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Definitions

= Precision (or stratified) medicine refers to processes that combine available
data concerning human biology, behaviors and contexts to optimize the
medical approach, usually by tailoring prevention strategies, diagnostics and
therapeutics to subgroups of populations sharing similar characteristics; the
objective is to minimize error and risk and maximize efficacy

= Personalized (or individualized) medicine refers to final step in the process of
translating evidence into practice, taking into account individual’s references,
capabilities and circumstances
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latpikn tNg akpifelag

" [lapOAo TOU TOAAA €lval yvwOoTA yla TOUC TTapayovieg Kvduvou Tou 0dnyouv OTO KAPOLOPETAPBOAIKO
oLVOPOUO (TTX. TPOTIOC WG, eTtiMedo ekmaidevoncg Kal Tpocpacn otn Bepaneia) oe eninedo MAnOvopoOL,
Ol OUYKEKPIPEVOL TIAPAYOVIEC TIOU 00nyoUV TO KABE EEXWPLOTO ATOHO O VOOO E€lval AyOTEPO
nipoodlopiotpot

®  Ta dlayVWOoTIKA KPLTHPLA KOWVWVY VOO HATWY €ival BAcLlopEVA 0TA GUHTITWHATA, OTIWCE KAl N ETUAOYI Kal N
aéloAoynon tng Beparmeiag Kabwe Kal Ta CUPTIEPACUATA YL TNV TIPOYVWOoN TNn¢ vOooU

" AUTO dev adrvel MEPLBWPLA yia avayvwplon Pe akpiBela Twv XapaKTnNPLOTIKWY TN¢ vOoOoU Kal cuxvad
POodLABETEL OE LATPLIKA opaApata

® AUTEC OL TTPOKANOELC £XOUV WHONOEL TNV AVATITUEN HEBOd WY TIOU ATTOOKOTIOUV 0TNn BEATiWON TNC akpifelag
Kal TN¢ opBOTNTAC OTNV LATPLKN Katl T dnpoota vyeia, pla Evvola ou avadEpeTal ouxva we LatpLkn tne
akpipetag

Lancet Diabetes Endocrinol. 2023 Nov;11(11):822-835



In medical parlance precision means a
“relative lack of random error”



TekuNPLWUEVN LATPLKN

v' H BEATLOTN TIPAKTLKA TTPOANYNC KAt BEpameiac ouVOETWY VOoHATWY PEXPL orpepa Bacidetal otnv
TEKUNPLWHEVN LATPLKN, TIOU TUTIKA €val ATTOTEAEOHA TUXALOTIOUNHEVWY KAWVIKWY PEAETWV Kal
HEAETWYV TIApAtpnong

v AN\OL TOTIOL TIELPAPATIKWY dESOUEVWY AANA KAl HEAETWYV TTPAYMATIKOU KOGHOU CUUTIANPUWVOUV TNV
latpikn AnYn artopacswv.

v" H atpikn Bactopévn otnv TEKPNpiwon eotialel TIEPLOCOTEPO OTIC EKTIUNOELC TNC HEONC £KBeoNC
TOU TMANBUCPOUL O€ KivOUVO Kal OTNV AmoteAsopatikotnta 1 tnv achdaiela e Bepareiag, r kat ta

dUV0, UTIO TNV TIPOUTIOBECH OTL AUTOL OL HECOL OPOL EXOLV VONUA yLa TIPOBAEPELC O€ ATOULKO ETITIEDO

Lancet Diabetes Endocrinol. 2023 Nov;11(11):822-835



KapdlopeTaBoALKO cUVOPOUO

» To KapOLOPETABOAIKO cUVOPOPO TIOU TIEPIAAUBAVEL TNV mMAXVoapKia, Tov cakxapwadn diapntn,
TNV Kapdlayyelakn vooo Kal tn Amwadn veeo Tou AMATOC KABWC KAl TIC EMMAOKECG TOUC,
AroteAEl peyiotn AMeELAn yla TV maykoopla vyeia

» [apd tnv mpdodo otnv Katavonon Kat Tt dLaxeipLon Tou Tou 08nNyouV o€ KAAUTEPEC EKBAOELC,
Tapouoladel akopn avénuevn voonpotnta Kat ovnrotnta, pe tnv avéavopevn maykoopla
EMPBAPUVON AUTWY TwV acBevelwyv va amodidetal o PeyaAo BaBPO GE TPOMOMOLNGLUOUC
MAPAYOVTEC KIVOUVOU

» To 2022 teplocodtepol amno to 10% tou TtaykoopLlov TAnbucopou (>500 ekatoppvupla avepwriol)
(ouv pe oakxapwdn dlaBAtn, PE PEYOAUTEPN avénon otov erumoAdcpol tng vooou va

avapevetat otnv Yrooaxapta Appikn, tnv Meon AvatoAn kat tnv Notla Acia €wg 1o 2045

Lancet Diabetes Endocrinol. 2023 Nov;11(11):822-835



KapdlopeTaBoALKO cUVOPOUO

To 2022

> 1 .0ot1a 8 aropa {ouv e TTaXUCApPKia
> 2,5 dioekatoppupia evAAkeS (ouv pe utrepfaAiov Bapog, 890 ekartoupupla €€ autwy (ouv e TTaxuoapkia

» 37 ekaropuupia Taidid, KAatw Twv S €Twv ouV e TTAXUCapKia

» O emmolaopdég Tng MAFLD avépyetal 1o 32% TOU TTANBUCUOU TTAYKOOHiWE
» 10% 7tou Tmaykéopiou TAnBuopol éxer dlayvwaotei  pe  kapdiayyelaky vooo  (XTe@aviaia

Noooc,Kapdiakn Avetrdpkeia, Ayyeiakd Eykepaliko Emeioddio)

World Health Organization 2024
Clin Mol Hepatol. 2023 Feb;29(Suppl):S32-S42
MMWR Morb Mortal Wkly Rep. 2024 Jan 25;73(3):51-56



KapdlopetaBoAlko cuvdpopo-EmurmoAaopog

Region Prevalence
Europe 29%
Asia 22%
Africa 18%
South America 31%
North America 34%

TABLE 1: Prevalence of cardiometabolic syndrome by region.

Cureus. 2023 Sep 19;15(9):e45542



KapdlopeTaBoAlkO cUVOPOUO KAl CAPKOTIEVIA

Research paper

Sarcopenia and the cardiometabolic syndrome: A narrative review @CmssMark
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ABSTRACT

Sarcopenia is a prevalent problem in the older population that is commonly considered for its well-
known adverse functional associations. Cardiovascular diseases and metabolic syndrome are also
significant problems whose prevalence dramatically increase with age and remain the main cause of
mortality in older adults. These two entities have recently been suggested to be inter-related and
significant evidence has accumulated. In this article, we review the current evidence on this proposed
association and the possible related pathophysiologic mechanisms. In summary, it seems that lower
muscle mass is associated with higher cardiometabolic diseases (CMD) when adjusted for weight, but
lower CMD when adjusted for height squared. Sarcopenic obesity — obesity and sarcopenia combined —
might be associated with a greater risk of CMD than sarcopenia and obesity alone. Sarcopenia and CMD
seem to share a common pathway and interact with each other to facilitate mutual abnormalities.

© 2016 Published by Elsevier Masson SAS.

European Geriatric Medicine. 7. 10.1016/j.eurger.2015.12.012



Sarcopenic Obesity and Cardiometabolic Health and Mortality in Older
Adults: a Growing Health Concern in an Ageing Population

Sasiwarang Goya Wannamethee'® . Janice L. Atkins?

Accepted: 31 July 2023 / Published online: 11 August 2023
© The Author(s) 2023

Abstract

Purpose of Review Sarcopenic obesity (SO) is a growing public health problem in older adults. Whether SO confers higher
risk of cardiometabolic disease and mortality than obesity or sarcopenia alone is still a matter of debate. We focus on recent
findings on SO and cardiometabolic health and mortality in older adults.

Recent Findings SO is associated with increased mortality compared to non-sarcopenic obesity, but similar mortality risk
compared to sarcopenia without obesity. SO is associated with a higher risk of cardiovascular disease (CVD), diabetes, and
physical disability than obesity or sarcopenia alone. SO, in the presence of diabetes, is associated with the highest risk of
CVD and chronic kidney disease. A definition and diagnostic criteria for SO has recently been proposed (ESPEN and EASO).
Summary SO is associated with more adverse outcomes overall than sarcopenia or obesity alone. Future research is required
to assess the impact of the new SO definition on health outcomes.

Curr Diab Rep. 2023 Nov;23(11):307-314
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Osteosarcopenic adiposity (OSA) phenotype and its connection with
cardiometabolic disorders: Is there a cause-and-effect?
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ABSTRACT

Keywords:

Osteosarcopenic adiposity/obesity
Cardiometabolic disorders
Cardiovascular disease
Cardiovascular risk factors
Metabolic abnormalities

The objectives were to examine if there is a causal relationship between osteosarcopenic adiposity (OSA) syn-
drome (coexistence of osteopenia/osteoporosis, sarcopenia, and excess adiposity) and cardiometabolic disorders
or if these disorders initiate the development of OSA and its worsening. The search was conducted in PubMed,
Scopus, and Web of Science to include articles up to the end of 2023. Of n=539 articles retrieved, n=15 met the
eligibility criteria. Only studies conducted in adults and with all three body composition compartments (bone,
muscle/lean, adipose) measured were considered. The results revealed that several cardiometabolic disorders,
namely, hypertension, dyslipidemia (elevated total and LDL-cholesterol, lower HDL-cholesterol), insulin resis-
tance, hyperglycemia, lower serum vitamin D, and some inflammatory markers were accompanied by OSA. In
most cases, the OSA phenotype was associated with worse outcomes than cases with healthy or less impaired
body composition. Our initial questions about the reciprocal cause-and-effect relationships could be surmised
with more certainty for the OSA and some cardiovascular risks (hypertension, dyslipidemia) and some metabolic
abnormalities (several inflammatory markers). The results of this review underscore the importance of body
composition in health and from a clinical perspective, all three body composition compartments should be
measured by standardized technologies using regulated diagnostic criteria to identify OSA. Randomized trials
and prospective studies in diverse groups of older and younger individuals are necessary to determine if the
relationships between OSA and clinical endpoints are causal and reversible through intervention and to uncover
the mechanisms.

Ageing Res Rev. 2024 Jul;98:102326
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2 APKOTIEVIKI) TIAXUoapKia

SARCOPENIC OBESITY

ESPEN and EASO consensus statement on
definition and diagnostic criteria

OBESITY + SARCOPENIA = gpsalz{eels 0\ [ege] =] SN ¢

.
- —_—
S . .
+ strong negative clinical impact,
may lead to disabilities,
‘ complications,
it negatively affects health

and survival.

Abnormal Loss of
and excessive fat skeletal muscle mass
accumulation and function



2 APKOTIEVIKN TTaXuoapkia

COQ 3 STEPS IDENTIFICATION

1.Screening

2.Diagnosis

3.Staging

The European Society for Clinical Nutrition and Metabolism (ESPEN) www.espen.org v
The European Association for the Study of Obesity (EASO) www.easo.org * ‘
Donini LM, et al . Clin Nutr. 2022 Apr;41(4):990-1000. doi: 10.1016/j.cInu.2021.11.014.

a. HIGH BMI or WC (based on ethnic cut-points)
b. SURROGATE PARAMETERS FOR SARCOPENIA (clinical symptoms,
clinical suspicion or questionnaires (e.g. SARC-F in older subjects)

Both conditions (a+b) must be present to proceed with diagnosis

c. ALTERED SKELETAL MUSCLE FUNCTIONAL PARAMETERS

(Hand grip strenght, chair stand test). If yes, go to d.

d. ALTERED BODY COMPOSITION: 1%fat mass (FM) and | muscle mass
(MM: ALM/W by DXA or SMM/W by BIA)

Both conditions (c+d) must be present to assess the presence of
sarcopenic obesity (SO).

A two-level STAGING based on complications from 1 FM and |MM
— STAGE I: NO complications
— STAGE Il: at least one complication attributable to SO

(e.g. metabolic diseases, functional disabilities, cardiovascular and
respiratory diseases)

% ESPEN

T Evropaas Sceiets fr v Rutriven ave etabode

»

Donini LM, et al. Obes Facts. 2022 Feb 23:1-15. doi: 10.1159/000521241. il B0



[MaBodpuoioAoyia

. B4 i,

‘ Unhealthy diet ’ — [ Lack of exercise

I —

Omental fat deposition 4 Metabolic rate ¥
Ectopic fat deposition 4 Physical activity ¥
Insulin resistance 4 Anabolic hormons ¥

—| Sarcopenic Obesny

|
J
Pro-inflammatory cytokines "‘
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Fat ‘o ,_/ Adiponect ¥ Muscle
jo\\ / e Z
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. - Myostatin Mitochondrial dysfunction 4
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. . Oxidative stress 4
Accumulation of immune cells 4 FGF21 42 .
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Chronic inflammation 4 i )
Anabolic resistance 'y

Front Endocrinol (Lausanne). 2023 Jun 30;14:1185221



[MaBogualoloyia

Overeating <« Lack of exercise ¥
{ Protein intake = QLT CITERET LT TP H
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» owing to N | Physical function
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* Other organs
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L function

Fat oxidation —— Lipolysis

Muscle

Nutrients. 2022 Mar 26;14(7):1384
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Ymoyia Zapkotevikng MNMaxvoapkiag

Table 1. Clinical symptoms or suspicion factors for the screening of sarcopenic obesity

Age >70 years
Chronic disease diagnosis (e.g., inflammatory diseases and organ failure or chronic disease) including but not limited to:
Chronic heart failure
Chronic kidney disease (particularly renal replacement therapy)
Chronic bowel failure or dysfunction
Chronic liver disease (particularly NASH and liver cirrhosis)
Chronic respiratory disease
Chronic neurologic and neurodegenerative diseases
Chronic cognitive impairment
Depression
Organ transplantation
Endocrine diseases (e.g., metabolic syndrome, diabetes mellitus, hypercortisolism, hypogonadism and corticoid treatment)
Osteoarthritis
Cancer (especially but not limited to chemotherapy of breast or prostate cancer)
Recent acute disease/nutritional events:
Recent hospitalization (particularly but not limited to COVID-19, ICU stay, surgery)
Recent major surgery or trauma with/without complications
Recent sustained immobilization or reduced mobility (e.g., trauma, fracture, orthopaedic disease)
Recent history of reduced food intake (e.g., <50% for >2 weeks)
Recent weight loss (including diet-induced voluntary weight loss and weight cycling syndrome)
Recent rapid increase in weight
Long-standing restrictive diets and bariatric surgery
History — complaint of:
Repeated falls
Weakness, exhaustion
Fatigability
Perceived progressive movement limitations

Obes Facts. 2022;15(3):321-335



Alayvwon 2apkomevikng Naxvoapkiag

* High BMI or WC (based on ethnic cut-points)
* Surrogate parameters for sarcopenia [clinical symptoms, clinical suspicion or
SCREENING |I=b ek pental P &

guestionnaires (e.g. SARC-F in older subjects)]
Both conditions must be present to proceed with the diagnostic process.

It will be performed in two steps:

1. ALTERED SKELETAL MUSCLE FUNCTIONAL PARAMETERS considering strength
(HGS, chair stand test)

If muscle functional parameters suggest the presence of SO, the diagnostic
DIAGNOSIS process will continue considering body composition.

2. ALTERED BODY COMPOSITION: increased FM (FM%) and reduced muscle mass
assessed as ALM/W by DXA or as SMM/W by BIA

Both altered body composition and altered skeletal muscle functional
parameters should be present to assess the presence of SO.

A two-level STAGING should be performed, based on the presence of
complications resulting from high FM and low ASMM, to better mirror the

W progression/severity of SO:
*STAGE I: NO complications
*STAGE IlI: presence of at least one complication attributable to SO (e.g.

metabolic diseases, functional disabilities, cardiovascular and respiratory
diseases).

Obes Facts. 2022;15(3):321-335



latpikr tng akpipelag

Genomics
| Il llll' 1' Studies the structure, function, evolution, and mapping of genomes and their effect on health and

disease.

Aoppavel urtoPn tnv ATopky PeTaBANTOTNTA
v’ Tevetiko unopabpo

/ Epigenomics
\/ ET[LVEVETLKE,(; a}\}\avéq ( L Studies the complete set of epigenetic modifications on the genetic material. Epigenetic
s , modifications are posttranslational modifications that affect protein synthesis and cell
v Evtepko pKpoBiwpa e function.
v NepBdaiiov
v ’ ’ y Pharmacogenomics
TpOT[O anq = Studies the individual's genetic attributes and their effect on the response to
v' Anavinon otnv GopUaKeUTIKA aywyn RS therapeutic drugs.
p . , _ Nutrigenomics
ZTOXEUEL GTnV Ka}\UTepn otpaTnVLKn Studies the role of nutrients and bioactive food components in gene expression.

* Mpoyvwong

* Aldyvwo _
IV NG , Microbiomics
o |_|p0}\l’] LI) n(; KO eepaT[ELOL(; e r Studies the structure, function, and dynamics of a microbial community and its

interaction with its host.

Mo kdBe acBevn Eexwplota oo

Metabolomics
| B Studies the chemical processes within cells, biofluids, and tissues. These processes are influenced
\ o by genetic and environmental factors

/ —

From Obesity to Diabetes. Cham: Springer, 2022



Transcriptome
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Fig. 1 - Tools of precision medicine.
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Fig. 3 — Factors affecting omics signature.

Med J Armed Forces India. 2021 Jul;77(3):249-257
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Fig. 4 — Translation of genetic polymorphisms to
observable phenotypes.

Med J Armed Forces India. 2021 Jul;77(3):249-257



( OMICS IN PRECISION MEDICINE )
(TRANSCRIPTOMICS)  (PROTEOMICS)
The study of the complete The study of the The study of the
set of all the ribonucleic expression of a large structure, function,
acid [RNA] molecules number of proteins in and interactions of
expressed in biological a biological sample. all genes in the

samples.

human genome

J Clin Med. 2023 Feb 23;12(5):1799

1

(METABOLOMICS )

The comprehensive
assessment of the
expression of small
molecules and metabo-
lites in biological
samples.



Living and working
conditions

Age, sex and
constitutional
factors

From Obesity to Diabetes. Cham: Springer, 2022



latpikr) TNC akpifelag

2TOXO0C TNC LATPIKAC TNC akpiBelag eivat n eéatopikevon twyv Bepamelwy Kal n BeAtiwon g
ATOTEAEOUATIKOTNTAC TNC Oepameiag, MPEWVOVTAC TIC TIAPEVEPYELEC KAl TAPEXOVTIAC TIO

oToXevpEVN hpovtida



One size fits all
medicine

Stratified Precision
medicine medicine

4
5 ) ﬁ

- » J L J

Diabetologia. 2022 Nov;65(11):1913-1921
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[MpoAnyn

Precision prediction
Optimising the prediction of incident disease by assigning precise estimates of a person’s lifetime risk of disease and time to disease onset

& A\

|
Contemporary medicine — —

Disease onset Diagnosis Death

Precision medicine— —
Disease Diagnosis Death
onset

Life course

Diabetologia. 2020 Sep;63(9):1671-1693



e T
Alayvwon
Precision diagnostics

Refining the characterisation of cardiometabolic disease to optimise therapies or prognostication using information about a person’s biology, environment, clinical
characteristics, social factors, or other features of their context

| | > ||||I|||

Probability scores

| i
fiim i
Epidemiologjical Probability based Diagnostics % E
evaluation on clinical features testing
A precision diagnosis is a probability-based decision, typically made at a specific point in
the natural history of a disease, and neither an absolute truth, nor a permanent state

Subclassification

Diabetologia. 2020 Sep;63(9):1671-1693



[MTpoAnyn kat Beparneia

Th hl f' " _w d. "
a |Erarchy OT precision medicineg Precision therapeutics

Optimise therapy using information about a person’s
biology, environment, clinical characteristics, social

%) factors, or other features of a person’s context
— ‘e, @ =
Precision prevention ﬁc_,_‘)fr O Precision treatment
Determine most likely responses to health interventions o) | E Optimise treatment to achieve treatment
and risk factors, optimise interventions, and minimise »{“__:;? | 1] goals while reducing unnecessary
risk factor exposures for a given individual | side-effects

v v v v
E*@ @@% Y® 8 A

Pharmaceuticals Risk factor avoidance Lifestyle Monitoring Treatment efficacy Minimise side-effects

interventions
Dd' ®J[ @ } { @ } Precision monitoring might include detailed

assessments of biological markers, behaviour, diet, sleep,
‘ @ Lﬁj % i and psychophysiological stress

Diabetologia. 2020 Sep;63(9):1671-1693




[TpOyvwaon Tngvooou

Precision prognostics
Improve the precision and accuracy with which a person’s disease-related outcomes are predicted using information about their biology, environment, clinical characteristics,
social factors, or other features of a person’s context

@’ Hypoglycaemia 4\; Neuropathy
6‘:9 Cerebrovascular disease é%) Adverse treatment effects

@ Retinopathy +@+ Patient-centred outcomes

d Cardiovascular disease Death

ﬂ["*j Nephropathy

Biological, clinical, and contextual characteristics Predictive algorithm

Diabetologia. 2020 Sep;63(9):1671-1693



Vertical

Understanding integration of

the disease

(risk factors,

mechanisms,
natural history)

TR
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and generation
of algorithms

Patient
engagement

Clinician education HEA

Patient
feedback

Y *

e —O—O

&

Identifying disease-

Regulatory
specific biomarkers engagement

Diagnostic, monitoring,
predictive, prognostic,
pharmacodynamic / response,
safety, susceptibility, surrogate
endpoint
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Testing single
biomarkers or
biomarker sets in
intervention trials

Diabetologia. 2020 Sep;63(9):1671-1693
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Cell Metabolism

Cardiometabolic health improvements upon dietary
intervention are driven by tissue-specific insulin
resistance phenotype: A precision nutrition trial

In brief

Trouwborst, Gijbels, and Jardon et al.
included 242 adults with tissue-specific
insulin resistance in a 12-week precision
nutrition trial. Here, they demonstrate that
modaulation of macronutrient composition
within the dietary guidelines based on
tissue-specific insulin resistance
phenotype enhances cardiometabolic
health improvements.

PRECISION
NUTRITION n

y

r/ METABOLIC PHENOTYPING \

. STUDY POPULATION |

Women and men
40-75 years
BMI 25-40 kg/m?
n=242

MUSCLE H LIVER
INSULIN RESISTANCE INSULIN RESISTANCE

i

LOW-FAT, HIGH-MUFA
HIGH-PROTEIN, DIET

HIGH FIBER
DIET

12-WEEK DIETARY INTERVENTION ‘

Isocaloric 3\
Dutch dietary guidelines
Intensive dietary counselling
LOW-FAT, HIGH-MUFA
HIGH-PROTEIN, DIET

ENHANCED CARDIOMETABOLIC IMPROVEMENTS HIGH FIBER

S —

N\

AN

X
“ INSULIN SENSITIVITY &

» GLUCOSE HOMEOSTASIS
> B

CRP TAG

DIET

4

/

7

Cell Metab. 2023 Jan 3;35(1):71-83.e5




Screening

Men and women
40-75 years old
BMI 25-40 kg/m?

Ccwi1

cw2

PhenoDiet Low-fat, high-protein, high- fiber diet
=877 group B
Rl=cy High-MUFA diet
I I |
Week -12 to -2 Week 0 Week 12
Clinical test days Home days Clinical test day
T T T T T T
Day 1 Day 2 Day 3 Day 4 Day 5 Day 6
Body composition Glucose Challenge test
& ectopic fat metabolism High-fat mixed meal
DXA 7-point OGTT
MRIEMES LRSI Cardiometabolic
parameters
Questionnaires Blood lipids and
Quality of life inflammatory markers
Well-being Blood pressure

0

Sleep and fatigue

Continuous glucose monitoring (6 days)

Physical activity monitoring (~14 days)

Cell Metab. 2023 Jan 3;35(1):71-83.e5

Study design of the PERSON study

Primary outcome: Disposition
index - a composite measure of
insulin sensitivity and insulin
secretion
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Genetic determinants of cardiometabolic risk: A proposed
model for phenotype association and interaction

Piers R. Blackett, MD, Dharambir K. Sanghera, PhD*

Department of Pediatrics, 940 Stanton L. Young Boulevard, Room. D317 BMSB, University of Oklahoma Health Sciences
Center, Oklahoma City, OK 73104, USA

KEYWORDS:

Coronary artery disease:
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Environment

Abstract: This review provides a translational and unifying summary of metabolic syndrome genetics
and highlights evidence that genetic studies are starting to unravel and untangle origins of the complex
and challenging cluster of disease phenotypes. The associated genes effectively express in the brain,
liver, kidney, arterial endothelium, adipocytes, myocytes, and 3 cells. Progression of syndrome traits
has been associated with ectopic lipid accumulation in the arterial wall, visceral adipocytes, myocyles,
and liver. Thus, it follows that the genetics of dyslipidemia, obesity, and nonalcoholic fatty liver disease
are central in triggering progression of the syndrome to overt expression of disease traits and have be-
come a key focus of interest for early detection and for designing prevention and treatments. To support
the “birds’ eye view" approach, we provide a road-map depicting commonality and interrelationships
between the traits and their genetic and environmental determinants based on known risk factors, met-
abolic pathways, pharmacologic targets, treatment responses, gene networks, pleiotropy, and associa-
tion with circadian rhythm. Although only a small portion of the known heritability is accounted for
and there is insufficient support for clinical application of gene-based prediction models, there is direc-
tion and encouraging progress in a rapidly moving field that is beginning to show clinical relevance.
© 2013 National Lipid Association. All rights reserved.
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Special Issue: Systems Approach to Metabolic Disease

GWAS as a Driver of Gene

)ISEases

Discovery In Cardiometalbolic

Cardiometabolic diseases represent a common complex disorder with a strong
genetic component. Currently, genome-wide association studies (GWAS) have
yielded some 755 single-nucleotide polymorphisms (SNPs) encompassing 366
independent loci that may help to decipher the molecular basis of cardiome-
tabolic diseases. Going from a disease SNP to the underlying disease mecha-
nisms is a huge challenge because the associated SNPs rarely disrupt protein
function. Many disease SNPs are located in noncoding regions, and therefore
attention is now focused on linking genetic SNP variation to effects on
gene expression levels. By integrating genetic information with large-scale gene
expression data, and with data from epigenetic roadmaps revealing gene
regulatory regions, we expect to be able to identify candidate disease genes

and the regulatory potential of disease SNPs.
Trends Endocrinol Metab. 2015 Dec;26(12):722-732
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Linkage disequilibrium (LD) is a measure of non-
random association between segments of DNA
(alleles) at different positions on the chromosome
(loci) in a given population based on a comparison
between the frequency at which two alleles are
detected together at the same loci versus the
frequencies at which each allele is simply detected
(alone or with the second allele) at that same loci.
Loci are said to be in linkage disequilibrium when the
frequency of being detected together (the frequency
of association of their different alleles) is higher or
lower than expected if the loci were independent and
associated randomly
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Selection of GWAS studies reported in
GWAS catalog by July 2015 for metabolic
diseases/traits: BMI, WHR, obesity (case/

control), HDL, LDL, VLDL, IDL, TC, TG,
GLU, INS, HOMA-IR, HOMA-B, T2D, CAD/
CHD, ML, IS, CIMT, plaque

Missing
studies in the
catalog [12,
13,15,17]

2040 SNPs
selected from
125 papers

I_l

Filtering SNPs on:
Population (Caucasians only)
GWAS significant threshold (P < 5 x 107%)
— 940 remaining SNPs

Grouping SNPs into four major phenotypes:
285 SNPs for obesity (BMI, WHR, Obesity case/control),
287 SNPs for lipids (LDL, HDL, VLDL, IDL, TC, TG),
122 SNPs for T2D (GLU, INS, HOMA-IR, HOMA-B, T2D) and
86 SNPs for CVD (CAD/CHD, M, IS, CIMT, plague)

Merging all SNPs — list of 755 Running DEPICT
unigue SNPs and 366 loci per trait

Merging DEPICT genes and
blood eQTL data in list of 755 SNPs

Trends Endocrinol Metab. 2015 Dec;26(12):722-732
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Graphical Abstract

Predictive accuracy of clinical risk tools with the addition of PRS
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Table 2 Potential clinical utility of cardiometabolic PRS

Primary Promote a healthy

prevention lifestyle
Enhanced prediction

Earlier therapeutic
interventions

Robust risk factor
control

Personalized screening

Cascade screening

Secondary Drug response

prevention

Disease progression

Disease complications

Communicating a patient’s risk may promote a healthier diet and increased exercise, although data
examining this are mixed.

For a number of cardiometabolic diseases, the addition of PRS enhances the prediction of classification.

Patients at high risk may benefit from early interventions, such as those at high risk of CAD.

Many cardiometabolic diseases are risk factors for other cardiometabolic diseases, such as hypertension for
coronary artery disease. Identification of those at high risk could facilitate more robust risk factor control,
e.g. lower blood pressure target for those at high risk of CAD.

Those at higher PRS may benefit from earlier routine screening to facilitate earlier intervention, such as
regular HbA1c screening. Although long-term data is required.

For patients who have a PRS that is similar to that inferred by monogenic risk. This may mean families may

benefit from screening, as is recommended for monogenic diseases

For some cardiometabolic diseases, there is an array of medication options. PRS may indicate which

medication or which combination of medicines is most beneficial.

At diagnosis, the trajectory of disease is largely unknown, PRS could indicate which participants will develop
mild or severe disease.

Prediction of complications from cardiometabolic conditions, such as ischaemic stroke in patients with atrial
fibrillation.

Eur Heart). 2023 Jan 7;44(2):89-99



The relationship of genetic risk score with
cardiometabolic risk factors: a cross-sectional
study

Fatemeh Gholami', Niloufar Rasaei’, Mahsa Samadi', Mir Saeid Yekaninejad?, Seyed Ali Keshavarz?,
Gholamali Javdan?, Zahra Karimi? and Khadijeh Mirzaei'~"

Abstract

Background & aims For more than eight decades, cardiovascular disease (CVD) has remained the leading cause of
death in the world. CVD risk factors are multifaceted, with genetics and lifestyle both playing a role. The aim of this
study was to investigate the association between a genetic profile risk score for cbesity GRS and cardio-metabolic risk
factors in overweight and obese women.

Methods The current cross-sectional study was conducted on 391 overweight and obese women. The genetic risk
score was created by combining three single nucleotide polymorphisms [MC4R (rs17782313), CAV-1 (rs3807992), and
Cry-1 (rs2287161)]. Anthropometric measurements, blood pressure, and some blood parameters were measured by
standard protocols.

Results A significant association between the GRS and some of cardiometabolic risk factors variables such as body
mass index (3=0. 49, 95%Cl=0.22 to 0.76, p <0.001), waist circumference (3=0. 86, 95%CI=0.18 t0 1.54, p=0.01),
body fat mass (3=0. 82, 95%CI=0.25 to 1.39, p=0.005), %body fat (3=0. 44, 95%CI=0.06 to 0.82, p=0.02), and hs-CRP
(B=046,95% C1=0.14 to 0.78, p=0.005) was observed in crude model. After adjustment for confounding factors

(age, BMI, and physical activity), a significant positive association was observed between BMI (p=0.004), WC (p=0.02),
body fat mass (p=0.01), %BF (p=0.01), hs-CRP (p=0.009), and GRS. In addition, we discovered a significant negative
association between the GRS and BMC (=-0.02, 95%C| = -0.05 t0 -0.001, p=0.04). But other variables did not show any
significant association with GRS among obese and overweight women.

Conclusion We found a significant positive association between GRS, including MC4R (rs17782313), CAV-1
(rs3807992), and Cry-1 (rs2287161) and cardiometabolic risk factors among overweight and obese Iranian women.

Keywords Cardiometabolic risk factors, Genetic risk score, Obesity

BMC Cardiovasc Disord. 2022 Nov 2;22(1):459



Table 3 Association of GRS on cardiometabolic risk factors among obese and overweight female subjects

Variables GRS

Crude Maodell

B 95l P-value B 95| P-value R2
BMI (Kg/m?) 049 0.22100.76 <0.001 042 0.13100.71 0.004
Body composition
WC (cm) 0.86 0.18t0 1.54 0.01 0.81 0.08to 1.53 0.02? 0.01 @STLKI"] ()'UO'Xé'[[O‘I’] |,|8 n Sp [l,l STpO
WHR (ratio) 0.12 -0.2010 0.45 0.46 0.004 0.00 to 0.008 0.07° 0.01 ' , ; ’
BFM (k) 0.82 0.25t0 139 0.005 0.79 0.19t0 1.39 0.01° 0.01 IJSGH G AVGAOVlG IJSUT] C YOCI) Wy,
BF (%) 0.44 0.06 t0 0.82 0.02 0.49 0.08 to 0.89 0.01° 0.01 zw U QTLKO U )\i.T[O U C ( AT[O’AUTOC
BMR (kcal) -1.49 -1095t0796 075 -4.66 -14.99 t0 5.66 0372 0.006 , , ,
BVC (9 002 044100005 012 002 005100001  0.04° 002 aplbpoc-fooootiaia  avaloyia)
SMM (kg) -0.01 -0.251t00.23 0.92 -0.09 -0351t00.16 046° 0.08 . ,
Blood pressure Kat YynAnc evatobnoiac CRP
SBP (mmHg) 0.62 -1.2010 2.44 0.50 -0.21 -2.1010 1.67 0.82 0.081 v e
DBP (mmHg) 0.20 -1.09t0 1.50 0.75 -047 -1.81t00.86 048 0.071 . .
Blood parameters |_|8p18KTlKO'[I’]'[Cl TOU OO0OTOoU O©€
FBS (mg/Dl) 0.54 -0.85101.95 0.44 0.26 -1.13t0 1.66 0.71 0.10 Cl)\
Total cholesterol (g/dl) -3.63 -8.74101.47 0.16 -3.78 ©.09101.53 0.16 0.09 ata
TG (mag/dl) 2.28 768101225 065 112 965 t0 11.90 0.83 0.07
HDL (ma/dl) -1.13 26610040 0.14 042 -2.05t01.21 061 0.008
LDL (mg/dl) 25 -5.95100.92 0.15 -2.24 -5.81101.31 0.21 0.084
hs-CRP (mg/L) 046 0.14t00.78 0.005 044 0.11t00.78 0.009 0.15
HOMA index 0.04 01310023 0.61 -0.03 022100.16 0.76 0.10
Insulin (mIU/ ml) 0.01 -0.01t00.05 0.33 0.01 -0.02 t0 0.04 0.45 0.07
MCP-1 (ng/ml) 043 -8.21109.07 0.92 0.91 -8.00 10 9.83 0.84 0.009
Galectin3 (ng/ml) 0.09 09310 1.12 0.85 0.04 -1.171t01.26 0.93 0.03
PAI-1 (ng/ml) -0.68 38010243 0.66 -2.13 541t01.15 0.20 0.06

SD: Standard deviation; R2: R-squared; GRS: Genetic risk score; BMI: Body mass index; WC: waist circumference; WHR: waist height ratio; BFM: body fat mass; BF: body
fat; BMR: Basal metabolic rate; BMC: bone mineral content; SMM: skeletal muscle mass; SBP: Systolic blood pressure; DBP: Diastolic Blood Pressure; FBS: fasting blood
sugar; TG: Triglyceride; LDL: Low density lipoprotein; HDL: High density lipoprotein; hs-CRP: High-sensitivity C-reactive protein; MCP-1: monocyte chemoattractant
protein; PAI-1: Plasminogen Activator Inhibitor 1

1 Calculated by linear regression
Modell: Adjusted for age, BMI, physical activity, and energy intake

a BMI considered as collinear and this variable adjusted for age, physical activity, and smoking
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Metabolic health and cardiometabolic risk clusters:
implications for prediction, prevention, and treatment

Norbert Stefan, Matthias B Schulze

Among 20 leading global risk factors for years of life lost in 2040, reference forecasts point to three metabolic risks—
high blood pressure, high BMI, and high fasting plasma glucose—as being the top risk variables. Building upon these
and other risk factors, the concept of metabolic health is attracting much attention in the scientific community. It
focuses on the aggregation of important risk factors, which allows the identification of subphenotypes, such as people
with metabolically unhealthy normal weight or metabolically healthy obesity, who strongly differ in their risk of
cardiometabolic diseases. Since 2018, studies that used anthropometrics, metabolic characteristics, and genetics in the
setting of cluster analyses proposed novel metabolic subphenotypes among patients at high risk (eg, those with
diabetes). The crucial point now is whether these subphenotyping strategies are superior to established cardiometabolic
risk stratification methods regarding the prediction, prevention, and treatment of cardiometabolic diseases. In this
Review, we carefully address this point and conclude, firstly, regarding cardiometabolic risk stratification, in the general
population both the concept of metabolic health and the cluster approaches are not superior to established risk
prediction models. However, both subphenotyping approaches might be informative to improve the prediction of
cardiometabolic risk in subgroups of individuals, such as those in different BMI categories or people with diabetes.
Secondly, the applicability of the concepts by treating physicians and communication of the cardiometabolic risk with
patients is easiest using the concept of metabolic health. Finally, the approaches to identify cardiometabolic risk clusters
in particular have provided some evidence that they could be used to allocate individuals to specific pathophysiological
risk groups, but whether this allocation is helpful for prevention and treatment still needs to be determined.

Lancet Diabetes Endocrinol. 2023 Jun;11(6):426-440
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stratification in type 2 diabetes type 2 diabetes risk type 2 diabetes
Parameters Blood pressure, triglycerides GAD autoantibodies, HbA 94 independent type 2 Insulin sensitivity, HbA,, BMI, total
HDL-cholesterol, glycaemia BMI, age at diagnosis, diabetes genetic variants insulin-secretion index cholesterol,
insulin resistance, HOMAZ-B, HOMAZ2-IR and 47 diabetes-related using insulin and glucose HDL-cholesterol,
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(fatty liver) and at 120 min during aminotransferase,
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waist circumference, hip blood pressure
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Figure 4: Metabolic health and selected data-driven cluster approaches for cardiometabolic risk stratification
Depicted are the concept of metabolic health and four cluster approaches that were proposed for cardiometabolic risk stratification in patients at risk of diabetes or
with diagnosed diabetes. Metabolic health is defined by the most widely used methods,****** diabetes clusters have been proposed by Ahlqvist and colleagues,®®
genetic-based clusters in type 2 diabetes have been proposed by Udler and colleagues,® clusters with elevated type 2 diabetes risk have been proposed by Wagner and
colleagues,® and the two dimensional tree in type 2 diabetes has been proposed by Nair and colleagues.®* Displayed are the variables that were used for risk
stratification, the phenotypes or clusters that resulted from the methodological approach, and a summary about the possible application of these risk stratification
approaches. ++=well supported. +=supported. -
model assessment of insulin resistance. IR=insulin resistance. IS=insulin sensitivity. MARD=mild age-related diabetes. MOD=mild obesity-related diabetes. OGTT=oral
glucose tolerance test. Pl=proinsulin. SAlID=severe autoimmune diabetes. SIDD=severe insulin-deficient diabetes. SIRD=severe insulin-resistant diabetes.

Lancet Diabetes Endocrinol. 2023 Jun;11(6):426-440

not supported. ?=unknown. HOMA2-B=homeostasis model assessment of B-cell function. HOMA2-IR=homeostasis




JM

doi: 10.1111/joim.12859

Precision medicine in type 2 diabetes

® R. B. Prasad' (® & L. Groop'*?

From the !Genomics, Diabetes and Endocrinology, Department of Clinical Sciences, Clinical Research Centre, Lund University, Malmo,
Sweden; and “Finnish Institute of Molecular Medicine (FIMM), Helsinki University, Helsinki, Finland

Abstract. Prasad RB, Groop L (Lund University,
Malmo, Sweden; Finnish Institute of Molecular Med-
icine (FIMM), Helsinki University, Helsinki, Fin-
land). Precision medicine in type 2 diabetes
(Review). J Intern Med 2019; 285: 40-48.

The Precision Medicine Initiative defines precision
medicine as ‘an emerging approach for disease
treatment and prevention that takes into account
individual wvariability in genes, environment
and lifestyle for each person’. This approach will
facilitate more accurate treatment and preven-
tion strategies in contrast to a one-size-fits-all
approach, in which disease treatment and preven-
tion strategies are developed for generalized usage.
Diabetes is clearly more heterogeneous than the
conventional subclassification into type 1 and type
2 diabetes. Monogenic forms of diabetes like MODY
and neonatal diabetes have paved the way for

precision medicine in diabetes, as carriers of
unique mutations require unique treatment. Diag-
nosis of diabetes in the past has been dependent
upon measuring one metabolite, glucose. By
instead including six variables in a clustering
analysis, we could break down diabetes into five
distinct subgroups, with better prediction of
disease progression and outcome. The severe
insulin-resistant diabetes (SIRD) cluster showed
the highest risk of kidney disease and highest
prevalence of nonalcoholic fatty liver disease,
whereas patients in the insulin-deficient cluster 2
(SIDD) had the highest risk of retinopathy. In the
future, this will certainly be improved and
expanded by including genetic, epigenetic and
other biomarker to allow better prediction of out-
come and choice of more precise treatment.

Keywords: diabetes.




Table 1 Diabetes clusters, characteristics and outcomes

Cluster/

characteristics SAID SIDD SIRD MOD MARD
Phenotypic HbAlc High High Moderate Moderate Moderate

characteristics  Age at onset Early Early Late Late Latest

BMI Low Low High High (obese) High

GADA +{by definition) R - - -

ZnT8A autoantibodies  +{common) R - R R

Insulin deficiency ++ ++ +- + - + -

Insulin resistance + + +++ + +

Ketoacidosis at Frequent Frequent

diagnosis
Complications Complications Little risk of early  High risk of High risk of diabetic Little risk of Little risk of
development retinopathy kidney disease complications complications
of complications
Highest prevalence of
nonalcoholic fatty
liver disease
Treatment Insulin 42% 29% <4% =4% =4%
Need insulin Mistreated by Need treatment which  Lifestyle, Lifestyle, metformin
metformin, need enhances insulin metformin

often insulin

sensitivity

GADA, glutamic acid decarboxylase autoantibodies; MARD, mild age-related diabetes; MOD, mild obesity-related diabetes; SAID, severe autoimmune
diabetes; SIDD, severe insulin-deficient diabetes; SIRD, severe insulin-resistant diabetes; ZnT8A antibodies, zinc transporter 8 autoantibodies.
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\w Data collection There is still some light in the tunnel, mainly using
genetic variants to predict treatment responses,

that is, pharmacogenetics. Genetic variants regu-

52 R EBE lating genes encoding for proteins involved in drug
ﬂ transport or metabolism are plausible candidates.
L\

Metformin is the most commonly used drug for

treatment of T2D, and several studies have iden-
“Suhclassiﬁcation clustering

Pharmacogenetics

tified genetic variants which influence the glucose-
lowering effect of metformin. A variant in the

"“' ”” H”’ 'f*’*f QQ@@@ H"" SLC22A1 gene encoding for the organic cation

transporter 1 (OCT1), which is involved in trans-

Vcrnaractcrization of subtypes port of metformin into the cell, was associated with
response to metformin [49]. Similarly, a variant in

Ggugmics —— another metformin transporter, MATE1 (multidrug
Tj:ff;‘::im discovery and toxin extrusion 1), influenced response to
— | > ok X X X metformin in a small study.[S0]. The large met-
Proteomics formin consortium (MetGen) demonstrated that a
variant in the SLC2A2 gene encoding for glucose

\UV Pharmacogenetics transporter 2 (GLUT2) also was associated with

® ® ® o ® metformin response [51]. Finally, a GWAS explor-

ing glycemic response to metformin identified

s ¥ % ¥
""* "*’ “*” 99994 @Qfﬁ?@@ I variants near the ATM gene (Ataxia Teleangiec-

tasia) [S2].
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Figure 2 Derived from randomized clinical trials: the effect of
PCSK9 inhibitors (A and B) on major vascular events (coronary heart
death, myocardial infarction, coronary revascularization, stroke)
stratified by polygenic risk scores. Panel A shows the absolute risk re-
duction by polygenic risk score group in the FOURIER trial [absolute
risk reduction: 4% vs 0.7%, P=0.004, hazard ratio: 0.69 (0.55-0.86)
for high polygenic risk score]'®* and ODYSSEY OUTCOMES trial (ab-
solute risk reduction: 6% vs. 1.5%, interaction P = 0.04)."% High poly-
genic risk score was defined as top 20% in FOURIER, and top 10% in
ODYSSEY OUTCOMES. Panel B shows the hazard ratios for PCSK9
inhibitors in the high risk polygenic risk score groups in each trial:
FOURIER: hazard ratio: 0.69 (0.55-0.86), and ODYSSEY
OUTCOMES: 0.63 (0.46—0.86).

H peiwon améAvtou kwvdlvou epdaviong
Kapdlayyelakng vooou pe tn xpnon PCSK9
elvat peyaAutepn oe atopa pe vPnAo okKop
EKT(UNONC YEVETIKOU KIVOUVOU

Eur HeartJ. 2023 Jan 7;44(2):89-99



Challenges and Future Directions

> Access and Equity: Precision medicine requires advanced technologies, specialized expertise,

and data access, which may not be equally available across populations or regions

> Ethical and Privacy Concerns: The use of genetic data and patient information for precision

medicine raises concerns about privacy and potential misuse of sensitive health data

> Integration into Clinical Practice: Widespread adoption of precision medicine in routine care

requires overcoming barriers in terms of education, cost, infrastructure, and regulatory approval
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