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ABSTRACT

Obesity is an increasing health problem worldwide, causing a tremendous amount
of premature mortality and a wide range of morbidities, such as type 2 diabetes melli-
tus, coronary artery disease, cancer, as well as elevated blood pressure and its cons
quencs.In obese individuals, elevated blood pressure typically arises from a combi-
nation of mechanistand biological factors, particuldrdrmonal and metabolic
disturbances that promote the accumulation of viscelfaMeight loss is achieved,

blood pessure levels usually decrease as well. Ideally, complications could be
avoided by preventing weight gain in the first place; however, in general practice, we
are often faced with the need to treat obesity and its associated complications.

The aim of this thesis was to examine the effects of a comprehengesr tifes

style programme on blood pressure and body cormpasitiverweight individuals.

The aim waalsoto investigate the haemodynamic profiles associated with different
categories of abdominal obesity tmdvaluate the impact of sodium intake
whichis characteristically high in overweight individlwadsheregulation oblood
pressure and extracellular water balance.

In Study I, theomprehensive weiglatss programmef 134 participaniscluded

four visits with a medical doctor, five sessions with a dietitian offering dietary advice
and guidance on shopping behaviour, cooking classes, exercise sessions supervise
by a personal trainer, and group discusgMtogether 92 individuals completed

the oneyear programmeh@&teambased lifestyle management programme resulted

in a mean weight loss of 4.8ikgefition to treat approagh< 0.001), a reduction

in BMI of 1.7 kg/m? (p < 0.01), a decrease in waist circumference of 5.6 cm (p <
0.001), a reduction in body fat percentage by 5.0% (p < 0.001), and a decrease in
visceral fat content by 6.4p0< 0.001) Importantly, systolic blood pressure was
reduced by 8 mmHg (p < 0.001) and diastolic blood pressure by 6 mmHg (p <
0.001).

In Study 11, 541 volunteers not taking medications that directly affect cardiovascular
function underwent physical examinations and laboratory analyses. They were then



divided into ageand se»adjusted quartiles based on their waiseight ratio.
Whenhaemodynamically assessetligher waisb-height ratio waknked to ele-

vated blood pressure, increased systemic vascular resistance, and greater arterial stif
ness, but wasot associated with differences in cardiac sympathovagal modulation
or activation of the circulating refangiotensifaldosterone system. Although pre-

vious literature has characterised obresdied hypertension as having distinct phe-
notypic fatures, these findings suggest that its primary haemodynamic characteris-
tics resemble those of primary hypertension.

In Study Il the association betweenur urinary sodium (Njgexcretion, &e-
modynamics, and volume stau#s investigated 510 normotensive and never
treated hypertensive individuals, to determine whether excess sodium intake is linked
to elevated blood pressure in this population. Additionally, the findings were com-
pared with those from patients with primary aldosterohismesults showed that
extracellular water volume was higher in the highest tertile of sodium excretion com-
pared to the lowettrtile However, no differences were observed in aortic systolic

or diastolic blood pressure, heart rate, cardiac outpsttesn& vascular resistance.

In regression analysis, body surface area (reflecting individual sizepangd24

dium excretion emerged as independent predictors of extracellular water volume.
Notably, 24hour sodium excretion and extracellular watemeotlid not differ

between normotensive and hypertensive participants. In contrast, patients with pri-
mary aldosteronism had a 6.0% increase in extracellular water volume, although their
sodium &cretion did not correlate wigtracellular volume.

In condusion, this thesis supports the earlier esédleait blood pressure reduction

can be achieveldrough weight losédditionally, he thesislso identifies the pre-
dominant mechanism responsible for elevated blood pressure in abdominal obesity
namelyncreased systemic vascular resistance, and greater arteriahstiffrighs,

lights the influence of sodium intake on extracellular water volume, even in the ab-
sence of changes in blood pressure.
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THVISTELMA

Ylipaino on kasvava terveysongelma maailmanlaaihsegtaemerkittavasd en-
nenaikaista kuolleisuutta seka monia sairauksia, kuten tyypin 2 diabetesta, sepelvalt
motautia, syopaa seka kohonnuttanpaiaetta jsiihen liittyvidkomplikaatioita.
Ylipainoisilla henkil6illa kohonnut verenpgohtuu usein mekaanisista ja biologi-

sista tekijoista kut@ormonaalisisfa metabolisistakijoista, jotka liittyvat sisdelin-

rasvan kertymiseen. Painonpudotus johtaa usein myds verenpaineen laskuun. Ihan
teellisita olisi ehkaista lihominen jo ennalta, mutta kaytdnnén tydssa kohdataan
usein tarve hoitaa ylipainoa ja sen aiheuttamia lisasairauksia.

Taman vaitoskirjan tavoitteena oli selvittda vuoden mittaisealalaafaelaméanta-
paintervention vaikutuksia verenpaineeseen ja kehonkoostumukseen ylipainoisilla
henkililla. Lisaksi tutkittiin erilaiskeskivartalonHavuuskategorioiden verenkier-

ron saatelyyn liittyvia profiileja ja arvioitiin natriumin saannin vaikutusta verenpai-
neen ja solunulkoisen nesteen saatélygmumin saanti on tyypillisesti suurta yli-
painoisilla henkilGilla.

Tutkimuksessa | elaméantapainterventio sisalsi nelja laakarikayntia, viisi ravitsemuste:
rapeutin tapaamista (joissa annettiin ruokalgliasta ja neuvoja ostoskayttayty-
miseen), ruoanlaittokursseja, liikuntaharjoituksia henkilokohtaisen valmentajan joh-
dolla seka ryhmakeskusteluja. Tahan moniammatilliseen ohjelmaan sitoutuminen
johti keskimaarin 4,8 kg:n painonpudotukseen (p < 0,001), BMI:n alenemiseen 1,7
kg/mz (p < 0,001), vyotaronympéaryksen pienenemiseen 5,6 cm (p < 0,001), kehon
rasvaprosentin vahenerais®,0 % (p < 0,001) ja sisdelinrasvan maaran vahenemi-
seen 6,4 %p < 0,001)Systolisen verenpaineen la8kmnmHg ja diastolisen 6

mmHg olivat npos tilastollisesti merkitsefpé 0,001).

Tutkimuksessa |l 541 vapaaehtoista, jotka eivat kayttaneet verenkiertoelimistéon
vaikuttavia laékkeita, osallistui kehon koostumuksen tutkimuksiin ja laboratoriomit-
tauksiin. Heidat jaettiin ki@ sukupuolivakioituihin neljanneksiin vy@péingus-
suhteenperusteella. Hemodynaamisessa arvioinnissa hawediiiisyuurempaan
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vyotarépituussuhteeseen liittyi kohonnut verenpaine, lisdantynyt &areisverenkierron
vastus ja suurempi valtimojen jaykkyys, sen sijaan ei havaittu nmeydaksa
autonomisessa sdatelyssa tai verenkierronaagiotensiiraldosteronfarjestel-

man aktivaatiossa. Vaikka aiempi kirjallisuus on kuvannut lihavuuteen liittyvan ve-
renpaineen erityispiirteitd, naméaaianot viittaavat siihen, eitéavuuteen liittyvat
hemodynaamiset ominaisuudet muistuttavat ensisijaisesti essentiaalista (primaariste
hypertensiota.

Tutkimuksessa Il selvitettiin 24 tunnin virtsatriumin erityksen, verenkierron
saatelyn ja nestetasapainon valista yhteytta 510 heniigiléajgko normaale-
renpaingai hoitamain hypertensio. Tarkoituksena oli arvioida, liittyykd runsas nat-
riumin saanti kohonneeseen verenpaineeseen tassa vaestossa. Liséaksi tuloksia verr:
tiin primaaria aldosteronismia sairastaviin potilaisiin. Tulokset osoittivat, ettéd so-
lunulkoinen nestevolyymli suurempi korkeimmassa natriumin erityksen kolman-
neksessa prattuna alimpaan. Sen sijaan aortan systolisessa tai diastolisessa veren:
paineessa, sykkeessda, sydamen minuuttitilavuudessa tai &areisverenkierron vastu
sessa ei havaittu eroja. Regressioanalyysissa todettiin, etté ketlarfantalon

koon mittari)@ 24 tunnin natriumin eritys olivat itsenaisia solunulkoisen nestevolyy-
min ennustajia. Huomionarvoista oli, ettei natriumin eritys tai nestevolyymi eronnut
normaalipaineisten ja hoitamattomien hypertensiopotilaiden valilla. Sita vastoin pri-
maaria aldostansmia sairastavilla oli 6,0 % suurempi solunulkoisen nesteen maara,
ja heidan natriumin erityksenséa ei korreloinut nestevolyymin kanssa.

Yhteenvetona tama vaitoskirja osoittaayetéipainettacidaan tehokkaasti alen-
taapainonpudotuksen avullasaksi vaitds paljastaa vyotardlihavuuteen liittyvan ko-
honneen verenpaineen paaasialliset mekanismit ja korostaa natriumin saannin vaiku
tusta solunulkoiseen nestevolyyrainyos tilanteissa, joissa verenpaine ei ole ko-
holla.
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1 INTRODUCTION

Obesity is a very common health hazard and recognised as a diseasd @digady
by WHO [1]. Obesityis a chronic and a complex dise@tie comorbiditiesthat
increasethe risk follife-altering and potentiallyetfhreatening complications such
asheart attacks, strokes and ramalfficiency2]. Excessdiposity even in preo-
besity stagencreases thesk (of othel) for diseases like type 2 diabeteditus
(T2DM), cardiovascular dise#64/D), hypertension, certain types of cancer and
mental disordef2]. Prevention of obesity by healthy lifestyle and diet would be the
best alternative but quatten,we require methods for treating obesity. In the treat-
ment diet and exercis®ve a importantole and comprehensive lifestyle projects
are effective at least in short t¢8h The most effective way to treat obesity is
bariatric surgergJthoughthe newest medications have also gieaost identical
results in weight lo#].

About half of Finns over 30 years of age suffer from high blood p(&$3)j&
Hypertengin is one of the leading causes of death all over the world. The majority
of hypertensin has no known cause, but several unddidgittgssuch asigarette
smoking, unhealthy eating and drinking habits as well as lack of physical activity
contribute to its developmdfi. Known causes of hypertension fikeary aldos-
teronism PA) andsleep apnoeplain only less than half of all hypertercsieas

[7].

The role of salt in the diet has ofteenassumed to hawaamajor role in causing
hypertensiorand studies of salt reduction have shown some effect in Id®ring
but this has not been the case in all stf@j@kIn addition too little salt may be
harmful. Thebest way toneasuréhe amount of sodiumtake ingestejlis contin-
uous 24h urine sanmy [10] Someaecentdatasuggest that sodiucan bestored

in some parts of the badyndthe handling of sodium is more complicéteah
what was thought earl[@d]

Obesity and excess adipoaigalso considereakfactoss causing hypertensidh.
is assumed that obesity causes hypertension through several mg¢tRaribms
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more you eat the more salt you normally irgesal hyperfiltration and excessive
sodium absorption may also be one mechanism. Severahal mechanisms are
activated awell aghe amount of adipose tissue incredémgerthelesthe true
reason why obese people have hypertension is notwitbwertainty13]

Measurindunction of theheart andhe circulatory systemsingmodern methods

like impedance cardiography and pulse wave aceatysisvidemore detailed in-
formation ofthe regulation d@dPin obese peop[@4] Changes ifdid balance may
play an important role the prevention of thBF-increasing effectsf salt and
hence also iBPregulatior15] Thus, one potential research approach is to simul-
taneously estimate fluid balance aachbdynamic variables in lean and obese study
participants.

This thesis evaluatd effectiveness of a comprehensive lifestyle managemen
gramme fotreating obesitgndinvestigated whether elevated BP associated with
abdominal obesity exhibits distinct and specific characteristics when compared with
primary hypertension. As sodium intake, in addition to ingestion of calories, is char-
acteristically higher in obese thaleam individuals, the relationship between so-
dium intake on BP, cardiac output, systemic vascular resistance (SVR), or extracel-
lular wate(ECW)volume was examined in subjects naive to hypertensive medica-
tions.
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2 REVIEW OF THE LITERATURE

2.1 Cardiovascular impacbeay

2.1.1 Body mass indéwdy roundness indeaist circumfereneaist
toheight ratianddeterminants of abdominal obesity

Abdominal obesity refers to abnormal or excessive etiggmgaccumulatiom

the central part of the bofy6,17] Severe obesity is usually obvious just by looking
at the naked body but for scientific purposes more precise measanemasded

to compardifferent individuals arelaluatéheir obesityelated risk for cardiovas-
cular diseag&8] As a common, complexd costly disease, obesity has become a
significant threat to soeezonomic stability and public health worldwide over the
past few decadelbesity defined as body mass index (BMI) over 30 affects 800
million people worldwidé 9}

Obesity increases the risk of several debilitating and deadly diseases including diabe
tes, heart disease and some cancers. The risk of cardiovasculaoftsesskeis

pendent of other cardiovascular risk factors assogitit@thesityThe amount of

visceral fatan beconsidered amautonomougndocrinological organ and through
several mechanisms it has hazardous effienis vascular systd@0] As a serious

health hazardhe prevalence abesity has doubled since 128@ in 2015 high

body mass index (BMI) was estimated to account for 4 million deaths worldwide
[21}

Obesity among children has been lower than that amongvadigétfie increase

in the incidence afhildhood obesity in many countries has been greater than the
increase ithe incidence adult obesityHigh childhood measurekadiposityare
associated with increased oddswératardiovascular risk factorgpe 2 diabetes
mellitus T2DM) in children and adolescents often occurs in the presastenf

family historyor obesity and T2DNR2] More than two thirds of deaths related to
high BMlare due to cardiovascular diseasd tesity shortens the expected life
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span irbothmen and womef21] Obesity lead® multimorbidiy andpoor health
related quality of lif23] Obesity is also associated waitigma whicturther
impairghequality of life angredisposes tacreasg morbidity[24] Theaggregate
medical costs of adult obesitgrealmost$300 billionfrom 2001 to 2018 the
United States aloifi25]

The importance of body fat distribution as a risk factor for several dikeases
cardiovascular dise#6&/D), hypertension, stroke and T2Pdvidincreasedhor-

tality has been recognized for several defElem 1956, Jean Vague was the
firstto show the importance of fat distribution in relatiovatmus diseases, de-
VFULELQJ ZKDW KH WHUPHG 91DQ G[RERThese Bla3sHi-1J\Q R
cations were later interpreted by Kissebah and collgaassipper versus lower

body fat accumulation as reflected by a high or lowavigisircumference ratio

(WHR), respectively. The upper and lower body fat accumulation phenotypes were
based on body morphologyassessed by external anthropometric meastes

as skinfolds and circumferenj@¥§

%0, LV HDVLO\ FDOFXODWHG ZKHQ LQGLYLGXDOV: |
alsothe most widely used anthropometric indicator to define obdsitye

amount of evidenaxistan variouspopulationgbouthow high BMI alreacdst

young age predicts cardiovascular risk in later life. However, BMI provides only a
crude measure of obesity and fails to fully capture the heterogenous regional body
fat distributior{28] The anount of visceral fat and also the amount of

subcutaneous fat are measurable by imagiggetic resonance imadM&l)
andcomputed tomograph@T) are the most accurate techniques butiakdo

energy Xray absorptiometi{pXA) is used for this purpofz9]

Generally, the higher the BMI the higher risk for diabetes and heart disease but
some limitations to this do exist. BMI may overestimate body fat in athletes and
others who have a musculatd[80] On the other hand, it may underestimate
body fat in oldepersons and others who hawelergone significant losshafiscle
massBMI over 2%g/m2 is rated as overweight and BMI ovek@t?2 obesity.

BMI higher thar85kg/m2 oftenpredisposes tistinctive features like heart failure
with preserved ejectidraction[31]

Compared with BMI, waist circumference is strongly associated with abdominal fat

distribution and is a better indicator for abdominal oj@gjtyhe failure of BMI
to fully capture cardiometabolic risk is partially related to the fact that BMI in
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isolation is an insufficient biomarker of abdominal adiposity. Waist circumference
is a simple method to assess abdominal adiposity thatostasjardize and
applyclinically. Waist circumference is strongly assowititeadicauseand
cardiovascular mortality with or without adjustment for[BBJIHowever, the

full strength of the association between waist circumference with morbidity and
mortality is realized only after adjustment for [B¥}I

The waisto-height ratio (WHtR), calculated by dividing the waist circumference
(WC) by height, has recently gained attention as an anthropometric index for
central adiposity. It is an etsyse and less adependent index to identify

individuals witlincreased cardiometabolic i&laspective studies and meta

analysis in adults revealed that the WHtR is equivalent to or slightly better than
WC and superior to BMI in predicting higher cardiometaboljd5i86] In

children and adolescents, studies have shown that the WHtR is similar to both

BMI and WC in identifying those at an increased cardiometabohd/VidkR

cutoff of 0.5 can be used in different sex and ethnic groups and is generally
DFFHSWHG DV D XQLYHUVDO FXWRII IRU FHQWUDO
adults. Prospective studies antetaanalys in adults revealed that the WHIR is
equivalent to or slightly better than WC and superior to body mass index (BMI) in
predictingelevated¢ardometabolic ris85,36]WHtR may be preferres a

screening toddecause of its simplicity and because it does not requamgdsex
agedependent cutoffs; additionally, the simple message 'keep your WC to less than
half your heighis considereparticularly usef{7]

Because widely used BMI misclassifies some individuals forrelagsity
complicationsa newebodyshapeneasuremepbody roundness indéRRI),

was introduced over a decade ago to calautatee accurate result for weight
distribution. With BRI, weight is not part of the equation. Height, waist
circumference and optionally hip circumference are measured and plugged into a
formula to estimate the amount of visceral tissaenational cohort of 32 995
US adults duringnearly 2§ear perioch U-shaped association was found
between BRI and aause mortality. ThiBRI mayprovide a additiomlnon
invasive screening tool for mortality risdatior{38,39]Recentlya commission
of expertsrepresenting multiple medical specialities and cowsgriesd that
excess adiposity should be confirmed by either direct measofddnptfator

at least one anthropometric criterion (waist circumferencepvgistatio or
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WHTtR) in addition to BMI. Only when BMI is very high over 40kg/m2 can
excess adipositg taken as confirmézl.

2.1.2 Treatment obesity

The methods to decrease weight include dietary programs hieptaeaient di-

ets, commercial weiglbsing program&w energy dietbfestyle modificatioand

exercise trainings well asome effective pharmacotherapies which can help gaining
satiety and lose weigh0244] Surgical option in the form of bariatric surgery is

also availablend often considered the most effective alternative especially when it
comes to maintenance of weigtdwever,tiisonly an option tselected patients

usually with morbid obesiy5,46] Operative treatment targets mostly adult and
middleaged patients but sometimes also teenagers can be objects for bariatric sur-

gery[47]

The consequences of obesity are treated in the whole health care system;but obesity
related problems are most frequently seen in primard&aidodern lifestyle

makes treatment of obesity challenging becausenkigly nutrients are easily at-
tainable. On the other hand, exercise and jobs that have a lot of physical challenge
are quite rare in modern society. Practical and economically re@sogeaiyhs for

weight management are needed. Comprehensive interventions targeted to weight
loss should include three basic elements 1) rezhlogd diet, 2) increased physical
activity, and 3) behaural therapy to facilitate adherence to diet andtygioals

[19] These interventions should have a duration of more than six months and con-
tain an adequat@umberof contacts with healtareprofessionals argb on for

more than one year willeasmonthly contacts.

The ntensity of the intervention seems to correlate to thédongveight log§49]

A review including randomized clinical trials with overweight and obese patients
from primary care reported@@o 66 kg mean weight loss after 6 months and even
larger weight losses were detected in interventions that included all of the above 3
component$3]. The more experienced the interventionists were in the groups the
more weight loss was seen in the atten8aesessfubngterm results of eight

years in weight maintenance are possible when intensive lifestyle intervention is con-
tinued for a longer periollost interventions are run in primary ¢é4¢50,51]
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Generally, weigtdsing programs should not ordyy ona single method but
alsoapply comprehensiwtrategiesto be effective irattaininglongterm weight
loss. Lowfat-low-calorie diets usually faillongtermand approaches using only
supervised exercigaringa limited time are not useful in ldegm eithe{49,52]
Even pharmacological studies aiming to lose weight asatdipmore than one
methal at a time to lose weigli3] The real challenge after Joalorie diets or
pharmacotherapy is the maintenance of wéigjht

Two behaviaral interventions in obese patietgBvereckitherin persoror by
phoneachieved correspondingerageveight losses over two yea$sl (and-4.6
kg, respectively, while in the selfiirected control group weight loss was <y
kg[55] Traditional behavimal counselling has multiple components including goal
setting, selfnonitoring, problem solving, relapse prevention, stimulus control, feed-
back and support from the group leaders. Reviews on primary care programs for
weight loshiave shown thatounselling methods like motivational interviews that
do not contain specific behawi@ goals for energy intake or exenasealtednly
in minimalweight reductioand arghusconsidered less useful in weight manage-
ment[56,57]

Operative treatment of obesity is considered the most effective treatment option
for weightmaintenanclt,58] Patients with BMI more than K§/m2, or more than
35kg/m2 with a cemorbidity can be operatdd5] T2DM is consideresuch an
important comorbiditthat aBMI over 3(kg/m2 may be used as an indication for
bariatric surgemyhen greater efficacy in diabetes management is rgfl}ifid-
nificant weight loss @&ftenachieved in individuals who undergo bariatric surgery,
and it should therefore be conside®dn option when conservative treatment mo-
dalities failDue to the vast amount of morbidly obese individuals, it is impossible
to operate them all amdstrict evaluation of patients who are capable of changing
their eating habits adequatedssentigb0] Bariatric surgery is also associated with
a significant reduction BP [61]and improvements severapathophysiological
alterations for examptethe tone obympathetic nervosgstem (SNS)enafunc-
tion and systemic inflammatjevhich argrecipitated by obes[§2] Bariatric sur-
geryhasalsobeenshown tareducemortality in the long rui63,64]n a large meta
analysis lifexpectancy was 6.1 years longer in a cohort of operated severely obese
patients when comparedth nonsurgical treatment optiof@5] The preventive
effect may be even stronger if diabetes remission is aftg\eds also vital to
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combine healthy lifestyle counselling alongside with dietary guidance to bariatric sur-
gery toachievepositive result67]

Anothersurgicabption for weight loss &intragastridalloon thatsinserted via
endoscopy. It is considered a relatively safe option for weight loss to overweight and
obese patientwho araisuallyess significantly overweight tki@rse who are con-
sideredettercandidates for bariatric surgerya 12-month follow up (after which

the devicavas removed) the patierégperienced mean 15% weight loss in a fol-
low-up study[68] Safar,no followup-dataafter intragastric balloon odBPis avail-

able The efficacy athe newgeneration highly effective asttiesity medications
andthe mostprevalensurgical options have not yet been companedconsid-
eringweight loss or other endpoif@] Also a certain medical device delivering
orally administered expanding hydrogel capsules is used for w¢ifljt loss

Pharmacotherapy of obesity is one option for treating obesity usually when BMI
is more than 3Kg/m2 or more than 2Kg/mzif the patient has an additional health
hazard besides obesity €2PDM. Many previous human studies with-alogisity
drugs have shown unacceptabt@dences dcddverse events and despite useful for
some patienthhe medicationsave later been withdrawn from the mdikie7 4]

Recent advances in weilglss medications have been successful in showing
them as a true possibility to lose and maintain weight after a reasornatdistiiss.
naltrexone/bupropion, liraglutide, semaglutidd tirzepatide are available at the
market for this purposk addition phentermingopiramaténas beemsed in the
USseveral years and now it is also available farEgight loss. Metformin has
also in some studies like the By been useful for minor weight loss when
added to intensivdestyle interventiofy5] Orlistat in spite of aelatively weak
efficacyon weighowering hasaproven antdiabetic effed63]

Especiallglucagodike peptidel recepto(GLP-1R) agonists likieaglutide and
semaglutide are widely useddoicenveight loss argkverdirials have shown them
to be very effective in treating and preventing olfg8#8] The mechanism by
whichthese compounds induce weight ies®t yet completely understood. Loss
of appetite is evident but also other changes in gut hormone balance are involved
Of note, bariatric surgerglsochangegostprandiaGLP-1-levelsmarkedly{79]
GLP-1R agonists also lows# and promote Naexcretion.
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Accumulating evidence indicates that the next few years will be a period during
which novel pharmacotherapies for obesity may revolutionize the way we treat obe-
sitywith new combinations of gnbrmone stimulant&GIPR'GLP -1R duahgo-
nists or GIPR/GLP1R/GCGR triple agonist$$8,80] These combinations may
lead to greater efficacy in weight reducidramework for pharmacological treat-
ment of obesity and its complications was published from EASO in [&j@12025
Through improvements in body weiglis possible tsuccessfully prevent cardio
renal and metabolic complications of obesity including hyperterdiabetess
well aother cardiometabolic and liver comorbidities of olj@2jtWhatever strat-
egy is used on weight maintenance stigmatization should be [83)ifeture
obesity pharmacotherapy probably focuses more and more on the incretin hor-
mones, and bariatric surgery is predicted to play a lesser role, agémne ragxin
therapies combine multiple hormonal pathways to enhance both metabolic benefits
and waght los484,85]

2.1.3 Benefitof weight losscardiovascular burden

Decreasing body weight has usaghgsitive effect oBP, i.e. we can expect
lowerBP after successful weight |§88,87]Usually also other risk factors associ-
atedwith obesitylike high serum lipidgill befavourablychanged with subsequent
lowering otardiovascular risiter weight lo488] Several other diseaaks® ben-
efit fromintentional weight loss including slappoed89] heart failur¢d0] hos-
pitalization for atrial fibrillatid®1] T2DM [92]as well as sevetgbes ofcancers
[93205] Best results have been shown after atéwngweightmaintenancend
thishas beensually achievessing bariatric surgical methd@riatric surgery has
alsopresentetbestresultdor remission of diabetes as wefbashe prevention of
diabetic complicatiofi86,97]

Whatever method is used to treat obesity it is important that the results come from
the loss of white adipose tisslige excess of fat is stored in the bodspetific

places as white adipose tig8MAT). On the contrapybrown adipose tissue con-
sumes triglycerides and glucose and producéddjesttivation obrown adipose
tissuehas been hypothesized to contribute to-veidging health benefits in the
cardiovascular systefys. WAT in the human development baginallybeen use-

ful to free humans from constantly seeking fooalsiowadays rathéurned toa
significanhealth hazard. The balance between different adipose tissues is important
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in the regulation of human weiginid hadeen characterized ggnetic diversity
[20}

If bariatric surgenyas done irtheprediabetic phagsmost patientattainecdhormo-

glycemain a 4 year followp study{98] RouxenY gastric bypadsms also long
term efficacy in controllir®P when compared to medical therapy d62eGas-
tric bypass operatidras also beneficial effectpatientslipid-lipoproteinprofiles
[99]

2.1.4 Factors predisposingliesity

Energy intake and physical activities vary from day to day and over months to years
from one individual to another and still most adults maintain a stable bodyweight in
the long run. This stability is not a resuttasfsciousontrol but by regulatioof

energy intake and expenditure mediated by the control of peripheral organs (partic-
ularly adipose tissue, gastrointestinal aratpancreas) and brain areas involved in
satietysignalling58]

Intentional weighibss attempts lead to several neuroendocrine changes that may
limit the resultsf maintainindower body weighi the long runAmong these are

a reduction in the adipocyte hormone leptin, reduced energy expenditure, and in-
creased hunger and reduced safirgse changes persist after wesigtttilization

and would be expected to limit weight loss and oppose its mainteoaitive.

energy balance leading to obesity has complex causes and many interactions betwee
our biology and emenmentalbehaviouralsociocultural and economic factors are
involved[100] Environmental changes in modern societies are usually considered
the primary reason. Proposed drieéiacreaseébod consumption are increased

food availability, food marketing and pricing, portion sizes, energy density, ultra
processing of foods and other social and environmental changes including inade-
quate sleep, increased stress and exposure to erdisarfiieg chemicalgl012

104] Reduced physical activity over several decades has contributed to weight gain
in populationsll over the worl§iL05,106]

Biobank studies have showed interesting results of genes of obese people and dis-

covered many obes#gsociated lodespite the difficulties in validating causative
mutations and variants, genetic studies into both rare and common obesity over the
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past two decades have revealed two surprisingly cogent, overarching biological mes:
sages: first, the leptmelanocortin pathway is a key appetitive control circuit and
second, genes that are either enriched or exclusively expressed within the brain anc
CNShave a central role in obe§lify7]

2.1.5 Blood pressuyreypertension and obesity

Like obesity hypertension ialsoa keyunfavourabldealthvariable. Typically
poor health customs aadverséfestyle characteristics aftenclustered together
and so arthese two often presented togefh®B] Thera arseveratheories how
obesity can cause hypertendahtheexacimechanisms how obesity causes cardi-
ovascular disease are not completely understood. The association of obesity and hy-
pertension has be&nownsince the beginning of the twentieth century \Bifen
could be measured in populations. A prospective relationship between obesity and
BPwas noticed also in the Framingham Heart Study inshs[199] The nature
of this link is still somewhat obscure but after 1980°s several theories have been
presented to explain the relationship between these two complex health hazards.

Obese people have increased SNS activity, some evidence suggesting that higt
caloric loads increase peripheral noradrenaline turnover. High carbohydrate diets can
stimulate alphahnd betaadrenergic peripheral receptors which elevates the