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AN ABSTRACT OF THE THESIS OF

Rita Rony Aoun for Master of Science
Major: Nutrition

Title : Fructose intake and risk of Metabolic Syndrome in Lebanese adults: a cross-
sectional study

The parallelism between the increase in the consumption of fructose and
the rise in obesity and metabolic syndrome (MetS) over the past 20 years, proposed
excessive fructose intake as one of the potential causes for metabolic abnormalities.
The evidence, however, remains inconclusive. The objectives of this study were to
(1) assess dietary intake of fructose in a sample of Lebanese urban adults and (2)
investigate the association of total, added and natural fructose intakes with MetS and
its components.

This cross-sectional population-based study was conducted on 283
participants > 18 years old with no prior history of chronic disease. Using
standardized techniques, anthropometric and biochemical data were collected.
Dietary intake was assessed by trained dietitians using a culture-specific 82-items
semi-quantitative FFQ. Natural fructose intake ( g/day) from fruits and vegetables
was determined using NutriPro software. Added fructose intake was estimated to be
50% of added sugars in food products. Total dietary fructose intake was calculated by
summing up natural and added fructose intakes.

Mean intake of total dietary fructose was 51.42 + 35.54 g/day, which
represents 6.58 &+ 3.71 % of the total energy intakes. Natural and added fructose
intakes were estimated at 12.29 + 8.57 and 39.12 + 34.10 g/day (1.78 + 1.41% and
4.80 £ 3.56%), respectively. Compared with those in the lowest quartile of fructose
intakes, participants in the highest quartile of total and added fructose intake, had
respectively 2.450 (95% CI 1.047- 5.734) and 2.609 (95% CI 1.081- 6.298) higher risk
of MetS, after adjustment for confounding variables. In contrast, natural fructose
intake was not associated with MetS in the study sample. When examining each
abnormality alone (hypertension, hyperglycemia, dyslipidemia), no significant
association was found with fructose intake, even after adjustment for potential
confounders.

A high fructose consumption was observed among Lebanese urban adults.
The observed positive association between high fructose intake and the risk of MetS
highlights the need for immediate public health strategies aimed at limiting sugar
intake from industrialized foods and promoting healthier dietary patterns in Lebanon.
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CHAPTER I
INTRODUCTION

Metabolic syndrome (MetS), is a cluster of cardiometabolic risk factors, that
contributes to type 2 diabetes and CVD (Xu et al., 2018; Grundy et al. 2004; Mottillo
et al., 2010) . The criteria components include hypertension (HTN), atherogenic
dyslipidemia, hyperglycemia and central adiposity (Alberti et al., 2009; Kaur, 2014).
Worldwide, MetS prevalence have continued to grow to the point of becoming a
primary public health concern. According to the International Diabetes Federation
(IDF), approximately 25% of the world’s population has been diagnosed with this
syndrome (O’Neill et al., 2015) with high rates being reported in the Middle East

countries, including Lebanon (Sibai et al., 2008; Naja et al., 2013).

Pathogenesis of MetS involves various complex interactions between genetic
and environmental factors (Kaur, 2014). Many contributors have been proposed, with
the diet being a major one. Indeed, several reviews have concluded that individual
nutrients or food items were associated with increased risk of MetS (Malik et al.,
2010; Baudrand et al., 2014; Cheng et al., 2017). The relationship between fructose
intake and MetS in individuals is a current debate among researchers. In the last
three decades, the rising level of fructose consumption in industrialized nations
have paralleled the rise in MetS and obesity (Hu and Malik, 2010; Rippe, 2010), and
epidemiologic studies have inconsistently linked these observations. Several studies
have reached the conclusion that excessive intake of fructose was associated with
increased adverse metabolic effects (Hu and Malik, 2010; Stanhope and Havel, 2008;
Stanhope and Havel, 2010) , while others showed no association (Dolan et al., 2010;

Jones, 2009; Tappy and Le, 2010; Tappy et al., 2010).



Fructose, the sweetest tasting carbohydrate (CHO), is consumed in
significant amounts in humans’ diets (Miller and Adeli, 2008). Fructose occurs
naturally in fresh fruits, vegetables and honey and recently, has been widely used
in industrialized foods [as sucrose or High Fructose Corn Syrup (HFCS)]. Fructose
has become a major public health concern, painted as toxin in scientific publications
mainly due to its lipogenic and low satiating effect (Rizkalla, 2010) (Lustig et
al., 2012). However, there is no fully relevant data presented to establish a direct
association between current amounts of dietary fructose and features of MetS

(Rizkalla, 2010) (Feinman & Fine 2013).

Considering the lack of data on dietary fructose intake in Lebanese adults,
the present study has two main objectives. First, it aims at assessing dietary fructose
intake of Lebanese adults living in Beirut and estimate their added fructose intake.
Second, the study aims at investigating the association of total and added fructose
consumption with MetS and its components; abdominal obesity, fasting blood lipid

levels, fasting glycemia and BP among Lebanese adults living in Beirut.



CHAPTER II
LITERATURE REVIEW

A. The Metabolic Syndrome

1.  Historical perspectives and concept evolution’

The MetS concept saw the light in 1920, when a Swedish physician, Kylin,
described the coexistence of the various components of the syndrome resulting in
a triad of metabolic disorders ‘hypertension—hyperglycaemia—hyperuricaemia”
(Sarafidis and Nilsson, 2006). Later, in 1947, Vague described the association
between android obesity and the development of the metabolic abnormalities found
in cardiovascular disease (CVD) and Type 2 diabetes mellitus (T2DM) (Sarafidis
and Nilsson, 2006). Following this, in the mid-1960s, the MetS became an important
concept in the scientific research field. Several scientists worldwide published their
observations on this condition at that time giving it various names. After several
years of research, in 1988, Reaven introduced the concept of insulin resistance as
the main contributor for this group of disorder, consisting of lipid abnormalities,
HTN, and impaired glucose tolerance. Reaven named the sum of these disorders as
“Syndrome X.” A year later, Kaplan added a significant abnormality to the disorders
described by Reaven, which is central obesity. He renamed this cluster “the deadly
quarter” consisting of central obesity, lipid abnormalities, HTN and impaired
glucose tolerance (Kaur, 2014). However, in 1992, several scientists renamed the
syndrome “The Insulin Resistance Syndrome,” believing that insulin resistance is
the main contributor for the remaining disorders (Kaur, 2014). Finally, the name
“Metabolic syndrome” has gained international acceptance in the past two decades.
Ever since, the diagnostic criteria for the Mets remained a subject of interest for

many researchers (see figure 1).

I see Appendix I for the overall Literature review mind map diagram



1920 1988 1992

Origins of MetS: Kylin Reaven described a cluster Ferrannini, DeFronzo, and
described a triad of of risk factors for T2DM Haffner again renamed
metabolic disorders and CVD consisting of lipid the syndrome “ the insulin
‘hypertension— abnormalities, HTN, and resristance syndrome”
hyperglycaemia— impaired glucose tolerance.
hyperuricaemia” He named it “Syndorme X".
® o ® [ ® |
1947 1989 1998
Vague described the Kaplan added central obesity | WHO defined the first
association between to the abnormalities, thus criteria of MetS
android obesity and MetS he renamed the sydrome *

The deadly quarter”

Figure I Historical timeline and concept evolution of MetS

2. Various definitions of metabolic syndrome

The MetS, is the presence of a cluster of metabolic risk factors for CVD and
diabetes (Alberti et al., 2009). Over the years, many definitions have been proposed
for MetS with each one of them providing different diagnostic criteria. The first
definition of MetS was formulated in 1998 by the World Health Organization (WHO)
(Alberti and Zimmet, 1998). According to the WHO definition, insulin resistance
(impaired glucose tolerance (IGT) or T2DM) is one of the major underlying risk
factors to MetS (Alberti, Zimmet, & Shaw, 2005). In addition to insulin resistance,
at least two other factors should be present for the diagnosis of MetS to be made
(see table 1). In 1999, the European Group for the Study of Insulin Resistance
(EGIR) proposed a modified version to the WHO definition (Balkau and Charles,
1999). EGIR definition placed greater emphasis on central obesity and in contrast to
WHO excluded all the patients with T2DM. The EGIR underlined hyperinsulinemia
(plasma insulin more than 75 percentile) as the major contributor to MetS and
required evidence of hyperinsulinemia for diagnosis. Both WHO and EGIR
definitions required insulin resistance determined by an oral glucose tolerance test
and hyper-insulinemic-euglycemic clamp. However these measurements were not

practical for physicians and are primarily used in a research environment (Ritchie SA



and Connell JMC, 2007). In 2001, a more straightforward definition was announced
by the National Cholesterol Education Program Adult Treatment Panel IIT (NCEP
ATP III) (Cleeman et al., 2001). The NCEP ATP III was not “glucose-centric”, thus
insulin resistance was not required for the diagnosis of MetS to be made. Moreover,
it clearly stated that pro-inflammatory state and prothrombotic state are not among
the criteria mandatory for the determination of MetS. Importantly, the NCEP ATP
IIT definition used the waist circumference (WC) as the measure of central obesity
instead of the waist to hip ratio used in the WHO definition. In contrast, to WHO
and EGIR, the ATPIII definition facilitated diagnosis in clinical practice since it uses
measurements and laboratory results more practical and applicable for physicians
(Ritchie SA and Connell JMC, 2007). The various definitions of MetS has led to
significant confusion. Therefore, in 2005 the IDF released a global consensus for a
more practical definition of the MetS (Zimmet et al., 2005). The IDF made central
obesity an essential component required in the diagnosis. Indeed, visceral fat (VF)
accumulation in both genders has been demonstrated to have a strong association
with various metabolic risk factors such as HTN, impaired blood glucose and

lipid metabolism (Zimmet et al., 2005). Importantly, IDF have placed emphasis on
developing criteria that would be applicable across all the ethnicities. Since different
ethnicities have different distributions of norms for central obesity, IDF has proposed
a new set of criteria that includes WC cutoffs specific by gender and ethnicity
(Zimmet et al., 2005). In 2009, the IDF and the American Heart Association/National
Heart, Lung, and Blood Institute (AHA/NHLBI) attempted to resolve the remaining
differences between definitions and settled a harmonized description of the MetS
(Alberti et al., 2009). The IDF and AHA agreed on the criteria for the clinical
diagnosis of the MetS characterized by the presence of at least 3 of 5 risk factors as

shown in Table 1.



Table 1 Various definitions of MetS and criteria evaluation

WHO (1998) EGIR (1999) NCEP ATP III IDF (2005) Harmonized
(2001) (2009)
Absolutely Insulin resistance Hyperinsulinemia | None Central obesity- None
required (IGT, T2DM or other | (plasma insulin Elevated WC "
evidence of IR) more than 75 ethnicity specific
percentile) -
Criteria Insulin resistance plus | Hyperinsulinemia | > 3 of the following | Central obesity Any 3 of the
> 2 of the following plus > 2 of the plus > 2 of the following
following following
Fasting blood | Already required > 110 mg/dl but > 110 mg/dl > 100 mg/dl or > 100 mg/dl or
glucose (IGT, IFG or T2DM) | nondiabetic including diabetic previously previously
diagnosed type 2 | diagnosed type 2
diabetes diabetes
Blood > 140/90 mm Hg > 140/90 mm Hg > 130 mmHg > 130 mmHg > 130 mmHg
pressure Or on treatment systolic or > 85 systolic or > 85 systolic or > 85
mmHg diastolic mmHg diastolic mmHg diastolic
Or treatment Or treatment
Triglycerides | > 150 mg/dl > 150 mg/dl > 150 mg/dl > 150 mg/dl > 150 mg/dl
Or treatment Or treatment Or treatment
HDL Men: < 35 mg/dl <39 mg/dlinmen | Men: <40 mg/dl Men: <40 mg/dl | Men: < 40 mg/dl
cholesterol Women < 39 mg/dl or women Women <50 mg/dl | Women < 50 Women < 50
Or treatment mg/dl mg/dl
Or treatment Or treatment
Obesity Men: WHR > 0.9 Men: WC =94 cm | Men: WC>102cm | Men: WC =94 | Elevated WC
Women: WHR > 0.85 | Women: WC > 80 | Women: WC > 88 cm ethnicity and
And/or BMI > 30 cm cm Women: WC > population
kg/m 80 cm specific
Other criteria | Microalbuminuria ***
Criteria Microalbuminuria Small differences Did not include a Places central Obesity and IR
evaluation only included in this from the WHO measure of IR as a obesity as the are not pre-
(Diagnostic definition and definition, thus it component, thus it is | main criteria requisites for
limit or considered by some to | did not meet wide | easier to be used in diagnosis

criticism of
the criteria)

be controversial.

In clinical practice or
in epidemiological
studies it is hard to
determine IR that is
measured by clamp
techniques.

The WHR may not be
relevant index of the
absolute amount of
visceral fat.

international use.

clinical practice.
Includes WC as the
measure of obesity
which is a better
index for abdominal
obesity.

However, it has
unified criteria for
different ethnic
groups.

Proposed a new
set of criteria with
ethnic/racial
specific cut-offs
for WC

The risk for MetS
with a specific
WC will differ in
various ethnicities

EGIR, European Group for the Study of Insulin Resistance; HDL, high-density
lipoprotein; IDF, International Diabetes Federation; MetS, metabolic syndrome;
NCEP:ATPIII, National Cholesterol Education Program — Third Adult Treatment Panel;
T2DM, type 2 diabetes mellitus; WC, waist circumference; WHR, waist to hip ratio;
WHO, World Health Organization; IR, insulin resistance; BMI, body mass index;

* If BMI > 30 kg/m2 then central obesity can be assumed, and waist circumference
does not need to be measured.

** Waist circumference are specific for each population; values given are for European
men and women.

*#** Microalbumineria: Urinary excretion rate of >20 mg/min or albumin: creatinine
ratio of >30 mg/g.




3.  The Global Epidemic of the Metabolic Syndrome

The disease pattern worldwide has changed significantly over the past 40
years. Non-communicable diseases (NCDs) have replaced infectious diseases and
have become the primary cause of mortality and morbidity worldwide (Saklayen,
2018). According to the WHO, NCDs cause 70 % of all annual death worldwide
(around 40 million people die per year due to NCDs) (WHO, 2018). The MetS is
recognized as a major risk factor to several NCDs. Worldwide MetS prevalence
ranges from <10% to as much as 84%, depending on gender, age, ethnicity of
the population studied the region, and the criteria used for the definition of MetS
(Desroches et al., 2007; Kolovou et al., 2007). In fact, the prevalence of MetS is
estimated to be higher when using the IDF and the harmonized definition since they
suggest lower thresholds for central obesity (Brown et al., 2010). Based on the IDF,
25% of the world’s population has been diagnosed with MetS (O’Neill et al., 2015).

Of concern is the observed increasing trend of MetS globally. According to
the data from National Health and Nutrition Examination Survey (NHANES), the age
adjusted prevalence of MetS increased from 26.7% in 1999-2000 to 32.9 % in 2003-
2004 and has reached 34.7% in 2011-2012 in U.S. adults based on the ATP III criteria
(Ford et al., 2004) (Aguilar et al., 2015). The pandemic of MetS has been as well
increasing in most Asia Pacific region. A secular increase in prevalence is observed
in China, Taiwan and South korea. According to the Korean National Health and
Nutrition Examination Survey (KNHANES), the prevalence of MetS in Korea
increased by 6.4 % in 9 years (from 1998 to 2007) using the ATP III criteria (Lim et
al., 2011). In China, a significant increase in the prevalence of MetS, from 13.7% in
2000-2001 to 21.3% in 2009, was also reported (Xi et al., 2009). A similar result was
observed in Taiwan (Yeh et al., 2011).

Furthermore, high rates of MetS were reported in the Middle East countries.
According to a meta-analysis of 59 cross-sectional studies, prevalence of MetS was

shown to be high in Turkey, Saudi Arabia, Pakistan, Qatar, Emirates and Iran with



a pooled estimate of 25% (Ansarimoghaddam et al.,2017). Recent studies have also
suggested high rates of MetS in Lebanon. According to a cross-sectional survey
conducted by Naja et al. in 2013, 34.7% out of 323 Lebanese participants were
diagnosed as having MetS, using IDF criteria. Similar findings were also noted in a
study conducted by Sibai et al. (2008) where a prevalence of 31.2 % was observed
amongst Lebanese adults aged 18-65 years old recruited from health care centers. In

the letter, Sibai also relied on the IDF definition (Sibai et al., 2008).

4. Etiology of metabolic syndrome

Obesity and MetS

Over the past three decades, the prevalence of overweight and obesity
has dramatically increased worldwide in developed and underdeveloped countries.
Indeed, over a third of the world’s population today is obese or overweight (Ng
M et al., 2014). If such trends continue linearly, by 2030, 58% of the world’s adult
population will be either obese or overweight (Kely et al., 2008). Prevalence of
obesity has increased significantly across several countries around the world mainly
United States of America (USA), United Kingdome (UK) and Australia (Ng M et
al., 2014). An identical trend was also seen in Lebanon. Indeed, Nasreddine et al.
reported an increase in the prevalence of overweight and obesity from 54.4 % to
65% over the past decade in Lebanon (1997 and 2009) (Nasreddine et al., 2012). The
observed increase in obesity could be explained by the dramatic change in people’s
way of eating and activity patterns (Popkin et al., 2012). This alarming increase in
obesity prevalence represents a major public health concern since it is considered
to be a major risk factor for the development of MetS. Indeed, the development
of MetS depends on two features: accumulation of body fat and predisposition to
locate this fat intra-abdominally (Han & Lean 2016). Hypotheses relating obesity to

the MetS focus on the understanding that visceral adipose tissue secretes a range of



adipocytokines such as free fatty acids (FFA), tumor Necrosis Factor alpha (TNF-a)
and interleukin (IL) which are factors that impairs insulin action and increases
metabolic disorders (Alberti et al., 2006). Furthermore, excessive VF is associated
with a decreased production of adiponectin which has been shown to have anti-

diabetic and anti-inflammatory functions (Alberti et al., 2006).

Physical activity and metabolic syndrome

Various studies have demonstrated that physical inactivity and sedentary
behaviors are risk factors for developing MetS. The association of sedentary
behaviors with MetS is positively related, independent of physical activity level.
Indeed, a study conducted on 1,367 men and women, who participated in the 2003—
2006 NHANES found that people with MetS spent a higher percentage of their time
as sedentary compared to people without MetS (67.3 vs. 62.2%) (Bankoski et al.,
2011). Moreover, it has consistently been shown that there is an inverse association
between physical inactivity and MetS. Studies reported a greater occurrence of MetS

in groups with a low level of physical activity (PA) (Kwang-Jun Ko at al., 2016).

Diet and metabolic syndrome

With the nutrition transition and the adoption of westernized diet major
dietary shifts have occurred in most countries. Although Western diet has various
definitions, it is often characterized by high consumption of sugar sweetened
beverages (SSBs), refined grains, red and processed meat, with concurrently low
intake of whole grain, fruits and vegetables (Wirfalt et al., 2013). Many recent
studies have shown a positive association between Western dietary pattern and
cardiometabolic abnormalities (Drake et al., 2018) (Rodriguez-Monforte et al., 2017).
Moreover, another dietary pattern the fast food/dessert pattern that resembles the
Western pattern is also reported to be positively associated with MetS in a sample of

Lebanese adults (Naja et al., 2013).



Western dietary pattern are typically high in saturated fatty acids (SFA).
Various studies have demonstrated positive association between high SFA intake and
metabolic factors constitutes of the MetS such as elevated central obesity, elevated
fasting glucose concentration and reduced insulin sensitivity (Noel et al., 2010)
(Poledne, 2013) (Oliveria Junior et al., 2013). The effects of SFA on inducing the
MetS could be partly explained by its effect on insulin resistance and inflammation

markers (Nourmohammdi et al., 2015).

Another modifiable factor for MetS is sodium intake. According to a study
conducted by Oh et al., 2015 a strong association was shown between high sodium
intake and all the components of MetS. A positive association has been reported
between sodium intake and blood pressure (BP), central obesity, fasting glucose, and
triglycerides (TG) levels and an inverse association between sodium intake and high

density lipoproteins (HDL) levels (Oh et al., 2015).

Over the last 40 years, soft drinks consumption has increased substantially
(Basu et al., 2013). A systematic review and meta-analysis by Narain et al. in
2017, was performed to evaluate the association of soft drink consumption with
the development of MetS. The results of this review suggested that soft drink
consumption is positively associated with development of MetS (Narain et al., 2017).
SSB consumption leads to a high caloric intake which results in a positive energy
balance. Weight gain contributed by these soft drinks has been demonstrated to
be a primary trigger for MetS (Malik et al., 2010). Moreover, SSBs may increase
the risk of MetS because of their high content of sucrose and HFCS (Malik et al.,
2010). Different factors explained in further details in section C.2 may explain this

association.



B. Fructose

1.  Sugar history
Sugar has always been present in the human diet since the origin of man.
It was consumed as a component of wild fruits, vegetables and on occasion in wild

honey and it constituted of glucose, fructose, and sucrose.

Sugar consumption became more popular when sugar cane was cultivated
which is a high source of sucrose. Sugarcane was firstly domesticated about 8,000
years ago by the indigenous people in New Guinea, then it was gradually spread to
India, Southeast Asia, and China (White, 2014).During the Golden age of India year
350 AD granulated sugar crystals were developed and have become a major trade
item (White, 2014). In the middle age, it was imported to Europe and North America,
where it was considered a luxury product and only consumed by royalty and very
wealthy people. However, in 1500 with the discovery of America, sugar production
began to expand. Its consumption increased rapidly worldwide, and it was no longer
a luxury product. In 1800, sugar became widely used in processed food, beverages,
and confection; it became a food necessity (White, 2014). Indeed, in England, the
average consumption per capita of sugar increased from 1.8 Kgs in 1700 to 8.1 Kgs
in 1800 (Johnson et al., 2007). Sugar consumption continued to grow in 1900, and
its use became commonplace around the world. Finally, it was only in the 1960s that
an additional sweetener, HFCS, was introduced in the United States (Vuilleumier,
1993). HFCS is a mixture of fructose and glucose with various fructose-to-glucose
ratios. Due to its organoleptic properties, low cost and ability to confer a long shelf
life it has been added to various manufactured food products and its consumption has

increased at the expense of sucrose (Tappy et al., 2010).
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Figure 2 Historical timeline and concept evolution of sugar

2. Evolution of fructose consumption

According to United States Department of Agriculture (USDA), sucrose
intake in the U.S. has declined by almost 50% (90g/day to 50g/day) between 1970
and 1985 (Tappy et al., 2010). This decrease in sucrose was countered with a sharp
increase in HFCS. Based on the analysis of food dietary records obtained in USDA
Nationwide Food Consumption Survey in 1977-78, the mean fructose intake for
the United States population was 37 g/day in 1977-78 (Park et al., 1993). Evolution
of fructose intake between 1977 and the 1990s was assessed by the third National
Health and Nutrition Examination Survey, performed in 1988 —94 (NHANES III)
(Vos et al., 2008). Investigators found that over a 10- to 16-year period, fructose
consumption had increased by 46%. The average daily fructose intake jumped from
37g/day (which represent 8% of total energy intake) in 1977-1978 to 54.7 g/day
(which represent 10.2% of total energy intake) in 1988 —94. Data collected from the
NHANES 1999-2004 study reported a recent estimation of average fructose intake
of 49 g/day (Marriot et al., 2009). Moreover, it stated that HFCS consumption has
accounted for 42% of total caloric sweetener consumption in 1999 —2004 versus 16%
in 1977-1978. A cross-sectional study of U.S. participants conducted by Welsh et al.
in 2008 reported a slight decrease in fructose consumption between 1999-2000 and
2007-2008 (Welsh et al., 2011). However, despite this minor reduction added sugar

and fructose consumption are still considered to be high.



3.  Fructose Metabolism

Fructose absorption

Ingested fructose is absorbed from the gut through a specific fructose
transporter GLUT 5 expressed mainly in enterocytes (Burant et al., 1992). Contrary
to glucose, fructose absorption is passive, does not require ATP hydrolysis and is not
sodium dependent. However, compared with glucose, the intestinal capacity to absorb
fructose is limited. In fact, an adult can absorb between 5 to 50g of fructose per
day (Rumessen et al., 1986). Several factors are reported to affect this capacity such
as age, diet, specifically the presence of glucose, and overall health. After fructose
loading, unabsorbed fructose may contribute to gastrointestinal symptoms such as

diarrhea and flatulence (Rumessen et al., 1992).

Intermediary fructose metabolism

Once inside the enterocyte, fructose is released into the portal circulation
through GLUT 2 at the basolateral membrane of the enterocytes (Corpe et al., 1999).
The majority of the fructose present in blood is extracted by the liver resulting in
only small amounts of fructose in circulation. Thus, fructose concentration in the
blood is about 0.01 mmol/L, unlike glucose concentration which is about 5.5 mmol/L
(Bray et al., 2007). Although fructose metabolism occurs primarily in the liver,

enterocytes can metabolize up to 30% of it (Mavrias et al., 1973).

Hepatic metabolism

Fructose uptake by hepatocytes occurs via the glucose transporter GLUT?2.
Its metabolism differs from that of glucose as illustrated in Figure 3. Fructose is
rapidly metabolized by the enzyme fructokinase (also known as ketohexokinase)
into fructose 1 phosphate (Kolderup & Svihus, 2015). However, this first step is

unregulated since there is no feedback mechanism regulating the phosphorylation



of fructose. The fructokinase enzyme is in fact not inhibited by energy status

(ATP and citrate levels) (Samuel, 2011). Fructose 1 phosphate is metabolized into
dihydroxyacetone phosphate (DHAP) and glyceraldehyde 3-phosphate (G3P) through
the action of aldolase B. These fructose derived metabolites enter the glycolytic
cycle bypassing phosphofructokinase, the main controlling step in glycolysis. Thus,
the liver will metabolize dietary fructose in an unregulated manner, resulting in

large amounts of trioses phosphate in hepatocytes. These latter can enter 3 different
metabolic pathways in the liver: gluconeogenesis, lactic acid production or de

novo lipogenesis (DNL) (Tappy et al., 2010). Fructose continuously entering the
glycolytic pathway will result in excess energy flux and unregulated amounts of TCA

intermediates which will lead to fatty acid synthesis (Softic et al., 2016).
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Figure 3 Metabolism of fructose and glucose in the liver.

Adapted from Rippe, J. M., & Angelopoulos, T. J. (2013). Sucrose, high-
fructose corn syrup, and fructose, their metabolism and potential health

effects: what do we really know?. Advances in nutrition (Bethesda, Md.),
4(2), 236-245.



4. Is fructose a concern ?

Fructose is a monosaccharide that has been part of the human diet for many
years. Recently, it has received a lot of attention and has been claimed to be of public
health concern.

First, in the 1980s, HFCS has primarily replaced sucrose in SSBs. Over the
past 40 years, the intake of HFCS especially from SSB has risen across the globe.
Indeed, in the US, the per capita consumption of SSBs between the late 1970s and
2006 have increased by two fold from 64.4 kcal/d to 141.7 kcal/d (Popkin, 2010).
Similar patterns have been shown in many developing countries such as China
and India where the volume of carbonated drinks sold increased by 14 and 18%
respectively (Bray, 2007). Time trend data have shown an obesity epidemic in parallel
with rising levels of HFCS consumption (Hu and Malik, 2010) (Rippe, 2010). Data
to support this temporal association were illustrated in a graphic form (Figure 4).
However, over the last 10 years SSB consumption has decreased whereas obesity

rates are still increasing, thus questioning this association (Van et al., 2014).
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Figure 4 Temporal association between increased consumption of high-
fructose corn syrup (HFCS) and prevalence of obesity.

Adapted from Rippe JM. (2010). The health implications of sucrose, high
fructose corn syrup, and fructose: What do we really know? J Diabetes
Technol. 4 Issue 4



Second, many researchers argued that the metabolism of dietary fructose
has been shown to increase the likelihood of obesity, diabetes, CVD and MetS
(Rippe, 2010) (Olsen and Heitmann, 2009) (Malik et al., 2010). Several studies have
demonstrated that the ingestion of large quantities of fructose activates lipogenesis,
induces insulin resistance and are associated with higher odds of HTN (Herman et
al., 2016) (Hannou et al., 2018) (Jalal et al., 2010). Moreover, fructose metabolism
stimulates uric acid production leading to hyperuricemia (Caliceti et al., 2017). This
latter is suggested to be an independent risk factor for many pathological conditions
such as chronic kidney disease, MetS and CVD (Borghi, 2015). However, in many
studies the association between sugar intake and cardiometabolic risk factors lost
significance when the analysis was adjusted for body weight (Forshee et al., 2008)
(De Koning et al., 2011). This suggests that obesity may be responsible for the
development of these cardiometabolic factors rather than sugar intake. Furthermore,
the metabolic effects of fructose found in normal human diets contradict the effects
observed in human and animal trials, where they have used unrealistically high
amounts of pure fructose (Van et al., 2014). Therefore, more research is needed to

better understand the metabolic effects of fructose.

C. Fructose and metabolic syndrome

1.  Previous studies investigating fructose and metabolic syndrome

(see table 2 in the following page).



CHAPTER II
LITERATURE REVIEW

A. The Metabolic Syndrome

1.  Historical perspectives and concept evolution’

The MetS concept saw the light in 1920, when a Swedish physician, Kylin,
described the coexistence of the various components of the syndrome resulting in
a triad of metabolic disorders ‘hypertension—hyperglycaemia—hyperuricaemia”
(Sarafidis and Nilsson, 2006). Later, in 1947, Vague described the association
between android obesity and the development of the metabolic abnormalities found
in cardiovascular disease (CVD) and Type 2 diabetes mellitus (T2DM) (Sarafidis
and Nilsson, 2006). Following this, in the mid-1960s, the MetS became an important
concept in the scientific research field. Several scientists worldwide published their
observations on this condition at that time giving it various names. After several
years of research, in 1988, Reaven introduced the concept of insulin resistance as
the main contributor for this group of disorder, consisting of lipid abnormalities,
HTN, and impaired glucose tolerance. Reaven named the sum of these disorders as
“Syndrome X.” A year later, Kaplan added a significant abnormality to the disorders
described by Reaven, which is central obesity. He renamed this cluster “the deadly
quarter” consisting of central obesity, lipid abnormalities, HTN and impaired
glucose tolerance (Kaur, 2014). However, in 1992, several scientists renamed the
syndrome “The Insulin Resistance Syndrome,” believing that insulin resistance is
the main contributor for the remaining disorders (Kaur, 2014). Finally, the name
“Metabolic syndrome” has gained international acceptance in the past two decades.
Ever since, the diagnostic criteria for the Mets remained a subject of interest for

many researchers (see figure 1).

I see Appendix I for the overall Literature review mind map diagram



2.  Mechanisms linking fructose to metabolic syndrome

Effects of fructose on lipid metabolism

The earliest metabolic perturbation associated with a single load of fructose
is postprandial hypertriglyceridemia (Stanhope & Havel, 2008). According to a meta-
analysis and systematic review of 14 controlled feeding trials, the rise in postprandial
TG occurs only in hypercaloric trials, where fructose intake provides additional
calories and is at high doses around 175 g/day. However, fructose in iso-caloric
exchange with other CHO was not found to lead to hypertriglyceridemia (Wang et al.,
2014). Similar results were reported in another meta-analysis, where adverse effects
on lipids were only shown when fructose intake increased energy intake by 21 to
35% (Chiavaroli et al., 2015). Hypertriglyceridemia can be the result of increased
DNL, enhanced very low density lipoprotein (VLDL) synthesis, reduced clearance of
TG and decreased VLDL catabolism.

Hepatic DNL induced by high intake of fructose leads to a significant
increase in plasma TG. Unregulated hepatic metabolism of fructose leads to
accumulation of pyruvate and acetyl CoA resulting in an increased conversion of
acetyl CoA into fatty acids (Softic et al., 2016) (Rosset et al., 2016). Furthermore,
fructose upregulates the lipogenic transcriptional factor Sterol Receptor Element—
Binding Protein-1c (SREBP-1¢) independently of insulin and carbohydrate responsive
element binding protein (ChREBP), stimulating the conversion of acetyl CoA into
TG (Carvalho et al., 2018) (Rosset et al., 2016). Thus, fructose contributes to DNL
both by providing metabolites for FA synthesis and by increasing the transcriptional
regulation of DNL (Figure 5). DNL, in turn, enhances VLDL production which
results in the atherogenic lipid triad: low HDL (High clearance by the kidney),
elevated TG and increased small dense LDL levels (Malik et al., 2010). Another route
by which fructose promotes hypertriglyceridemia is by decreasing VLDL catabolism.

The activity of lipoprotein lipase (LPL) that is responsible for VLDL hydrolyzes is



upregulated by insulin. Reduced activation of this enzyme secondary to low insulin
activation after fructose intake, results in a decreased plasma TG clearance (Chong
et al., 2007) (Hannou et al., 2018). The consequences of fructose metabolism are

illustrated in figure 3.

Effects of fructose on glucose homeostasis

It has been known for several years that fructose has a lower glycemic
index than glucose. Therefore, it will increase blood glucose and insulin levels less
than isocaloric amounts of glucose (Teff, Elliott, Tschop, et al., 2004). This lower
glycemic and insulin responses have a positive effect on glucose homeostasis and
glycemic control (Sievenpiper et al., 2014). However, it is also reported that high
fructose administration may affect glucose homeostasis negatively by decreasing
insulin sensitivity (Hannou et al., 2018). According to a systematic review and
meta-analysis of diet-intervention trials, fructose consumption, in energy matched
exchange for other CHO or in hypercaloric trials, induces hepatic insulin resistance
in non-diabetic adults (Horst et al., 2016). These results indicate that insulin
resistance caused by the consumption of extra calories from fructose is not attributed
only to excess energy intake (weight gain). Similar results have been reported by a
cross-sectional study conducted on a sample of 12000 Spanish adults. This study
highlighted that the large added amounts of fructose mediate the positive association
between habitual SSB consumption and insulin resistance since no association was
found between artificially sweetened beverages and insulin levels (Lana et al., 2014).
The mechanisms by which fructose induces insulin resistance remain uncertain.

Hepatic lipid accumulation induced by fructose is suggested to be the
primary underlying mechanism of insulin resistance development. In the context of
steatosis, in addition to TG, hepatic diacylglycerol (DAG) accumulate in hepatocytes.
The build-up of DAG is strongly correlated with the development of hepatic insulin
resistance via activation of hepatic protein kinase Ce, which inhibit hepatocellular

insulin signaling (Petersen & Shulman, 2017) (Ter Horst et al., 2017).



Moreover, as shown in figure 5, fructose metabolism stimulates uric acid
production leading to hyperuricemia (Caliceti et al., 2017). This latter induces
mitochondrial oxidative stress which in turn is linked with insulin resistance (Hoehn
et al., 2009). In addition, hyperuricemia will decrease endothelial nitric oxide (NO)
release, which will decrease the contact between glucose and GLUT4, increasing

insulin resistance (Duplain et al., 2001).

Effects of fructose on visceral adiposity and appetite

Many RCTs, cross-sectional and prospective studies have shown that
excessive fructose intake, especially from SSB, increases visceral adipose tissues
(Ma et al., 2016) (Ma et al., 2014) (Odegaard et al., 2012) (Maersk et al., 2012). A
recent prospective observational study conducted on 1000 participants of the Third
Generation cohort of the Framingham Heart Study, showed that daily SSB intake
is associated with adverse changes in visceral adiposity. SSB daily consumers over
six years had a 27 % greater increase in visceral adipose tissue compared to non-
consumers (Ma et al., 2016). Similarly, a cross-sectional study conducted among
2500 participants of the Framingham Heart Study showed that daily SSB consumers
have greater VF and greater visceral adipose tissue: subcutaneous adipose tissue
(VAT: SAT) ratio after adjustment for age, sex, energy intake, alcohol intake, physical
activity level, educational level, and current smoking status compared to non-
consumers (Ma et al., 2014).

Various potential mechanisms may explain this positive association between
fructose intake and visceral adiposity. As already discussed, fructose consumption
promotes postprandial hypertriglyceridemia. LPL, regulated by insulin, is responsible
for fat accumulation in VAT. In normal circumstances, LPL in VAT is less sensitive
to insulin than LPL in SAT (Mead et al., 2002). However, in the case of insulin
resistance, induced by high fructose consumption, LPL activity in SAT is reduced;

therefore TG deposition in VAT will be more significant (Mead et al., 2002).



Another possible mechanism is that fructose may increase activation of intracellular
glucocorticoids, which increases the activity of LPL (Senesi et al., 2010). The
concentration of glucocorticoids receptors in VAT is higher than SAT; thus TG will
be stored in VAT in cases of excess fructose intake.

Furthermore, it has been proposed that fructose may increase weight gain
by altering appetite and satiety, resulting in overeating behavior. Unlike glucose,
high fructose intake is not effective in stimulating insulin secretion, a hormone that
increases satiety (Labouebe et al., 2013). The satiety hormone leptin is also reduced
after fructose intake (Figlewicz and Benoit, 2009). Another mechanism that increases
food intake is ATP depletion, which occurs after the administration of fructose (Cha

et al., 2008).

Effects of Fructose on Blood Pressure

Epidemiological evidence suggests that there is a link between fructose
consumption and hypertension. A cross-sectional study conducted on NHANES
population reported that a high intake of fructose from added sugar >74 g/day is
significantly associated with higher risk of HTN after adjusting for demographics,
comorbidities, PA, total kilocalorie intake and dietary confounders (Jalal et al., 2010).
Other studies have not shown this association, and this could be explained by the
difference in the pattern of dietary intake, where the majority of fructose consumed
in the NHANES population comes from added sugars rather than from fruits (Jalal
et al., 2010). Fructose may contribute to the rise in BP via several mechanisms,
including increased intestinal salt absorption, endothelial dysfunction and chronic
activation of the sympathetic nervous system (SNS).

High fructose feeding in rats has been shown to stimulate sodium and
chloride absorption, resulting in HTN (Cabral et al., 2014) (Soleimani, 2011)

( Soleimani and Alborzi, 2011). A high fructose diet upregulates the sodium

transporter, sodium-hydrogen exchanger 3 (NHE3), and the chloride transporter,



putative anion transporter 1 (PAT1) which in turn increases sodium absorption

and chloride absorption respectively (Soleimani, 2011) ( Soleimani and Alborzi,
2011). Indeed, in both GLUT 5 and PAT 1 knockout mice this associated HTN was
prevented (Barone et al., 2009). Hyperuricemia induced by fructose metabolism is
believed to increase mitochondrial oxidative stress and to reduce endothelial NO
release, resulting in endothelial dysfunction (Jia et al., 2014). Moreover, it has been
suggested that uric acid induces inflammatory reactions. Thus, the high serum
level of uric acid increases the expression of inflammatory biomarkers such as
C-reactive protein in endothelial cells, which in turn inhibits NO generation (Figure
5) (Spiga et al., 2017). High intake of fructose induces insulin resistance resulting in
hyperinsulinemia, which in turn lead to chronic activation of the SNS. This latter,
stimulate norepinephrine release that is believed to induce vasocontraction and to

impair endothelial function (Klein & Kiat, 2015).

(see figure 5 in the following page)
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metabolism, cardiometabolic risk, and the epidemic of coronary artery
disease, European Heart Journal, Volume 39, Issue 26, Pages 2497-2505.
ACC, acetyl-coa carboxylase; ACLY, ATP citrate lyase; CPT1, carnitine-
palmitoyltransferase 1; ChREBP, carbohydrate-responsive element-
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fatty acid transport protein 5; GLUT2, glucose transporter 2; GLUT9,
glucose transporter 9; LPA, lysophosphatidic acid; NO, nitric oxide; PFK,
phosphofructokinase; PA, phosphatidic acid; PKCeg, protein kinase C epsilon
type; SREBPI, sterol regulatory element binding transcription factor 1; TAG,
triacylglycerole; XBP-1, X-box binding protein 1.
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CHAPTER III
MATERIAL AND METHODS

Data for the current study were obtained from the cross sectional survey
“Assessment of Bisphenol A (BPA) levels and their association with the health status
among the Lebanese population” that was conducted between March and May 2014
on a representative sample of Lebanese adults residing in the Greater area of Beirut.
The survey protocol was approved by the Institutional Review Board of the American
University of Beirut. All participants included in the study signed an informed

consent form and had the right to withdraw at any time (Appendix II and III).

A. Participants

Participants were selected using a multistage probability sampling of adults
in the Greater Beirut area, where the strata were the districts of the area. Within each
district, a sample of neighborhoods, then households was chosen randomly based on a
systematic random sampling approach. At the household level, the interviewer chose
the one with the most recent month of birth to participate, if eligible. Participants on
dialysis, mentally disabled or pregnant were excluded. Furthermore, subjects working
in plastic or other chemical company were excluded since they have been exposed
to BPA. For the current analysis, the selection of participants from the original

population (n 501) was undertaken according to the following criteria:
1. Healthy, with no history of chronic disease
2. Having complete anthropometric, biochemical and dietary data

3. No under or over reporting of energy intake (EI)

In total, 283 participants, aged > 18 years, were included in this study.



B. Data collection

Participants who agreed to participate in the study were requested to visit
the American University of Beirut (AUB) for data collection, after an overnight fast.
Data collection took place at the Department of Nutrition and Food Sciences (NFSC)
in the Faculty of Agricultural and Food Sciences at AUB. Data collection forms were

filled by trained personnel to minimize errors (Appendix IV and V).

1.  Socio-demographic and lifestyle characteristics

The sociodemographic and lifestyle characteristics of the participants,
including age (in years), gender, marital status (married, engaged and single,
including divorcees and widowers), educational level, monthly household income
(expressed in terms of U.S. dollars), smoking status (current smokers of cigarette
or hookah vs past and non-smokers), crowding index, physical activity level, were
collected by trained interviewers using a pretested questionnaire. Educational level
was categorized into no schooling or primary school, intermediate school, secondary
school or technical diploma and university degree. Monthly household income
was divided into < 6008, 600$ < income < 2000$, > 20008. Physical activity was
categorized into 3 categories: low, moderate and high. Data about family and personal

medical history of diseases were also obtained.

2.  Anthropometric, BP and biochemical measurements

Weight was measured to the nearest 0.1 Kg using a calibrated electronic
weighing scale (Inbody 3.0, Biospace Co. Ltd, Korea), while the subjects were
wearing light clothes without shoes. Height was measured using a portable
stadiometer (Seca 213, Germany) and recorded to the nearest 0.5 cm. The candidates
were in a standing position, flat against the measuring board without shoes. BMI was
calculated as weight (Kg) divided by square of the height (meters). WC was measured

to the nearest 0.5 cm, at the umbilical level, using an unstretched tape meter (Seca



201, Germany). The tape was placed around the abdomen without exerting any
pressure on the skin. Body fat was assessed using the Bioelectrical Impedance
Analysis technique (Inbody 3.0, Biospace Co. Ltd, Alpha-Tec s.a.r.L).

Levels of serum TG, HDL-C, LDL-C, and glucose were measured using an
enzymatic spectrophotometric technique using Vitros 350 analyzer (Ortho-Clinical
Diagnostics, Johnson and Johnson, 50—100 Holmers Farm Way, High Wycombe,
Buckinghamshire, HP12 4DP, United Kingdom) at the NFSC department. As for
hemoglobin Alc (HbAlc) analysis, it was measured using the BioRad Variant
Hemoglobin Analyzer at AUBMC. Sitting BP was measured after a ten-minute rest
using a standard digital sphygmanometer. All measurements were taken twice and

the average of the two values was used.

3. Dietary intake assessment

Dietary data were collected using a semi-quantitative, culture specific
food frequency questionnaire (FFQ) with 82-food items (Appendix IV and V). The
participants completed the FFQ during one-on-one interview. The FFQ referred to
participant’s dietary intake during the past year. Participants were asked to record
their intakes in terms of a reference portion size (expressed in household measures
such as cups, spoons and plates) and/or customary packing size. The standard two-
dimensional food portion visual chart, developed by Nutrition Consulting Enterprises,
was used to assist in quantifying the reference portion size (Posner et al., 1992).
Total energy and macronutrients intakes were computed using the Nutritionist Pro
software, version 1.2.

Outliers, which refers to extreme values of EI that lie far from the majority
of the other data points are excluded. Indeed, most of the literatures include only
participants with plausible EI (between 500 and 5000 Kcals per day) and exclude
individuals reporting an abnormally high or low EI ( High >5,000 kcal for men,

>4,000 kcal for women or low <800 kcal for men, <600 kcal for women) (Derghan



et al., 2017; Bell et al., 2014). In this study, the outliers were identified based on the
Interquartile Range (IQR) method and hence individuals reporting >6,000 kcals were

excluded.

C. Metabolic syndrome definition

MetS was defined based on the harmonized definition of the IDF. It
was characterized as having at least 3 out of 5 of the metabolic abnormalities: 1)
Abdominal obesity: WC > 94 cm for men and WC > 80 cm for women (Eastern
Mediterranean and Middle Eastern populations are recommended to use European
data), 2) elevated BP: > 130 mmHg systolic or > 85 mmHg diastolic, 3) elevated
fasting blood sugar > 100 mg/dl (5.6 mmol/L), 4) elevated TG > 150 mg/dl (>1.69
mmol/L), 5) Low serum HDL: < 40 mg/dl (<1.04 mmol/L) for men and < 50 mg/dl
(<1.29 mmol/L ) for women (Alberti et al., 2009).

D. Estimation of added and natural fructose dietary intake

Fructose content data was available for 36 food items based on NutriPro
software (i.e. total fructose). There was no data on added and natural fructose. Hence,
for whole fruits and vegetables, natural fructose was assumed to be equal to total
fructose (Hosseini-Esfahani et al, 2011) (Table 3). Acknowledging that the most
common added sugar in commodities is sucrose, we have calculated the content of
added fructose as 50% of added sugars (i.e. sucrose) in food items (Hosseini-Esfahani
et al, 2011) (Sun et al, 2011).Table 4 shows the content of total and added fructose per
food item.

Added fructose intake was calculated and was later categorized into first,
second, third and fourth quartiles corresponding to <15.10 g of added fructose /
day (QI), 15.10 — 28.405 g of added fructose /day (Q2), 28.41 — 51.48 g of added
fructose /day (Q3) and >51.48 g of added fructose /day (Q4). Natural fructose in fruits

and vegetables was also categorized into first, second, third and fourth quartiles



corresponding to <6.39 g of natural fructose / day (Q1), 6.39 - 10.39¢g of natural
fructose / day (Q2), 10.39 - 16.64 g of natural fructose / day (Q3) and >16.64 g of
natural fructose / day (Q4). The sum of fructose consumption was calculated by
summing up natural fructose and added fructose intake (Hosseini-Esfahani et al,
2011) and was also categorized, into four quartiles: < 26.74 g of fructose / day (QI),
26.75 — 41.99 g of fructose / day (Q2), 41.99 — 65.05 g of fructose / day (Q3) and >
64.05 g of fructose / day (Q4).

Table 3 Natural fructose content of food items (per 100g)

Food item Natural fructose (in 100g)
Citrus orange/ grapefruit 2.0795

Peach, plum, prunes 3.07

Strawberries 3.90

Grapes 8.13

Banana/ Apples 5.375

Salad, green: lettuce, mint, 1.133

cucumber, green pepper,
rocket, purslane, etc.

Tomatoes, fresh 1.37
Corn / Green peas, fresh 0.05
Corn/ Green peas, canned 0.05
Potatoes, baked / boiled/ 0.34
mashed

Zucchini/ Eggplants, cooked 1.21

Cauliflower/ Cabbage/ 1.21
Broccoli
Other canned vegetables 0

(Mushroom, palmetto,
asparagus, etc.)

Legumes: lentils, beans, 0.1
chickpeas, etc., dried, cooked
Legumes, canned (beans, 0.1
fava, chickpeas)

Wine, red / white/ blush 0.778

Mustard 0.18




Table 4 Total and added fructose content of food items (per 100g)

Food item

Total sugar (g / 100g)
(Assumed= added sugar)

Added fructose (g/ 100g)

(assuming 50% of added
sugar is fructose)

Bread, brown 0.82 0.41
Traditional 1.77 0.88
breads(markouk/tannour)

Breakfast cereals, regular/ 10.50 5.25
sugar coated/ chocolate/ bran

Kaak 1.26 0.63
Fruits canned 17.14 8.57
Fruit juice canned 12.42 6.21
Fruit juice bottled 12.42 6.21
Cakes / Cookies/ Doughnuts / | 24.85 12.42
Muffins/ Croissant / Biscuits

Ice cream 19.16 9.58
Chocolate bar 57.82 28.91
Sugar, honey, jam, molasses, | 99.80 499
chocolate spread

Arabic sweets (Baklava, 1.185 0.59
maamoul, knefe)

Soft drink, regular 11.55 5.77
Cocoa / Hot chocolate 70.38 35.19
Manaeesh, zaatar/ cheese 0.09 0.045
Energy & sports drinks 10.06 5.03
Pizza 1.98 0.99
Canned/ Pre-packed soups 1.54 0.77
Ketchup 22.77 11.38




E. Statistical analysis

Statistical analysis was performed using he Statistical Analysis Package
for Social Sciences, version 24.0 (SPSS Inc., Chicago, IL, USA). Sociodemographic
characteristics, anthropometric and biochemical measurements and dietary intake of
the total study population and across MetS status were described using frequencies
for categorical variables, means and standard deviations for continuous variables. The
significant differences between the groups, was obtained using Independent t-test and
Chi-square test for continuous variables and categorical variables respectively. In all
the analyses, a p value less than 0.05 was considered statistically significant.

To investigate the association between total/added dietary fructose and each
of the metabolic abnormalities, as categorical variables, binary logistic regression
analysis was conducted with the MetS and its 5 components being the dependent
variable with only two outcomes (yes/no, high/low, normal/abnormal) and fructose
intake the independent variables. Associations were examined based on crude
(unadjusted) models. Based on the results of crude association, multivariable models
were performed while adjusting for variables that were shown to be significantly
associated with MetS in crude models. Moreover, more variables were added based
on the literature (Hosseini-Esfahani et al, 2011). To put more power and to fine tune
the model, stepwise regression analysis was conducted. Thus, the nonsignificant
variables were eliminated automatically. The OR of MetS and its components in each
quartile of total fructose intake and added fructose intake were determined using

logistic regression analysis.



CHAPTER III
RESULTS

A. Subject characteristics and dietary intakes/ Assessment of fructose intake

1.  Socio-Demographic characteristics

Of the 283 eligible individuals, 102 were diagnosed with MetS. Thus, the
prevalence of MetS in the current study was estimated at 36% according to the
IDF definition (Alberti et al., 2009). General characteristics of the study population
according to MetS status are presented in Table 5. Overall, the mean age of the
participants was 41 + 13.71 years, with a higher proportion of females than males
(67.5 % vs 32.5 %). Only 9.1 % of the overall participants had a monthly income
level higher than 2000$. Among lifestyle factors, most of the subjects were current
smokers of either cigarettes or narghile (68.9%) and almost half of the subjects had
low physical activity level (46.3%). Participants with MetS were significantly older
as compared with participants without MetS (44.85 + 14.64 vs. 38.84 £+ 12.70 years),
with a higher proportion being males (45.1% vs 25.4%). Also, a higher proportion
of participants with higher education levels (university) was observed among
participants without MetS compared with those with MetS (18.9 % vs. 4.9 %) (see

table 5 in the following page).



Table 5 Socio-demographic and lifestyle characteristics of the study sample®

Total ® MetS No MetS P-value ©
(n=283) (n=102) (n=181)
Age (years) (Mean % SD) 41 +13.7 448 +14.6 38.8+12.7 <0.001
Gender
Male 92 (32.5) 46 (45.1) 46 (25.4) 0.001
Female 191 (67.5) 56 (54.9) 135 (74.6)
Marital Status
Single ¢ 90 (31.8) 36 (35.3) 54 (29.8) 0.344
Married 193 (68.2) 66 (64.7) 127 (70.2)
Income Per Month
< 600S 75 (28.4) 33 (33) 42 (25.6) 0.345
600S < income < 20005 165 (62.5) 60 (60) 105 (64)
>2000S 24 (9.1) 7(7) 17 (10.4)
Education
No schooling or primary 89 (31.6) 38 (37.3) 51 (28.3) 0.01
Intermediate 77 (27.3) 31(30.4) 46 (25.6)
Secondary or technical diploma | 77 (27.3) 28 (27.5) 49 (27.2)
University degree 39 (13.8) 5(4.9) 34 (18.9)
Smoking status ©
Current smokers 195 (68.9) 70 (68.6) 125 (69.1) 0.641
Past smokers 25 (8.8) 11 (10.8) 14 (7.7)
Never smoked 63 (22.3) 21 (20.6) 42 (23.2)
Crowding Index
<1 person/room 109 (38.5) 45 (44.1) 64 (35.4) 0.146
> 1 person/room 174 (61.5) 57 (55.9) 117 (64.6)
Engagement in Physical Activity
None 42 (14.8) 20 (19.6) 22 (12.2) 0.09
Any 241 (85.2) 82 (80.4) 159 (87.8)
Levels of physical activity
Low-intensity activity 131 (46.3) 51 (50) 80 (44.2) 0.199
Moderate-intensity activity 88 (31.1) 34 (33.3) 54 (29.8)
High-intensity activity 64 (22.6) 17 (16.7) 47 (26)

@ Data are reported as N(%): frequency and percentage within column for categorical variables
or as Mean % SD for continuous variables. SD: Standard deviation.

® L ack of corresponding sum of frequencies with total sample size is due to missing data.

¢ Significance was derived from chi-square for categorical variables and from independent t test
for continuous variables.

4 Single includes divorced, widowed and engaged.

¢ Current smokers of either cigarette or narghile, Past smokers of either cigarette or narghile.



2.  Anthropometric Characteristics, Biochemical and Blood Pressure Data
Table 6 presents the anthropometric and biochemical measurements along
with the blood pressure data of the study sample (n=283) according to their MetS
status. The comparison of participants with and without MetS showed that those
with MetS had significantly higher BMI (31.04 + 5.40 vs. 26.37 = 5.02 kg/m2) , BW
(83.53 + 15.76 vs. 68.49 + 13.55 Kgs), WC (100.65 + 11.39 vs. 87.10 + 12.02 cm) and
body fat (32.45 + 11.14 vs. 24.16 = 10.08 Kgs). Moreover, participants with MetS had
significantly higher fasting BG (105.70 = 17.71 vs. 93.99 + 7.21 mg/dl), TG (164.39 +
79.96 vs. 96.07 + 50.91 mg/dl) , LDL (116.23 £ 38.25 vs. 101.78 + 31.45 mg/dl) and
TC levels (192.72 + 43.165 vs. 178.06 + 36.53 mg/dl) compared to participants without
MetS. Higher systolic BP (124.51 + 18.42 vs. 111.71 + 13.17 mmHg) and diastolic BP
(77.41 +£ 10.33 vs. 70.35 + 8.16 mmHg) level was also noted among participants with

MetS than among those without.

(see table 6 in the following page)



Table 6 Anthropometric characteristics, biochemical and blood pressure data of the

study sample®

Total MetS No MetS P-value P
(n=283) (n=102) (n=181)

Anthropometric characteristic

BMI (Kg/ m2 ) (Mean + SD) | 28.05+ 31.04 £540 |2637+5.02 |<0.001

c 5.62

Body weight (Kg) (Mean+ | 73.91 + 83.53+15.76 | 68.49+13.55 | <0.001

SD) 16.08

Waist Circumference (cm) 91.99 + 100.65 + 87.10 £12.02 | <0.001

(Mean £ SD) 13.46 11.39

Body Fat (Kg) (Mean £ SD) | 27.15+ 3245+ 11.14 | 24.16 £10.08 | <0.001
11.18

Biochemical and BP data ¢

Serum glucose levels (mg/dl) | 98.21 + 105.70 + 93.99+7.21 |<0.001

(Mean + SD) 13.31 17.71

HbAlc (%) (Mean + SD) 5.47+0.49 | 5.69 £ 0.60 535+0.38 <0.001

Insulin (mU/mL) (Mean £ 26.33 £ 31.37+22.12 | 23.40+8.83 | <0.001

SD) 15.57

TC (mg/dl) (Mean + SD) 183.34 + 192.72 £ 178.06 £ 0.003
39.61 43.165 36.53

LDL (mg/dl) (Mean + SD) 106.99 + 116.23 + 101.78 £ 0.001
34.69 38.25 31.45

HDL (mg/dl) (Mean + SD) 51.89 + 42.87 £10.87 | 56.98 +16.04 | <0.001
15.89

TG (mg/dL) (Mean £ SD) 120.70 + 164.39 £ 96.07 £ 50.91 | <0.001
70.88 79.96

SBP (mmHg) (Mean + SD) 116.68 £ 124,51 + 111.71 £ <0.001
16.62 18.42 13.17

DBP (mmHg) (Mean £ SD) | 72.89 + 77.41£10.33 | 70.35+8.16 | <0.001
9.60

2 Data are reported as Mean + SD. SD: Standard deviation
® Significance was derived from independent t test

¢ BMI: Body Mass Index

4 TC: Total Cholesterol; HDL-C: High Density Lipoprotein-Cholesterol; LDL-C: Low Density
Lipoprotein-Cholesterol; TG: Triglycerides; SBP: Systolic Blood Pressure; DBP: Diastolic Blood
Pressure; HbAlc: glycated hemoglobin.



3.  Dietary Energy and Macronutrient Intakes

Dietary intake of the study sample according to their MetS status are
presented in Table 7. Mean intake of total dietary fructose was 51.42 + 35.54 g/day
which represents 6.58 + 3.71 % of the total EI. Natural and added fructose intakes
were estimated at 12.29 + 8.57 g/day and 39.12 + 34.10 g/day (1.78 + 1.41% and 4.80
+ 3.56% EI), respectively. No significant difference in dietary intakes was observed

comparing participants with MetS with those without.

(see table 7 in the following page)



Table 7 Dietary energy and macronutrient intakes of the study sample *

Total MetS No MetS P-value P
(n=283) (n=102) (n=181)
Mean + SD
Energy (Kcal/day) 3134+ 1301 | 3232+ 1337 | 3080+ 1281 | 0.34
Carbohydrates (g/day) 388.22 + 407.40 = 37741 + 0.12
158.16 170.21 150.37
Carbohydrate (% of energy) | 50.37 £8.30 | 50.98 £ 8.40 | 50.03£8.25 |0.36
Protein (g/day) 102.83 + 101.95 + 103.33 + 0.85
60.65 50.44 65.83
Protein (% of energy) 13.02+£3.64 | 12.67 £3.22 13.22+3.86 |0.22
Fat (g/day) 131.81 134.82 + 130.12 £ 0.56
64.97 67.28 63.77
Fat (% of energy) 39.10£7.86 | 38.56 £ 8.11 3941+7.72 |0.38
Dietary Fibers (g/day) 28.16 + 28.70 £13.49 |27.85+10.72 | 0.56
11.78
Total sugar intake (g/day) 104.99 + 111.18 = 101.49 = 0.18
58.45 61.84 56.32
Added fructose (g/day) © 39.12 +£ 41.85+33.70 | 37.59+34.31 | 0.31
34.10
Added fructose 4.80+3.56 |4.81+2.97 4.79 £3.86 0.96
(%Kcal/day)
Natural fructose (g/day) ¢ 1229+ 8.57 | 11.84 £ 7.88 12.55+8.95 |[0.51
Natural fructose 1.78+1.41 | 1.61+1.15 1.87+1.53 0.12
(%Kcal/day)
Total fructose (g/day) 5142+ 53.69 £35.03 | 50.14 +35.85 | 0.42
(Added + Natural) 35.54
Total fructose (%Kcal/day) | 6.58 +£3.71 | 6.42+£2.96 6.67 £4.07 0.59

2Data are reported as Mean £ SD. SD: Standard deviation

® Significance was derived from independent t test

¢Added fructose from industrialized foods and beverages containing beet or cane sugar/
molasses, corn sweeteners and invert syrup

dNatural fructose in fructose-containing food such as fruits, vegetables, honey.




B. Association of fructose intake with metabolic syndrome

To determine the association between fructose intake with MetS and its
components, first we performed binary logistic regression. Three models were
presented with the crude model being the one without adjustments. Model 1 included
the sociodemographic variables age and sex. Model 2 included the variables of model
1, in addition to BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day), smoking
(ex, current, never), education and PA (yes, no) (Hosseini-Esfahani et al, 2011).
According to our results, fructose intake > 64.05 g/d (Quartile 4 (Q4)) was associated
with higher odds of MetS after adjusting for confounders (Model 2). Indeed, binary
logistic regression results in Table 8 showed that the risk of MetS increased by
2.84 fold for participants in the highest quartile of total fructose intake (Q4) [OR
2.84 (95% CI 1.017-7.940)]. Similarly, the risk of MetS was increased by 3.18 fold
for added fructose intake at Q4 [OR 3.18 (95% CI 1.068-9.493)] after adjusting for
confounders (Model 2) as shown in Table 9. However, no significant association was
observed between Natural fructose with MetS even at the highest quartile and after
adjustments for potential confounders [OR 1.047 (95% CI 0.414-2.645)] (Table 10).
When examining each abnormality alone, no significant association was found, even
after adjustment for confounders.

While adjusting for the 9 potential independent variables, a significant
association was observed between fructose intake and MetS. However, to put more
power and to fine tune the model by eliminating the nonsignificant variables,
we used the stepwise regression analysis instead of the ordinary binary logistic
regression. In this regression, the 9 potential independent variables were included
in the model, and those who are not statistically significant were eliminated
automatically, with no human intervention. After conducting the stepwise regression
we were able to determine the variables which significantly influenced the MetS.
These latter were BMI, age and sex. As shown in Tables 11 and 12 the risk of MetS
increased by 2.450 fold for participants in the highest quartile of total fructose intake
(Q4) ([OR 2.450 (95% CI 1.047- 5.734)]) and by 2.609 fold for participants in the

highest quartile of added fructose intake (Q4) [OR 2.609 (95% CI 1.081- 6.298)].



Table 8 Crude and adjusted ORs with 95%CI for MetS and each of its component
according to total dietary fructose quartiles (g/day)

Dietary total fructose intake

Quartile 1 (n=70)
<26.74

Quartile 2 (n=71)
26.75 - 41.99

Quartile 3 (n=72)
41.99 - 64.05

Quartile 4 (n=70)
>64.05

OR (95% CI)

Metabolic Syndrome

Crude model *

0.66 (0.32 - 1.34)

0.79 (0.39 - 1.58)

1.50 (0.76 - 2.96)

Model 1 °

0.59 (0.27 - 1.25)

0.85 (0.40 - 1.79)

1.87 (0.86 - 4.02)

Model 2 ©

1.02 (0.42 - 2.43)

1.09 (0.45 - 2.68)

2.84 (1.01 - 7.94)

Elevated triglycerides

Crude model

0.79 (0.37 - 1.66)

0.72 (0.34 - 1.52)

1.06 (0.52 -2.19)

Model 1

1.69 (0.31 - 1.49)

0.70 (0.32 - 1.52)

0.84 (0.37 - 1.87)

Model 2

1.06 (0.45 - 2.47)

0.81 (0.34 - 1.94)

1.02 (0.38 - 2.72)

Elevated waist circumference

Crude model

0.88 (0.42 - 1.84)

0.62 (0.30 - 1.26)

0.76 (0.36 - 1.57)

Model 1

0.90(0.42 - 1.92)

0.68 (0.33 - 1.43)

1.18 (0.53 - 2.60)

Model 2

1.84 (0.60 - 5.65)

0.54 (0.51 - 1.87)

0.92(0.23-3.71)

Elevated fasting blood glucose

Crude model

0.57 (0.27 - 1.18)

1.07 (0.54 - 2.12)

0.94 (0.54 - 2.12)

Model 1

0.51 (0.24 - 1.09)

1.19 (0.58 - 2.44)

1.09 (0.50 - 2.36)

Model 2

0.74 (0.33 - 1.68)

1.65 (0.74 - 3.70)

1.54 (0.60 - 3.96)

Elevated blood pressure

Crude model

0.50 (0.22 - 1.14)

0.96 (0.46 - 1.99)

1.57 (0.77 - 3.18)

Model 1 1 0.39(0.16-0.94) | 1.01 (0.45-2.25) | 1.47 (0.64 - 3.38)

Model 2 1 0.53(0.20-1.39) | 1.31(0.53-3.26) | 1.89 (0.67 - 5.34)

Reduced HDL

Crude model 1 0.86 (0.43 -1.72) | 1.20 (0.61 -2.372) | 1.063 (0.537-
2.104)

Model 1 1 0.87 (0.43 -1.75) 1.88 (0.60 -2.34) | 1.03 (0.50-2.13)

Model 2 1 1.06 (0.50 -2.22) | 1.22(0.57-2.59) | 1.02 (0.42 - 2.48)

2Crude model: No adjustments

®Model 1: Adjusted fo

r age and sex

°Model 2: Adjusted for age, sex, BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day),
smoking (ex, current, never), education and PA (yes, no)




Table 9 Crude and adjusted ORs with 95%CI for MetS and each of its component

according to added dietary fructose quartiles (g/day)

Dietary added fructose intake

Quartile 1 (n=70)

Quartile 2 (n=71)

Quartile 3 (n=72)

Quartile 4 (n=70)

<15.10 15.10 - 28.40 28.41-51.48 >51.48
OR (95% Cl)

Metabolic Syndrome
Crude model ® 1 0.82(0.41 -1.66) 0.88 (0.44 - 1.76) 1.54(0.78 - 3.04)
Model 1 ° 1 0.80 (0.38 - 1.68) 1.00 (0.47 - 2.14) 2.10(0.95 - 4.63)
Model 2 ¢ 1 1.30 (0.55 - 3.04) 1.33(0.53-3.34) 3.18 (1.06 - 9.49)
Elevated triglycerides
Crude model 1 1.16 (0.54 - 2.47) 1.42 (0.67 -2.99) 1.27 (0.59 -2.69)
Model 1 1 1.10(0.50- 2.42) 1.36 (0.62 -2.99) 1.00 (0.62 -2.99)
Model 2 1 1.54 (0.66 - 3.62) 1.58 (0.65 -3.81) 1.19 (0.41 - 3.43)
Elevated waist circumference
Crude model 1 0.65(0.31-1.37) 0.54 (0.26 - 1.12) 0.60 (0.28 -1.25)
Model 1 1 0.65 (0.30 - 1.40) 0.66 (0.31-1.41) 0.99 (0.44 -2.22)
Model 2 1 0.70(0.23 - 2.15) 0.60 (0.17 - 2.03) 0.61(0.14 - 2.59)
Elevated fasting blood glucose
Crude model 1 0.73 (0.36 - 1.46) 0.68(0.34-1.37) 1.02 (0.59 - 2.01)
Model 1 1 0.71(0.34 - 1.46) 0.76 (0.36 - 1.60) 1.32 (0.60 - 2.89)
Model 2 1 0.91(0.42-1.99) 1.05 (0.45 - 2.42) 1.95(0.72 - 5.26)
Elevated blood pressure
Crude model 1 1.00 (0.46 - 2.13) 0.92 (0.43 - 1.98) 1.74 (0.84 - 3.58)
Model 1 1 0.95(0.42 -2.14) 0.91(0.39-2.12) 1.73(0.73 - 4.09)
Model 2 1 1.35(0.55 - 3.29) 1.15 (0.44 - 3.00) 2.04 (0.67 - 6.17)
Reduced HDL
Crude model 1 0.93 (0.46 -1.88) 1.70(0.86 - 3.34) 1.23(0.61 - 2.44)
Model 1 1 0.94 (0.46 - 1.90) 1.68 (0.84 - 3.35) 1.22 (0.58 - 2.58)
Model 2 1 1.03(0.49 - 2.16) 1.74 (0.81 - 3.76) 1.20(0.47 - 3.05)

2Crude model: No adjustments

®Model 1: Adjusted for age and sex
°Model 2: Adjusted for age, sex, BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day),
smoking (ex, current, never), education and PA (yes, no)




Table 10 Crude and adjusted ORs with 95%CI for MetS and each of its component

according to natural dietary fructose quartiles (g/day)

Dietary natural fructose intake

Quartile 1 Quartile 2 Quartile 3 Quartile 4
(n=70) (n=71) (n=72) (n=70)
<6.39 6.39-10.39 10.39 - 16.64 >16.64
OR (95% CI)

Metabolic Syndrome

Crude model ®

0.90 (0.45-1.78)

1.03 (0.52-2.05)

0.88 (0.44-1.76)

Model 1°

0.88 (0.42-1.81)

0.96 (0.47-1.97)

0.77 (0.37-1.61)

Model 2°

0.86 (0.38-1.95)

1.16 (0.49-2.76)

1.04 (0.41-2.64)

Elevated triglycerides

Crude model

0.72 (0.34-1.51)

0.74 (0.35-1.54)

0.87 (0.42-1.79)

Model 1

0.71 (0.33 -1.53)

0.70 (0.32-1.519)

0.88 (0.41-1.88)

Model 2

0.79 (0.35 -1.77)

0.96 (0.41 -2.24)

1.30 (0.52 -3.23)

Elevated waist circumference

Crude model

0.97 (0.48 -1.96)

1.09 (0.53 - 2.21)

1.14 (0.55 -2.33)

Model 1

0.93 (0.45 -1.91)

0.98 (0.47 -2.05)

0.91 (0.43 -1.93)

Model 2

1.24 (0.41 -3.75)

2.42 (0.79 -7.37)

1.60 (0.48 -5.31)

Elevated fasting blood glucose

Crude model

0.96 (0.47 - 1.95)

1.50 (0.75 -3.00)

1.13 (0.56 -2.30)

Model 1

0.94 (0.44 -1.96)

1.43 (0.69 -2.95)

1.00 (0.47 -2.10)

Model 2

0.93 (0.43 -2.02)

1.58 (0.71 -3.50)

1.04 (0.43 -2.49)

Elevated blood pressure

Crude model

0.68 (0.32 -1.41)

0.91 (0.45 -1.86)

0.60 (0.28 -1.28)

Model 1 1 0.63 (0.28 -1.39) | 0.84(0.39-1.82) | 0.53 (0.23 -1.21)

Model 2 1 0.61 (0.26 -1.43) | 0.79(0.33-1.91) | 0.57 (0.21 -1.54)

Reduced HDL

Crude model 1 0.75 (0.38 -1.48) | 0.770 (0.392- 0.741 (0.375-
1.515) 1.463)

Model 1 1 0.75(0.38 -1.48) | 0.78 (0.39-1.54) | 0.76 (0.38 -1.51)

Model 2 1 0.76 (0.37-1.51) | 0.88 (0.42-1.85) | 0.96 (0.43-2.13)

2Crude model: No adjustments

®Model 1: Adjusted for age and sex

¢Model 2: Adjusted for age, sex, BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day),
smoking (ex, current, never), education and PA (yes, no)




Table 11 Adjusted ORs with 95%CI for MetS and each of its component according to
total dietary fructose quartiles (g/day) using the stepwise regression

Dietary total fructose intake
Quartile 1 (n=70) | Quartile 2 (n=71) | Quartile 3 (n=72) | Quartile 4 (n=70)
<15.10 15.10 — 28.40 28.41 - 51.48 >51.48
OR (95% CI)
Metabolic Syndrome
Model 2 # | 1 | 0.86(037-1.99) | 1.02(0.45-230) | 2.45 (1.04- 5.73)
Elevated triglycerides
Model 2 \ 1 | 1.02(0.45-232) | 0.83(0.37-1.87) [ 0.91 (0.40-2.05)
Elevated waist circumference
Model 2 ] 1 | 1.81(0.63-517) | 0.62(0.22-1.76) | 0.82 (0.28-2.34)
Elevated fasting blood glucose
Model 2 ] 1 [ 0.62(028-1.35) | 132(0.63-2.75) | 1.18(0.53-2.59)
Elevated blood pressure
Model 2 | 1 | 052(0.20-1.30) | 1.20(0.52-2.77) | 1.74(0.72-4.16)
Reduced HDL
Model 2 \ 1 | 1.02(0.50-2.08) | 1.32(0.66-2.64) [ 1.18 (0.58-2.37)

2Model 2: Adjusted for age, sex, BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day),
smoking (ex, current, never), education and PA (yes, no)

Table 12 Adjusted ORs with 95%CI for MetS and each of its component according to
added dietary fructose quartiles (g/day) using the stepwise regression

Dietary added fructose intake
Quartile 1 (n=70) | Quartile 2 (n=71) | Quartile 3 (n=72) | Quartile 4 (n=70)
<15.10 15.10 — 28.40 28.41 —51.48 >51.48
OR (95% CI)
Metabolic Syndrome
Model 2 * | 1 | 1.16(0.51-2.65) | 1.33(0.57-3.09) | 2.60 (1.08 - 6.29)
Elevated triglycerides
Model 2 | 1 | 1.40 (0.61-3.21) [ 1.60(0.71-3.62) | 0.99 (0.42 - 2.32)
Elevated waist circumference
Model 2 | 1 | 0.71(0.25-2.01) | 0.56(0.19- 1.61) | 0.48 (0.16 - 1.44)
Elevated fasting blood glucose
Model 2 | 1 | 0.81(038-1.71) | 0.83(0.38-1.79) | 1.37(0.62 - 3.05)
Elevated blood pressure
Model 2 | 1 | 1.31(0.55-3.12) | 1.13(0.46-2.77) | 1.98 (0.79 - 4.92)
Reduced HDL
Model 2 | 1 | 1.05(0.51-2.16) | 1.92(0.95-3.88) | 1.34(0.66 - 2.72)

“Model 2: Adjusted for age, sex, BMI, CHO (g/day), fibers (g/day), energy intake (kcal/day),
smoking (ex, current, never), education and PA (yes, no)



CHAPTER V
DISCUSSION

Worldwide, MetS prevalence has continued to grow to the point of
becoming a primary public health challenge and is considered to be a major risk
factor for type 2 diabetes mellitus, cardiovascular disease and all-cause mortality
(Zimmet et al., 2005). Whether dietary fructose intake is associated with increased
risk of MetS remains in dispute and studies are yielding contrasting results (Hu and
Malik, 2010; Stanhope and Havel, 2008; Stanhope and Havel, 2010) (Dolan et al.,
2010; Jones, 2009; Tappy and Le, 2010; Tappy et al., 2010).

In our study the prevalence of MetS in a healthy sample of Lebanese adults
was estimated at 36% according to the harmonized definition of the IDF (Alberti et
al., 2009). When compared with estimates reported from previous studies conducted
in Lebanon, the MetS prevalence in the current study slightly exceeded that reported
by Naja et al. (2013) (34.7%) and Sibai et al. (2008) (31.2%). It is important to note
that all of these studies included healthy subjects with no previous disease and used
the IDF criteria. Moreover, the prevalence estimate for MetS in our study was also
higher than those reported from neighboring countries such as Qatar (33.7%) (Bener
et al., 2009) and from developed countries such as Spain (16.46%) (Tauler et al.,
2014).

This study aimed at assessing dietary total and added fructose intake
among Lebanese urban adults aged 18 years and over. Total dietary fructose intake
was estimated at 51.42 + 35.54 g/day, which exceeds the upper limit of fructose
intake (50g/day) that is proposed to be one of the main etiologies of MetS (Johnson
et al., 2009). Moreover, the results of the current study highlights a slightly higher
consumption of dietary fructose in Lebanon when compared to other countries

worldwide. Indeed, as shown in Table 13 dietary intake of fructose in US was



estimated at 48.07 + 35.73 g/day (Sun et al, 2011) and in Tehran dietary fructose
intake was estimated at 46.5 + 24.5 and 37.3 + 24.2 g/day, in men and women
respectively (Hosseini-Esfahani et al, 2011). Furthermore, compared to the European
countries, our fructose intake is higher. Indeed, the range of fructose intake in
Germany was estimated at 8.4 — 40.6 and 11 —34.8, in men and women respectively
(Schulze et al., 2008) and in Finland the range of dietary fructose intake was
estimated at 6 — 28.8 (Montonen et al., 2007). Few studies have estimated added
fructose intake. Table 13 shows that added fructose intake as estimated in this study
(39.12 + 34.10 g/day) exceeded the estimate reported from Iran (26.9 + 13.9 and 19

+ 13.7 g/day, in men and women respectively) (Hosseini-Esfahani et al, 2011). The
observed high intake of total and added fructose amongst Lebanese adults raises
concerns given the suggested association of high fructose intake with metabolic
abnormalities such as hyperuricemia, oxidative stress and insulin resistance (Caliceti
et al., 2017) ( Castro et al., 2015) (Hannou et al., 2018) all of which may be involved

in the pathophysiology of the MetS (McCracken et al., 2018).

(see table 13 in the following page)



Table 13 Fructose intake as g/day and as %Kcal/day in different populations

Total Natural Added Design of | Dietary intake Reference
Fructose Fructose Fructose the study assessment (at
baseline)
Lebanon g/day” g/day g/day Cross Semiquantitative | The current
5142+ 12.29 + 39.12+ sectional FFQ study
35.54 8.57 34.10 study
Men: 65.43 | Men: 12.49 | Men: 52.93
+41.03 +9.60 +40.13
Women: Women: Women:
44.67 = 12.20 + 3247+
30.45 8.06 28.59
% Kcal % Kcal % Kcal
/day /day /day
6.58+3.71 | 1.78 £1.41 | 4.80+3.56
Men: 6.61 | Men: 1.39 | Men: 5.22
+4.19 +1.25 +4.05
Women: Women: Women:
6.56+3.46 | 1.96+145 | 4.60+3.28
US g/day Descriptive Sun et al,
48.07 + statistics 2011
35.73
NHANES
% Kcal 1999-2006
/day database
8.53 £4.82
Tehran g/day g/day g/day Cross Validated Hosseini-
Men: 46.5 Men: 19.5 | Men: 26.9 sectional Semiquantitative | Esfahani et
+24.5 +10.7 +£13.9 study FFQ al, 2011
Women: Women: Women: 19
373+242 | 18.6+10.5 | £13.7
% Kcal
/day
8 in men
7 in women
Germany g/day ™ Cohort Validated Schulze et
study for 7 | Semiquantitative | al., 2008
Men: 8.4 — — 1l years | FFQ
40.6
Women:
11-34.8
Finland g/day Cohort Interview with Montonen
study for questionnaire etal
6-28.8 12 years

* Fructose exposure reported as mean + SD,

" Fructose exposure reported as median (IQR) or as a range.




Despite the fact that in our study we did not find any significant association
between fructose intake and each of the individual abnormalities of the MetS, our
results showed a significant relationship between fructose (total/added) with the MetS
as an entity, after adjustment for potential confounders. It should be emphasized
that, the positive association was observed only in the fourth quartile of fructose
intake (> 64.05 g of total fructose/day and >51.48 g of added fructose/day). The
positive association between fructose consumption and increased risk of MetS is
supported by several studies (Moreno and Hong 2013; Hu and Malik, 2010; Stanhope
and Havel, 2008; Stanhope and Havel, 2010; Hosseini-Esfahani et al, 2011; Malik
et al., 2010). These findings are consistent with those reported by a previous cross-
sectional study conducted in 2011 by Hosseini-Esfahani et al., showing that men
and women in the highest quartile of fructose intake, had 33% and 20% higher risk
of developing MetS, respectively. Similar results were documented in a systematic
review and meta-analysis of clinical trials which also concluded that high fructose
consumption from industrialized products is the main contributor to MetS (Kelishadi
et al., 2014). Moreover, among three studies evaluating MetS and fructose intake in a
meta-analysis by Malik et al., the pooled RR was 1.20 [95% CI 1.02—1.42] comparing
extreme quantile of SSB intake, which is considered an important source of added
fructose in the human diet. This suggests that an increased risk of 20% of MetS
is associated with higher consumption of SSB compared with lower consumption
(Malik et al., 2010). An important mechanism that may explain this association
between fructose intake and MetS is the altered appetite and satiety signals caused
by high fructose intake which results in weight gain and visceral fat accumulation
(Labouebe et al., 2013) (Figlewicz and Benoit, 2009). Interestingly, the association
of Fructose with MetS became significant only after adjustment for confounders that
included BMI, age and sex and BMI. The fact that the association became significant
after adjustment for BMI, suggests that the association is driven by nutrient- specific

mechanisms rather than merely excessive body weight. these nutrient-specific



mechanisms may include the unregulated hepatic fructose metabolism that causes
hepatic lipid accumulation (Softic et al., 2016) (Rosset et al., 2016), hyperuricemia
(Caliceti et al., 2017) (Jia et al., 2014) and decreased insulin sensitivity (Hannou et
al., 2018), hence MetS. Hyperuricemia caused by excessive fructose intake induces
mitochondrial oxidative stress which in turn is linked with insulin resistance (Hoehn
et al., 2009). It will decrease endothelial nitric NO release, which will decrease the
contact between glucose and GLUT4, decreasing insulin sensitivity (Duplain et al.,
2001). Moreover, oxidative stress induced by hyperuricemia plays a major role in
clinical manifestations such as coronary heart disease and diabetes (Roberts and
Sindhu, 2009).

Worth noting that in the current study no positive association was identified
between natural fructose and MetS even after adjustment for potential confounders.
The sources of natural fructose are principally fruits and vegetables which are rich
in various bioactive compounds such as phytochemicals, antioxidants and fibers
(Devalaraja et al., 2011). This wide array of protective nutrients may offset metabolic
abnormalities of fructose and may prevent the development of obesity, diabetes and
MetS (Devalaraja et al., 2011; Salvin and Lloyd, 2012) . Furthermore, small amounts
of natural fructose coming from fruits and vegetables have been shown to improve
hepatic glucose handling by increasing the uptake of glucose into the liver and
glycogen deposition (Geidl-Flueck & Gerber, 2017).

The high intake of added fructose (4.80 = 3.56 %Kcal/day) compared to
natural fructose (1.78 + 1.41 %Kcal/day) in Lebanon may be a manifestation of
the nutrition transition in the country. Indeed, Lebanon, like other countries of
the Middle-East and North Africa Region (MENA), is undergoing modernization
and urbanization which resulted in significant changes in diet during the past few
decades (Nasreddine et al., 2014). A recent study showed that the diet in Lebanon
is shifting towards higher energy, higher sugar and lower intakes of fruits and

vegetables (Nasreddine et al., 2019). Thus, this increase in added caloric sweeteners



and decrease in fruits and vegetables may explain the current dietary pattern of
Lebanese adults which is high in added fructose and low in natural fructose. The
study findings illustrating the high intake of added fructose in Lebanon coupled
with its association with a 3- fold increase in the odds of MetS is worrisome,
may have implications on the disease burden in the country, particularly non-
communicable diseases (NCDs). The MetS is in fact a risk factor for type 2 diabetes
and cardiovascular diseases (Wilson et al., 2005) (Shin et al., 2013), which are highly
prevalent in Eastern Mediterranean countries specially in Lebanon and are assuming
an escalating secular trend (84% of death is caused by NCDs in Lebanon) (Boutayeb
et al., 2013).

Our study have several strengths. To our knowledge, it is the first study
that assessed fructose intake in Lebanese adults and investigated its association with
MetS and its component. It is important to mention that participants with previous
history of chronic disease were excluded since they could have received nutritional
advice to follow a healthy diet low in sugar, and hence in fructose.

Despite its strength, our study has several limitations that deserve attention.
First, since it is a cross-sectional design, the current study does not allow to
determine causality between fructose intake, MetS and its components. Therefore,
this study limits our ability to determine whether individuals with high fructose
intake have a higher risk to develop the MetS or whether those diagnosed with MetS
tend to follow an unhealthy eating pattern high in fructose. The second limitation in
this study is the use of a semi quantitative food-frequency questionnaire (FFQ) for
collecting dietary data. This latter, highlights the possibility of recall bias and may
be associated with an overestimation of dietary intake (Kushi, 1994). However, FFQs
were shown to be the most suitable dietary assessment tools in large epidemiological
studies given that they allow for the estimation of dietary intake over a long period
of time (Shim, Oh and Kim, 2014). Moreover, social desirability bias may have

influenced our findings since participants may misreport their food intake in a



manner they perceive as favorable to the interviewer (Hebert et al., 1995). Even
though this limitation is reported, it is worth mentioning that it is minimized since
the data was collected by trained and experienced dietitians who enhanced quality
control in data collection. Selection bias is also considered a limitation in the current
study. Indeed, the likelihood of overweight and unhealthy subjects to participate in
this study is higher than healthy subjects participation, which may explain why we
had a higher prevalence of MetS compared to other studies. Finally, the cut off points
used for WC were not specific to our study sample. We used the threshold values
applicable to the European population. This latter may not be fully adapted to our
sample, since some studies suggested lower WC cutoffs for ethnic Arabs (Al-Lawati

& Jousilahti, 2008).



CHAPTER VI
CONCLUSION

This study is, the first in the Eastern Mediterranean region, to assess
fructose intake and investigate its association with MetS. The current study
documented a high intake of fructose amongst Lebanese urban adults, with almost
quarter of the population (n=70) being classified in the highest quartile of fructose
intake. It also showed a positive association between fructose (total/added) and
MetS, whereas the risk of MetS increased by 2.450 and by 2.609 fold when the total
fructose and added fructose were at 75th percentile, respectively.

These findings are supported by several studies (Moreno and Hong 2013;
Hu and Malik, 2010; Stanhope and Havel, 2008; Stanhope and Havel, 2010; Hosseini-
Esfahani et al, 2011). Therefore, restrictive guidelines on fructose intakes, could
be an effective strategy to decrease the prevalence of MetS and obesity. Since the
main sources of added fructose in the human diet include SSBs, a possible action to
reduce the consumption of SSBs and products with high sugar levels is the inclusion
of “sugar taxes” as they did in Mexico and Hungary (Carvalho et al., 2018) (Batis
et al., 2016) (Falbe et al., 2016). These interventions are shown to be effective and
has a strong influence on population’s food choice, especially in low income groups
(Mozaffarian et al., 2018). Banning SSBs or limiting their availability in public
schools and across university campuses may also be effective in reducing sugar
intake. Indeed, Britain, France, Los Angeles, and Miami have banned soft drinks in
their schools (Vartanian et al., 2007). Moreover, food package nutrition fact panels,
health claims and warning labels should be promoted because they may encourage
industry to reformulate while also increasing consumer awareness (Mozaffarian
et al., 2018). Indeed, the California State Senate have required to place a health

warning label on sugary drinks (California State Senate, 2019). Such information



increases consumer education and would have a direct impact on consumer to make
healthier choices. Last but not least, population education and promoting healthier
eating via dietary guidelines can also be helpful (Mozaffarian et al., 2018).

The findings of the current study support recent dietary recommendation
published by AHA and WHO to limit sugar consumption (Johnson RK. et al., 2009)
(WHO, 2015). It provides further support for the development of restrictive guidelines
and public health strategies aiming to encourage the decrease in the consumption of
industrialized foods high in fructose in order to prevent MetS and obesity. However,
one should consider the whole dietary pattern for health benefits and should not focus
only on sugar content as the sole element of a healthy diet.

More studies are needed to design appropriate interventions. As a start,
cohort studies may be helpful in indicating the temporal sequence between fructose
intake and MetS. In addition intervention studies are needed. At this stage, short term
intervention studies investigating the effect of fructose have highlighted it as a public
health concern. However, there is a need for longer term intervention studies to better
understand the effects of fructose on different aspects of metabolism and to better

inform policy development.
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APPENDIX III

CONSENT FORM TO PARTICIPATE IN A
RESEARCH STUDY (ENGLISH)

Consent to participate in a genetic research study

Assessment of BPA levels and their association with the health status among Lebanese population

Protocol number: IM.HT.03
Investigator: Dr. Hani Tamim

Institutional Review Board

Address: American University Hospital ’ g
Hamra Street American Univarsity of Beirut
Beirut, LLebanon cEn 994

Phone: (01) 350 000 ext: 5453 14 FEB 2034

Site where the study will be conducted: AUBMC R E C El VED

You are being asked to participate in a clinical research study conducted at the American University of
Beirut. Please take time to read the following information carefully before you decide whether you want
to take part in this study or not. Feel free to ask the representative of the contracted company if you
need more information or clarification about what is stated in this form and the study as a whole.

The aim of our study is to measure Bisphenol A (BPA) levels in a representative sample from the
Lebanese population residing in Greater Beirut, and to assess if it is related to different diseases. We
also would like to see if BPA measures change over time in any person. This study will be composed
of 2 stages; at baseline and a 2-year follow up. We will be recruiting approximately 500 subjects and
study will be conducted at AUBMC whereby this informed consent along with the data collected will
be used for this study only.

BPA is a synthetic chemical that interferes with the natural hormones in the body. It can be found in
plastic bottles and water containers, baby bottles and toddler cups, plastic ware, the inner lining of food
cans and beverages. Humans may ingest BPA if it leaches from the plastic container into the food or
drink under certain conditions. Consumption is associated with adverse health effects including heart
disease, high blood pressure, diabetes, changes in cholesterol, triglycerides, and thyroid levels. BPA can
also affect the expression of DNA material, called 'epigenetic effect.

The CITI certified field workers employed by the contracted company (Information International) will
use the direct approaching method to recruit the cohort. They will visit the respondents in their
residence to explain the study aims and method of implementation. Then the respondents will be
consented and given the details of the date and time of the study. The name, date of birth, availability
on week days and telephone number of the potential participant will be recorded for further follow up to
specify the exact date for taking them to AUBMC. Each visit will include 10 participants who will
complete the procedures described below.

Participating in this study means that you will sit with a certified research assistant who will conduct a

survey which includes multiple questions about the demographic and socioeconomic status (Age,

gender, location, education, occupation, incomc),‘ Hgﬁﬁ\y]ﬁ(ﬁndkihg,\’dlb‘(m&,' coffee, physical activity),
: r oo itv of Lieirut
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health status (medical history and medication), and dietary habits (Food Frequency Questionnaire).
Moreover, you will undergo a physical exam to measure weight, height, waist circumference, blood
pressure, and heart rate. Moreover, your blood sugar will be checked by a fingerstick, which means a
very small prick will be done to your finger to get less than a drop of blood to do the test. You will also
be asked to have blood withdrawn for specific genetic testing (DNA methylation) and clinical
laboratory tests (including HBA lc, fasting blood sugar, creatinine, lipid profile, TSH, SGPT, GGT,
fasting insulin, urinary creatinine, microalbuminuria, 25 OH vit D, Cortisol, leptine, C-peptide,
prolactin). Moreover, urine will be collected for measuring BPA levels. These tests will be done free of
charge, but will be done at a later time during the study.

During your visit, the duration for completing the procedures is expected to be for around an hour and a
half over one day only, divided between 30 minutes for blood withdrawal and urine collection and 60
minutes for filling the surveys for each participant. Your total visit time to AUBMC is expected to be
for a maximum of 3 hours, given that there will be other participants undergoing the same process.

After around 2 years from the baseline visit, you will be contacted by phone to be invited to complete
the second part of the study (2-year follow-up stage) by visiting the AUBMC and going through the
same process as the one described at baseline.

Although any study may be associated with any unforeseeable risk, this proposal has minimal risk.
None of the data collection measures bare any long term hazards, and all blood withdrawal will be done
under sterile hygienic conditions and the total volume required is 20 cc. Possible side effects include
mild pain, bleeding, bruising at the site of the needle insertion. Fainting or light-headedness can
sometimes occur, but usually last only a few minutes.

The results of all tests conducted will be freely provided to the participants by calling them and
providing them with the results of the test upon its completion. Moreover, the participants will be
compensated for travel expenses with 30,000 LBP upon arriving to AUBMC. In addition, we will
provide the participants with breakfast the same day.

If you agree to participate in this research study, the information will be kept confidential. Unless
required by law, only the study doctor and designee, the ethics committee and inspectors from
governmental agencies will have direct access to your information collected.

All data and biological samples collected will be stored in a confidential manner. These measures will
all be conducted ensuring there is no breach of participants’ privacy. Moreover, the remaining blood
and urine samples will be stored securely indefinitely in Dr. Nathalie Zgheib Khoueiry’s laboratory at
the AUBMC. If you elect to withdraw your consent for the study, your samples will be destroyed.

You may ask that we provide you with the genetic results an lain_their significance to you. The
y provide y genetic results and explain, their sign y
information will be kept confidential. [nstitutionat I - i
American University i Berut
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[ would like to know if you would be willing to participate in this study. You have the right to accept or
decline participation. Refusing to participate will not involve any loss of benefits offered in the future
by AUBMC. Moreover, you are entitled to withdraw from the study at any time without any loss of
benefits offered by AUBMC at any time.

[ agree to participate in this study and the procedures explained above.

[ agree to be contacted for future studies
YES e NO.............

[ would like to be contacted if the genetic test results are significant

Using remaining blood and urine for other future studies

We would like to keep the remaining blood and urine samples for potential use in other future studies.
To do so, there might be future collaborators at AUB, at other institutions in Lebanon and/or outside
Lebanon. There will be no extra prick. The stored blood and urine samples will be coded (“Coded”
means identifiable, traceable. Blood and urine samples that are unidentified for research purposes but
can be linked to their source through the use of codes; however, the principal investigators or VMP
will be the only ones to have the list linking patients to the codes assigned.)

[ agree to permit the use of the remaining blood and urine sample for future studies

Your coded blood and urine samples may be shared with other investigators for related studies. These
investigators will not know your identity.

[ agree to have my coded blood and urine samples shared with other investigators for related studies.

YES...cccouwe NO....ccoueene.
Institutional Review Board
American Universitv of Beirut
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Patient’s Participation:

I have read and understood all aspects of the research study and all my questions have been answered.
voluntarily agree to be a part of this research study and I know that I can contact Dr. Hani Tamim
at 01350000 extension: 5453 or any of his/her designee involved in the study in case of any questions.
If [ felt that my questions have not been answered, [ can contact the Institutional Review Board for
human rights at 01350000 extension: 5445. | understand that [ am free to withdraw this consent and
discontinue participation in this project at any time, even after signing this form, and it will not affect
the care [ might receive at AUBMC. I also understand that my participation may be ended by
investigator at anytime. | know that [ will receive a copy of this signed informed consent.

Name of patient or Legal Representative Signature
or Parent/Guardian

Date & Time

Witness’s Name Signature

Date & Time

Investigator’s Statement:

I have reviewed, in detail, the informed consent document for this research study with

(name of patient, legal representative, or parent/guardian) the purpose of
the study and its risks and benefits. I have answered all the patient’s questions clearly. [ will inform
the participant in case of any changes to the research

Name of Investigator or designee T—
Date & Time |
. ~new Roarc
[nstitutional Review Boarc
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rican University 0
American t

=2 e 704
{7 FED con

—— VA N [
T | %/ B

A% % &mgiy VALY

Protocol #: IM.HT.03 January 2014 Page 4 of

74



APPENDIX IV

DATA COLLECTION FORM (ARABIC)
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Physical Exam Form

Name of the participant: Initials: Study ID number: -----------------
Results Gl Healthy ranges sl Uil

Body weight (kg 038l
Height (cm): Jshll
BMI: lall 5350 18.5-24.9 kg/m’
Waist circumference (cm): uadlls il s el <80 em, Vs <94 cm
Body fat (kg): puanll 3 g aall L oL <32%; da) <25%
Muscle mass (kg): prall 3 dumall A el 24-30 %: Js ) 33-40%
Waist to hip ratio: A s¥ dasma a8 el <0.9, Js, <0.85
Heart rate: Glill o uld 60-100 bpm
Blood Pressure — Measurement # 1 | pall baria (a8

Systolic blood pressure (mmHg): Sl 120 mmHg

Diastolic blood pressure(mmHg): hls 80 mmHg
Blood Pressure — Measurement # 22 sl i (il

Systolic blood pressure (mmHg): Sl 120 mmHg

Diastolic blood pressure(mmHg): sl 80 mmHg

Time of urine collection

Time of blood withdrawal

Institutional Review Board
American University of Beirut

02 FEB 20
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APPENDIX V

DATA COLLECTION FORM (ENGLISH)

Assessment of BPA levels and their association with the
health status among Lebanese population

Name: ] Initials: Study 1D number:
| Tel nmmber: mugo’
R sl 3 W
Nt

o Mg o
Demographic Factors: \ e %

}‘0“ o sh* 1 Q‘o
Date of birth: Gndcne“lef o Females

Muarital status: O Mamied G Sngle o Widow a Divcia‘; o Engaged

Socioeconomic:

Have Tived osside Lebanon foe the car: o No o Yes

IF yes, where and for how kong

Whach area do you hve?

Whant do you work?
o <6008
71 600- 99995

: = o O 1000-20008

What is your income per fumely: 2 >20008
o L don™t know! Not sure
1 1 prefer not 10
1 Na schoolimg
=1 Prnary school
O lstermediate school

What {5 your highest level of education? 0 Seconday school
o1 Technical diploma
o University degree

1 | preeler net w0

What is the 1otal mamber of nclividuals living = your
house®

(locludieg relatives, family members and maids that
frequesaly Hive with you oo o semi-permanent basis)

Haw mmy rooms are there m your houe?
{Excluding kitchens, bathrooms, hallways, balconies,

a0 garzge)

Institutional Review Board
American University of Beirw

f 2 FEB 2014
APPROVED Page 10f 15
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Lifestyle:

Sesoking history
Do you currently smoke 0 No I yus, how many cigareites/'day?
Cigaelte cigarenes? 0 Yes Since when?
IF oy, are you 2 peevious 0 No I yes, when did you stop?
cigarette smoker? o Yes
Do you currently smoke o No 1 yes, how many naeghileh/duy?
Narghilch narphilely™ o Yes Since whea?
1T o, are you a peevious 1 No 1f yes, when did you stop?
narghileh smoker? oYes
Alcohol
Do you currently drink akobol? o No
aYes
If yes specify 1ype? How many ghasses'oeek?
Simce when?
Previous drnker? o1 No 1 yes, when dad you stop?
O Yes
Colfec
Do you currently deink coffee? = No
2 Yes  If yes how mamy cups'day?
Physical activily
During the last 7 days, on how many days i | ——-—v daysiweek
you do vigoroms physical activities like heavy | 0 Noee

lifting. acrobics, or fisst bicycling for ot lest
10 minutes (or pay 2ctivity that tke hard
physical effort and make you breathe barder
than noemal)?

= How much time in total did you usually spend on cee of
tharse diys doing vigorous phasical activitivs?
__hours minues?

= How many weeks did vou spend doing vigorous physacal
activitles during the last 3 mosths? ———————wieks

During the Last 7 days, on how many days 8id
yua do moderate physical activities like
carrying light Joads, bicyeling of o regular
pace, o tennis or any activity thae take hard
physical effort and make you beeath hasder
than notmal)? Do nol welude walking

o Nooe
= How much time in 1otal did you usually spend on cae of
those days doing moderate physical activities?

hours mdnnes?

<How many weeks did mw&ﬁng moderate physical

dayaiweek

During the kst 7 days, an how many days 8
you walk for at Jeast 10 minotes at a

time? This includes walking ot work and
home, walking o travel from place 0 place,
and any other walking that you did solely tir
sport, exercise o leisure,

metivities doring the st 3 months? --—————wicks
T

niNone

- How much tisne in total did you wsuzlly spend walking on
one of those days?

hours misunes?

~How many weeks did you spend walking during the last 3
L e — 0]

During the last 7 days. bow much 1ime o jaial
did you esually spend sittisg on a week da”
This mchades time spent sitling # a desk,
visiting fricnds, rending traveling on & by or
sitting or lysng down to waich television,

hours _mines?

~How mamy weeks have you been spesding the same thine o
Termy of sitting dwring the kst 3 months? ————————wucks

Instutional Review Boeard
Amercan University of Beinn

APPROVED

02 FEB 201
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Medieal History:

Carnndry artery disice:

1 yieas have amy famibly member whe kas kzen 0 Ma Al whal g
diagnosed with coronary artery disease of o¥es I yos: spocily who
sandidenly’?
Himve youn been odd by a doctor that you bed a hmt | oMo
atinck? oes  If yes when:
oM =F
DIl yois unclergn cardiae catheienzion
- o oes I e when:
o Mo
Was a stenl ?
! plced? o¥es I yes when:
Laid have coronary bear b surgesd’ i
i S O¥es  If yes when:
Hypertensiom:
Have yau heen tald by a doctar or a heslth -are 0 Mo '
worker that yau have high hlood pressure® O0Y¥es I yes whin:
Hive yom had your blood pressure measund by a o Mo
doctor o & health care worker? o%es  Ifyes when? What wis it?
n ki i

Are you taking any treatmeent for high blool
pressine

0 Yes

IFyes speily. O Lilke syle modificalions

0 Dhugs:

Diabetes Mellitus:
Have you been iodd by @ doctor or o healch zane o o
warker thol yom have raised blood sugnr ordishetes? | oYes  [Fyes when:
Hanve youi hal yosr Blood supar measured by o doctar | o Mo
ur a health cang worker? o'es  [Fyes when? What was it?

o1 M
Are takis wreaiment for high blool s ar

o king =y gh WS | o Wes Ifyes specity: 0 Lifi scyle modificatians

dinhewes?

O Dirugs:
Dryslipidemin:
Have you bess told by a decter or o health 2pre 1 ki
worker that you have rised cholesicral o oWes Iy whe
triglyceridies?
Have you had your dholesterod measared b o docor | o Ko
ar a heakh care worker? o Wes IT yes whes Whin was il?
0 Mo e

Are vau inking any wemment For dyslipidenin®

I‘.IE[I'IUtI-fH'Hl Revipw B 35

oes I yes apegify: 0 Lilo siyle meodiBoations

0 D

g

Anmerican [ Iniversity of Beiru

02 FEB 2014
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Thyroid diseass:

Mo
Have yous ever been iold by & doctor or whealih care i
worker that you have thyroid disease? . S -
; Wint wid thi disase?
o Mia
Hane: you hal your thyroid hormones masured by &
¥ If hen®
ductor o a health care worker? P
What was it?
& : 0 Ma
Aure you taking any thyrodd drug?
% S X o¥es I ves spodily:
D v beve any Family history of thyrod disease? o M
{Parenie, siblings and gramlpareni=h oYes I yes specify who:
Camecer history:
Have yom evir ben 1ok by o doctor or ahealth care o Mo
worker tal vou have cancer? o Yes i yes when
What was the disease?
Aure you taking any chematherapy or other dug for o Mo
cancer? O¥e M ves apecily
o Mo
D i e any Tamily history of cance™ 4 :
s oYes I yes specify the disease:
Parenta, aibl el
[ iangs grandparoms | Ryt mhac
Fraefire history:
Daid you ever susizin a frachee’ (§],]
n¥es
Where?
Ape al onser?
I yess: Hanw clid it happen? (fall from beight, accident. . )?
Oither discasi;
Have vom bein lixkl by ld-uﬂurnr_:l'lluh carg worker that you have any?
(101
Sirnke?
o oies 1T yes when:
) oMo
inis?
Arihe o'ves IT yes when:
cMa
g W
Cheiiie bronchiles or ﬂ':ph_'.-mm. g If:.-':l i
oM
Livur disgase? REWE&IMHI
02 FEB 200

APPROVED
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Do you have any other ilnesses?

Dentist visils:
X 0 No
Huve you visited amy dentist in the past yea? o Yes  [fyes when:
Diid you have any filfings doee in the past scar? 3::, If yes when:
Medications (if not browght, call ihe parieipant later)
me (hrand and ) Dose Date siseted
Roview of system:
- Stable wei
Do you bave sny weight changes during the last 3 :ww:;::m How many Kgs?
months? o Gained weight — How many Kgs?
When was your last
menstroal perisd?
Are yours preoenopausal | |f premesopassal do you have
_ 0 possenopaiusal | o Regulsr mences
For women: 0 lvegudar imenees
Do you bave? Insti
o Acne nstimtionsl Reyip
U Hirsutism A ep i .u s

ot

02 FEB 204
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Physical Exam Form

Name of the participani: Initials: Study 1D number:
Results /a0 Healthy ranges o il
Body welght (kg a3
Height (em): Sy
TBMI: Tl i T8.5-24.9 dpiw”
Waist clresmference (cm): oaall 3 A i <80 cav, S <04 cm
Body fat (kgk: e ol Al Ll <328 Oy <23%
Muscle mass (kg): ) A TR viods 2430 % Doy 339055
Waist to hip ratio: 8,35 lagaa SIG WL 209, Doy <0.83
Heart rate: i Gl W00 by
Blood Pressure — Meassrement 81 1 b e id
Systalic blood pressure (mmi igk A 120 smily
Diaszolic blood pressure{mmHg - o 50 m by
Blood Pressure - Measwrement # 22 3 oaca 44
Systolic blood pressure (mmiigc %) 120 menlly
Diastolic blood peessure(mmiiy. g 50 mmily

Time ol wrine collection

Time of blood withdraws!
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Sleep Hibits and Berlin questionnaires

1- How many howrs do you ske It o weekdays?
ldhrsorless | [Sw6hrs 5107 hes 17w8hes | [8wones | 9 hs or more
2- How muny howrs do you ht om weekends?

[dhsorless | | Swéhes i ismm [ T7whirs | TBwSkes | |9 hrsor more

3. Do you feel that you are not crough sleep?
| Never i l Rarely Someliones Frequently Almost Always
L L/ momth) (2-4 / mosth) (515 /momth) {16-30 / month)

4- Do yuu have Trouble Galling asheep?
Nuever Rarely Sometimes Frequently Almost Always
{1/ moath) (24 / month) (5-15 Jmosth) {16-30 / month)

5- Do you wake sp during the night and bave d resumi H
Never Rarely | Sametimes I Frequently Almost Always
1/ month) (247 } (5-15 moath) (1630 / manth)

& Do vou wake up too In the moreing and be umable to resume sloep?

Never Raeely Sometimes Frequently Abmast Ahways
(1 / month) {24 ! month) {515 ‘maonth) (16-30 / mxnth)
T- Did your doctor el you that you .Lt['_'FL!p.’
| Yes | | No
8- Do you snore?
| ves | TNo [ I Don'tKsow | |
9. If you snore, your snoriap is?
a. Shightly louder than b.As loud as . Louder than d Very loud-can be
Breathing taking talkisg hesed in afiacont rooms
10- 18 you sonore, how often do yvou snord”
. Nearly every b. 3-4 times a € 12 tmes 4 d 1-2 times » . Never or mearly
day week weck month never
11+ If you snore, has your snoriag cver bothered other poople?
| Yes { | Ne | | Dos'tKoow | ]
12 Hus nmyone moticed (hat you qeit he-athing duriag sleep?
o, Nearly cvery b, 34 times & . 12 times a d. 12 times a € Never oe neatdy
week week noeth never
13- How often do you feel tired or fatigued after you s
a. Nearly every b. 5.4 times a c. 12 thowes o d. 1-2 tames a © Never or nearly
day week | woek mooth never
14 During your time do fee thred, fatigued or wot up to par?
n. Nearly every b, 34 tenes a C 12 times d. -2 tmesa e. Never or nearly
day | week woek month never
I5-Have you ever wodded off or fallen afleop while drivimg o vehicke?
[ Yes 1 I Ne 1518
16- 11 yes, how aften does this occur?
2. Nearfy every b 34 timesa C 12 fimes a Ao 1-2 linws a ©. Never o nearly
day week week month mever
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24-Hours Dictary Recalls

Day of the week:

Date: (ddmm/ yyyy) = =

Institugj
Ameriean Universiry of' Be;:If
02 FEB 2014

APPROVED
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- No, pleass specify
«  When was the lasz meal taken?

- Y=

2% vesterday & usual eating day?

z
thstitittional Review Board
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Lah work data collcetion

e Initinls:ssseases

Mame al the parlicipant: == Study 10 numbere—eee——

Test Uit Resmlt

Hhbnlc

LI

SLPT

Urinary creal

FBS

HDL

GGT

Sl mie roc i

Fasting imsulinm

Triglyceries

CRP

Cremlimine

Total cholesterol

TSN

2530 Hvil D

Corlisal

C-parpinle

Lgjslim

Institutional Review Board
American University of Beiry
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Physical Exam Form

Name of the participani: Initials: Study 1D number:
Results /30 Healthy ranges e il
Body welght (kg a3
Height (cm: Syl
BMI: Tl 5. 183249 ipiw”
Waist clresmference (cm): oaall il oA i <80 o, S <04 cm
Body fat (kgk: ot popdidd s <325 Dy <25%
Muscle mass (kg): e A el R vioss 24-30 %5 Do 33405
| Waist to hip ratio: 8 e 0 W00 Ja <083
Heart rate: [ W00 by
Blood Pressiere — Meassrement 8 1 1 03 e a
Syssolic blood prossure (mmi gk S 120 memily
Drassalic hlood pressure{mmHy. < o 50 g
Blood Pressure — Measurement # 272 53 bacs id
Systolic blood pressure (mmiig e 120 mmily
Diastolic blood peessure{mmbg) s S0 mmily
[ Time of wrine collection
) Boand
Time of blood withdrawal lnsﬁ.““ ‘:‘: “:::m 0?‘;;.‘““
Americt
o2 FEB
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