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ABSTRACT

Background: The global prevalence of obesity is on the rise, contributing to an
increased incidence and prevalence of cardiovascular morbidity and mortality. Obesity
has adverse effects on cardiac structure and function, directly through a hemodynamic
overload, and indirectly through -cardiovascular risk factors and low-grade
inflammation. Nevertheless, epidemiologic studies have found that once
cardiovascular disease has developed, people with obesity may experience better
prognosis than those with normal weight; a phenomenon termed “the obesity paradox”.
Aims: The objectives of the present thesis were: 1) to investigate the effect of
surgically induced long-term weight loss on the incidence of atrial fibrillation and heart
failure; 2) to study possible mechanisms linking obesity to the development of heart
failure; and 3) to examine the prognostic significance of different BMI categories on
outcomes in a cohort of patients with ST-elevation myocardial infarction (STEMI)
treated with percutaneous coronary intervention (PCI).

Methods: We analyzed data from the Swedish Obese Subjects (SOS) study, a
prospective matched intervention study comparing bariatric surgery (n=2,010) and
conventional obesity treatment (n=2,040). The SOS data was merged with the Swedish
National Patient Register (NPR) and with the Cause of Death Register (COD). Data
from the SOS obese control group were used to study the link between obesity and
heart failure (n=2,040). Data from the Swedish Registry of Catheter-borne Coronary
Vessel Surgery (SCAAR) (n=25,384) were merged with the COD Register to study
the prognostic significance of different BMI classes.

Results: Surgically induced weight loss resulted in a significantly lower incidence
of atrial fibrillation and heart failure during long-term follow-up. Atrial fibrillation and
myocardial infarction, as time-dependent variables, were strongly related to incident
heart failure. In patients with STEMI treated with PCI, those with BMI > 30 kg/m? had
the best outcome in unadjusted analysis, but after adjustment for age and sex
individuals with BMI 25-30 kg/m? displayed the best prognosis. Underweight patients
with BMI < 18.5 kg/m? had the highest 30-day and 1-year mortality in both unadjusted
and adjusted analysis.

Conclusions: In people with severe obesity, bariatric surgery induced a substantial
and a sustained weight loss which resulted in a lower incidence of atrial fibrillation
and heart failure. Atrial fibrillation is probably reflected by diastolic dysfunction and
myocardial infarction is likely to be related to systolic dysfunction, proposing two
different mechanistic pathways for the development of heart failure. Overweight
displays the lowest risk for 30-day and 1-year mortality after PCI treatment of STEMI.
Keywords: obesity, bariatric surgery, atrial fibrillation, heart failure, risk factors,
myocardial infarction, ST-elevation infarction.
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Sammanfattning pa svenska

Introduktion: Den globala forekomsten av fetma dkar kontinuerligt, vilket bidrar
till 6kad risk for kardiovaskulér sjuklighet och dodlighet. Fetma har ogynnsam effekt
pa hjértats struktur och funktion, direkt genom 6kad hemodynamisk belastning, och
indirekt via oOkad forekomst av kardiovaskuldra riskfaktorer och laggradig
inflammation. Trots detta sd visar epidemiologiska studier att vid etablerad
kardiovaskuldr sjukdom s& har patienter med fetma béttre prognos 4n de som é&r
normalviktiga; ett fenomen som har bendmnts ” fetma paradoxen”.

Syfte: Syftet med denna avhandling var 1) att undersdka effekten fetmakirurgi pa
forekomsten av formaksflimmer och hjartsvikt; 2) att studera mdjliga patofysiologiska
mekanismer bakom sambandet mellan fetma och hjértsvikt och 3) att utréna effekten
av olika BMI-kategorier pa prognosen efter behandling av en ST-hdjningsinfarkt
(STEMI) med ballongvidgning och anldggning av stent (PCI).

Metod: Vi analyserade data frén den pégdende Swedish Obese Subjects (SOS)
studien, en prospektivt matchad interventionsstudie som jaimfor fetmakirurgi (n=2010)
med konventionell fetmabehandling (n=2040). For att undersoka forekomsten av
formaksflimmer och hjartsvikt slogs data fran SOS ihop med det svenska
patientregistret och det svenska dodsorsaksregistret. For att studera sambandet mellan
fetma och hjartsvikt ldnkades data frdn SOS kontrollgruppen till samma register.
Slutligen, for att undersdka den prognostiska betydelsen av olika BMI-kategorier pa
30-dagars och 1-arsoverlevnad efter PCI kopplades data fran det svenska
coronarangiografi- och angioplastikregistret (SCAAR) till det svenska
dodsorsaksregistret.

Resultat: Fetmakirurgi resulterade i lingvarig viktnedging samt ligre forekomst av
formaksflimmer och  hjirtsvikt. Formaksflimmer och  hjirtinfarkt som
tidsberoendevariabler var starkt relaterade till hjartsvikt. Patienter med BMI >30 kg/m?
som behandlades med STEMI hade den bésta 6verlevnaden i ojusterade analyser, men
efter justering for &lder och kon hade de med BMI 25-30 kg/m? det bista utfallet.
Magerlagda patienter med BMI <18,5 kg/m? hade den hogsta 30-dagars och 1-
arsdodligheten i bade ojusterade och justerade analyser.

Slutsats: Patienter med fetma som genomgér viktreducerande kirurgi uppvisar
betydande viktminskning som kvarstdr 6ver tid, vilket medfor minskad risk for
utveckling av formaksflimmer och hjartsvikt. Formaksflimmer dr sannolikt relaterat
till 6kad stelhet i hjartat (diastolisk dysfunktion) och hjértinfarkt ar kopplad till sémre
pumpforméga (systolisk dysfunktion), vilket indikerar tvéa olika mekanismer som kan
ge upphov till hjirtsvikt. Overvikt (BMI 25-30 kg/m?) uppvisar den ligsta risken for
30-dagars och 1-ars mortalitet efter PCI behandling av STEMI.
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ABBREVIATIONS

AF
Ang
BMI
CAD
cob
CRF
CRP
cv
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DSE
DVT
FFA
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GLP-1
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HDL
HF
HOMA-IR
ICD
IDF
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IL

ILI
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LDL
Lv
MetS
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NAFLD
NASH
NPR
OA
OSA
PCI
PE
PIN

Atrial fibrillation

Angiotensin
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Cause of death

Cardiorespiratory fitness
C-reactive protein
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Diabetes support and education
Deep vein thrombosis

Free fatty acids

Fat free mass

Gastric banding

Gastric bypass

Glucagon like peptide-1
Hepatocellular carcinoma

High density lipoprotein
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Homeostasis model assessment of insulin resistance
International Classification of Diseases
International Diabetes Federation
Impaired fasting glucose
Impaired glucose tolerance
Interleukin
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Insulin resistance

Low density lipoprotein

Left ventricular
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Non-alcoholic fatty liver disease
Non-alcoholic steatohepatitis
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Osteoarthritis
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Pulmonary embolism

Personal identity number
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Registry-based randomized prospective clinical trials
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INTRODUCTION

“THE GLOBAL OBESITY WARNING”

The incidence of obesity has increased worldwide in an exponential
manner with a global prevalence estimated to be 13% (1). This has led
the World Health Organization to declare obesity a global epidemic and
a worldwide public-health problem (2, 3). Accumulation of body fat is
the result of a positive energy balance, which is related to a multitude of
causes. Obesity has an impact on quality of life and is associated with
frequent occurrence of cardiovascular risk factors (4), co-morbidities (5)
and increased mortality (6). Globally, obesity-related mortality, has
become higher than death related to starvation. Considerable and
sustained weight loss has a beneficial effect on the co-morbidities and
reduces mortality (7).

HISTORY
“How the good became ugly then bad” - Garabed Eknoya

Early in the history of human evolution food was made available
through hunting and gathering. Collecting food, required a high amount
of physical activity and a precarious food supply lead to frequent periods
of food shortages. These conditions favoured survival in individuals
with the ability to conserve energy in the form of adipose tissue. As
such, humans developed control systems that favour energy intake and
storage, and reduced energy expenditure.

Later, with the development of agriculture, domestication of animals
and the technological advances of the eighteenth century, the food
supply increased gradually. Consequently, reduced physical activity and
readily accessible food, increased the prevalence of overweight and
obesity in the society. During this time the cultural perception of
corpulence was considered aesthetically desirable (8).

In the early nineteenth century the adverse medical consequences of
obesity started to become apparent. Today, with increasing sedentary
behaviour and easily available energy rich food, obesity has reached



epidemic proportions and is one of the leading health threats among the
world’s population (9).

EPIDEMIOLOGY

Since 1975, the worldwide prevalence of obesity has nearly tripled. In
2016, 39% of adults were found to be overweight, and 13% obese (10).
Over the past decades, the world has transitioned from a state where the
majority of the population was underweight to a situation in which
overweight and obesity have become more common (10). The global
prevalence of obesity during a forty-year period between 1975 and 2015
is shown in Figure 1.
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Figure 1. Global obesity prevalence between 1975 and 2015(11). Published with
permission from Springer Nature.

OBESITY IN SWEDEN

According to the Public Health Agency of Sweden
(Folkhdlsomyndigheten), the prevalence of overweight and obesity has
been slowly rising and now affects approximately 50% of Swedish
adults (Figure 2). The prevalence of obesity among adults has been
estimated to be 15%.
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Figure 2.  Prevalence  of  overweight in  adults in  Sweden.
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DEFINITION AND ANTHROPOMETRIC
MEASUREMENTS

Obesity is defined as excess fat accumulation for a given height, that
increases the risk for impaired health (12).

Body mass index (BMI)

BMI is the most widely used measurement to define and classify obesity.
It is calculated as weight in kilograms divided by height in meters
squared and categorized according to World Health Organization
recommendation (13). It is a measure of weight relative to height and
not a direct measure of body fat accumulation (Table 1).



Table 1. BMI classification according to WHO.

Classification BMI (kg/m?)

Underweight <18.5
Normal weight 18.5-24.9
Overweight 25.0-29.9
Obese
Class | 30-34.9
Class Il 35-39.9
Class Il 240

On the one hand, BMI is a convenient and simple index to monitor
obesity in a population and, therefore, widely used as an estimate of
body fat accumulation in epidemiological studies. Several reports have
found a dose-dependent relationship between BMI and adverse health
outcome such as mortality (14).

However, BMI, has its limitations as it doesn’t differentiate body fat
mass from lean body mass. A muscular person with little fat can have a
high BMI and be categorized as being obese despite a low degree of fat
mass. For cardiovascular clinical outcomes, a body fat distribution with
increased visceral adipose tissue has been shown to be an important risk
factor as compared to subcutaneous fat distribution, which is considered
to be more neutral with respect to health risks (15, 16).

Waist Circumference (WC) and Waist Hip Ratio (WHR)

Waist-hip ratio (i.e. the waist circumference divided by the hip
circumference) is a measure of body fat distribution. The ratio provides
an index of both intra- abdominal adipose tissue and subcutaneous fat
(17). Waist circumference represents an estimate of abdominal fat.

Waist circumference is measured in a standing posture at the midpoint
between the lower margin of the least palpable rib and the top of the iliac
crest. Hip circumference is measured around the widest portion of the
buttocks. Table 2 displays the cut off points of waist and waist/hip ratio
that have been associated with increased cardiovascular risk in males
and females, respectively(18).
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Table 2. WC and WHR cut-off points and risk of metabolic complications.

Indicator \ Cut-off point Risk for complication \
Waist circumference ::g 22 E\I\lﬂv; Increased

Waist circumference 218%2;:(%) Substantially increased
Waist-Hip Ratio ;8:2 22 E\I\I/Iv; Substantially increased

M, men; W, women
Skinfold measurements

Approximately 40% to 60% of total body fat is located in the
subcutaneous region. Therefore, measuring the sum of skinfold
thickness for assessment of body fat is frequently used (19). Most
equations use the sum of at least three skinfolds to estimate body
density, from which an estimate body fat amount can be calculated with
a reasonable degree of accuracy (20).

BODY COMPOSITION

Body composition is quantified as fat and fat-free mass (FFM). FFM is
equal to total body weight minus fat mass and includes the weight of
organs, skin, bones, body water and muscles (21).

BODY FAT DISTRIBUTION

Central fat distribution (android) within the abdominal region, known
as visceral fat, is related to increased risk for metabolic disturbances,
leading to cardiovascular disease, and increased all-cause mortality. In
contrast, fat accumulation in the gluteo-femoral region (pear) is
associated with reduced prevalence of cardiometabolic diseases as
compared with patients with a high waist circumference (22, 23)
(Figure 3).
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Figure 3. Android (apple) vs Gynoid (pear) body fat distribution.
Hlustration by Arwa Haamid.

Epicardial fat may have local effects on the myocardium, including
cardiomyocyte hypertrophy, myocardial fibrosis, and activation of
inflammatory pathways relating to macrophage infiltration and cytokine
gene expression (24).

In Gothenburg, a research group has shown that a higher ratio of
abdominal waist over hip circumferences (WHR), as a crude estimate of
abdominal fat, was predictive of a higher risk of coronary artery disease
(CAD) whereas no association was shown with BMI as a measure of
obesity (25).

MEASUREMENT OF BODY COMPOSITION

Apart from the anthropometric measurements mentioned above, which
all have limitations, other methods are available that more accurately
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determine fat amount and distribution. These include bioelectrical
impedance analyses and densitometry, imaging methods such as dual
energy X-ray absorptiometry (DXA), computed tomography scanning
and magnetic resonance imaging. These methods are either costly and/or
have a low availability, limiting their use in epidemiological studies

(11).

ADIPOSOPATHY

The adipose tissue organ is a storage depot for excess energy in the form
of triglycerides. The body fat undergoes a continuous turnover and
releases free fatty acids (FFA) and glycerol to meet the metabolic needs
of the body. However, a positive caloric balance in susceptible
individuals leads to excessive accumulation of adipose tissue
contributing to metabolic disturbances and in turn to cardiovascular
disease.

Deposition of ectopic fat is stored in organs other than adipose tissue
such as the liver, pancreas, heart, and skeletal muscle and may have a
local effect on these organs. In certain individuals there is also a shift
from subcutaneous to visceral fat which is stored in the intraperitoneal
and retroperitoneal spaces. Visceral fat is more strongly correlated to
adipokine dysregulation, insulin resistance, and inflammation than fat
located subcutaneously (16).

PSYCHOLOGICAL ASPECTS

People with obesity frequently face a negative attitude, prejudice and
discrimination due to a belief that obesity is evolved from, a lack of
willpower, laziness, and/or emotional turmoil (26). In some cases, obese
people have been confronted with similar preconceived notions when
consulting the medical profession, resulting in patients feeling
misinterpreted, humiliated, neglected and rejected(27). This exerts a
huge psychosocial burden on obese people, who struggle with issues
related to mood, self-esteem, quality of life, and body image. It has been
estimated that 20-60% of individuals with obesity suffer from a
psychiatric illness such as depression, anxiety, eating disorders and
substance abuse (28).

13



APPETITE REGULATION

The hypothalamus is the center for regulation of food intake and energy
metabolism (Figure 4). Signals increasing appetite are mainly mediated
by neuropeptide Y (NPY) and agouti-related regulatory peptide (AgRP).
Signals inducing satiety are mostly facilitated by pro-opiomelanocortin
(POMC) (29). The digestive tract communicates with the hypothalamus
via the vagus nerve which is stimulated by mechanoreceptors
responding to gastric distension, to chemical signals and to a variety of
local neurohormones (30). Examples of local gut peptides affecting
appetite include, gherelin, which enhances appetite and cholecystokinin
(CCK), peptide YY (PYY) and glucagon like peptide-1 (GLP-1), which
all suppress appetite. Adipocytes produce leptin which crosses the blood
brain barrier and suppresses the appetite by activating POMC neurons
and inhibiting NPY and AgRP neurons in the hypothalamus.

Hypothalamus

Blood circulation Vagal afferent nerve

1Gherilin

|CCK
IPYY
|GLP1

Figure 4. A simplified schematic illustration of appetite regulating mechanisms.
Adapted and simplified from Ueno et al., JDI 2016.
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ASYMMETRICAL REGULATION OF ENERGY
BALANCE

The regulation of energy balance has been found to be asymmetrical.
(Figure 5). The responses that counteract body fat accumulation during
times of overfeeding are rather weak regulatory responses aimed at
restoring energy balance, whereas the signals that arise during energy
deficit and resist weight loss are considerably more potent (31).

Leptin
Resistance-

potent
TRMR** apetite
inhibiting
Hedonic signal

Obesogenic Factors :
Environment Obesity Pathway

Sedentary
Behaviour
TEnergy
Intake
Genetics
and

Energy . Epigenetics
Deficit Resistance to

Weight Loss
/
a/
o

Resistance Pathway ‘

Figure 5. A schematic illustration showing regulation of energy balance. Adapted
from Hopkins and Bundel 2016. *Free fat Mass **Resting metabolic rate
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OBESITY AND CARDIOVASCULAR RISK FACTORS

Chronic accumulation of excess body fat induces metabolic changes,
leading to the development of CV risk factors and activation of low
grade inflammation (32). Obesity, and central obesity in particular, is
associated with hypertension, dyslipidemia, glucose intolerance,
increased levels of inflammation, obstructive sleep apnea, and a
prothrombotic state. Obesity is also associated with a progressive
decline in physical activity and cardiorespiratory fitness, and has itself
been shown to be and independent risk factor for CV diseases (33-35).
Obesity is associated with hemodynamic changes that affect left
ventricular structure and function (36). Augmented fat mass is linked to
increased total blood volume, decreased systemic vascular resistance,
and a rise in left ventricular (LV) stroke volume, cardiac output and LV
filling pressures. This in turn stimulates LV hypertrophy, left atrial
enlargement, and impaired LV systolic and diastolic function. Body fat
accumulation is also related to higher pulmonary pressure, greater right
ventricular end-diastolic volume and mass (35). The mechanisms by
which obesity may cause cardiac dysfunction are displayed in Figure 6.

Direct effects Indirect effects

Hemodynamic .
Hypertension
Neurohormonal activation

Myocardial fat infiltration, Diabetes Mellitus

Inflammation Dyslipidemia

Paracrine OSA

Figure 6. Visceral obesity and cardiovascular risk, a multifactorial and complex
mechanism. Adapted from Majorie Bastien et al, 2014 and Lavie et al. 2013.
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Hypertension

Individuals with central obesity have a 3-fold higher likelihood of
having hypertension as compared to those with normal body weight
(37). Among individuals with a BMI >30 kg/m? the prevalence of
hypertension was over 40% (38). Increased renal tubular sodium
reabsorption, mediated through activation of the renin-angiotensin-
aldosterone system (RAAS) (39) and increased sympathetic nervous
system (SNS) activity (40), have been suggested to play an important
role in linking obesity with hypertension.

Angiotensinogen (AGN) is produced in the liver and by adipocytes. It is
then transformed to angiotensin (Ang) I by renin, secreted by the
kidneys. Angiotensin converting enzyme (ACE) transforms Ang I to
Angiotensin II which is a powerful vasoconstrictor and promotes cardiac
myocyte hypertrophy and cardiac interstitial fibrosis (32). It has also
been shown that Ang II, interferes with preadipocyte differentiation to
adipocytes, and thereby contributes to the formation of large and
dysfunctional adipocytes (41). The expression of AGN is increased in
large adipocytes, which leads to activation of RAAS, a mechanism
involved in obesity-associated hypertension (32).

Dyslipidemia

Dyslipidemia in obesity consists of increased triglycerides (TG) and
fatty free acids (FFA), decreased high density lipoprotein (HDL) with
HDL dysfunction and normal or slightly increased low-density
lipoproteins (LDL) with increased small dense LDL (VLDL). The
concentrations of plasma apolipoprotein (apo) B are also often
increased, partly due to the hepatic overproduction of apo B containing
lipoproteins (42). HDL-cholesterol has demonstrated protective
properties against atherothrombosis. In contrast, low levels of plasma
HDL-cholesterol are associated with CAD and are a better predictor of
ischemic heart disease than LDL-cholesterol levels (43). From a clinical
standpoint, low levels of HDL-cholesterol are rarely an isolated finding,
and frequently associated with high triglycerides (TG), high Apo B, and
increased insulin resistance (32).

Weight loss by increased exercise and improved dietary habits lead to

improvement in the lipid status. Medical therapy can be initiated if
lifestyle changes are insufficient. Statins, reduce LDL and remnant

17



cholesterol levels. Combination of statins and fibrates are used TG
levels are high and HDL-cholesterol levels are low (44).

Insulin resistance and T2D

Normal regulation of glucose metabolism is determined by the islet -
cell response and tissue sensitivity to insulin. When insulin resistance is
present, the B-cell maintains normal glucose tolerance by increasing
insulin output. In the presence of obesity-related insulin resistance, the
B-cell becomes incapable of releasing sufficient insulin leading to
increased glucose levels, prediabetes and T2D (45). Abdominal obesity
is associated with prediabetes, defined as IFG > 6.1 mmol/L and/or
impaired glucose tolerance (IGT) [7.8 mmol/L-11.0 mmol/L].
Prediabetes is a risk factor for diabetes and cardiovascular disease (46).

The earliest detectable metabolic defect in patients with obesity is
augmented insulin resistance (IR) (47). The adipocytes in central obesity
are dysfunctional and increase the rate of lipolysis leading to elevated
plasma FFA concentrations (48) which inhibit insulin stimulated
peripheral glucose uptake. This causes peripheral and hepatic insulin
resistance. The consequences are overproduction of hepatic glucose and
underutilization of peripheral sugar giving rise to T2D (49).

It has also been shown that central obesity is associated with an
increased prevalence of T2D. For a given BMI value, the WC in patients
with diabetes was higher (50). In another study, the risk of developing
T2D increased by 20% for each increase in a BMI unit (51).
Approximately 50% of patients with T2D have obesity (52).

The higher the BMI, the greater the IR (53). IR develops due to higher
FFAs levels and elevated inflammatory markers. CRP and TNF-a
mediate the development of T2D in individuals with obesity (54, 55). IR
and a deficit in insulin secretion due to decreased pancreatic P-cell
function are mechanisms underlying the development of T2D in obese
people (56).

Metabolic Syndrome

Metabolic syndrome (MetS) is a constellation of cardiovascular disease
risk factors comprising central obesity, systemic hypertension, IR and
atherogenic dyslipidemia (specifically hypertriglyceridemia and
reduced levels of high-density lipoprotein cholesterol). The syndrome

18



has been defined by various organizations that have used different
criteria. One of the most widely used definitions from the International
Diabetes Federation (IDF) 2005 is displayed in Table 3. Increased
sedentary lifestyle is a major factor for increased prevalence of MetS
which can be prevented by physical exercise and dietary treatment.

Table 3. IDF classification of MetS.

Waist > 94 cm for men or > 80 cm for women along with

the presence of two or more of the following:
Blood glucose > 5.6 mmol/L or diagnosed diabetes

< 1.0 mmol/L in men, < 1.3 mmol/Lin women or
drug treatment for low HDL-C

Blood > 1.7 mmol/L or drug treatment for elevated
triglycerides triglycerides

> 130/85 mmHg or drug treatment for
hypertension

HDL cholesterol

Blood pressure

Inflammation

Central obesity is associated with increased circulating levels of
interleukin (IL)-6, tumor necrosis factor- @« (TNF-« ), and C-reactive
protein (CRP) (57, 58). It has also been shown that the severity of the
metabolic syndrome, is positively related to CRP levels (59). Leptin, an
adipokine produced by adipose tissue, has been shown to be an
independent predictor of CVD (60). Another adipokine with anti-
inflammatory activity, adinopectin, was shown to be positively related
to the risk of cardiovascular events in patients with established CAD

(61).
Prothrombotic state

Obesity is associated with an increased risk for venous
thromboembolism (VTE) (62) which encompasses two distinct clinical
entities: deep vein thrombosis (DVT) and pulmonary embolism (PE). A
meta-analysis has shown that the likelihood of a first spontaneous VTE
among people who are obese was more than twice that of individuals
with a normal BMI (63). The relative risk of unprovoked PE is raised by
8% per 1 kg/m? increase in BMI and approaches a nearly six fold greater
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risk among individuals with a BMI > 35 kg/m? (64). Intentional weight
loss and physical activity reduce the risk for VTE among people with
obesity (65).

Hemodynamic overload

Increase in body weight leads to a higher metabolic demand which
results in increased blood volume and cardiac output (66-68). A higher
BMI is directly related to an increase in renal tubular sodium
reabsorption which leads to sodium retention and subsequent plasma
volume expansion (69, 70). Thus, obesity contributes to a higher cardiac
output, increasing the preload and augmenting the cardiac workload
leading to greater LV mass (71). Volume overload leads to eccentric
cardiac hypertrophy with enlarged chambers and normal wall thickness
(72).

Under these conditions cardiac afterload is also elevated. This is
because systemic peripheral resistance does not decline to the same
degree as the rise that occurs in cardiac output (73). A higher BMI is
associated with increased blood pressure (37) and pressure overload
results in a concentric hypertrophy a phenotype characterized by thick
ventricular walls and normal LV volume (74-76). As a consequence,
obese people may display a combination of eccentric and concentric LV
hypertrophy (77).

Abdominal adiposity shows a stronger relationship with concentric LV
remodeling, including greater left ventricular mass, but also increased
left ventricular end diastolic volume. The degree of abdominal adiposity
is positively correlated with the ejection fraction whereas, the duration

of overall obesity was inversely associated with a lower ejection fraction
(78).

OBESITY AND CARDIOVASCULAR DISEASE (CVD)
Atrial fibrillation (AF)

Obesity is a risk factor for AF. It has been shown that for each increase
in one unit of BMI, the risk for AF rises by 4%. Further, obesity
independently predicts a transition from paroxysmal to permanent AF
and is also associated with a higher recurrence rate and greater burden
of AF (79-81). Obesity contributes to the development of AF through
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comorbidities like hypertension, coronary artery disease, diabetes
mellitus, obstructive sleep apnea, and congestive heart failure (82, 83).
It is plausible that significant weight reduction would reduce the risk of
new-onset AF, but there is little evidence to support such a belief.

Heart failure (HF)

Obesity is associated with a two-fold higher risk of developing heart
failure compared to normal weight (82). The risk of heart failure
increases by 5-7% for each increment of BMI (82). Furthermore, one
unit increase in BMI, has been shown to be associated with a higher risk
for future HF with preserved ejection fraction (HFpEF) compared to HF
with a reduced ejection fraction (HFrEF) (84). In men, a higher BMI
was independently associated with both HF subtypes where as in
women, BMI was associated with incident HFpEF but not HFrEF (84).

In the normal population, HF is represented by about one half HFpEF
and one half HFrEF (85). Patients with HFpEF are generally more
obese, older and have a higher prevalence of hypertension, diabetes, and
atrial fibrillation than those with HFrEF. Coronary artery disease and
coronary risk factors are clinical comorbidities in both, HFpEF and
HFrEF (86, 87).

Although obesity intervention can improve cardiovascular risk factors
and may have beneficial effects in patients with compromised cardiac
function there are no large controlled studies investigating the impact of
weight loss on the development of heart failure.

Coronary artery disease (CAD)

Obesity is an independent risk factor for CAD (88), and over 80% of
patients with CAD are overweight or obese. After diagnosis, obesity is
associated with accelerated progression of CAD (89, 90). Weight
control is considered to be of fundamental importance in primary
prevention aimed at reducing the overall incidence of cardiovascular
disease (91) and is also targeted in secondary preventive programs
intended to improve outcome in patients with established cardiovascular
disease (92, 93). Still, a certain hesitancy has arisen concerning the
beneficial effects of weight loss as a secondary prevention practice,
since several epidemiologic studies have suggested that obesity may be
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protective 1in patients with coronary artery disease undergoing
intervention (94, 95).

OBESITY AND OTHER CO-MORBIDITIES

Increase in total body fat, specifically abdominal fat, is associated with
an increase in health risk. The amount of body fat has been associated
with an increased risk of comorbidities like joint pains and osteoarthritis,
obstructive sleep apnea, non-alcoholic fatty liver disease and some types
of cancer.

Joint pains and osteoarthritis (OA)

People with obesity have a high prevalence of joint pain, especially in
the lumbar spine and knees, as well as OA in the hips and knees (96,
97). Obesity, apart from causing mechanical overload, causes release of
inflammatory cytokines including leptin and resistin which influence the
onset and worsening of OA through direct degradation of the joint or
stimulation of inflammatory processes (97). Weight loss through
bariatric surgery has been shown to improve OA symptoms (98).

Obstructive sleep apnea (OSA)

OSA is a condition characterized by repeated episodes of partial or
complete obstruction of the respiratory passages during sleep. People with
central obesity have a high prevalence of OSA. Accumulation of fat in the
upper body, especially around the neck, in the respiratory area and in the
diaphragm, gives rise to OSA (99, 100). A reciprocal relationship exists
between the development of OSA and its subsequent sleep fragmentation
which appears to accelerate weight gain. Many patients report rapid
increases in weight in the year prior to OSA diagnosis (101). There is
evidence linking OSA as an independent risk factor for hypertension (102),
atrial fibrillation, ischemic heart disease, stroke and mortality (103).

Non-alcoholic fatty liver disease (NAFLD)

The increase in the worldwide prevalence of obesity has led to an
increase prevalence of NAFLD which is estimated to affect around 25%
of the general population. In the western world, approximately 83% of
patients with central obesity have NAFLD which is one of the leading
causes of chronic liver disease. NAFLD is divided into a non-
progressive form of simple liver steatosis and a progressive form of non-
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alcoholic steatohepatitis (NASH) that can lead to cirrhosis,
hepatocellular carcinoma (HCC) and liver-related mortality (104, 105).

Cancer

It has been shown that an increase in BMI by 5 kg/m? in men is strongly
associated with esophageal adenocarcinoma, thyroid carcinoma, colon
cancer, and renal cancers. In women, a similar increase in BMI is
associated with endometrial, gallbladder, renal cancer and esophageal
adenocarcinoma (106).

METABOLIC HEALTHY OBESE (MHO)

MHO is a phenotype of obesity where individuals lack features of the
metabolic syndrome. Several definitions exist for MHO, but in studies
the most widely used classification requires the individual to have >2 of
the following five metabolic syndrome components: high systolic and
diastolic blood pressures, high plasma TG concentration, low HDL-C
concentration, high fasting blood glucose, and a large waist
circumference (107); or having >1 abnormal component excluding waist
circumference (108). Additional criteria include indices of insulin
sensitivity/resistance based on the homeostasis model assessment of
insulin resistance (HOMA-IR) score(109). When metabolically healthy,
definition is the absence of MetS, about 50% of people with obesity fall
into this category. When the definition includes absence of MetS and a
normal HOMA-IR, only 5% are considered metabolically healthy (110).
Studies have shown MHO is often a temporary state and frequently
transforms into a metabolically unhealthy condition with an elevated
long-term risk of developing CVD (111, 112). In general, the risks of
T2D, CVD, and all-cause mortality are higher in people with obesity
who have the metabolic syndrome than in those with MHO (112).
However, further research is required to understand the mechanisms
responsible for preserved metabolic health in obese people and to enable
a consensus concerning the definition of MHO.

WEIGHT LOSS STRATEGIES

There are mainly three different types of weight loss interventions
namely, life style intervention, pharmacotherapy and bariatric surgery.
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Lifestyle intervention

Lifestyle intervention includes, caloric restrictions using specific diets
e.g. very low energy diets where the daily energy intake is restricted to
450-800 kcal (1855-3297 KkJ). Increase in physical activity
(approximately 1 h per day) is another lifestyle intervention aimed to
facilitate weight loss (113). Exercise may not reduce body weight as
such, but instead alters body composition by increasing lean body mass
and reducing visceral fat; ‘waist loss rather than weight loss’. Such
changes in body composition appear to be advantageous with respect to
cardiovascular risk (16) Behavioural changes like self-monitoring and
goal setting can also be encouraged.

The results of intensive lifestyle intervention (ILI), however, rarely
result in weight loss to a degree that is sufficient to reduce
cardiovascular events. In the Look-AHEAD trial, patients with obesity
and T2D were randomized to either an ILI or diabetes support and
education (DSE). The ILI group received treatment consisting of diet
modification and increased physical activity to achieve a sustained
weight loss (114). The DSE control group were, apart from regularly
scheduled clinic visits, offered yearly educational sessions covering
diet/nutrition, exercise and social support. After a median follow-up of
9.6 years, the mean weight loss for the ILI group was —6.0 % and for
the DSE group —3.5 %. Still, there was no overall significant difference
in the primary composite CVD outcome between the groups. Weight
loss achieved through lifestyle intervention is difficult to maintain over
time and, therefore adjuvant therapies should be considered (115).

Pharmacotherapy

In Sweden, pharmacotherapy is recommended in patients with obesity
(BMI > 30 kg/m?) and in overweight patients (BMI > 27 kg/m?) who
have risk factors for cardiovascular disease.

e Orlistat

Orlistat blocks the enzyme lipase which is found in the
intestine and breaks down fats. As a result, about 30% of
the total fat intake passes out undigested in the faeces.
Orlistat does not inhibit the metabolism of sugars and
other non-fat foods. Therefore, calorie intake from these
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and other food sources still need to be restricted in
patients.

Liraglutide and semaglutide

Liraglutide and semglutide are glucagon like peptide-1
(GLP-1) receptor agonists that induce weight loss by
appetite suppression and delayed gastric emptying (116,
117).

Naltrexone/bupropion

Naltrexone/bupropion is a combination drug, which
induces weight reduction through an effect on the brain’s
appetite regulation. Naltrexone is an opiate antagonist
targeting pathways in the central nervous system that
impact eating behavior, presumably influencing the food
reward system. Bupropion, is an antidepressant that
inhibits reuptake of noradrenaline and dopamine and is
also thought to affect the brains appetite regulation
through a different mechanism. When combined with
lifestyle interventions these agents can induce a
clinically significant weight loss for up to one year
(118).

SGLT2 inhibitors

Sodium-glucose cotransporter-2 inhibitors are currently
approved for treatment of T2D. These inhibitors reduce
renal tubular reabsorption of sodium and glucose,
resulting in increased urinary secretion of sodium and
glucose. In addition to lowering blood glucose, these
agents induce weight loss, lower blood pressure, reduce
the incidence of heart failure, and improve CV outcomes
(119).

Bariatric Surgery

For people with obesity, bariatric surgery is a therapeutic option that
results in substantial weight loss that is maintained over time (7, 120-
123). Sustained weight loss leads to improvement in cardiovascular risk
factors including hypertension, dyslipidemia and type 2 diabetes
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mellitus. Furthermore, obesity surgery reduces cardiovascular events,
lowers cancer incidence and contributes to better survival (7, 120, 123-
127). According to the Scandinavian Obesity Surgery Registry, about
5,200 bariatric surgical procedures using a laparoscopic technique were
performed in Sweden during 2018. Gastric bypass was the most
common procedure closely followed by sleeve gastrectomy (128).
Figure 4 shows the two most common surgical methods, gastric bypass
and sleeve gastrectomy, that are applied today.

a) b)

Stomach

Pouch
Esophagus

smazll intesting

Figure 7. d ) Gastric bypass and b) sleeve gastrectomy. Illustration by Arwa Haamid.

SIDE EFFECTS OF BARIATRIC SURGERY

Dumping syndrome, is a common complication after bariatric surgery.
Typically, symptoms arise after a meal and include abdominal pain,
nausea, diarrhea, and also vasomotor symptoms such as fatigue,
flushing, palpitations, perspiration, tachycardia and hypotension (129).

Nutritional deficiencies are the most common long-term complications
of bariatric surgery resulting from inadequate food intake,
malabsorption, or both. Anemia, caused by deficiencies of iron and
vitamin B12, is common. Other deficiencies include folate, selenium,
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zinc, copper, and vitamins A, B1, B2, B6, C, D, E and K. Therefore,
lifelong follow-up is recommended with provision of supplements to
ensure an optimal nutritional status (130-132). After bariatric surgery,
an increased alcohol consumption has been reported, and other alcohol-
related problems, such as alcohol abuse (133) and increased risk for new
onset of depression and suicide (134).

THE OBESITY PARADOX

Obesity is associated with an increased prevalence of hypertension, AF,
HF and CAD (82, 89, 135, 136). On the other hand, epidemiological
studies show that once CVD is present, obese patients have a better
prognosis than their leaner counterparts, which is referred to as the
obesity paradox (137-139) (Figure 8). The obesity paradox may be
derived from an interaction between several potential confounders.
Such confounders can be related to an elevated BMI due to high lean
body mass or subcutaneous fat distribution. A low BMI could be due to
chronic illness leading to cachexia. Another confounding source is not
being able to account for high levels of CRF despite obesity. Thus, the
protective effect of excess body fat is somewhat counter intuitive and a
mechanism involving reverse causality has been suggested (140).

Figure 8 The obesity paradox. lllustration by Arwa Haamid.
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Fat distribution, fat mass and lean mass

The use of BMI as a measure of adiposity in epidemiological studies has
shortcomings since it does not discriminate between body fat and lean
mass, nor does it reflect body fat distribution. It has been shown that
WC or WHR as estimates of abdominal obesity, correlate more strongly
to CVD than BMI, and are better markers of abdominal obesity than
BMI (23, 141). In patients with CAD, a higher lean mass was associated
with lower mortality rather than body fat (142). BMI values seen in
overweight and mildly obese patients can be due to increased lean mass
and not to elevations in body fat. Increased lean mass has been shown
to be associated with better fitness and exercise capacity, improvement
in metabolic profiles and probably better prognosis in patients with
cardiovascular diseases (143-145).

Intentional versus unintentional weight loss

Intentional weight loss through diet and physical exercise, results in loss
of body fat and an increase in lean body mass. A higher lean mass is
associated with better survival (146). Unintentional weight loss where
there is loss of both body fat and lean mass is associated with a higher
mortality (147). Cachexia is often related to an underlying chronic
disease which leads to frailty and adverse outcomes (148). Also, a lower
BMI has been related to low lean mass, a condition also known
as sarcopenia (149). Patients with sarcopenia have decreased muscle
mass, a restricted exercise capacity and reduced mobility, both
conditions associated with increased total mortality (150).

Cardiorespiratory fithess (CRF)

Physical activity (PA) and improvements in CRF are associated with
lower CVD mortality, independent of weight or BMI (151). Lower
mortality was observed in patients with HFrEF that displayed a peak
oxygen consumption (VO2) >14 mL/kg/min, indicating a higher level of
CREF. In contrast, in patients with peakVO> < 14 mL/kg/min, suggesting
poor CRF, had a higher mortality (152, 153).
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SWEDISH PERSONAL IDENTITY NUMBER AND
NATIONAL HEALTH REGISTERS

In Sweden, every child that is born, and all immigrants who receive
Swedish citizenship are assigned a unique personal identity number
(PIN) by the National Tax Board. The PIN is updated in the total
population register database by Statistics Sweden. In medical research,
the PIN is used to link patient data to various national registers like, the
Swedish National Patient Register (NPR), the Swedish Cancer Register
and the Swedish Cause of Death Register (COD) (154).

A number of national registers are administered by The National Board
of Health and Welfare (Socialstyrelsen), including, NPR, COD, as well
as the Swedish Cancer Register and the Swedish Medical Birth Register.

The Swedish National Patient Register (NPR)

From 1987 NPR includes diagnoses for all in-patient care, and since
2001 it covers diagnoses for both in- and outpatient doctor visits
including day surgery and psychiatric care from both private and public
caregivers. Primary care, however, is not covered. Diagnoses at
discharge are coded with the International Classification of Diseases
(ICD). Reporting to the register is exceptionally high. The register has
been validated by quality controls performed on the submitted data
(155). Primary diagnoses of atrial fibrillation and heart failure have
shown to have a high validity (156, 157).

The Swedish Cause of Death Register (COD)

The Swedish National Board of Health and Welfare has administered
the COD since 1994. ICD codes system and the World health
organization (WHO) standardized systems for certifying deaths are
used. Since 1997 all deaths reported to the tax authority have been
included in the register, which covers almost all underlying causes of
death in the Swedish population. It has been shown that there is a 77%
agreement between the cause of death from death certificates and the
cause of death based on medical records (158).
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THE SWEDEHEART REGISTRY

The Swedish Web-system for Enhancement and Development of
Evidence-based care in Heart disease Evaluated According to
Recommended Therapies (SwedeHeart) is a national registry that was
established in 2009. The SwedeHeart registry is administered by
Uppsala Clinical Research Center (UCR) and is sponsored solely by the
Swedish Health Authorities, in particular, the Swedish Association of
Local Authorities and Regions (159). Several registry-based
randomized prospective clinical trials (R-RCT) have been performed,
with TASTE (160), being one of the first R-RCT. Others include, iFR-
SWEDEHEART (161), DETOX-AMI (162) and VALIDATE-
SWEDEHEART (163).

Presently, the database includes the following national registries:

The Registry of Acute Infarction Care (RIKS-HIA).

e The Registry of Secondary Preventive Care after
Cardiac Infarction (SEPHIA).

e The Registry of Catheter-borne Coronary Vessel
Surgery (SCAAR).

e The Registry of Catheter-borne Valve Replacement
(TAVI).

e The Registry of Open-Heart Surgery (Svenska
Hjartkirurgiregistret).

All patients admitted to hospital for acute coronary syndrome
investigations, those being followed up in out-patient clinics for
secondary prevention, and individuals undergoing coronary- or valvular
intervention are included in this registry. The registry database is
directly connected to the Swedish National Population Registry and
merged, on a yearly basis, with the NPR, COD registry, and the National
Registry of Drug Prescriptions.
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AIMS

The main underlying hypothesis of the present thesis was that weight
loss through bariatric surgery is advantageous for cardiovascular risk.
Also, that obesity may exert a protective effect with respect to outcomes
after a coronary artery event. In order to address these hypotheses, we
formed the following research proposals:

Paper 1

To investigate whether weight loss through bariatric surgery may reduce
the risk of new-onset atrial fibrillation among people with obesity.

Paper II

To examine the effect of surgical obesity treatment on the incidence of
new-onset heart failure.

Paper II

To determine risk factors for the development of heart failure in
obesity including both variables registered at baseline as explanatory
variables as well as atrial fibrillation and myocardial infarction as
time-dependent variables.

Paper IV

To explore the obesity paradox in a ST-elevation myocardial infarction
cohort who had undergone percutaneous coronary intervention.
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PATIENTS AND METHODS

Paper I, Paper I and Paper Il

In Paper I and Paper II, patients were included from the ongoing,
nonrandomized, matched, prospective, controlled Swedish Obese
Subjects (SOS) intervention study. A total of 4047 eligible obese
participants were enrolled between September 1, 1987, and January 31,
2001. The inclusion criteria were age between 37 to 60 years and BMI
of at least 34 for men and at least 38 for women.

Subjects were excluded if they had a history of earlier surgery for gastric
or duodenal ulcer, earlier bariatric surgery, gastric ulcer during the past
6months, ongoing malignancy, active malignancy during the past 5
years, myocardial infarction during the past 6months, bulimic eating
pattern, drug or alcohol abuse, psychiatric or cooperative problems
contraindicating bariatric surgery, or other contraindicating conditions
(such as chronic glucocorticoid or anti-inflammatory treatment). The
study complied with the Declaration of Helsinki and seven regional
ethics review boards in Sweden approved the study protocol. All
participants gave written or oral consent.

Individuals who expressed a preference for treatment with bariatric
surgery constituted the surgery group consisting of 2010 participants.
The bariatric surgical procedures in the study at that time included
vertical banded gastroplasty (VBG) (68%) gastric banding (GB) (19%),
and gastric bypass (GBP)(13%) shown in Figure 9.

A matched control group, of 2040 participants, was created using an
automatic computerized matching program with 18 matching variables.
The matching variables included sex, age, weight, height, waist-hip
ratio, blood pressure, serum cholesterol, triglycerides, smoking,
diabetes, menopause, 4 psychosocial variables associated with risk for
death, and 2 personality traits related to treatment preferences. Among
the 2040 patients in the control group, there were three patients who
were initially scheduled for surgery, but changed their mind and had
declined surgical intervention. The conventional treatment offered to
control subjects was according to routine local practice of the health care
centers.
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Figure 9. Surgical techniques used in the SOS study. A) Vertical-Banded Gastroplasty
B) Gastric Banding C) Gastric Bypass

At each visit, measurements of weight, height, waist circumference, and
blood pressure were obtained. The SOS database was merged with the
NPR to obtain data on new-onset AF. Further, incident HF diagnosis
was achieved by merging SOS with the NPR and COD registries. The
two study groups underwent identical examinations at the participating
surgical departments and primary health care centers both at baseline
and during follow-up at 0.5, 1, 2, 3, 4, 6, 8, 10, 15, and 20 years.

After bariatric surgery, the recommended daily nutritional
supplementation included oral doses of multivitamin and mineral
supplements, vitamin B12, and a combination of calcium and vitamin
D3. If laboratory findings indicated deficiencies of iron or folate,
replacement therapy was introduced. Matched control patients received
standard nonsurgical obesity treatment from their primary health care
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centers. No attempt was made to standardize the conventional treatment
which ranged from sophisticated lifestyle intervention and behavior
modification to, in some practices, no treatment at all.

Body weight was measured with electronic or calibrated scales at
baseline and at regular follow-up appointments. Blood samples were
analyzed by the Central Laboratory at Sahlgrenska University Hospital
(accredited according to the international standard ISO 15189:2012).
Self-reported information on cardiovascular disease, medication,
smoking, and alcohol intake was obtained through a questionnaire
administered. High blood pressure was defined as systolic pressure
>140mmHg, or diastolic pressure > 90mmHg, or self-reported use of
anti-hypertensive medication. Diabetes was defined as a fasting blood
glucose level of at least 6.1mmol/L (110mg/dL) or self-reported use of
a prescribed antidiabetic medication.at baseline and during follow-up
visits. In Paper I, all patients that had reported atrial fibrillation were
excluded from analysis and similarly in Paper II all patients that
reported a history of heart failure at baseline were omitted from
statistical analysis.

For Paper III we used the control group from the SOS intervention
study after excluding all patients with heart failure at baseline.

Paper IV

For this manuscript, we retrieved data from the SCAAR register and
included all consecutive patients who had undergone PCI for ST-
elevation myocardial infarction (STEMI) in Sweden between 1% January
2011 and 3" May 2018. The SCAAR registry data was merged with the
COD registry to obtain the primary endpoint, mortality at 30 days and
after 1 year.

35



36



STATISTICS

Paper I

The data is presented as mean values with standard deviations or as
percentages. For continuous variables, t-tests and a logistic-regression
model for dichotomous variables was used for comparison between
treatment groups. Using Kaplan Meier estimates, survival curves were
generated and log rank test performed for comparison between groups.
Relative-risk estimates expressed as hazard ratios were obtained by
univariable and multivariable Cox proportional hazards regression
models intention-to-treat principle was applied for all calculations.
Patients who reported atrial fibrillation at baseline were excluded from
all analyses (n=26).

Paper I

The differences in changes in BMI between the surgery and control
groups were analyzed with multilevel mixed-effects regression models.
A competing-risks regression model was used to estimate the
cumulative incidence of heart failure. Relative risk estimates expressed
as sub-hazard ratios were obtained using univariable and multivariable
models. Cox proportional hazard regression models were used to
determine the treatment effect in subgroups where continuous variables
were dichotomized by a median split, and the homogeneity of between-
group differences was evaluated. Patients who reported having a history
of heart failure at baseline were excluded from all analyses (n=14).

Paper 111

Competing risks regression models were used to estimate the cumulative
incidence of heart failure. Differences in sex and various categories of
age and BMI were assessed with a log-rank test. Relative risk estimates
expressed as sub-hazard ratios for preselected baseline risk factors were
obtained using univariate and multivariable models. Analyses were also
performed using time-dependent variables (atrial fibrillation and
myocardial infarction) as predictors for incident heart failure.
Competing risks regression models were used to estimate the cumulative
incidence of heart failure. Differences in sex and various categories of
age and BMI were assessed with a log-rank test. Relative risk estimates
expressed as sub-hazard ratios for preselected baseline risk factors were
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obtained using univariate and multivariable models. Analyses were also
performed using time-dependent variables (atrial fibrillation and
myocardial infarction) as predictors for incident heart failure. Patients
who reported having a history of heart failure at baseline were excluded
from all analyses (n=10).

Paper IV

The participants were divided into four BMI categories according to the
World Health Origination (WHO) classification (17): Underweight
(BMI <18.5 kg/m?), normal weight (BMI 18.5-24.99 kg/m?),
overweight (BMI 25-29.99 kg/m?) and obese (BMI > 30 kg/m?).
Comparisons between groups at baseline were performed with analysis
of variance (ANOVA) for normally distributed numeric data, Kruskal-
Wallis rank sum test for non-normally distributed data and Chi-square
test for categorical data. Death is presented as a cumulative incidence
function and the log rank test was used for comparison between groups.
Univariable and multivariable-adjusted hazard ratios (HR) were
calculated to evaluate the association between BMI categories and
mortality using Cox proportional-hazards regression models. Patients
with a BMI of 18.5-24.99 kg/m? compatible with normal weight
according to the WHO were used as the reference group. Penalized
spline regression was applied to study the relationship between BMI as
a continuous variable and all-cause mortality. The likelihood ratio test
was used to examine the consistency of the association between
subgroups.

38



RESULTS

Baseline data for the SOS study are shown in Table 4. Although the 2
study groups were fairly well balanced with respect to baseline
characteristics, BMI was higher and several cardiovascular risk factors
were less favorable in the surgery group (127). The differences are
mainly explained by disparate weight changes occurring in the two
groups during a delay between matching and baseline measurements:
during the waiting time for bariatric surgery (on average more than 1
year), participants awaiting surgery tended to gain weight and control
subjects tended to lose weight. Thus, most differences between the study
groups that were observed at matching and at baseline constitute
disadvantages for the surgery group with respect to cardiovascular
outcomes.

Adverse events in the SOS study have been described in a previous
paper (164). Bariatric procedures were performed with open surgery in
89% of cases. There were 5 individuals (0.2%) in the surgery group and
2 (0.1%) in the control group who died within 90 days of
surgery/inclusion. In the surgery group, 151 (13.0%) of the participants
had 193 postoperative complications. Of these, 46 persons (2.8%)
needed additional surgery.
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Table 4. Baseline variables of the two study groups. *

Surgery group |Control group
Variable (N=2010) (N=2040) ‘ P-Value
Male sex 590 (29) 590 (29)
Female sex 1420 (71) 1447 (71) 0.79
Age 47.2+5.9 48.7 £ 6.3 <0.001
Weight (kg) 121.0+16.6| 114.7 +16.5| <0.001
Height (m) 1.69 £ 0.09 1.69 £ 0.09 0.68
Body-mass indext 42.4+45 40.1 £4.7 | <0.001
Anthropometry
Waist-to-hip ratiot 0.99+0.08 | 0.98 +0.07 |<0.001
Waist circumference 1258 +11.0 |120.2 +11.3 | <0.001
Hip circumference 127.1+10.0 | 123.2 +10.0 |<0.001
Sagittal diameter 289 +3.7 27.4+3.7 |<0.001
Neck circumference 43.7+43 429+4.29 |<0.001
Upper-arm circumference 39.8+3.8 38.7+3.8 |<0.001
Thigh circumference 75575 734 +7.5 |<0.001
Blood pressure
Systolic 145.0 £ 18.8 |137.9 +18.0 | <0.001
Diastolic 89.9+11.1 | 85.2+10.7 |<0.001
Pulse pressuret 55.2+145 | 52.8+13.0 |<0.001
Laboratory values
Glucose (mmol/liter) 5.45+2.11 | 5.20+1.92 |<0.001
Insulin (mU/liter) 21.5+13.7 | 18.0+11.4 |<0.001
Triglycerides (mmol/liter) 2.25+154 | 2.02+1.41 |<0.001
Cholesterol (mmol/liter)
HDL-cholesterol (mmol/liter) | 1.20+0.28 | 1.19 £0.29 0.84
Uric acid (umol/liter) 359.2 +79.8 |352.3+79.9 | 0.006
ASAT (ukat/liter) 0.43+0.23 | 0.39+0.21 |<0.001
ALAT (pkat/liter) 3.12+£0.84 3.01+£0.87 |[<0.001
ALP (pkat/liter) 3.12+0.84 3.01+0.87 |<0.001
Bilirubin (umol/liter) 9.51+4.28 | 9.93+5.27 | 0.005
Co-morbidities
Daily smoking 518 (25.8) 424 (20.8) | <0.001
Diabetes 215 (10.7) 232 (11.4) | 0.520
Sleep apnea 505 (25.1) 452 (22.2) 0.03
Lipid-lowering therapy 36 (1.8) 33 (1.6) 0.67
Previous myocardial infarction 31(1.5) 29 (1.4) 0.76
Previous cancer 46 (2.3) 49 (2.4) 0.81
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Values are given as means + standard deviation or numbers (percentages) as
appropriate. ASAT = Aspartate aminotransferase; ALAT=Alanine
aminotransferase; ALP=Alkaline phosphatase.

*In Paper | patients with a history of atrial fibrillation were excluded from
analysis (n=26) and for Papers Il and Il patients with a history of heart failure at
baseline were excluded from analysis (n=14 and n=10, respectively).

Figure 10. shows changes in BMI in patients for up to 20 years of
follow-up. Bariatric surgery lowered the mean baseline BMI of 42.4
kg/m? by 25% at Year 1, by 18% at Year 6, by 16% at Year 15, and by
16% at Year 20. The mean baseline BMI of 40.1 kg/m2 in the control
group remained largely unchanged during follow-up. The average of all
between-group differences in BMI during a 20-year follow-up was —8.0
kg/m2 (95% CI -7.7 to -8.3); P<0.001).
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Figure 10. Change in body mass index during 15 years of follow-up.
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Paper I

The participants had a median follow-up time of 19 years. First-time
atrial fibrillation occurred in 247 (12.4%) of those in the surgical group
and in 340 (16.8%) in the control group. There was a 31 % lower risk of
developing atrial fibrillation in the surgery group as compared to the
control group (HR 0.69; 95 % CI 0.59 to 0.82; P<0.001) (Figure 11).
There was a 5-6-year delay before the incidence curves between the two
groups separated. Younger individuals (P-value for interaction 0.002)
and those with a high diastolic blood pressure (P-value for interaction
0.024) had a better effect of surgical intervention compared to those who
were older or with a low diastolic blood pressure.

0.30
0.28
0.26
0.24
0.22
0.20
0.18
0.16
0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

Unadjusted HR = 0.71 (95 % ClI, 0.60-0.83)
P<0.001

Control group

Cumulative probability

Surgery group

0 2 4 6 8 10 12 14 16 18 20 22 24

Follow-up in years
No. at risk
Control 2021 2002 1979 1946 1901 1840 1774 1574 1189 921 570 293 114
Surgery 2000 1978 1955 1936 1902 1853 1783 1615 1353 1050 617 318 134

Figure 11. Surgical obesity treatment and the risk of atrial fibrillation during long-
term follow-up.
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Paper I

First-time heart failure occurred in 188 (9.4%) of the participants in the
intervention group and in 266 (13.1%) of those receiving usual care. The
median follow-up was 22 years. The risk of developing heart failure in
the surgery group was 35% lower than in the control group (sHR 0.65;
95% CI 0.54-0.79; P< 0.001) (Figure 12). Data was pooled from the
two study groups, the quartile of participants with the largest weight loss
after 1 year (mean -41 kg) showed the greatest risk reduction (sHR 0.51;
95% CI10.30-0.70; P< 0.001). After adjustment for surgical intervention
and potential baseline confounders, this association remained
statistically significant (sHR 0.60; 95% CI 0.36-0.97; P=0.038).

0.20 —

0.18 —

Unadjusted SHR=0.65 (95% CI 0.54-0.79)
0.16 — P < 0.001

0.14 —
0.12 -
Control group

0.10 —

0.08

Cumulative probability

0.06
Surgery group
0.04

0.02

0.00

. r r . : : : : : : :
0] 2 <L 6 8 10 12 14 16 18 20 22 24 26
No. at risk Follow-up in years

Control 2030 2001 1966 1911 1850 1764 1675 1565 1448 1216 906 638 346 180
Surgery 2003 1960 1926 1893 1856 1808 1750 1705 1632 1373 1094 762 408 208

Figure 12. Surgical obesity treatment and the risk of heart failure during long-term
follow-up.
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Paper 111

During a median follow-up of 20.1 years, the BMI of 40.1 kg/m?
remained unchanged. First-time heart failure occurred in 266 of patients
(13%) and was related to male sex, increasing age, hypertension, higher
cholesterol, diabetes mellitus and elevated free thyroxine. eGFR was
negatively related to heart failure risk. In unadjusted analysis, time-

dependent variables, atrial fibrillation (sHR ratio 5.38; 95% CI: 4.06-
7.14) and myocardial infarction sHR 5.54; 95% CI: 4.04-7.60) were
statistically significant and strongly related to incident heart failure

(Table 5).

Table 5. Univariate and multivariate regression models as risk-factors for incident

heart failuret including atrial fibrillation and myocardial infarction as time-

dependent variables. *

Variable

Model 1

Model 2

Model 3

Model 4

Atrial Fibrillation
(time-dependent)
Myocardial
Infarction
(time-dependent)
Sex

(male vs female)
Age (per 5 years)
BMI

(per 5 kg/m2)
Hypertension (yes
Vs no)
Cholesterol

(per mmol/L
Diabetes

(yes vs no)

Free thyroxine
(per 5 pm/L)
Smoking

(yes vs no)
Alcohol intake
(per 10 g daily)
eGFR (per
10ml/min/1,73m?)

Univariate

5.38 (4.06-7.14) ***

Univariate

5.54 (4.04-7.60) ***

AF and Ml
4.71 (3.47-6.39) ***

4.59 (3.23-6.53) ***

Multivariate

3.66 (2.65-5.04) ***

3.71(2.57-5.35) ***

1.56 (1.12-2.18) **
1.35 (1.78-1.55) ***

1.05 (0.91-1.22)
1.16 (0.94-1.19)
1.05 (0.70-1.47)
1.01 (0.67-1.47)
1.28 (1.09-1.51) **
1.19 (0.86-1.65)
1.01 (0.87-1.18)

0.93 (0.80-1.08)

tValues are given as sub-hazard ratios along with 95 % confidence intervals.
*AF=Atrial fibrillation and MI=Myocardial infarction are applied as time-

dependent covariates in all models

** b <0.01; ***p <0.001
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The relationships remained stable in adjusted analysis. In a subgroup of
patients with available echocardiography (n=47), 53% of patients had
heart failure with preserved ejection fraction (EF >45%) and 47 % had
heart failure with reduced ejection fraction (EF <45%)).

Paper IV

A total of 25,384 subjects underwent coronary artery intervention for
STEMI, and 5,529 (21.8%) deaths occurred within one year. Using
normal weight as the reference value showed that obese people had the
lowest 1-year mortality risk in unadjusted analysis HR 0.59 (95% CI;
0.53-0.67), but when adjusted for age and sex the difference became
non-significant, HR 1.06 (95% CI: 0.94-1.20). A low mortality risk was
observed in patients with overweight in both unadjusted and age
adjusted analysis, HR 0.63 (95% CI 0.57-0.69) and HR 0.86 (95% CI
0.78-0.95), respectively (Figure 13). Underweight patients had the
highest mortality in both unadjusted HR 2.22 (95% CI 1.69-2.92) and
age adjusted analysis 1.72 (95% CI: 1.31-2.26).

Hazard Ratio (95% CI)

0 25 50 75
BMI

Figure 13. Age and sex adjusted penalised spline regression (95% CI, shaded area)
with continuous risk relationship between BMI and all-cause mortality in patients with
STEMI who underwent PCI. HR was referenced to the median value of 26.5. P<0,001
for non-linearity.
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DISCUSSION

Obesity, weight loss and atrial fibrillation

We observed that bariatric surgery induced a sustained weight loss in
people with severe obesity, which resulted in a 31 % risk reduction for
new-onset AF, as compared to the obese control group. It took several
years before this benefit was observed, which was more pronounced in
younger patients and in those with higher blood pressure.

Obesity is an independent and modifiable risk factor for AF (165). The
underlying mechanisms are probably multifactorial, but one important
mediator is left atrial dilatation (79). Obesity directly contributes to the
AF substrate through diastolic dysfunction, activation of pro-fibrotic
pathways and atrial fibrosis (166). Obesity is associated with increased
epicardial adipose tissue (EAT). The epicardial fat cells infiltrate the left
atrium and induce fibrosis in the atrium (166). Atrial fibrosis causes
conduction abnormalities manifested by intra-atrial conduction delay,
reduced atrial voltage, presence of complex atrial electrograms, and
electrical silence. These substrate changes contribute to the development
and maintenance of AF (167).

Lifestyle changes that target weight loss, physical activity, increased
physical fitness and modification of risk factors like high blood pressure,
diabetes, smoking and prior cardiac disease have also resulted in
significant reductions in the AF burden and its recurrence (168-173).

AF is prevalent in patients with OSA (174). Mechanisms by which OSA
may increase the risk of AF include intermittent nocturnal hypoxemia
and hypercapnia, and enhanced sympathetic tone with surges in blood
pressure during apnoeic episodes leading to left atrial stretch through
pressure and volume overload. A further mechanism is increased
oxidative stress and inflammatory processes which contribute to left
atrial remodelling and fibrosis resulting in aberrations in atrial structure
and electrical activity (175-177). Obesity is concomitant risk factor for
both, OSA (178) and AF. It has also been shown that OSA is associated
with a hypercoagulative state which increases risk of stroke in AF
patients (179). Treatment of AF is more effective when combined with
CPAP therapy of OSA (180). Weight loss leads to improvement in OSA,
thus providing health benefits (181).
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Obesity, weight loss and heart failure

In the present study with a median follow-up of 22 years, the surgery
group displayed a 35% lower incidence of first-time HF diagnosis
compared to the control group (sHR 0.65; 95% CI1 0.54-0.79; P<0.001).
Separation of the cumulative incidence curves occurred after 5 years of
intervention, showing that a sustainable weight loss over a long period
of time is required to observe a primary preventive effect. A greater
weight loss was associated with a larger risk reduction.

Obesity leads to an increased cardiac output and hypertension, thus
exerting increased preload and afterload on the left ventricle which in
turn leads to the development of left ventricular hypertrophy (182).
Also, obesity-associated diabetes, obstructive sleep apnea, and systemic
inflammation (183), may cause excessive deposition of collagens,
abnormal glycosylation of proteins and crosslinking of collagen in the
myocardium (184, 185). This process leads to reduced diastolic
compliance with increased left ventricular filling pressures and left atrial
enlargement (186). The main result is an increased risk for the
development of HFpEF and atrial fibrillation. On the other hand,
obesity, and abdominal obesity in particular, is associated with
atherosclerotic risk factors including hypertension, diabetes, and
dyslipidemia ~ which  leads to  atherosclerotic =~ coronary
plaque progression, coronary artery disease, and myocardial infarction
(186, 187). Myocardial damage is followed by left ventricular
remodeling in the form of left ventricular dilatation and a declining
ejection fraction compatible with HFrEF. Heart failure with preserved
ejection fraction represents more than half of all new HF diagnoses.
More than 80% of patients with HFpEF are either overweight or obese
(85, 188).

Data from the Scandinavian Obesity Surgery Registry was compared
with a Swedish nationwide registry of subjects treated with a structured
intensive lifestyle program (189). This study found that gastric bypass
surgery resulted in a greater weight loss than that attained by lifestyle
intervention. Further, the surgery group had a significantly lower risk of
HF compared to the lifestyle group. However, the incidence rates were
low in both treatment groups, for surgery 0.41% and for the lifestyle
intervention 0.76%, during a median follow-up of approximately 4
years.
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Obesity, HFpEF, AF and thromboembolic risk

AF is a powerful predictor of the development of HFpEF and AF
precedes the diagnosis by a few years(190, 191). A critical
component of HFpEF is the development of atrial myopathy, which
not only contributes to elevated pulmonary venous pressures and
exertional dyspnea but also to atrial thrombus formation and
thromboembolic stroke, independent of the presence of AF (192,
193). In clinical practice, the association between AF increased risk
of stroke is widely accepted based on studies like that of Wolf et al,
(194). It has been postulated that the mechanism behind the
enhanced risk of stroke is directly related to AF causing chaotic
atrial contraction which in turn drives thrombus formation.
However, it has been shown that the decrease in flow velocity in the
left atrium (LA), due to atrial myopathy and inflammation,
predisposes to thrombus formation. (195). Obesity promotes
systemic inflammation which adversely influences the biology of
epicardial adipose tissue (EAT). Proinflammatory secretory
adipokines are then produced that promote structural and
functional changes in the underlying myocardium (196). When
abnormal EAT is associated with the left ventricle (LV), the result is
microcirculatory dysfunction and fibrosis. This leads to functional
impairment of distensibility, increased cardiac filling pressure
which all contribute to exertional dyspnea and development of
HFpEF (69, 197). Adverse effects, of proinflammatory EAT on the
LA may also result in electroanatomic remodeling leading to atrial
myopathy (198). These circumstances predispose the patient to
blood stasis, spontaneous thrombus formation and stroke (192).
The development of LA myopathy is central to the pathogenesis of
both AF and HFpEF. In HFpEF, the greater LA stiffness is due to
atrial fibrosis and this has been shown to be a strong determinant
of AF which is a biomarker of atrial myopathy (199, 200).

Patients at risk for stroke or with a history of stroke monitored
using continuous electrocardiography able to detect AF have not
shown a temporal relationship between stroke and AF (201, 202).
One-third of patients with stroke, presented AF only after the
cerebrovascular event (203). To the contrary, HFpEF increases the
risk of a subclinical cerebral infarction in patients without a history
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of AF (204). Specifically, the severity of LA disease and the degree
of LA fibrosis is associated with stroke and vascular brain injury in
patients with or without AF (205, 206). Treatment according to the
rhythm control strategy to reduce the burden of AF, using
antiarrhythmic agents or catheter ablation where sinus rhythm was
achieved, did not reduce the risk of stroke (207-209).

These observations are of importance with respect to our finding
concerning atrial fibrillation and HFpEF. They support the
importance of atrial myopathy as a component of HFpEF and as the
primary source of the systemic thromboembolism in patients with
obesity, rather than AF. In obese patients with HFpEF, the
association between AF and stroke may be explained by AF being a
biomarker of LA myopathy and not a direct mediator of
thromboembolic events.

Mechanisms linking obesity to heart failure.

Obesity is an independent risk factor for developing heart failure (82).
HF prevalence and incidence have increased due to the therapeutic
advances in recent decades which have reduced mortality in HF.
However, these advances are mainly limited to HFrEF. In the case of
HFpEF, representing around 50% of all HF cases (210), there still
remains a lack of specific therapeutic strategies other than treating co-
morbidities and obtaining fluid balance (211).

Patients with HFpEF are more often obese than those with HFrEF. One
study found that 41% of patients with HFpEF were obese (210). A
systematic review from 2017 studying risk prediction models for
incident HF showed that most studies were performed in a general
population (212). Some investigations were performed in specific
populations such as patients with diabetes, atrial fibrillation, coronary
heart disease, hypertension, or valve disease. The predictors of HF
included age, male sex, systolic blood pressure, diabetes, smoking, left
ventricular hypertrophy, coronary heart disease, and myocardial
infarction.

To our knowledge no study has been performed to determine predictors
of HF in an obese population. A study of this kind is of utmost
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importance given the increasing prevalence of obesity and its
association with HF. An early intervention by treating risk factors would
allow for a preventive strategy in a risk population and, thereby,
delaying or preventing HF onset.

In our study of patients with BMI of 40.1 kg/m?, the risk factors for HF
were similar to those observed in the general population and included
advanced age male sex, hypertension, higher cholesterol levels,
diabetes, and smoking. On the contrary normal renal function had a
protective effect.

Furthermore, we observed that free thyroxine levels were independently
associated with risk for atrial fibrillation and heart failure, suggesting
that subclinical forms of hyperthyroidism maybe of importance with
respect to the development of cardiovascular disease in obesity. This
relationship which has received little attention previously (213) was
apparent in the total study group, especially among females. In a
Norwegian study, a positive association between thyroid stimulating
hormone (TSH) and BMI was observed (214). Leptin, secreted by
adipose cells, plays a role in thyroid hormone regulation by promoting
release of thyrotropin releasing hormone which stimulates TSH release
(215). Leptin may also increase conversion of thyroxine (T4) to
trilodothyronine (T3) (216). In the present series of investigations, the
use of thyroid preparations was similar in both patients who developed
AF and heart failure and in those who did not develop these conditions.
Therefore, this is unlikely to explain our findings. The relationship
between elevated thyroid levels within the normal range and incident
heart failure in individuals with obesity deserves further research.

Important predictors of cardiac dysfunction may vary over time. In the
present study, atrial fibrillation and myocardial infarction as time
varying variables displayed a strong correlation with incident heart
failure in both unadjusted and adjusted analysis. Based on these
findings we speculate that obesity causes heart failure through two
separate mechanisms. The first mechanism appears to be related to
increased preload and afterload leading to left ventricular hypertrophy
atrial enlargement and atrial fibrillation. Further, diabetes (35),
obstructive sleep apnea (36), and systemic inflammation (37) are likely
to cause excessive deposition of collagens, abnormal glycosylation of
proteins and crosslinking of collagen in the myocardium. This would
lead to diastolic dysfunction and HFpEF. The second mechanism may
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be related to the development of atherosclerotic risk factors including
hypertension, diabetes, dyslipidemia and obesity itself leading to
atherosclerotic coronary plaque progression, coronary artery disease,
and myocardial infarction (43-45). Myocardial damage is followed by
left ventricular remodeling in the form of left ventricular dilatation

and declining ejection fraction (HFrEF). Diastolic heart failure is the
most common heart failure phenotype in people with obesity (85, 217).

Obesity paradox or ‘BMI paradox’

In our study on the prognostic implications of BMI after STEMI, no
prognostic significance of obesity was observed after adjustment for
baseline covariates when compared with subjects of normal weight.
After STEMI, patients who were overweight had the lowest mortality,
and those who were underweight had the highest mortality. Similar
results were seen in a study by Flegal et al who found obese patients
(BMI > 30 kg/m?) with CAD had an increased mortality compared to
those patients who were overweight (218).

Several studies have shown a phenomenon known as the obesity
paradox, where obesity confers a protective effect with regards to
adverse outcomes after acute myocardial infarction and percutaneous
coronary intervention (219, 220). In acute coronary syndromes, the
relationship between BMI and mortality has been found to be U-shaped
with the lowest mortality risk in patients with BMI around 35 kg/m?.
Patients who are underweight or normal weight carry the highest risk
(219, 220). The question arises whether it is the fat mass that exerts a
protective effect. BMI is widely used in epidemiological studies as a
surrogate for fat mass. However, BMI reflects the total body weight
which includes both fat mass and lean mass. A lean body mass that is
proportionally higher than the fat mass is associated with better
prognosis (141). Secondly, another factor that confers an improved
prognosis is physical fitness. Increased physical activity and higher
cardiorespiratory fitness are significant predictors of better CVD
outcomes (152). Lavie et al, have shown that HF patients with a high
CRF did not conform to the obesity paradox (153). Another factor of
importance while studying the obesity paradox is to account for the
unintentional weight loss. Cachexia due to cancer and other chronic
diseases generate a low BMI that is associated with poor prognosis (142,
221). To study the obesity paradox an optimal design should account for
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confounding factors like body composition, the CRF and whether
weight loss is unintentional.

The nomenclature obesity paradox has it flaws as it reflects as fat mass
having a protective effect whereas it has been shown that there are other
confounders that improve the survival once you have established CVD.
Designating it as ‘BMI paradox’ is more applicable.

On a closing note a quote by Carl Lavie is quite appropriated: ‘Better
Fat and Fit Than Lean and Lazy’.

Study strengths and limitations

The SOS study was not randomized as Swedish ethical review boards
did not approve this design, because of a high postoperative mortality in
the 1980s. The surgery group was, therefore, comprised of individuals
who expressed a preference for treatment with bariatric surgery. It
should also be considered that a significant number of subjects in the
obese control group underwent bariatric surgery during follow-up. Thus,
many analyses were performed as per protocol and not as intention to
treat. Only 13% of participants in the surgery group received GBP, a
method that offers the greatest weight loss and is the surgical technique
that is most frequently applied in Sweden today. A majority in the
surgical group received treatment with surgical techniques including
VBG and GB that have largely been abandoned today. The choice of
surgical method was based on the techniques that were commonly
applied when the study was initiated in 1987. Atrial fibrillation and heart
failure were not a pre-specified endpoint of the trial and these diagnoses
were obtained by crosslinking the SOS database with the Swedish
National Registers.

The main strengths of the SOS study include a large study cohort, a
prospective controlled design, and a long period of follow-up and
excellent patient compliance with respect to study follow-up.

The main limitation of the SCAAR registry study, is its observational
nature, which impedes from making any causal inferences. As only
surviving hospitalized patients are included, the possibility of selection
bias, residual confounding and survival bias cannot be ruled out. BMI
as a surrogate for obesity, has some limitation since it does not
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distinguish between body fat and lean body mass nor does it provide
information about fat distribution. Waist circumference as a measure of
abdominal adiposity was not available. It was not possible to determine
whether weight loss was intentional or unintentional. Lastly, cause-
specific mortality data was not studied.

The strength of the study based on the SCAAR register includes a large
sample size of real-world data and a homogenous group of patients
treated with PCI for ST-elevation myocardial infarction.
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CONCLUSIONS

In people with severe obesity, bariatric surgery induces a substantial
weight loss that is maintained over time. This resulted in significant
primary preventive effect on the occurrence of atrial fibrillation and the
development of heart failure. A greater weight loss resulted in a larger
risk reduction for heart failure. Atrial fibrillation, which is reflected by
diastolic dysfunction and myocardial infarction, which is related to
systolic dysfunction, include two different mechanistic pathways for the
development of heart failure. After adjustment for age and sex
overweight displayed the lowest risk for 30-day and 1-year mortality
after PCI treatment of STEMI and underweight the highest.
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FUTURE PERSPECTIVES

The medical profession should be more pro-active in assessment of fat-
mass in patients and to give appropriate advice about life style
intervention like PA and CRF and dietary intake. Where appropriate
bariatric surgery should be recommended.

More studies are required to map out the obesity paradox using better
quantification of obesity, distinguishing between intentional and
unintentional weight loss, and assessing the CRF.

Optimal treatment of baseline risk factors, together with treatment of
atrial fibrillation and myocardial infarction may promote a further
lowering of heart failure incidence and thereby, improving outcomes in
patients with obesity.

Obesity is associated with an increase in epicardial fat mass and its close
anatomical location the heart makes it interesting candidate in the
development heart diseases and, therefore, making it an enthralling area
for future research.

57



58



ACKNOWLEDGEMENTS

Lars-Ake Nilsson and Orjan Ouchterlony. Two gentlemen whom I
highly respect. They were my first supervisors who introduced me to
research work. Their affection and endearment gave me great inspiration
during my early period in Sweden. Wherever they are may they rest in
peace.

Kristjan Karason, my supervisor and colleague, He guided me through
this scientific journey into a landscape comprising of peaks and valleys,
where he stood robust like an Icelandic horse. His pedagogical and
excellent way of scientific expression was a ‘poetic’ experience. What
a great supervisor!

Lena Carlsson, my co-supervisor, for her constructive commentary and
for always being available. She made me a stronger person. I express
my gratitude to her and Lars Sjostréom who initiated this landmark SOS
trial and allowed me to use the data.

My co-authors, Markku Peltonen for his statistical eminence. From the
SOS study group, Peter Jacobsson and Johanna Andersson Assarson
for all their endeavours. My colleagues, Elmir Omerovic and Bjorn
Redfors for their significance, not only statistically.

Charlotta Ljungman, my current boss and Per Albertsson my former
boss for availing this opportunity.

The pacemaker team, Piotr, Stefan, Konstantinos and Ammar, and
former teammates Ingrid, Tomas and Davood, for bearing the brunt
while [ was away and for their backing.

Nurses at the pacemaker lab, Karin, Olivia, Helena, Linn and the one
and only Cathis, what a great lady! Our capable ‘substitute’ nurses,
Helene, Maria, Pernilla, Cecillia, and Mandana. A terrific unit to work
with.

Pacemaker experts at the outpatient clinic, ‘The Boss’, Kristina, Pia,

Ulla, Kajsa, Lotta, Gunnar, Eva-Marie and Emma. Competence par
excellence.

59



Per Hallgren, my highly respected colleague who changed his sailing
plans and agreed to be in charge of the proceedings at the party.
Unfortunately, our plan was hacked by a virus.

To all my colleagues at the department of cardiology and at the SOS
study group for their encouragement and support.

To all the nurses and secretaries at the outpatient clinic for their
educative and updating coffee breaks. Smezana what an effective
person! Kdisti for always being helpful.

Inger, Sebastian, Christian and Geir, my predecessors in the PhD
lineage, for your ‘tips and tricks’.

Arwa, my dear niece for her illustrious illustrations. Sakina for all the
planning and preparations. Abdulhussain, for proof reading.

Aliasghar and Salma, my parents for their blessings and for moulding
me.

Rashida, Farida and Habiba my sisters for always being there.
Zainab, Shabbir and Mohammed, my children, and Hussaina, my
grandchild, for spicing up and savouring life and Murtaza my son in
law for adding to the spice.

Batool, my better half, for her support, perceptivity and optimism. For

sharing life through rain and sunshine. What an enduring and dedicated
lady!

60



REFERENCES

1. Collaboration NCDRF. Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of
2416 population-based measurement studies in 128.9 million children,
adolescents, and adults. Lancet. 2017;390(10113):2627-42.

2. Ogden CL, Carroll MD, Curtin LR, McDowell MA, Tabak CJ,

Flegal KM. Prevalence of overweight and obesity in the United States, 1999-
2004. Jama. 2006;295(13):1549-55.

3. Press WHO. Preventing chronic diseases: A vital investment.

. Geneva, Switzerland2005.

4, Akil L, Ahmad HA. Relationships between obesity and
cardiovascular diseases in four southern states and Colorado. J Health Care
Poor Underserved. 2011;22(4 Suppl):61-72.

5. Mathieu P, Pibarot P, Larose E, Poirier P, Marette A, Despres
JP. Visceral obesity and the heart. Int J Biochem Cell B101 2008; 40(5) 821-
36.

6. Bhaskaran K, Dos-Santos-Silva I, Leon DA, Douglas 1J,
Smeeth L. Association of BMI with overall and cause- spemﬁc mortality: a
population-based cohort study of 3.6 million adults in the UK. Lancet Diabetes
Endocrinol. 2018;6(12):944-53.

7. Sjostrom L. Bariatric Surgery and Long-term Cardiovascular
Events. Jama. 2012.

8. Eknoyan G. A history of obesity, or how what was good became
ugly and then bad. Adv Chronic Kidney Dis. 2006;13(4):421-7.

9. Caballero B. The global epidemic of obesity: an overview.
Epidemiol Rev. 2007;29:1-5.

10. WHO. Obesity and overweight 2020 [Available from:
https://www.who.int/news-room/fact-sheets/detail/obesity-and-overweight.
11. Gonzalez-Muniesa P, Martinez-Gonzalez MA, Hu FB, Despres

JP, Matsuzawa Y, Loos RJF, et al. Obesity. Nat Rev Dis Primers.
2017;3:17034.

12. WHO. World Health Organization. Obesity: preventing and
managing the global epidemic. 2000.

13. WHO. Obesity: Preventing and managing a global
epidemic2000.

14. Sjostrom LV. Mortality of severely obese subjects. The
American journal of clinical nutrition. 1992;55(2 Suppl):516S-23S.

15. Dagenais GR, Yi Q, Mann JF, Bosch J, Pogue J, Yusuf S.

Prognostic impact of body weight and abdominal obesity in women and men
with cardiovascular disease. American heart journal. 2005;149(1):54-60.

61



16. Neeland 1J, Poirier P, Despres JP. Cardiovascular and
Metabolic Heterogeneity of Obesity: Clinical Challenges and Implications for
Management. Circulation. 2018;137(13):1391-406.

17. Bjorntorp P. Classification of obese patients and complications
related to the distribution of surplus fat. The American journal of clinical
nutrition. 1987;45(5 Suppl):1120-5.

18. Initiative NOE, editor. The Practical Guide

Identification, Evaluation, and Treatment of Overweight and Obesity in
Adults2000.

19. Nevill AM, Metsios GS, Jackson AS, Wang J, Thornton J,
Gallagher D. Can we use the Jackson and Pollock equations to predict body
density/fat of obese individuals in the 21st century? Int J] Body Compos Res.
2008;6(3):114-21.

20. Scherf J, Franklin BA, Lucas CP, Stevenson D, Rubenfire M.
Validity of skinfold thickness measures of formerly obese adults. The
American journal of clinical nutrition. 1986;43(1):128-35.

21. Prado CM, Heymsfield SB. Lean tissue imaging: a new era for
nutritional assessment and intervention. JPEN J Parenter Enteral Nutr.
2014;38(8):940-53.

22. Snijder MB, Zimmet PZ, Visser M, Dekker JM, Seidell JC,
Shaw JE. Independent and opposite associations of waist and hip
circumferences with diabetes, hypertension and dyslipidemia: the AusDiab
Study. International journal of obesity and related metabolic disorders : journal
of the International Association for the Study of Obesity. 2004;28(3):402-9.
23, Yusuf S, Hawken S, Ounpuu S, Bautista L, Franzosi MG,
Commerford P, et al. Obesity and the risk of myocardial infarction in 27,000
participants from 52 countries: a case-control study. Lancet.
2005;366(9497):1640-9.

24. Murase T, Hattori T, Ohtake M, Abe M, Amakusa Y, Takatsu
M, et al. Cardiac remodeling and diastolic dysfunction in DahlS.Z-
Lepr(fa)/Lepr(fa) rats: a new animal model of metabolic syndrome.
Hypertension research : official journal of the Japanese Society of
Hypertension. 2012;35(2):186-93.

25. Larsson B, Svardsudd K, Welin L, Wilhelmsen L, Bjorntorp P,
Tibblin G. Abdominal adipose tissue distribution, obesity, and risk of
cardiovascular disease and death: 13 year follow up of participants in the study
of men born in 1913. Br Med J (Clin Res Ed). 1984;288(6428):1401-4.

26. Rand CS, Macgregor AM. Morbidly obese patients' perceptions
of social discrimination before and after surgery for obesity. South Med J.
1990;83(12):1390-5.

217. Ackner SE. The obese patient: the psychosocial burden of
obesity and the role of bariatric surgery. Psychiatry (Edgmont). 2005;2(12):53-
60.

62



28. Sarwer DB, Polonsky HM. The Psychosocial Burden of
Obesity. Endocrinology and metabolism clinics of North America.
2016;45(3):677-88.

29. Ueno H, Nakazato M. Mechanistic relationship between the
vagal afferent pathway, central nervous system and peripheral organs in
appetite regulation. Journal of diabetes investigation. 2016;7(6):812-8.

30. Browning KN, Verheijden S, Boeckxstaens GE. The Vagus
Nerve in Appetite Regulation, Mood, and Intestinal Inflammation.
Gastroenterology. 2017;152(4):730-44.

31. Hopkins M, Blundell JE. Energy balance, body composition,
sedentariness and appetite regulation: pathways to obesity. Clin Sci (Lond).
2016;130(18):1615-28.

32. Mathieu P, Poirier P, Pibarot P, Lemieux I, Despres JP. Visceral
obesity: the link among inflammation, hypertension, and cardiovascular
disease. Hypertension. 2009;53(4):577-84.

33. Emerging Risk Factors C, Wormser D, Kaptoge S, Di
Angelantonio E, Wood AM, Pennells L, et al. Separate and combined
associations of body-mass index and abdominal adiposity with cardiovascular
disease: collaborative analysis of 58 prospective studies. Lancet.
2011;377(9771):1085-95.

34, Lavie CJ, De Schutter A, Milani RV. Healthy obese versus
unhealthy lean: the obesity paradox. Nature reviews Endocrinology.
2015;11(1):55-62.

35. Oktay AA, Lavie CJ, Kokkinos PF, Parto P, Pandey A, Ventura
HO. The Interaction of Cardiorespiratory Fitness With Obesity and the Obesity
Paradox in Cardiovascular Disease. Progress in cardiovascular diseases.
2017;60(1):30-44.

36. Turkbey EB, McClelland RL, Kronmal RA, Burke GL, Bild
DE, Tracy RP, et al. The impact of obesity on the left ventricle: the Multi-
Ethnic Study of Atherosclerosis (MESA). JACC Cardiovasc Imaging.
2010;3(3):266-74.

37. Cassano PA, Segal MR, Vokonas PS, Weiss ST. Body fat
distribution, blood pressure, and hypertension. A prospective cohort study of
men in the normative aging study. Ann Epidemiol. 1990;1(1):33-48.

38. Wang Y, Wang QJ. The prevalence of prehypertension and
hypertension among US adults according to the new joint national committee
guidelines: new challenges of the old problem. Archives of internal medicine.
2004;164(19):2126-34.

39. Ruano M, Silvestre V, Castro R, Garcia-Lescun MC, Rodriguez
A, Marco A, et al. Morbid obesity, hypertensive disease and the renin-
angiotensin-aldosterone axis. Obesity surgery. 2005;15(5):670-6.

40. Grassi G, Seravalle G, Cattaneo BM, Bolla GB, Lanfranchi A,
Colombo M, et al. Sympathetic activation in obese normotensive subjects.
Hypertension. 1995;25(4 Pt 1):560-3.

63



41. Pausova Z. From big fat cells to high blood pressure: a pathway
to obesity-associated hypertension. Curr Opin Nephrol Hypertens.
2006;15(2):173-8.

42. Franssen R, Monajemi H, Stroes ES, Kastelein JJ. Obesity and
dyslipidemia. Med Clin North Am. 2011;95(5):893-902.
43, Lemieux I, Lamarche B, Couillard C, Pascot A, Cantin B,

Bergeron J, et al. Total cholesterol/HDL cholesterol ratio vs LDL
cholesterol/HDL cholesterol ratio as indices of ischemic heart disease risk in

men: the Quebec Cardiovascular Study. Archives of internal medicine.
2001;161(22):2685-92.

44, Klop B, Elte JW, Cabezas MC. Dyslipidemia in obesity:
mechanisms and potential targets. Nutrients. 2013;5(4):1218-40.
45. Kahn SE, Cooper ME, Del Prato S. Pathophysiology and

treatment of type 2 diabetes: perspectives on the past, present, and future.
Lancet. 2014;383(9922):1068-83.

46. American Diabetes A. Standards of medical care in diabetes--
2012. Diabetes care. 2012;35 Suppl 1:S11-63.
47. Eriksson J, Franssila-Kallunki A, Ekstrand A, Saloranta C,

Widen E, Schalin C, et al. Early metabolic defects in persons at increased risk
for non-insulin-dependent diabetes mellitus. The New England journal of
medicine. 1989;321(6):337-43.

48. Bjorntorp P, Bergman H, Varnauskas E. Plasma free fatty acid
turnover rate in obesity. Acta Med Scand. 1969;185(4):351-6.

49. Boden G. Role of fatty acids in the pathogenesis of insulin
resistance and NIDDM. Diabetes. 1997;46(1):3-10.

50. Balkau B, Deanfield JE, Despres JP, Bassand JP, Fox KA,
Smith SC, Jr., et al. International Day for the Evaluation of Abdominal Obesity
(IDEA): a study of waist circumference, cardiovascular disease, and diabetes
mellitus in 168,000 primary care patients in 63 countries. Circulation.
2007;116(17):1942-51.

51. Hartemink N, Boshuizen HC, Nagelkerke NJ, Jacobs MA, van
Houwelingen HC. Combining risk estimates from observational studies with
different exposure cutpoints: a meta-analysis on body mass index and diabetes
type 2. American journal of epidemiology. 2006;163(11):1042-52.

52. Hossain P, Kawar B, El Nahas M. Obesity and diabetes in the
developing world--a growing challenge. The New England journal of
medicine. 2007;356(3):213-5.

53. Boles A, Kandimalla R, Reddy PH. Dynamics of diabetes and
obesity: Epidemiological perspective. Biochim Biophys Acta Mol Basis Dis.
2017;1863(5):1026-36.

54, Goldberg RB. Cytokine and cytokine-like inflammation
markers, endothelial dysfunction, and imbalanced coagulation in development
of diabetes and its complications. J Clin Endocrinol Metab. 2009;94(9):3171-
82.

64



55. Abdelaal M, le Roux CW, Docherty NG. Morbidity and
mortality associated with obesity. Ann Transl Med. 2017;5(7):161.

56. Mathieu P, Lemieux I, Despres JP. Obesity, inflammation, and
cardiovascular risk. Clin Pharmacol Ther. 2010;87(4):407-16.
57. Despres JP. Inflammation and cardiovascular disease: is

abdominal obesity the missing link? International journal of obesity and related
metabolic disorders : journal of the International Association for the Study of
Obesity. 2003;27 Suppl 3:S22-4.

58. Cartier A, Lemieux I, Almeras N, Tremblay A, Bergeron J,
Despres JP. Visceral obesity and plasma glucose-insulin homeostasis:
contributions of interleukin-6 and tumor necrosis factor-alpha in men. J Clin
Endocrinol Metab. 2008;93(5):1931-8.

59. Ridker PM. High-sensitivity C-reactive protein and
cardiovascular risk: rationale for screening and primary prevention. The
American journal of cardiology. 2003;92(4B):17K-22K.

60. Wallace AM, McMahon AD, Packard CJ, Kelly A, Shepherd J,
Gaw A, et al. Plasma leptin and the risk of cardiovascular disease in the west
of Scotland coronary prevention study (WOSCOPS). Circulation.
2001;104(25):3052-6.

6l1. Schnabel R, Messow CM, Lubos E, Espinola-Klein C,
Rupprecht HJ, Bickel C, et al. Association of adiponectin with adverse
outcome in coronary artery disease patients: results from the AtheroGene
study. European heart journal. 2008;29(5):649-57.

62. Steffen LM, Cushman M, Peacock JM, Heckbert SR, Jacobs
DR, Jr., Rosamond WD, et al. Metabolic syndrome and risk of venous
thromboembolism: Longitudinal Investigation of Thromboembolism Etiology.
Journal of thrombosis and haemostasis : JTH. 2009;7(5):746-51.

63. Ageno W, Becattini C, Brighton T, Selby R, Kamphuisen PW.
Cardiovascular risk factors and venous thromboembolism: a meta-analysis.
Circulation. 2008;117(1):93-102.

64. Kabrhel C, Varraso R, Goldhaber SZ, Rimm EB, Camargo CA.
Prospective study of BMI and the risk of pulmonary embolism in women.
Obesity. 2009;17(11):2040-6.

65. Lutsey PL, Virnig BA, Durham SB, Steffen LM, Hirsch AT,
Jacobs DR, Jr, et al. Correlates and consequences of venous
thromboembolism: The lowa Women's Health Study. Am J Public Health.
2010;100(8):1506-13.

66. de Divitiis O, Fazio S, Petitto M, Maddalena G, Contaldo F,
Mancini M. Obesity and cardiac function. Circulation. 1981;64(3):477-82.
67. Alexander JK AM. The heart and lung in obesity:

Hemodynamic alterations with obesity in man

Alpert MA AlJ, editor. Armonk (NY): Futura Publishing Company;; 1998.

65



68. Alexander JK, Dennis EW, Smith WG, Amad KH, Duncan
WC, Austin RC. Blood volume, cardiac output, and distribution of systemic
blood flow in extreme obesity. Cardiovasc Res Cent Bull. 1962;1:39-44.

69. Obokata M, Reddy YNV, Pislaru SV, Melenovsky V, Borlaug
BA. Evidence Supporting the Existence of a Distinct Obese Phenotype of
Heart Failure With Preserved Ejection Fraction. Circulation. 2017;136(1):6-
19.

70. Dornfeld LP MM, Waks A, Tuck M., . Mechanisms of
hypertension in obesity. 1987.
71. Bella JN, Devereux RB, Roman MJ, O'Grady MJ, Welty TK,

Lee ET, et al. Relations of left ventricular mass to fat-free and adipose body
mass: the strong heart study. The Strong Heart Study Investigators.
Circulation. 1998;98(23):2538-44.

72. Grossman W, Jones D, McLaurin LP. Wall stress and patterns
of hypertrophy in the human left ventricle. The Journal of clinical
investigation. 1975;56(1):56-64.

73. Sutton-Tyrrell K, Newman A, Simonsick EM, Havlik R, Pahor
M, Lakatta E, et al. Aortic stiffness is associated with visceral adiposity in older
adults enrolled in the study of health, aging, and body composition.
Hypertension. 2001;38(3):429-33.

74. Wikman-Coffelt J, Parmley WW, Mason DT. The cardiac
hypertrophy process. Analyses of factors determining pathological vs.
physiological development. Circ Res. 1979;45(6):697-707.

75. Laks MM, Morady F, Swan HJ. Canine right and left ventricular
cell and sarcomere lengths after banding the pulmonary artery. Circ Res.
1969;24(5):705-10.

76. Morady F, Laks MM, Parmley WW. Comparison of sarcomere
lengths from normal and hypertrophied inner and middle canine right ventricle.
Am J Physiol. 1973;225(6):1257-9.

77. Avelar E, Cloward TV, Walker JM, Farney RJ, Strong M,
Pendleton RC, et al. Left ventricular hypertrophy in severe obesity:
interactions among blood pressure, nocturnal hypoxemia, and body mass.
Hypertension. 2007;49(1):34-9.

78. Reis JP, Allen N, Gibbs BB, Gidding SS, Lee JM, Lewis CE, et
al. Association of the degree of adiposity and duration of obesity with measures
of cardiac structure and function: the CARDIA study. Obesity.
2014;22(11):2434-40.

79. Wang TJ, Parise H, Levy D, D'Agostino RB, Sr., Wolf PA,
Vasan RS, et al. Obesity and the risk of new-onset atrial fibrillation. Jama.
2004;292(20):2471-7.

80. Tsang TS, Barnes ME, Miyasaka Y, Cha SS, Bailey KR,
Verzosa GC, et al. Obesity as a risk factor for the progression of paroxysmal
to permanent atrial fibrillation: a longitudinal cohort study of 21 years.
European heart journal. 2008;29(18):2227-33.

66



81. Guglin M, Maradia K, Chen R, Curtis AB. Relation of obesity
to recurrence rate and burden of atrial fibrillation. The American journal of
cardiology. 2011;107(4):579-82.

82. Kenchaiah S, Evans JC, Levy D, Wilson PW, Benjamin EJ,
Larson MG, et al. Obesity and the risk of heart failure. The New England
journal of medicine. 2002;347(5):305-13.

83. lacobellis G, Ribaudo MC, Leto G, Zappaterreno A, Vecci E,
Di Mario U, et al. Influence of excess fat on cardiac morphology and function:
study in uncomplicated obesity. Obesity research. 2002;10(8):767-73.

84. Savji N, Meijers WC, Bartz TM, Bhambhani V, Cushman M,
Nayor M, et al. The Association of Obesity and Cardiometabolic Traits With
Incident HFpEF and HFrEF. JACC Heart failure. 2018;6(8):701-9.

85. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow
GC, Committee ASA, et al. Clinical presentation, management, and in-hospital
outcomes of patients admitted with acute decompensated heart failure with
preserved systolic function: a report from the Acute Decompensated Heart
Failure National Registry (ADHERE) Database. Journal of the American
College of Cardiology. 2006;47(1):76-84.

86. Philbin EF, Rocco TA, Jr., Lindenmuth NW, Ulrich K, Jenkins
PL. Systolic versus diastolic heart failure in community practice: clinical
features, outcomes, and the use of angiotensin-converting enzyme inhibitors.
The American journal of medicine. 2000;109(8):605-13.

87. Vaduganathan M, Michel A, Hall K, Mulligan C, Nodari S,
Shah SJ, et al. Spectrum of epidemiological and clinical findings in patients
with heart failure with preserved ejection fraction stratified by study design: a
systematic review. Eur J Heart Fail. 2016;18(1):54-65.

88. McGill HC, Jr., McMahan CA, Herderick EE, Zieske AW,
Malcom GT, Tracy RE, et al. Obesity accelerates the progression of coronary
atherosclerosis in young men. Circulation. 2002;105(23):2712-8.

89. Wilson PW, D'Agostino RB, Sullivan L, Parise H, Kannel WB.
Overweight and obesity as determinants of cardiovascular risk: the
Framingham experience. Archives of internal medicine. 2002;162(16):1867-
72.

90. Ades PA, Savage PD. Obesity in coronary heart disease: An
unaddressed behavioral risk factor. Prev Med. 2017;104:117-9.
91. Graham I, Atar D, Borch-Johnsen K, Boysen G, Burell G,

Cifkova R, et al. European guidelines on cardiovascular disease prevention in
clinical practice: executive summary: Fourth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease
Prevention in Clinical Practice (Constituted by representatives of nine societies
and by invited experts). European heart journal. 2007;28(19):2375-414.

92. Piepoli MF, Hoes AW, Agewall S, Albus C, Brotons C,
Catapano AL, et al. 2016 European Guidelines on cardiovascular disease
prevention in clinical practice: The Sixth Joint Task Force of the European
Society of Cardiology and Other Societies on Cardiovascular Disease

67



Prevention in Clinical Practice (constituted by representatives of 10 societies
and by invited experts)Developed with the special contribution of the
European Association for Cardiovascular Prevention & Rehabilitation
(EACPR). European heart journal. 2016;37(29):2315-81.

93. Delling L, Karason K, Olbers T, Sjostrom D, Wahlstrand B,
Carlsson B, et al. Feasibility of bariatric surgery as a strategy for secondary
prevention in cardiovascular disease: a report from the Swedish obese subjects
trial. Journal of obesity. 2010;2010.

94. Oreopoulos A, Padwal R, Norris CM, Mullen JC, Pretorius V,
Kalantar-Zadeh K. Effect of obesity on short- and long-term mortality
postcoronary revascularization: a meta-analysis. Obesity. 2008;16(2):442-50.
95. Romero-Corral A, Montori VM, Somers VK, Korinek J,
Thomas RJ, Allison TG, et al. Association of bodyweight with total mortality
and with cardiovascular events in coronary artery disease: a systematic review
of cohort studies. Lancet. 2006;368(9536):666-78.

96. Pacca DM, GC DE-C, Zorzi AR, Chaim EA, JB DE-M.
Prevalence of Joint Pain and Osteoarthritis in Obese Brazilian Population. Arq
Bras Cir Dig. 2018;31(1):e1344.

97. Sowers MR, Karvonen-Gutierrez CA. The evolving role of
obesity in knee osteoarthritis. Curr Opin Rheumatol. 2010;22(5):533-7.
98. Abu-Abeid S, Wishnitzer N, Szold A, Liebergall M, Manor O.

The influence of surgically-induced weight loss on the knee joint. Obesity
surgery. 2005;15(10):1437-42.

99. Bozkurt NC, Beysel S, Karbek B, Unsal 10, Cakir E, Delibasi
T. Visceral Obesity Mediates the Association Between Metabolic Syndrome
and Obstructive Sleep Apnea Syndrome. Metab Syndr Relat Disord.
2016;14(4):217-21.

100. Yuan H, Schwab RJ, Kim C, He J, Shults J, Bradford R, et al.
Relationship between body fat distribution and upper airway dynamic function
during sleep in adolescents. Sleep. 2013;36(8):1199-207.

101. Phillips BG, Hisel TM, Kato M, Pesek CA, Dyken ME,
Narkiewicz K, et al. Recent weight gain in patients with newly diagnosed
obstructive sleep apnea. J Hypertens. 1999;17(9):1297-300.

102. Nieto FJ, Young TB, Lind BK, Shahar E, Samet JM, Redline S,
et al. Association of sleep-disordered breathing, sleep apnea, and hypertension
in a large community-based study. Sleep Heart Health Study. Jama.
2000;283(14):1829-36.

103. Sanchez-de-la-Torre M, Campos-Rodriguez F, Barbe F.
Obstructive sleep apnoea and cardiovascular disease. Lancet Respir Med.
2013;1(1):61-72.

104. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam
M, et al. Global burden of NAFLD and NASH: trends, predictions, risk factors
and prevention. Nat Rev Gastroenterol Hepatol. 2018;15(1):11-20.

105. Loomba R, Sanyal AJ. The global NAFLD epidemic. Nat Rev
Gastroenterol Hepatol. 2013;10(11):686-90.

68



106. Renehan AG, Tyson M, Egger M, Heller RF, Zwahlen M.
Body-mass index and incidence of cancer: a systematic review and meta-
analysis of prospective observational studies. Lancet. 2008;371(9612):569-78.
107. Rey-Lopez JP, de Rezende LF, Pastor-Valero M, Tess BH. The
prevalence of metabolically healthy obesity: a systematic review and critical
evaluation of the definitions used. Obesity reviews : an official journal of the
International Association for the Study of Obesity. 2014;15(10):781-90.

108. National Cholesterol Education Program Expert Panel on
Detection E, Treatment of High Blood Cholesterol in A. Third Report of the
National Cholesterol Education Program (NCEP) Expert Panel on Detection,
Evaluation, and Treatment of High Blood Cholesterol in Adults (Adult
Treatment Panel III) final report. Circulation. 2002;106(25):3143-421.

109. Matthews DR, Hosker JP, Rudenski AS, Naylor BA, Treacher
DF, Turner RC. Homeostasis model assessment: insulin resistance and beta-
cell function from fasting plasma glucose and insulin concentrations in man.
Diabetologia. 1985;28(7):412-9.

110. Smith GI, Mittendorfer B, Klein S. Metabolically healthy
obesity: facts and fantasies. The Journal of clinical investigation.
2019;129(10):3978-89.

111. Eckel N, Li Y, Kuxhaus O, Stefan N, Hu FB, Schulze MB.
Transition from metabolic healthy to unhealthy phenotypes and association
with cardiovascular disease risk across BMI categories in 90 257 women (the
Nurses' Health Study): 30 year follow-up from a prospective cohort study.
Lancet Diabetes Endocrinol. 2018;6(9):714-24.

112. Zheng R, Zhou D, Zhu Y. The long-term prognosis of
cardiovascular disease and all-cause mortality for metabolically healthy
obesity: a systematic review and meta-analysis. J Epidemiol Community
Health. 2016;70(10):1024-31.

113. Sweeting AN, Caterson ID. Approaches to obesity
management. Intern Med J. 2017;47(7):734-9.
114. Ryan DH, Espeland MA, Foster GD, Haffner SM, Hubbard VS,

Johnson KC, et al. Look AHEAD (Action for Health in Diabetes): design and
methods for a clinical trial of weight loss for the prevention of cardiovascular
disease in type 2 diabetes. Control Clin Trials. 2003;24(5):610-28.

115. Salvia MG. The Look AHEAD Trial: Translating Lessons
Learned Into Clinical Practice and Further Study. Diabetes Spectr.
2017;30(3):166-70.

116. Naslund E, Gutniak M, Skogar S, Rossner S, Hellstrom PM.
Glucagon-like peptide 1 increases the period of postprandial satiety and slows
gastric emptying in obese men. The American journal of clinical nutrition.
1998;68(3):525-30.

117. Naslund E, Barkeling B, King N, Gutniak M, Blundell JE, Holst
1], et al. Energy intake and appetite are suppressed by glucagon-like peptide-1
(GLP-1) in obese men. International journal of obesity and related metabolic

69



disorders : journal of the International Association for the Study of Obesity.
1999;23(3):304-11.

118. Tek C. Naltrexone HCl/bupropion HCI for chronic weight
management in obese adults: patient selection and perspectives. Patient Prefer
Adherence. 2016;10:751-9.

119. Hsia DS, Grove O, Cefalu WT. An update on sodium-glucose
co-transporter-2 inhibitors for the treatment of diabetes mellitus. Current
opinion in endocrinology, diabetes, and obesity. 2017;24(1):73-9.

120. Gloy VL, Briel M, Bhatt DL, Kashyap SR, Schauer PR,
Mingrone G, et al. Bariatric surgery versus non-surgical treatment for obesity:
a systematic review and meta-analysis of randomised controlled trials. Bmj.
2013;347:£5934.

121. Carlsson LM, Peltonen M, Ahlin S, Anveden A, Bouchard C,
Carlsson B, et al. Bariatric surgery and prevention of type 2 diabetes in
Swedish obese subjects. The New England journal of medicine.
2012;367(8):695-704.

122. Shulman A, Peltonen M, Sjostrom CD, Andersson-Assarsson
JC, Taube M, Sjoholm K, et al. Incidence of end-stage renal disease following
bariatric surgery in the Swedish Obese Subjects Study. International journal of
obesity. 2018;42(5):964-73.

123. Sjostrom CD, Lissner L, Wedel H, Sjostrom L. Reduction in
incidence of diabetes, hypertension and lipid disturbances after intentional
weight loss induced by bariatric surgery: the SOS Intervention Study. Obesity
research. 1999;7(5):477-84.

124. Buchwald H, Avidor Y, Braunwald E, Jensen MD, Pories W,
Fahrbach K, et al. Bariatric surgery: a systematic review and meta-analysis.
Jama. 2004;292(14):1724-37.

125. Lars Sjostrom. Lifestyle, Diabetes, and Cardiovascular Risk
Factors 10 Years

after Bariatric Surgery. NEJM. 2004.

126. Sjostrom L, Gummesson A, Sjostrom CD, Narbro K, Peltonen
M, Wedel H, et al. Effects of bariatric surgery on cancer incidence in obese
patients in Sweden (Swedish Obese Subjects Study): a prospective, controlled
intervention trial. The Lancet Oncology. 2009;10(7):653-62.

127. Lars Sjostrom. Effects of Bariatric Surgery on Mortality in
Swedish Obese Subjects. NEJM. 2007.

128. Soreg. Scandinavian Obesity Surgery registry. 2018.

129. van Beek AP, Emous M, Laville M, Tack J. Dumping syndrome

after esophageal, gastric or bariatric surgery: pathophysiology, diagnosis, and
management. Obesity reviews : an official journal of the International
Association for the Study of Obesity. 2017;18(1):68-85.

130. Mechanick JI, Youdim A, Jones DB, Garvey WT, Hurley DL,
McMahon MM, et al. Clinical practice guidelines for the perioperative
nutritional, metabolic, and nonsurgical support of the bariatric surgery patient-

70



-2013 update: cosponsored by American Association of Clinical
Endocrinologists, the Obesity Society, and American Society for Metabolic &
Bariatric Surgery. Endocr Pract. 2013;19(2):337-72.

131. Parrott J, Frank L, Rabena R, Craggs-Dino L, Isom KA,
Greiman L. American Society for Metabolic and Bariatric Surgery Integrated
Health Nutritional Guidelines for the Surgical Weight Loss Patient 2016
Update: Micronutrients. Surg Obes Relat Dis. 2017;13(5):727-41.

132. Vargas-Ruiz AG, Hernandez-Rivera G, Herrera MF.
Prevalence of iron, folate, and vitamin B12 deficiency anemia after
laparoscopic Roux-en-Y gastric bypass. Obesity surgery. 2008;18(3):288-93.
133. Svensson PA, Anveden A, Romeo S, Peltonen M, Ahlin S,
Burza MA, et al. Alcohol consumption and alcohol problems after bariatric
surgery in the Swedish obese subjects study. Obesity. 2013;21(12):2444-51.
134. Muller A, Hase C, Pommnitz M, de Zwaan M. Depression and
Suicide After Bariatric Surgery. Curr Psychiatry Rep. 2019;21(9):84.

135. Re RN. Obesity-related hypertension. The Ochsner journal.
2009;9(3):133-6.

136. Nystrom PK, Carlsson AC, Leander K, de Faire U, Hellenius
ML, Gigante B. Obesity, metabolic syndrome and risk of atrial fibrillation: a
Swedish, prospective cohort study. PloS one. 2015;10(5):e0127111.

137. Lavie CJ, McAuley PA, Church TS, Milani RV, Blair SN.
Obesity and cardiovascular diseases: implications regarding fitness, fatness,
and severity in the obesity paradox. Journal of the American College of
Cardiology. 2014;63(14):1345-54.

138. Lavie CJ, Alpert MA, Arena R, Mehra MR, Milani RV, Ventura
HO. Impact of obesity and the obesity paradox on prevalence and prognosis in
heart failure. JACC Heart failure. 2013;1(2):93-102.

139. Lavie CJ, Ventura HO. The Obesity Paradox in Heart Failure:
Is it All About Fitness, Fat, or Sex? JACC Heart failure. 2015;3(11):927-30.
140. Preston SH, Stokes A. Obesity paradox: conditioning on disease

enhances biases in estimating the mortality risks of obesity. Epidemiology
(Cambridge, Mass). 2014;25(3):454-61.

141. Carbone S, Canada JM, Billingsley HE, Siddiqui MS, Elagizi
A, Lavie CJ. Obesity paradox in cardiovascular disease: where do we stand?
Vasc Health Risk Manag. 2019;15:89-100.

142. Lavie CJ, De Schutter A, Patel DA, Romero-Corral A, Artham
SM, Milani RV. Body composition and survival in stable coronary heart
disease: impact of lean mass index and body fat in the "obesity paradox".
Journal of the American College of Cardiology. 2012;60(15):1374-80.

143. O'Donovan G, Owen A, Kearney EM, Jones DW, Nevill AM,
Woolf-May K, et al. Cardiovascular disease risk factors in habitual exercisers,
lean sedentary men and abdominally obese sedentary men. International
journal of obesity. 2005;29(9):1063-9.

144. Yataco AR, Busby-Whitehead J, Drinkwater DT, Katzel LI.
Relationship of body composition and cardiovascular fitness to lipoprotein

71



lipid profiles in master athletes and sedentary men. Aging (Milano). 1997;9(1-
2):88-94.

145. Goldberg AP, Busby-Whitehead MJ, Katzel LI, Krauss RM,
Lumpkin M, Hagberg JM. Cardiovascular fitness, body composition, and
lipoprotein lipid metabolism in older men. J Gerontol A Biol Sci Med Sci.
2000;55(6):M342-9.

146. Lee DH. Predicted lean body mass, fat mass, and all cause and
cause specific mortality in men: prospective US cohort study. Bmij.
2018;362(:k2575).

147. Allison DB, Zannolli R, Faith MS, Heo M, Pietrobelli A,
Vanltallie TB, et al. Weight loss increases and fat loss decreases all-cause
mortality rate: results from two independent cohort studies. International
journal of obesity and related metabolic disorders : journal of the International
Association for the Study of Obesity. 1999;23(6):603-11.

148. Habbu A, Lakkis NM, Dokainish H. The obesity paradox: fact
or fiction? The American journal of cardiology. 2006;98(7):944-8.
149. Lauretani F, Russo CR, Bandinelli S, Bartali B, Cavazzini C, Di

Iorio A, et al. Age-associated changes in skeletal muscles and their effect on
mobility: an operational diagnosis of sarcopenia. J Appl Physiol (1985).
2003;95(5):1851-60.

150. Roubenoff R. Sarcopenia and its implications for the elderly.
Eur J Clin Nutr. 2000;54 Suppl 3:S40-7.
151. Wei M, Kampert JB, Barlow CE, Nichaman MZ, Gibbons LW,

Paffenbarger RS, Jr., et al. Relationship between low cardiorespiratory fitness
and mortality in normal-weight, overweight, and obese men. Jama.
1999;282(16):1547-53.

152. Clark AL, Fonarow GC, Horwich TB. Impact of
cardiorespiratory fitness on the obesity paradox in patients with systolic heart
failure. The American journal of cardiology. 2015;115(2):209-13.

153. Lavie CJ, Cahalin LP, Chase P, Myers J, Bensimhon D, Peberdy
MA, et al. Impact of cardiorespiratory fitness on the obesity paradox in patients
with heart failure. Mayo Clinic proceedings. 2013;88(3):251-8.

154. Ludvigsson JF, Otterblad-Olausson P, Pettersson BU, Ekbom
A. The Swedish personal identity number: possibilities and pitfalls in
healthcare and medical research. European journal of epidemiology.
2009;24(11):659-67.

155. Socialstyrelsen. National Patient Register [Available from:
https://www.socialstyrelsen.se/en/statistics-and-data/registers/register-
information/the-national-patient-register/.

156. Smith JG, Platonov PG, Hedblad B, Engstrom G, Melander O.
Atrial fibrillation in the Malmo Diet and Cancer study: a study of occurrence,
risk factors and diagnostic validity. European journal of epidemiology.
2010;25(2):95-102.

72



157. Ingelsson E, Arnlov J, Sundstrom J, Lind L. The validity of a
diagnosis of heart failure in a hospital discharge register. Eur J Heart Fail.
2005;7(5):787-91.

158. Brooke HL, Talback M, Hornblad J, Johansson LA, Ludvigsson
JF, Druid H, et al. The Swedish cause of death register. European journal of
epidemiology. 2017;32(9):765-73.

159. Jernberg T, Attebring MF, Hambraeus K, Ivert T, James S,
Jeppsson A, et al. The Swedish Web-system for enhancement and development
of evidence-based care in heart disease evaluated according to recommended
therapies (SWEDEHEART). Heart. 2010;96(20):1617-21.

160. Frobert O, Lagerqvist B, Olivecrona GK, Omerovic E,
Gudnason T, Maeng M, et al. Thrombus aspiration during ST-segment
elevation myocardial infarction. The New England journal of medicine.
2013;369(17):1587-97.

161. Gotberg M, Christiansen EH, Gudmundsdottir 1J, Sandhall L,
Danielewicz M, Jakobsen L, et al. Instantaneous Wave-free Ratio versus
Fractional Flow Reserve to Guide PCI. The New England journal of medicine.
2017;376(19):1813-23.

162. Hofmann R, James SK, Jernberg T, Lindahl B, Erlinge D, Witt
N, et al. Oxygen Therapy in Suspected Acute Myocardial Infarction. The New
England journal of medicine. 2017;377(13):1240-9.

163. Erlinge D, Omerovic E, Frobert O, Linder R, Danielewicz M,
Hamid M, et al. Bivalirudin versus Heparin Monotherapy in Myocardial
Infarction. The New England journal of medicine. 2017;377(12):1132-42.
164. Sjostrom L. Review of the key results from the Swedish Obese
Subjects (SOS) trial - a prospective controlled intervention study of bariatric
surgery. Journal of internal medicine. 2013;273(3):219-34.

165. Wang TJ. Obesity and the Risk of New-Onset Atrial
Fibrillation. Jama. 2004;292(20):2471-7.
166. Mahajan R, Lau DH, Brooks AG, Shipp NJ, Manavis J, Wood

JP, et al. Electrophysiological, Electroanatomical, and Structural Remodeling
of the Atria as Consequences of Sustained Obesity. Journal of the American
College of Cardiology. 2015;66(1):1-11.

167. Dimitri H, Ng M, Brooks AG, Kuklik P, Stiles MK, Lau DH, et
al. Atrial remodeling in obstructive sleep apnea: implications for atrial
fibrillation. Heart rhythm : the official journal of the Heart Rhythm Society.
2012;9(3):321-7.

168. Huxley RR, Lopez FL, Folsom AR, Agarwal SK, Loehr LR,
Soliman EZ, et al. Absolute and attributable risks of atrial fibrillation in
relation to optimal and borderline risk factors: the Atherosclerosis Risk in
Communities (ARIC) study. Circulation. 2011;123(14):1501-8.

169. Middeldorp ME, Pathak RK, Meredith M, Mehta AB, Elliott
AD, Mahajan R, et al. PREVEntion and regReSsive Effect of weight-loss and
risk factor modification on Atrial Fibrillation: the REVERSE-AF study.
Europace : European pacing, arrhythmias, and cardiac electrophysiology :

73



journal of the working groups on cardiac pacing, arrhythmias, and cardiac
cellular electrophysiology of the European Society of Cardiology.
2018;20(12):1929-35.

170. Pathak RK, Middeldorp ME, Meredith M, Mehta AB, Mahajan
R, Wong CX, et al. Long-Term Effect of Goal-Directed Weight Management
in an Atrial Fibrillation Cohort: A Long-Term Follow-Up Study (LEGACY).
Journal of the American College of Cardiology. 2015;65(20):2159-69.

171. Pathak RK, Mehta AB, Lau DH, Sanders P. Reply: Going Over
LEGACY With a Pinch of Salt. Journal of the American College of
Cardiology. 2015;66(17):1946.

172. Pathak RK, Middeldorp ME, Lau DH, Mehta AB, Mahajan R,
Twomey D, et al. Aggressive risk factor reduction study for atrial fibrillation
and implications for the outcome of ablation: the ARREST-AF cohort study.
Journal of the American College of Cardiology. 2014;64(21):2222-31.

173. Pathak RK, Elliott A, Middeldorp ME, Meredith M, Mehta AB,
Mahajan R, et al. Impact of CARDIOrespiratory FITness on Arrhythmia
Recurrence in Obese Individuals With Atrial Fibrillation: The CARDIO-FIT
Study. Journal of the American College of Cardiology. 2015;66(9):985-96.
174. Gami AS, Hodge DO, Herges RM, Olson EJ, Nykodym J, Kara
T, et al. Obstructive sleep apnea, obesity, and the risk of incident atrial
fibrillation. Journal of the American College of Cardiology. 2007;49(5):565-
71.

175. Somers VK, Dyken ME, Clary MP, Abboud FM. Sympathetic
neural mechanisms in obstructive sleep apnea. The Journal of clinical
investigation. 1995;96(4):1897-904.

176. Otto ME, Belohlavek M, Romero-Corral A, Gami AS, Gilman
G, Svatikova A, et al. Comparison of cardiac structural and functional changes
in obese otherwise healthy adults with versus without obstructive sleep apnea.
The American journal of cardiology. 2007;99(9):1298-302.

177. Romero-Corral A, Somers VK, Pellikka PA, Olson EJ, Bailey
KR, Korinek J, et al. Decreased right and left ventricular myocardial
performance in obstructive sleep apnea. Chest. 2007;132(6):1863-70.

178. Szymanski FM, Platek AE, Karpinski G, Kozluk E, Puchalski
B, Filipiak KJ. Obstructive sleep apnoea in patients with atrial fibrillation:
prevalence, determinants and clinical characteristics of patients in Polish
population. Kardiol Pol. 2014;72(8):716-24.

179. Kirchhof P, Auricchio A, Bax J, Crijns H, Camm J, Diener HC,
et al. Outcome parameters for trials in atrial fibrillation: executive summary.
European heart journal. 2007;28(22):2803-17.

180. Fein AS, Shvilkin A, Shah D, Haffajee CI, Das S, Kumar K, et
al. Treatment of obstructive sleep apnea reduces the risk of atrial fibrillation
recurrence after catheter ablation. Journal of the American College of
Cardiology. 2013;62(4):300-5.

74



181. Grunstein RR. Two Year Reduction In Sleep Apnea Symptoms
and Associated Diabetes Incidence After Weight Loss In Severe Obesity.
Sleep. 2007;30(6):703-10.

182. Karason K, Wallentin I, Larsson B, Sjostrom L. Effects of
obesity and weight loss on left ventricular mass and relative wall thickness:
survey and intervention study. Bmj. 1997;315(7113):912-6.

183. Aviles RJ, Martin DO, Apperson-Hansen C, Houghtaling PL,
Rautaharju P, Kronmal RA, et al. Inflammation as a risk factor for atrial
fibrillation. Circulation. 2003;108(24):3006-10.

184. Cavalera M, Wang J, Frangogiannis NG. Obesity, metabolic
dysfunction, and cardiac fibrosis: pathophysiological pathways, molecular
mechanisms, and therapeutic opportunities. Transl Res. 2014;164(4):323-35.
185. Kosmala W, Przewlocka-Kosmala M, Szczepanik-Osadnik H,
Mysiak A, Marwick TH. Fibrosis and cardiac function in obesity: a randomised
controlled trial of aldosterone blockade. Heart. 2013;99(5):320-6.

186. Suwaidi JA, Wright RS, Grill JP, Hensrud DD, Murphy JG,
Squires RW, et al. Obesity is associated with premature occurrence of acute
myocardial infarction. Clinical cardiology. 2001;24(8):542-7.

187. Zhu J, Su X, Li G, Chen J, Tang B, Yang Y. The incidence of
acute myocardial infarction in relation to overweight and obesity: a meta-
analysis. Arch Med Sci. 2014;10(5):855-62.

188. Haass M, Kitzman DW, Anand IS, Miller A, Zile MR, Massie
BM, et al. Body mass index and adverse cardiovascular outcomes in heart
failure patients with preserved ejection fraction: results from the Irbesartan in
Heart Failure with Preserved Ejection Fraction (I-PRESERVE) trial. Circ
Heart Fail. 2011;4(3):324-31.

189. Sundstrom J, Bruze G, Ottosson J, Marcus C, Naslund I,
Neovius M. Weight Loss and Heart Failure: A Nationwide Study of Gastric
Bypass Surgery Versus Intensive Lifestyle Treatment. Circulation.
2017;135(17):1577-85.

190. Ho JE, Lyass A, Lee DS, Vasan RS, Kannel WB, Larson MG,
et al. Predictors of new-onset heart failure: differences in preserved versus
reduced ejection fraction. Circ Heart Fail. 2013;6(2):279-86.

191. Brouwers FP, de Boer RA, van der Harst P, Voors AA,
Gansevoort RT, Bakker SJ, et al. Incidence and epidemiology of new onset
heart failure with preserved vs. reduced ejection fraction in a community-based
cohort: 1l-year follow-up of PREVEND. European heart journal.
2013;34(19):1424-31.

192. Calenda BW, Fuster V, Halperin JL, Granger CB. Stroke risk
assessment in atrial fibrillation: risk factors and markers of atrial myopathy.
Nature reviews Cardiology. 2016;13(9):549-59.

193. Telles F, Nanayakkara S, Evans S, Patel HC, Mariani JA, Vizi
D, et al. Impaired left atrial strain predicts abnormal exercise haemodynamics
in heart failure with preserved ejection fraction. Eur J Heart Fail.
2019;21(4):495-505.

75



194. Wolf PA, Abbott RD, Kannel WB. Atrial fibrillation as an
independent risk factor for stroke: the Framingham Study. Stroke; a journal of
cerebral circulation. 1991;22(8):983-8.

195. Black IW, Chesterman CN, Hopkins AP, Lee LC, Chong BH,
Walsh WF. Hematologic correlates of left atrial spontaneous echo contrast and
thromboembolism in nonvalvular atrial fibrillation. Journal of the American
College of Cardiology. 1993;21(2):451-7.

196. Packer M. Epicardial Adipose Tissue May Mediate Deleterious
Effects of Obesity and Inflammation on the Myocardium. Journal of the
American College of Cardiology. 2018;71(20):2360-72.

197. Packer M. The epicardial adipose inflammatory triad: coronary
atherosclerosis, atrial fibrillation, and heart failure with a preserved ejection
fraction. Eur J Heart Fail. 2018;20(11):1567-9.

198. Mahajan R, Nelson A, Pathak RK, Middeldorp ME, Wong CX,
Twomey DJ, et al. Electroanatomical Remodeling of the Atria in Obesity:
Impact of Adjacent Epicardial Fat. JACC Clin Electrophysiol.
2018;4(12):1529-40.

199. Melenovsky V, Hwang SJ, Redfield MM, Zakeri R, Lin G,
Borlaug BA. Left atrial remodeling and function in advanced heart failure with
preserved or reduced ejection fraction. Circ Heart Fail. 2015;8(2):295-303.
200. Gulsin GS, Kanagala P, Chan DCS, Cheng ASH, Athithan L,
Graham-Brown MPM, et al. Differential left ventricular and left atrial
remodelling in heart failure with preserved ejection fraction patients with and
without diabetes. Ther Adv Endocrinol Metab. 2019;10:2042018819861593.
201. Glotzer TV, Daoud EG, Wyse DG, Singer DE, Ezekowitz MD,
Hilker C, et al. The relationship between daily atrial tachyarrhythmia burden
from implantable device diagnostics and stroke risk: the TRENDS study.
Circulation Arrhythmia and electrophysiology. 2009;2(5):474-80.

202. Healey JS, Connolly SJ, Gold MR, Israel CW, Van Gelder IC,
Capucci A, et al. Subclinical atrial fibrillation and the risk of stroke. The New
England journal of medicine. 2012;366(2):120-9.

203. Brambatti M, Connolly SJ, Gold MR, Morillo CA, Capucci A,
Muto C, et al. Temporal relationship between subclinical atrial fibrillation and
embolic events. Circulation. 2014;129(21):2094-9.

204. Cogswell RJ, Norby FL, Gottesman RF, Chen LY, Solomon S,
Shah A, et al. High prevalence of subclinical cerebral infarction in patients
with heart failure with preserved ejection fraction. Eur J Heart Fail.
2017;19(10):1303-9.

205. Russo C, Jin Z, Liu R, Iwata S, Tugcu A, Yoshita M, et al. LA
volumes and reservoir function are associated with subclinical cerebrovascular
disease: the CABL (Cardiovascular Abnormalities and Brain Lesions) study.
JACC Cardiovasc Imaging. 2013;6(3):313-23.

206. Daccarett M, Badger TJ, Akoum N, Burgon NS, Mahnkopf C,
Vergara G, et al. Association of left atrial fibrosis detected by delayed-
enhancement magnetic resonance imaging and the risk of stroke in patients

76



with atrial fibrillation. Journal of the American College of Cardiology.
2011;57(7):831-8.

207. Sethi NJ, Feinberg J, Nielsen EE, Safi S, Gluud C, Jakobsen JC.
The effects of rhythm control strategies versus rate control strategies for atrial
fibrillation and atrial flutter: A systematic review with meta-analysis and Trial
Sequential Analysis. PloS one. 2017;12(10):e0186856.

208. Testa L, Biondi-Zoccai GG, Dello Russo A, Bellocci F,
Andreotti F, Crea F. Rate-control vs. rhythm-control in patients with atrial
fibrillation: a meta-analysis. European heart journal. 2005;26(19):2000-6.
2009. Packer DL, Mark DB, Robb RA, Monahan KH, Bahnson TD,
Poole JE, et al. Effect of Catheter Ablation vs Antiarrhythmic Drug Therapy
on Mortality, Stroke, Bleeding, and Cardiac Arrest Among Patients With Atrial
Fibrillation: @The CABANA Randomized Clinical Trial. Jama.
2019;321(13):1261-74.

210. Owan TE, Hodge DO, Herges RM, Jacobsen SJ, Roger VL,
Redfield MM. Trends in prevalence and outcome of heart failure with
preserved ejection fraction. The New England journal of medicine.
2006;355(3):251-9.

211. Poppe KK, Doughty RN. Outcomes in patients with heart
failure with preserved ejection fraction. Heart failure clinics. 2014;10(3):503-
10.

212. Sahle BW, Owen AJ, Chin KL, Reid CM. Risk Prediction
Models for Incident Heart Failure: A Systematic Review of Methodology and
Model Performance. J Card Fail. 2017;23(9):680-7.

213. Jamaly S, Carlsson L, Peltonen M, Jacobson P, Karason K.
Surgical obesity treatment and the risk of heart failure. European heart journal.
2019;40(26):2131-8.

214. Svare A, Nilsen TI, Bjoro T, Asvold BO, Langhammer A.
Serum TSH related to measures of body mass: longitudinal data from the
HUNT Study, Norway. Clin Endocrinol (Oxf). 2011;74(6):769-75.

215. Feldt-Rasmussen U. Thyroid and leptin. Thyroid.
2007;17(5):413-9.
216. Araujo RL, Carvalho DP. Bioenergetic impact of tissue-specific

regulation of iodothyronine deiodinases during nutritional imbalance. J
Bioenerg Biomembr. 2011;43(1):59-65.

217. Jacobs L, Efremov L, Ferreira JP, Thijs L, Yang WY, Zhang
7Y, et al. Risk for Incident Heart Failure: A Subject-Level Meta-Analysis
From the Heart "OMics" in AGEing (HOMAGE) Study. Journal of the
American Heart Association. 2017;6(5).

218. Flegal KM, Graubard BI, Williamson DF, Gail MH. Cause-
specific excess deaths associated with underweight, overweight, and obesity.
Jama. 2007;298(17):2028-37.

219. Angeras O, Albertsson P, Karason K, Ramunddal T, Matejka
G, James S, et al. Evidence for obesity paradox in patients with acute coronary

77



syndromes: a report from the Swedish Coronary Angiography and Angioplasty
Registry. European heart journal. 2013;34(5):345-53.

220. Oreopoulos A, McAlister FA, Kalantar-Zadeh K, Padwal R,
Ezekowitz JA, Sharma AM, et al. The relationship between body mass index,
treatment, and mortality in patients with established coronary artery disease: a
report from APPROACH. European heart journal. 2009;30(21):2584-92.

221. Flegal KM, Graubard BI, Williamson DF, Cooper RS. Reverse
causation and illness-related weight loss in observational studies of body
weight and mortality. American journal of epidemiology. 2011;173(1):1-9.

78



79








