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ABSTRACT

ABSTRACT

Background: Whereas in many countries the smoking prevalence has decreased among
men, it has increased among women. One of the reasons for this phenomenon is that
smoking is seen by many women as an aid to control their body weight. Although there
are studies that show that smokers usually weigh less than non-smokers, there is
increasing evidence that smoking is associated with abdominal obesity and other risk
factors for the metabolic syndrome, like dyslipidaemia, hyperglycaemia, and

hypertension.

Objective: To investigate the association between smoking, abdominal obesity, and

some markers of metabolic dysfunction in a sample of healthy Austrian adults.

Participants and methods: A cross sectional study was conducted in 986 Austrian
adults (405 men and 581 women), who consented in participating at the time of their
annual medical check-up at workplace. Information on body weight, height, body mass
index, waist circumference, hip circumference, waist-to-hip ratio, waist-to-height ratio,
smoking status, education level, physical activity, diet, and biochemical parameters
(fasting blood glucose, serum lipids and lipoproteins, total and differential white blood

cell counts) were obtained.

Results: No differences in total body fat and/or body fat distribution were found
between the non-smokers, smokers and former smokers; however, among daily
smokers, the number of cigarettes smoked per day showed a significant positive
association with body weight (p =0.001) and BMI (p = 0.009). In smokers, metabolic
disturbances were more frequent than in non-smokers and former smokers, and these

disturbances were positively associated with both smoking intensity and duration.

Discussion and conclusion: Although in the present study abdominal obesity was not
associated with smoking status, among smokers the number of cigarettes smoked per
day was positively and significantly associated with both body weight and BMI. The
unfavourable metabolic profile observed in smokers suggests a state of low-grade
inflammation, which increases the risk of cardiovascular diseases and type 2 diabetes
mellitus. Smoking prevention among non-smokers and smoking cessation among

smokers should be strongly encouraged.






LIST OF FIGURES

LIST OF FIGURES

Figure 1: Distribution of the adipose tissue in the body. ...........ccccvvvviiiiiiiiiiiii, 4
Figure 2: Relationship between the brainstem, hypothalamus, cortical areas and
reward circuitry known to modulate appetite control. .............ceeiiiiiiiiice 13
Figure 3: Mechanisms through which cigarette smoking reduces body weight........... 19
Figure 4: Schematic representation of how smoking might add several mechanisms
linking obesity to cardiovascular diSEaASE. .........ccuuuuiiiiiiiiiieeccie s 26
Figure 5: WHO proposed BMI cut-off points for public health action........................... 31
Figure 6: Frequency (%) of normal-weight, overweight and obesity, by gender........... 49
Figure 7: Frequency (%) of different levels of abdominal obesity, by gender. ............. 50
Figure 8: Correlation between WC and BMI in male participants...........cccccvvvvvvvinnnnns 51

Figure 9: Correlation between WC and body mass index BMI in female participants. 52

Figure 10: Frequency (%) of different levels of LDL-C in men and women................. 54
Figure 11: Distribution of TAG levels in men and women, according to the smoking
SEATUS. et e e e e e e e e e e 57
Figure 12: Self-rated overall health, according to the smoking status........................ 59

Figure 13: Self-rated overall health, compared to the year prior to the recruitment in
the study, according to the smoking Status...............eeeiiiiiiiiiii e 59

Figure 14: Distribution of HDL-C levels in non-smokers and in smokers from different
Pack-year (PY) CAtEQOIES. ... ... 64

Figure 15: Frequencies of HTGW, reduced HDL-C, elevated TAG, and elevated
TC/HDL-C in non-smokers and smokers from different pack-year (PY) categories..... 65

Figure 16: Distribution of total WBC count in non-smokers and smokers from different
e T oz= 1 (Yo o] 4 =TSP 67

Figure 17: Distribution of body weight (kg) in daily smokers, according to the smoking
] (= 1= /PP 69

Figure 18: Distribution of body mass index (kg/m?) in daily smokers, according to the
SMOKING INTENSILY. ...oeeeeee e e e e e e e e e e e 70

Figure 19: Distribution of TAG in daily smokers, according to the smoking intensity... 72

Figure 20: Distribution of total WBC count in daily smokers, according to smoking
] (= 1S /PP 73



LIST OF TABLES

LIST OF TABLES

Table 1: Main cardiovascular diseases associated with cigarette smoking.................. 27
Table 2: IDF cut-off points for WC, according to sex, country and ethnicity. ................ 35
Table 3: Age and anthropometric characteristics of excluded and included participants.
...................................................................................................................................... 40
Table 4: Number of participants available for specific parameters analysed in the study.
...................................................................................................................................... 40
Table 5: Pack-year Categoris. .........cuiuii it 43
Table 6: Baseline characteristics of the participants, by gender............ccccoooiiiiiiinenenn. 49

Table 7: Frequencies of overweight and abdominal obesity among men and women. 51

Table 8: Frequencies of self-reported type | and Il diabetes, elevated fasting glucose,

dyslipidaemia, and HTGW in men and WOMEN. ............uuuuuuriemimmniinniiininnennnnnnnnnennnnnnnnnnns 53
Table 9: Anthropometric characteristics of the participants according to the smoking
5] = L1 1 55
Table 10: Blood parameters of the participants according to the smoking status. ....... 56

Table 11: Education levels of the participants based on the ISCED, according to the
SMOKING STATUS. ... 60

Table 12: Physical activity (PA) levels of the participants, according to the smoking
5] = LU [ TR PPPRSP 61

Table 13: Dietary intake of male and female participants, according to the smoking

5] =1 (U SO 62
Table 14: Anthropometric characteristics of non-smokers and daily smokers from
different pack-year (PY) Categories. ......cc.uuuiiiiiiiiiii e 63
Table 15: Blood parameters of non-smokers and daily smokers from different pack-
T L U A I o= 1 (= Te (o] =T 63
Table 16: Anthropometric characteristics of daily smokers, according to the smoking
1 (=Y 151/ P 68
Table 17: Blood parameters of daily smokers, according to the smoking intensity. .....71

Table 18: Anthropometric characteristics of non-smokers and former smokers stratified
by years of CeSSAtION. ......oooiiiii e 137

Table 19: Anthropometric characteristics of smokers and former smokers stratified by
YEAIS Of CESSALION ....uuiiiiie e 138

Table 20: Anthropometric characteristics of the daily smokers by years of smoking .139

VI



LIST OF ABBREVIATIONS

LIST OF ABBREVIATIONS

AgRP Agouti-Related Peptide

AIDS Acquired Immune Deficiency Syndrome

ARC Arcuate Nucleus

Apo-Al Apolipoprotein Al

BAT Brown Adipose Tissue

AUROC Area Under the Receiver Operating Characteristic
BBB Blood-Brain Barrier

BMI Body Mass Index

BMR Basal Metabolic Rate

CART Cocaine- and Amphetamine-Regulated Transcript
CHO Carbohydrates

CMD Cardiometabolic Diseases

CNS Central Nervous System

CO Carbon Monoxide

CRP C-Reactive Protein

CT Computed Tomography

CVvD Cardiovascular Diseases

DI Deficiency Index

ECS Endocannabinoid System

EE Energy Expenditure

EI Energy Intake

EPIC European Prospective Investigation into Cancer and Nutrition
EXI Excess Index

FFA Free Fatty Acids

FG Fasting Glucose

Vi



LIST OF ABBREVIATIONS

GH Growth Hormone

G/L Giga per Litre (corresponds to 10°/L)
GLM General Linear Model

GLP Glucagon-Like Peptide

HbA . Glycated Haemoglobin or Glycosylated Haemoglobin
HC Hip Circumference

HDL-C High-Density Lipoprotein Cholesterol
HIV Human Immunodeficiency Virus

HTGW Hypertriglyceridaemic Waist

IDF International Diabetes Federation

IL Interleukin

IPAQ International Physical Activity Questionnaire
kDa Kilodalton

LDL-C Low-Density Lipoprotein Cholesterol
LHA Lateral Hypothalamic Area

LSD Least Significance Difference

LR Leptin Receptors

MCP-1 Monocyte-Chemoattractant Protein-1
MetS Metabolic Syndrome

MRI Magnetic Resonance Imaging

a-MSH Alpha-Melanocyte Stimulating Hormone

NCEP-ATP II1 National Cholesterol Education Program — Adult Treatment Panel 111

NHI National Institute of Health

NHLBI National Heart, Lung, and Blood Institute
NO Nitric Oxide

NPY Neuropeptide Y

PA Physical Activity

Vi



LIST OF ABBREVIATIONS

PAI-1

POMC

PVN

PY

RMR

ROC

SAT

SD

SHBG

SNS

SPSS

TAG

TC

TC/HDL-C

T2DM

TNF

TNF-a

TZD

VAT

VLDL-C

WAT

WBC

WC

WHR

WHO

WHtR

Plasminogen Activated inhibitor-1
Proopiomelanocortin

Paraventricular Nucleus

Pack-Years

Resting Metabolic Rate

Receiver Operating Characteristic
Subcutaneous Adipose Tissue

Standard Deviation

Sex Hormone Binding Globulin
Sympathetic Nervous System

Statistical Package for the Social Sciences
Triacylglycerol

Total Cholesterol

Ratio of Total Cholesterol to High-Density Lipoprotein Cholesterol
Type-2 Diabetes Mellitus

Tumour Necrosis Factor

Tumour Necrosis Factor-a
Thiazolidinedione

Visceral Adipose Tissue
Very-Low-Density Lipoprotein Cholesterol
White Adipose Tissue

White Blood Cells

Waist Circumference

Wait-to-Hip Ratio

World Health Organization

Waist-to-Height Ratio






INTRODUCTION AND OBJECTIVES

1. INTRODUCTION AND OBJECTIVES

Noncommunicable diseases are the leading cause of death worldwide, and most of these
deaths can be attributable to diseases associated with smoking, overweight and obesity

[WORLD HEALTH ORGANIZATION, 2011].

Tobacco use is considered the single most preventable cause of death in the world today,
accounting for more than five million deaths each year—more than tuberculosis,

HIV/AIDS and malaria combined [WORLD HEALTH ORGANIZATION, 2008].

It is estimated that in the European Union, with about 100 million daily smokers, the
tobacco epidemic is responsible for 25% of all cancer deaths, and 15% of all cause-

mortality [BOGDANOVICA et al., 2011].

In Austria, approximately 27% of men and 19% of women aged 15 years and older are
daily smokers. Whereas the smoking prevalence has decreased among men, it has
increased among women over the last 10 years, and about 90% of smoking beginners
are younger than 24 years old [STATISTIK AUSTRIA, 2007]. It is predicted that about
10,000 Austrian citizens die every year from tobacco-related diseases

[OSTERREICHISCHE KREBSHILFE, 2008].

Obesity and overweight have also become a major public health threat in the European
Union, as their prevalence has increased over the last decade, reaching epidemic
proportions. The combination of an unbalanced diet and reduced physical activity has
been identified as the main risk factor for this increased adiposity [CHOPRA et al., 2002;
ELMADFA, 2009]. In Austria, about 38% of men and 22% of women are overweight and
about 10% of men and 9% of women are obese in the adult population [ELMADFA,
2009].

The combination of smoking with obesity further increases the mortality, particularly
from circulatory diseases [FREEDMAN et al., 2006]. Results from The Framingham Heart
Study showed that the life expectancy of women who are obese and smoke was reduced
by 13.3 years and in men who are obese and smoke by 13.7 years, compared with non-

smokers of normal weight [PEETERS et al., 2003]. Smoking initiation has been
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influenced by weight concerns in adolescents, especially among girls, because for many
years smoking has been believed to be an effective tool for weight control [HONJO and

SIEGEL, 2003; WHITE, 2011].

Similarly, smoking cessation has been associated with weight gain [PERKINS, 1992].
However, weight loss in smokers does not reflect necessarily a decrease in the fat mass,
rather it may be caused by a reduction in the lean body mass [CANOY et al., 2005]. In
fact, some studies indicate that heavy smokers have higher body weight than light
smokers [CHIOLERO et al., 2008]. There is increasing evidence that smoking affects the
body fat distribution and is associated with central obesity and insulin resistance
[CHIOLERO et al., 2008]. This is of particular importance for the development of the
metabolic syndrome (MetS), a well-known risk factor for cardiovascular disease that
includes central obesity, dyslipidaemia, hyperglycaemia, and hypertension

[CZERNICHOW et al., 2004; WEITZMAN et al., 2005; CHATKIN and CHATKIN, 2007].

In the context of a worldwide obesity epidemic and a high prevalence of smoking, the
relations between smoking, obesity and associated metabolic disturbances have major

public health relevance.

The aim of this cross-sectional study was to investigate whether cigarette smoking is
associated with abdominal obesity and metabolic dysfunction in a sample of Austrian
adults. We hope our findings will add new knowledge and deepen existing
understanding of such interactions, as well as serve as a basis for a subsequent cohort

study.
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2. LITERATURE REVIEW

2.1. Obesity, central obesity and cardiometabolic risks

It is now recognized that the clinical importance of obesity is not only a matter of the
amount of fat stored, but also how fat is distributed in the body [BAYS, 2011]. The
distribution of body fat was found to be an independent factor associated with the MetS

in both men and women [GOODPASTER et al., 2005].

Vague [VAGUE, 1956] was the first to use the terms “android-" and “gynoid-obesity” to
describe different patterns of body fat distribution in men and women, respectively. He
drew attention to the association between the upper body (android) fat distribution and
metabolic disturbances. Subsequent studies have demonstrated that individuals with
abdominal obesity are at greater risk of developing obese-related disorders [KISSEBAH et

al., 1982; KROTKIEWSKI et al., 1983; OHLSON et al., 1985].

The adipose tissue is largely distributed in the body in areas enriched for loose
connective tissue. The major adipose tissue depots in mammals are the subcutaneous
and intra-abdominal depots. Subcutaneous adipose tissue (SAT) depots are found
mainly in the buttocks, thighs, and abdomen [COOK and COWAN, 2009]. The intra-
abdominal fat depot consists primarily of omental and mesenteric fat, collectively
referred to as visceral fat or visceral adipose tissue (VAT) [WAJCHENBERG, 2000;
VOTRUBA and JENSEN, 2007]. Figure 1 illustrates the major fat depots in mammals.
Visceral adipose tissue is thought to be more metabolically active and poses a greater
cardiometabolic risk than SAT [TAN et al., 2010; BAYs, 2011; RoRriz et al., 2011], and
was found to independently predict the risk of all-cause mortality in men, after

adjustment for subcutaneous and liver fat [KUK et al., 2006].

The lipolytic activity in visceral adipocytes is higher than that observed in subcutaneous
adipocytes [ARNER, 1998; WAIJCHENBERG, 2000] and their lipolysis is more readily
stimulated by catecholamines and less readily suppressed by insulin [FRAYN, 2000]. In
addition, visceral fat is drained by the portal venous system and has a direct connection

with the liver [ARNER, 1998]. Thus, elevated lipolytic rate in the VAT would lead to
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increased release of free fatty acids (FFA) and glycerol into the portal vein and into the
liver. This causes subsequent stimulation of gluconeogenesis, increased production of
very low-density lipoprotein cholesterol (VLDL-C) and low-density lipoprotein
cholesterol (LDL-C) and inhibition of insulin breakdown. The result is hyperglycaemia,

dyslipidaemia, and hyperinsulinaemia [ ARNER, 1998; KISHIDA et al., 2012].

structural: craniofacial
O WO

pericardial

perirenal - subcutaneous

visceral

gonadal

structural:impact bearing

I

bone marrow

intramuscular

pericardial

structural: joints
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|
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subcutaneous

omental
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Figure 1: Distribution of the adipose tissue in the body.

The adipose tissue falls under two major classifications: visceral or surrounding organs, and subcutaneous, under the
skin. Fat is distributed widely throughout the body and has different functions and growth properties depending on its
location. Excessive visceral or gut fat, composed of retroperitoneal fat (“behind the peritoneum”), omental fat (adipose in
a sheet of connective tissue hanging as a flap originating at the stomach and draping the intestines), and mesenteric fat
(adipose in the sheets of connective tissue holding the intestines in their looping structure), has been shown to be a risk
factor for diabetes and cardiovascular diseases [reproduced from CoOkK and COwAN, 2009.
http://lwww.stembook.org/node/561#sec2-1]
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Another mechanism by which abdominal obesity would trigger metabolic disorders is
the increased production of pro-inflammatory cytokines, especially tumour necrosis
factor-alpha (TNF-a), interleukin-6 (IL-6) and plasminogen activator inhibitor-1 (PAI-
1), commonly associated with the expanded visceral fat depot [ARITA et al., 1999;
RASOULI et al., 2007; FONTANA et al., 2007; TSCHONER et al., 2012]. In a prospective
study, Lira and co-workers [LIRA et al., 2011] investigated the correlation between
circulating cytokines and direct measures of visceral and subcutaneous adiposity in a
group of obese adolescents. They found that IL-6 and TNF-a were positively correlated
with visceral fat and negatively correlated with adiponectin levels. Other studies showed
that the surgical removal of the omental fat significantly improved insulin sensitivity
and the metabolic profile both in humans [THORNE et al., 2002] and in a mouse model
of obesity [XIA et al., 2011]. Such beneficial metabolic effects however were not
observed when subcutaneous abdominal fat was removed by liposuction [KLEIN et al.,

2004].

2.2. The adipose tissue as an endocrine organ

There are two morphologically and functionally different types of adipose tissue: the
brown adipose tissue (BAT) and the white adipose tissue (WAT). Brown adipocytes are
mainly involved in the production of heat and lipid oxidation. The thermogenic
properties of BAT are mediated by uncoupling protein-1 (UPC-1), a mitochondrial
protein specifically expressed in this tissue. In rodents, BAT is detected throughout life
span, while in humans it was thought to be present only in infants. However, recent
studies have shown that human adults have relevant amounts of metabolically active
BAT, which negatively correlate with the body mass index (BMI) and with central
obesity [KARASTERGIOU and MOHAMED-ALI, 2010; APOSTOLOPOULOU et al., 2012]. On
the other hand, WAT is the most abundant adipose tissue in mammals. It functions as a
thermal insulator, an energy storage depot and secretes important metabolically active

substances [KARASTERGIOU and MOHAMED-ALIL 2010; HARWOOD, 2011].

For a long time, WAT was considered a passive fat depot for the storage of
triacylglycerols (TAG) and the release of fatty acids [ARONNE et al., 2009; DROUET et
al., 2012]. Since the identification of leptin in 1994, it has become evident that the
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adipose tissue acts as an endocrine organ that communicates with the central nervous
system (CNS) [ZHANG et al.,, 1994; WAJCHENBERG, 2000; HARwoOD, 2011].
Approximately 100 different bioactive substances referred to as ‘“‘adipokines” or
“adipocytokines” have been identified in the adipose tissue, which can act in autocrine,
paracrine or endocrine fashion [GNACINSKA et al., 2009; GERMAN et al., 2010]. Some of
these factors, such as leptin, resistin, TNF-a, IL-6, retinol binding protein-4 (RBP-4),
visfatin, monocyte-chemoattractant protein-1 (MCP-1), and PAI-1 have pro-
inflammatory properties. Others, like adiponectin, IL-10 and secreted frizzled-related
protein-5 (SFRP-5) are anti-inflammatory. An imbalance of these two classes of
adipocytokines, caused by an excessive adipose mass, has been thought to trigger
metabolic dysfunctions such as insulin resistance, hyperglycaemia, hypertension, and
dyslipidaemia, all involved in the MetS [MAURY and BRICHARD, 2010; OUCHI et al.,
2011].

2.3. Adipose tissue and inflammation

Obesity has been described as a chronic state of low-grade inflammation, where plasma
levels of several biomarkers of oxidative stress and inflammation are increased

[HOTAMISLIGIL et al., 1995; VAN GUILDER et al., 2006].

Additionally to adipocytes, adipose tissue is composed of non-adipose cells including
pre-adipocytes, lymphocytes, macrophages, fibroblasts and vascular cells [OUCHI et al.,
2011]. Macrophage number in the adipose tissue is positively associated with the BMI
and the adipocyte size [WEISBERG et al., 2003]. Adipose tissue expansion is
accompanied by local hypoxia and adipocyte necrosis, which promotes macrophage
differentiation and infiltration into the tissue. The differentiated cells become the main
source of TNF-a and other pro-inflammatory cytokines in the adipose tissue, resulting
in systemic inflammation and insulin resistance [ WEISBERG et al., 2003; KARASTERGIOU
and MOHAMED-ALI, 2010; OUCHI et al., 2011].

There are two different subtypes of macrophages in the adipose tissue: The M2
“resident” or “alternatively activated” macrophages and the M1 or “classically

activated” macrophages [SAMAAN, 2011; OucHI et al., 2011]. M2 macrophages are
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present under physiological conditions and are involved in maintaining the tissue
homeostasis. These cells upregulate the synthesis of anti-inflammatory cytokines and
downregulate the production of pro-inflammatory cytokines [SAMAAN, 2011; OUCHI et
al., 2011]. On the other hand, the M1 macrophages are bone marrow-derived monocytes
that infiltrate the expanded adipose tissue and differentiate into an inflammatory
macrophage subtype [SAMAAN, 2011]. Their presence in the adipose tissue was
associated with increased expression of TNF-a, MCP-1, inducible nitric oxide synthase
(INOS) and IxB kinase (IKKB) in the stromal-vascular fraction of the adipose tissue,
which preceded or coincided with decreased insulin sensitivity [BOURLIER and

BouLoOUMIE, 2009].

2.4. Some important adipocytokines

2.4.1. Leptin

Leptin (leptos, from Greek = thin) is a 16 kDa polypeptide hormone product of the ob
gene that is mainly produced by adipocytes from WAT. Plasma levels of leptin increase
in obesity and decrease during fasting, and correlate positively with the body fat depot
and the adipocyte size [KERSHAW and FLIER, 2004; AHIMA, 2006; STOFKOVA, 2009].
Leptin concentrations are higher in SAT than in VAT [KERSHAW and FLIER, 2004], and
women have higher leptin levels compared with men, after adjusting for BMI
[KELESIDIS et al., 2010]. However, a wide variation in plasma concentrations of leptin
has been observed among individuals with similar BMI, fat mass and body fat
distribution, suggesting that other factors than fat mass alone influence the regulation of

leptin secretion [RESELAND et al., 2005].

Leptin is primarily implicated in the regulation of energy homeostasis, neuroendocrine
function, and metabolism [KELESIDIS et al., 2010]. Leptin deficient mice (ob/ob mice)
show hyperphagia, obesity, hypercortisolemia, insulin resistance and infertility, all of
which are reversed by leptin replacement [BULCAO et al., 2006; OUCHI et al., 2011]. In
contrast to the ob/ob mice, obese humans have very high leptin levels and are thought to

be leptin resistant [GALIC et al., 2010].
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Leptin signalling is mediated by specific leptin receptors (LR) in the brain and
peripheral tissues. There are several LR isoforms, all produced by a single lepr gene and
generated by alternative splicing [MUNZBERG et al., 2005]. They belong to the IL-6
receptor family of class I cytokine receptors. The short leptin receptor isoform (LRa)
may play an important role in mediating leptin transport across the blood-brain barrier
(BBB). The long isoform (LRb) is crucial for leptin action and is expressed mainly in
the brain—more specifically in areas which regulate energy homeostasis and
neuroendocrine function, such as the arcuate nucleus (ARC), dorsomedial hypothalamic
(DMH), ventromedial hypothalamic (VMH), and premammillary nuclei [MUNZBERG et
al., 2005; KELESIDIS et al., 2010; GALIC et al., 2010]. Leptin binds to LRb in the ARC
neurons and stimulates the synthesis of alpha-melanocyte stimulating hormone (a-
MSH), derived from the proopiomelanocortin (POMC) and cocaine- and amphetamine-
regulated transcript (CART), two anorexigenic peptides. Conversely, leptin inhibits the
production of the orexigenic peptides neuropeptide Y (NPY) and agouti-related peptide
(AgRP), which are synthesized by another population of ARC neurons. This will result
in anorexia, increased thermogenesis, increased insulin sensitivity and fatty acid

oxidation [MUNZBERG et al., 2005; AHIMA, 2006].

Leptin is also thought to act as a pro-inflammatory adipocytokine [OUCHI et al., 2011],
and hyperleptinemia has been pointed as an independent risk factor for the development

of the MetS [ESTEGHAMATI et al., 2011].

2.4.2. Interleukin-6 (IL-6)

Interleukin-6 is a pro-inflammatory cytokine secreted by numerous cell types. It is
estimated that approximately 10% of circulating IL-6 is synthesized by adipocytes
[PouLOS et al., 2010]. Interleukin-6 is also produced by immune cells, endothelial cells,
skeletal muscle, and fibroblasts [BULCAO et al., 2006]. This cytokine stimulates the
production of C-reactive protein (CRP) in the liver, a systemic marker of inflammation
[DAS, 2001]. In prospective studies, high levels of IL-6 and CRP at baseline predicted
the development of MetS, T2DM, and CVD, independent of other risk factors
[LAAKSONEN et al., 2001; PRADHAN et al., 2001; BALLANTYNE and NAMBI, 2005]. In a

large Italian study, higher levels of IL-6 and lower levels of adiponectin were
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significantly associated with arterial thickness independent of MetS and other
cardiovascular risk factors [SCUTERI et al., 2011]. Serum concentrations of IL-6 and
CRP were also found to be positively and significantly associated with total and central
adiposity, both in male and female adults [VISSER et al., 1999; PARK et al., 2005]. It has
been shown that IL-6 stimulates lipolysis in the human adipose tissue, leading to an
increase in the circulating levels of FFA. This in turn causes lipid accumulation and
insulin resistance in other tissues, such as the skeletal muscle and the liver. These
cytokines therefore may constitute a link between local inflammation in the expanded

adipose tissue and obesity-related disorders [GOOSSENS, 2008].

2.4.3. Tumour necrosis factor-alpha (TNF-a)

Tumour necrosis factor-alpha is mainly produced by monocytes and macrophages and
plays a central role in inflammatory and autoimmune diseases [OUCHI et al., 2011]. It
stimulates the production of other cytokines involved in the inflammatory response such
as IL-8 and IL-6, both related to obesity and insulin resistance in animals and humans
[BULCAO et al., 2006]. Obese premenopausal women were reported to express 2.5-fold
more TNF-o mRNA in subcutaneous abdominal tissue compared with lean controls.
Additionally, TNF-a expression in the fat tissue was positively correlated with
hyperinsulinaemia and BMI [HOTAMISLIGIL et al., 1995]. A similar study found a 7.5-
fold increase in TNF-a expression in the adipose tissue of obese compared with lean
individuals, and TNF-a secretion negatively correlated with insulin sensitivity [KERN et
al., 2001]. A 5-year follow-up study was carried out to investigate the association
between the body fat distribution and changes in the activity of the TNF-a system. It
was found that the increase in circulating TNF-a in obesity occurs at an initial stage of
abdominal fat accumulation and that plasma TNF-a levels are not influenced by further

increases in the fat mass [OLSZANECKA-GLINIANOWICZ et al., 2011].

2.4.4. Adiponectin

Adiponectin—also known as apM1, Acrp30, AdipoQ, and GBP28—is a 30 kDa protein
with some structural similarities with collagen, complement component Clq, TNF-q,

and the neuropeptide cerebellin [KERSHAW and FLIER, 2004; STOFKOVA, 2009].
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Adiponectin circulates in three different forms: low-molecular weight (LMW) trimers,
medium-molecular weight (MMW) hexamers and high-molecular weight (HMW)
multimers. The latter two are thought to be the most active and clinically relevant

[DrIDI and TAouIs, 2009; LIN and L1, 2002].

The biological effects of adiponectin are primarily mediated through its receptors:
AdipoR1, most expressed in skeletal muscle; AdipoR2, most abundant in the liver; and
T-cadherin, expressed on vascular endothelial cells and smooth muscle [SUN et al.,
2009]. Recently, AdipoR1 and AdipoR2 were found to be expressed in the
hypothalamus, particularly in the POMC and NPY neurons in the ARC, suggesting that
adiponectin may be also implicated in the central regulation of energy intake (EI) and

energy expenditure (EE) [DRIDI and TAoUIS, 2009].

Adiponectin is considered the most abundant adipocytokine, with circulating levels
ranging from 3 to 30 pg/dL. Although synthesized almost exclusively by adipocytes,
plasma levels of adiponectin are decreased in obesity, for both men and women [OUCHI
et al.,, 2011; ARITA et al., 1999]. Its expression in the adipocyte is downregulated by
TNF-a, IL-6, oxidative stress, hypoxia, and sympathetic nervous activity. Conversely,
some transcriptional factors, such as peroxisome proliferator-activated receptor-gamma

(PPARY) stimulate adiponectin production [MANGGE et al., 2010; OUcCHI et al., 2011].

Plasma levels of adiponectin have also been negatively correlated with waist
circumference (WC) [ACKERMANN et al., 2011], smoking [TAKEFUJI et al., 2007], serum
TAG and glucose [MILEWICZ et al. 2010], impaired glucose tolerance and T2DM
[NAKASHIMA et al., 2008], and oxidized low-density lipoprotein cholesterol (oxLDL-C)
[LAUTAMAKI et al., 2007]. On the other hand, adiponectin levels were found to increase
with lifestyle modifications such as weight loss, dietary intervention, cessation of
smoking, and regular physical activity [KRIKETOS et al., 2004; EFSTATHIOU et al., 2009;
ROLLAND et al., 2011; KM et al., 2011]. Furthermore, circulating levels of adiponectin

appear to predict the course of the MetS [AHONEN et al., 2012].
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2.5. The central and peripheral control of food intake and energy

balance

Food intake, energy expenditure, and body weight are homeostatically regulated by
complex mechanisms involving central and peripheral components. The CNS receives
signals from the gastrointestinal tract and the adipose tissue informing on the nutritional
status and energy stores. This leads to the synthesis of anorexigenic and orexigenic
substances responsible for the energy balance [WILDING, 2003; MURPHY and BLOOM,
2006]. Through this mechanism, most animals and humans maintain a steady body
weight for long periods, despite a daily variation in both energy intake and energy
expenditure [CHEN et al., 2007]. The main brain regions involved in the regulation of
energy balance are the hypothalamus and the brainstem [WILDING, 2003; MURPHY and
BLoowMm, 2006].

The hypothalamus is subdivided into interconnecting areas and nuclei, including the
arcuate nucleus (ARC), paraventricular nucleus (PVN), ventromedial nucleus (VMN),
dorsomedial nucleus (DMN), and lateral hypothalamic area (LHA) [SIMPSON et al.,
2009]. The ARC comprises two neuronal populations with opposing effects on food
intake: neurons which co-express NPY and AgRP stimulate food intake and are
anabolic, whereas neurons co-expressing POMC and CART suppress feeding and are
catabolic. POMC cleavage produces o-MSH, which binds to melanocortin receptors
(MCR3 and MCR4) in the brain leading to reduced food intake and energy stores
[ANGELOPOULOS et al., 2005; RICHARD et al., 2009; SuzuKI et al., 2010]. Together,
melanocortin receptors a-MSH and AgRP constitute the hypothalamic melanocortin
system, which plays a crucial role in translating the signals from the hunger-modulating
hormones into changes in the sensation of hunger and satiety [RICHARD et al., 2009;
PILLOT et al., 2011]. Neurons from the ARC project to the PVN, which contains neurons
that produce oxytocin, thyrotropin-releasing hormone (TRH) and corticotropin-
releasing hormone (CRH). These peptides decrease food intake and/or increase
metabolic rate. Like the PVN, the LHA is also innervated by ARC neurons and is the
source of the orexigenic neuropeptides, melanin-concentrating hormone (MCH) and

orexin [SCHWARTZ, 2006; AHIMA and ANTWI, 2008].
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Two different types of peripheral control are involved in the regulation of appetite and
food intake. Food intake is the product of meal size, which reflects the short-term
satiety, and the meal number, which reflects the long-term satiety [RAMOS et al., 2005].
The “meal-control signals” or “short-term signals” are signals generated from the
gastrointestinal tract in response to a meal. They reach the nucleus tractus solitarius
(NTS) in the caudal brainstem, via the vagus nerve and other routes, and are relayed to
the hypothalamus [Woo0ODS and SEELEY, 2000; WILDING, 2003; BLEVINS and BASKIN,
2010]. These signals regulate food intake on a meal-to-meal basis, inducing a sense of
satiety [VALASSI et al., 2008]. The most important short-term signals are the
anorexigenic peptides cholecystokinin (CCK), glucagon-like peptide 1 and 2 (GLP-1
and GLP-2), amylin, peptide tyrosine tyrosine (PYY3.36), pancreatic polypeptide (PP),
oxyntomodulin (OXM), and glucagon, in addition to the orexigenic gut hormone ghrelin
[VALASSI et al., 2008; SuzuKkI et al., 2010]. The “long-term signals” or “adiposity-
signals” involved in the regulation of energy homeostasis include the hormones leptin
and insulin, whose circulating levels are proportional to the fat mass [SUZUKI et al.,
2010]. Circulating insulin levels increase following a meal and insulin crosses the BBB
to reach the brain, where insulin receptors are widely distributed.
Intracerebroventricular administration of insulin results in a dose-dependent suppression
of food intake and body-weight gain in baboons and rodents [SUZUKI et al., 2010]. As
already discussed, leptin regulates food intake via NPY/AgRP and POMC/ CART
neurons in the ARC. The mechanisms that modulate appetite-control are illustrated in

Figure 2.
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Figure 2: Relationship between the brainstem, hypothalamus, cortical areas and reward
circuitry known to modulate appetite control.

Gut hormones acting via vagal afferents act on the NTS in the brainstem, which in turn signals to the hypothalamus.
Some gut hormones may also act directly on hypothalamic nuclei via the circulation and across an incomplete blood-
brain barrier. There are projections from hypothalamic nuclei to the prefrontal cortex, involved in conditioned taste
aversion, as well as reward centres, such as the amygdala and nucleus accumbens. Leptin is also thought to act directly
on the NTS as well as hypothalamic nuclei, suggesting that it can modulate appetite through different pathways. ARC:
Arcuate nucleus; CCK: Cholecystokinin; DMN: Dorsomedial nucleus; GLP: glucagon-like peptide; LHA: lateral
hypothalamic area; NTS: nucleus tractus solitarius; OXM: oxyntomodulin; PYY: peptide tyrosine tyrosine; PVN:
paraventricular nucleus; VMN: ventromedial nucleus [reproduced from SIMPSON et al., 2008, with permission of Expert
Reviews Ltd.].

2.5.1. The reward system and the endocannabinoid system

While energy homeostasis is primarily regulated by the hypothalamus and brainstem,
reward mechanisms that control appetite and feeding behaviour are thought to be
controlled by the corticomesolimbic system [AHIMA and ANTWI, 2008; SIMPSON et al.,

2008; Suzuki et al., 2010]. Endocannabinoid and opioid receptors are largely
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distributed within the CNS and play a major role in increased feeding related to reward
[Suzuki et al., 2010]. The most important endocannabinoids produced in the brain are
anandamide (AEA) and 2-arachidonoylglycerol (2-AG), which together with the
cannabinoid 1 and 2 (CBI1 and CB2) receptors compose the endocannabinoid system
(ECS). An over-activated ECS is associated with obesity and metabolic disorders, by
increasing energy intake and reducing energy expenditure, thus promoting fat deposition
[Lutz, 2005; RICHARD et al., 2009]. Interestingly, ECS is also associated with nicotine
dependence in smokers. The area of the brain involved in motivation to seek sweet and
palatable food is the same area that is involved in nicotine craving in smokers. Hence,
endocannabinoids are important for this stimulatory effect of nicotine and for the
establishment of tobacco dependence. Indeed, preventing the action of the CBI receptor
with rimonabant, a cannabinoid receptor antagonist, was found to alleviate nicotine

dependence [LuTz, 2005].

2.5.2. Monoaminergic neurotransmitters

Monoaminergic neurotransmitters interact with neuropeptides and peripheral hormones
in the hypothalamus to control satiety mechanisms and eating behaviour [RAMOS et al.,
2005; VALASSI et al., 2008]. Serotonin suppresses food intake and body weight, and this
action is mainly mediated by the serotonin 1B receptor. Dopamine regulates hunger and
satiety by acting on specific hypothalamic areas, through the D1 and D2 receptors.
Noradrenaline activation of a;- and P-adrenoceptors decreases food intake, whereas

stimulation of the a,-adrenoceptor increases food intake [RAMOS et al., 2005].

2.5.3. Smoking and energy balance

It has been reported in several studies that smokers weigh less than non-smokers, and
smoking cessation is usually accompanied by weight gain [ALBANES et al., 1987;
KLESGES et al., 1989; WILLIAMSON et al., 1991; RASKY et al., 1996]. The mechanisms
by which cigarette smoking negatively influences body weight are not completely
understood and the results of many studies are contradictory [FILOZOF et al., 2004;
CHEN et al., 2005; BERLIN, 2009]. Body weight is controlled by food intake and energy

expenditure. Energy expenditure, in its turn, is regulated by three principal components:
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a) the resting metabolic rate (RMR), which is the energy required to maintain the body
functions at rest and which accounts for 60—80% of the total energy expenditure; b) the
diet-induced thermogenesis or thermic effect of food, which is the increase of RMR
induced by food consumption and represents about 10% of the total energy expenditure,
and c) the energy consumed during physical activity [WILDING, 2003; PHAM et al.,
2012].

Cigarette smoke is a complex mixture of over 7,000 chemical compounds containing
many bioactive substances that undergo complex interactions with human biological
systems [NORTHROP-CLEWES and THURNHAM, 2007; NAGAMMA et al., 2011]. Nicotine,
a component of the tar phase of tobacco smoke, is the addictive substance [ AMBROSE
and BARUA, 2004], and is thought to be the primary component responsible for the ef-
fects of smoking on body weight [PERKINS et al., 1989]. It is possible that the effects of
nicotine on body weigh involve both, increased energy expenditure and reduced energy
intake [PERKINS et al., 1990; PERKINS, 1992; CHEN et al., 2005]. It should be noted
however that some studies found a positive association between body weight and the
number of cigarettes smoked per day, i.e. heavy smokers tend to weigh more than light
smokers [BAMIA et al., 2004; JOHN et al., 2005; CHIOLERO et al., 2007]. The reasons for
this positive association remain unclear. Possible mechanisms involve differences in
some lifestyle factors between light and heavy smokers: the latter are reported to have a
higher intake of fat, higher consumption of alcohol and a lower level of physical activi-
ty, compared with the former [OH and SEO, 2001; AKBARTABARTOORI et al., 2005; TRA-

VIER et al., 2009].

2.5.3.1. Effects of nicotine on energy expenditure

Nicotine is a sympathomimetic agent, i.e. it activates the sympathetic nervous system
(SNS) and stimulates the release of adrenaline and noradrenaline. Elevated circulating
levels of these catecholamines promote lipolysis and increase plasma concentrations of
FFA in smokers, contributing therefore to increased thermogenesis [HELLERSTEIN et al.,
1994; AUDRAIN-MCGOVERN and BENOWITZ, 2011]. It has been suggested that besides

the lipolysis stimulation via catecholamine release, nicotine itself induces lipolysis by
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activating nicotinic cholinergic receptors in the adipose tissue [ ANDERSSON and ARNER,
2001].

Smoking was found to increase 24-hour energy expenditure by about 10% and this
effect seemed to be partially mediated by the SNS [HOFSTETTER et al., 1986]. Perkins
and colleagues [PERKINS et al., 1989] conducted a study with 18 male smokers to
examine the effects of nicotine on RMR. A moderate (15 pg/kg body weight), low (7.5
ng/kg body weight) or placebo (0 pg/kg body weight) dose of nicotine was
administered via nasal-spray solution. Both doses of nicotine increased the RMR by 6%
above the baseline and this increase was significantly greater than the 3% increase

observed in the RMR following the placebo.

The same authors assessed the effect of nicotine or placebo on the energy expenditure of
20 male smokers during rest and light physical activity. They reported that the nicotine-
induced increase in the metabolic rate observed at rest is enhanced during light exercise

[PERKINS et al., 1989a].

However, this effect of nicotine on the RMR could be regulated by the mass of body fat,
and would vary between individuals within different BMI categories. Compared with
overweight smokers, male smokers of normal weight showed a significantly greater
increase in plasma nicotine and noradrenaline levels after smoking two high yield
cigarettes. These changes in nicotine and noradrenaline levels were also accompanied
by a significant increase in the RMR, but only in the normal-weight individuals

[WALKER and KANE, 2002].

In contrast with these findings, a recent study, where doubly-labelled water was used to
measure the total energy expenditure in adult men and women, found no differences in
energy expenditure and BMI between smokers and non-smokers [BRADLEY et al.,

2010].

2.5.3.2. Effects of nicotine on food intake

The hypothesis that nicotine suppresses appetite and food intake has been tested in

several studies, with conflicting results. Although a transient anorectic effect of nicotine

16



LITERATURE REVIEW

has been documented in human and animal studies [DANDEKAR et al., 2011], a few
studies have reported that smokers actually have a greater caloric consumption than
non-smokers [WACK and RODIN, 1982; PERKINS, 1993]. In one study, the chronic
administration of nicotine to rats resulted in reduced body weight without significant
changes in food intake [SCHECHTER and COOK, 1976]. Bellinger and co-workers
[BELLINGER et al., 2003] reported that the intermittent administration of nicotine to
adult male rats during 14 days resulted in decreased food intake and body weight,
compared with the control group. Food intake was reduced by an immediate reduction
in meal size and meal duration. However a significant increase in the meal number was
observed at the fifth day of treatment, which was thought to be due to an attempt to
normalize food intake. These changes in energy balance were noted for up two weeks

after cessation of nicotine administration.

In addition to its effects on meal size and number, nicotine and cigarette smoking are
likely to influence the type of food eaten. Administration of nicotine to rodents and
cigarette smoking by humans were reported to decrease the intake of sweet-tasting high
caloric food, while changes in the consumption of other foods were not observed. The
human study, however, was limited to a single meal and did not measure changes in
body weight. In the animal study, body weight was reduced as the intake of sweet foods
decreased [ GRUNBERG, 1982]. Similarly, cessation of smoking led to an increased intake
of sweets which was reversed when smoking was resumed [PERKINS et al., 1990a].
When the per capita consumption of cigarettes was compared to the per capita
consumption of all major food groups in the United States during a 14-year period, a
significant negative correlation between these items was found, i.e. high cigarette
consumption was associated with low consumption of sweets and vice-versa. According
to the authors of the study [GRUNBERG and MORSE, 1984], these findings indicate that
nicotine and cigarette smoking may influence body weight by affecting the consumption

of specific foods, particularly sweet foods.

The action of nicotine in suppressing food intake may be influenced by the fat content
in the diet, as found in some studies with rodents. Wellman and colleagues [ WELLMAN
et al., 2005] reported that the impact of nicotine administration on reducing daily caloric

intake and body weight was significantly greater in the high-fat chow (58% energy from
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fat) group, compared to the standard chow (10.9% energy from fat) group. Nicotine
administration reduced meal size in both standard and high-fat chow groups, while
cessation of nicotine exposure resulted in transient increases in daily caloric intake in
both diet groups. In the study of Hur and colleagues [HUR et al., 2010], male mice
receiving a high-fat diet (45% energy from fat) or a normal-fat diet (10% energy from
fat) were exposed to nicotine- or saline treatment for 14 days. Nicotine decreased body
weight both in the group with high- and normal-fat diet, but the effect was more
pronounced in the latter. Weight loss mediated by nicotine-treatment in obese mice
resulted from both decreased energy intake and increased energy expenditure. Similar
results were reported by Mangubat and co-workers [MANGUBAT et al., 2012]. Male mice
consuming a high-fat diet (62% energy from fat) or a standard normal chow diet were
treated with nicotine or saline for seven weeks. In the nicotine-treated groups, weight-
gain in animals consuming both diets was reduced in a dose-dependent manner. In the
normal chow diet, weight loss was mainly attributed to decreased energy intake. In the
high-fat diet only 66% of the weight loss was accounted for decreases in energy intake,

suggesting that simultaneous increases in energy expenditure took place.

The mechanisms by which nicotine administration reduces food intake are not
completely understood. Animal studies suggest that nicotine may influence energy
balance by directly acting in the hypothalamus, suppressing NPY expression in the ARC
[JANG et al., 2003; CHEN et al., 2005; CHEN et al., 2007]. Recently, Mineur and
colleagues [MINEUR et al., 2011]—by using a combination of pharmacological,
molecular genetic, electrophysiological, and feeding studies—provided evidence that
nicotine diminishes food intake and body weight by stimulating hypothalamic alpha-3
beta-4 nicotinic acetylcholine receptors (a3f4 nAChRs) in the POMC neurons with
subsequent activation of the hypothalamic melanocortin system. These findings suggest
that drugs acting as a3p4 agonists could be helpful for controlling body-weight gain
after cessation of smoking, as well as for treating obesity and related metabolic

disorders.

Figure 3 illustrates the possible mechanisms by which cigarette smoking reduces body

weight.
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Figure 3: Mechanisms through which cigarette smoking reduces body weight.

Smoking reduces body weight by increasing energy expenditure (EE) and inhibiting the expected compensatory
increase in caloric intake. Nicotine increases EE both by direct effects on peripheral tissues, largely mediated by
catecholamines, and by effects on central nervous system neuroendocrine circuits. Nicotine's effects on the brain also
leads to suppression of appetite, and smoking per se can serve as a behavioural alternative to eating. AgRP: agouti-
related peptide; CART: cocaine amphetamine-regulated transcript; DA: dopamine; Ad: adrenaline; GABA: y-
aminobutyric acid; NA: noradrenaline; NPY: neuropeptide Y; POMC: proopiomelanocortin [adapted from AUDRAIN-
McGOVERN and BENOwWITZ, 2011, with permission of Nature Publishing Group].

2.5.3.3. Weight gain following cessation of smoking

Smoking cessation is usually accompanied by weight gain and this has been regarded as
a reason why many smokers, especially women, are unwilling to quit [FILOZOF et al.,
2004; MUNAFO et al., 2009]. Furthermore, weight gain was reported as a reason for
relapse among 32% of men and 52% of women who attempted to quit [PISINGER and
JORGENSEN, 2007]. The decline in the prevalence of smoking was pointed as a possible

cause for the increasing obesity rates in developed countries [CHOU et al., 2004].
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However, studies have demonstrated that although a decline in smoking increases body
weight, the magnitude of the effect in most quitters is small [FLEGAL et al., 1995; FANG
et al., 2009; KASTERIDIS and YEN, 2012]. In addition, it was observed that cigarette
smokers who achieve long-term abstinence from smoking revert to a mean BMI roughly

equivalent to that of non-smokers [MUNAFO et al., 2009; TRAVIER et al., 2009].

The consistency and magnitude of the weight gain following smoking cessation remain
controversial and are influenced by several factors [FILOZOF et al., 2004]. Studies
demonstrate that most of weight gain occurs within the first year of cessation [KLESGES

etal., 1989; O’HARA et al., 1998; BASTERRA-GORTARI et al., 2010].

Williamson and colleagues [WILLIAMSON et al., 1991] observed that the mean weight
gain attributable to the cessation of smoking was 2.8 kg in men and 3.8 kg in women
over 10-year follow-up. A major weight gain (>13 kg) was observed in 9.8% of the men
and 13.4% of the women. For both sexes, the risk factors for this increased weight gain
were to be black, younger than 55 years of age, and have smoked 15 cigarettes or more

per day.

Lower socio-economic status [SWAN and CARMELLI, 1995], genetic factors [SWAN and
CARMELLI, 1995; FREATHY et al., 2011] and being a heavy smoker [MIZOUE et al., 1998;
JOHN et al., 2005; CHIOLERO et al., 2007] may increase the risk of a major weight gain
after stopping smoking. Similarly, being underweight or overweight on cessation has
also been reported as an increased risk factor for excessive weight gain following
cessation [LYCETT et al., 2011]. Other authors, however, have found only a modest
impact of smoking cessation in overweight and obese individuals [KASTERIDIS and YEN,

2012].

Proposed mechanisms for the postcessation weight gain are increases in caloric intake,
and decreases in RMR. However, the results of several studies are inconsistent. While
many studies found a sharp increase in eating during the first few weeks of smoking
cessation, this effect is less evident after a longer period of abstinence [PERKINS, 1993].
Stamford and co-workers [STAMFORD et al., 1986] reported that the mean energy intake
of heavy-smoker women was increased by 227 kcal after cessation, with no changes in

the distribution of dietary macronutrients. Another study, however, found that
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individuals who stopped smoking and gained weight after cessation did not consume
more calories but ate somewhat less protein and significantly more carbohydrate than
quitters whose weights did not change [RODIN, 1987]. Accordingly, short-term
abstinence from smoking was not found to increase energy intake in a group of 21

women [ALLEN et al., 2000].

Differences in physical activity levels in the postcessation period have not been
observed in many studies [HALL et al., 1989; LEISCHOW and STITZER, 1991; ALLEN et
al., 2004] and weight gain upon cessation of smoking is not likely to be caused by

decreased physical activity levels [PERKINS, 1993].

As stated earlier, the RMR accounts for 60—80% of the adult daily energy expenditure
[PHAM et al., 2012], and because of that any effect on the RMR could significantly
influence body weight, regardless of changes in caloric intake or physical activity levels
[PERKINS, 1993]. In fact, a decreased RMR has been thought to be the most likely cause
for weight gain following smoking cessation [DALLOSSO and JAMES, 1984; MOFFATT
and OWENS, 1991; PERKINS, 1993; FILOZOF et al., 2004]. Nonetheless, some studies did

not find changes in the RMR of quitters [STAMFORD et al., 1986, ALLEN et al., 2000].

Other possible mechanisms implicated in postcessation weight gain are decreased fat
oxidation [JENSEN et al., 1995], increased lipoprotein lipase activity—which in turns
leads to an increase in adipose tissue metabolism [FERRARA et al., 2001]—and changes

in the body weight set-point [CABANAC and FRANKHAM, 2002; CHIOLERO et al., 2008].

2.6. Smoking, body fat distribution and the metabolic syndrome

Adiposity and cigarette smoking are independent however interconnected health risk
factors [KOSTER et al., 2008a]. Nearly 5.3% of men and 4.2% of women in the United
States are obese and smoke, and this proportion is higher in African-Americans
[HEALTON et al., 2006]. Being obese and smoker was found to be significantly
associated with all-cause mortality, with very obese smokers showing a 3.5- to 5-fold
increased risks, when compared with non-smokers, nonobese individuals [FREEDMAN et

al., 2006]. In a 10-year prospective cohort study, Koster and co-workers [KOSTER et al.,
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2008a] found that smokers with a BMI of >35 kg/m’ had a mortality risk 6-8 times
greater than that of non-smokers of normal weight; when taking into account smoking
status and WC measurements, the highest mortality risks were found among current

smokers with a large WC.

It has been demonstrated that although smokers weigh less than non-smokers, they tend
to accumulate more fat in the abdominal region [JEE et al., 2002; KWOK et al., 2011]. In
addition, a dose-dependent association between the smoking burden and abdominal fat
has been observed [BARRETT-CONNOR and KHAW, 1989; SHIMOKATA et al., 1989; OH et
al., 2005; KoMiYA et al., 2006; CHIOLERO et al., 2008; TRAVIER et al., 2009].

The mechanisms underlying the association between cigarette smoking and abdominal

obesity remain to be elucidated, but a cluster of factors may be involved.

Hormonal and endocrine mechanisms are likely to modulate this association. Smoking
influences the circulating levels of pituitary, adrenal, and sex steroid hormones
[KAPOOR and JONES, 2005; TWEED et al., 2012]. Compared to non-smokers, smokers
were found to have higher circulating levels of cortisol [STEPTOE and USSHER, 2006],
which increased with the content of nicotine in cigarette smoking [WILKINS et al., 1982].
High levels of cortisol seem to have a key role in the development of visceral adiposity

[PASQUALI and VICENNATI, 2000].

Smoking may also have an anti-oestrogenic effect in women [MICHNOVICZ et al., 1986;
TANKO and CHRISTIANSEN, 2004], probably by inducing changes in hepatic oestrogen
metabolism [KAPOOR and JONES, 2005] and increasing catechol oestrogen formation
[TzioMALOS et al., 2004]. Among premenopausal women, chronic cigarette smoking
was significantly associated with elevated levels of androgens and suppressed levels of
oestradiol and sex hormone binding globulin (SHBG) [DUSKOVA et al., 2012]. This
hormone profile was associated with increased waist-to-hip ratio (WHR), hypertrophy
of visceral adipocytes, and disturbances in the metabolism of glucose in premenopausal
women [EVANS et al., 1993]. In postmenopausal women, cigarette smoking was
associated in a dose-dependent fashion with higher levels of androgens, oestrogens, 17-

hydroxprogesterone, and SHBG [BRAND et al., 2011]
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Among men, an inverse relationship between sex steroid hormones with overall and
abdominal obesity has been observed [DERBY et al., 2006; SEIDELL et al., 1990]. The
association of smoking with the circulating levels of these hormones however is not
well-established. Some studies reported higher levels of testosterone among smokers,
compared with non-smokers [ENGLISH et al. 2001; BLANCO-MUNOZ et al., 2012], while
others found no differences between these groups [HALMENSCHLAGER et al 2009;

PASQUALOTTO et al., 2006].

Genetic factors have also been implicated in the patterns of body fat distribution [HEID
et al., 2010]. It has been suggested that smoking interacts with specific genetic
variations associated with central obesity [FIEGENBAUM and HuTtz, 2003; LIU et al.,
2012]. In a Brazilian study, an interaction between smoking status and a GIn360His
polymorphism of apolipoprotein A-IV (APO A-IV) was found to influence WC. Male
non-smokers carrying a 360His allele had a larger WC than homozygotes for the Gln
allele. Among smokers, the WC of the 360His carriers did not differ significantly from
that of GIn/GIn homozygotes [FIEGENBAUM and HuTz, 2003]. In a recent study,
smoking was found to interact with the CYP2A6 genotype. The CYP2A6 gene
moderates the activity of the major hepatic metabolic enzyme which metabolizes
nicotine into cotinine. After adjustment for possible confounders, an interaction between
heavy smoking (=15 cigarettes per day) and the CYP2A6 genotype was observed, i.e.
individuals with CYP2A6 poor metabolizer genotypes were more likely to be centrally

obese if they were heavy smokers [LIU et al., 2012].

Finally, dietary factors may also modulate changes in the body fat distribution
[ROMAGUERA et al., 2010] and whether cigarette smoking interact with specific
macronutrients in the diet to increase visceral fat remains to be explained. Nicotine
administration to mice altered the amount of fat in the animals fed with a high-fat diet,
but not in the group consuming a normal chow diet. Surprisingly, the amount of visceral
fat was reduced in the animals treated with nicotine, but only in those on the high-fat
diet. Among the animals on the high-fat diet, decreases in the fat and lean body mass
were more pronounced in the group treated with nicotine than in the control group

treated with saline [MANGUBAT et al., 2012].
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Cross-sectional and longitudinal studies have demonstrated that, compared with non-
smokers, smokers are at greater risk of developing MetS and that there is a dose-
response relationship between intensity and duration of smoking and the risk of MetS in
both smokers and former smokers [GESLAIN-BIQUEZ et al., 2003; ISHIZAKA et al., 2005;
NAKANISHI et al., 2005; LEE et al., 2005a; MIYATAKE et al., 2006; WADA et al., 2007].

The risk of MetS in smokers seems to be high even following smoking cessation. In a
cross-sectional study with 5,697 Japanese men, Matsushita and colleagues [MATSUSHITA
et al., 2011] found that the VAT area, the SAT area, and the prevalence of MetS were
higher among former smokers (<15 years of cessation) than among non-smokers and
current smokers. Using non-smokers as the reference group, the odds ratio of having
Mets for smokers and former smokers with <4, 5-9, 10-14, and >15 years of cessation
were 1.02, 1.33, 1.36, 1.40, and 1.09, respectively. Among former smokers, after
adjusting for the VAT area, the odds ratio of having MetS were 51.5%, 55.6%, and 35%
lower for those with <4, 5-9, and 10-14-years of cessation, respectively. In some cases,

the risk of MetS was found to remain over 20 years after quitting [ WADA et al., 2007].

2.6.1. Smoking and insulin resistance

It has been demonstrated that smoking is associated with an increased risk of
developing T2DM [RIMM et al., 1995; KAWAKAMI et al., 1997; WILSON et al., 1999;
SARGEANT et al., 2001; MAKI et al., 2010; TERATANI et al., 2012] and insulin resistance,
as evidenced both by euglycaemic insulin clamp studies and by studies of
glucose/insulin response to glucose loading [TARGHER et al., 1997; BENOWITZ, 2003;
BERLIN, 2009].

How cigarette smoking triggers these metabolic disturbances is not fully understood but
it may involve hormonal regulation, altered inflammatory response and oxidative stress.
Nicotine increases the plasma levels of catecholamines and other neurotransmitters,
which act centrally and peripherally. Catecholamines are powerful antagonists of insulin
action and leads to increased lipolysis [HELLERSTEIN et al., 1994; ELIASSON et al., 1994;
BENOwITZ, 2003; RESELAND et al., 2005; BULLEN, 2008]. Elevated FFA and glycerol

concentrations in the blood as a consequence of lipolysis also decreases the levels of
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circulating adiponectin, inducing insulin resistance and endothelial dysfunction [VAN
GAAL et al., 2006; GOOSSENS, 2008]. Nicotine is also thought to promote increased
release of corticosteroids and growth hormone, also contributing to insulin resistance
[BENOWITZ, 2003; TZIOMALOS and CHARSOULIS, 2004]. Bergman and co-workers
[BERGMAN et al., 2009] reported increased saturation of intramuscular TAG and
diacylglycerols (DAG), together with increased insulin receptor substrate-1 Ser®*°
phosphorylation in smokers, compared with non-smokers. Smokers were also less

insulin sensitive and, according to the authors, these metabolic differences could explain

the decreased insulin action in smokers because of basal inhibition of insulin.

Cigarette smoking increases circulating levels of the inflammatory markers TNF-a, IL-
6, and CRP. It also causes a dose-dependent increase in plasma intercellular adhesion
molecule-1 (ICAM-1) [FERNANDEZ-REAL et al., 2003; VAN GAAL et al., 2006;
BERGMANN and SIEKMEIER, 2009], thereby decreasing adiponectin levels and inducing

insulin resistance [ VAN GAAL et al., 2006].

Figure 4 summarizes the mechanisms by which smoking and obesity trigger metabolic

disturbances.
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Figure 4: Schematic representation of how smoking might add several mechanisms linking
obesity to cardiovascular disease.

CRP: C-reactive protein; ICAM-1: intracellular adhesion molecule-1; IL-6: interleukin-6; TNF-a: tumour necrosis factor-
alpha; ROS: reactive oxygen species [reproduced from International Chair on Cardiometabolic Risk.
www.myhealthywaist.org, with permission].

In a retrospective Austrian study with 3,804 non-diabetic men, smoking was associated
with high fasting glucose and dyslipidaemia, indicating a higher degree of insulin
resistance. This unfavourable metabolic profile was most evidenced in smokers with
CVD, although also present in those without clinically manifest CVD. According to the
authors, insulin resistance may represent an important link between smoking and CVD

[DZIEN et al., 2004].

In a prospective study, Morimoto and colleagues [MORIMOTO et al., 2012] found that
the risk of developing T2DM persisted at five years after smoking cessation among
overweight individuals. A higher risk was found among former smokers with more than

nine years of quitting, in both normal and overweight groups.
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2.6.2. Smoking and cardiovascular diseases

Cardiovascular diseases are the leading cause of premature death related to smoking
[MICHAEL PITTILO, 2000; ERHARDT, 2009]. Smoking is a well-established risk factor for
CVD [FREUND et al., 1993; GEPNER et al., 2011; DE GRANDA-ORIVE et al., 2012].
Women who smoke are at a greater risk of developing CVD than men who smoke, even
after adjusting for other cardiovascular risk factors [HUXLEY and WOODWARD, 2011].

Table 1 shows the main CVD associated with smoking.

Table 1: Main cardiovascular diseases associated with cigarette smoking.

Coronary artery disease

Stroke and cerebrovascular disease
Peripheral artery disease

Aortic aneurysm

Hypertension

Heart failure

Arrhythmias

Endothelial dysfunction

Atherosclerosis

Source: LEONE, 2011.

Cigarette smoke contains large amounts of substances hazardous to health, with
potential carcinogenic, cardiovascular and respiratory effects [TALHOUT et al., 2011]. The
thousands of chemicals in cigarette smoke are conventionally divided into a tar
(particulate) phase and a gas phase. Nicotine, polycyclic aromatic hydrocarbons (PAHs),
carboxylic acids, phenols, water, humectants, tobacco-specific nitrosamines (TSNAs),
and catechols are among the constituents of the tar phase; nitrogen (N;), oxygen (O),
carbon dioxide (CO;), carbon monoxide (CO), hydrogen cyanide (HCN), acetaldehyde,
nitric acid, acetone, acrolein and ammonia are found in the gas phase [AMBROSE and

BARUA, 2004; U.S. DEPARTMENT OF HEALTH AND HUMAN SERVICES, 2010].

One puff of cigarette smoke contains 10'*-10'° free radicals that cause lipid

peroxidation and increase oxidative stress [KODE et al., 2006; BRUNO and TRABER,
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2006; CAMPBELL et al., 2008]. This can be evidenced by the higher plasma
thiobarbituric acid reactive substances (TBARS) concentration in smokers compared

with non-smokers [NAGAMMA et al., 2011].

Nicotine, CO, and oxidant gases are all contributors to cigarette-smoking induced CVD,
although CO is suspected to play a major role in the disease [ZEVIN et al., 2001;

TONSTAD and ANDREW JOHNSTON, 2006].

One of the main mechanism by which CO causes heart disease is provoking hypoxia
[ZEVIN et al., 2001]. Haemoglobin has a very strong affinity for CO, so the exposure to
cigarette smoke increases the carboxyhemoglobin levels and reduces the amount of
haemoglobin available to carry oxygen to the tissues [BENOWITZ, 2003; TONSTAD and
ANDREW JOHNSTON, 2006]. These effects are more profound in the myocardium than in
the peripheral tissues because of the very high oxygen extraction by the myocardium at

rest [ZEVIN et al., 2001].

Both active and passive smoking are associated with endothelium damage and
dysfunction, mainly caused by a decrease in endothelial nitric oxide (NO), a free radical
primarily responsible for the endothelium-dependent vasodilation in response to
hemodynamic changes [AMBROSE and BARUA, 2004; TONSTAD and ANDREW JOHNSTON,
2006; ERHARDT, 2009]. Nitric oxide also helps to regulate inflammation, leukocyte
adhesion, platelet activation and thrombosis; a decrease in NO bioavailability due to
oxidants in cigarette smoke may contribute to the increased vessel contraction, and the
pro-thrombotic and pro-inflammatory states seen in smokers [TONSTAD and ANDREW
JOHNSTON, 2006; ERHARDT, 2009; GASTALDELLI et al., 2010]. This leads to formation,
progression, and destabilization of atherosclerotic plaques which may result in
myocardial infarction, stroke and cardiovascular death [GRASSI et al., 2010]. Young
smokers who refrained from smoking showed significant improvement in impaired
coronary endothelial vasomotor dysfunction within one month of cessation, indicating
that coronary endothelial dysfunction may be reversible with smoking cessation

[MORITA et al., 2006].
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In addition, cigarette smoking was associated in a dose-dependent manner with
increased levels of CRP, fibrinogen, and homocysteine, which are novel risk factors for

the development of atherosclerotic diseases [BAZZANO et al., 2003].

Cigarette smoking is also associated with an atherogenic lipid profile. It has been shown
that smokers have higher levels of total cholesterol (TC), LDL-C, VLDL-C, and TAG,
and lower levels of HDL-C and apolipoprotein Al (apo-Al) [CRAIG et al., 1989;
VENKATESAN et al., 2006; YUVRAJSING, 2008; MEENAKSHISUNDARAM et al., 2010;
BEAUCHAMP et al., 2010]. Similarly, cessation of smoking was shown to increase the
levels of HDL-C and apo-Al, contributing to a reduced risk of CVD in former smokers
[STAMFORD et al., 1986; RICHARD et al., 1997, MAEDA et al., 2003; GEPNER et al.,
2011].

The mechanisms behind the unfavourable lipid profile in smokers are not completely
clarified. Hellerstein and colleagues [HELLERSTEIN et al., 1994] reported that acute
cigarette smoking in heavy smokers increased the flux of FFA and glycerol into the
circulation by 77% and 82%, respectively. According to the authors, this effect was
possibly mediated by catechols. Concurrently, serum FFA concentrations were elevated
by 73%, and hepatic reesterification of FFA was enhanced by more than threefold.
These metabolic processes were thought to increase hepatic VLDL-C production and

lead to atherogenesis.

Likewise, the oxidant-antioxidant imbalance triggered by smoking results in a chronic
state of low-grade inflammation, which also contributes to perturbations in the lipid
metabolism, especially increased serum TAG and decreased HDL-C [ESTEVE et al.,
2005; CHOURAKI et al., 2008]. In addition, nicotine and oxidants in cigarette smoke may
enhance LDL-C oxidation, increasing its atherogenic potential [HEITZER et al., 1996;
STEINBERG and CHAIT, 1998; KAssI et al., 2009].

Another explanation for the dyslipidaemic profile in smokers is that these metabolic
abnormalities would be secondary to insulin resistance. Farin and colleagues [FARIN et
al., 2007] compared two groups of smokers, with similar age and BMI, differing only in
their insulin sensitivity state. Serum levels of TAG and VLDL-C were significantly

elevated in the insulin-resistant smokers, compared with the insulin-sensitive smokers.
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No significant differences in the levels of TC, LDL-C and HDL-C were found between
the groups. In addition, smokers were found to show impaired postprandial TAG
elimination, associated with higher levels of small dense LDL-C-particles, in the
presence of an insulin-resistant state [ELIASSON et al., 1997]. However, other
researchers failed to demonstrate that insulin resistance is a base condition for the

impaired lipid metabolism commonly observed in smokers [KABAGAMBE et al., 2009].

2.7. Assessment of obesity and body fat distribution

There is a large variety of clinical tools that can be used for the assessment of total
adiposity and body fat distribution in humans [INTERNATIONAL CHAIR ON
CARDIOMETABOLIC RISK, 2012]. Accurate and reliable methods for assessing total body
fat, which also allow to distinguish between fat mass and lean mass are underwater
weighing (UWW), dilution techniques, computed tomography (CT), magnetic
resonance imaging (MRI), dual energy X-ray absorptiometry (DXA), bioimpedance,
and air displacement plethysmography (ADP) [MCCRORY et al., 1998; ELLIS, 2000].
However, because they are expensive and time-consuming, such methods are
preferentially used in clinical studies [HAN et al., 2006; SNUDER et al., 2006]. In
epidemiological studies, BMI and skinfold-thickness are commonly used for the
assessment of total and regional adiposity [SNIUDER et al., 2006; INTERNATIONAL CHAIR
ON CARDIOMETABOLIC RISK, 2012]. Although they offer advantages, such as low cost
and practicality, they also have limitations: BMI does not differentiate between fat mass
and lean mass [SNIUDER et al., 2006]; the skinfold-thicknesses are useful for estimating
total adiposity, but are unable to measure intra-abdominal fat directly [INTERNATIONAL
CHAIR ON CARDIOMETABOLIC RISK, 2012a]. In addition, measuring the skinfold-
thicknesses requires highly skilled personnel in order to produce reliable values

[MINEMATSU et al., 2011; INTERNATIONAL CHAIR ON CARDIOMETABOLIC RISK, 2012a].

Visceral adiposity can be accurately measured by imaging techniques, such as CT, MRI
and DXA. Nevertheless, as stated earlier, they are expensive and not suitable for
epidemiological studies [KAMEL et al., 1999; LEE et al., 2005]. For epidemiological
studies and for routine clinical use, cheaper and also reliable alternatives for abdominal

adiposity assessment are sagittal diameter (SAD), conicity index (COI), WC, WHR and
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waist-to-height ratio (WHtR) [VALDEZ et al., 1993; VAN DER KOOY et al., 1993; SNIUDER
et al., 2006; SAMPAIO et al., 2007; BROWNING et al., 2010].

This review has been focused on the anthropometric methods that were employed in the

current study.

2.7.1. Body mass index (BMI)

Body mass index has long and successfully been used to assess thinness and fatness and
it is obtained by dividing the weight (in kilograms) by the square of the height (in
meters). The international BMI cut-off points suggested by World Health Organization
(WHO) [WHO EXPERT CONSULTATION, 2004] allow to classify the individuals as
underweight (<18.5 kg/m?), normal weight (18.5-24.9 kg/m?), overweight (25-29.9
kg/mz), obese class I (30-34.9 kg/mz), obese class II (35-39.9 kg/mz), and obese class
111 (>40 kg/m?). This classification is intended to identify individuals with higher risk of
cardiometabolic diseases (CMD). However, because of ethnic differences in the patterns
of body fat distribution, especially reported in the Asian populations, WHO
recommends that additional cut-offs points of 23, 27.5, 32.5, and 37.5 should also be
used for public health actions, as illustrated in Figure 5. [WHO EXPERT CONSULTATION,
2004].

Ranges for determining Moderate to high risk

public health and clinical .
action based on BMI Low to moderate risk

v y v vy v y 3 v

— T T U T T T T T T 1 T U T T T U T
16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

! T T ! !

.' WHO classification .. Underweight Overweight Obese | Obese | Ohese Il

Figure 5: WHO proposed BMI cut-off points for public health action

WHO: World Health Organization; BMI: body mass index. Reproduced from WHO EXPERT CONSULTATION, 2004, with
permission of Elsevier.
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Increased health risks and death rates have been observed among individuals with
elevated BMI [HAN et al., 2006; WHO EXPERT CONSULTATION, 2004]. Recently, a large
prospective study investigated the association of BMI and mortality, analysing
individual data from almost 900,000 participants. For both sexes and at all ages,
mortality was lowest at BMI between 22.5 and 25 kg/m”. Above this range, each 5
kg/m® increment of BMI was associated with an increase of 30% in all-cause mortality.
Below the range 22.5-25 kg/m’, an inverse association between BMI with overall
mortality was observed, mainly due to the strong inverse association with smoking-
related diseases [PROSPECTIVE STUDIES COLLABORATION, 2009]. Results from a cohort
study in Austria showed a U-shaped association between BMI and all-cause mortality in
both men and women. High risks were found both in the highest and the lowest
category of BMI. However, the association with the latter was less pronounced in non-

smokers than in ever-smokers [KLENK et al., 2009].

Although accepted as a relatively good measure of general adiposity, BMI provides no
information about the fat mass distribution and does not differentiate between lean and
fat body mass. Hence it can underestimate metabolic risks in individuals with a high
mass of body fat despite of a normal BMI [ROMERO-CORRAL et al., 2008; DE LORENZO
et al., 2011]. Therefore, the use of anthropometric measures of regional adiposity, such
as WC and WHR, has been recommended by the scientific community as a better tool
than BMI to predict health risks and mortality [JANSSEN et al., 2002; JANSSEN et al.,
2004; YUSUF et al., 2005; LEE et al., 2008; KOSTER et al., 2008].

2.7.2. Measurements of abdominal obesity

2.7.2.1. Waist circumference (WC)

Waist circumference has been shown to be strongly correlated with visceral fat
[POULIOT et al., 1994; KAMEL et al., 1999; RORIZ et al., 2011]. It is similarly highly
correlated with BMI, abdominal subcutaneous fat, total abdominal fat, and total body fat
[MOLARIUS and SEIDELL, 1998]. It has been demonstrated that WC values are strong

predictors of cardiometabolic risk factors [POULIOT et al., 1994; ZHU et al., 2002].
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A meta-analysis of prospective studies showed that each 1 cm increase in WC is
associated with an increase of 2% in the risk of future CVD [DE KONING et al., 2007].
Furthermore, results from the European Prospective Investigation into Cancer and
Nutrition (EPIC) suggested that reducing WC by 5 cm would decrease the risk of CVD

by 11% in men and 15% in women [CANOY et al., 2007].

Results from the European InterAct Study showed that both BMI and WC are
independently and significantly associated with T2DM. A high WC was a stronger risk
factor in women, compared with men. In terms of absolute risk, 7% of men and 4.4% of
women who were overweight and had a large WC at baseline developed T2DM over a
10-year period, placing them at an absolute risk equivalent or higher than that of obese

participants [ THE INTERACT CONSORTIUM, 2012].

The literature has proposed different cut-off points for the definition of a high WC. The
National Institute of Health (NIH) suggested sex-specific cut-off points for WC based
on the development of obesity-associated risk factors in most adults with a BMI
between 25-34.9 kg/m” [NATIONAL INSTITUTE OF HEALTH, 1998]. The proposed cut-off
points of 102 cm for men and 88 cm for women were based on WC values
corresponding to a BMI of 30 kg/m” in Caucasian populations [INTERNATIONAL CHAIR
ON CARDIOMETABOLIC RISK, 2012b; NATIONAL INSTITUTE OF HEALTH, 1998]. In
individuals with a BMI greater than 35 kg/m’, they would lose their incremental
predictive power, because the established cut-off points would be exceeded [NATIONAL
INSTITUTE OF HEALTH, 1998]. Lean and co-workers [LEAN et al., 1995] proposed two
action levels for WC, which should be used for the identification of individuals at health
risks. Men with WC >94 cm and women with WC >80 cm should gain no further
weight (action I). Men with WC >102 ¢cm and women with WC >88 cm should reduce
their weight (action II). These two action levels were based on both BMI (cut-offs of 25
kg/m? for action I and 30 kg/m? for action II, for both men and women) and WHR (0.95
for men and 0.80 for women, for both action levels). According to the authors, the cut-
offs of BMI and WHR used in the study showed high specificity and sensitivity for WC
as an indicator of need for weight management. In addition, the proposed action levels

led to misclassification of only 1.5% of the overweight men and women.

33



LITERATURE REVIEW

The same criteria suggested by Lean and colleagues [LEAN et al., 1995] are
recommended by WHO, with the terms “increased risk” and “substantially increased
risk” being used instead of “action I” and “action II”, respectively [WORLD HEALTH

ORGANIZATION, 2008a].

However, these cut-off points were derived for Caucasian individuals and might not be
applicable for other ethnic groups [MISRA et al., 2005]. As seen in Table 2, the
International Diabetes Federation (IDF) proposed WC cut-offs that take into account
sex, ethnicity and geography [ALBERTI et al., 2006].

Other authors also suggested different cut-off points for WC taking into accounting
ethnicity and specific health risks [NARISAWA et al., 2008; AL-LAWATI and JOUSILAHTI,
2008; KiM et al., 2009; WANG et al., 2010; BERBER et al., 2001; ZADEH-VAKILI et al.,
2011].

There is no universally accepted method for measuring WC, and values of WC can be
obtained at four different anatomic sites: a) immediately below the lowest rib; b) at the
narrowest part of the waist; ¢) the midpoint between the lowest rib and the iliac crest;
and d) immediately above the iliac crest. Measures of WC taken at all 4 sites were
significantly correlated with total body fat mass in both sexes, but this correlation was

higher when WC was measured immediately above the iliac crest [ WANG et al., 2003].
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Table 2: IDF cut-off points for WC, according to sex, country and ethnicity.

Country/ethnic group WC (cm)
Europids (Caucasians) Men 294
Women =80
South Asians Men =90
Women =80
Chinese Men =90
Women =80
Japanese Men =285
Women =90
Ethnic South and Central Use South Asian recommendations until more spe-
Americans cific data are available
Sub-Saharan Africans Use European data until more specific data are
available
Eastern Mediterranean and Use European data until more specific data are
Middle East available (Arab) populations

IDF: International Diabetes Federation; WC: waist circumference. According to IDF, WC should be measured in a hori-
zontal plane, midway between the inferior margin of the ribs and the superior border of the iliac crest [adapted from
ALBERTI et al., 2006].

The concept of a hypertriglyceridaemic waist (HTGW), defined as the co-occurrence of
a high WC and high levels of TAG, was first introduced by Lemieux and colleagues
[LEMIEUX et al., 2000] as a tool to identify individuals at increased risk of CAD. Earlier,
a prospective Canadian study [LAMARCHE et al., 1998] showed that the high levels of
TAG in the study population would reflect additional metabolic disorders—such as
elevated levels of fasting glucose, apolipoprotein B, and small dense, LDL-C
particles—which substantially increased the risk of ischemic heart disease. Subsequent
studies confirmed the HTGW as a reliable method for the early screening of individuals
at risk of future CAD [LAMONTE et al., 2003; ROGOWSKI et al., 2009; BLACKBURN et
al., 2012].

2.7.2.2. Waist-to-hip ratio (WHR)

Two important studies in the early 1980s stressed the association of WHR with an
altered lipid profile and cardiovascular risks [KROTKIEWSKI et al., 1983; HARTZ et al.,
1984]. In a 20-year prospective study with Swedish women, Bengtsson and colleagues
[BENGTSSON et al., 1993] found that WHR was significantly associated with total

mortality and death from myocardial infarction. Body fat distribution was more
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important than obesity as a risk factor in women. WHR was found to be the best
measure of obesity to predict all-cause mortality and CVD mortality in an Australian
follow-up study [WELBORN and DHALIWAL, 2007]. Likewise, in high-functioning older
adults, all cause-mortality increased with WHR, but was not associated with BMI or
WC [SRIKANTHAN et al., 2009]. On the other hand, Visscher and co-workers [ VISSCHER
et al., 2001] reported that differently from high quintiles of WC, high quintiles of WHR

did not predict an increased risk of all-cause mortality among non-smoker men.

Waist-to-hip ratio was also highly correlated with intra-abdominal adiposity assessed by
CT, even after adjusting for the effects of age and degree of overweight [KISSEBAH,
1996]. However, these findings were not confirmed by other authors [HAN et al., 1997].
Ross and colleagues [ROsS et al., 1992] used MRI to measure the distribution of total
and regional adipose tissue in a group of men, and the results were compared with
anthropometric measures of adiposity. Although WHR was strongly correlated with the
volume of VAT, after controlling for age and adiposity WHR explained only 12% of the
variation in the absolute VAT and less than 1% of the variation in the ratio of visceral
fat-to-subcutaneous fat. When WC was used as a criterion for adiposity in an Australian
sample, 57.4% of the individuals fell into the “action I” category (established as
WC >95 cm for men and WC >80 cm for women), and 36.7% fell into the “action II”
(WC =100 cm for men and WC >80 cm for women). However, only 16.7% of the
sample was categorised as obese when WHR (cut-offs of 1.0 for men and 0.85 for
women) was used as the anthropometric criterion for obesity [GILL et al., 2003]. These
results show the limitations of WHR as an index of central obesity. Ratios are usually
difficult to interpret biologically and a change in body fat distribution may produce little
or no changes in the ratios. Weight reduction is normally accompanied by a reduction in
both WC and hip circumference (HC), and this will not lead necessarily to a reduction
in WHR [MOLARIUS and SEIDELL, 1998]. Variation in WC is likely to reflect variation
in subcutaneous and visceral fat, whereas variation in HC may be due to v