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AN ABSTRACT OF THE THESIS OF

Jennifer Joseph Ayoub for Master of Science
Major: Nutrition

Title: Determining the Effect of 3-Months Premeal Phosphorus Supplementation on
Enerqgy Intake, Body Weight, and Lipid Profile in Overweight/Obese Individuals

The present study is based on previous data showing that an intake of 500 mg
phosphorous (P) preload is able to reduce subsequent food intake by 27-33%. It is also
known that P ingestion efficiently increases insulin sensitivity after 60 minutes of its
intake. It is also important to note that both P and insulin are involved in food intake as
well as in lipid metabolism. Assuming that the ingestion of 375 mg P supplements three
times daily with each main meal, in addition to the consumption of P from regular food,
the total daily P intake would be about 3g/day which is 25% less than the upper limit
(4g/day). Since changes in body weight require 3 months, using this variable as the main
outcome would provide robust information on the role of P. Therefore, the objective of
this study is to investigate the medium-term effect of 375 mg P ingested three-times-daily
in overweight and obese adults. Primary outcome variables are body weight, BMI, waist
circumference (WC), serum lipids, GLP-1 and subjective appetite scores.

This is a double-blind, randomized, placebo-controlled study. A sample of 49
overweight and obese subjects (18 men and 31 women) of average age 30+3 years and a
BMI of 31 +1.3 kg/m? (mean+SEM) participated. Subjects were randomized to receive
daily placebo (cellulose) or potassium phosphate (375mg) tablets with each main meal
(breakfast, lunch, and dinner) for a period of 3 months. Body weight, BMI, WC, GLP-1,
serum lipids, and appetite scores were collected at baseline and after 3 months.

The current intervention resulted in a significantly (p<0.05) decreased body
weight (-0.44+0.53 kg), BMI (-0.16+0.18 kg/m2) and WC (-3.48+0.60 cm) as compared
with placebo (1.13+ 0.45 kg, 0.42+0.18 kg/m2 and 0.38+£0.4 kg/m2, respectively). The
change in GLP-1 and serum lipids (i.e. total cholesterol, LDL-C, HDL-C and TG) did not
differ between groups. Subjective scores of appetite, quantity of food to reach fullness,
hunger, and number of snacks significantly decreased within the phosphorous group after
6 and 12 weeks of supplementation.

P supplementation over a period of 3 months was significantly associated with
decreased body weight, BMI, waist circumference, and subjective nutritional appetite
scores. However, there was no significant effect on serum GLP-1 and lipid parameters.
These findings support a promising role of the mineral P in treating obesity, especially
abdominal adiposity. The exact mechanisms of action and longer term effects still need to
be clarified.
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CHAPTER |

INTRODUCTION

Overweight and obesity are global health problems, reaching dangerous levels
in many high, medium, and low-income countries (Hossain et al., 2007; Santos et al.,
2012; Tesauro et al., 2013). In 2008, 1.5 billion adults were overweight, and more than
1in 10 were obese (WHO, 2008). High levels of obesity are also present in the Eastern
Mediterranean region (Sibai et al., 2010). In Lebanon, the rates have doubled in 2009
compared to 1997, with a yearly increase rate of 5.2% (Nasreddine et al., 2012). This
trend alerts the association between obesity and metabolic syndrome (MetS), which are
known risk factors for cardiovascular disease (CVD) as well (Tesauro et al., 2013).

Several factors are linked to obesity such as environmental, genetic, and
behavioral ones (Popkin et al., 2012). In addition, modernization has aided in several
dietary modifications, which might also be a reason behind changes in weight status.
For example, the consumption of high carbohydrate foods has been reported to have
increased; this type of diet happens to be low in phosphorus and positively associated
with weight gain (Haglin, 2001; Obeid, 2013; Santos et al., 2012); whereas a high
protein diet, on the other hand, is rich in phosphorus and has been positively linked with
lower energy intake and consequent weight loss (Halton & Hu, 2004).Thus, the mineral
phosphorus might be correlated with weight-related issues.

When studying energy metabolism, a negative relationship between
phosphorus and energy intake is presented. For instance, the administration of this
mineral as different preloads significantly decreases subsequent food intake. This might

possibly be linked to the involvement of phosphorus in the postprandial increase of



hepatic adenosine triphosphate (hepatic ATP) synthesis, which in turn triggers earlier
satiation and consequent reduction in energy intake (Obeid et al., 2010). Furthermore,
the role of phosphorus in enhancing resting metabolic rate, postprandial thermogenesis
(Belin & He, 2007; Jaedig et al., 1994) and oxidative reactions (Obeid, 2013) has been
discussed, which positively associates this mineral with increased energy expenditure.

Phosphate status is also correlated with MetS (Bohannon et al., 1989; Haglin,
2001; Riley et al., 1979). For instance, hypophosphatemia has been positively
associated with increased body weight, BMI, and disrupted fat distribution; it has also
been interrelated with insulin resistance, hyperglycemia, dyslipidemia, and hypertension
in obese individuals (DeFronzo & Lang, 1980; Ditzel & Lervang, 2010; Haglin, 2001).

In addition, phosphorus is essential in carbohydrate metabolism (Kjeldsen et
al,. 1988). Thus, when insulin is released, glycolysis and cellular uptake of serum
inorganic phosphate (Pi) are stimulated. Phosphorus is required for the phosphorylation
of carbohydrate compounds intracellularly in the liver and skeletal muscles; therefore,
an increased insulin level helps trigger a rapid decrease in serum phosphate (S-P)
concentrations due to elevated cellular uptake (Kalaitzidis et al., 2005; Marshall et al.,
1979; Weisinger et al., 1998).

Furthermore, some evidence support a positive relationship between
hypophosphatemia, lipogenesis, and hypertriglyceridemia, through the role of insulin in
fat metabolism (Haglin, 2001; Knochel, 1977). To elaborate, phosphorus helps improve
insulin sensitivity (Khattab et al., 2011; Nowicki et al., 1996) which in turn might aid in
decreasing postprandial triglycerides (TGs) (Garg, 1996) and affect triglyceride-rich

lipoproteins (TRLs) (Hazim et al., 2014). Moreover, the effect of phosphorus on



decreasing energy intake highlights its importance in weight loss (Obeid et al., 2010),
which in turn helps improve the lipid profile (Layman et al., 2003).

Biological mechanisms behind the previously mentioned correlations are still
not clearly stated. In addition, some documented data has been controversial,
particularly those associated with serum lipid parameters. Therefore, this triggers our
attention to investigate the effect of pre-meal phosphorus supplementation (over a
period of 3-months) on food intake, appetite, body weight, waist circumference, and

serum lipids in overweight/obese individuals.



CHAPTER II

LITERATURE REVIEW

A. Distribution of Phosphorus in the Body

Phosphorus is an essential element that makes up around 0.65 to 1.1 percent of
the adult body (Aloai et al., 1984; Diem, 1970) and is usually found in the phosphate
form (Amanzadeh & Reilly, 2006). The majority of phosphorus (85%) is present in the
skeleton as hydroxyapatite; the remaining is in soft tissues (14%) and the extracellular
fluid (1%) (Diem, 1970; Farrow & White, 2010).

Intracellularly, phosphate mainly exists as organic compounds, such as
adenosine triphosphate (ATP), adenosine diphosphate (ADP), creatine phosphate, and
nicotinamide adenine dinucleotide (Baker et al., 2002; Takeda et al., 2012); whereas in
the extracellular medium, phosphorus is generally inorganic (Amanzadeh & Reilly,
2006; Levi & Popovtzer, 1999) and is physiologically regulated within a narrow range
of 2.5-4.5 mg/dl (0.80-1.44 mmol/L) (Bansal, 1990;Kuro, 2010; Levi & Popovtzer,
1999; Takeda et al., 2012). Inorganic phosphorus (Pi) represents a minor fraction of the
total; however, it is highly important and may reflect the status of stores in the body
(Bansal, 1990; Takeda et al., 2012). About 85% of serum phosphate (S-P) is in the form
of free ions (H.PO,,HPO,* and PO,>)and less than 15% is bound to protein (Levi &

Popovtzer, 1999).



B. Phosphorus Intake and Requirements

Total phosphate intake depends on both natural and processed foods. Protein-
rich sources (e.g.: meat, milk, cheese, poultry, and fish) and cereal grains have high
content of this mineral (Takeda et al., 2012); however, the presence of phytates in grains
decreases the bioavailability of phosphorus (Uribarri, 2007). In addition, the use of
phosphorus as a food additive has increased its amounts in products such as processed
meats and some beverages including sodas, juices, and sports drinks (Calvo & Park,
1996; Calvo & Uribarri, 2013; Murphy-Gutekunst, 2007). Moreover, Pi may be present
in dietary supplements, enriched/fortified foods, some over-the-counter (OTC)
medications, and water (Calvo & Uribarri, 2013). On the other hand, items such as oils,
high fructose corn syrup (HFCS), sugars, and sweeteners contain negligible phosphorus
amounts; additionally, refined cereal commodities lose around 70% of their phosphorus
content due to the refinement process (Obeid, 2013).

During the past few decades, changes in dietary habits and modernization have
led to the increased intake of low phosphorus products, which are currently contributing
to more than 50% of the food supply (Obeid, 2013). This has caused a decrease in the
daily phosphorus ingestion to about 1- 1.5 g d* (Ervin et al., 2004; Gattineni & Baum,
2012) as compared to our ancestor’s intake of 2.5 g d™ (based on the intake of primarily
raw, unprocessed foods with a 2,500 kcal d* diet and around 1 mg P/kcal) (Food and
Nutrition Board, 1997). The current intake level is still above that of the recommended
daily allowance (RDA) (700 mg); however, the latter is based on the lower end of the
normal adult serum Pi. Furthermore, both ancestral and current intakes are lower than
the upper limit (UL) (4 g d™) for adult males and females (Food and Nutrition Board,

1997).



It is important to note that low phosphorus food sources are inversely
associated with low socioeconomic status (Popkin, 2006), where people with such
incomes greatly consume dietary choices which are energy-dense but nutrient poor due
to their more affordable prices (Darmon & Drewnowski, 2008; Drewnowski, 2009).
This may help explain the increased prevalence of obesity among these populations
(Drewnowski, 2009; Molarius et al., 2008), and a possible assumption behind this

increased weight status could be attributed to the decreased phosphorus intake.

C. Functions of Phosphorus in the Body

Phosphorus is important for many biological processes, and it functions both
intracellularly and extracellularly. It is essential for cell structure (e.g. phospholipids,
nucleotides, phosphoproteins), oxygen-carrying capacity of hemoglobin (2,3-
diphosphoglycerate (2,3-DPG)), bone mineralization, acid-base homeostasis (urinary
buffering), and phosphorylated intermediates including those involved in cellular
signaling. Phosphorus is also crucial for the generation of energy as ATP via several
enzymatic processes implicated in glycolysis, gluconeogenesis, and oxidative
phosphorylation (Baker et al., 2002; Bansal, 1990; Takeda et al., 2012). Thus, disturbed
phosphate levels might alter the activity of several metabolic pathways (Levi &

Popovtzer, 1999).



D. Factors Affecting Phosphorus Homeostasis

In order for phosphorus to function properly, it is necessary to keep its serum
level controlled within the normal range. This regulation can be maintained via several
processes including the following: intestinal absorption (16 mg/kg/day), renal
reabsorption and excretion (13 mg/kg/day), and skeletal storage (3 mg/kg/day) (Berndt
& Kumar, 2009). Furthermore, factors such as parathyroid hormone (PTH), calcitriol,
phosphate transporters, and phosphatonins are chief regulators of phosphate status
(Marks et al., 2010; Penido & Alon et al., 2012; Shaikh et al., 2008). In addition,
dietary Pi intake, dopamine, adrenergic activity, and blood pH can also influence plasma
Pi concentrations (Shaikh et al., 2008). Figure 1 represents phosphorus homeostasis in

humans, and figure 2 shows the interaction between PTH and vitamin D for phosphate

regulation.
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Figure 1: Phosphorus Homeostasis in Humans

Berndt TJ, Schiavi S, Kumar R (2005) “Phosphatonins” and the regulation of phosphorus
homeostasis. Am J Physiol Renal Physiol, 289:F1170-F1182.
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Figure 2: The Interaction between Parathyroid Hormone and Vitamin D-Endocrine

System in the Regulation of Phosphorus Homeostasis
Shaikh, A., Berndt, T., & Kumar, R. (2008).Regulation of phosphate homeostasis by the
phosphatonins and other novel mediators. Pediatric Nephrology, 23(8), 1203-1210.

1. Intestinal Absorption

Dietary phosphorus absorption occurs along the line of the small intestine via
(1) a transcellular process, which is mediated by sodium—phosphate type Ilb co-
transporters, and (2) by a paracellular process, which requires passive diffusion and is
greatly dependent on the concentration of phosphorus present in the lumen. Recent
studies have proposed the capability of the intestine to “sense” the level of phosphorus,
where an increased absorption has been associated with higher intakes; however, little is
known about the saturation of this process (Shaikh et al., 2008). Furthermore, factors
such calcitriol can affect intestinal absorption by 30% (Wilz et al., 1979), and some
minerals such as calcium, sodium, and magnesium might also influence the absorption

process though nutrient interaction (Xu et al., 2001).



2. Renal Reabsorption

The kidney is the main organ for phosphorus balance in the body (Shils et
al.,2006), where type lla (Forster et al., 2006) and type I11 (Urer et al.,2004) sodium—
phosphate co-transporters are required for Pi filtering at the level of the glomerulus and
reabsorption in the proximal tubule (Forster et al., 2006; Urer et al.,2004). Additionally,
PTH and fibroblast growth factor 23 (FGF-23) are among the hormones that also
influence renal reabsorption (Farrow & White, 2010). Other factors may include insulin,
growth hormone, and thyroid hormone which stimulate this process (Bringhurst &
Leder, 2006; Murer et al., 2000). However, calcitonin, glucagon, and glucocorticoids

induce renal excretion of phosphorus (Murer et al., 2000).

3. Bone

Bone remodeling has been shown to be part of serum Pi control through factors
such as osteoblasts, osteoclasts, and the alkaline phosphatase enzyme. Moreover, FGF-
23, which has a role in protecting bones from high levels of phosphorus, also helps
regulate serum concentration by its hypophosphatemic effect (Tiosano & Hochberg,

2009).

4. Hormones

a. Parathyroid hormone (PTH)

The primary physiological role of PTH is the regulation of serum calcium
concentration (Kemper et al., 1974; Penindo & Alon, 2012). Another important role is
its effect on the regulation of S-P levels, where high concentrations of the latter up-

regulate PTH synthesis and production by the parathyroid gland (Bergwitz & Jippner,



2010). In turn, PTH acts on several organs to decrease S-P levels back to normal,
mainly through inhibiting phosphate reabsorption at the level of the kidneys (Forster et

al., 2006; Kalaitzidis et al., 2005).

b. Calcitriol or 1,25-(OH),D3

PTH is a strong enhancer of vitamin D production, where the former induces
the enzyme responsible for 1-alpha-hydroxylation (Boullion, 2006); however, high
levels of 1,25-(OH),D3 suppress PTH (Bergwitz & Juppner, 2010). Therefore, activated
vitamin D has a role in phosphate homeostasis either (1) directly by stimulating dietary
phosphorus absorption at the level of enterocytes (Boullion, 2006) or (2) indirectly via
suppressing PTH which thus enhances reabsorption at the level of the kidneys (Penindo
& Alon, 2012). Additionally, 1,25-(OH),D3 can stimulate resorption of osteoclasts

causing the release of phosphorus into the blood (Penindo & Alon, 2012).

c. Phosphatonins: Fibroblast Growth Factor 23 (FGF-23)

Phosphatonins are peptides which have recently been identified in phosphorus
homeostasis (Penindo & Alon, 2012); among them are the following: fibroblast growth
factor-7 (FGF-7), secreted frizzled related protein-4 (sFRP-4), matrix extracellular
phosphoglycoprotein (MEPE), and fibroblast growth factor-23 (FGF-23) (Penindo &
Alon, 2012; Shaikh et al., 2008).

FGF-23 has a hypophosphatemic effect, where it can suppress the kidneys’
proximal tubular reabsorption of phosphorus (as seen with PTH). This phosphatonin can
also regulate S-P in an indirect manner by enhancing the expression of 24a-hydroxylase

enzyme rather than 1a-hydroxylase in the kidneys; consequently, the synthesis of 1,25-
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(OH),Dgs is prevented and thus intestinal absorption of phosphorus is decreased (Berndt

et al., 2007; Kuro-o, 2010).

E. Hepatic Adenosine Triphosphate (Hepatic ATP) and Food Intake

Despite the diversified roles of the liver in the body, this organ has a well-
established function in the control of feeding behavior. When changes in its energy
status occur, feedback responses to the central nervous system are signaled via vagal
sensory neurons which regulate food intake; thus, when hepatic ATP is low, messages
that induce overeating are sent (Friedman, 2007; Langhans & Scharrer, 1992). This data
is based on research that was studying the fructose analog called 2,5-anhydro-D-
mannitol (2,5-AM) which has a phosphate-trapping capacity. This molecule was shown
to cause a decline in the amount of Pi, resulting in lower liver ATP production and a
triggered feeding response (Rwason & Friedman, 1994). Hence, the dependency of ATP
production on adequate phosphorus supply is concluded (Morris et al., 1978; Solomon
& Kirby, 1990). In addition, it is known that an increased prevalence/sustainability of
obesity is associated with low hepatic ATP level because of its effect on inducing food
intake (Friedman, 2007; Langhans & Scharrer, 1992; Nair et al., 2003; Wlodek &
Gonzales, 2003); thus, this also further explains the involvement of phosphorus in

weight changes.

F. Factors Affecting Phosphate Availability for ATP Production
Phosphate loading inhibits both the reduction in liver ATP and the increase in
food intake (Morris et al., 1978), but several factors may compromise phosphorus

availability for ATP production.
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1. Fructose

Dietary intake of fructose is greatly increasing due to the elevated consumption
of soft drinks and foods prepared with major caloric sweeteners such as HFCS (Baciano
et al., 2005; White, 2013). The increased ingestion of such foods is significantly linked
with accelerating rates of obesity, insulin resistance, hypertension, and dyslipidemia
particularly hypertriglyceridemia (Elliot et al., 2002).

These correlations can be explained by the following mechanisms: (1) unlike
glucose, fructose does not stimulate postprandial insulin production, which in turn
hinders the release of the insulin-dependent hormone, leptin. Knowing that both insulin
and leptin have hypophagic functions, ingesting high levels of fructose would cause a
combined effect on lowering the levels of both hormones in the blood; this in turn
would trigger an increase in food intake and its associated metabolic complications
(Elliot et al., 2002). (2) Fructose metabolism bypasses the limiting enzyme
phosphofructokinase, which usually controls glucose metabolism. Hence, the lack of
such negative feedback makes fructose and its metabolites (glycerol-3-phosphate and
acetyl CoA) unregulated sources for lipogenesis in the liver, enhancing adverse
metabolic alterations as explained in figure 3 (Tappy et al., 2010). In addition, the mass
uptake and phosphorylation of fructose in the liver could largely degrade ATP to AMP
and uric acid (Tappy et al., 2010).

Furthermore, as previously mentioned, fructose is known to have a “phosphate-
sequestering” capacity. When fructose-1-phosphate (F 1-P) accumulates in the liver due
the absence of negative feedback mechanisms, phosphorus becomes unavailable for
other essential metabolic pathways such as the regeneration of ATP (Rwason &

Friedman, 1994).
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Figure 3: Mechanisms Linking Excess Fructose Consumption to Metabolic Disorders
Tappy, L., L&, K. A,, Tran, C., & Paquot, N. (2010). Fructose and metabolic diseases: new findings, new
questions. Nutrition, 26(11), 1044-1049.

2. Calcium

Calcium, either from the diet or from supplements, has the ability to complex
with phosphate in the intestinal lumen. Thus, in case of excessive calcium intake
without a corresponding increase in that of phosphorus, the absorption of the latter falls.
In parallel, the ratio of calcium to phosphate might increase upon the use of supplements
or food fortificants that consist of non-phosphate calcium salts; this has been shown to
negatively affect the availability of phosphorus for absorption in addition to increasing

the risk of phosphorus insufficiency (Heaney & Nordin, 2002).

3. Dairy Products and Proteins
It has been suggested that high protein diets are associated with weight loss,
possibly by promoting less energy intake and increasing energy expenditure (Pioli et al.,

2013). Similarly, dairy foods have been shown to assist in both weight and fat loss (Due
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et al., 2004), independent of the mineral calcium (Yanovski et al., 2009). In addition,
data has revealed that, when comparing the consumption levels of dairy products among
overweight individuals, people ingesting high amounts of such diets had significantly
lower risks of MetS (Pereira et al., 2002). According to Takeda et al. (2012), diets high
in proteins or dairy products provide rich sources of phosphorus; therefore, the
mentioned associations between these diets and weight loss could be explained by the

involvement of phosphorus.

G. Causes of Hypophosphatemia

Several factors might decrease S-P concentration, among which are the
following: an unbalanced diet, trans-cellular shift, and/or increased renal excretion
(Haglin, 2001). However, when studying the relationship between hypophosphatemia
and the activity of the kidneys, no association was found since excretion levels of
phosphorus were similar among individuals with MetS as compared to controls. On the
other hand, data has related decreased S-P levels to the consumption of diets low in
phosphate and high in carbohydrates and/or to an increased transfer of S-P to the
intracellular space (Kalaitzidis et al., 2005).

The shift of extracellular phosphate is mainly stimulated by an elevated insulin
level; in addition, this increased transfer could also be due to an activated sympathetic
nervous system as seen with MetS or due to the resulting increment in serum
catecholamine levels. To elaborate, both insulin and catecholamines stimulate
glycolysis, which is accompanied by an increase in the formation of phosphorylated

carbohydrate compounds in the liver and skeletal muscle cells. As a consequence, S-P
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concentrations may rapidly decrease favoring a state of hypophosphatemia (Kalaitzidis
et al., 2005).

Furthermore, some other factors such as the use of medications (diuretics or
antacids), trauma (surgery or infections), diabetic ketoacidosis, or malnutrition could

also enhance hypophosphatemia (Haglin, 2001).

H. Phosphorus and Carbohydrate Metabolism
The literature has associated low S-P with disturbed metabolism, particularly

that of carbohydrates (Celik & Andiran, 2011; Haglin, 2001; Park et al., 2009).

1. Serum Phosphate (S-P) and Glucose Tolerance

Hypophosphatemia was first associated with impaired glucose tolerance in
1926, after which it was correlated with disturbances in glucose utilization, decreased
insulin sensitivity, and hyperinsulinemia in individuals with MetS (Gudmundsdottir et
al., 2008). These relationships were also seen in healthy non-diabetic people, where low
S-P was linked with increased glycemia and reduced insulin sensitivity 2-hours

postprandially (Haap et al., 2006).

2. Mechanisms Relating Phosphate and Glucose Metabolism

There are several possible mechanisms that relate phosphate levels to glucose
metabolism. (1) The infusion of electrolytes/minerals, including phosphate, has been
shown to increase postprandial thermogenesis and carbohydrate phosphorylation (Jaedig
et al., 1994). Hence, an impaired phosphate status (especially if chronic) limits the

phosphorylation of carbohydrate intermediates in glycolysis and glycogenesis,
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consequently decreasing the utilization of glucose by peripheral cells (Haglin, 2001,
Kalaitzidis et al., 2005; Xie et al., 2000). (2) Hypophosphatemia has been shown to
cause insulin resistance and secondly hyperinsulinemia (Haap et al., 2006; Haglin,
2001). This effect could be explained by the fact that, when S-P is low, PLs which are
majorly found in cell membranes get affected; thus, cell membrane structure might be
altered, in turn hindering the binding of insulin to its receptors (Anderson & Moore,
2004). Furthermore, a low phosphate status might disturb the phosphorylation of serine
and tyrosine residues at the level of insulin receptors; in consequence, the insulin
signaling cascade might be interrupted, leading to insulin resistance (Lizcano & Alessi,
2002). Consequently, serum insulin levels might increase as a compensatory mechanism
to the reduced insulin sensitivity (Haap et al., 2006; Haglin, 2001). Furthermore, insulin
has a hypophospatemic effect by transporting phosphate from the extracellular to the
intracellular space; thus, hyperinsulinemia would cause a decrease in S-P
concentrations. Therefore, these interrelations could lead to the progression of a viscous
cycle which may promote MetS (Gudmundsdottir et al., 2008; Haglin, 2001; Kalaitzidis
et al., 2005). (3) Studies on rats have shown that a diet deficient in phosphate
upregulates microsomal glucose-6-phosphatase (G6Pase) activity in the liver.
Accordingly, hepatic glucose may be overproduced, leading to glucose intolerance and
insulin resistance, which are metabolic complications documented in various diseases

characterized with hypophosphatemia (Celik & Andiran, 2011).
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3. Phosphorous and Insulin Response

Studies positively correlate hypophosphatemia with elevated fasting plasma
glucose (FPG), high postprandial blood glucose, and impaired insulin sensitivity (Haap
et al., 2006; Haglin, 2001; Park et al., 2009). In addition, when comparing S-P
concentrations, lower levels were seen in patients with MetS as opposed to healthy
individuals (Kalaitzidis et al., 2005). Moreover, glucose intolerant subjects, who were
also hypophosphatemic, have shown a significantly improved glucose response after
phosphate supplementation (Wittmann & Nagy, 1997). More recently, the inclusion of
phosphorus in oral glucose load has been demonstrated to improve insulin sensitivity
(Khattab et al., 2011); a proposed mechanism could be related to phosphate’s capacity

of trapping glucose intracellularly after phosphorylating it.

I. Phosphorus and Lipid Metabolism
1. Postprandial Lipid Metabolism

After a meal, ingested fat is hydrolyzed by pancreatic enzymes and absorbed
into the enterocytes, after which chylomicrons (CM) are formed and secreted into the
lymph and then the blood. In circulation, lipoprotein lipase (LpL) breaks down the TGs
in the CM, modifying the latter into a remnant which is then cleared from circulation by
the hepatocytes (Riccardi et al., 2006). In the liver, the delivered fatty acids are re-
assembled in very low-density lipoproteins (VLDLSs), which are rich in TGs and
characterized by the apo-B apolipoprotein, and released into the blood (Klop et al.,
2011). Subsequently, endothelium-bound lipoprotein lipase (LpL) hydrolyses the TGs

in the VLDLs into glycerol and fatty acids. However, in the postprandial state, LpL
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availability is limited; thus, because of the competition occurring at the level of this

enzyme, lipoproteins may accumulate (Klop et al., 2011).

2. Phospholipids

In the body, lipids occur as either storage or structural form, where the latter is
mainly constituted of phospholipids (PLs). Additionally, PLs function in cellular
metabolism and digestion, and the most abundant one is lecithin (phosphatidylcholine),
which is predominantly found in the membrane lipid bilayer and in different
lipoproteins (i.e. very low-density lipoproteins (VLDLSs), low-density lipoproteins

(LDLs), high-density lipoproteins (HDLs)) (Mahan & Escott-Stamp, 2000).

3. Phosphorus, Insulin Resistance, and Lipid Metabolism

a. Insulin and Lipid Metabolism

Insulin is critical for the regulation of lipid metabolism since it stimulates fatty
acid (FA) and TG synthesis and promotes fat storage in adipocytes. This may be
explained by the role of insulin in activating LpL enzyme, enhancing cellular glucose
uptake that constitutes the glycerol portion of the TG molecule, and converting acetyl
CoA into TGs (Dimitriadis et al., 2011; McMurray & Hackney, 2005). Concomitantly,
insulin suppresses lipolysis by inhibiting hormone-sensitive lipase (HSL) (Burén, 2003;
McMurray & Hackney, 2005), in addition to cyclic adenosine monophosphate and
protein kinase A (McMurray & Hackney, 2005). However, the consumption of high fat
foods, particularly those rich in saturated fatty acids (SFAS), induces visceral obesity

and decreases insulin sensitivity (Manco et al., 2004; Park et al., 2001).
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b. Insulin Resistance and Lipid Metabolism

Evidence has linked insulin resistance with impaired carbohydrate and fat
metabolism; as a result, circulating glucose and free fatty acid (FFA) concentrations
might increase (Holloway et al., 2011). To add, insulin resistance has been directly
associated with an increased risk of ‘atherogenic dyslipidemia’, which is characterized
by an elevated VLDL-TG, decreased HDL-C, and the presence of small dense LDL
particles. These characteristic changes in lipid profile may be related to the role of
insulin resistance in assembling and producing VLDL, leading to an elevated serum TG
level which in turn might decrease HDL-C and help generate small dense LDL particles
(D’Agostino et al., 2004). Lipoprotein abnormalities and lipemia have also been
documented in the postprandial state of patients with low insulin sensitivity (Annuzzi et
al., 2004; Riccardi et al., 2006); this may be related to the fact that insulin has been
shown to affect the production, clearance and degradation of TRLs (Adiels et al., 2008;
Duez et al., 2008). Besides the risk of decreasing TG clearance and overproducing
VLDLs, insulin resistance might also increase de novo lipogenesis by activating the

fatty acid synthase (FAS) enzyme and SREBP1c (Nguyen et al., 2008).

c. Phosphorus and Lipid Metabolism

Data has shown that phosphorus is essential for various lipid components in the
body, particularly PLs and chief enzymes (Mahan & Escott-Stamp, 2000) such as
glucose-6-phosphatase (G6P) which is involved in lipogenesis (Park et al., 2005).
Therefore, disturbances in phosphate status might deteriorate these functions and disrupt

the lipid balance. In addition, as previously mentioned, hypophosphatemia is positively
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associated with insulin resistance, a state in which the lipid profile might be impaired
(D’Agostino et al., 2004).

However, there is controversial data regarding the association between S-P and
the different components of the lipid profile. For instance, according to Park et al.
(2009), S-P is positively correlated with total cholesterol, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), and lipoprotein (a).
On the other hand, Lippi et al. (2009) associated increasing S-P levels with decreased
total cholesterol (TC), low-density lipoprotein cholesterol (LDL-C), and TC/HDL-C;
whereas both Park et al. and Lippi et al. inversely associated S-P with triglyceride
levels. Moreover, Farhangi et al. (2011) documented a weak positive relationship
between phosphorus and total cholesterol and a weak negative relationship with PTH; in
addition, subjects with increased S-P levels had significantly higher levels of TG
concentrations than their controls. Additionally, a recent study has shown that
supplementing meals with 500 mg of phosphorus seems to affect the different
components of postprandial lipemia; results have shown a significant increase in
postprandial levels of apolipoprotein B48 (ApoB48) and a significant decrease in
apolipoprotein B100 (ApoB100), where ApoB48 and Apo B100 are characteristic
components of CMs and VLDLs respectively (Hazim et al., 2014). Furthermore, some
data has shown a positive correlation between serum FGF-23, which as previously

explained has a hypophosphatemic effect, and TG levels (Holecki et al., 2011).
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d. Mechanisms Linking Phosphorus and Lipid Metabolism

The correlation between low S-P and dyslipidemia can be explained by
mechanisms linking phosphate, lipid, and glucose metabolisms. For instance, S-P
affects phospholipid metabolism involved in the synthesis of cholesterol in the liver
(Haglin, 2001). Additionally, in cases of hypophosphatemia, blood glucose and serum
TG are closely related (Haglin, 2001; Park et al., 2009), where in a hyperglycemic state,
TG production augments. Studies have also shown that individuals with high risk of
hypophosphatemia and hepatic phosphate depletion have elevated serum TG and low
serum HDL levels, as seen in diabetic patients (Foley et al., 2009; Haglin, 2001; Park et
al., 2009). Moreover, when S-P is high, the increased PTH concentration may diminish
the activity of lipoprotein lipase, which consequently leads to abnormal lipid status
(Querfeld et al., 1999). Another mechanism linking phosphorus to lipid metabolism is
via insulin responses; phosphate has been shown to improve insulin sensitivity (Khattab
et al., 2011; Nowicki et al., 1996), which in turn aids in decreasing post-prandial TGs

and may affect TRLs (Adiels et al., 2008; Duez et al., 2008; Garg, 1996).

J. Phosphorus and Body Weight

Many studies have consistently supported the positive correlation between
hypophosphatemia and increased body weight (Haglin, 2001; Obeid, 2013) and vice
versa (Foley et al., 2009). Proposed mechanisms relate phosphorus with controlling
food intake, energy expenditure, and capacity of physical activity (Obeid, 2013).
Another factor which might contribute to obesity is insulin resistance and its association

with hypophosphatemia (Gudmundsdottir et al., 2008).
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1. Food Intake

As explained earlier, low phosphate levels may decrease ATP production and
diminish energy status in the liver. Consequently, decreased hepatic ATP levels tend to
increase food intake (Friedman, 2007; Langhans & Scharrer, 1992; Nair et al., 2003;
Wilodek & Gonzales, 2003). Whereas premeal phosphorus ingestion stimulates
postprandial hepatic ATP synthesis which, in turn, leads to increased satiation. For
instance, upon the administration of 500 mg phosphorus to different carbohydrate
preloads, meal size significantly decreased by 27-33% in subsequent ad libitum energy

intake (Obeid et al., 2010).

2. Energy Expenditure

a. Diet-Induced Thermogenesis (DIT)

Several studies have shown that obese subjects have lower diet-induced
thermogenesis (DIT); however, this is normalized when weight is lost. Therefore, DIT
can be excluded as being a causal factor for weight gain. To add, insulin has been
shown to be implicated in this process via stimulating peripheral uptake of glucose and
phosphorus (Obeid, 2013). Moreover, the addition of phosphorus has been reported to
increase resting metabolic rate and postprandial thermogenesis (Belin & He, 2007;
Jaedig et al., 1994) possibly by enhancing insulin sensitivity (Obeid, 2013). Therefore,
imbalances in phosphate levels may have a role in reducing metabolic rate, and the
inverse correlation between S-P and glycemia might explain the associated increase in

BMI (Haglin, 2001).
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b. Oxidative Reactions and Enerqy Expenditure

Plasma phosphorus is essential for the production of 2,3-DPG, the molecule
which functions in the oxygen-carrying capacity of hemoglobin (Bremner et al., 2002;
Ditzel et al., 2010). Hence, a low phosphate status might decrease oxygen delivery,
which would then compromise its availability for oxidative reactions. In turn, these
decreased processes would cause lower physical activity and hinder energy expenditure
(Obeid, 2013).

Furthermore, Holecki et al. (2011) has revealed that obese individuals have
42% higher FGF-23 levels compared to non-obese, thus favoring a state of lower
physical activity (Dalal et al., 2011). FGF-23 is also known to have a
hypophosphatemic effect; therefore, its increased levels could deteriorate the phosphate
status even more (Holecki et al., 2011) and worsen energy metabolism as well.

Evidence further supports these findings, where a review article documented
the presence of physical fatigue in obese subjects; however, phosphate loading at

different timings helped enhance physical performance (Obeid, 2013).

3. Insulin Resistance

As previously stated, there is widespread acceptance in the literature that S-P
and insulin resistance are inversely associated (DeFronzo & Lang, 1980;
Gudmundsdottir et al., 2008; Park et al., 2009). To add, insulin resistance can create a
vicious cycle which further disrupts pancreatic beta-cell function, worsens insulin
resistance, and increases weight gain (Russell-Jones & Khan, 2006). Therefore,
hypophosphatemia may be negatively associated with BMI via its effect on increasing

insulin resistance.
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K. Phosphorus, Body Fat, and Waist Circumference

While some studies have linked phosphorus to BMI, others have also related
phosphorus with variations in fat distribution rather than obesity as such. For instance,
Lind et al. (1993) has shown that S-P is inversely associated with both BMI and waist-
to-hip ratio (W/H). More specifically, hypophosphatemia has also been correlated with
elevated central obesity or waist circumference (WC) (Lind et al., 1993; Park et al.,
2009).

In addition, the relationship between phosphate and fat distribution can be
explained indirectly through serum FGF-23 levels on one hand and protein-rich diets on
the other hand. (1) High levels of FGF-23 have been positively linked with WC and
W/H ratio. Therefore, since FGF-23 has a phosphate lowering effect (Tiosano and
Hochberg, 2009), it may be assumed that phosphorusper se negatively associates with
WC and W/H. (2) Furthermore, the consumption of a diet rich in proteins, which is a
high source of phosphorus (Takeda et al., 2012), has been shown to help achieve greater
overall weight loss while preserving fat-free mass (Krieger et al., 2006; Westerterp-

Platenga & Lejeune., 2005).

L. Phosphorus and Glucose-like Peptide 1 (GLP-1)

Glucose-like peptide 1 (GLP-1) is an incretin hormone produced by the
intestine in response to food consumption; it stimulates pancreatic secretion of insulin
and suppresses that of glucagon (Weaver et al., 2008). GLP-1 has been shown to have
an effect on reducing food intake, regulating hunger, and decreasing gastric emptying
(Holst, 2009). Its level has also been positively correlated with that of intracellular

cyclic adenosine monophosphate (CAMP) (Simpson et al., 2007). To add, phosphate is
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an integral part of cCAMP; therefore, the availability of this mineral might increase the

production of cCAMP and thus enhance GLP-1 secretion.

M. Phosphorus and Other Metabolic Disorders
1. Refeeding Syndrome

Refeeding syndrome is a state of hormonal and metabolic changes that may
occur in malnourished patients upon aggressive rehabilitation. This syndrome is
complex and is characterized by several severe changes that may include the following:
hypophosphatemia, sodium retention, alterations in the metabolism of macronutrients
especially that of glucose, thiamine deficiency, and low serum potassium and
magnesium levels (Mehhanna et al., 2008).

These modifications may result in serious clinical disorders and have been
linked to elevated insulin production, which occurs after the consumption of high
carbohydrate foods during the refeeding process. Accordingly, the increased insulin
secretion creates a state of anabolism which stimulates the cellular uptake of glucose
and macrominerals mainly phosphorus, potassium, and magnesium. Hence, on one
hand, serum levels of macrominerals may rapidly decrease; on the other hand, insulin
resistance which is characterized by hyperinsulinemia and hyperglycemia might occur,
along with its further complications (Obeid et al., 2014).

Refeeding syndrome has been compared to today’s elevated intake of the
“Western diet”, which happens to be low in the previously mentioned macrominerals
and is associated with several metabolic complications resembling those seen in MetS

(Obeid et al., 2014).
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2. Metabolic Syndrome (MetS)

The metabolic syndrome (MetS) is defined as the presence of three or more of
the following criteria: (1) central obesity with WC >102 c¢cm or >88 c¢cm in males and
females, respectively; (2) TG level >150 mg/dl (1.7 mmol/L); (3) HDL-C <40 mg/dI
(2.03 mmol/L) in males and <50 mg/dl (1.3 mmol/L) in females; (4) elevated blood
pressure of >130/>85 mmHg and (5) fasting plasma glucose (FPG) level >100 mg/dl
(5.55 mmol/L) (Flechtner-Mors et al., 2010).

As previously discussed, phosphorus is an essential element involved in
various metabolic reactions, where its low serum level has been associated with several
metabolic complications including hyperglycemia, insulin resistance, dyslipidemia, and
hypertension (DeFronzo & Lang, 1980; Gudmundsdottir et al., 2008; Haglin, 2001;
Kalaitzidis et al., 2005; Park et al., 2009). In addition, hypophosphatemia has been
correlated with BMI in an inverse manner via alterations in food intake, energy
expenditure, and body weight (Obeid et al., 2014). Therefore, the literature has

supported the positive association between low S-P and the components of MetS.

3. Diabetes
Healthy individuals respond to dietary carbohydrate intake by secreting optimal
amounts of insulin that regulates blood glucose and Pi within normal physiological
ranges. However, this response is jeopardized in type 1 and type 2 diabetic individuals,
who happen to have hyperglycemia and hypophosphatemia (Vorum & Ditzel, 2014).
The presence of hypophosphatemia in diabetics could be explained by several
proposed mechanisms as follows: (1) Pi and glucose have the same reabsorptive

pathway in the kidneys, but the latter has a higher capacity of binding to be reabsorbed;

26



this might cause decreased renal reabsorption of phosphate; (2) diabetics have higher
hemoglobin Alc concentrations which require more 2,3-DPG for proper oxygen release
capacity (Ditzel & Lervang, 2009); (3) hyperinsulinemia shifts S-P to the intracellular
space to be used for phosphorylating glucose and other metabolites, thus leading to a
rapid decrease in S-P levels (Kalaitzidis et al., 2005).

Furthermore, hypophosphatemia per se might increase the risk of diabetes via
its association with hyperglycemia, hyperinsulinemia, decreased insulin sensitivity, and
other components of the MetS (DeFronzo & Lang, 1980; Gudmundsdottir et al., 2008;

Park et al., 2009).

4. Cardiovascular Diseases (CVD)

Phosphorus has been shown to have a U-shaped association with CVD (Park et
al., 2009). Some data has documented that hyperphosphatemia, which is defined as
serum Pi concentrations greater than 5mg/dl (1.61 mmol/l), is positively associated with
cardiovascular disease, especially in individuals having impaired kidney function
(Caudarella et al., 2007; Park et al., 2009). Findings have also related
hypophosphatemia with MetS (Park et al., 2009), which is a known risk factor of CVD.
Other studies have shown that even within normal ranges, high S-P levels favor
cardiovascular risks. Such an association is aggravated in individuals with a history of
myocardial infarction (Lippi et al., 2009).

The biological mechanisms are still not clearly stated, but few propositions
have been made. High S-P has the ability to stimulate the phenotypic transformation of
vascular smooth muscle cells into osteoblasts capable of producing a pro-mineralizing

milieu. In addition, when phosphate enhances PTH secretion and 1,25-(OH), D
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formation, it may also stimulate vascular calcifications, which at the level of the
myocardium increases the risk of tachyarrhythmias and cardiovascular disturbances,
especially in hemodialysis patients (Lippi et al., 2009; Park et al., 2009). Furthermore,
as presented earlier, some data associates hypophosphatemia with an increased risk of
lipid abnormalities, where disturbances such as elevated LDL-C, increased triglycerides,
and low HDL-C levels have been shown to increase cardiovascular diseases (Miller,
2009). The effect of phosphorus on the development of atheroma is not well understood;
supplementing meals with this mineral reduces ApoB100 and increases ApoB48, where
both are involved in the process of atherogenesis especially ApoB48 (Hazim et al.,

2014).

5. Hypertension

The acute infusion of the hormone epinephrine has been reported to have a
hypophosphatemic effect in men, regardless of their blood pressure status; this might be
due to the ability of epinephrine to shift S-P from the extracellular to the intracellular
medium. In addition, data has shown a positive association between low S-P and
increased sympathetic tone in essential hypertension (Gudmundsdottir et al., 2008); a
negative correlation between phosphate and systolic (Foley et al., 2009) and diastolic

blood pressures (Park et al., 2009) has also been documented.
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6. Inflammation

“C-reactive protein (CRP) is a marker of inflammation and a predictor of
cardiovascular risk” (Choi et al., 2013). It has been positively correlated with BMI,
explaining the association between inflammation and obesity (Choi et al., 2013; Visser
et al., 1999). In addition, when linking CRP to the mineral phosphorus, an inverse
connection was documented (Park et al., 2009); this data is further supported by the

negative association between phosphorus and BMI in relation to CRP.

N. Phosphorus and Gender Differences

Experimental and clinical studies have reported variation in the metabolism of
phosphate among genders. For instance, according to Haglin et al. (2001), higher S-P
concentrations are seen in women as compared to men, but a more severe reaction is
documented in women when S-P status is low. Furthermore, when correlating S-P levels
with age, a positive association and a negative one have been reported in women and
men respectively. The significantly different concentration of phosphorus among
genders might be a factor behind the protection of women (but not men) from CVD

throughout middle age, at least in the obese state.
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CHAPTER 111
MATERIALS AND METHODS

A. Study Design

This study is double-blinded, randomized, and placebo-controlled. The
protocol was approved by the Institutional Review Board (IRB) at the American
University of Beirut (AUB), under the code NUT.00.11. Written informed consents

(Appendices A and B) were obtained from all participants.

B. Study Population

The study was conducted at the Clinical Research Unit (CRU) at the American
University of Beirut Medical Center (AUBMC) between June and December 2013.
Adult subjects were recruited either by advertisement with posters or by direct
approach, where individuals were informed about the study and its general inclusion
criteria.

Out of the total 63 Lebanese volunteers (20 males and 43 females) who
consented, 14 dropped for personal reasons, and 49 subjects (18 males and 31 females)
completed the study. Participants were either overweight or obese with a body mass
index (BMI) >25 kg/m?, and their ages ranged between 18 and 45 years. Subjects were
divided into two groups based on the type of randomly allocated supplement; 21
individuals were in the placebo group and 28 were in the potassium phosphate group.
Figure 4 shows the flow of recruitment of subjects.

As for exclusion criteria, they were as follows: glomerular filtration rate (GFR)

<60, presence of any significant medical disease, pregnancy or lactation, regular
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administration of drugs that affect body weight, and weight loss of 3% or more in the

preceding 3 months.

Consented
n=63
(20 males; 43 females)

Completed the Discontinued the
intervention intervention

n=49 n=14

(18 males; 31 females) (2 males; 12 females)

Received placebo Received phosphorus
n=21 n=28
(6 males; 15 females) (12 males; 16 females)

Figure 4: Flow of Recruitment of Subjects

C. Anthropometric Assessment

While subjects had light clothes and no shoes, weight was measured to the
nearest 0.1 kg using a calibrated Seca balance, and height was measured via a portable
stadiometer with a movable head piece. BMI was calculated as the ratio of weight (Kg)
to height (m)?. Waist circumference (cm) was measured at the umbilicus level using a

flexible, non-stretchable measuring tape.
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D. Protocol
Participation in the study was over a period of 3 months, during which the
randomly allocated supplements were ingested. The tablets were constituted of either

cellulose (placebo) or potassium phosphate as shown in tables 1 and 2.

Table 1: Ingredients of the Potassium Phosphate Tablet

125 mg phosphorus from:

189.4 mg of potassium phosphate monobasic (KH2PO4) 22.76%
349.5 mg of potassium phosphate dibasic (K2HPO4) 17.78%
108 mg of dicalcium phosphate 19%

50 mg of micro crystalline cellulose

50 mg stearic acid

10 mg magnesium stearate

10 mg croscarmellose sodium

5 mg silicon dioxide

Table 2: Ingredients of the Placebo Tablet
300 mg of micro crystalline cellulose
200 mg calcium carbonate

160 mg stearic acid

15 mg magnesium stearate

20 mg croscarmellose sodium

5 mg silicon dioxide

The study was divided into four visits, and the timeline is summarized in figure 5.

1. Visitl

The purpose and the protocol of the study were explained to the volunteers.
Subjects were then screened for inclusion and exclusion criteria via a screening
questionnaire (Appendix C), which included information related to general health,

weight loss, medications, and physical activity.
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2. Visit 2

Eligible subjects were asked to arrive to the CRU after an overnight fasting.
Anthropometric measurements including weight, height and WC were taken, and urine
samples were collected. Using a 22 gauge needle, venous blood samples were
withdrawn (t = 0 min) by a registered nurse. A heplock was used to keep the needle
locked for a period of 2 hours in order to avoid pricking the subjects again. Then the
individuals were asked to drink a 75 g anhydrous glucose solution within 2 minutes in
order to perform the oral glucose tolerance test (OGTT). After 120 minutes, the second
blood sample was withdrawn. No heparin was added, and water saline was infused
between withdrawals to prevent the vein from obstructing. A total of 10 ml blood
volume was collected, where part of the sample was presented to the AUBMC
laboratory for the analysis of baseline HbAlc (glycosylated hemoglobin). The
remaining withdrawn blood was centrifuged for 15 minutes at 3500 rpm at 3°C; the
separated serum was then stored in aliquots at -80°C to be used later on for measuring
the levels of phosphorus, triglycerides, total cholesterol, LDL-C, HDL-C, CRP, insulin,
glucose, and GLP-1. As for the collected urine samples, they were aliquoted into four
labeled tubes with 9 ml of urine in each; the tubes were then stored at -20°C to be used
later for measuring concentrations of calcium, phosphorus, and creatinine.

Furthermore, individuals were asked to complete a subjective appetite score
questionnaire (Appendices D and E) in addition to that related to general health,
medications, and physical activity. Moreover, in order to maintain a double-blinded
research, the names of the supplements were replaced by letters, either A or B; those
letters were equally placed in a bowl from which the subjects randomly selected one

type of supplementation. Thus, at the end of the visit, participants were given a 6-
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weeks’ supply of the chosen tablets. The individuals were requested to take 3 tablets (a
dose of 375 mg in the case of the phosphate group) with each main meal (breakfast,

lunch, and dinner). They were also asked to maintain their regular dietary and physical
activity habits during the entire study course and avoid alcohol consumption as well as

any strenuous exercise 24 hours prior to their CRU visit.

3. Visit3

After 6 weeks, a third visit was scheduled with the subjects where the
previously mentioned questionnaires were completed again. Additionally, the remaining
tablets were collected from the participants in order to assess their compliance, and
another supply of the same type of tablet was given to them to be used in the subsequent

6 weeks.

4. Visit4

When a total of 12 weeks had passed, the procedures of visit 2 were applied
again in order to measure weight and WC, collect blood and urine samples, perform an
OGTT, and complete the formerly mentioned questionnaires. Furthermore, the

remaining tablets were re-collected in order to assess participants’ adherence.
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Figure 5: Timeline of the 3-Months Double-Blinded Placebo Controlled Study

E. Biochemical Measurements

1. Serum Parameters

a. Triglycerides, Total Cholesterol, HDL-C, LDL-C, Phosphorus, Glucose, and CRP

Concentrations of serum TG, total cholesterol, HDL-C, LDL-C, phosphorus,

and glucose were determined via an enzymatic colorimetric method using the Vitros

350 analyzer (Ortho Clinical Diagnostics, Johnson and Johnson, 50-100 Holmers Farm

Way, High Wycombe, Buckighamshire, HP 12 4DP, United Kingdom). Levels of CRP

were measured by a fixed-point immune-rate method of the Vitros.
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b. Insulin and GLP-1

Concentrations of serum insulin and GLP-1 were measured by the use of the
ELISA (Enzyme-Linked Immunosorbent Assay) kit from Diametra Millipore, USA.
The test was performed by means of a microwell plate using two highly specific
antibodies that bind to the analyte tested. After that, a coloring agent, Tetra Methyl
Benzidine (TMD), was added followed by a stop solution. A coloring then appeared; its
strength is proportional to the quantity of the analyte present in the sample.
Subsequently, a spectrophotometer was used to measure the absorbance, and a formula
was derived based on the equation of the curve obtained from the controls in the kit. The

concentration of the analyte was then calculated using the derived formula.

¢. Glycosylated Hemoglobin (HbAlc)

The Department of Pathology and Laboratory Medicine at AUBMC performed
the analysis of baseline HbAlc using the BioRad Variant Hemoglobin Analyzer, via the

high-performance liquid chromatography method.

2. Urinary Parameters: Calcium, Phosphorus, Creatinine

Using EPPENDORF Centrifuge 5810R, urine specimens were centrifuged for
10 minutes at 3500 rpm at 20°C. Urinary creatinine levels were measured by the use of
the Vitros 350 analyzer. In addition, samples were acidified to measure urinary
concentrations of calcium and phosphorus. The colorimetric procedure was used to test
for the concentrations of phosphorus and calcium, and the two-point rate method was

used to measure creatinine levels.

36



F. Statistical Analyses

All calculations were made using the Mini-Tab statistical software version 16.
The two-sample t-test was used when comparing the variation of a parameter between
the two study groups. When considering results within the same group, the paired t-test
was used for comparing a certain variable at two different points of collection, such as
evaluating baseline parameters and those after 2 hours of the OGTT, or when comparing
variables at the beginning of the study opposed to those after 3-months of
supplementation. As for the ordinal or ranked variables of the appetite questionnaire
scores, the Kruskal-Wallis test was used to compare data between the two study groups.
One-way ANOVA followed by Fisher comparison was applied to analyze the variation
of appetite scores within the same group at different periods of time (week 0, week 6,

and week 12).
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CHAPTER IV

RESULTS

A. Subject Characteristics

A total of 49 subjects, with an average age of 30.00+£3.00 years, completed the
study. Participants were divided as follows: 21 subjects (42.86%) in the placebo group
versus 28 subjects (57.14%) in the phosphorus group. The majority of individuals were
females who represented 71.43% and 57.14% of the placebo and phosphorus groups,
respectively. The baseline characteristics of the study population, including age, sex,
anthropometric variables, serum parameters, as well as urinary parameters are presented
in table 3.

At baseline, no significant difference was found when comparing the different
variables between the two study groups, except for serum phosphorus (S-P) concentration
after 2 hours of the OGTT (p=0.010, table 3). Furthermore, on average, individuals were
obese having a mean BMI>30 kg/m?; they also had normal fasting S-P levels within the
range of 2.5-4.5mg/dl. Referring to the guidelines of the Adult Treatment Panel 111 (ATP
[11), the results of serum lipids were as follows: normal fasting triglyceride levels in the
phosphorus group (<150 mg/dl) and borderline high in the placebo group (150-199
mg/dl), borderline high total cholesterol and LDL-C in both groups (200-239 mg/dl and
130-159 mg/dl, respectively), and normal HDL-C in both groups (40-60 mg/dl). In
addition, mean levels of fasting plasma glucose, glucose after 2 hours of the OGTT, and
HbA1C were normal in both groups (<100 mg/dl, <140 mg/dl and <5.7%, respectively)

according to the cutoff points of the American Diabetes Association (ADA).
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Table 3: Baseline Characteristics of the Study Population (n=49)

Variable Placebo Group Phosphorus Group P-Value
N 21 (42.86) 28 (57.14)

Age (years) 36.67+2.10 34.40+2.10 0.450
Sex

Female 15 (71.43) 16 (57.14)

Male 6 (28.57) 12 (42.86)

Anthropometric variables

Weight (kg) 92.33+3.27 87.73£3.51 0.342
Height (m) 1.65+0.02 1.67+0.02 0.603
BMI (kg/m?) 33.73+0.84 31.40+0.86 0.060
WC (cm) 109.43+2.16 105.66+2.36 0.245
Serum parameters (mg/dl)

Phosphorus T, 4.11+0.15 4.35+0.10 0.193
Phosphorus Ty, 3.41+0.12 3.83+0.10 0.010*
TG T, 161.50+15.10 140.50+15.40 0.335
TG Tonr 147.30+14.60 118.90+10.50 0.122
TC 221.85+9.09 215.89+7.94 0.624
HDL-C 46.30+2.46 42.3742.26 0.245
LDL-C 143.29+6.81 145.71+6.44 0.797
CRP 9.82+1.23 9.80+0.98 0.986
Glucose Ty 95.30+2.40 101.4046.20 0.357
Glucose T 117.20+£10.00 119.40+13.00 0.892
HbA1C (%) 5.44+0.09 5.63+0.18 0.358
Insulin To (UIU/mL) 11.41+1.74 7.50+1.47 0.093
Insulin Ty, (LIU/mML) 54.74+6.50 38.48+5.69 0.067
GLP-1 T, (pM) 36.83+3.90 43.86+6.53 0.361
GLP-1 Ty, (pM) 27.24%3.51 35.8045.42 0.192
Urinary parameters (mg/dl)

Calcium (Ca) 9.56+1.20 10.17+£1.50 0.752
Creatinine (Cr) 177.90+20.30 206.00+23.20 0.367
Ca/Cr 0.0740.02 0.06+0.01 0.385
Phosphorus (P) 79.99+9.29 88.38+9.94 0.540
P/Cr 0.47+0.04 0.48+0.03 0.817

NOTE: Values are expressed as mean+SEM or n(%). Abbreviations: BMI, body mass index; Ca: calcium;
cm, centimeter; Cr: creatinine; CRP: C-reactive protein; GLP-1, Glucose-like peptide 1; HbA1C, glycated
hemoglobin; HDL-C: high-density lipoprotein cholesterol; kg, kilogram; LDL-C: low-density lipoprotein
cholesterol; m, meter; n, number of subjects; P: phosphorus; T: time of blood withdrawal at fasting; Ty
time of blood withdrawal after 2 hours of OGTT; TC, total cholesterol; TG, triglyceride; WC, waist

circumference.

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group using two-sample t-test
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B. Body Weight and Body Mass Index (BMI)

Body weight and BMI were measured at baseline and after 3 months of

supplementation. At each period of time, results were compared between the two groups

on one hand and within the same study group on the other hand. Table 4 shows the

results of these variables.

Table 4: Body Weight and BMI at Baseline and After 3 months of the Placebo and

Phosphorus Treatments

After 3 months of

Difference

Group Baseline supplementation (after — before) P-Value
_ Placebo | 92.33%3.27 93.4623.31 113045 | 0.020
V‘(’Eg;‘t Phosphorus | 87.73+3.51 87.28+3.54 -0.44+0.53 0.408
P-Value 0.342 0.208 0.028*
Placebo | 33.73%0.84 34.14%0.85 0.42%0.18 0.028'
BMI | phosphorus | 31.40+0.86 31.24+0.88 -0.16+0.18 | 0.372
(Kg/Mm) ™5 Value 0.060 0.022* 0.026"

NOTE: Values are expressed as mean£SEM. Abbreviations: BMI, body mass index; kg, kilogram; m,

meter

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test
#p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests

At baseline, no significant difference was found between the body weights of

the two study groups (p=0.342). Similarly, BMI was not significantly different either

(p=0.060), and individuals were obese with a mean BMI of 33.73+0.84 kg/m? and

31.40+0.86 kg/m? in the placebo and phosphorus groups, respectively.
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After 3 months of the intervention, comparing body weight as such showed no
significant difference between the two groups (p=0.208), but variations occurred within
each group as follows: body weight significantly increased from 92.33+3.27 kg to
93.46+3.31 kg (p=0.020) in the placebo group, and it decreased from 87.73+3.51 kg to
87.28+3.54 kg (p=0.408) in the phosphorus group. This change led to a significant
difference, where body weight increased by 1.13+0.45 kg in the placebo group, whereas
it decreased by 0.44+0.53 kg in the phosphorus group with p=0.028. Figure 6 and table 4

show this significant variation in body weight between groups.

2
1.13
p=0.028*
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Figure 6: Comparing the Difference in Body Weight between the Placebo and the
Phosphorus Groups after 3 Months of Supplementation

Abbreviations: A Weight, difference in body weight; kg, kilogram

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group
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As for BMI, levels significantly varied after 3 months of supplementation
(p=0.022), and comparing the increase of 0.42+0.18 kg/m?in the placebo group to the
decrease of 0.16+0.18 kg/m? in the phosphorus group also showed significant results

(p=0.026). Figure 7 and table 4 show this significant variation in BMI between groups.

0.8

042 p=0.026*

0.6

0.4 -

W Placebo

0.2 -
@ Phosphorus

A BMI (Kg/m2)

-0.2

-0.4 -
-0.16
Figure 7: Comparing the Difference in Body Mass Index between the Placebo and the

Phosphorus Groups after 3 Months of Supplementation
Abbreviations: A BMI, difference in body mass index; kg, kilogram; m, meter
* p value <0.05, values are significantly different for the placebo group versus the phosphorus group
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C. Waist Circumference (WC)

Waist circumference (WC) was measured at baseline and after 3 months of the
randomly selected treatment, where values were compared either between groups or
within the same study group as shown in table 5.

At baseline, no significant difference was present between the WC of the two
groups (p=0.245). However, after 3 months of the intervention, WC significantly varied
between the groups (p=0.026); this is explained by the increased of WC from
109.43+2.16 cm to 109.81+2.22 cm in the placebo treatment (p=0.346) versus the
significant decrease from 105.66+2.36 cm to 102.18+2.46 cm (p<0.001) in the
phosphorus treatment. The significant change in WC between the two groups was due an
increase of 0.38+0.39 cm in the placebo group vs. a decrease of 3.48+0.60 cm in the

phosphorus group with p<0.001; this data is also presented in figure 8.
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Table 5: Waist Circumference at Baseline and after 3 Months of the Placebo and

Phosphorus Treatments

After 3 months of Difference P-Value
Group Baseline supplementation  (after — before)
Placebo 109.43+2.16 109.81+2.22 0.38+0.39 0.346
Z’CV”?) Phosphorus | 105.66+2.36 102.18+2.46 -3.48+0.60 | <0.001'
P-Value 0.245 0.026* <0.001*

NOTE: Values are expressed as mean£SEM. Abbreviations: cm, centimeter; WC, waist circumference

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals

within the same study group using paired t-tests
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Figure 8: Comparing the Difference in Waist Circumference between the Placebo

Group and the Phosphorus Group after 3 Months of Supplementation

Abbreviations: A WC, difference in waist circumference; cm, centimeter

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group

44




D. Serum Phosphorus (S-P)

S-P was measured at fasting levels (To) and after 2 hours of the OGTT (T2p),
both at baseline and after 3 months of supplementation as shown in table 6.

S-P levels at T, were not significantly different between the two groups neither
at baseline (p=0.193) nor after 3 months of the study (p=0.837), and concentrations in
both groups were within the normal physiological range of 2.5-4.5mg/dl. In addition,
when measuring variations within each group, no significant difference was shown either
(p=0.428 and p=0.082, respectively). Similarly, there were no significant results when
comparison their differences between groups (p=0.089).

Furthermore, serum levels after 2 hours of the OGTT (T2n,) was significantly
different between the two groups at the beginning of the study, but not after 3 months of
supplementation (p=0.010 and p=0.445, respectively). When comparing results within
each group separately, variations were significant in the placebo group (p=0.016) but not
in the phosphorus group (p=0.237). This variation was significant when assessing the

differences between the two groups at the end of the study (p=0.017).

Table 6: Serum Phosphorus Levels (Fasting and After 2 Hours of OGTT) at Baseline
and after 3 Months of the Placebo and Phosphorus Treatments

After 3 months of Difference P-Value
Group Baseline supplementation (after — before)
Serum P Placebo 4.11+0.15 4.22+0.13 0.11+0.14 0.428
To Phosphorus 4.35+0.10 4.16+0.10 -0.19+0.10 0.082
(mg/dl) P-Value 0.193 0.837 0.089
Serum P Placebo 3.45+0.12 3.61+0.12 0.16+0.06 0.016'
Tonr Phosphorus 3.83+0.10 3.72+0.07 -0.11+0.09 0.237
(mg/dl) P-Value 0.010* 0.445 0.017*

NOTE: Values are expressed as mean+SEM. Abbreviations: dl, deciliter; mg, milligram; P, phosphorus;

To: time of blood withdrawal at fasting; T.y: time of blood withdrawal after 2 hours of OGTT

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at

each time interval using two-sample t-test
# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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E. Serum Triglyceride (TG)

Serum triglyceride (TG) was measured at fasting levels (T,) and after 2 hours of

the OGTT (T2nr), both at baseline and after 3 months of supplementation (table 7).

Fasting levels were not significantly different at both periods of time (p=0.335 and

p=0.855, respectively). The change in levels after 3 months of the study was also

insignificant, either among each group alone (p=0.063 for the placebo group and p=0.911

for the phosphorus group) or when comparing between the two groups (p=0.157).

In addition, serum TG measured at T, showed no significant difference between the

groups, neither at baseline (p=0.122) nor after 3 months (p=0.761). When comparing the

differences, results were also insignificant within each group alone (p=0.063 and p=0.513

for the placebo and phosphorus groups, respectively) or between groups (p=0.052).
Additionally, when assessing the difference between TG levels after 2 hours of the

OGTT (Tanr- To), no significant results were shown (p=0.605 and p=0.898, respectively).

Table 7: Serum Triglyceride Levels (Fasting and After 2 Hours of OGTT) at Baseline

and After 3 Months of the Placebo and Phosphorus Treatments

After 3 months of Difference P-Value
Group Baseline supplementation (after — before)
Serum TG Placebo 161.50+15.10 141.30+10.80 -20.30+10.30 0.063
To Phosphorus | 140.50+15.40 139.50+14.30 -0.96+8.58 0.911
(mg/dl) P-Value 0.335 0.855 0.157
Serum TG Placebo 147.30+£14.60 127.80+10.10 -19.60+9.94 0.063
Tonr Phosphorus | 118.90+£10.50 123.20+11.00 4.25+6.41 0.513
(mg/dl) P-Value 0.122 0.761 0.052
Serum TG Placebo -14.15+6.24 -13.50+4.27
Difference| Phosphorus -19.70+8.66 -14.79+8.97
(Tone- To) P-Value 0.605 0.898

NOTE: Values are expressed as mean+SEM. Abbreviations: dl, deciliter; mg, milligram; T,: time of
blood withdrawal at fasting; T time of blood withdrawal after 2 hours of OGTT; TG, triglyceride
* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at

each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals

within the same study group using paired t-tests
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F. Total Serum Cholesterol

Total serum cholesterol (TC) was measured at baseline and after 3 months of the
intervention, and results are presented in table 8.

Serum cholesterol levels were borderline high in both study groups, and no
significant difference was observed neither at baseline (p=0.624) nor after 3 months
(p=0.725). Similarly, when studying the variation of this variable within each group,
there was no statistical significance (p=0.861 in the placebo group and p=0.749 in the
phosphorus group). Similar results were also seen when comparing the differences in

levels between the two groups (p=0.725).

Table 8: Total Serum Cholesterol at Baseline and After 3 Months of the Placebo and
Phosphorus Treatments

After 3 months of Difference P-Value
Group Baseline supplementation (after — before)
STotaI Placebo 221.85+9.09 220.85+9.75 -1.00£5.65 0.861
erum
Cholesterol Phosphorus 215.89+7.94 217.70+7.25 1.81+5.60 0.749
(mg/dl) P-Value 0.624 0.725 0.725

NOTE: Values are expressed as mean+£SEM. Abbreviations: dl, deciliter; mg, milligram

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

#p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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G. Serum HDL-C

Serum HDL-C levels at baseline and after 3 months of the allocated intervention
are compared in table 9.

There was no significant difference between the groups neither at baseline
(p=0.245) nor after 3 months of supplementation (p=0.145), and variations showed no
statistical significance throughout the study when considering each group separately
(p=0.439 in the placebo group and p=0.963 in the phosphorus group). Additionally, when
comparing the differences between the two groups, data was not statistically significant

(p=0.612).

Table 9: Serum HDL-C at Baseline and After 3 Months of the Placebo and Phosphorus
Treatments

After 3 months of Difference P-Value
Group Baseline supplementation (after — before)
Serum Placebo 46.30£2.46 47.25+2.68 0.95+1.20 0.439
HDL-C Phosphorus 42.37+2.26 42.30+2.15 -0.07+£1.60 0.963
(mg/dl) P-Value 0.245 0.145 0.612

NOTE: Values are expressed as mean£SEM. Abbreviations: dl, deciliter; HDL-C, high-density
lipoprotein cholesterol; mg, milligram

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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H. Serum LDL-C

Serum LDL-C levels at baseline and after 3 months of the placebo and
phosphorus treatments are presented in table 10.

No significant difference was shown among the two study groups at both
phases, baseline and after 3 months of supplementation (p=0.797 and p=0.900,
respectively); even their differences were not statistically significant (p=0.952).
Likewise, when considering variations within each group, results were not significant

either (p=0.695 in the placebo group and p=0.680 in the phosphorus group).

Table 10: Serum LDL-C at Baseline and After 3 Months of the Placebo and Phosphorus
Treatments

After 3 months of Difference P-Value
Group Baseline supplementation (after — before)
Serum Placebo 143.29+6.81 145.66+7.94 2.3745.96 0.695
LDL-C Phosphorus 145.71+6.44 147.63+6.17 1.92+4.59 0.680
(mg/dl) P-Value 0.797 0.900 0.952

NOTE: Values are expressed as mean£SEM. Abbreviations: dl, deciliter; LDL-C, low-density lipoprotein
cholesterol; mg, milligram

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests

49




. CRP

The comparison of CRP levels in the placebo and phosphorus groups is shown

in table 11; results were measured at baseline and after 3 months of supplementation.

No significant difference was shown when comparing CRP levels between the
two groups, neither at baseline nor after 3 months (p=0.986, p=0.455, respectively); that
was also the case when comparing their differences (p=0.327). Additionally, when
observing each group separately, no significant variations were found, where p=0.185

for the placebo group and p=0.983 for the phosphorus group.

Table 11: Serum CRP at Baseline and After 3 Months of the Placebo and Phosphorus
Treatments

After 3 months of Difference P-Value
Group Baseline  supplementation (after — before)
Placebo 9.82+1.23 11.07+1.47 1.25+0.91 0.185
CRP Phosphorus 9.80+0.98 9.81+1.04 0.02+0.85 0.983
(mg/dl) P-Value 0.986 0.455 0.327
NOTE: Values are expressed as mean+SEM. Abbreviations: CRP, C-reactive protein; dl, deciliter; mg,

milligram

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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J. Serum GLP-1

Serum GLP-1 was measured at fasting levels and after 2 hours of the OGTT,
where samples were withdrawn at baseline and after 3 months of supplementation. No

significant differences were shown (table 12).

Table 12: Serum GLP-1 Levels (Fasting and after 2 Hours of OGTT) at Baseline and
After 3 Months of the Placebo and Phosphorus Treatments

. After 3 months of
Group Baseline .
supplementation
GLP-1 Placebo 36.83£3.90 37.29£4.05
To Phosphorus 43.86+6.53 37.72+3.14
(PM) P-Value 0.361 0.934
GLP-1 Placebo 27.24+3.51 26.76+2.85
Tonr Phosphorus 35.80+ 5.42 28.76+2.80
(PM) P-Value 0.192 0.621
GLP-1 Placebo -9.60+2.61 -10.53+3.76
Difference Phosphorus -8.06+3.36 -8.96+2.81
(Tznr- To) P-Value 0.719 0.741

NOTE: Values are expressed as mean+SEM. Abbreviations: dl, deciliter; mg, milligram; P, phosphorus;
To: time of blood withdrawal at fasting; T.y.: time of blood withdrawal after 2 hours of OGTT

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test

# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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K. Urinary Parameters

The following urinary parameters were measured: calcium, creatinine,

phosphorus, calcium to creatinine ratio (Ca/Cr,), and phosphorus to creatinine ratio

(P/Cr). No significant differences were observed between the two groups when

assessing parameters at baseline or after 3 months of the study; similarly, variations

within each group were also not significant (table 13).

Table 13: Urinary Parameters at Baseline and After 3 Months of the Placebo and
Phosphorus Treatments

After 3 months of P-Value
Group Baseline supplementation

Placebo 9.56+1.20 13.44+2.38 0.166

Ca Phosphorus 10.17+1.50 9.31+1.44 0.471
(mg/dl) P-Value 0.752 0.147

Placebo 177.90+20.30 187.60+17.20 0.709

Cr Phosphorus 206.00+23.20 173.70+15.30 0.095
(mg/dl) P-Value 0.367 0.550

Placebo 0.07+0.02 0.09+0.02 0.561

Ca/Cr | phosphorus 0.06+0.01 0.05+0.01 0.817
P-Value 0.385 0.111

Placebo 79.99+9.29 76.93+8.09 0.819

(mg/dl) Phosphorus 88.38+9.94 85.67+8.29 0.792
P-Value 0.540 0.454

Placebo 0.47+0.04 0.43+0.04 0.424

PICr Phosphorus 0.48+0.03 0.54+0.04 0.238
P-Value 0.817 0.069

NOTE: Values are expressed as mean+SEM. Abbreviations: Ca, calcium; Cr, creatinine; P, phosphorus
* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at
each time interval using two-sample t-test
# p value <0.05, values are significantly different between baseline and after treatment time intervals
within the same study group using paired t-tests
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L. Appetite Questionnaire
The appetite questionnaire was used at three phases of the study as follows: at
baseline (week 0), half-way (week 6), and after three 3 months (week 12). The appetite

scores were ranked from 1 till 5, with the latter being the highest (table14).

Table 14: The Variables of the Appetite Questionnaire (Based on Wilson et al., 2005)

Variable Score
My appetite is
Very poor a=1

. Poor b=2

Appetite Average c=3
Good d=4
Very good e=5
When | eat

| feel full after eating only a few mouthfuls
Quantity of food to reach | feel full after eating about a third of a meal
fullness | feel full after eating over half a meal

| feel full after eating most of the meal

I hardly ever feel full

DT TN
aONhwWN P

| feel hungry
Rarely a=1
Hunger Occasionally_ b=2
Some of the time c=3
Most of the time d=4
All of the time €=5
Food tastes
Very bad a=1
Taste of food Bad b:2
Average c=3
Good d=4
Very good e=5

Normally | eat

Less than one meal a day
One meal a day

Two meals a day

Three meals a day

More than three meals a day

Number of main meals

O O 0O T o
I o n
O ~NwpN -

How often do you snack?
Less than once a day

Once a day

Twice a day

Three times a day

More than three times a day

Number of snacks

O O 0O T o
I o n
O ~NwWPN -
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Table 15 presents the assessment of appetite scores. On one hand, the results

within each group were compared throughout the study. On the other hand, data were

compared between the two study groups at week 0, week 6, and week 12 separately.

Table 15: Appetite Scores of the Placebo and Phosphorus Groups at Baseline, after 6
Weeks, and after 12 Weeks

Week 0 Week 6 Week 12 P-Value
Group
(Wo) (We) (W1)
Placebo 3.81+0.81 3.48+1.03 3.57+0.75 0.448
Appetite Phosphorus | 4.25+0.89 3.25+1.14 3.46+1.17 0.002'
P-Value 0.098 0.425 0.762
Quantity of Placebo 3.76+0.83 3.19+0.93 3.43+1.03 0.146
food to reach Phosphorus | 3.96+0.64 3.07+£0.94 3.14+£1.04 <0.001'
fullness P-Value 0.525 0.657 0.369
Placebo 3.43+0.87 2.81+1.17 3.10+1.04 0.161
Hunger Phosphorus | 2.96+0.92 2.29+0.90 2.29+0.98 0.009'
P-Value 0.063 0.098 0.012*
Placebo 3.76x0.94 3.76+0.89 3.71+0.90 0.981
Taste of food Phosphorus | 4.18+0.86 3.82+0.91 3.82+0.82 0.208
P-Value 0.149 0.770 0.606
Placebo 3.76+0.54 3.91+0.44 3.95+0.50 0.433
Number of
main meals Phosphorus | 3.54+1.00 3.61+0.63 3.57+0.57 0.940
P-Value 0.518 0.189 0.063
Number of Placebo 2.71+£1.19 2.52+0.75 2.62+0.87 0.811#
snacks Phosphorus | 3.21+1.45 2.46+1.35 2.46+1.35 0.070
P-Value 0.233 0.499 0.402

NOTE: Values are expressed as mean+SD.

* p value <0.05, values are significantly different for the placebo group versus the phosphorus group at a
specific period of time using Kruskal-Wallis test
# p value <0.05, values are significantly different between the different periods of time within the same
study group using one-way ANOVA

# value is statistically significant within the group using Fisher comparison

Data variation within the phosphorus group (table 15 and figure 9) showed

significant difference throughout the study when assessing the level of appetite

(p=0.002), quantity of food to reach fullness (p<0.001), and hunger (p=0.009); results

decreased significantly between week 0 on one hand and weeks 6 and 12 on the other

hand. Concerning the number of snacks, ANOVA failed to detect significance; however,
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the subgroup analysis using Fisher method showed significant difference between week 0
as compared to weeks 6 and 12. Additionally, the taste of food and the number of main
meals did not significantly differ throughout the weeks. As for the placebo group, none of
the variables showed significant variation.

When comparing the results of each variable between groups, data showed no
significant difference except for hunger which was significantly lower in the phosphorus
group as opposed to the placebo group, when measured at week 12 of participation

(p=0.012; table 15).

w0 w6 wl2 w0 wb wil2 w0 w6 wl2 w0 w6 wil2 w0 w6 wl2
uantity of
Appetite Q foody Hunger Taste of food Number of main Number of
to reach meals snacks

Figure 9: Comparing the Variation in Appetite Scores of Subjects in the Phosphorus
Group
Abbreviations: w0, week 0 (baseline); w6, week 6 (half-way through the study); w12, week 12 (at the end

of the study)
# p value <0.05, values are significantly different for that particular question within the phosphorus group
# statistically significant via Fisher comparison
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CHAPTER V

DISCUSSION

The present study investigated the medium-term effect of premeal phosphorus
ingestion on some factors of the MetS including body weight, BMI, WC, serum lipids
and other blood parameters, in addition to subjective appetite scores in
overweight/obese individuals. Our objective is based on the fact that phosphorus
enhances the status of ATP in the body, in particular hepatic ATP which has been
shown to be an important appetite regulator (Obeid et al., 2010). Additionally,
phosphorus is known to increase insulin sensitivity, where the ingestion of 500 mg of
this mineral significantly affects insulin after 60 minutes of intake (Khattab et al.,
2011). The biological mechanisms of such associations are not clearly understood, and
data is controversial especially that related to the effect of phosphorus on serum lipids.

In the present study, subjects were asked to ingest 375 mg of phosphorus with
each main meal (breakfast, lunch, and dinner) for a period of 3 months. This
intervention showed that phosphorus can significantly improve body weight, BMI, and
WC when compared to placebo, in addition to significantly decreasing appetite scores
that were reported by the participants in the phosphorus group. Moreover, this study
showed that a dose of 375 mg three times a day has no effect on serum lipid parameters
of individuals with mild dylipidemia.

Our data supports studies that have correlated phosphorus to decreased body
weight and visceral fat, particularly via the effect of phosphorus on food intake. For
instance, in the postprandial state, insulin production increases, which triggers the

transfer of serum phosphorus (S-P) into the intracellular space to be utilized for the
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phosphorylation of several metabolites. This shift can lead to a rapid decrease in S-P
levels (Kalaitzidis et al., 2005), hence decreasing the availability of phosphorus for
hepatic ATP production (Obeid, 2013). However, the ingestion of premeal phosphorus
supplements provides a surplus of this mineral, thus improving its status in the liver and
increasing hepatic ATP production; this would consequently lead to earlier satiation and
decreased food intake (Friedman, 2007; Nair et al., 2003; Wlodek and Gonzales, 2003).
These findings are also supported by a report that documented a significant decrease in
meal size after the administration of 500 mg of phosphorus to different carbohydrate
preloads (Obeid et al., 2010).

In addition, the effect of phosphorus on energy expenditure might be a
suggested mechanism underlying the association between phosphorus and reduced body
weight, BMI, and WC observed in the current study. A review paper done by Obeid
(2013) explains the positive correlation of phosphorus with diet-induced thermogenesis
and oxidative reactions, thereby enhancing energy expenditure. Our results are also
consistent with previous studies that have examined the effects of a high protein diet on
weight loss and have associated it with decreased energy intake and higher energy
expenditure (Pioli et al., 2013). In addition, the increased consumption of dairy products
among overweight individuals has revealed significantly lower risks of MetS (Pereira et
al., 2002). In fact, it is important to note that diets high in proteins or dairy products are
also rich sources of phosphorus (Takeda et al., 2012); therefore, further supporting our
findings.

Moreover, another underlying mechanism could be related to the effect of
phosphorus on insulin response in the body, where the ingestion of this mineral was

shown to improve insulin sensitivity (Khattab et al., 2011). This, in turn, would help
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stimulate protein synthesis and the subsequent increase in lean body mass (Wilcox,
2005). Therefore, resting energy metabolism and energy expenditure would be
enhanced (Byrne et al., 2003), aiding in decreasing visceral fat or WC measures (Lind et
al., 1993).

Furthermore, insulin is also involved in lipid metabolism; therefore,
phosphorus ingestion could affect serum lipid parameters through the improvement of
insulin sensitivity (Hazim et al., 2014). Nevertheless, findings regarding this
relationship are controversial. For example, Lippi et al. (2009) positively associated
phosphorus with decreased levels of total cholesterol, LDL-C, TG, and the ratio of total
cholesterol to HDL-C; whereas Park et al. (2009) correlated phosphorus with increased
total cholesterol, HDL-C, and lipoprotein (a) but decreased TG levels. Additionally,
Fanhanji et al. (2011) showed a significant positive relation between phosphate and TG;
Hazim et al. (2014) documented a reduction in ApoB100 and an increase in ApoB48,
which are characteristic components of VLDL and CM respectively. As for the results
of the current study, there was no correlation between the ingestion of 375 mg of
phosphorus three times a day over a period of 3 months and the studied serum lipid
variables (i.e. total cholesterol, LDL-C, HDL-C, and TG).

In fact, the controversial results documented by the different studies might be
due to the variation in the level of phosphorus being assessed. Therefore, it may be
proposed that phosphorus and lipid parameters could be interrelated via a dose-
dependent process. Moreover, high phosphorus levels were reported to enhance risks of
all-causes of cardiovascular death (Caudarella et al., 2007; Park et al., 2009); for
instance, hyperphosphatemia was shown to be associated with endothelial dysfunction

by decreasing flow-mediated dilatation (Shuto et al., 2009) and enhancing vascular
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calcification (Lippi et al., 2009; Park et al., 2009). On the other hand, low phosphate
status was positively associated with MetS which is a known risk factor for CVD
(Haglin, 2001; Park et al., 2009) probably via decreased insulin sensitivity. The
differences in results might also be due to the variation in lipid status or general health
of the study participants. For instance, subjects in the current study are mildly
dyslipidemic, which might explain the absence of significant variation in their lipid
parameters. In addition, even though the physiological mechanisms behind phosphate
and TG associations are not fully understood, Park et al. (2009) explained that S-P can
affect phospholipids in the liver, especially in cases of hyperglycemia where the
production of TG is increased. However, the correlation between blood glucose and
serum TG is stronger in diabetic patients (Haglin, 2001), which is not the case of our
study participants who have normal HbA1C. Furthermore, the duration of the
intervention was relatively short, which is another possible reason behind the absence of
significant variation in serum lipid parameters.

As for the appetite scores, subjects of the phosphorus group reported a
significant decrease in the variables related to appetite, quantity of food to reach
fullness, hunger, and number of snacks in weeks 6 and 12 as compared to baseline. No
variation in the taste of food or in the number of main meals was shown. Therefore, a
dosage of 375 mg of phosphorus taken three times a day with the meals is capable of
significantly reducing the previously mentioned variables. In fact, phosphate absorption
peaks at around one hour after ingestion of a meal (Anderson, 1998) which could also
explain the association between phosphorus supplementation and the decrease in

subsequent food intake reported in the appetite scores. These results are in line with the
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observed significant decrease in body weight, BMI, and WC of the subjects in the
phosphorus group as compared to the placebo.

However, the measurement of serum GLP-1 showed no significant difference,
although appetite scores were significantly reduced. A possible explanation could be the
small sample size. Another probable reason could be the timing at which serum GLP-1
was measured; for instance, in the current study, blood samples were withdrawn at 120
minutes postprandially, which could have missed the peak of GLP-1 that was observed
at about 15 to 30 minutes (Hassan et al., 2013).

As for CRP, some data has shown its inverse correlation with phosphorus (Park
et al., 2009). Previous studies have also correlated CRP levels with BMI, presenting a
link between inflammation and obesity (Choi et al., 2013; Visser et al., 1999). For
instance, weight loss was shown to be associated with a significant decrease in CRP
levels in obese postmenopausal women (Tchernof et al., 2002) and in patients who had
undergone gastric bypass surgeries (Zaqorski et al., 2005). However, the BMI level of
the subjects in those studies was much higher than that of the participants in the current
study (who happen to be at the lower range of class | obesity). Therefore, this might be
an explanation to the absence of significant difference in CRP levels.

Another variable of interest is the fasting level of S-P, where no significant
variation was observed when comparing the subjects ingesting phosphorus supplements
to those having the placebo. This observation could be used as added evidence to
previous studies that have shown S-P levels to be reflective of kidney function (Hsu and
Chertow, 2002) rather than to dietary phosphorus intake. To elaborate, studies have
shown that excess dietary phosphorus ingestion leads to more phosphorus excretion in

the urine without significantly influencing S-P concentration; this is due to the presence
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of regulatory hormones that keep a specific S-P level regardless of dietary intake
(Palomino et al,. 2013). In addition, concerning the level of fasting S-P at baseline,
individuals in both groups had normal physiological concentrations; this is another
explanation to the lack of significant increase in S-P concentration when comparing the
phosphorus group to the placebo. On the other hand, S-P after 2 hours of the OGTT was
shown to be significantly lower in the phosphorus group as compared to the placebo; a
suggested mechanism could be an improvement in insulin sensitivity where insulin
stimulates the uptake of phosphorus into the intracellular membrane (Kalaitzidis et al.,
2005).

The main strength of this study is its design being a randomized controlled
trial, where it provides strong evidence by allowing the measurement of the impact or
effect of our intervention on the outcomes studied. Thus, our study provides conclusions
on causality. In addition, randomization helps avoid the pitfalls of selection bias and
minimize the risks of bias by confounding; our groups were similar in all aspects except
their exposure to the type of intervention they had chosen. Furthermore, double blinding
helps minimize possible bias occurring in the responses of participants and in outcome
measurements.

Some potential limitations of this study should be taken into account. First is
the small sample size. Another limitation is the absence of analyzing body composition
of the subjects. Furthermore, the participants’ dietary intake, quantity and content, was
not accurately monitored. For instance, supplements could have been ingested with a
meal rich in proteins, which already contains high phosphorus levels; the tablets could
have also been ingested with carbohydrate rich meals, which happen to be relatively low

in phosphorus and high in glucose. Moreover, it would have been interesting to measure
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the concentration of parathyroid hormone (PTH) which is one of the chief regulators of
phosphate balance (Bergwitz and Jippner, 2010) that also has the ability to lower the
activity of lipoprotein lipase involved in lipid metabolism (Querfeld et al., 1999).
Likewise, we could have measured the level of fibroblast growth factor-23 (FGF-23),
which has been recently identified in the control of phosphorus homeostasis (Penindo
and Alon, 2012). The assessment of vitamin D and calcitriol, which are strongly
connected to phosphate metabolism, could have been performed as well (Boullion,
2006; Penindo and Alon, 2012).

Additionally, our subjects have normal HbA1C, mild dyslipidemia, and no
severe obesity; thus, future research including diabetic or severely obese participants

could be applied.

62



CHAPTER VI

CONCLUSION AND RECOMMEDATIONS

The literature has shown the importance of maintaining an appropriate
phosphate balance in the body. On one hand, the deficiency of this mineral has been
associated with the progression of the metabolic syndrome (MetS) (DeFronzo and Lang,
1980; Haglin, 2001; Kalaitzidis et al., 2005; Gudmundsdottir et al., 2008; Park et al.,
2009). On the other hand, an elevated S-P level has been correlated with increased risks
of CVD, although there is limited data examining such correlation in generally healthy
individuals (Park et al., 2009).

Our results have shown that the ingestion of 375 mg of phosphorus
supplements, taken three times per day with each main meal over a period of 3 months,
significantly decreases weight, BMI, and WC which are components of the MetS. In
addition, subjective appetite scores were reported to be significantly lower among
individuals in the phosphorus group. These results are consistent with the findings of
previous studies that have shown a positive association between phosphorus and
decreased risks of MetS.

Additionally, our intervention showed no significant effect on serum lipid
parameters such as total cholesterol, LDL-C, HDL-C, and TG. The literature has
reported controversial findings regarding this issue; thus, the difference in results among
studies might be due to the presence of a dose-dependent relation between phosphorus
and serum lipids.

It is important to note that our findings support a promising role of the mineral

phosphorus in treating obesity, especially abdominal adiposity. Therefore, after

63



extensive investigations, phosphorus utilization could be considered for the future
development of weight reduction supplements or implementing fortification of flour.
Additional research is warranted to examine the exact mechanisms of actions and longer

term effects of phosphorus, particularly in diabetic individuals.
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APPENDIX
A.CONSENT FORM (ENGLISH)

(% AUB

American University of Beirut
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Title of Research Study: Premeal phosphorus supplementation for reducing energy intake and body weight.

Title of experiment: Determining the medium-term (3-month) effect of phosphorus preload on body weight, subjective
satiety and hormonal status in overweight/obese individuals (placebo-controlled trial).

Principal Investigator: Dr. Omar Obeid/ Faculty of Agricultural and Food Sciences/ Department of Nutrition and Food
Science/ American University of Beirut]

Co-Investigator: Sami Azar, Sani Hlais, Maya Bassil

Researchers: Murielle Abou-Samra, Darine Shatila

Address: American University Beirut, Cairo Street, Hamra, Beirut — Lebanon/01 — 350 000

Site where the study will be conducted: American University of Beirut- Department of Nutrition or the Central
research unit (CRU). American University of Beirut Medical Center.

We are asking you to participate in a research study. Before agreeing to participate in the research, it is important that
you read the information below. This statement describes the purpose, procedures, benefits, risks, discomforts, and
precautions of the study. Also described are the alternative procedures, if any, available to you, as well as your right to
withdraw from the study at any time. You should feel free to ask any questions that you may have.

A. Purpose of the Research Study: Phosphorus is a mineral that is naturally present in our foods and is required by our
body for normal function. It has been found that phosphorus supplementation taken before meals has the potential to
reduce meal size. However its long term effect has not been measured yet. It is well accepted that changes in body weight
require about 3 months. Using body weight as the outcome, which is the ultimate outcome of weight loss approaches,
would provide robust information on the role of phosphorus. This research study is part of a master thesis and is being
conducted with the goal of publication in a scientific journal and possibly presentation at academic conferences. The
significant new finding of this study will be conveyed to subjects.

B. Project/Procedures Description: Subjects’ recruitment will be done either by posters or direct approaching. This is a
double-blind, randomized, placebo-controlled study. Overweight and obese subjects (18-45 years; BMI = 25 kg/m?) will
be randomized to receive either placebo (cellulose) or potassium phosphate tablets (375mg) with each main meal
(breakfast, lunch, and dinner) for a period of 3 months. A total of 75 subjects will be needed in each group to complete
the study.

In this study, (Screening Visit) you will first be screened for eligibility. Exclusion criteria include: glomerular filtration
rate < 60 or any significant medical diseases; pregnancy or lactation; regular use of medication that affects body weight;
a weight loss of 3% or more in the preceding 3 months.

Visit 1: Eligible subjects will be asked to fast for about 12 hour (overnight), before attending the testing facility [Faculty
of Agriculture and Food Sciences/Department of Nutrition or the Central research unit (CRU)/ American University
Hospital]. Blood and urine samples will be taken in the fasted state and subjects will be given 75g of glucose to drink and
blood sample will be collected 1 and 2 hours later (OGTT). At the same time, anthropometric assessment (age, weight,
height, and waist and hip circumference), body composition (Using Inbody), blood pressure will be performed. In
addition, you will be asked to fill several forms: a seven-day food and physical activity record forms, hunger score form.
Subjects taking any nutritional supplements will be asked to ingest with or after the meal to avoid interaction with the
phosphorus supplement.

You will be given a supply of 6 weeks of the allocated supplement (phosphorus or placebo) and asked to take 3 tablets
with each meal (breakfast, lunch and dinner). You will be asked to maintain your regular dietary and physical activity
habits during the entire study course, avoid alcohol consumption as well as any unusual strenuous exercise 24 hours prior
to each visit.

l|Page

NUT.00.11 March 9", 2013 : {nstitutional Revi

ymerican |

!

-,
(1N
1

65



~Visit 2: you will be asked to visit the testing site (as above), anthropometric measurement and urine sample will be taken.
You will be asked to fill out questionnaires related to your adherence to the tablet regimen, general health, and self-
reports of mood, stress, physical activity and appetite score
You will be given the remaining supply of the supplement.

Visit 3 (final visit). Same as in visit 1 in which OGTT will be performed. You will be asked to fill out questionnaires
related to your adherence to the tablet regimen, general health, and self-reports of mood, stress, physical activity and
appetite score

C. Duration: The estimated time to complete this study is approximately three months. You will have to visit the testing
facility 4 times (Screening, visit 1, 2 and 3). Each visit will require you to stay for a period of 3 hours.

You may leave the study at any time. If you decide to stop participating, there will be no penalty to you, and you will not
lose any benefits to which you are otherwise entitled. Your decision will not affect your future relationship with AUB.

D. Risks, Discomforts and Benefits: Your participation in this study involves only minimal risks. You will rest
comfortably in a chair and an intravenous needle will be placed in a vein of your forearm by a qualified nurse. There are
no risks involved in this procedure. Blood samples (10ml) will be taken in fasting, and after 1 and 2 hours of having 75g
of glucose, and urine samples will be taken at baseline and at end of the experiment. Fasting blood glycated hemoglobin
(HbAlc) will be determined. Plasma samples will be analyzed for lipid profile, glucose, insulin, appetite hormones etc
will be analyzed at baseline and at 3 months. Urine samples will be analyzed for creatinine, calcium, phosphorus,
magnesium, and alpha helical peptide (a bone resorption marker).

The foreseeable risks and discomforts associated with the study are as follows:

° The following measures will be taken:

= Before we start, the procedure and measurement techniques will be reviewed with you to ensure that you are
comfortable with the protocol.

. All tests will be carried as per the standard clinical procedures.

= The skin area will first be sterilized with alcohol. A qualified nurse will place the needle, ensure its correct

operation and collect the blood samples. All blood samples will be taken with sterilized instruments. Once the needle is
removed, the wound is cleaned with alcohol. A sterile bandage is then applied. You will be asked to report any unusual
discomfort or discoloration of the skin.

The procedure followed in the study will not cause any major risk other than discomfort from the needle prick for blood
withdrawal as mentioned in the procedures above. However, there may be unforeseen risks. We have conducted several
experiments using the same dose of Phosphorus and received no complaints of adverse effects or discomfort.

You receive no direct benefits from participating in this research; the primary outcomes expected are changes in body
weight and body fat mass (at 3 months). Phosphorous could be a new target for the development of supplements for
appetite control and reduce obesity. Moreover, the results obtained are interested in increasing our knowledge and in the
modification of our dietary habits by increasing our phosphorous intake.

You will get specific nutritional advices at the end of the study.

E. Confidentiality: To secure the confidentiality of your responses, your name and other identifiers will never be
attached to your answers. All codes and data will be kept in a locked drawer in a locker room or in a password protected
computer that is kept secure. Data access is limited to the Principal investigator and researchers working directly on the
project. All data will be destroyed responsibly after the required retention period. Your privacy will be maintained in all
published and written data resulting from this study. Your name or other identifying information will not be used in our
reports or published papers.

There may be circumstances where your confidential information must be released. For example, personal information
regarding your participation may be disclosed if required by the AUB IRB, the U.S. Office of Human Research
Protections or other federal or international regulatory agencies, or the sponsor of the study, if any, or agency supporting
the study.
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F. Compensation/Incentive: No costs have to be paid by you. All participants will receive free water and meal for
lunch. There will neither be anticipated expenses for participating nor will additional costs for transportation, parking etc
that be reimbursed.

G. Payment for Research-related Injury: In case of any adverse event as a result of the study, there will be no
compensation to cover such expenses, in case it is not covered by a third party or governmental insurance.

If you are injured as result of participating in this study or for questions about a study-related injury, you may contact Dr.
Omar Obeid at 01/355555-ext 4440 or send him an email at 0001(@aub.edu.lb.

H. Contact Information and Questions:

1) If you have any questions or concerns about the research you may contact:

Dr. Omar Obeid, 01/355555-ext 4440; 0001(@aub.edu.lb.

2) If you have any questions, concerns or complaints about your rights as a participant in this research, you can contact
the following office at AUB:

Social & Behavioral Sciences Institutional Review Board: irb@aub.edu.lb, 00961 1 350000-ext 5440 or 5445

I. Participant Rights
Participation in this study is voluntary. You are free to leave the study at any time without penalty. Your decision not to

participate is no way influences your relationship with AUB.
Do you have any questions about the above information? Do you wish to participate in this study?

J. Future Contact
Would you like to be contacted for future research? = Yes No

Please notify that the investigator has the right to end subject’s participation in this study.

Signatu

NUT.00.11 March 9", 2013
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APPENDIX
C. SCREENING (GENERAL HEALTH) QUESTIONNAIRE

Name: Subject number: Date:
Height: Weight:

(Both filled by the invcstigatar after taking the measurements)

Please answer the following questions:

1. Do you suffer from one or more of the following?

a. Diabetes

b. Heart diseases
c. Dyslipidemia
d. Hypertension
e. Other:

2. Did you undergo any surgery in the last 5 years?

[JNo O Yes (specify : )

3. Did you lose more than 3 Kilograms in the last 3 months?
[0 No O Yes
4. Are you currently taking any medication?

[0 No O Yes (specify : )

5. Are you a smoker?

JNo O Yes (specify number of cigarettes per day: )

6. Do you drink alcohol?
ONo O Yes (specify average number of drinks per week )

7. Have you been dependent on the use of drugs in the past 5 years?
[JNo O Yes

8. Do you take any nutritional supplement?

ONo 0O Yes (please specify )

9. Do you do any exercise?
[JNo O Yes (please specify type, duration and frequency )

172
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APPENDIX
D. APPETITE QUESTIONNAIRE (ENGLISH)

Simplified Nutritional Appetite Questionnaire (modified)

Name: . Sex (circle): Male / Female

Age: Date:

1. My appetite is

a. very poor
b. poor

c. average

d. good

e. very good

2. When I eat
a. I feel full after eating only a few mouthfuls
b. I feel full after eating about a third of a meal
c. I feel full after eating over half a meal
d. I feel full after eating most of the meal
e

I hardly ever feel full

3.1 feel hungry

a. rarely

b. occasionally

c. some of the time

d. most of the time

c. all of the time
4. Food tastes

a. very bad

b. bad

c. average

d. good

e. very good

5. Normally I eat

less than one meal a day
one meal a day

two meals a day

three meals a day

more than three meals a day

eapop

6. How often do you snack?

less than once a day

once a day

two times a day

three times a day

more than three times a day

opoos

Am J Clin Nutr 2005;82:1074-81. Printed in USA. © 2005 American Society for Nutrition
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APPENDIX

E. APPETITE QUESTIONNAIRE (ARABIC)

Simplified Nutritional Appetite Questionnaire (modified)
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APPENDIX

F. TABLES OF DATA ENTRY

Name

subject
numb

phone numb

Gender
(M/F)

Date
(Start)

weight
(start) kg

Height
(start) cm

BMI (start)
kg/m2

WC (start)
cm

SAMPLE
A/B
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