflammation, by decreasing monocyte and basophil
levels through lower levels of N-glycolylneuraminic acid in the diet, and by
decreasing immunoglobulins A through reduction of Bacteroides ovatus (D.
Zhao et al., 2022).
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Aim of the Study

The focus of this study was to gain insight if inflammatory markers are affected
by a dietary intervention with a carnivore diet. Based on similar studies on
ketogenic diets and high intake of animal-derived proteins, it was hypothesized
that carnivore diet would help to decrease elevation in inflammatory markers
or maintain healthy inflammatory markers level in the serum of the
participants, primarily due to significant weight loss, ketogenesis, changes in
the intestinal microbiota, and avoidance of highly processed food.

This study aims to determine the association between inflammatory biomarkers
and strict carnivore diet, through anthropometric measurements, as well as
clinical laboratory testing and quantitative PCR (qPCR) of the blood samples of
the participants at baseline and after the carnivore dietary intervention.

Material and methods

Recruitment and Dietary Intervention

The participants of this study were students from the University of Skovde. All
participants were above the age of 18 and reported no current health
complications. Exclusion criteria included low carbohydrate consumption at
baseline, diabetes, pregnancy, or history of metabolic diseases. Participation in
the study was fully voluntary. Ethical permit was not required, since the study
did not involve a vulnerable population, and short-term dietary intervention
provided minimal risks and burdens to the participants, all of whom were also
researchers on the carnivore diet.

The study follows a before-and-after design, from a primarily carbohydrate-rich
diet to a carnivore diet. Dietary intervention consisted of consumption of
approximately 45% of unprocessed chicken, 35% of unprocessed beef, and 20%
of eggs per day for the duration of three weeks. Butter and salt, as well as all
cooking techniques were allowed. Ad libitum food intake was allowed until
satiated. Besides the dietary intervention, participants were instructed to
maintain their regular lifestyle.

Clinical Measurements

Body weight and composition were measured at baseline and after carnivore
diet intervention using electronic digital scale BC-545N (Tanita Corporation).
These measurements included BMI, body fat percentage, water percentage,
muscle mass, physique type, bone mass, BMR, metabolic age, and visceral fat
level. Blood pressure and pulse were measured using blood pressure monitor
(OMRON).
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Fasting glucose and B-hydroxybutyrate were measured daily by participants
using a blood glucose monitoring system, FreeStyle Precision Neo (Abbott).
Freestyle Precision blood glucose and [-ketone strips (Abbott) were used for the
measurements respectively.

Plasma biomarkers were measured at baseline and after dietary intervention in
a fasted state at a certified laboratory through Werlabs, with “Health check
man” (n=3) and “Health check woman” (n=1) test categories. Relevant
biomarkers for this study included homocysteine, high-sensitivity C-reactive
protein (hs-CRP), white blood cell count (WBCC), folate (vitamin B9), vitamin
D, vitamin B12 and ferritin.

Amino acid profiling was performed at baseline and after dietary intervention
in a fasted state by a certified laboratory through GetTested amino acid test. The
amino acids were measured through the blood, by making a puncture in the
finger, with blood being squeezed out onto provided collection paper. The blood
drops were dried for four hours and sent out for analysis.

Gene Expression

For gene expression analysis, blood samples were collected from the
participants into a Tempus Blood RNA Tubes #4342792 (Thermo Fisher) at
baseline and after the dietary intervention, by a nurse at the University of
Skovde. The blood samples were shaken vigorously upon collection for over 30
seconds. The samples were then poured into a conical tube. PBS (Ca2*/Mg2+-
free) was added to each tube following the instructions of the manufacturer and
centrifuged in a NF 800R Multi-Purpose Centrifuge (Niive) at 4°C at 3,000 RCF
for 30 minutes. The supernatant was then carefully poured out, and the tube
was dried. Samples were stored in -70°C freezer or processed immediately.

RNA Extraction

RNA extraction was performed using QIAamp RNA Blood Mini Kit #52304
(Qiagen). Buffer RLT was prepared by adding 10 pl of B-mercaptoethanol
(Sigma-Aldrich) per 1 ml of buffer RLT. Small amounts of purified water from
Synergy UV water purification system (Millipore) was added to the samples,
which were transferred into separate falcon tubes. Buffer EL was added to the
samples, with 2 volumes of the buffer per volume of blood sample collected
initially. The samples were centrifuged at 4°C at 500 RCF for 9 minutes. Buffer
RLT was added to the sample following the instructions from the manufacturer,
and transferred into a QIAshredder spin column in a collection tube. The sample
was centrifuged in a 5452 MiniSpin Centrifuge (Eppendorf) at 14,500 RCF for
2 minutes, and 70% ethanol (Solveco) was added. The sample was then
transferred into a QIAamp spin column and centrifuged at 8,000 RCF for 15
seconds, which was then repeated for the rest of the sample.

The collected flow-through was transferred into a new QIAamp spin column and
centrifuged at 14,500 RCF for 2 minutes. RNase-free water was added directly



2.3.2

2.3.3

into the membrane of the spin column and centrifuged at 14,500 RCF for 1
minute. The extracted sample concentration was then analyzed using a DS-11
Spectrophotometer (DeNovix).

Reverse Transcription

Reverse Transcription was performed using a High-Capacity cDNA Reverse
Transcription Kit (Thermo Fisher). The 2X RT master mix was prepared as
instructed by the manufacturer, without addition of water. RNA sample was
added to the 2X RT master mix until recommended total volume was reached,
and briefly centrifuged using Benchmark Scientific Mini-Centrifuge (Sigma-
Aldrich). The samples were added to a TProfessional Thermocycler (Biometra)
using the following conditions: 25°C for 10 minutes, 37°C for 120 minutes, 85°C
for 5 minutes, held at 4°C.

Quantitative PCR

Validated primer sequences associated with inflammatory response were
ordered from Thermo Fisher Scientific and Sigma-Aldrich, which are listed in
Table 1.

Table 1. Human primers (5’-3’) used for qPCR

Target Forward sequence Reverse sequence

gene

TNF CCTCTCTCTAATCAGCCCTCTG GAGGACCTGGGAGTAGATGAG

IL6 CCTGAACCTTCCAAAGATGGC TTCACCAGGCAAGTCTCCTCA

IL10 GACTTTAAGGGTTACCTGGGTT TCACATGCGCCTTGATGTCTG
G

CXCL1 AGCTTGCCTCAATCCTGCATCC TCCTTCAGGAACAGCCACCAGT

GADPH ACTGTGGATGGCCCCTCTGG CAGTGAGGGTCTCTCTCTTCCT

The qPCR was performed using AriaMx Real-Time PCR System (Agilent), using
Fast SYBR Green Master Mix (Thermo Fisher Scientific). The thermal cycling
conditions were as follows: Enzyme activation at 95°C for 20 seconds, 50 PCR
cycles with denature at 95°C for 3 seconds and anneal/extend at 60°C for 30
seconds. The 96-well PCR plate was loaded as shown in Table 2. The relative
expression levels of the genes were calculated by the AACt method.

Table 2. Reaction mix for the 96-well PCR plate

Component Reaction per well (ul) Final concentration per
well
Fast SYBR Green 5l 1X

Master Mix




Primers 3ul 3 uM total (1.5 uM each
primer sequence)

cDNA 1ul 1ng/uL

Purified water 1ul -

2.3.4 Standard Curve

24

The qPCR standard curve was prepared by combining equal concentrations of
c¢DNA samples from all participants for a final concentration of 2 ng/uL per well.
Standard curve was then made through 4-fold serial dilutions using purified,
RNase-free water, generating final concentrations of 2 ng/uL, 0.5 ng/uL, 0.125
ng/uL, and 0.03125 ng/uL.

Statistical analysis

Statistical analysis was performed using SPSS Statistics Version 29
(International Business Machines Corporation). Normality was determined
with Shapiro-Wilk's test. Paired t-test was used in order to determine if changes
in clinical measurements at baseline and after the diet intervention were
significantly different. Sign test was used to determine if Vitamin B12 and total
cholesterol were significantly different after the diet, as they did not follow
normal distribution. Repeated measures ANOVA was used to determine if
change in glucose and BHB levels were significant at any day throughout the
dietary intervention. Pearson correlation was used to measure the strength and
direction of the linear relationship between baseline weight and weight lost. The
data is written as mean + standard deviation. A significance level of 0.05 was
selected for all statistical tests. AriaMx Software Version 2.1.1 was used in order
to read and analyze the results of the gene expression from the qPCR.

Results

Baseline characteristics

Four participants completed the study and reported compliance throughout the
entire carnivore dietary intervention period. The age of the participants was
above eighteen and below thirty years, and included both sexes. The baseline
BMI of the participants was 24.15+2.6 kg/m?2, the baseline body fat percentage
was 20.77+11.64 %, and the baseline muscle mass was 55.94+3.52 kg.

The participants described lower calorie intake and reduced bowel movement
after the carnivore diet. One participant reported to be recovering from acute
tonsillitis at the end of the dietary intervention, which only significantly affected
hs-CRP results, lowering hs-CRP analysis to three participants.
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Weight loss

The mean weight loss of the participants after the carnivore diet intervention
was significant (p = 0.032), as shown in Figure 1. The correlation between
baseline weight and weight lost after the diet intervention (r = 0.889) was not
significantly different (p = 0.111). Changes in body composition can be found in
Appendix A.

80 - Weight (Kg)

70 -
60 -
50 1
40 1
30 -
20 -

10 A

o 4
Before After

Figure 1. The mean weight loss of the participants from baseline (75.4+8.910
kg) to after (71.4+6.569 kg) the three week carnivore diet intervention was
significant. The bars are shown as mean + SEM. Significance was determined
by paired t-test (*p < 0.05).

Changes in Glucose and Ketone Levels

The mean fasting glucose levels at baseline (5.025+0.591 mmol/L) and after
(4.075+0.4385 mmol/L) the carnivore diet intervention were moderately
different (p = 0.065) as shown by daily measurements in Figure 2. The mean
fasting BHB levels at baseline (0.1 mmol/l) and after (2.575+1.576 mmol/L)
the diet were moderately different (p = 0.052).

Glucose and B-hydroxybutyrate (mmol/L) =e—=Giucose —e—BHB

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21
Days
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Figure 2. Daily mean measurements of glucose and BHB levels during the three
week carnivore diet intervention. Mean glucose and BHB levels were not
significantly different throughout the diet. The results are shown as mean +
SEM. Significance was determined by repeated measures ANOVA.

Decrease in Blood Pressure

The mean changes in systolic (p = 0.039) and diastolic (p = 0.005) blood
pressure after the carnivore diet intervention were significantly different, as
shown in Figure 3.

- Blood Pressure (mmHg)

M Systolic ~ mDiastolic

*%

120 4

100 4

80 1

60 1

40 1

20 1

Before After

Figure 3. Blood pressure at baseline and after three week carnivore diet
intervention. The mean changes in systolic blood pressure at baseline
(116.75+11.786 mmHg) and after (108+16.553 mmHg) the diet was significant.
Diastolic blood pressure at baseline (73.5+6.455 mmHg) and after (65.5+7.937
mmHg) the diet was significant. The bars are shown as mean + SEM.
Significance was determined by paired t-test (*p < 0.05; **p < 0.01).

Changes in Inflammatory Markers

The mean inflammatory markers, at baseline and after the carnivore diet, were
all within the healthy reference interval. The mean changes in homocysteine (p
= 0.286), hs-CRP (n = 3; p = 0.465), WBCC (p = 0.113), and ferritin (p = 0.056)
after the diet intervention were not significantly different, as shown in Figure 4.
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Figure 4. The levels of serum 1nﬂammat0ry markers, at baseline and after three
week carnivore diet intervention. A) Homocysteine at baseline (10.475+6.416
umol/L) and after (8.875+4.973 umol/L) the diet was not significantly different.
B) Hs-CRP (n = 3) at baseline (2.12+3.360 mg/L) and after (1.81+2.763 mg/L)
the diet was not significantly different. C) WBCC at baseline (4.975+0.911
109/L) and after (3.925+0.568 109/L) the diet was not significantly different. D)
Ferritin at baseline (58+28.925 ug/L) and after (91.75+40.442 ng/L) the diet
was not significantly different. The bars are shown as mean + SEM. Significance
was determined by paired t-test.

The mean relative expression of TNF was significantly different (p = 0.006), and
the expression of IL6 (p = 0.172), IL10 (p = 0.108), and CXCL1 (p = 0.527) were
not significantly different, as shown in Figure 5. The standard curve was not
linear in some of the expression results, therefore PCR efficiency could not be
determined for majority of expression results.
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Figure 5. Messenger RNA expression in serum of cytokines involved in
inflammation, at baseline and after three week carnivore diet intervention. The
relative expression of TNF was significantly different after dietary intervention.
The relative expression of IL6, IL10, and CXCL1 were not significantly different
after dietary intervention. The results were normalized to a GAPDH endogenous
control. The bars are shown as mean + SEM. Significance was determined by
paired t-test (**p < 0.01).

Changes in Vitamins and Lipid Profile

The mean vitamins, at baseline and after the diet, were all within the healthy
reference interval. The mean changes in folate (p = 0.690), vitamin D (p =
0.068) and vitamin B12 (p = 0.125) after the carnivore diet intervention were
not significantly different, as shown in Figure 6.
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Figure 6. The levels of vitamins in serum, at baseline and after three week

carnivore diet intervention. A) Folate at baseline (19.3+20.574 nmol/L) and
after (21.25+12.5 nmol/L), and vitamin D at baseline (66.75+29.993 nmol/L)
and after (83+26.166 nmol/L) the diet were not significantly different. B)
Vitamin B12 at baseline (274.25+129.485 pmol/L) and after (504.75+397.643

o -
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pmol/L) was not significantly different. The bars are shown as mean + SEM.
Significance of folate and vitamin D was determined by paired t-test, and
significance of vitamin B12 was determined by the sign test.

The mean changes in lipid profile are shown in Table 3. Total cholesterol and
LDL cholesterol were non-significantly elevated after the carnivore diet. The
mean change in ApoB/ApoA1 ratio at baseline (0.475+0.145) and after
(0.833+0.337) the carnivore diet was not significantly different (p = 0.129) and
within reference interval levels (0.4 — 1.2). Additional health markers tested can
be found in Appendix B1.

Table 3. The mean changes in lipid profile at baseline and after three week
carnivore diet intervention.

Lipid Mean at Mean after Reference P value
parameters baseline + SD carnivore diet interval

(mmol/L) + SD (mmol/L)

(mmol/L)

Total 4.68 £ 0.30 6.43 £ 2.72 2.0-6.1 0.625
cholesterol
HDL 1.65 + 0.42 1.57 + 0.46 0.8-21 0.653
cholesterol
LDL 2.70 + 0.32 4.50 £ 2.79 1.2 - 4.3 0.299
cholesterol
Triglycerides 0.80 + 0.42 0.95 + 0.32 0.45— 2.6 0.502

Changes in Amino Acid Profile

The mean change in selected amino acid profile is shown in Table 4. Isoleucine
and sarcosine levels were significantly elevated from baseline after the carnivore
diet. Histidine, homoarginine, methionine, and proline were elevated at
baseline, and non-significantly decreased within reference interval levels after
the carnivore diet. In contrast, leucine, lysine and valine were within reference
interval levels at baseline, and non-significantly elevated after the carnivore
diet. Other amino acid changes can be found in Appendix B2.

Table 4. Mean changes in amino acid profile at baseline and after three week
carnivore diet intervention.

Amino acid Mean at Mean after Reference P value
baseline £+ SD carnivore diet interval
(umol/L) + SD (umol/L)
(nmol/L)
Alanine 305.97 + 98.88  219.20 + 23.60 115 — 314 0.113
pB-alanine 7.47 + 1.85 9.03 + 0.20 3.3—11 0.193
Glutamic acid 184.91 + 19.02 162.47 + 10.71 92 — 186 0.098
Glutamine 451.44 +135.28  336.97 + 79.41 278 — 650 0.071
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Histidine 71.75 £ 9.04 57.50 + 8.93 26 — 68 0.058
Homoarginine 1.99 + 0.65 1.42 + 0.35 0.4-1.9 0.163
Isoleucine 50.76 + 13.57 83.89 + 17.22 18 — 66 * 0.031
Leucine 97.42 + 18.94 148.25 + 43.15 43 — 113 0.100
Lysine 110.48 + 21.48 121.54 + 30.74 50 — 120 0.326
Methionine 23.98 + 4.40 22.20 + 6.01 9—23 0.286
Proline 195.30 £ 104.30  133.59 + 35.71 53— 177 0.218
Sarcosine 1.89 £ 0.72 3.67 £ 0.60 0.7—3.3 * 0.013
Tryptophan 33.13 + 3.71 25.05 + 6.02 15— 36 0.148
Valine 189.44 + 46.95 287.92 +70.85 79 —194 0.061
Discussion

The healthy levels of inflammatory markers of the participants at baseline were
maintained by the end of the carnivore diet intervention, with a significant
decrease in relative expression of TNF and a non-significant decreasing trend in
homocysteine and WBCC.

Effects of Carnivore Diet on Inflammatory Markers

The CRP is produced by the liver directly in response to inflammation, therefore
lower levels of serum CRP signify lower inflammation in the body. In this study,
there was no significant difference in CRP levels. This is consistent with studies
on meat consumption. In healthy women, animal-protein was found to not be
significantly associated with cycle-average urinary CRP, although plant protein
from cereal did have significantly lowering effect (Ban et al., 2022). In contrast,
a meta-analysis of ketogenic diets showed that there was a significant decrease
in CRP levels after the diet (Rondanelli et al., 2024).

The relative gene expression of pro-inflammatory TNF was significantly lower
after the carnivore diet. The relative gene expressions of pro-inflammatory IL6,
anti-inflammatory IL10, and chemokine CXCL1 also had a decreasing trend
after the diet, although not significant. This decrease is consistent with other
research, as recent meta-analysis showed that ketogenic diets significantly
lowered TNF and IL-6 compared with control groups (Ji et al., 2025). In the
long-term, a moderate calorie restriction study on non-obese adults found
significant decrease in TNF, as well as WBCC, CRP, Intercellular Adhesion
Molecule-1, and leptin (Meydani et al., 2016). In obese adults with type 2
diabetes, high-protein diet resulted in remission of diabetes and significant
decrease in TNF, IL-6, IL-1f3, hs-CRP, weight and blood pressure (Stentz et al.,
2022). It is important to note that despite consistent results, the standard curve
was not linear for most of the gene expression results in this study, therefore the
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relative expression of cytokines could be unreliable and needs to be confirmed
with future studies.

Homocysteine is a non-proteinogenic amino acid, of which catabolism is
catalyzed by vitamin B6, folate and vitamin Bi2. High levels of serum
homocysteine are associated with vitamin deficiencies, damage of the arterial
lining, and higher levels of pro-inflammatory cytokines, such as IL-2 and IL-6
(Gokkusu et al., 2010). Although weight loss could increase homocysteine in the
serum, high consumption of folate and vitamin B12 may nullify this effect
(Wood et al., 2006). Even though it was not significant, carnivore diet had an
increasing trend in both folate and vitamin B12 on the participants, making the
non-significant decrease in homocysteine consistent.

WBCC is a reliable biomarker of inflammation, as white blood cells become
increasingly activated in response to inflammation. Carnivore diet caused a
non-significant decrease in WBCC, which is somewhat consistent with other
studies. In a study on epilepsy patients on a ketogenic diet, there was a
significant decrease in WBCC and absolute neutrophil count, but not
lymphocyte count, at six and twelve months on the ketogenic diet (Schreck et
al., 2019). Although in a cross-sectional study on meat consumption, higher
intake of meat was associated with higher levels of WBCC as well as CRP, this
trend was much lower for unprocessed red meat and poultry (Papier et al.,
2022). This study was based on a large sample size which provided information
on meat intake via a questionnaire, therefore these results would most likely
differ in the setting of dietary restrictions, such as with a carnivore diet.

There was also a non-significant trend of increase in ferritin levels. This is due
to high heme iron content in red meat, of which high consumption is associated
with higher ferritin and hemoglobin levels in the serum (Timmer et al., 2020).
Ferritin is an inflammatory marker, as elevated ferritin levels may occur due to
cell damage (Kell & Pretorius, 2014). Because the mean ferritin levels were
within the normal range, it can be concluded that the elevation was due to higher
iron content, which is overall a positive effect that is unrelated to inflammation.
Since this study was only based on short-term diet intervention, it is unknown
if ferritin levels would become elevated in the long term.

Association of Weight Loss with Lower
Inflammation

The carnivore diet exhibited significant weight lost on the participants, which is
beneficial at reducing low-grade SCI. This was expected, as the diet greatly
improved satiety that kept all the participants at a calorie deficit. These results
have great implications, as they may reduce and prevent obesity, which is known
to be associated with risk of non-communicable diseases. Many dietary weight-
loss studies on obese adults showed that the extent of reduction in inflammatory
markers is significantly correlated with the amount of weight lost (Nicklas et al.,
2005). Although it is important to note that the participants in this study had
different body compositions, and none were obese. Due to this, the beneficial
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effects of weight loss on inflammation might not be as effective as in obese
individuals, but this also implicates that the weight loss from carnivore diet is
significant despite the baseline weight and body composition.

Effects of Carnivore Diet on Glucose Levels and
Ketogenesis

The mean fasting glucose had a rapid decrease at the beginning of the carnivore
diet intervention, and remained lower from baseline throughout the diet,
although it was not significant. In a 6-month randomized clinical trial on
participants with elevated HbAic levels, low-carbohydrate diet intervention
resulted in significant decreased fasting plasma glucose levels (-0.6 mmol/L),
HbA1c (-0.23%), and body weight (-5.9 kg) (Dorans et al., 2022). Although
HbA1c levels remained unchanged in this study (see Appendix B1), reduction in
fasting glucose levels and body weight was also consistent in healthy
participants. This could be beneficial for individuals with type 2 diabetes,
although the beneficial effects on insulin sensitivity and other metabolic
parameters from a ketogenic diet could be just due to weight loss (Merovci et
al., 2024).

The mean BHB levels of the participants gradually increased throughout the
dietary intervention, although the high standard deviation caused the final
measurement to be only moderately different from baseline. This implies that
the keto-adaptation varied between participants. This is likely due to high
protein consumption causing gluconeogenesis from glucogenic amino acids,
making reduced calorie intake a crucial factor in inducing ketosis (Drabinska et
al., 2021). Although there are many factors that affect ketosis, the difference in
calorie intake may have had the biggest impact on the standard deviation. The
participants in this study did not have restrictions on the amount of food
consumed, therefore the daily calorie intake varied between participants. In
order to consistently induce ketosis and its benefits in the carnivore diet, it
would be important to keep consistently lower calorie intake, as well as increase
fat consumption and reduce protein consumption.

Effects of Carnivore Diet on Amino Acids and
Vitamins

After the carnivore diet, all branched-chain amino acids (BCAA) became
elevated, with isoleucine being significant. This could be beneficial post-
exercise, as BCAA supplementation was found to attenuate creatine kinase
levels and muscle soreness (Salem et al., 2024). In terms of inflammation, a
randomized controlled study on obese participants found that total BCAA was
significantly positively correlated at baseline with BMI, fat mass, IL-6, and log
hs-CRP, and significantly negatively correlated with 25-hydroxy vitamin D
(Cosentino et al., 2021). In vitro and ex vivo study showed that elevated BCAA
could promote an inflammatory response in endothelial cells through an
increase in ROS production and activation in NF-kB transcription factors
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(Zhenyukh et al., 2018). This contrasts this study, in which the BCAA levels
became elevated after the carnivore diet, but the inflammatory markers were
non-significantly reduced. This suggests that the anti-inflammatory effects of
weight loss, as previously discussed, could outweigh the pro-inflammatory
effects associated with BCAA elevation seen in carnivore diet.

Sarcosine was also significantly elevated after the carnivore diet. It is formed by
methylation of glycine, with significant elevations commonly found in prostate
cancer progression (Khan et al., 2013). Sarcosine levels were also found to be
reduced in aging and increased by dietary restriction, which can also induce
autophagy in vivo (Walters et al., 2018). In AlCl;-induced Alzheimer's disease
rat model, sarcosine decreased neuroinflammation through significant
reduction in TNF levels in the brain tissue (Tanas et al., 2022). Similarly, in
ketamine-induced schizophrenic rat model, IL-6 levels were significantly
reduced in the brain tissues of the cortex and hippocampus (Kumar et al., 2023).
These research findings suggest a possible neuroprotective role of sarcosine,
which could be increased by dietary restriction, such as in the carnivore diet.

Most amino acids had a non-significant trend of decrease after the carnivore
diet. In inflammation, several amino acids inhibit inflammatory factors, such as
TNF and IL-6, through various mechanisms including promoting M2
polarization and inhibition of NF- kB (Zheng et al., 2023). This reduction was
within the reference intervals, and also non-significantly corrected levels of a
few elevated amino acids, such as histidine and proline. Further research is
needed in order to determine if this decrease would be significant if the diet is
followed for a longer period of time.

The carnivore diet provided all of the important micronutrients, as there were
no significant changes and deficiencies in the participants. The micronutrient
trends seen from the results were positive but not-significant, such as in
vitamins B12, vitamin D and folate. Higher levels of these vitamins are
associated with lower inflammation. In patients and mice, high levels of vitamin
B12 were associated with lower levels of IL-6 and CRP (Dominguez-Lopez et al.,
2024). In obese adolescence, higher vitamin D levels through supplementation
resulted in significantly lower CRP levels, with positive correlations with IL-10
levels (Krajewska et al., 2022). Lastly, meta-analysis on folate supplementation
showed that it significantly reduced CRP levels, with no effect on TNF or IL-6
levels (Asbaghi et al., 2021).

Effects of Carnivore Diet on Blood Pressure and
Lipid Profile

Unexpectedly, there was a significant decrease in both systolic and diastolic
blood pressure after the carnivore diet. This differs with previous research, as
meta-analysis showed that the ketogenic diet did not significantly affect systolic
nor diastolic blood pressure (Amini et al., 2024). Ketogenic diet studies that do
show significant reduction in blood pressure are often very low-caloric, and
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often attribute this effect to weight and fat loss caused by the caloric deficit
rather than the diet itself (Dynka et al., 2023).

There was a non-significant increase in lipid profile among the participants. It
is important to note that this was due to high consumption of butter by one of
the participants, which elevated their total cholesterol and LDL cholesterol
beyond the healthy reference interval, and resulted in a high standard deviation
in these lipids. This is consistent with other research, as butter was found to
increase total cholesterol and LDL cholesterol, compared with olive oil (Engel &
Tholstrup, 2015). Therefore, decreasing butter consumption should also
decrease any elevation in cholesterol levels on a carnivore diet. Although high
egg consumption significantly affects LDL cholesterol, the type of trend varies
in research, as some studies result in positive correlation (M.-Y. Li et al., 2020),
while others result in negative correlation (Zhou et al., 2024). Interestingly,
according to a meta-analysis, red meat intake compared with white meat and
grains intake only significantly affected triglyceride levels, and no other serum
lipids and hs-CRP (Sun et al., 2022). Therefore, meat consumption in carnivore
diet is not as influential on lipid levels as other animal products. Lastly, there is
no evidence supporting that dietary cholesterol increases the risk of
cardiovascular disease (Soliman, 2018). Atherosclerotic cardiovascular disease
risk is significantly associated with higher sum of LDL cholesterol particles and
small LDL particle size, which most often occurs in individuals with high
triglycerides and low HDL levels (Quesada et al., 2023), which is especially
common in obesity (Nussbaumerova & Rosolova, 2023). This suggests that
carnivore diet might not increase the risk of cardiovascular disease due to
weight loss and non-significant effects on triglyceride and HDL cholesterol
levels, even with high consumption of eggs and butter.

Association of Ultra-Processed Food with Higher
Inflammation

Other positive effects of the carnivore diet could be due to restriction of
unhealthy food, such as highly processed food, refined carbohydrates, and sweet
beverages. Frequent exposure to ultra-processed food is strongly associated
with cardiovascular disease related mortality, type 2 diabetes, and common
mental disorder outcomes (Lane et al., 2024). In adults ultra-processed diet
resulted in significantly higher hs-CRP, adiponectin and hunger hormone
ghrelin levels compared with unprocessed diet (Hall et al., 2019). Additionally,
food additives common in processed food, such as emulsifiers, could also cause
SCI in the body through altered gut microbiome, elevated fasting blood glucose,
and increased weight gain, adiposity and feeling of hunger (Laster et al., 2019).

Limitations of the Study

Lastly, there were a few limitations in this study. The most important was low
sample size, which was the most likely cause for most of the results to not be
statistically significant. Some of the results had a high standard deviation which
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ended up affecting its significance, such as vitamin B12, which had a high mean
increase after the diet. Another limitation was not defining a strict caloric
restriction for the participants. Although this study design choice showed the
consistent caloric deficiency between participants despite it not being enforced,
it also might have affected the standard deviation of some of the results. An
alternative could also have been to have a control group that followed a high-
carbohydrate diet on a calorie deficit, in order to determine if inflammatory
markers are affected by the carnivore diet or solely by the caloric deficiency.
Lastly, the standard curve was not linear for some of the cytokine expression
results due to undetermined reasons, therefore they might not be fully reliable.

Ethical Aspects and Impact of the Research on the
Society

This study robustly adhered to the ethical principles of the Declaration of
Helsinki. The use of human participants was the best approach in this study, by
providing the most reliable source of data on the carnivore diet. The
participation in this research was fully voluntary, and directly benefited the
participants through improved understanding of their own health status. There
was no health risk on the participants, as no participant reported suffering from
any chronic disease, and study only had three weeks of dietary intervention. The
short intervention time minimized any inconvenience in the lifestyle of the
participants while providing sufficient time for significant results. The approach
of ad libitum food intake also allowed the participants to feel comfortable with
the carnivore diet, despite the drastic dietary change.

As described earlier, obesity is a major cause of SCI. Approximately 60% of
European adults are overweight, which is especially common in low
socioeconomic groups that are frequently exposed to unhealthy food marketing
(Vandevijvere et al., 2023). This leads to higher economic power in the
processed food industry, and insufficient policies to address issues with obesity.
Higher consumption of meat improves satiety, and therefore can reduce feelings
of hunger and consequential overeating, common in diets high in ultra-
processed food (Hall et al., 2019). Research on carnivore diet could highlight
the benefits of meat consumption, of which high consumption, especially of red
meat, is discouraged by dietary guidelines such as the Nordic Nutrition
Recommendations 2023. This study found that carnivore diet does not cause
inflammation in healthy individuals, challenging currently accepted
understanding of meat consumption. The society may benefit from such
research by better understanding the positive impact that dietary restriction and
meat consumption has on inflammation and longevity.

Conclusions/Future Perspectives

In conclusion, the carnivore diet significantly lowered the relative gene
expression of TNF, but did not significantly affect other inflammatory markers
in healthy participants, such as hs-CRP, IL6, IL10, CXCL1, homocysteine, and
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WBCC. The participants saw significant decrease in weight, significant drop in
both systolic and diastolic blood pressure, and significant elevation in isoleucine
and sarcosine. These findings could potentially benefit obese population, as
obesity is a major cause of low-grade systemic inflammation. Keto-adaptation
varied between participants, but mean BHB levels were steadily increasing.
Total cholesterol and LDL cholesterol were non-significantly elevated, which
should not affect atherosclerotic cardiovascular disease risk, but can be avoided
through decreased butter consumption. Elevated isoleucine and other BCAA
levels may have inflammatory effects, although this could be diminished
through anti-inflammatory effects of weight loss and exercise. Elevated
sarcosine caused by the carnivore diet could have neuroprotective effects.
Despite the low food diversity in a carnivore diet, it did not cause any
deficiencies in the participants, and therefore it may be sustainable dietary
option for weight loss. Future research should include higher sample size,
longer study period and microbiome analysis in order to confirm these findings.
Future studies should also determine if the carnivore diet has therapeutic effects
on colitis.
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Appendix A

Table A. The mean values of the body composition and pulse of the participants, at
baseline and after the dietary intervention (n = 4).

Parameter Mean at Mean after diet
baseline intervention

BMI (kg/m?2) 24.15 22.9

Body fat% 20.7675 20.8325

Water% 57.0425 56.4825

Muscle (kg) 55.9425 52.95

Bone (kg) 2.875 2.8

BMR (kcal) 1,768 1681.5

Metabolic age 26 26.5

Visceral fat level 3.325 3.125

Pulse (bpm) 81.325 72.75




Appendix B

Table B1. The mean changes in various biomarkers at baseline and after three week
carnivore diet intervention (n = 4, unless specified otherwise).

Parameter Mean at Mean after diet Reference
baseline intervention Interval

Chloride (mmol/L) 104.5 100.75 95— 110

SHBG (nmol/L) 32 42 -

Free T3 (pmol/L) 4.575 3-55 2.4-6.

eGFR (cystatin C) 114.5 >80

(mL/min/1,73m2) 100

GT (ukat/L) 0.33 0.275 <1.4

HbA1c (mmol/mol) 33.75 33-75 27— 42

non-HDL- 4.9 1.7-5.0

Cholesterol

(mmol/L) 3

C-peptide (nmol/L) o0.54 0.3675 0.26 — 1.73

Calcium (mmol/L)  2.3525 2.4325 2.15—-2.50

Thrombocyte Count 251.5 145 - 348

(10E9/L) 214.25

TIBC (umol/L) 71.5 65.25 47 — 80

Hemoglobin (g/L) 143.75 143.25 134 — 170

eGFR (creatinine) 87.5 >80

(mL/min/1,73m?) 93.75

Mean Cell Volume 86 85.25 82 - 98

(fL)

RBC Count 5.1 5.175 4.2 —-5.7

(10E12/L)

Hematocrit 0.4375 0.44 0.39 — 0.50

ALP (ukat/L) 0.9725 0.855 0.6 — 1.8

Transferrin 0.1775 0.225 0.15 — 0.60

saturated

Bioactive 7.1 6.76666667 6.3 —16

testosterone

(nmol/L) (n = 3)

Sodium (mmol/L) 138.75 138 137 — 145

Transferrin (g/L) 2.775 2.475 1.9 -3.2

AST (ukat/L) 0.4975 0.42 <0.76

LH (E/L) (n = 3) 2.43333333 2.23333333 -

Magnesium 0.82 0.83 0.70 — 0.95

(mmol/L)
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Apolipoprotein A1 1.61 1.53 0.9 -1.8
(g/L)

Apolipoprotein B 0.7475 1.205 0.6 —1.6
(/L)

ALT (pkat/L) 0.585 0.4475 <1.2
Cystatin C (mg/L) 0.8625 0.76 0.60 — 1.10
Albumin (g/L) 46.5 47.5 35-50
Creatinine (umol/L) 73-75 80.75 <100
Phosphate 1.06 1.125 0.70 — 1.60
(mmol/L)

TSH (mE/L) 1.6 1.775 0.40 — 4.00
Iron (umol/L) 12.425 14 9—-34
Potassium 3.925 3.9 3.6 - 5.0
(mmol/L)

eGFR (medel) 97.25 101.25 >80
(mL/min/1,73m?2)

Mean Cell 28 28 27 -33
Hemoglobin (MCH)

(rg)

Free T4 (pmol/L) 16 17 9-19
Testosterone 16 16 8.3-30

(nmol/L) (n = 3)

Table B2. The mean changes in amino acid profile at baseline and after three week
carnivore diet intervention (n = 4, unless specified otherwise).

Amino acid Mean Mean after diet Reference P value
baseline + SD intervention interval
(umol/L) SD (umol/L) (umol/L)
Arginine 26.28 + 9.62 23.00 + 9.80 3.7 -39 0.447
Asparagine 61.50 £ 9.85 58.36 £ 13.44 24— 48 0.547
Asparticacid 89.05+19.34 101.33 + 26.64 25 — 122 0.150
Citrulline 23.05 + 6.86 22.61 + 4.97 10 — 28 0.819
Glycine 283.23 + 47.53 285.45 + 99.28 120 — 356 0.967
Ornithine 81.50 + 12.09 82.11 + 10.45 39 —139 0.955
Phenylalanine 44.81+4.74 43.34 + 9.39 23 —56 0.706
Serine 209.82 + 17.41 234.88 + 54.39 105 — 374 0.533
Taurine 183.27 + 18.05 175.64 = 35.23 91 — 203 0.700
Threonine 110.58 + 33.78 101.15 + 41.71 41— 115 0.497
Tyrosine 55.30 + 7.52 51.04 + 9.55 26 — 70 0.463
GABA(n=3) 0.63 + 0.21 0.57 £ 0.15 0.3-1.3 0.342
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