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Co je evolucni medicina?

* Evolucni medicina neboli darwinovska medicina
je aplikaci moderni evolucni teorie k pochopeni
zdravi a nemodci.

 Moderni biomedicinsky vyzkum a praxe se

soustredily na molekularni a fyziologickeé

mechanismy, které jsou zakladem zdravi a nemoci,

e zatimco evolucni medicina se zameéruje na ‘
otazku, procC evoluce utvarela tyto mechanismy

zpusobem, ktery nas muize zanechat nachylny k
nemocem.

e Evolucni pristup vedl| k dulezitym pokrokum v
chapani rakoviny,] autoimunitnich onemocnéni| a
anatomie . Mezinarodni spolecnost pro evoluci,
medicinu a verejné zdravi koordinuje usili o rozvoj
tohoto oboru.

* Vlastni casopis Oxford University Press Evolution,
Medicine and Public Health a The Evolution and
Medicine Review.
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Kdy?

Zacatky oboru byly tezké, ale za stézejni publikace, ktera definovali novy obor jsou povazovana nasledujici dvé
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Definice evolucni mediciny

> 56 odborniku z riznych oborl (antropologové, |ékafi, oSetfovatelé, biologové, paleontologové, archeologové) se dohodlo na 14 zakladnich principech, které jsou
dulezité pro vyuku, badani a praxi evolu¢ni mediciny,

> téchto 14 principt Ize dale seskupit do péti obecnych kategorii:

» Typy vysvétleni (ramovani otazek): K uplnému biologickému pochopeni vilastnosti, v€etné téch, které zvysuji zranitelnost vi€i nemocem, jsou zapotiebi jak
priblizna (mechanisticka), tak konecna (evolucni) vysvétleni.

» Evolucéni procesy (evoluce I): VSechny evolucni procesy, vCetné pfirozeného vybéru, genetického driftu, mutace, migrace a nenahodného pareni, jsou dulezité pro
pochopeni vlastnosti a nemoci.

» Reprodukcni uspéch (evoluce I): Prirodni vybér maximalizuje reprodukcni uspéch, nekdy na ukor zdravi a dlouhovékosti.

» Sexualni vybér (evoluce I): Sexualni vybér formuje rysy, které maji za nasledek ruzna zdravotni rizika mezi pohlavimi.

» Omezeni (evoluce I): Nékolik omezeni brani schopnosti pfirozeného vyberu utvaret vlastnosti, které jsou hypoteticky optimalni pro zdravi.

» Kompromisy (evoluéni kompromisy): Evolucni zmény v jedné vlastnosti, které zlepsuji kondici, mohou byt spojeny se zmenami v jinych vlastnostech, které kondici
sniZuiji.

» Teorie zivotni historie (evolucni kompromisy): Vlastnosti zivotni historie, jako je vek pfi prvnim rozmnozovani, reprodukCni délka zivota a rychlost starnuti, jsou
utvareny evoluci a maji dusledky pro zdravi a nemoci.

> Urovné selekce (evoluce ll): Zranitelnost vii&i chorobam maze nastat, kdyz ma selekce protichtidné Gginky na rGznych Urovnich (napk. genetické prvky, buriky,
organismy, pfibuzni a dalsSi urovne).

> Fylogeneze (evoluce ll): Sledovani fylogenetickych vztahu pro druhy, populace, znaky nebo patogeny muze poskytnout pohled na zdravi a nemoci.

» Koevoluce (evoluce Il): Koevoluce mezi druhy muze ovlivnit zdravi a nemoci (napf. evolucni zavody ve zbrojeni a vzajemné vztahy, jako jsou ty, které Ize vidét v
mikrobiomu).

> Plasticita (evoluce Il): Faktory prostfedi mohou posunout vyvojové trajektorie zpusoby, které ovlivauji zdravi, a plasticita téchto trajektorii muze byt produktem
vyvinutych adaptivnich mechanismu.

» Obrany (dlivody zranitelnosti): Mnoho pfiznakl a symptomd onemocnéni (napf. horecka) je uziteCnym obrannym prostfedkem, ktery muze byt patologicky, pokud
je dysregulovan.

> Nesoulad (duvody zranitelnosti): Rizika onemocnéni mohou byt zménéna pro organismy Zzijici v prostiedi, které se liSi od prostfedi, ve kterém se vyvinuli jejich
predkove.

» Kulturni praktiky (kultura): Kulturni praktiky mohou ovlivnit evoluci lidi a jinych druhu (v€etné patogenu) zpusoby, které mohou ovlivnit zdravi a nemoci (napf.
uzivani antibiotik, porodni praktiky, strava atd.).



Evolutionary
Ecology

Wivolution Ecology
;’ T
- Dendbgidphy

lnkage

i intion Evolutionary,
tvobevo \PRYSIOlOQY

Epigenetics Behavioral
Evolutionary Ecology

Morphology Ecnimmunnlfgg//

——

OrganismaTBiology

N e




cabm 5 Tordosy + ke d W Backanors + Ve ndes K. Ramyan

EVIDENCE-BASED

EVOLUTIONARY
MEDICINE

Palaeopathology

I8 ol e o i /
and [: volutiona ),

EVOLUTIONARY
SMEDICIINE s

Principles of

Evolutionar Y
Medicine

e

e
e, -

*‘Stephen C. Stearns
- Ruslan Medzhitov




Journal of

Evolutionary
Medicine

The Evolution & Medicine Review

.bridging the gap

Home About ISEMPH Reviews News Essays Events

8 New Clinical Briefs in EMPH 2019

EVOLUTION,
MEDICINE, &
PUBLIC HEALTH

The Oxford Press open access journal Evolution, Medicine & Public Health has
published eight new Clinical Briefs in 2019. They are lovely one page summaries that
are perfect for teaching...or just pleasure reading.

The shapes of virulence to come
ﬂukc::-,h Pandey, Daniel E DawsonEvol Med Public Health, Volume 2019, Issue 1, 2019, Page
3, https://doi.org/10.1093/emph/eoy037

Tandem repeat disorders
Calen P RyanEvol Med Public Health, Volume 2019, Issue 1, 2019, Page

Positions

About The Evolution & Medicine
Review

The International Society for
Evolution, Medicine, and Public
Health

Evolution, Medicine, and Public Health-
open-access from Oxford Univ. Press

EvMedEd - Online resources for
teaching and learning evolutionary
medicine

ClubEvMed - Online journal club/
discussion of current topics
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Focus area EVOLUTIONARY MEDICINE

Modules information . . . _ _ _ .
Medical Life Sciences is one of the few Master programmes worldwide with a focus on Evolutionary

Medicine. It has been part of Medical Life Sciences form the start, and for a reason.

Diseases can be puzzling. Why certain conditions occur or how to treat them are often questions for
which the answers are still pending. When regarding these from an evolutionary
perspective, researchers often find answers.

Understanding something that first seemed incomprehensible is a powerful expenence. [t makes
progress possible and leads to new approaches, which is very important in medicine to prevent,
diagnose and treat medical conditions. Evolutionary Medicine helps create opportunities to do so.

Bringing together evolution and medicine gets fascinating
once you start looking at cancer, allergies, ageing,
autoimmune disorders or chronic diseases: Why do we suffer
from chronic conditions such as diabetes, heart disease or
obesity? Why do pathogens develop drug resistance? Can we
do something against it? How do our gut bactena and diet
influence our health? The more questions you try to answer,
the more intriguing it gets.

You study the connections between evolution and medicine -
developing hypotheses, connecting the dots and getting ready
to conduct research yourself in your thesis and beyond:
Evolutionary Medicine is one of the biggest drivers in today’s
biomedicine.

In Kiel, you are extremely well positioned for plunging into
Evolutionary Medicine - or EvolMed for short:

Medical Life Sciences has been teaching Evolded since the
programme started, with professors hosting seminars for
students, running International research projects and
supervising students in their thesis work. As an EvoMed student, you will be involved in
research from the start.
EvoMed lecturers are investigators in the ROOTS Cluster of Excellence. This huge
interdisciplinary research project at Kiel University revolves around human societies through
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Tel Aviv University
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(1 = Shmunis Family Anthropology Institute= Research=Research Laboratories= Biohistory & Evolutionary Medicine Laboratory

Biohistory & Evolutionary Medicine Laboratory Related Links

an David Center for Human
Evolution and Biohistory
Research
Shmunis Family Anthropology
Institute
Faculty of Medicine
Department of Anatomy &
Anthropology
School of Dental Medicine
Steinhardt Museum of Natura
History

brary of Life
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Dr. Hila May

Our biohistory and evolutionary medicine laboratory focuses on several fields of interest:

« Evolutionary medicine: The impact of the "trade off® mechanism on present
human health. Many parts of our bods ommodate themselves in order to

v h
facilitate the development of our large brain and erect posture.

Biohistory: Much of our history is recorded in our bones.
allow us to reconstruct important events on the individua
population level. This includes daily lifestyles, health, nu

ersonal violence, labor intensity, demographical structure, etc.

Ancient DNA: The reconstruction of past population structure and migrati
Levant witnessed dramatic population movements and replacements durir

last 15,000 vears, which shaped the region's history.
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Things to know about the
geneticist who won this year’s Nobel
Prize in Physiology or Medicine
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Late Pleistocene glaciations compared with atmospheric C0O2 concentrations from glacial ice

(650,000 to 0 years before present)

(CO2 concentrations in parts per million [ppm])
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Global Glacial Coverage During the
LGM
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Clovék neandertalsky — Homo neanderthalesis
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Neandertha Modern human

Cranial features of Modern Man and Neanderthal compared
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Homo denisoviensis




Migrace modernlho cloveka

Denisova Caue)

Key

Maximum Sea Level
during the Ice Age

Today — modern Homo sapiens

Neanderthal Denis

Homo heidelbergensis

1 millgon years ago
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Browning et al. Page 25
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Figure 5. Mean amounts of detected introgressed material per individual, classified by affinity to
the Altai Neanderthal and Altai Denisovan genomes

Definitions of the affinity groups are grven in Methods. Unclassified material includes
segments that are too short to be confidently classified into an affimty group, as well as

longer segments that have low levels of affinity fo the archaic genomes.



Adaptace neandertalcu na klima
v Evropé a co jsme po nich zdédili
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Author manuscript
Science. Author manuscript; available in PMC 2016 August 12.

274): 737-741. doi:10.1126/science.aad2 { /o ; : ; ,

The phenotypic legacy of admixture between modern humans
and Neanderthals

Corinne N. Simonti', Benjamin Vernot2, Lisa Bastarache?, Erwin Bottinger*, David S. T . w | \
Carrell®, Rex L. Chisholm®, David R. CrosslinZ, Scott J. Hebbring’, Gail P. Jarvik2°, e . T 2
Iftikhar J. Kullo®, Rongling Li°, Jyotishman Pathak'?, Marylyn D. Ritchie'''2, Dan M. \ : W

Roden'?14 Shefali S. Verma''!, Gerard Tromp'®16, Jeffrey D. Prato®, William S. Bush'’,

Joshua M. AkeyT2, Joshua C. Denny™":3.13 and John A. Capra'318.19"
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Neanderthal ancestry drives evolution of lipid
catabolism in contemporary Europeans

Ekaterina E. Khrameev * Katarzyna Bozek I He]f Zheng ], Xi Jiang'. Yuning Wei], Kun Tang].
Mikhail S. Gelfa Kay Prufer-, Janet Kelso~, Svante Paabo>, Patrick Giav Michael Lachmann®
& Philipp Khaitovich'>




Homo sapiens neonate

The Neandertal Progesterone Receptor

Hugo Zeberg ,~"* Janet Kelso,' and Svante Piibo*"?

'Max Planck Institute for Evolutionary Anthropology, Leipzig, Germany
*Department of Neuroscience, Karolinska Institutet, Stockholm, Sweden
*Okinawa Institute of Science and Technology, Onna-son, Japan

Corresponding authors: E-mails: hugo.zeberg@ki.se; paabo@eva.mpg.de.
Associate editor: Daniel Falush




Current Biology ¢ CelPress

OPEN ACCESS

A Neanderthal Sodium Channel Increases
Pain Sensitivity in Present-Day Humans

Hugo Zeberg,’=%" Michael Dannemann,’ Kristoffer Sahlholm,=* Kristin Tsuo,” Tomislav Maricic,’ Victor Wiebe,’
Wulf Hevers,” Hugh P.C. Robinson,*" Janet Kelso,' and Svante Paabo'~"

"Max Planck Institute for Evolutionary Anthropology, Deutscher Platz 6, 04103 Leipzig, Gemrmany

2Department of Meuroscience, Karcolinska Institutet, 17177 Stockholm, Sweden

3Department of Integrative Medical Biology, Wallenberg Centre for Molecular Medicine, Umea University, 90187 Umea, Sweden
4Department of Physiology, Development and Meuroscience, University of Cambridge, Cambridge CB2 3EG, UK

5Dkinawa Institute of Science and Technology, Onna-son, Okinawa 904-0495, Japan
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Author manuscript
Cell. Author manus

Evidence that RNA viruses drove of adaptive introgression
between Neanderthals and modern humans

David Enard'2" and Dmitri A Petrov3

The major geneticrisk factor for severe
COVID-19isinherited from Neanderthals

A genomic region associated with protection against
- severe COVID-19 is inherited from Neandertals

a,b,1

Hugo Zeberg and Svante P33bo™<’

c atio *Department of Evolutionary Genetics, Max Planck Institute for Evolutionary Anthropology,
isconferredb 50kilo i arolinska Institutet, SE-17177 Stockholm, Sweden; and “Human Evolutionary Genomics Unit, Okina
Neanderth isca b 0 6Of 904-0495, JEIFIEIH

peoplein Europe.

Contributed by Svante Pdabo, January 22, 2021 (sent for review December 21, 2020; reviewed by Tobias L. Lenz and Lluis Quintana-Murd)




LETTER

Altitude adaptation in Tibetans caused by
introgression of Denisovan-like DNA

Emilia Huerta-Sinchez'**, XinJin'**, Asan'~“* Zhuoma Bianba™, B enjpamin M. P eter’, Nicolas Vin

Xin Yit*®, Mi e e Mehmet Somel”, Peixiang Ni', Bo ".'-.::.r'n_:_::. Xiachua Ou', Hu :=.-.:=.r'|_:_::.-li:=.r'|_:_:l:-:=.i LT
Kui Li", Guovi Gao™, Ye Yin', Wei Wang', Xinging Zhang™™ Xun Xu', Huanming Yang' =" Yingroi Li', 18
Jun Wang' =599 & pacmus Nielsenh 0
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L'anthropologie 124 (2020) 102797
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Available online at www.sciencedirect.com
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Original article

Hibernation in hominins from Atapuerca, Spain )

*11: . W Check for
half a million years ago’ iiiies
Hibernation des hominides d’Atapuerca, en Espagne, il y a
un demi-million d’annees
Antonis Bartsiokas ™", Juan-Luis Arsuaga ™
? Department of History and Ethnology, Democritus University of Thrace, 69100 Komotini, Greece
b Centro Mixto Universidad Complutense de Madrid-Instituto de Salud Carlos Il de Evolucidn y
Comportamiento Humanos, 28029 Madrid, Spain
© Departamento de Geodinamica, Estratigrafia y Paleontologia, Facultad de Ciencias Geologicas, Universidad
Complutense de Madrid, Calle José Antonio Novais 12, 28040 Madrid, Spain
ARTICLE INFO ABSTRACT
HriiL?IE hisir:n}r‘_‘ Both animal hibernation and human renal osteodystrophy are
Available online 27 November 2020 characterized by high levels of serum parathyroid hormone. To test

the hypothesis of hibernation in an extinct human species, we
K{’W’ﬂffﬁ'{f examined the hominin skeletal collection from Sima de los Huesos,
Hibemation Cave Mayor, Atapuerca, Spain, for evidence of hyperparathyroidism
Atapuerca

mhee ) after a thorough review of the literature. We studied the morphology
Chrﬂnlc Kldne}l Dlsease [CKD::I Ak wlm Fmm sl el | B A e 1 | PSR, B D e i
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Tzv. lovci mamutu” byli ekonomicky zavisli na sobech
(jiz domestikace spolu se psem, pes pomahal hlidat
stada sobu) a malé zvéri (zajici, liSky, bélokur, atd.), na
mamutech zavisli nebyli, mamut byl uloven 1-2 za/rok,
ale kosti mamutu jsou nejnapadnéjsi a dle nich ziskali
své jméno (E. Storch).

Ze sobu vyuzivali vse, véetné miéka samic.




nature ecology & evolution a

Article

httpa:jfdoi.org/10.1038/541550-024-02382-

Isotopicevidence ofhighrelianceon
plantfood among Later Stone Age
hunter-gatherers at Taforalt, Morocco

Received: 19 Jun= 2023

Accepted: 1 March 2024

Published online: 2 April 2004

¥ Check for updates

Zineb Moubtahij®'* -, Jeremy McCormack ® 2, Nicolas Bourgon'*,
Manuel Trost', Virginie Sinet-Mathiot @ '*5, Benjamin T. Fuller®,
Geoff M. Smith® 7, Heiko Temming', Sven Steinbrennar’,
lean-Jacques Hublin® £, Abdeljalil Bouzouggar®®, Elaine Turner” &
Klervia Jaouen?

The transition from hunting-gathering to agriculture stands as one of the
most important dietary revolutions in human history. Yet, due to ascarcity of
well-preserved human remains from Pleistocene sites, little is known about
the dietary practices of pre-agricultural humangroups. Here we present

the isotopic evidence of pronounced plant reliance among Late Stone Age
hunter-gatherers from Morth Africa (15,000-13,000 cal BP), predating the
advent of agriculture by several millennia. Employing a comprehensive
multi-isotopic approach, we conducted zinc (6%Zn) and strontium (375r/%95r)
analysis on dental enamel, bulk carbon (6°C) and nitrogen (§“N) and sulfur
(6**S) isotope analysis on dentin and bone collagen, and single amino acid
analysis on human and faunal remains from Taforalt (Morocco). Our results
unequivocally demonstrate asubstantial plant-based component inthe
diets of these hunter-gatherers. This distinct dietary pattern challenges the
prevailing notion of high reliance on animal proteins among pre-agricultural
human groups. It also raises intriguing questions surrounding the absence
of agricultural development in North Africa during the early Holocene. This
study underscores the importance of investigating dietary practices during
the transition to agriculture and provides insights into the complexities of
human subsistence strategies across different regions.

‘While the term ‘Neolithic’ remains ambiguous and this period occurred by the discovery of a substantial archaeobotanical assemblage inthe

at different times worldwide, it generally implies the domestication
of wild animals and plants, as well as the adoption of sedentary set-
tlements'*. The transition from hunting-gathering economies to
agriculture-based ones, also known as Neolithization, is one of the
mostimportant dietary revolutions in human history™. Beyond being
a revolution, a progressive intensification of plant consumptionis
believed to have begun long before domestication in the Neolithic'.
Evidence of an early shift to grain-based resources is demonstrated

Upper Palzeclithic site of Ohalo 11, in the Mear East, dated to approxi-
mately 23,000 cal BF (Fig. 1). This transformation intensified with
the Natufians, a hunter-gatherer group that inhabited the Near East
duringthe Late Pleistocene and the beginning of the Holocene (14,600
11,500 cal BP)®. A shift towards an increased reliance on plant foods
occurred during this period™®, probably driven by several factors,
including the depletion of large game species and the availability of
awider range of edible plants in the environment, which led to the

A full st of affilations appears at the end of the paper. [ )e-mall: ainebmoubtahi) 3@gmall.com

MNatura Ecology & Evolution | Volume 8 | May 2024 | 1035-1045
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Slavna mumie Icemana znama jako Otzi byla podle
nedavnych studii geneticky nachylna ke
kardiovaskularnim chorobam. Nejen, ze tato geneticka
predispozice byla prokazatelna u 5000 let staré ledové
mumie, objevil se jiz také priznak v podobé
arteriosklerdzy.
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Songbirds avoid the oxidative stress costs of high blood glucose

levels: a comparative study
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ABSTRACT

Chronically high blood glucose levels (hyperglycaemia) can
compromise healthy ageing and lifespan at the individual level.
Elevated oxidative stress can play a central role in hyperglycaemia-
induced pathologies. Nevertheless, the lifespan of birds shows no
species-level association with blood glucose. This suggests that the
potential pathologies of high blood glucose levels can be avoided by
adaptations in oxidative physiology at the macroevolutionary scale.
However, this hypothesis remains unexplored. Here, we examined
this hypothesis using comparative analyses controlled for phylogeny,
allometry and fecundity based on data from 51 songbird species (681
individuals with blood glucose data and 1021 individuals with
oxidative state data). We measured blood glucose at baseline and
after stress stimulus and computed glucose stress reactivity as the
magnitude of change between the two time points. We also measured
three parameters of non-enzymatic antioxidants (uric acid, total
antioxidants and glutathione) and a marker of oxidative lipid damage
(malondialdehyde). We found no clear evidence for blood glucose
concentration being correlated with either antioxidant or lipid damage
levels at the macroevolutionary scale, as opposed to the hypothesis
postulating that high blood glucose levels entail oxidative costs.
The only exception was the moderate evidence for species with a
stronger stress-induced increase in blood glucose concentration
evolving moderately lower investment into antioxidant defence (uric
acid and glutathione). Neither baseline nor stress-induced glucose
levels were associated with oxidative physiology. Our findings

support the hypothesis that birds evolved adaptations preventing
the: { alveloxidative costs of hiah hlnod alucnse obsarvad at the within-

KEY WORDS: Antioxidants, Glucose, Hyperglycaemia, Lipid
peroxidation, Phylogenetic comparison, Physiological ecology

INTRODUCTION

Living organisms use chemical energy to sustain their vital
functions, with carbohydrates, lipids and proteins as the main
metabolic energy substrates. Among carbohydrates, glucose has a
prominent role in metabolism as it fulfils multiple metabolic
functions. Besides being an important energy carrier, it is a vital
precursor in the synthesis of a wide variety of other important
biomolecules, including fatty, amino and nucleic acids, cholesterol,
glycoproteins and glycolipids (Braun and Sweazea, 2008; Sweazea,
2022). The mere existence of several regulatory mechanisms that
control glucose metabolism both at baseline conditions and during
perturbations (e.g. stress response) provides evidence for the
biological significance of glucose homeostasis (Braun and
Sweazea, 2008). Deregulation of glucose homeostasis induces
metabolic stress with a plethora of deleterious health consequences
(Picard et al., 2014).

Birds have outstandingly high blood glucose levels in normal
physiological state, on average two to four times higher than that of
similar-sized mammals (Braun and Sweazea, 2008; Holmes et al.,
2001; Satoh, 2021). Only frugivorous and nectarivorous bats with a
sugar-rich diet can have blood glucose values comparable to those
of some birds (Kelm et al., 2011; Peng et al., 2017). Constitutively
high blood glucose in birds 1s evolutionarily coupled with athletic
capacity, high metabolic rate and elevated body temperature (Satoh,
2021). Moreover, avian blood glucose levels coevolve positively
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No fish have been found in the deepest 25% of the ocean (8,400~ might limit a species’ depth range, as proteins adapted to a par-
11,000 m). This apparent absence has been attributed to hydro-  ticular pressure range do not work well at other pressures. Even
static pressure, although direct evidence is wanting because of the  with such adaptations, many proteins from deep species still
lack of deepest-living species to study. The common osmelyte tri-  retain significant levels of pressure sensitivity in vitro (9, 11-14).
methylamine N-oxide (TMAQ) stabilizes proteins against pressure  Recently, another mechanism for pressure adaptation has been
and increases with depth, going from 40 to 261 mmol/kg in teleost  hypothesized involving “piezolytes™ (11, 15): small organic sol-
fishes from 0 to 4,850 m. TMAOQ accumulation with depth resultsin - utes that counteract the effects of pressure on proteins, poten-
increasing internal osmolality (typically 350 mOsmol/kg in shallow  tially allowing proteins to work over greater depth ranges but
species compared with seawater's 1,100 mOsmol/kg). Preliminary  possibly also constraining species depths if regulation of these
extrapolation of osmolalities of predicted isosmotic state at 8,000~  gpjutes is limited (11, 13-17). Piezolytes are solutes first dis-
8,500 m may indicate a possible physiological limit, as greater
depths would require reversal of osmotic gradients and, thus, os-
moregulatory systems. We tested this prediction by capturing five
of the second-deepest known fish, the hadal snailfish (Notoliparis
kermadecensis; Liparidae), from 7,000 m in the Kermadec Trench.
We found their musdes to have a TMAQ content of 386 + 18 mmol/kg
and osmolality of 991 + 22 mOsmol/kg. These data fit previous
extrapolations and, combined with new esmolalities from bathyal
and abyssal fishes, predict isosmotic state at 8,200 m. This is
previously unidentified evidence that biochemistry could constrain
the depth of a large, complex taxonomic group.

covered as organic osmolytes (intracellular chemical effectors
that prevent osmotic water loss). Most marine invertebrates are
osmoconformers with internal osmolalities about the same as
seawater, about 1,100 mOsmol/kg at 35 ppt; however, whereas
extracellular fluids are dominated by NaCl, cells accumulate
organic osmolytes to achieve osmotic balance. In many shallow-
living marine invertebrate taxa, these osmolytes are neutral amino
acids such as glycine and taurine and methylamines such as trime-
thylamine N-oxide (TMAQO) (18).

Inorganic ions are not elevated intracellularly above basal
levels to serve as osmolytes because they perturb macro-
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The profile of gut microbiota can vary according to host genetic and dietary characteristics, and be influenced by disease
|2| state and environmental stressors. The uremic dysbiosis results in a loss of biodiversity and overgrowth of

microorganisms that may cause elevation of metabolic solutes such as trimethylamine N-oxide (TMAO), inducing
pathogenic effects on its host. In patients with chronic kidney disease (CKD), TMAO levels are elevated because of a
decreased clearance and an increased production from the uremic gut dysbiosis with a disrupted intestinal barrier and
elevated enzymatic hepatic activity. Dietary precursors of TMAO are abundant in animal-derived foods such as red meat,
egg yolk and other full-fat dietary products. TMAO is also found naturally in fish and certain types of seafood, with the
TMADO content highly variable according to the depth of the sea where the fish is caught, as well as processing and
storage. Although evidence points towards TMAO as being an important link to vascular damage and adverse
cardiovascular outcomes, the evidence in CKD patients has not been consistent. In this review we discuss the potential
dietary sources of TMAO and its actions on the intestinal microbiome as an explanation for the divergent results. We

Circulating trimethylamine N-oxide in association with diet and
cardiometabolic biomarkers: an international pooled analysis
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Introduction

Trimethylamine-N-oxide (TMAO) is a gut microbiota metabo-
lite derived from phosphatidylcholine, choline, betaine, and -
carnitine, which are abundant in seafoods, dairy products, egg
yolks, muscle, and organ meats (1, 2). These nutrients can be
hydrolyzed by trimethylamine (TMA) lyase from gut flora o
form the TMAO precursor TMA. which is further oxidized
by hepatic flavin monooxygenases to form TMAO (2, 3). A
multitude of studies have discovered that circulating TMAQ
concentrations are linked to a wide range of health outcomes,
including cardiovascular and cerebrovascular diseases (4-6), type
2 diabetes mellitus (DM) (7). hypertension (8), renal dysfunction
(9, 10), cancer, and mortality (11, 12). The relations between
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Abstract: Trimethylamine N-oxide (TMAQ) is a small colorless amine oxide generated from choline,
betaine, and carnitine by gut microbial metabolism. It accumulates in the tissue of marine animals
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