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Abstract
Current dietary recommendations are often generalized,
conflicting, and highly subjective, dependending on the
source biases. This results in confusion, skepticism, and
frustration in the general population. As an alternative,
we propose an objective, integrated, automated,
algorithmic approach to diet and supplement
recommendations that is powered by artificial
intelligence that analyzes individualized molecular data
from the gut microbiome, the human host, and their
interactions. This platform enables precise,
personalized, and data-driven nutritional
recommendations that consist of foods and
supplements, based on the individual molecular data, to
support healthy homeostasis. We describe the
application of this precision technology platform to
populations with depression, anxiety, irritable bowel
syndrome (IBS), and type 2 diabetes (T2D). We show
that our precision nutritional recommendations resulted
in improvements in clinical outcomes by 36% in severe
cases of depression, 40% in severe cases of anxiety,
38% in severe cases of IBS, and more than 30% in the
T2D risk score which was validated against clinical
measurement of HbA1c. Our data support the integration
of precision food and supplements into the standard of
care for these chronic conditions.

Introduction
There is strong epidemiological and molecular evidence
that the human diet contributes significantly to the onset
and progression of many chronic diseases and cancers
[1][2][3][4][5][6]. Dietary advice, however, has been
controversial and conflicting. Scientific publications often
contradict one another, with one demonstrating health
benefits while another suggesting potential harm for the
same foods or diets [7][8][9][10]. As an example, one

epidemiological study reports that daily consumption of
only 100 mL of sugary drinks, even when the source is
fruit juice, raises cancer rates significantly [11]. Other
studies report that the consumption of daily fruit or fruit
juice can actually prevent cancer [12][13][14]. Dairy
consumption has also generated contradictory claims,
with some evidence supporting an association with a
higher incidence of some cancers and chronic diseases,
some studies showing no such correlations, while other
studies demonstrating significant benefits, and USDA
recommending dairy to the Americans [3][15][16][17][18].
Likewise, recent publications provide conflicting data on
the effects of saturated fats on cardiovascular and
metabolic diseases [15][16][19][20]. Red meats have
been touted as healthy sources of critical nutrients, such
as vitamin B12 and dietary protein, and even shown to
provide health benefits; yet there is strong
epidemiological and mechanistic evidence that they may
be responsible for increased rates of inflammatory
diseases and cancers [1][21][22]. To complicate the
landscape further, current nutritional guidelines are
influenced by the food industry, which promotes the
increased consumption of sugars, dairy, and meat
[23][24].

The large body of conflicting nutritional information has
manifested in the creation of hundreds of diets, each
claiming health benefits. This leaves the consumer
confused and frustrated, with little direction or
confidence in results. Nutritional science finds itself in
this predicament for several reasons. First and foremost,
the vast majority of nutritional research doesn’t account
for the contributions of an individual’s gut microbiome,
despite a multitude of evidence proving that the impact is
significant [25][26][27][28][29]. Secondly, researchers
have mistakenly assumed that each food is either good
or bad for all humans without understanding that the
same food can have very different effects on different
people. There is now strong scientific evidence that
genetics plays a minor role, and the gut microbiome
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plays a major role in the effects of nutrition on human
physiology [30][31]. This was elegantly demonstrated in
a large twins study of metabolic disease parameters
[28]. It is clear that the gut microbiome not only
influences how food is digested, but also converts many
of the molecular ingredients found in foods into
beneficial or harmful secondary metabolites that have
profound effects on human physiological functions, such
as neurotransmitter production, immune system
activation and deactivation (inflammation), immune
tolerance, and carbohydrate metabolism [32][33][34–36].

Technological advances have made it possible for
nutritional science to adopt a paradigm shift. Each food
can now be viewed as a container of molecular
ingredients (i.e. micronutrients), rather than a
homogenous material that is either good or bad for
human health. Additionally, the metabolic functions of
each person’s unique microbiome need to be identified
and quantified, in order to “prescribe'' specific foods that
contain molecular ingredients that will be converted to
beneficial (associated with health) secondary
metabolites by that person’s individual gut microbiome.
Microbial functions also need to be quantified so each
person can avoid foods that contain molecular
ingredients that will be converted by their gut
microbiome into harmful (associated with disease)
secondary metabolites. In addition to the approaches
that utilize known microbial metabolites and their
micronutrient precursors, machine-learnt models from
large clinical studies need to be applied to each person’s
gut microbiome analysis to guide the best choice of
foods and supplements. Such models have already been

developed for selection of foods rich in carbohydrates
and can minimize the blood glucose levels, especially in
the postprandial compartment [27][26]. Besides the
human microbiome, an analysis of human gene
expression must be integrated into the systems biology
view of the human body to enable the understanding of
the network interactions among the dietary molecular
ingredients, the microbiome, and human physiology.
This understanding is critical because human gene
expression, whether modulated by genetic, nutritional,
microbial, or other environmental factors, has a direct
connection with the onset and progression of chronic
diseases [37,38][39][40][41].

In this report, we describe an evidence-based approach
to improve clinical outcomes using precision diet and
supplements that are computed by artificial intelligence
algorithms using each individual’s molecular data and
the self-reported phenotype. This approach is 100%
algorithmic and data-driven, and there are no humans
involved in making the nutritional recommendations. The
molecular data are obtained from stool or a combination
of stool and blood samples using highly accurate and
reproducible, clinically validated, and clinically licensed
metatranscriptomic tests [42][43]. These data are used
to quantify the activity of microbial metabolic pathways,
specific microbial taxa (at the strain level), and human
gene expression levels. This information is then
converted to precise and personalized diet and
supplement recommendations. An overview of this
approach is shown in Figure 1 and described in detail in
the sections below. When this approach is used, it can
reduce the symptoms of several important and highly
prevalent chronic diseases.

Figure 1. AI algorithms-generated precision nutritional recommendations. Stool and blood samples are collected from
participants. The RNAs are extracted, sequenced, and quantified using clinically validated laboratory and bioinformatics
methods. Microbial genes including KOs are quantified from the RNA sequencing data of each participant. Functional
scores are subsequently computed as a weighted function of relevant KOs. Finally, personalized nutrition
recommendations are computed using all functional scores and phenotypes.
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Methods and Results
Human subjects, ethical considerations, and study
design
The clinical studies described here were approved by a
federally-accredited Institutional Review Board (IRB). All
samples and metadata were obtained from human
subjects at least 18 years old and residing in the USA at
the time of participation. All study participants consented
to participating in the studies. The study design was
non-conventional; while there was no control arm, the
subjects were blinded to the fact that they were
participating in an interventional study with clinical
endpoints. All study participants were recruited into a
“wellness study” that asked them questions. These
questions were actually clinically validated surveys for
depression (PHQ9), anxiety (GAD7), and IBS (Rome IV
criteria), or request for their lab results for HbA1c.

Metatranscriptomic analyses of stool and
transcriptomic analyses of capillary blood samples
The molecular analyses for the studies reported here
focus on sequencing messenger RNAs (mRNAs)
isolated from human stool and blood samples. Stool
samples were collected and analyzed as previously
reported [44]. Briefly, stool samples were collected by
the study participants using the Viome commercial kits
that included ambient temperature preservation solution
and pre-paid return mailers. Stool metatranscriptomic
analyses (RNA sequencing, RNAseq) were performed
using an automated, clinically-validated laboratory and
bioinformatics methods. Results consist of quantitative
strain, species, and genus level taxonomic classification
of all microorganisms, and quantitative microbial gene
and KO (KEGG Ortholog, KEGG = Kyoto Encyclopedia
of Genes and Genomes) expression levels. The
matching blood samples were collected and analyzed as
previously described [45]. Briefly, blood samples are
collected by the study participants using the Viome
commercial kits that included ambient temperature
preservation solution and pre-paid return mailers. The
kits include lancets and minivettes that enable easy and
accurate collection of small volumes of blood from a
finger prick. Transcriptomic analyses (RNA sequencing,
RNAseq) were performed using an automated,
clinically-validated laboratory and bioinformatics
methods that require 50 microliters of capillary blood.
Test results consist of quantitative human gene
expression data.

All microorganisms that live in the intestines obtain their
energy by converting chemical substrates into products,
using metabolic pathways that consist of enzymes.
Substrates are typically the molecular ingredients found
in foods, and products are biochemicals usually referred
to as secondary metabolites. Metatranscriptomic
analysis of the gut microbiome enables the quantification
of thousands of microbial pathways using the KEGG
database. As part of the efficacy trials we describe here,
we identified an average of 377 strains, 363 species,
and 102 genera per stool sample, and a total of 2930
strains, 2,007 species, and 451 genera in all stool
samples combined. In addition, we have identified an
average of 1,916 KOs and 202 pathways per stool
sample, and 5,467 KOs and 262 pathways in all stool
samples combined. In blood samples, we quantified the
expression of an average of 11,687 genes per sample
and 15,434 genes in all samples combined.

Metabolic pathways and functional scores
We have designed functional scores to quantify certain
biological phenomena; for example, leaky gut,
inflammation, gas production, protein fermentation,
cellular health, mitochondrial health, etc., that are
relevant to human physiology and healthy homeostasis.
Functional scores are weighted functions (Score = C1F1

+ C2F2 + … + CnFn, where F is the feature and C is its
weight) of components from the molecular data from the
gut microbiome and/or blood transcriptome. The
components that make up the functional scores can be
taxa, microbial pathways, human pathways, or other
functional scores. Functional scores range from 0 to 100,
with 100 representing the highest possible activity. For
example, a microbiome-derived functional score such as
Butyrate Production Pathways is calculated as a
weighted function consisting of the expression levels of
many known butyrate-associated KOs (Figure 2) [46].
The expression level of each KO from the Butyrate
Production Pathways score is quantified using the
metatranscriptomic stool test and the score is then
computed using the weighted formula [47]. The weights
attributed to each KO within a pathway are determined
by a combination of domain knowledge and statistical
analyses obtained from a collection of 200,000 stool and
blood samples [48][49]. By quantifying each enzymatic
member (KO) of the butyrate pathways using microbial
and human gene expression data, accurate pathway
activities can be calculated [50].
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Figure 2. Microbial butanoate (butyrate) production pathways based on KEGG annotations [46].

Table 1: Examples of specific foods and supplements, and reasons for recommendation to consume or avoid.

Food/supplement Reasons to consume Reasons to avoid

Artichoke - Low Butyrate Production Pathways functional
score, and
- Presence of specific microbial strains that
convert inulin into butyrate

- High Gas Production functional score, or
- Small intestinal bacterial overgrowth (SIBO)
symptoms

Broccoli - High Inflammatory Activity functional score, or
- Suspected liver and detox support needed

- High Sulfide Gas Production functional
score, and
- High Trimethylamine (TMA) Production
functional score

Trout High Inflammatory Activity functional score High Uric Acid Production Pathways
functional score

Nicotinamide
Riboside (NR)

- Low Mitochondrial Health functiona score, or
- Low Mitochondrial Biogenesis Pathways
functional score

- High Cellular Senescence functional score,
and
-High Inflammatory Activity functional score

Curcumin - High Inflammatory Activity functional score, or
- High Cellular Stress, or
- High Immune System Activation

High Bile Acid Production Pathway functional
score
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Making personalized nutritional recommendations
Precision nutritional recommendations are computed
using the Viome AI Recommendation Engine and are
designed to address an individual’s biological patterns at
the functional level by boosting beneficial
(health-associated) and suppressing harmful
(disease-associated) activities with molecular ingredients
from foods and supplements (Figure 1). This approach is
built on the concept that on a molecular level, a
particular food or supplement may be beneficial for one
person, but harmful to a different person. Table 1 shows
examples of this concept. The Viome AI
Recommendation Engine uses a complex set of
algorithms to determine the final food and supplement
recommendation. The algorithms are developed from the
domain knowledge (publications on microbial and human
physiology, food science, clinical trials, etc.), phenotypic
information, and extensive clinical studies from which
machine-learned models of nutritional modulation of the
microbiome and human physiology were developed (e.g.
[26]). These algorithms are applied to the functional
scores and phenotype for each person whose stool, or
stool and blood samples are analyzed. Phenotype is
determined from information provided by a participant in
the wellness questionnaire, such as symptom
assessment, known health conditions, allergies, and
medications.

The Viome AI Recommendation Engine considers
compounds (molecular ingredients) in foods and
supplements that can support the healthy functions of
both the gut microbiome and the human. These
compounds include specific polysaccharides,
polyphenols, vitamins, minerals, amino acids, fatty acids,
and many phytochemicals. This approach highlights the
concept that a single food is more than simply its
macronutrient content and that foods from the same
family can have very different molecular compositions.
For example, an almond is a source of many
phytonutrients and compounds such as kaempferol
(flavonoid), naringenin (flavonoid), ferulic acid (phenolic
acid), oxalic acid, phytic acid, quercetin, procyanidin B2
and B3, magnesium, phytosterols such as retinol,
a-tocopherol, vitamin K, vitamin D, and beta-sitosterol,
fatty acids such as oleic acid, linoleic acid, and palmitic
acid, and specific amino acids [51]. The decision to
recommend a specific compound and its amount
depends on the values of multiple functional scores.
After considering all inputs, the recommendation engine
classifies foods into one of four categories based on the

molecular composition of each food. The food categories
are superfoods, enjoy foods, minimize foods, and avoid
foods, which are consumerized names that correspond
to the recommended servings per day for each food.

Personalized supplement recommendations follow the
same logic, considering all inputs to identify compounds
that are beneficial or harmful to an individual’s functional
scores and phenotype. Supplements include minerals,
vitamins, botanicals or herbs, food extracts, enzymes,
phospholipids, amino acids, prebiotics, and probiotics.
When considering individual functional scores,
supplement ingredients commonly believed to be
beneficial may not be recommended. For example,
turmeric is a commonly consumed supplement for its
anti-inflammatory properties, but has also been shown to
increase bile flow [52]. For individuals with a high Bile
Acid Metabolism Pathway functional score, turmeric
supplementation may be more harmful than beneficial. A
high Bile Acid Metabolism Pathway score suggests that
the microbial activity of transforming bile salts into bile
acids is high. While such biotransformation is part of a
balanced gut microbiota and bile acid homeostasis,
excessive intestinal bile acids may promote a
pro-inflammatory environment and play a role in the
development of gastrointestinal diseases [53][54].

The process of categorizing foods and supplements
(determining the servings or dose) includes prioritizing
scores that need improvement and considering conflicts
within the recommendations. An example is shown in
Table 2: a low Energy Production Pathway functional
score will yield recommendations based on compounds
that contribute to the score activity, one of which is
alpha-lipoic acid (ALA). Spinach and broccoli are
recommended due to the ALA content that is a critical
cofactor for mitochondrial energy production enzymes
such as pyruvate dehydrogenase (PDH),
alpha-ketoglutarate dehydrogenase (alpha-KGDH), and
branched-chain ketoacid dehydrogenase (BCKDC) [55].
However, when considering additional score results,
broccoli and spinach will be placed on the avoid food list
due to broccoli’s glucosinolate content and spinach’s
oxalate content. Instead, tomatoes and peas are
recommended as sources of ALA to support the Energy
Production Pathway functional score.
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Table 2: Food Recommendations Case Example

Example Score Results:
High Sulfide Gas Production Pathways functional score
Low Butyrate Production Pathways functional score
Low Oxalate Metabolism Pathways functional score
Low Energy Production Pathways functional score

Self-reported information on wellness questionnaire:
Histamine intolerance
Pistachio allergy

FOOD COMPOUNDS FOOD CATEGORIES
(INITIAL)

FINAL
RECOMMENDA
TION

REPLACEMENT
FOOD/SUPPLEMENT

Spinach - Alpha-lipoic
acid
- Oxalates

- Superfood, based on low
Energy Production
Pathways functional score
- Avoid, due to low
Oxalate Metabolism
Pathways functional score

Avoid - Tomato and
- Alpha-lipoic acid supplement

Broccoli - Alpha-lipoic
acid
-
Glucosinolates

- Superfood, based on low
Energy Production
Pathways functional score
- Avoid, due to high
Sulfide Gas Production
Pathways functional score

Avoid - Peas and
- Alpha-lipoic acid supplement

Sauerkraut Probiotics - Superfood, based on low
Butyrate Production
Pathways functional score
- Minimize, due to
self-reported histamine
intolerance

Minimize - Probiotic supplement that
includes Lactobacillus acidophilus,
Lactobacillus plantarum,
Lactobacillus rhamnosus

Pistachios CoQ10 Superfood for Energy
Production Pathways Low

Avoid due to self-reported
pistachio allergy

Avoid CoQ10 supplement

Grapes Resveratrol Superfood for Energy
Production Pathways Low

Superfood

There are circumstances where a beneficial compound
cannot be obtained from food due to an allergy or other
health-related issue, or due to the lack of sufficient
amounts in food. Personalized supplements help support
those gaps in nutrition. In Table 2, pistachios are
recommended due to their CoQ10 content. However, if
an individual has an allergy to pistachios or exhibits

small intestinal bacterial overgrowth (SIBO) symptoms,
pistachios will be placed on the avoid or minimize food
list. In this situation, CoQ10 can be provided through a
supplement as the recommendation engine associates it
as beneficial for the same score and/or phenotypic
conditions.
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3A:

Disease severity Mean point
improvement

Mean %
improvement

Severe
(>300)

133 38%

Moderate
(175 - 300)

64 29%

Mild
(75 - 175)

33 29%

3B:

Disease severity Mean point
improvement

Mean %
improvement

Severe
(>15)

6.1 36%

Moderate
(10 - 15)

2.0 18%

Mild
(5 - 10)

1.4 21%

3C:

Disease severity Mean point
improvement

Mean %
improvement

Severe
(>15)

7.1 40%

Moderate
(10 - 15)

1.7 15%

Mild
(5 - 10)

1.1 18%

Figure 3A. Results showing the efficacy of precision nutritional recommendations on subjects with IBS (N=118) over a
mean time period of 161 days, measured using the IBS-SSS score. Bars on the right are mean +/- standard deviation of
IBS-SSS score.
Figure 3B. Results showing the efficacy of precision nutritional recommendations on subjects with depression (N=143)
over a mean time period of 144 days, measured using the PHQ9 score. Bars on the right are mean +/- standard
deviation of PHQ9 score.
Figure 3C. Results showing the efficacy of precision nutritional recommendations on subjects with anxiety (N=101) over
a mean time period of 158 days, measured using the GAD7 score. Bars on the right are mean +/- standard deviation of
GAD7 score. Note that moderate anxiety did not improve as significantly as the others (p=0.09).
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Efficacy of precision
recommendations
We performed single-arm, blinded, interventional studies
to measure the clinical efficacy of precision
recommendations to reduce the symptoms of Irritable
Bowel Syndrome, Depression, and Anxiety.

The primary endpoints for the three conditions were:
● For IBS, the IBS Symptom Severity Score

(IBS-SSS, the Rome Foundation), a clinically
validated questionnaire on a scale of 0 through
500, with 300+ indicating severe IBS, 175 to 300
indicating moderate IBS, and 75 to 175
indicating mild IBS.

● For depression, the PHQ9 score, a clinically
validated questionnaire of 9 questions that yields
a score of 0 through 27, with 15+ indicating
moderately severe or severe depression, 10 to
15 indicating moderate depression, and 5 to 10
indicating mild depression [56].

● For anxiety, the GAD7 score, a clinically
validated questionnaire of 7 questions that yields
a score of 0 through 21, with 15+ indicating
severe anxiety, 10 to 15 indicating moderate
anxiety, and 5 to 10 indicating mild anxiety [57].

There are several reasons this pilot trial is blinded. The
main one is that the trial participants were recruited to
participate in a wellness study, where we collect survey
information. None of the diseases or symptoms were
mentioned to the potential participants. We then created
a single “wellness questionnaire” that included questions
from all three of the above questionnaires, as well as a
number of additional general wellness questions. This
way, participants were not aware of the fact that we were
performing a condition-specific study for any of the three
conditions (hence “blinded”).

Each interventional study had a single arm. At time point
T1, each participant was given precision nutritional
recommendations (diet and supplements) and asked to
fill out the wellness questionnaire. At time point T2 each
subject was asked to fill out the wellness questionnaire
again. There were no additional communications with
the participants between the two time points.

Figures 3A, 3B, and 3C show the changes in the
interventional study endpoints following the precision
recommendations for the three conditions studied.

We performed another interventional study to test the
efficacy of our precision nutritional recommendations on
people with type 2 diabetes (T2D). The primary endpoint
for this study is a T2D risk score built using data from the
gut microbiome metatranscriptomic analyses of over
50,000 subjects, and validated against an independent
cohort of over 2200 subjects (cite). At time point T1,
participants donated their stool sample from which their
T2D risk score was calculated, and they were provided
their precision nutritional recommendations. At time point
T2, these participants donated a second stool sample
from which their T2D risk score was calculated. They
were also asked how well they adhered to their
recommendations, low or high.

To evaluate the effect of adhering to the precision
recommendations, we compared the difference in T2D
risk scores between the “low adherence” cohort and the
“high adherence” cohort. The two cohorts were matched
by (a) starting risk score of +/-10 points (i.e., within 20
points) and (b) period of adherence of +/- 60 days (i.e.,
within a total of 120 days), yielding a cohort size of
N=1456, evaluated over a mean time period of 332
days. Figure 4 shows the difference in the change of the
T2D risk score (y axis) between the low-adherent
participants (blue box plot) and high-adherent
participants (green box plot). We observe a statistically
significant risk score improvement for people with high
adherence (p=1.99e-05), with a mean risk score
reduction of 7 points, which translates to 30%
improvement (over the initial risk score of ~23).

Figure 4. Participants who adhered to precision
recommendations reduced their T2D risk score
significantly.

Discussion
We describe a novel technology platform that overcomes
some of the major shortcomings of nutritional science
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and improves clinical outcomes in several highly
prevalent chronic diseases[58][59][60]. Traditional
nutritional research has been conducted using various
available methods. Epidemiological studies have been
used to derive nutritional rules using large populations.
These have yielded interesting results that have guided
certain national-scale dietary recommendations, such as
the current USDA guidelines in the USA. Many clinical
and pre-clinical studies have also tested the effects of
certain foods and diets on various health outcomes.
Additionally, thousands of different supplements,
including prebiotics and probiotics, and their
combinations have been tested for their ability to
improve certain symptoms. All these approaches have
yielded varied results for different people; that is, some
people benefit from the intervention and others do not, or
some people are harmed by certain foods or diets, and
others are not.

Over the last decade, it has become clear that the gut
microbiome plays a crucial role in modulating the human
physiology by regulating its immune system, metabolic
functions, hormones, and neurotransmitters. It is
important to note that the microbiome’s influence on
human physiology is exerted via its functions, and not
merely the taxonomy. For example, the fact that a
person’s gut microbiome contains Faecalibacterium
prausnitzii, which is a well-known butyrate producer,
does not mean that it is producing butyrate. Only when it
encounters the correct fiber substrate will it produce this
important metabolite. Escherichia coli is a bacterial
species that contains very beneficial members that
produce vitamins K and B12, and help human hosts
efficiently absorb iron; it also has deadly members, such
as the enterohemorrhagic strains [61][62][63]. Therefore,
identifying the species of Escherichia coli in a gut
microbiome is not very informative, given the vastly
different functions that members of this taxon can
perform.

The key to understanding the effects of the gut
microbiome on the human physiology and health is to
quantify the microbial functions using
metatranscriptomic, metaproteomic, or metabolomic
approaches. We have chosen metatranscriptomics as
the best approach, as it enables quantitative
measurements of microbial protein expression that can
identify both protein-based and metabolite-based effects
on the human physiology, identify molecular ingredients
in foods that can modulate microbial functions, and still
provide the highest resolution of taxonomic classification
(can distinguish strains) that can guide some aspects of
the nutritional recommendations. Another essential

aspect to understanding the relationship between the
human physiology, microbiome and diet is to integrate
the human molecular data into the equation. We use a
whole blood transcriptome test that can quantify the
expression levels of approximately 12,000 human genes
from capillary (finger prick) blood.

We also want to emphasize that foods should be viewed
as containers of molecular ingredients, instead of objects
that we can visually recognize as onions, peppers, etc.
The reason for this is that each food contains many
different molecular ingredients, as exemplified above,
that can exert a multitude of health-related effects on the
host, either directly or via the microbiome metabolism.

Here, we describe a highly personalized, data-driven, AI
recommendation system that uses each person’s
molecular data (from stool, or stool and blood) and
phenotype (symptoms, medications, etc.) to compute the
best diet and supplements for each person. The
recommendations are computed in two stages. First, the
specific molecular ingredients that should be consumed
or avoided are identified, based on which microbial or
human functions they support. Next, these molecular
ingredients are mapped onto foods that are available in
stores. Using this approach, we provided food and
supplement recommendations to study participants and
collected the clinical outcomes measures at baseline
(prior to delivering the nutritional recommendations) and
at follow-up. We present the data that show significant
improvement in clinical outcomes for all conditions and
disease activity levels. This novel precision nutrition
approach that uses highly individualized molecular data
and machine-learned algorithms should be considered
by healthcare professionals and health coaches as an
effective supplement to their existing therapeutic
strategies.

Limitations of the study
The studies presented here were single arm
interventional studies without control arms. However, the
participants were blinded to the fact they were in an
interventional study, which minimized any placebo effect.
We also did not capture the level of adherence to the
nutritional recommendations for the studies on IBS,
depression, and anxiety, which could significantly affect
the observed results. The diet and supplement
recommendations were delivered digitally, and no effort
was made to either monitor or improve compliance. All of
these limitations will be addressed in future studies.

8

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.24.441290doi: bioRxiv preprint 

https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=2621483641521174&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:aa789cd4-c9dd-45ae-b6f0-716e6062c456
https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=3861090673318748&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:6f00d515-70f7-4b18-a0ea-c101f426f244
https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=7635406525624017&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:5dc27f3f-d4a6-4445-a986-e8117e4a0212
https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=8536654655682306&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:bddcfab7-557f-4a22-8cd7-6de7370e3f3c
https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=7855322584284915&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:56b0321b-3412-46c5-9d11-36c4dc7e7352
https://app.readcube.com/library/8aac66fd-cdef-4458-aab6-cf8c83bf5231/all?uuid=6699389969491809&item_ids=8aac66fd-cdef-4458-aab6-cf8c83bf5231:b2e722bd-926b-48d2-b048-f001eb09a6bd
https://doi.org/10.1101/2021.04.24.441290
http://creativecommons.org/licenses/by-nc-nd/4.0/


References
[1] Samraj AN, Pearce OMT, Läubli H, Crittenden AN,
Bergfeld AK, Banda K, et al. A red meat-derived glycan
promotes inflammation and cancer progression. Proc
National Acad Sci 2015;112:542–7.
https://doi.org/10.1073/pnas.1417508112.
[2] Sinha R, Cross AJ, Graubard BI, Leitzmann MF,
Schatzkin A. Meat Intake and Mortality: A Prospective
Study of Over Half a Million People. Arch Intern Med
2009;169:562–71.
https://doi.org/10.1001/archinternmed.2009.6.
[3] Fraser GE, Jaceldo-Siegl K, Orlich M, Mashchak A,
Sirirat R, Knutsen S. Dairy, soy, and risk of breast
cancer: those confounded milks. Int J Epidemiol
2020;49:1526–37. https://doi.org/10.1093/ije/dyaa007.
[4] Ruesten A von, Feller S, Bergmann MM, Boeing H.
Diet and risk of chronic diseases: results from the first 8
years of follow-up in the EPIC-Potsdam study. Eur J Clin
Nutr 2013;67:412–9. https://doi.org/10.1038/ejcn.2013.7.
[5] Roberts CK, Barnard RJ. Effects of exercise and diet
on chronic disease. J Appl Physiol 2005;98:3–30.
https://doi.org/10.1152/japplphysiol.00852.2004.
[6] Schulze MB, Martínez-González MA, Fung TT,
Lichtenstein AH, Forouhi NG. Food based dietary
patterns and chronic disease prevention. Bmj
2018;361:k2396. https://doi.org/10.1136/bmj.k2396.
[7] Seidelmann SB, Claggett B, Cheng S, Henglin M,
Shah A, Steffen LM, et al. Dietary carbohydrate intake
and mortality: a prospective cohort study and
meta-analysis. Lancet Public Heal 2018;3:e419–28.
https://doi.org/10.1016/s2468-2667(18)30135-x.
[8] Zhang Y, Zhuang P, Wu F, He W, Mao L, Jia W, et al.
Cooking oil/fat consumption and deaths from
cardiometabolic diseases and other causes: prospective
analysis of 521,120 individuals. Bmc Med 2021;19:92.
https://doi.org/10.1186/s12916-021-01961-2.
[9] Grosso G, Godos J, Galvano F, Giovannucci EL.
Coffee, Caffeine, and Health Outcomes: An Umbrella
Review. Annu Rev Nutr 2017;37:131–56.
https://doi.org/10.1146/annurev-nutr-071816-064941.
[10] Fleming JA, Kris-Etherton PM, Petersen KS, Baer
DJ. Effect of varying quantities of lean beef as part of a
Mediterranean-style dietary pattern on lipids and
lipoproteins: a randomized crossover controlled feeding
trial. Am J Clin Nutrition 2021.
https://doi.org/10.1093/ajcn/nqaa375.
[11] Chazelas E, Srour B, Desmetz E, Kesse-Guyot E,
Julia C, Deschamps V, et al. Sugary drink consumption
and risk of cancer: results from NutriNet-Santé
prospective cohort. Bmj 2019;366:l2408.
https://doi.org/10.1136/bmj.l2408.
[12] Khan TA, Chiavaroli L, Zurbau A, Sievenpiper JL. A

lack of consideration of a dose–response relationship
can lead to erroneous conclusions regarding 100% fruit
juice and the risk of cardiometabolic disease. Eur J Clin
Nutr 2019;73:1556–60.
https://doi.org/10.1038/s41430-019-0514-x.
[13] Clemens R, Drewnowski A, Ferruzzi MG, Toner CD,
Welland D. Squeezing Fact from Fiction about 100%
Fruit Juice. Adv Nutrition Int Rev J 2015;6:236S-243S.
https://doi.org/10.3945/an.114.007328.
[14] Key TJ. Fruit and vegetables and cancer risk. Brit J
Cancer 2011;104:6–11.
https://doi.org/10.1038/sj.bjc.6606032.
[15] Warensjo E, Nolan D, Tapsell L. Chapter 1 Dairy
Food Consumption and Obesity-Related Chronic
Disease. Adv Food Nutrition Res 2010;59:1–41.
https://doi.org/10.1016/s1043-4526(10)59001-6.
[16] Song Y, Li A, Li J, Liu S. Dairy in Human Health and
Disease Across the Lifespan. Sect Iv Dairy Funct Food
Heal Dis 2017:423–8.
https://doi.org/10.1016/b978-0-12-809868-4.00033-9.
[17] Dehghan M, Mente A, Rangarajan S, Sheridan P,
Mohan V, Iqbal R, et al. Association of dairy intake with
cardiovascular disease and mortality in 21 countries
from five continents (PURE): a prospective cohort study.
Lancet 2018;392:2288–97.
https://doi.org/10.1016/s0140-6736(18)31812-9.
[18] Melnik BC. Evidence for Acne-Promoting Effects of
Milk and Other Insulinotropic Dairy Products. Nestlé
Nutrition Inst Work Ser 2011;67:131–45.
https://doi.org/10.1159/000325580.
[19] Ströher DJ, Oliveira MF de, Martinez-Oliveira P,
Pilar BC, Cattelan MDP, Rodrigues E, et al. Virgin
Coconut Oil Associated with High-Fat Diet Induces
Metabolic Dysfunctions, Adipose Inflammation, and
Hepatic Lipid Accumulation. J Med Food
2020;23:689–98. https://doi.org/10.1089/jmf.2019.0172.
[20] Tholstrup T, Ehnholm C, Jauhiainen M, Petersen M,
Høy C-E, Lund P, et al. Effects of medium-chain fatty
acids and oleic acid on blood lipids, lipoproteins,
glucose, insulin, and lipid transfer protein activities. Am J
Clin Nutrition 2004;79:564–9.
https://doi.org/10.1093/ajcn/79.4.564.
[21] O’Connor LE, Paddon-Jones D, Wright AJ,
Campbell WW. A Mediterranean-style eating pattern with
lean, unprocessed red meat has cardiometabolic
benefits for adults who are overweight or obese in a
randomized, crossover, controlled feeding trial. Am J
Clin Nutrition 2018;108:33–40.
https://doi.org/10.1093/ajcn/nqy075.
[22] Wang Z, Bergeron N, Levison BS, Li XS, Chiu S, Jia
X, et al. Impact of chronic dietary red meat, white meat,
or non-meat protein on trimethylamine N-oxide
metabolism and renal excretion in healthy men and

9

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.24.441290doi: bioRxiv preprint 

https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://doi.org/10.1101/2021.04.24.441290
http://creativecommons.org/licenses/by-nc-nd/4.0/


women. Eur Heart J 2018;40:583–94.
https://doi.org/10.1093/eurheartj/ehy799.
[23] Bes-Rastrollo M, Schulze MB, Ruiz-Canela M,
Martinez-Gonzalez MA. Financial Conflicts of Interest
and Reporting Bias Regarding the Association between
Sugar-Sweetened Beverages and Weight Gain: A
Systematic Review of Systematic Reviews. Plos Med
2013;10:e1001578.
https://doi.org/10.1371/journal.pmed.1001578.
[24] Kearns CE, Glantz SA, Schmidt LA. Sugar Industry
Influence on the Scientific Agenda of the National
Institute of Dental Research’s 1971 National Caries
Program: A Historical Analysis of Internal Documents.
Plos Med 2015;12:e1001798.
https://doi.org/10.1371/journal.pmed.1001798.
[25] Korem T, Zeevi D, Zmora N, Weissbrod O, Bar N,
Lotan-Pompan M, et al. Bread Affects Clinical
Parameters and Induces Gut Microbiome-Associated
Personal Glycemic Responses. Cell Metab
2017;25:1243-1253.e5.
https://doi.org/10.1016/j.cmet.2017.05.002.
[26] Tily H, Perlina A, Patridge E, Gline S, Genkin M,
Gopu V, et al. Gut microbiome activity contributes to
individual variation in glycemic response in adults.
Biorxiv 2020:641019. https://doi.org/10.1101/641019.
[27] Zeevi D, Korem T, Zmora N, Israeli D, Rothschild D,
Weinberger A, et al. Personalized Nutrition by Prediction
of Glycemic Responses. Cell 2015;163:1079–94.
https://doi.org/10.1016/j.cell.2015.11.001.
[28] Berry SE, Valdes AM, Drew DA, Asnicar F, Mazidi
M, Wolf J, et al. Human postprandial responses to food
and potential for precision nutrition. Nat Med
2020;26:964–73.
https://doi.org/10.1038/s41591-020-0934-0.
[29] Vandeputte D. Personalized Nutrition Through The
Gut Microbiota: Current Insights And Future
Perspectives. Nutr Rev 2020;78:66–74.
https://doi.org/10.1093/nutrit/nuaa098.
[30] Rappaport SM. Genetic Factors Are Not the Major
Causes of Chronic Diseases. Plos One
2016;11:e0154387.
https://doi.org/10.1371/journal.pone.0154387.
[31] Border R, Johnson EC, Evans LM, Smolen A,
Berley N, Sullivan PF, et al. No Support for Historical
Candidate Gene or Candidate Gene-by-Interaction
Hypotheses for Major Depression Across Multiple Large
Samples. Am J Psychiat 2019;176:376–87.
https://doi.org/10.1176/appi.ajp.2018.18070881.
[32] Strandwitz P. Neurotransmitter modulation by the
gut microbiota. Brain Res 2018;1693:128–33.
https://doi.org/10.1016/j.brainres.2018.03.015.
[33] Org E, Blum Y, Kasela S, Mehrabian M, Kuusisto J,
Kangas AJ, et al. Relationships between gut microbiota,

plasma metabolites, and metabolic syndrome traits in
the METSIM cohort. Genome Biol 2017;18:70.
https://doi.org/10.1186/s13059-017-1194-2.
[34] Parker A, Fonseca S, Carding SR. Gut microbes
and metabolites as modulators of blood-brain barrier
integrity and brain health. Gut Microbes 2019;11:1–23.
https://doi.org/10.1080/19490976.2019.1638722.
[35] Wikoff WR, Anfora AT, Liu J, Schultz PG, Lesley SA,
Peters EC, et al. Metabolomics analysis reveals large
effects of gut microflora on mammalian blood
metabolites. Proc National Acad Sci
2009;106:3698–703.
https://doi.org/10.1073/pnas.0812874106.
[36] Visconti A, Roy CIL, Rosa F, Rossi N, Martin TC,
Mohney RP, et al. Interplay between the human gut
microbiome and host metabolism. Nat Commun
2019;10:4505.
https://doi.org/10.1038/s41467-019-12476-z.
[37] Zhang Y, Shen B, Zhuge L, Xie Y. Identification of
differentially expressed genes between the colon and
ileum of patients with inflammatory bowel disease by
gene co-expression analysis. J Int Med Res
2020;48:0300060519887268.
https://doi.org/10.1177/0300060519887268.
[38] Dobre M, Milanesi E, Mănuc TE, Arsene DE,
Ţieranu CG, Maj C, et al. Differential Intestinal Mucosa
Transcriptomic Biomarkers for Crohn’s Disease and
Ulcerative Colitis. J Immunol Res 2018;2018:1–10.
https://doi.org/10.1155/2018/9208274.
[39] Marques-Coelho D, Iohan L da CC, Farias ARM de,
Flaig A, Letournel F, Martin-Négrier M-L, et al.
Differential transcript usage unravels gene expression
alterations in Alzheimer’s disease human brains. Npj
Aging Mech Dis 2021;7:2.
https://doi.org/10.1038/s41514-020-00052-5.
[40] Ghosh D, Ding L, Sivaprasad U, Geh E, Myers JB,
Bernstein JA, et al. Multiple Transcriptome Data Analysis
Reveals Biologically Relevant Atopic Dermatitis
Signature Genes and Pathways. Plos One
2015;10:e0144316.
https://doi.org/10.1371/journal.pone.0144316.
[41] Rodiño-Janeiro BK, Pardo-Camacho C, Santos J,
Martínez C. Mucosal RNA and protein expression as the
next frontier in IBS: abnormal function despite
morphologically intact small intestinal mucosa. Am J
Physiol-Gastr L 2019;316:G701–19.
https://doi.org/10.1152/ajpgi.00186.2018.
[42] Toma R, Duval N, Pelle B, Parks MM, Gopu V,
Torres PJ, et al. A clinically validated human capillary
blood transcriptome test for global systems biology
studies. Biotechniques 2020;69:289–301.
https://doi.org/10.2144/btn-2020-0088.
[43] Hatch A, Horne J, Toma R, Twibell BL, Somerville

10

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.24.441290doi: bioRxiv preprint 

https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://doi.org/10.1101/2021.04.24.441290
http://creativecommons.org/licenses/by-nc-nd/4.0/


KM, Pelle B, et al. A Robust Metatranscriptomic
Technology for Population-Scale Studies of Diet, Gut
Microbiome, and Human Health. Int J Genomics
2019;2019:1–9. https://doi.org/10.1155/2019/1718741.
[44] Hatch A, Horne J, Toma R, Twibell BL, Somerville
KM, Pelle B, et al. A Robust Metatranscriptomic
Technology for Population-Scale Studies of Diet, Gut
Microbiome, and Human Health. Int J Genomics
2019;2019:1718741.
https://doi.org/10.1155/2019/1718741.
[45] Toma R, Pelle B, Duval N, Parks MM, Gopu V, Tily
H, et al. A clinically validated human capillary blood
transcriptome test for global systems biology studies.
Biorxiv 2020:2020.05.22.110080.
https://doi.org/10.1101/2020.05.22.110080.
[46] KEGG. KEGG pathways. KEGG Pathways 2021.
https://www.genome.jp/kegg-bin/show_pathway?map00
650.
[47] Viome. References for Viome functional scores
(https://www.viome.com/referenceresults). References
for Viome Functional Scores
(Https://WwwViomeCom/Referenceresults) 2021.
https://www.viome.com/referenceresults.
[48] Anand S, Kaur H, Mande SS. Comparative In silico
Analysis of Butyrate Production Pathways in Gut
Commensals and Pathogens. Front Microbiol 2016;7.
https://doi.org/10.3389/fmicb.2016.01945.
[49] Vital M, Howe AC, Tiedje JM. Revealing the
Bacterial Butyrate Synthesis Pathways by Analyzing
(Meta)genomic Data. Mbio 2014;5.
https://doi.org/10.1128/mbio.00889-14.
[50] Konwar KM, Hanson NW, Pagé AP, Hallam SJ.
MetaPathways: a modular pipeline for constructing
pathway/genome databases from environmental
sequence information. Bmc Bioinformatics 2013;14:202.
https://doi.org/10.1186/1471-2105-14-202.
[51] Barreca D, Nabavi SM, Sureda A, Rasekhian M,
Raciti R, Silva AS, et al. Almonds (Prunus Dulcis Mill. D.
A. Webb): A Source of Nutrients and Health-Promoting
Compounds. Nutrients 2020;12:672.
https://doi.org/10.3390/nu12030672.
[52] Boonjaraspinyo S, Boonmars T, Aromdee C,
Puapairoj A, Wu Z. Indirect effect of a turmeric diet:
enhanced bile duct proliferation in Syrian hamsters with
a combination of partial obstruction by Opisthorchis
viverrini infection and inflammation by
N-nitrosodimethylamine administration. Parasitol Res
2011;108:7–14.

https://doi.org/10.1007/s00436-010-2031-7.
[53] Zeng H, Umar S, Rust B, Lazarova D, Bordonaro M.
Secondary Bile Acids and Short Chain Fatty Acids in the
Colon: A Focus on Colonic Microbiome, Cell
Proliferation, Inflammation, and Cancer. Int J Mol Sci
2019;20:1214. https://doi.org/10.3390/ijms20051214.
[54] Bernstein H, Bernstein C, Payne CM, Dvorakova K,
Garewal H. Bile acids as carcinogens in human
gastrointestinal cancers. Mutat Res Rev Mutat Res
2005;589:47–65.
https://doi.org/10.1016/j.mrrev.2004.08.001.
[55] Packer L, Cadenas E. Lipoic acid: energy
metabolism and redox regulation of transcription and cell
signaling. J Clin Biochem Nutr 2011;48:26–32.
https://doi.org/10.3164/jcbn.11-005fr.
[56] Kroenke K, Spitzer RL, Williams JBW. The PHQ‐9.
J Gen Intern Med 2001;16:606–13.
https://doi.org/10.1046/j.1525-1497.2001.016009606.x.
[57] Spitzer RL, Kroenke K, Williams JBW, Löwe B. A
Brief Measure for Assessing Generalized Anxiety
Disorder: The GAD-7. Arch Intern Med
2006;166:1092–7.
https://doi.org/10.1001/archinte.166.10.1092.
[58] Oka P, Parr H, Barberio B, Black CJ, Savarino EV,
Ford AC. Global prevalence of irritable bowel syndrome
according to Rome III or IV criteria: a systematic review
and meta-analysis. Lancet Gastroenterology Hepatology
2020;5:908–17.
https://doi.org/10.1016/s2468-1253(20)30217-x.
[59] Ettman CK, Abdalla SM, Cohen GH, Sampson L,
Vivier PM, Galea S. Prevalence of Depression
Symptoms in US Adults Before and During the
COVID-19 Pandemic. Jama Netw Open
2020;3:e2019686.
https://doi.org/10.1001/jamanetworkopen.2020.19686.
[60] Bandelow B, Michaelis S. Epidemiology of anxiety
disorders in the 21st century. Dialogues Clin Neurosci
2015;17:327–35.
https://doi.org/10.31887/dcns.2015.17.3/bbandelow.
[61] Blount ZD. The unexhausted potential of E. coli.
Elife 2015;4:e05826. https://doi.org/10.7554/elife.05826.
[62] Qi B, Han M. Microbial Siderophore Enterobactin
Promotes Mitochondrial Iron Uptake and Development of
the Host via Interaction with ATP Synthase. Cell
2018;175:571-582.e11.
https://doi.org/10.1016/j.cell.2018.07.032.
[63] Nguyen Y, Sperandio V. Enterohemorrhagic E. coli
(EHEC) pathogenesis. Front Cell Infect Mi 2012;2:90.

11

.CC-BY-NC-ND 4.0 International licenseavailable under a
was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made 

The copyright holder for this preprint (whichthis version posted April 26, 2021. ; https://doi.org/10.1101/2021.04.24.441290doi: bioRxiv preprint 

https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://app.readcube.com/library/?style=Nutrition
https://doi.org/10.1101/2021.04.24.441290
http://creativecommons.org/licenses/by-nc-nd/4.0/

