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“If I have seen further, it is by standing upon the shoulders of giants”

Isaac Newton 1642-1727
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Abstract

ENGLISH

Metabolic syndrome (MetS) and type 2 diabetes (T2D) are important global health
issues due to its high prevalence and its associated morbi-mortality.

Among the modifiable risk factors that have been associated with the risk of MetS
and T2D, diet plays an important role in the prevention and management of both
conditions. It has been shown that dietary patterns are differently associated with
the risk of MetS and T2D. Whereas the Western diet seems to increase the risk of
these chronic diseases, plant-based diets, such as the Mediterranean Diet (MedDiet),
seem to decrease the risk. In order to better understand the different effects on
disease risk among dietary patterns, it is important to analyze the role that specific
food groups play on the risk of developing MetS and T2D.

This doctoral thesis has been conducted in the frame of the PREDIMED study, a
parallel, multicenter, randomized clinical trial conducted in Spain between 2003 and
2011 with the aim of evaluating the effectiveness of the MedDiet in the primary
prevention of cardiovascular disease.

The main aim of the present dissertation was to evaluate the association between the
consumption of meat and dairy products with the risk of MetS or the incidence of
some of its individual components, as well as to assess the association between
legumes consumption and T2D development risk.

The results showed a non-significant inverse association between total dairy
consumption and the risk of MetS incidence. The consumption of low-fat dairy
products, low-fat milk and yogurt (total, low-fat and whole-fat yogurt) was
associated with alower risk of MetS and some of its individual components. Contrary,
the consumption of cheese was positively associated with the MetS risk. Likewise,
total meat intake was also associated with the risk of MetS and the development of
some of its components. The risk differed according to the type of meat consumed.
Whereas red meat and processed red meat were associated with a higher risk of
MetS, poultry was associated with a lower risk. When red meat and processed red

meat were replaced with eggs, fish, poultry and legumes, a decreased risk of MetS
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was observed. Finally, total legume consumption, particularly lentils, was associated
with a lower risk of T2D incidence. The substitution of legumes for eggs, bread, rice,
and baked potato was also associated with a lower risk of T2D.

In conclusion, high consumption of low-fat dairy products and yogurt (regardless the
fat content), together with the preference for poultry rather than red meat or
processed red meat, and high frequency consumption of legumes, would be
beneficial for the prevention of MetS and T2D among Mediterranean individuals at

high CVD risk.



UNIVERSITAT ROVIRA I VIRGILI
DIETARY FACTORS ASSOCIATED WITH METABOLIC SYNDROME AND TYPE 2 DIABETES RISK
Nerea Becerra Tomés

SPANISH

El sindrome metabdlico (SM) y la diabetes tipo 2 (DT2) son un importante problema
de salud mundial debido a su alta prevalencia y su morbi-mortalidad asociada.
Entre los factores de riesgo modificables que se han asociado con el riesgo de SM y
DT2, la dieta juega un papel importante en la prevencion y tratamiento de ambas
condiciones. Se ha observado que los patrones dietéticos se asocian de manera
distinta al riesgo de desarrollar SM y DT2. Mientras que la dieta occidentalizada
parece incrementar el riesgo de estas enfermedades cronicas, dietas basadas en
vegetales, como la Dieta Mediterranea, parecen disminuir el riesgo. Con el objetivo
de entender mejor los distintos efectos de los patrones dietéticos sobre el riesgo de
desarrollar estas enfermedades, es importante analizar el papel que juegan
determinados grupos de alimentos sobre el riesgo de desarrollar el SM y la DT2.
Esta tesis doctoral se ha llevado a cabo en el contexto del estudio PREDIMED; un
estudio clinico paralelo, multicéntrico, aleatorizado llevado a cabo en Esparia entre
2003 y 2011 con el objetivo de evaluar la efectividad de la Dieta Mediterranea en la
prevencion primaria de la enfermedad cardiovascular.

El principal objetivo de la presente tesis ha sido evaluar la asociacién entre el
consumo de carne, productos lacteos y el riesgo de incidencia SM o alguno de sus
componentes, asi como evaluar la asociacién entre el consumo de legumbres y el
riesgo de desarrollar DT2.

Los resultados mostraron una asociacién inversa no significativa entre el consumo
total de productos lacteos y el riesgo de incidencia de SM. El consumo de productos
lacteos bajos en grasa, leche desnatada y yogur (total, bajo en grasa y entero) se
asocié a un menor riesgo de SM y algunos de sus componentes. Contrariamente, el
consumo de queso se asoci6 de forma positiva al riesgo de SM. Del mismo modo, el
consumo de carne total también se asoci6 con el riesgo de padecer SM y alguno de
sus componentes. Dicho riesgo difirié en funcién del tipo de carne consumida.
Mientras que la carne roja y la carne roja procesada se asociaron a un mayor riesgo
de SM, el consumo de carne blanca se asocié a un menor riesgo. Cuando el consumo
de carne rojay carne roja procesada se reemplazé por huevos, pescado, carne blanca

y legumbres, se observé un menor riesgo de SM. Finalmente, el consumo de
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legumbres totales, y en particular las lentejas, se asoci6 a un mejor riesgo de
incidencia de DT2.

En conclusion, un consumo elevado de productos lacteos bajos en grasa y yogur
(independientemente del contenido en grasa), conjuntamente con consumo
preferente de carnes blancas en lugar de carnes rojas o carnes rojas procesadas, y
una alta frecuencia de legumbres, podria ser beneficioso para la prevencion del SM y

la DT2 en individuos Mediterraneos con alto riesgo cardiovascular.
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CATALAN

La sindrome metabolica (SM) i la diabetis tipus 2 (DT2) s6n un important problema
de salut mundial degut a la seva alta prevalenca i la seva morbimortalitat associada.
Entre els factors de risc modificables que s’han associat amb el risc de SM i DT2, la
dietajuga un paper important en la prevenci6 i tractament d’ambdés condicions. S’ha
observat que els patrons dietétics s’associen de forma diferent al risc de
desenvolupar SM i DT2. Mentre que la dieta occidentalitzada sembla incrementar el
risc d’aquestes malalties croniques, les dietes basades en vegetals, com la Dieta
Mediterrania, semblen disminuir el risc. Amb l'objectiu d’entendre millor els
diferents efectes dels patrons dietétics sobre el risc de desenvolupar aquestes
malalties, és important analitzar el paper que juguen determinats grups d’aliments
sobre el risc de desenvolupar el SMila DT2.

Aquesta tesi doctoral s’ha dut a terme en el context de 'estudi PREDIMED; un estudi
clinic, paral-lel, multicentric, aleatoritzat conduit a Espanya entre 2003 i 2011 amb
I'objectiu d’avaluar I'efectivitat de la Dieta Mediterrania en la prevenci6 primaria de
la malaltia cardiovascular.

El principal objectiu de la present tesis ha estat avaluar 'associaci6 entre el consum
de carn, productes lactics i el risc d’'incidencia de SM o alguns dels seus components,
aixi com avaluar l'associaci6 entre el consum de llegums i el risc de desenvolupar
DT2.

Els resultats van mostrar una associacié inversa no significativa entre el consum total
de productes lactics i el risc d’incidéncia de SM. El consum de productes lactics baixos
en greix, llet descremada i iogurt (total, baix en greix i sencer) es va associar a un
menor risc de SM i algun dels seus components. De la mateixa manera, el consum de
carn total també es va associar amb el risc de patir SM i algun dels seus components.
Aquest risc va diferir en funcié del tipus de carn consumida. Mentre que la carn
vermella i la carn vermella processada es van associar a un menor risc de SM, el
consum de carn blanca es va associar a un menor risc. Quan el consum de carn
vermella i carn vermella processada es va substituir per ous, peix, carn blanca i
llegums, es va observar un menor risc de SM. Finalment, el consum de llegums totals,

i en particular de llenties, es va associar a un menor risc d’incidéncia de DT2.
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En conclusi6, un consum elevat de productes lactics baixos en greix i iogurt
(independentment el seu contingut en greix), conjuntament amb el consum
preferent de carn blanques en lloc de carns vermelles o carns vermelles processades,
i una alta freqtiéncia de llegums podria ser beneficids per a la prevenci6 del SM i la

DT2 en individus Mediterranis amb alt risc cardiovascular.
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1. Metabolic syndrome

1.1. DEFINITION AND DIAGNOSIS OF METABOLIC SYNDROME

The term metabolic syndrome (MetS), traditionally also known as insulin resistance

syndrome or syndrome X, is used to describe a cluster of different interrelated

factors that directly increases the risk for type 2 diabetes mellitus (T2D) and

cardiovascular disease (CVD).

In 1988, Gerald M. Reaven!, after many years of investigation, hypothesized that

insulin resistance (IR) was the underlying cause of a group of disorders

characterized by impaired glucose tolerance, hyperinsulinaemia, increased levels of

very-low-density lipoprotein (VLDL), decreased levels of high-density lipoprotein

(HDL) and hypertension. However, despite the large investigations conducted in this

field, in the 1990s there was no accepted international definition describing the

features included in the syndrome.

The first official definition was described in 1998 by the World Health Organization

(WHO)2. Since then, several alternative definitions have been proposed, such as that

used by the National Cholesterol Education Program-Adult Treatment Panel III

(NCEP/ATP III)3, the International Diabetes Federation (IDF)#* or the American Heart

Association/National Heart, Lung, and Blood Institute (AHA/NHLBI)S. However,

these definitions differed in the components proposed as well as in their

corresponding cut-off points used. As a consequence, in 2009 the IDF and

AHA/NHLBI attempted to solve this divergence and proposed a common criteria for

the diagnosis of the MetS¢.

According to both sides, abdominal obesity was not a prerequisite for its diagnosis,

but it was included as 1 of the 5 criteria required. Table 1 shows the criteria

proposed for the harmonized diagnosis. The presence of at least 3 of these 5 risk

factors is needed for the clinical diagnosis of MetS.
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Table 1. Clinical Diagnosis of the Metabolic Syndrome®

Measurement Categorical cut-off
Abdominal adiposity* Population and country specific
definitions

Elevated triglycerides or drug treatmentt 2150mg/dL (1.7 mmol/L)
Reduced HDL-c or drug treatmentt <40mg/dL (1.0 mmol/L) in man

<50mg/dL (1.3 mmol/L) in woman

Elevated blood pressure or drug Systolic 2130 and/or diastolic 285 mmHg
treatment#

Elevated fasting glucose or drug 2100mg/dL

treatment

*It is recommended that the IDF cut points be used for non-Europeans and either the IDF of
AHA/NHLBI cut points used for people of European origin until more data are available.

tThe most commonly used drugs for elevated triglycerides and reduced HDL-c are fibrates and
nicotinic acid. Patients taking 1 of these drugs can be presumed to have high triglycerides and low
HDL-c. High-dose w-3 fatty acid presumes high triglycerides.

#Most patients with type 2 diabetes mellitus will have the metabolic syndrome by the proposed

criteria.

1.2. EPIDEMIOLOGY OF METABOLIC SYNDROME

Elucidating the prevalence trends of the MetS has become a big challenge due to the
multiple definitions existing over time, as commented above, as well as the fact that
data is limited to certain populations. Nonetheless, different attempts to describe the
epidemiological features of this condition in different regions of the world have been
made in the last decade.

In the United States, data coming from a cross-sectional sample of the National
Health and Nutrition Examination Survey (NHANES)?7 showed an overall prevalence
of MetS of 33% among adults aged =20 years from 2003 to 2012. Significant
differences were observed between women (35.6%) and men (30.3%). When trends
from 2003-2004 to 2011-2012 were evaluated, an increased prevalence from 32.9%

to 34.7% was found. However, it seemed that MetS prevalence from 2007-2008 to
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2011-2012 remained stable. It is important to point out that more than 50% of adults

aged 60 years or older had MetS?.

In the Asia-Pacific region, a recent publication showed a prevalence of MetS ranging

from 11.9% to 37.1%. In the majority of the countries, 1 or more of each 5 adults

suffered from MetS8.

In Europe, similar trends have been observed. In the Metabolic Syndrome and

Arteries Research (MARE) consortium cohort, which included information of 34,821

subjects from 12 different cohorts representing 10 countries, a 24.3% general

prevalence of MetS was observed, increasing the percentage in an age-dependent

fashion (more than 30% in subjects aged = 70 years). Lithuania, Belgium, Spain, UK

and Sardinia (Italy) had the highest prevalence, whereas Greece had the lowest®.

Another study conducted in the Mediterranean population of Catalonia, confirmed

this alarming data showing an increased prevalence of MetS from 18.4% in 1992-

1993 to 24.8% in 2002-200310,

Therefore, independently of the definition used for its diagnostic, approximately

25% of adult population suffers from MetS, which is in accordance to the IDF figuret,

and its prevalence increases with age. To date, all studies agree that MetS is a

condition with a clearly increasing prevalence, which makes it a critical public health

problem worldwide.

1.3. PHYSIOPATHOLOGY OF METABOLIC SYNDROME

The physiopathology process underlying the MetS is an important ongoing debate.

Although certainly all the components of the metabolic syndrome appear together at

a higher frequency than expected, the underlying pathophysiology of the syndrome

it is not yet clear. For many years it has been thought that MetS is caused by a single

basic defect: the IR1213. Nowadays, this hypothesis is questioned and it has been

proposed that features of the MetS occur as a consequence of the abdominal

adiposity4. However, it is impossible to discern which one of these two factors plays

a predominant role in the pathogenesis and progression of the MetS due to their high

interrelation.
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Insulin resistance

Insulin hormone is well known to be a major regulator of carbohydrates, proteins
and lipids metabolism by activating their synthesis and storage, as well as by
inhibiting their hydrolysis and their subsequent release to the circulation?s.
Therefore, alterations in insulin action may have important metabolic consequences.
The concept IR is used to describe the inability of normal insulin concentrations to
produce an insulin response in peripheral tissues?®.

The pathophysiological implications of IR in the carbohydrates metabolism will be
discussed extensively in the diabetes section of the present doctoral thesis. In brief,
this defect in insulin action supposes the inability of the hormone to mediate the
glucose uptake in different tissues, as well as to diminish the liver glucose
production, which eventually affects blood glucose levels. The association between
IR, impaired fasting glucose and impaired glucose tolerance has been well

documented?’.

Apart from controlling glucose metabolism, insulin is also involved in lipid
metabolism. The lipoprotein lipase (LPL) activity in adipose tissue is predominantly
regulated by insulin!819, This enzyme acts on the triglycerides content from
chylomicrons and VLDL, releasing free fatty acids that are subsequently uptaken by
adipocytes?0 for future storage. In normal conditions, insulin stimulates LPL2! while
inhibiting lipolysis through the repression of the hormone sensitive lipase (HSL)- an
enzyme that hydrolyzes triglycerides into free fatty acids and glycerol in the adipose
tissue22. Under IR condition, an impaired lipid metabolism has been observed, mainly
due to a reduced LPL activity, as well as a reduced LPL mRNA levels in adipose
tissue2324, hence affecting the clearance of triglycerides-rich lipoproteins in the
circulation. Moreover, in this setting of IR, insulin cannot properly inhibit lipolysis,

leading to a higher free fatty acids secretion into the plasma2>

Abdominal obesity

The inclusion of waist circumference instead of body mass index (BMI) as 1 of the 5
criteria required for the diagnosis of the MetS, illustrates the importance of

abdominal adiposity in the pathogenesis of the syndrome. However, it is important
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to highlight that the clinical definition of the MetS does not distinguish between
subcutaneous and visceral adipose tissue, which may have large different metabolic
affections.

Traditionally, adipose tissue has been considered as a simple passive energy storage
organ. Nowadays, this conception is obsolete and it is well known that it is a dynamic
organ expressing and secreting bioactive components called adipokines. These
proteins not only can act at paracrine level but also can be secreted into the
circulation, hence acting at systemic level in the brain, liver or skeletal muscleZ26.
Therefore, adipose tissue communicates with other organs and is involved in
different processes including immune and reproductive function, energy
metabolism, appetite and inflammatory signaling?’. Considering the foregoing, an
excess of adipose tissue, especially at visceral level, can lead to adverse metabolic
consequences.

In individuals with excess visceral adiposity, reduced circulating levels of
adiponectin have been observed?8-30. This protein is synthesized predominantly in
adipose tissue and it seems to play an important role in the metabolism of
carbohydrates and lipids. Moreover, purportedly it also has anti-atherogenic and
anti-inflammatory properties3!. Adiponectin has been inversely associated with
some CVD risk factors such as LDL cholesterol, triglycerides and blood pressure3233,
As a consequence of all this, it is not surprising that adiponectin has been associated

with the risk of CVD events3435 and T2D36.

Whereas levels of adiponectin are reduced in individuals with excess of visceral
adipose tissue, other pro-inflammatory adipokines such as C-reactive protein (CRP),
interleukine-6 (IL-6) and tumor necrosis factor-alpha (TNF-a) are increased3037:38,

CRP is considered an inflammatory marker that could be predictive of CVD events3?
and T2D incidence0. Moreover, it has been associated with impaired endothelial
vasoreactivity*l. In regard to IL-6, it has been shown that in adipose tissue reduces
the activity of LPL, as well as increases lipolysis#243 and it is also a predictor of both

T2D** and myocardial infarction*s. Finally, TNF-a exerts different actions in adipose
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tissue among which stands out the alteration of lipid storage and oxidative capacity

through the inhibition of lipogenesis and the activation of lipolysis*®.

Other proteins with different inflammatory, endothelial and thrombotic properties

are also produced by adipocytes or the central adipose tissue, which contains

infiltrated macrophages in the obesity states (Figure 1).

Visceral adipose tissue also contributes to increase free fatty acids levels into the

systemic circulation. In women with upper body obesity, but not with lower body

obesity, a higher free fatty acids release from adipose tissue has been observed

compare to non-obese postmenopausal women*’. This could be explained through

the higher lipolysis activity in visceral adipocytes compare to subcutaneous

adipocytes, as observed in several in vivo and in vitro studies*. Elevated

concentrations of free fatty acids can directly affect liver functions increasing hepatic

glucose production and resulting in fasting hyperglycemia*®. In fact, higher

concentrations of free fatty acids have been associated with an increased risk of T2D

in a large case-cohort study>°.

Therefore, an excess of adipose tissue, mainly in the visceral area, contributes to the

physiopathology associated to MetS, through an alteration of free fatty acids

metabolism and its endocrine function leading not only to an impaired glucose and

lipid metabolism but also to a state of low-grade inflammation.



UNIVERSITAT ROVIRA I VIRGILI
DIETARY FACTORS ASSOCIATED WITH METABOLIC SYNDROME AND TYPE 2 DIABETES RISK
Nerea Becerra Toméas

ADIPOCYTES LYMPHOCYTES ENDOTHELIAL CELLS

Y

Leptin, resistint,
adiponectin, visfatin,
DPP-4, TNF-q,

IL-6, IL-1B, Angll,

Adhesion melécules
(ICAM-1, VCAM-1,
E-selectin, P-selectin)

Cytokines and

CD36, cytokines,

proinflammatory chemokines proinflammatory chemokines

macrophages recruitment Adhesion of lymphocytes

PAI-1, CD36,
and monocytes

MCP-1, MIP

Y Y
Local inflammation in white adipose tissue
' i |
! !

Hepatic insulin Metabolic alterations

resistanceand ————p————  (,7G, 4HDL, aglucose)
inflammation

v T v

Peripheral Vi lar insulin resist:
insulin — Arterial hypertension
resistance Atherosclerosis

Figure 1. Contribution of white adipose tissue to metabolic and vascular complications. Adapted

from: Gomez-Hernandez et al, Int ] Endocrinol. 2016; 2016: 1216783
Dyslipidemia

Individuals with MetS present a lipid profile characterized by a combination of low
levels of HDL-c and high concentrations of triglycerides. As stated before, IR and
abdominal adiposity can lead to an impaired lipid metabolism through different
pathways. Under both conditions, lipolysis in adipocytes is enhanced and a higher
release of free fatty acids into the liver is produced. This increased flux of free fatty
acids promotes hepatic production of triglycerides and secretion of VLDL5L. Under
normal conditions, triglycerides from VLDL particles are hydrolyzed to be storage in
adipose tissue. However, in individuals with MetS, an impaired activity of LPL is
presented favoring the accumulation of lipoproteins rich in triglycerides in the

circulation.
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Low levels of HDL-c are highly correlated with hypertriglyceridemia and could be as
a result of both increased production and reduced catabolism of VLDL observed in
MetS individuals. In normal conditions, LPL hydrolyzes triglycerides from VLDL and
chylomicrons. As pointed previously, LPL activity is reduced in individuals with MetS
producing a reduction in the clearance of VLDL from the circulation. The large
concentrations of these triglyceride-rich lipoproteins during a prolonged time
produce an exchange, mediated by cholesteryl ester transfer protein (CETP), of
cholesteryl ester and triglycerides between HDL-c and VLDL. As a results, enriched
triglycerides HDL-c particles are generated, which are faster catabolized than normal
HDL particles?252. Besides, the activity of lipase hormone, responsible for the
catalysis of HDL-c, is increased3. Taking together all the aforementioned aspects,

irredeemably levels of circulating HDL-c are reduced.

Hypertension

High blood pressure is considered another feature of the MetS although its relation
with the syndrome is complex. Both IR and abdominal adiposity have been
associated with hypertension54-56. Although different possible mechanisms have

been proposed, the association between these conditions is not well understood.

The main hypothesis linking the three conditions seems to be the contribution of
visceral adiposity and IR to the endothelial dysfunction by lowering nitric oxide
bioavailability. In normal conditions, insulin produces vasorelaxation and increases
capillarity in the skeletal muscle through the stimulation of endothelial nitric oxide
production®’. In the setting of IR condition, the production of nitric oxide is impaired
and the resulting compensatory hyperinsulinemia may enhance vasoconstriction®?,
hereby contributing to the hypertension in MetS. Different studies supported this
theory. The activity of the nitric oxide synthase, stimulated by insulin in muscle, is
impaired in individuals with T2D58. Moreover, lower levels of adiponectin, as has
been observed in individuals with abdominal obesity, also can contribute to the
reduced bioavailability of nitric oxide. It seems that this adipokine directly stimulates

its production in endothelial cells3?60. In this line, reduced levels of adiponectin have
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been associated with hypertension®162, suggesting a possible role of this protein in

the pathophysiology of hypertension in the MetS.

Insulin also plays a role stimulating renal sodium reabsorption®3¢4. In fact, in IR

conditions, the stimulated activity seems to be maintained or even enhanced. This is

supported by a study showing an increased sodium retention in diabetics

participants with severe IR, compared to those participants with less severe

impaired insulin sensitivity and controls®. In consonance, individuals with MetS

have an increased rate of proximal fractional sodium reabsorption®667, which may be

relevant in the pathophysiology of hypertension.

The increased circulating levels free fatty acids observed in individuals with MetS

also could contribute to the raise of blood pressure through the endothelial

dysfunction, the stimulation of vascular cell growth and the increase of oxidant

stress®s,

Finally, an increased sympathetic neuron system activity has been also observed in

individuals with MetS¢?, although the mechanisms leading to an hyperactivity of

sympathetic neuron system in the setting of MetS are not well established, it seems

that may contribute to the initiation and progression of hypertension?°.

1.4. METABOLIC SYNDROME AS A RISK FACTOR FOR CARDIOVASCULAR

DISEASE AND TYPE 2 DIABETES

Each component of the MetS has been associated independently with the risk of T2D

and CVD development. Some evidence suggests that, regardless the definition used,

MetS is more than the sum of its individual components and it also represents an

additional risk of T2D and CVD incidence. However, some authors suggested that

although the MetS can predict the development of T2D or CVD, its ability is less

effective than the Framingham risk score or the Diabetes Predicting Model, which

are models designed specifically for this purpose’l. In any case, MetS can be

considered as a useful and simple phenotypic clinical tool for the identification of

individuals predisposed to T2D and CVD.
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Metabolic syndrome as a predictor of cardiovascular disease

The main objective to create a definition for the MetS was to have a clinical tool to
identify individuals at high risk of CVD. However, whether MetS is actually associated
or not with the risk of developing CVD has been a subject of discussion in the last
decade. In 2005 the American Diabetes Association jointly with the European
Association for the Study of Diabetes stated a big concern regarding the MetS given
that the CVD risk associated with it appeared to be not greater than the sum of its
parts’2. Since then, several different studies in large populations have been
conducted in order to increase the knowledge in this area, despite the fact that
differences in the Mets diagnosis represented a big limitation. In 2010, Mottillo et al.
published a systematic review and meta-analysis evaluating the association between
MetS, CVD risk and all-cause mortality. The 87 prospective studies included were
published between 2002 and 2009 and used NCEP/ATPIII definition for the
diagnosis of the MetS. The results revealed a 2-fold increased risk of total CVD
outcomes, CVD mortality and stroke associated with the MetS73. These findings are
in line with the IDF, which affirms that individuals with MetS are twice as likely to
die from and three times as likely to have heart attack or stroke than those
individuals without the syndrome!l. However, although few, there are some
exceptions to these findings. The Casale Monferrato Study’+, the Prospective Study
of Pravastatin in the Elderly at Risk (PROSPER)75 and the Strong Heart Study’¢ did
not find an association between the MetS and CVD risk. It seems that the ability to
predict CVD vary by sex and the numbers of components that are present. For
instance, a study showed a higher relative risk (RR) of coronary heart diseases in
women than in men even in the presence of the same number of MetS components?7.
In the same line, another study conducted in Korean participants aged 20-78 years
observed a higher odd ratios for CVD in women (4.04; 95%CI 1.78-9.14) than men
(1.98; 95%CI 1.30-3.03)78. Regarding the number of components of the MetS,
according to the Beaver Dam Study, those individuals with three risk factors had an
odd ratio for CVD of 1.95 (95%CI 0.91-4.16) whereas in those individuals with four

risk factors it was 5.86 (95%CI 2.51-13.66)7°. Similar results were observed in the
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Framingham Heart Study, where the relative risk for CVD increased exponentially,
regardless gender, with the number of presented risk factors8?.

The predictability of CVD incidence may differ according to the definition used®?,
however, evidence so far suggests that individuals suffering from MetS are at a higher
risk of CVD development. Nonetheless, it is important to point out that to date no
study has evaluated the association between the MetS, diagnosed with the
harmonized criteria, and the risk of CVD development. Therefore, although criteria
included in the definition did not vary a lot from the previous definitions, further
studies are needed to confirm the ability of the new clinical tool to identify
individuals at high CVD risk and to elucidate the mechanisms by which MetS may
increase the risk.

Metabolic syndrome as a predictor of type 2 diabetes

One of the gold standard methods in research to identify individuals at increased risk
of T2D is the oral glucose tolerance test (OGTT). However, because of its cost, it is
not widely used in clinical practice. For this reason, is important to identify new tools
to predict the risk of T2D. In this field, the MetS has been proposed as a useful and

good predictor instrument of T2D.

The evidence supporting the ability of the MetS to predict T2D is well recognized.
According to the IDF individuals with MetS have a 5-fold increased risk of T2D
development!!. Different studies conducted in large populations support this
statement. In 2008 a meta-analysis of 16 prospective studies of several different
populations showed a strong positive association between MetS, independently of
the definition used, and the risk of T2D incidence®2. Nonetheless, because impaired
fasting glucose levels is one component of the MetS, is not surprising to observe a
higher risk of T2D associated to this condition. It is noteworthy that in the Kuopio
Ischemic Heart Disease Risk Factor Study, the sensitivity for the prediction of T2D
incidence decreased after excluding impaired fasting glycaemia from the definitions
of the MetS, especially for the NCEP definition®3. In the same line, in another
longitudinal study conducted in Korean population, the ability of MetS to predict T2D

decreased dramatically after controlling the analysis for fasting plasma glucose7s.
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Different studies have also analyzed the association between the number of MetS
components and the risk of T2D. In the comparisons, the risk associated rose in
proportion with the number of MetS features present. In the British Regional Heart
Study®* the risk of T2D increases from 4.56 (95%CI 2-48-8,78), in those individuals
with 3 or 4 criteria, to 10.88 (95%CI 5.77-20.50) in those participants with 5. Results
were in the same line in the West of Scotland Coronary Prevention study8® and the

Beaver Dam study?°.

As with CVD, to date no previous studies have analyzed the association between the
MetS defined by the harmonized criteria and the risk of T2D. Therefore, although
strong evidence has shown an increased risk, studies using the new clinical criteria

are warranted to corroborate these findings.

2. Diabetes

2.1. DEFINITION, CLASSIFICATION AND DIAGNOSTIC OF DIABETES

Diabetes is considered, rather than an isolated pathological entity, a group of
metabolic diseases whose main common characteristic is a hyperglycemic status
resulting from defects in insulin action, secretion, or a combination of both. High
levels of sustained plasma glucose are associated with several harmful effects,
dysfunction and failure of distinct organs such as kidneys, nerves, eyes, heart and
blood vessels8. People with diabetes have a higher risk of developing several health
problems than people without diabetes. In fact, different long-term macrovascular
(coronary artery disease, stroke and peripheral arterial disease) and microvascular
complications (diabetic nephropathy, neuropathy and retinopathy) have been

associated with the disease87.

Diabetes is classified in 4 different categories according to the American Diabetes
Association®s:
Type 1 diabetes (T1D): This form is presented only in 5-10% of all the individuals
with diabetes. It is characterized by an autoimmune destruction of the pancreatic
[-cells leading to absolute insulin deficiency. Although it is mainly presented in

childhood or adolescence, it can also occur at any age. People with T1D need
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insulin administration every day to control their levels of glucose and survive.

Type 2 diabetes: This is the most frequent type of diabetes accounting for
approximately 90-95% of all diabetes cases. It is characterized by the presence of
IR and usually by a relative (not absolute as in T1D) insulin deficiency. Although
not all, the vast majority of patients with T2D are obese or overweight, and they
have a greater accumulation of body fat at the abdominal level. This form of
diabetes can be undiagnosed for many years because the hyperglycemia status is
gradually developed, and at early stages, patients do not have any of the classic
symptoms of the disease. In these patients, the secretion of insulin is defective
and insufficient to compensate for IR status. Importantly, although it usually
occurs in adults, nowadays its prevalence is increasing in children and
adolescents. Unlike people with T1D, most of patients with T2D do not require
the administration of daily insulin to survive. However, if blood glucose levels
continue rising despite using oral antidiabetic medication, insulin administration
may be prescribed. Obesity, increased age, and lack of physical activity are

considered as the main risk factors for developing T2D.

Specific types of diabetes due to other causes: For instance, diseases of the

exocrine pancreas (cystic fibrosis), monogenic diabetes syndromes (neonatal
diabetes and maturity-onset diabetes of the young), drug or chemical induced
diabetes (such as after organ transplantation or use of drugs for the treatment of

HIV/AIDS), and diabetes secondary to metabolic stress.

Gestational diabetes mellitus: Diabetes that appears for the first time during the
second or third trimester of pregnancy, but only when it is clear that T1D or T2D

were not preexisting.

Diabetes diagnosis is based on plasma glucose levels measured by either fasting
plasma glucose (FPG) or the 2-h plasma glucose concentrations (2-h PG) after a
75g OGTTSS, or glycosylated hemoglobin (A1C) levels8®. Table 2 summarizes the
criteria proposed by the American Diabetes Association according to the method

used.
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Table 2. Criteria for the diagnosis of diabetes8s

FPG 2126 mg/dL (7.0 mmol/L)
Fasting is defined as no caloric intake for at least 8 h*

OR
2-h PG 2200 mg/dL (11.1 mmol/L) during an OGTT. The test should be performed as
described by the WHO, using a glucose load containing the equivalent of 75 g anhydrous
glucose dissolved in water*

OR
A1C 26.5% (48 mmol/mol). The test should be performed in a laboratory using a method
that is NGSP certified and standardized to the DCCT assay*

OR
In a patient with classic symptoms of hyperglycemia or hyperglycemic crisis, a random

plasma glucose 2200 mg/dL (11.1 mmol/L).
NGSP, National Glycohemoglobin Standardization Program; DCCT, Diabetes Control and

Complications Trial

*In the absence of unequivocal hyperglycemia, results should be confirmed by repeat testing.

It is important to highlight that although FPG, OGTT and A1C are similarly adequate
for the diagnosis of diabetes, the concordance between these tests is imperfect, and

more people with diabetes have been diagnosed with 2-h plasma glucose levels than

with FPG or A1C.

A1C has certain advantages over FPG and OGTT. For instance, fasting is not required
for its analysis, it has a higher stability, and it is less susceptible to disturbances
under stress and illness conditions. Nonetheless, it also has some disadvantages,
such as a greater cost or a limited availability of A1C testing in certain areas of the
developing word. Moreover, it cannot be ignored that A1C is an indirect

measurement of plasma glucose levelsss,

Unless the diagnosis of diabetes is totally clear, such as in the case of patients
presenting classic symptoms of hyperglycemia, a second test using the same
methodology should be repeated during the 3-4 months following the first test in

order to confirm the diagnosis and minimize possible analytic bias from laboratories.
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2.2.EPIDEMIOLOGY OF DIABETES

T2D is an important health problem worldwide. According to the IDF is one of the

largest health emergencies of the 21st century.

In 2015, the IDF published the seventh edition of the diabetes atlas, where

worldwide prevalence of diabetes in 2015 were described (Figure 2). After

analyzing data from 220 countries, results revealed that 415 million adults aged 20-

79 years suffered from diabetes, which represents an 8.8% of this total adult

population. More alarming is the figure estimated for 2040. It is expected that the

number of individuals with diabetes will be continue growing to 642 million people,

which is the same as one adult in ten?. It is noteworthy that IDF has estimated that

nearly 46.5% of all individuals with diabetes (193 million people) are unaware of

their disease.

The prevalence of diabetes varies by age, gender and urban and rural environments.

320.5 million people aged 20-64 suffered from diabetes, whereas 94.2 million adults

aged 65-79 presented the disease. Although differences are small, a higher

prevalence has also been observed in men (215.2 million) than in women (199.5

million). According to the area of residence, the prevalence of diabetes was almost

double in urban (269.7 million) than in rural areas (145 million). Following the

increased estimation of worldwide diabetes prevalence by 2040, the number of

individuals with the disease is also expected to be higher in both areas (477.9 and

163.9 million people in urban and rural areas, respectively).
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Figure 2. Estimated number of people with diabetes worldwide and per region in 2015 and 2040

in adults aged 20-79 years old. International Diabetes Federation. IDF Diabetes, 7 ed. Brussels,

Belgium: International Diabetes Federation, 2015. http://www.diabetesatlas.org

Regarding different regions in the world, the highest prevalence (11.5%) of diabetes
was observed in the North America and Caribbean Region whereas the lowest was
observed in the Africa Region (3.8%). Europe is the second region with the lowest
age-adjusted prevalence of diabetes with 59.8 million people suffering from the
disease (approximately 7.3% of the population aged 20-79). However, Europe has

the highest prevalence of T1D in children.

Spain is one of the 47 countries that reported information about diabetes to the IDF.
According to the seventh atlas edition, there were over 3.5 million cases of diabetes
in Spain in 2015, which represents a 10.4% of the total adult population. Figure 3
represents the prevalence of diabetes in Spanish adults by age. It is important to note
that as age increases, the prevalence of diabetes in Spain is higher than that reported

in Europe or worldwide.
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Figure 3. Prevalence of diabetes
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As the IDF figures have shown, diabetes is an important health issue whose
prevalence is increasing dramatically worldwide, being T2D the most common type.
Therefore, it is important to develop efficient prevention strategies to slow its

progression.
2.3. PHYSIOPATHOLOGY OF TYPE 2 DIABETES

There is widespread agreement that both insulin resistance and (3-cell dysfunction
are main responsible factors for the hyperglycemic status presented in T2D. Genetics
and environmental elements are thought to be the main causes of these alterations?2.
In order to understand all cellular and molecular mechanisms implicated in the
development of T2D, it is imperative to contextualize the picture frame under which

glycaemia is controlled.

Pancreas is the organ responsible for maintaining glucose levels constant. Its
endocrine cells represent a 1% of the total pancreas mass and are grouped into
populations of 1000-3000 cells forming what is known as islets of Langerhans. These
cells are responsible for the production and secretion of insulin (B-cells) and

glucagon (a-cells), which are implicated in the regulation of glucose homeostasis.
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Under normal physiological conditions, the release of insulin from pancreatic -cells,

after meal consumption, maintains glucose levels within a narrow physiological

range through different pathways. On the one hand, insulin increases glucose

transport and the rate of glycolysis in muscle and adipose tissue by the activation of

hexokinase and 6-phosphofructokinase enzymes. On the other hand, it inhibits the

production and release of glucose in the liver. Moreover, insulin also reduces HSL

activity in adipocytes inhibiting lipolysis?3°4.

Insulin exerts its metabolic effects by binding to the insulin receptor with tyrosine

kinase activity, which stimulates its autophosporylation and, consequently, its

activation. This process leads to phosporilation on tyrosine residues of different

proteins, including members of the insulin substrate family (IRS), starting the

insulin-signaling cascade. This process ends up promoting the translocation of

glucose transporter 4 (from intracellular vesicles to the plasma membrane), the

synthesis of glycogen, protein, mRNAs and DNA, affecting eventually cell

proliferation and survival?3.95,

Insulin resistance

As has been commented in the MetS section of the present doctoral thesis, IR is

considered as a condition where normal levels of insulin are not capable to produce

anormal insulin response in its target tissues such as adipose, muscle and liver. Thus,

insulin-mediated glucose uptake by adipose and muscle tissues is reduced and the

suppression of glucose production in liver is insufficient. Under this condition, levels

of glucose cannot be maintained within the normal range and hyperglycaemic status

appears (Figure 4)9.

The molecular mechanisms of IR in humans are currently not well understood, but

changes in insulin receptor isoform expression and defects in the signalling cascade

may play an important role in its development. The increased action of different

phosphatases and the enhanced production of several inflammatory molecules (i.e.

IL-6 and TNF-a) play an important role in the negative regulation of insulin

signalling?3.95,
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Although mechanisms implicated in insulin resistance are not well elucidated, it
seems that insulin sensitivity is influenced by several factors, such as exercise?®,
genetics, dietary components®7-? and obesity10, being body fat distribution101-103

one of the main determinants.

Diabetes genes
. sl @R E By Adipokines

Ry ... J Bl \‘, < Inflammation
XX + . _dysfunction - Hyperglycaemia
KL e . Free fatty acids

e Other factors

Pancreas
Lipolysis Glucose
production
me
Fat X}
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Figure 4. Pathophysiology of hyperglycemia in type 2 diabetes?®s.

Beta-cells dysfunction

[-cells play a crucial role ensuring that glucose levels are maintained within narrow
physiological range in healthy subjects. The amount of insulin release by (-cells
varies according to different factors, such as the nature, quantity and administration

route of the stimulus, and the prevailing glucose concentration04.

In healthy individuals, there is a feedback loop between insulin sensitivity and
insulin release. Therefore, in order to maintain glucose levels constant when there is
a change in insulin sensitivity, an equivalent and complementary variation in insulin

release takes place. A failure in this process leads to glucose abnormal levels and
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underlies diabetes development104.105,

It is well known that B-cells dysfunction is present at a time of T2D diagnosis.
However, the hypothesis that this dysfunction exists many years before its
development!0¢ is gaining support. A major effort has been made to understand the
pathogenesis of (3-cell dysfunction in T2D, but the mechanism remains unclear and
current evidence appoints towards a multifactorial cause. It could be because of a -
cell exhaustion as consequence of a higher demand of insulin secretion due to IR107,
glucotoxicity due to a chronic hyperglycemic status08, lipotoxicity!%® and a reduction

in B-cell mass possibly due to the deposition of amyloid10.

In the presence of both (-cells dysfunction and IR, glucose levels cannot be
maintained within a physiological range because release of insulin is insufficient to

compensate for IR status observed in its target tissues (Figure 4).
2.4. TYPE 2 DIABETES AS A RISK FACTOR FOR CARDIOVASCULAR DISEASE

CVD is the first cause mortality worldwide accounting for a 31% of all global deaths
in 2012111, The WHO global report on diabetes stated that heart attack and stroke
are among one of the many complications associated with diabetes!!2. In fact,
evidence so far shows that diabetes is a well-established risk factor for CVD.
According to the Task Force on diabetes, pre-diabetes, and cardiovascular diseases
of the European Society of Cardiology (ESC) and he European Association for the
Study of Diabetes (EASD), more than a half of the mortality and morbidity in patients
with diabetes is related to CVD113,

In 2010, it was published a collaborative meta-analysis of 97 prospective studies
analyzing the associations between diabetes and fatal or non-fatal ischemic vascular
disease. In total, data from 592,830 participants was analyzed!14. The study revealed
that, in comparison with participants without diabetes, individuals with the disease
had a higher risk of coronary heart disease (HRs: 2,00; 95%CI 1.83-2.19), ischemic
stroke (HRs: 2,27; 95%CI 1.95-2.65), hemorrhagic stroke (HRs: 1.56; 95%CI 1.19-
2.05), unclassified stroke (HRs: 1.84; 95%CI 1.59-2.13) and vascular death (HRs:
1.73; 95%CI 1.51-1.98). Moreover, it is important to highlight that sex differences
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were observed. Compared to those without diabetes, the risk of coronary heart
disease and ischemic stroke disease was higher in women with diabetes than in
diabetic men. The main limitation of this meta-analysis was the lack of information
about the prevalence of T1D or T2D in their populations, although the age

distribution suggested that the vast majority of participants would have T2D.

This gender differences in the impact of T2D on coronary heart disease risk were
also observed in another study including individuals aged 45-64 years without CVD
at baseline. After adjusting for different CVD risk factors, the risk of coronary heart
disease was higher in diabetic women than in diabetic men (HRs: 2.8; 95%CI 2.0-3.7
and HRs: 9.5; 95%CI 5.5-16.9, respectively) compared with their counterparts

without the disease!15,

More recently, in 2015, a cohort study including 1.9 million people also observed
similar trends in the risk of different CVD events associated with the risk of T2D. The
study included 1,887,062 individuals without diabetes and 34,198 individuals with
T2D. After a median follow-up of 5.5 years, 6,137 new CVD events were developed
among participants with T2D, being peripheral arterial disease and heart failure the
most common events. The analysis showed a higher risk of peripheral arterial
disease, ischemic stroke, stable angina, heart failure and non-fatal myocardial

infarction in those individuals with T2D compared to those without this condition.
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3. Risk factors for metabolic syndrome and type 2
diabetes

MetS and T2D are considered as multifactorial diseases resulting from a complex
interplay between genetics and environmental elements®2116. Due to their etiology,
factors that increase the risk of MetS also increase the risk of T2D. Different risk
factors, namely modifiable and non-modifiable risk factors, have been identified and
associated with MetS and T2D risk. In the following section of the present doctoral

thesis, a detailed description of both types of risk factors will be carried out.

3.1. NON-MODIFIABLE RISK FACTORS
3.1.1 RACE AND GENETIC FACTORS

It is well known that T2D and MetS are, in part, inherited. Evidence from family and
twin-based studies supports the role of genetic factors in the development of both

diseases in conjunction with modifying effects of the environment.

Family history of T2D has been associated with a higher risk to develop this condition
in comparison with individuals without family history of the disease. The risk of T2D
incidence in those individuals with an affected parent or sibling, compared to the
general population, is approximately 3 times greater, whereas, if both parents are
affected this risk increases up to 6117, It has also been observed that the concordance
rate of T2D in monozygotic twins is significantly higher than those for dizygotic
twins!18119, Regarding MetS, the vast majority of genetic studies have assessed the
individual components or different combinations of those, rather than the MetS as
an entity itself!20-122, The few studies focused on evaluating MetS heritability, have
reported that this is around 25-30%. In the Northern Manhattan Family study the
heritability was 24%?23 and in the Linosa Study was 29.9%?124. Similarly to those
studies with T2D, data from twin studies assessing MetS have shown a concordance
of 31.6% in monozygotic twins compared to 6.3% in dizygotic twins for the

combination of 3 components of the Mets (hypertension, obesity and diabetes)125.

Since 2007, thanks to the genome-wide association studies (GWAS), different genetic
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variants have been associated with T2D and MetS. In the case of T2D, approximately
88 genetic loci have been associated with its incidence risk26. It is important to
highlight that most of these loci are mainly associated with 3-cell function and insulin
release, rather than insulin resistance. This could be probably because obesity and
insulin resistance shares genetic variants and it is difficult to dissect out their role127.
In the case of MetS, few studies using the condition as binary trait or pairs of its
components have been published. All of them agreed that gene variants are mostly
linked to genes that play a role in lipid metabolism or are associated with lipid
levels!27.128  Regarding MetS components, beyond the loci associated with T2D, 56
loci have been associated with obesity, 157 with lipids and approximately 90 with

hypertension128,

In the last years, a growing body of evidence suggested that, beyond genetic variants
itself, epigenetic mechanisms may play an important role in the pathogenesis of T2D
and MetS128129, Epigenetic modifications change gene expression through DNA
methylation, histones modification or activation of microRNAs, yet DNA sequence
remains unchanged30. Although it is too early to elucidate their degree of
involvement in the physiopathology of both diseases, epigenetic changes should also

be considered.

It is noteworthy that there are differences between ethnicity in the MetS and T2D
prevalence and/or incidence, which emphasize the role of genetic in its
physiopathology. In a random sample of medicare fee-for-service beneficiaries, the
lowest prevalence of T2D was observed among Whites (184 cases per 1000
individuals), whereas Hispanics (334 cases/1000 individuals), Blacks (296
cases/1000 individuals) and Asians (243 cases/1000 individuals) had the highest
prevalence!3!l. In the same line, higher incidence of T2D has been observed in African
American women (about 2.4-fold greater) and men (about 1.5-fold greater) than
their White counterparts. These results are confirmed by the Nurses’ Health Study,
where after 20 years of follow-up, a higher risk of T2D was observed among Asian,
Hispanic and Black women than Whites even after adjusting for differences in BMI132,

Whereas in T2D seems that Black individuals present a higher risk of suffer the
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disease, paradoxically for MetS appears to be the opposite. In spite of the fact that

Blacks have higher prevalence of insulin resistance or T2D, a lower prevalence of

MetS has been observed in this group!33-135, [t has been hypothesized that the low

rates of dyslipidemia observed among blacks could be responsible for this ethnic

differences34135, However, it is important to point out that further studies are

needed in this field due to some inconsistencies between published results.

3.1.2. SEX

Data from epidemiological studies have shown that sex-differences may play a role

in the epidemiology and pathophysiology of T2D and MetS, suggesting that, the risk

of suffering from these diseases could be different depending on the sex. In the 7t

edition of the IDF atlas, slightly differences between women and men were observed

in diabetes prevalence in 2015 and the estimated prevalence for 2040. Nearly, there

were 15.6 million more men with diabetes than women in 2015. But this difference

is expected to be reduced to 15.1 million by 20409. However, it is noteworthy that

others studies have shown that T2D affects women disproportionately. Furthermore,

in general, they also have worse glycemic control and more difficulties to reach the

goals for A1C than men136.137,

As stated in the MetS section of the present doctoral thesis, it is difficult to elucidate

trends in MetS due to the existence of several definitions over time. However, studies

agreed that the prevalence of the MetS is increasing year-by-year. In a study

including individuals from Member States of the Gulf Cooperative Council (GCC;

Bahrain, Kuwait, Oman, Qatar, Saudi Arabia and the United Arab Emirates) a higher

prevalence of MetS in women (ranging from 32.1 to 45,9%) than men (ranging from

20.7 to 37.2%) was observed, regardless of the definition used (NCEP/ATP III or

IDF)138. This figure was also observed in the NHANES sample, where prevalence of

MetS differed between women and men, being the highest percentage in women?’.

Nevertheless, in this cross-sectional study, data showed that prevalence of MetS

remained stable in men from 2007-2008 to 2011-2012, whereas decreased in

women from 39.4% to 36.6% during the same period.
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Despite all of these figures suggest that sex-differences in the risk of T2D and MetS

maybe exist, it is certainly that there is a lack of knowledge on the true impact of

gender in the pathophysiology of both diseases. There is a great need for large

prospective studies designed specifically to evaluate, if any, the impact of sex in T2D

and MetS risk.

3.1.3. AGE

Controversies exist about the fact that advanced age may confer higher risk of T2D

and MetS. Different epidemiological studies support this notion. The 2015

prevalence of T2D was higher as the age increased in men and women (Figure 5).

Moreover, in the first national study conducted in Spain to examine the prevalence

of diabetes, a significant increase in the percentage of individuals suffering from this

disease was observed with age13°.

Evidence surrounding the MetS is on the same line. A cross-sectional analysis carried

out on more than 10,000 participants in the Nord-Trgndelag Health Study observed

an increased prevalence of MetS in men from 11.0% in those aged between 20-29

years to 47.22% in those aged between 80-89 years. Regarding women, the

percentage increased from 9.2% to 64.4% in the corresponding age ranges!40.

Similar results were reported in the NHANES study. Among those individuals aged

20-39, the prevalence of the MetS was 18.3%, increasing to 46.7% among those

individuals aged 60 years or above’.
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Figure 5. Worldwide prevalence of diabetes stratified by sex and age in 2015. Adapted from:
International Diabetes Federation. IDF Diabetes, 7 ed. Brussels, Belgium: International Diabetes

Federation, 2015. http://www.diabetesatlas.org

3.2. MODIFIABLE RISK FACTORS
3.2.1. SMOKING HABIT

The fact that active smoking increases the risk of T2D and MetS is well documented.
A meta-analysis including 88 prospective cohorts studies with 5,898,795
participants, reported 37% higher risk of T2D in current smokers compared with
nonsmokers. The risk was also higher when former smokers were compared with
never smokers (HRs: 1.14; 95%CI: 1.10-1.18). Importantly, authors also reported a
dose-response relationship between smoking and T2Drisk. The highest risk (57%)
was reported for heavy smokers compared with never smokers, whereas moderate
smokers had a 34% risk and light smokers a 21% risk!41. Another important aspect
to highlight is that, compared to never smokers with no passive smoke exposure,
passive smokers had a 22% higher risk of T2D. Finally, the risk of T2D was also high

in new quitters, but it decreases as the time since quitting increases.

Another meta-analysis also explored the association between smoking and MetS
risk142, After analyzed data from 13 prospective cohort studies involving 56,691

participants, a 26% higher risk of MetS was observed in active smokers. In the dose
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