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ABSTRACT

This thesis compared the effect on weight loss of either replacing diet
beverages (DBs) with water or continuing to consume DBs (study 1 in
healthy overweight and obese, n=89 and study 2 in patients with type
2 diabetes, n=81) adults during a 24-wk weight-loss program (for
studyl and 2) and 18 month weight loss and weight maintenance plan
(for study3, n=89).

In study 1, compared with the DB group, the water group had a
greater decrease in weight (1.2kg more weight loss in the water group
compared with the DBs Group ,P=0.015), BMI (0.5 kg/m2 more BMI
reduction in the water compared with the DBs Group ,P=0.002),
fasting insulin (1 mU/I more Fasting insulin reduction in the water
compared with the DBs Group,P<0.001), homeostasis model
assessment of insulin resistance (HOMA-IR)(0.2 more HOMA-IR
reduction in the water compared with the DBs Group, P<0.001) and 2-
h postprandial glucose(0.305 mmol/l more 2hpp reduction in the water
compared with the DBs Group,P<0.001).

In study 2, weight (2.5 kg more weight loss in the water compared
with the DBs Group, P=0.005) and BMI (0.9 kg/m2 more BMI
reduction in the water group compared with the DBs Group, P=0.005)
decrease after 18 months in the water group compared with the DBs
group was significant. There was also a greater reduction in fasting
insulin levels (1.8 mU/I more Fasting insulin reduction in the water
group compared with the DBs Group,P<0.001), better improvement in
HOMA-IR (0.5 more HOMA-IR reduction in the water group compared
with the DBs Group, P<0.001), a greater decrease in 2-h postprandial

plasma glucose (0.5 mmol/l more 2hpp reduction in the water group



compared with the DBs Group, P<0.001) and glycated hemoglobin
(0.2 more HbA1c reduction in the water group compared with the DBs
Group, P=0.030) in the water group compared with the DBs over 18

months.

In study 3, obese participants with Type 2 diabetes in the water group
of study 2 had more weight loss (1.16 kg more weight loss in the
water group compared with the DBs Group, P=0.006) and BMI (0.5
kg/m2 more BMI reduction in the water group compared with the DBs
Group, P=0.006). Also reduction of fasting insulin (1.6 mU/l more
Fasting insulin reduction in water group compared with DBs
Group,P<0.001), fasting plasma glucose (0.3mmol/l more Fasting
plasma glucose reduction in the water group compared with the DBs
Group, P=0.003), HOMA-IR (0.7 more HOMA-IR reduction in the water
group compared with the DBs Group, P=0.003) and 2 hour
postprandial glucose (0.3 mmol/l more 2hpp reduction in the water
group compared with the DBs Group, P=0.027) was greater in the

water group.

By contrast, changes in waist circumference and lipid profiles were not

significantly different between the two groups in these three studies.

Replacement of DBs with water after the main meal in obese and
overweight healthy and type 2 diabetic women who were regular users
of DBs may cause greater weight reduction during 24 weeks and also
in the longer period of an 18 month weight management program. In
addition, replacement of DBs with water offers clinical benefits to
improve insulin resistance. Generally, better improvements in energy
and carbohydrate metabolism may occur when water rather than DBs

is consumed over a weight loss program.
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1.1 Introduction

Obesity has become one of the most vital public health problems
in the United States and many other resource-rich countries and
transitional economies (1, 2). In fact, obesity is a chronic disease that
is increasing in prevalence in adults, adolescents and children and is
now considered to be a global epidemic. Obesity can also increase the
risk of diabetes (3), cardiovascular diseases (4, 5) and hypertension
(6, 7).

Obesity and its related disorders are linked to certain dietary
choices that are considered unhealthy. It seems that people are
moving away from having a healthy diet (8) and increasingly consume
more energy dense foods. In the past decades, consumption of energy
containing beverages appears to have risen around the world (9).
Obese people believe that drinking diet beverages (DBs) may be a
simple strategy to achieve weight loss. However, usually nutritionists

advise obese people to drink water when attempting to lose weight.

To my knowledge, there is no study comparing the effects of
replacing diet beverages with water on weight loss management and
biochemical cardiovascular risk factors in obese people following a
comprehensive weight loss diet program. The following literature
review starts with a general introduction to obesity and its
physiological aspects and then considers some of the literature which
is concerned with consumption of sugar sweetened beverages and its
replacement with diet beverages and water. It then attempts to
consider obesity management methods and also type2 diabetes and its
management. At the end, the proposed hypotheses and topics of this

thesis are described.
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1.2 Obesity: definition and its importance for
health

Obesity is defined as a condition of excess stores of body fat
which impairs health (3). The National Heart, Lung, and Blood Institute
(10) and the World Health Organization (11, 12) have provided the
same definitions of overweight and obesity. Although "overweight"
technically relates to an excess of body weight and "obesity" to an
excess of fat. Methods used to assess body fat directly are not
available in daily practice. For this reason, obesity is often measured
by means of indirect estimates of body fat (13). The body mass index
(11) is the accepted standard measure of obesity (14) and is equal to

the body weight divided by the height squared.

v' In most but not all ethnic groups,a BMI which exceeds 30

kg/m?2 is considered as obese (11)
e A BMI > 35 or 40 kg/m? is severe obesity

e A BMI of > 35 kg/m?2 concurrently with obesity-related
health conditions or =40-44.9 kg/m? is morbid
obesity

e A BMI of > 45 or 50 kg/m? is super obesity

v" The WHO and the National Heart, Lung, and Blood Institute
also define overweight as a BMI >25 and <29.9 kg/m?Z.

Obesity is now recognized as a major determinant of many non-
communicable diseases including cardiovascular diseases (4, 5),
diabetes (3), hyperlipidaemia (15) and mental health problems (16)

which are associated with morbidity, and is associated with increased

19



mortality due to coronary heart disease(4), cancer (17) and diabetes
mellitus (18).

One important category of obesity not captured by BMI is so-
called “abdominal obesity”— also known as central obesity. This exists
when excessive abdominal fat around the stomach and abdomen has
built up to the extent that it is likely to have a negative impact on
health. There is a strong correlation between central obesity and
cardiovascular diseases (19). Furthermore, abdominal obesity has

been linked to Alzheimer's disease (20) and type 2 diabetes (21).

The simplest and most often used measure of abdominal obesity
is waist size. Guidelines generally define abdominal obesity in women
as a waist size 89cm or higher, and in men as a waist size of 102cm or

higher.

The increasing prevalence of obesity and its major deleterious
effects on human health, mean that identification of successful
methods for obesity prevention and treatment are necessary to reduce

individual suffering and economic cost.

1.2.1 Prevalence of obesity

The prevalence of obesity considerably differs between countries
and between regions within countries. In many countries, overweight
is more common among men than women, but obesity is more

common in women (22).

In 2008, 35% of adults aged 20+ were overweight (BMI = 25
kg/m2) (34% men and 35% of women) in 199 countries and territories
(23). The worldwide prevalence of obesity has nearly doubled between
1980 and 2008. In 2008, 10% of men and 14% of women in the world

were obese (BMI =30 kg/m?), compared with 5% for men and 8% for

20
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women in 1980. Estimated long-term risks for overweight or obesity
topped exceeded 50% and 25%, respectively, demonstrating a large
public health burden worldwide (24).

The MONICA Study (1989) showed that the average prevalence of
obesity was about 15% in men and 22% in women in European
countries (25). In Europe, the prevalence of obesity in men ranged
from 4.0% to 28.3% and in women from 6.2% to 36.5% with
geographical differences between countries (26). National surveys in
the USA have also demonstrated relatively rapid increases in
prevalence of overweight (27). The prevalence of obesity has been
also increased during the last decades in developing countries, where
obesity is emerging as a major health problem in common with the
western world. In 2008, in Semnan in Iran the prevalence of obesity
was 26.3%, with a higher prevalence in women (39.5%) than men
(14.5%) (28).

The longitudinal Framingham Heart Study illustrated that the
long-term risk of becoming overweight (BMI >25 kg/m=2) or obese
(BMI =30 kg/m?2) during adulthood appears to be very high. From
4117 men and women (mostly Caucasian, ages 30 to 59 years) the

following results were observed from 1971-2001(24):

1. Within four years, 14 to 19 percent of women and 26 to 30
percent of men who were normal weight at baseline became
overweight. Also 5 to 9 percent of men and women who were
either normal weight or overweight at baseline became
obese.

2. During 30 years, more than 50 percent of individuals became
overweight, while about 30 percent of women and 25 percent

and men became obese.
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This paper was published in 2005 and the current situation may

be even worse.

This study indicated that the prevalence of overweight and obesity
were highest in the WHO Regions of the Americas (62% for overweight
in both sexes, and 26% for obesity) and lowest in the WHO Region for
South East Asia (14% overweight in both sexes and 3% for obesity).
In the WHO Regions for Europe, the Eastern Mediterranean and the
Americas over 50% of women were overweight. For all three of these
regions, roughly half of overweight women are obese (23% in Europe,
24% in the Eastern Mediterranean, 29% in the Americas). In all WHO
regions women were more likely to be obese than men. In the WHO
regions for Africa, Eastern Mediterranean and South East Asia, the
prevalence of obesity was about double in women compared with men
(24).

The overall prevalence of obesity in Iran increased from 13.6% in
1999 to 19.6% in 2005 and 22.3% in 2007. For overweight subjects,
the rates were, respectively, 32.2%, 35.8% and 36.3%. During these
years, the mean body mass index (BMI) (kg/m?) increased from 25.03
in 1999, to 26.14 in 2005, and 26.47 in 2007. The increase in
prevalence of obesity was seen in both males and females and both

urban and rural residents (29).

A study (30) published in 2010 showed that the prevalence of
overweight or obesity (body mass index = 25 kg/m?) was 49.7% in
men and 63.9% in women in Shiraz (Southern Iran). The prevalence of
obesity (body mass index > 30 kg/m?) was 10.5% and 22.5% in men
and women, respectively, which shows an increased secular change of

5.8% in men and 17.4% in women during a 14-year period. This study
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also indicated that obesity and overweight were significantly more

common among women than among men (30).

1.2.2 Cause of obesity

In spite of a widespread desire to control body weight, the
prevalence of obesity continues to rise all over the world. The energy
balance equation (A body energy store=energy intake-energy
expenditure) demonstrates that an accumulation of body fat will only
occur when energy balance is positive. In other words, body weight (or
more precisely body energy content) can only increase when energy
intake exceeds energy expenditure for sufficient time for a change in
body energy stores to occur. Therefore, the aim of obesity treatment is

to induce negative energy balance and mobilize body fat store.

A combination of excess extreme food energy intake and lack of
physical activity is considered to explain most cases of obesity (31). A
limited number of cases is due to genetics, medical reasons, or
psychiatric illness (32, 33). A review identified several other possible
contributors to the recent increase of obesity: (1) insufficient sleep,
(2) endocrine disruptors (environmental pollutants that interfere with
lipid metabolism), (3) reduced variability in ambient temperature, (4)
decreased rates of smoking, as smoking suppresses appetite(34), (5)
increased use of medications that can cause weight gain (e.g., atypical
antipsychotics), (6) proportional increases in ethnic and age groups
that tend to be heavier, (7) pregnancy at a later age (which may
cause susceptibility to obesity in children) (35). While there is
considerable evidence supporting the effect of these mechanisms on
the increased prevalence of obesity, the evidence is still inconclusive,
and the authors state that these are probably less influential than the

ones discussed earlier.
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However the underlying cause remains an imbalance between
energy intake and energy expenditure. Rising rates of obesity at a
societal level could be due to an increase in easily accessible and tasty
foods (36, 37), increased sedentary behavior due to the use of cars
and mechanized manufacturing which reduces occupational energy
expenditure(38, 39). In spite of less physical activity, as a component
of energy expenditure, obese people, on average, have a greater
energy expenditure than their healthy weight counterparts due to the
energy required to maintain their greater body mass (3). So, evidence
does not support the commonly expressed view that some obese
people eat little yet gain weight due to a slow metabolism. On average
obese people have greater total energy expenditure than normal or
underweight people and actually have a higher basal metabolic rate
per person (BMR) (40).

Diet plays an important role in the beginning of obesity. Higher
consumption of energy increased the chances of obesity (41). Per
capita, dietary energy supply varies significantly between different

regions and countries, and this has changed markedly over time (42).

Rates of obesity in the United States increased from 14.5% to
30.9%, from 1971 to 2000 (43) and during the same period, a rise
occurred in the average amount of food energy consumed. The
average rise was 335 kcal per day in women (1,542 kcal in 1971 and
1,877 kcal in 2004), while the average rise was 168 kcal per day for
men (2,450 kcal in 1971 and 2,618 kcal in 2004). Most of this extra
food energy came from a rise in consumption of carbohydrate rather
than fat consumption (44). It has been shown that the primary
sources of these extra carbohydrates are sweetened beverages, which
now in America account for almost 25 percent of daily food energy in

young adults (45), and then potato chips (46). It is believed that
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consumption of sweetened drinks contributes to the rising rates of
obesity (47, 48).

A study published in 2010 showed that major dietary patterns of
people in Iran had a significant association with general and central
obesity (49). Another study also demonstrated that central adiposity is
associated with poor lifestyle factors including low physical activity,
depression, smoking, low intake of vitamin C, low intake of calcium
and dairy products and high fat consumption among females in Tehran
(50).

Furthermore, a review by Malekzadeh et al. indicated that the
increased consumption of energy-dense regular and fast foods and
sucrose-enriched drinks, together with an increasingly sedentary
lifestyle, appear to be major factors contributing to the epidemic of
obesity in Iran. The per capita consumption of carbonated beverages
in Iran is 42 litres per year and 40% of Iranians consume more food
than they need, and the average Iranian consumes 40% more

carbohydrate and 30% more fat than their needs (51).

1.2.3 Obesity’s effect on health

The large numbers of epidemiological studies have evaluated the
relationship between obesity and mortality (52, 53). Generally, greater
BMI is associated with increased rate of death from cardiovascular
disease (CVD) and all other causes. This is specifically true for those
with intense obesity (54). Estimation for the annual number of excess
deaths ascribable to obesity in the US is fluctuating and changes from
111,909 to 365,000 (33, 36).

As a result of cardiovascular and other non- communicable
diseases following obesity, obesity could reduce life expectancy. BMI of

30-35 kg/m? decreases life expectancy by two to four years (55),
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whilst severe obesity (BMI > 40 kg/m?) decreases life expectancy by
ten years (55). On average, obesity decreases life expectancy by six to

seven years (3, 34).

Obesity is one of the leading preventable causes of death
worldwide (56). It also increases the risk of many physical and mental
conditions (57, 58). Complications associated with obesity are either
directly caused by obesity or indirectly related via mechanisms sharing
a common cause such as a poor diet or a sedentary lifestyle. The
strength of the link between obesity and specific conditions varies. Co-
morbidities are most commonly shown when combinations of medical
disorders are present, labelled by some as the metabolic syndrome.
The cluster includes: diabetes, high blood pressure,
hypercholesterolamia, abdominal obesity and hypertriglyceridamia
(59). One of the strongest links between obesity and disease is the
connection with type 2 diabetes. Excess body fat underlies 64% of

cases of type 2 diabetes in men and 77% of cases in women (60).

The negative consequences to health of abdominal obesity are
even greater than total obesity. Abdominal obesity which clinically
known as central obesity, is when excessive abdominal fat around the
stomach and abdomen has built up to the extent, has been linked to
Alzheimer's Disease in addition to other metabolic and vascular
diseases (20). Central obesity is also associated with a statistically
higher risk of heart disease, hypertension, insulin resistance, and type
2 diabetes mellitus (61). So, it is now generally believed that intra-

abdominal fat is the depot that conveys the biggest health risk (62).

Increased central fat and obesity are also associated with greater
morbidity in addition to mortality (3). In a study in the United States,

overweight and obese individuals had a higher comparative risk of
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hypertension, hypercholesterolemia, and diabetes mellitus, compared

with normal weight individuals (63).

Epidemiological studies showed that the prevalence of obesity,
overweight, and metabolic syndrome in Iran is equal to or higher than
in Europe and the United States and it is associated with rising
prevalence of Type 2 diabetes and the important comorbid status such
as hypertension, cardiovascular, renal, and gastrointestinal diseases
along with increasing the burden of cancers. This is also in line with
the present etiologies of death in Iran with cardiovascular disease and
cancer accounting for nearly 60% of causes of hondramatic death
(51).

1.2.4 Obesity and energy intake

Obesity generally happens when energy intake is in excess of
energy requirement. A meal is an eating occasion that takes place at a
certain time and includes specific, prepared food, or the food eaten on
that occasion. Energy intake is calories consumed as food and drink,
which is firm by hunger (hypothalamus) and choice (cerebral cortex).
Energy intake differs according to the number and/or volume of meals
eaten as well as the meal composition. Appetite is stimulated by
general hunger and specific food craving which lead to both a general
rise in eating behavior and selection of specific foods. Internal signals
such as the dynamics of blood glucose concentration may establish a
consistent stimulus for the start of eating (64). There are many
physiological mechanisms that control starting and stopping a meal.
The control of food intake is a physiologically complex, motivated

behavioral system.
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Drinks and beverages as a component of food intake may also
affect the whole daily energy intake and metabolism, and consequently

weight control.

1.3 Beverages & weight

1.3.1 Definition of beverage

In definition, beverage is a kind of liquid which is specifically
prepared for human consumption. They can be divided into various
groups such as plain water, alcohol, non-alcoholic drinks, soft drinks
(carbonated drinks), fruit or vegetable juices and hot drinks, such as

hot chocolate.

Water has always been an important and life-sustaining drink and
is essential for human survival. Water composes approximately 70%
by mass of the fat-free component of the human body. It is a crucial
component of metabolic processes and function as a solvent for many

important solutes.

The term "soft drink" specifies the absence of alcohol in contrast
to a "hard drink" or "drink". Small amounts of alcohol may be present
in a soft drink, but if the drink is to be considered non-alcoholic the
alcohol content must be less than 0.5% of the total volume (65).
Beverages such as soda , sparkling water, iced tea, lemonade, root
beer, fruit punch, milk, hot chocolate, tea, coffee, milkshakes, and tap
water and energy drinks are all soft drinks. Many commercially
produced soft drinks typically contain water (often, but not always,
carbonated), usually with a sweetener and/or a flavoring agent. The
sweetener may be sugar, high-fructose corn syrup, fruit juice (as in
sugar sweetened beverages), sugar substitutes (in the case of diet
drinks) or some combination of these. Soft drinks may also contain

caffeine, colorings, preservatives and other ingredients.
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1.3.2 Types of diet beverages

Diet beverages (alternatively marketed as sugar-free or light) are
typically sugar-free and artificially sweetened and alcohol free. For the
purpose of this thesis they will be considered to be nonalcoholic, hence
a soft drink. They are generally marketed toward health-conscious
people, diabetics, athletes, and other people who want to lose weight,

improve physical fitness, or reduce their sugar intake.

Multiple artificial sweeteners can be used to give a ‘soft drink’ a
sweet taste without the sugar. Sometimes two sweeteners are used in
the same product. Aspartame is one of the most commonly used
artificial sweeteners. Today, at least in the United States, "diet" is
nearly synonymous with the use of aspartame in beverages. One of
the first artificial sweeteners used in diet beverages were cyclamates
(often synergistically with saccharin). In 1970, the Food and Drug
Administration (FDA) banned cyclamates in the United States on
evidence that they caused cancer in lab rats. Cyclamates are still used
in many countries outside of the United States. Once cyclamates were
banned, American producers turned back to saccharin. In 1977, the
FDA was appealed to ban saccharin, too, as a carcinogen, but a
moratorium was placed on the ban until studies were conducted. The
ban was lifted in 1991, but by that time, virtually all diet soft drink

production had shifted to using aspartame.

Recently, two other sweeteners have been used with increasing
frequency: sucralose (marketed as Splenda) and acesulfame
potassium ("Sunett" or "Ace K"). The K in "Ace K" represents the
chemical symbol for potassium. Acesulfame potassium is usually
combined with aspartame, sucralose, or saccharin rather than alone
and its use is particularly common among smaller beverage producers

(e.g. Big Red). Diet Rite is the non-aspartame diet soda brand with the
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highest sales today; it uses a combination of sucralose and acesulfame

potassium.

In 2005, the Coca-Cola Company announced it would produce a
sucralose-containing formulation of diet drink known as Diet Coke with
Splenda, but that it would continue to produce the aspartame version
as well. There were also rumors that a sugar-free version of Coca-Cola
Classic, also sweetened with sucralose, was being formulated as well.
This formulation was eventually called Coca-Cola Zero, though it is

sweetened with aspartame in conjunction with acesulfame potassium.

Aspartame is a low-calorie, intense artificial sweetener.
Aspartame and its breakdown products have been a matter of
extensive study for more than 30 years. It has been found to be safe
and authorized for human consumption for many years and in many
countries following thorough safety assessments

(www.efsa.europa.eu/en/topics/topic/aspartame).

In 2011, EFSA’s NDA Panel evaluated the confirmation of claims
related to intense sweeteners and certain future beneficial health
effects. The Panel determined that there is sufficient scientific
information to support the claims that intense sweeteners as all sugar
replacers lead to a lower rise in blood sugar levels after meals, if
consumed instead of sugars, and maintain tooth mineralisation by
decreasing tooth demineralisation again if consumed instead of sugars.
However, EFSA’s experts could find no clear cause and effect
relationship to substantiate the claims that intense sweeteners when
replacing sugars maintain normal blood sugar levels, or maintain/

achieve a normal body weight.

The amounts and types of artificial sweeteners in diet beverages

are different. The table below (Table 1.1) displays the quantity of
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different sweeteners in a 237ml serving of bottled or canned soda as
provided by the manufacturers. To determine the amount in a 355ml

can of soft drink, multiply these numbers by 1.5.

Table 1.1 The amounts and types of artificial sweeteners in diet

beverages

Soda SACCHARIN(mg) ASPARTAME(mg) ACESULFAME(mg) SUCRALOSE(mg)
Diet Coke 0 125 0 0
Diet Coke, 0 125 0 0
caffeine free

Diet Coke

with splenda 0 0 30 40
Coke Zero 0 58 31 0
Diet Pepsi 0 111 7 0
Caffeine

Free Diet 0 118 0 0
Pepsi

1.3.3 Sugar-sweetened beverages and obesity

About half of total added sugar consumed in the United States is
in the form of liquid (66). The greatest consumption of sugar
sweetened beverages is in teenage boys, where over 357 kcal per day
is consumed (66).
Evidence from large-scale cross-sectional and prospective cohort
studies supports that in the United States population consumption of
sugar-sweetened beverages (SSBs) is associated with epidemic of
obesity in adults and children (67-71). SSBs are beverages that
contain added energy containing sweeteners such as sucrose, high-
fructose corn syrup or fruit-juice concentrates, all of which result in
similar metabolic effects (66, 69). Sweetened drinks containing either
sucrose or sucrose in combination with fructose appear to increase
energy intake and lead to weight gain (72-74). There is some evidence
that fructose might also be preferentially metabolized into fat (75). On

the other hand, a review of literature demonstrates that fructose, as
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commonly consumed in mixed carbohydrate sources, does not have
specific metabolic effects that can account for an increase in body
weight and recommends that people should change their dietary
behavior to reduce energy intake (76).

Sugar-sweetened beverages raise concern because they are energy -
dense and yet produce low satiety (77). In fact, there is a strong
correlation between the consumption of energy as a liquid and total
energy intake. People do not tend to reduce energy intake in solid
foods to compensate for increased energy intake in liquids (45). On
the national scale, the American Heart Association estimates that
about half of the total energy intake increase over the past 30 years is
attributable to the energy content of liquids (69). The high glycemic
load of these beverages is also thought to be a contributor to many
chronic diseases, such as obesity (69, 76), diabetes (68), nonalcoholic
fatty liver disease (78), the metabolic syndrome (69, 79, 80) and
cardio metabolic problems (69) .

Between1977-1996, standard serving sizes have increased from 237ml
to 355ml bottles (13). In the US, the percentage of total daily energy
intake from energy containing beverages has almost doubled from
1965 to 2002 and in 2002 has reached to 21.0 %(81). Analysis of data
from the PREMIER trial showed that a decrease of 1 serving per day of
SSBs was associated with a 0.49kg decrease in weight at 6 month
(82).

Replacing sugar-sweetened beverages that supply a substantial
portion of daily energy with a lower energy alternative may be a
strategy for modest weight reduction or weight-gain prevention, which
would provide health benefits (83). Although diet beverages may be

ideal targets (84, 85), replacement of diet beverages for energy
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containing beverages will be beneficial only if compensation, by

consuming the energy from other foods, does not occur.

1.3.4 Sugar-sweetened beverages in children and adolescent

The increased prevalence of obesity in children and adolescents,
which is a major health problem (86, 87) has occurred concurrently
with a large increase in the consumption of sugar-sweetened
beverages (81). These beverages are also considered to be more
fattening than solid foods because they do not lead to a sense of
satiety (88).

In recent years, the role of SSBs in promoting obesity has been
debated widely. The American Academy of Paediatrics (89) and the
current Dietary Guidelines for Americans support reducing SSB
consumption as a weight-control strategy based on valid prospective
data from cohort studies (90-92).

For comparative purposes, a prospective observational study
found that BMI was raised by 0.24 kg/m? for every additional serving
of SSBs consumed per day (90).

In a 1-year cohort study, Welsh et al (93) reported that preschool
children who were overweight or at risk of overweight were ~2 times
more likely to remain or become overweight, if they consumed SSBs.
However, there was no significant association between SSBs
consumption and weight gain in children who were not at risk for being

overweight (BMI <85th percentile).

1.3.5 Water consumption and weight loss
Nutritionists and other weight management practitioners often
advise people who wish to lose weight to increase their water

consumption, and this strategy is often recommended in popular
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weight loss programs (94, 95). The general public recognize increasing
daily water consumption as a weight loss strategy (96). There is,

however, still little data supporting this practice.

Observational evidence suggests that drinking water is associated
with weight loss and a reduction in energy intake (97-100). In the
laboratory setting, outcomes of consuming a preload amount of water
before meal ingestion has led to varying results by age, with no effect
on meal consumption among younger adults (102) but less energy

consumed by middle-aged and older adults (73, 102).

In terms of the effects of water consumption on energy intake
(EI), as a factor of weight control, epidemiological studies suggest that
EI is lower (~9%, or 194 kcal/d) in water drinkers when compared
with non- water drinkers (103). However, interventional studies have
failed to find conclusive evidence with respect to the effects of water
consumption on EI and weight loss over time. An interventional study
reported that replacing energy-containing beverages with water
decreases self-reported EI (84), and that increasing self-reported daily
water consumption by > 1l/d in overweight women is associated with
a greater weight loss of ~2 kg over a 12-month diet intervention
compared with women who consumed < 1I/d of water (105). However,
laboratory-based test meal studies have shown that whilst water
consumed with a meal decreases ratings of hunger and increases
rating of satiety (84, 106), no differences in meal energy intake were
observed when compared with a no beverage condition (84). On the
other hand, it was shown that both normal-weight and
overweight/obese middle-aged and older adults ingest less energy at
an ad libitum meal when given, 30 min prior to the meal, a water
preload (500 ml) in comparison with a no-preload meal condition(94,

95). However, a reduction in meal EI following water consumption has
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not been observed in studies on young adults (107, 108), which
suggests there may be age-related differences in the ability of water to
reduce EI. Other studies also reported no effect of water consumption
on EI in young adults (97, 109).

Dennis and colleagues tested the hypothesis that pre-meal water
consumption would lead to greater weight loss in older overweight and
obese individuals consuming a hypoenergetic diet. Their results
showed that when combined with a hypoenergetic diet, consuming 500
ml (~16 fl oz) of water prior to each of the three main daily meals (1.5
|/d) leads to ~2 kg greater weight loss over 12 weeks when compared
with a hypoenergetic diet alone, among middle-aged and older adults
(96).

In a secondary analysis of a trial comparing several weight loss
diets, Stookey et al (105) discovered that overweight women who
reported drinking >1 I/d of water over a 12-month period lost~2 kg
more than those who did not increase water consumption. However
water consumption was not manipulated, and water consumption data
was self-reported. Overall, data from Dennis et al are in agreement
with these findings in that they support a beneficial role of increasing

water consumption, while consuming a hypoenergetic diet.

Although the exact mechanism responsible for the greater weight
loss with increased water consumption is unknown, consuming water
before a meal or with a meal decreases sensations of hunger, and
increases satiety (106, 110). Initially, changes in subjective sensations
of hunger and satiety are associated with an acute reduction in meal
EI (107, 110). Secondly, replacing energy-containing beverages in the

diet with water may cause a reduction in overall EI, as epidemiological
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data suggests that total beverage energy contributes >400 kcal to
daily EI in adults (81).

1.3.6 Artificial sweetener beverages in adults and body weight

Due to the negative effects of SSBs on weight control (67, 68),
beverage industries have attempted to introduce diet beverages to
allow customers to continue to drink their products. Considering the
rise in the prevalence of obesity globally (111), it is important to
establish whether artificial sweeteners can help control body weight.
Reducing sugar sweetened beverages, with replacement by artificially
sweetened beverages, offers an alternative strategy to introducing
more water into the diet. People who are at risk of gaining weight may
turn to artificially sweetened drinks in an attempt to decrease energy
intake (112, 113). However consumers of artificially sweetened
beverages may believe that the use of such sweeteners permits them
to eat more of other foods which may cause a net rise in total energy
intake (113). Today, there is still no agreement on the advantages
associated with replacing sucrose with artificial sweeteners to obtain
better weight control (114). Most of the published studies on artificial
sweeteners are laboratory based or are short-term studies (73, 97-
101, 108, 109, 115-117).

Short term intervention studies (not more than 3 week
interventions) on the effect of artificial sweeteners in adults suggested
that raised intake of artificial sweeteners either has no effect (102) or
reduces energy intake (73) compared with sucrose consumption on
their habitual diet, whilst the intervention time is not enough to reveal
any significant change in weight. On the other hand, a few of these
studies found a stimulating effect of artificial sweeteners on appetite
(73, 115, 116). It has been suggested that removing sucrose from the

diet will increase the relative dietary fat content (118, 119), which
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may then result in raised energy intake and body weight in the long
term (120, 121).

Concerning artificial sweeteners, a long-term epidemiological
study reported a positive relation between saccharin intake and weight
change in adults (122). In contrast, long-term intervention studies
with energy restriction have shown that the inclusion of artificial
sweeteners can increase compliance, improve quality of life, and help

maintain weight loss (123).

Raben at al investigated changes in ad libitum energy and
macronutrient intakes, body weight, and body composition during 10
weeks of supplementation with either sucrose or artificial sweeteners
(124). This study showed that energy intake, body weight, fat mass,
and blood pressure rose after 10 weeks of supplementation with
sucrose, whilst a decrease or no change in these variables was seen
with supplementation with artificial sweeteners. These findings were
not expected on the basis of previous intervention and observational
studies (121, 122, 125, 126). Generally, female overweight subjects
who were given supplemental drinks and foods containing sucrose, for
10 weeks, experienced rise in total energy intake, body weight, FM,
and blood pressure. This was not observed in a similar group of
subjects given similar drinks and foods containing artificial sweeteners.
The most likely reason for these differences between the groups was
the use of large amounts of beverages, giving rise to overconsumption
of energy on the high-sucrose diet. Therefore, this study can support
this comment that overweight individuals may want to consider
choosing beverages containing artificial sweeteners rather than

sucrose to prevent weight gain (124).
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For the purposes of weight loss, replacing SSBs with DBs might
promote greater adherence because of the availability of a variety of
flavors and properties (carbonated, caffeinated, and sweetened)

similar to the SSBs, which leads to greater adherence.

Debora and colleagues conducted a randomized controlled trial to
use non-caloric beverage replacements, either water or diet beverage,
alone as the primary weight-loss strategy in overweight adults and to
examine two non-caloric alternatives (127). A significant reduction in
weight and waist circumference and an improvement in systolic blood
pressure were observed during 6 months in all groups without any
significant differences between the groups. A significant reduction in
fasting glucose at 6 month (P = 0.019) was observed in the water
group relative to the control group. However, the authors concluded
that in a combined analysis, participants assigned to beverage
replacement were two times as likely to have achieved a 5% weight
loss as were the control participants (127). They also suggested that
replacement of caloric beverages with non-caloric beverages as a
weight-loss strategy resulted in average weight losses of 2% to 2.5%.
They proposed that on a population level, replacement of caloric
beverages with non-caloric alternatives could be an important
message for weight control. They also recommended that replacing
SSBs with either DBs or water, based on the consumers’ preference
and ability to adhere, appears warranted to enable weight loss at this
stage of research on the basis of these findings. However, these
recommendations are not supported by the results of this study, since
there is no significant difference in weight loss between replacing SSBs

with water or DBs over the 6 month intervention (127).

Also, in a recently published study (128) was claimed that obese

people drinking diet beverages lose significantly more weight
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compared with the water group while they were on a cognitive
behavioral therapy (CBT) weight loss plan without any personalized

detailed dietary recommendations for 12 weeks.

1.3.7 Artificial sweetener beverages in children and
adolescents and body weight

Clarifying the role of sugar free and sugar containing beverages in
children and young people may be particularly important because of
their high and increasing consumption rates. Based on data from a
nationally representative sample of youth, an extraordinary 73% of
adolescent boys and 62% of adolescent girls consume carbonated soft
drinks, of which the vast majority contain sugar rather than non-
nutritive sweeteners, on any given day (129). Those who consume soft
drinks obtain 10% to 11% of their total energy intake from these
beverages (129). Soft drinks are the leading source of added sugars in
the diets of adolescents (130).

Ebbeling et al (131) focused specifically on SSB consumption, as a
single dietary behaviour which may have a particularly large impact on
body weight in adolescents. The experimental group received home
delivery of non-caloric beverages, and the control group did not. The
mean body-mass index decreased significantly in the experimental
group, as compared with the control group, only among the
overweight and obese adolescents. Moreover, they used a novel
environmental intervention, in combination with telephone-
administered behavioural counselling, to penetrate homes and thereby
achieve behaviour change. This study showed that reducing SSBs
consumption had a beneficial effect on body weight that was strongly
linked with baseline BMI. Net BMI change was —0.75 % 0.34 kg/m? in
the intervention compared with the control group among subjects in

the upper baseline-BMI but BMI changes did not differ significantly
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between groups among subjects with lower baseline body weight.
Furthermore, the effect was greater among the subjects who drank
more SSBs at baseline, presumably because of greater displacement of
SSBs by no caloric beverages. BMI decreased by —0.14 kg/m? for
every 420 kJ (100 kcal) per day from SSBs at baseline. Because each
360-mL (12-fl 0z) serving of SSBs contains ~630 kJ (150 kcal), and
total SSBs consumption was decreased by 82% in the intervention

group.

Cara et al (16) found that a supply of non-caloric beverages
almost eliminated reported consumption of sugar-sweetened
beverages and decreased total reported energy intake between
overweight and obese adolescents after a 1-year intervention, and
there were constant effects on diet through follow-up at 2 years. The
change in BMI differed significantly between the experimental and

control groups at 1 year but not at 2 years.

De Ruyter et al (132) found that hidden replacement of a sugar-
containing beverage with a sugar-free beverage markedly decreased

weight gain and body fat gain in healthy children.

On the other hand, a recent review raised a doubt about the long
term positive effects of diet beverages on weight control in children
(112, 113).

It seems that whatever is the explanation, the epidemiological
association of the use of artificial sweeteners with obesity reveals that
switching to artificially sweetened beverages by itself is insufficient to

overcome weight gain.

1.4 Obesity management
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More than two-thirds of adults in the United States are either
trying to lose weight or to maintain their weight (133). The optimal
management of overweight and obesity needs a combination of diet,

exercise, and behavioural modification.

Treatments for obesity either reduce energy intake or increase
energy expenditure. Those that decrease energy intake have a greater
potential for triggering weight loss than those that increase energy

expenditure through exercise.

Behaviour modification or behaviour therapy is one keystone in
the treatment for obesity. These concepts are usually included in
programs conducted by psychologists or other trained personnel as

well as many self-help groups.

Generally, all patients who are overweight (BMI =25 kg/m 2) or
obese (BMI =30 kg/m 2) should take counselling on diet, lifestyle, and
goals for weight management. The choice of therapy is dependent on
several factors including the degree of overweight or obesity and

patient preference.

1.4.1 Setting goal for weight loss

It is very important to set goals when discussing a dietary weight
loss program with an individual patient. An initial weight loss goal of 5
to 7 percent of body weight is realistic for most individuals (134). It
has been shown that a weight loss of more than 5 percent can reduce
risk factors for cardiovascular disease, such as dyslipidaemia,
hypertension, and diabetes mellitus (135).

The rate of weight loss is directly related to the difference
between the subject's energy intake and energy requirements.
Decreasing energy intake below expenditure results in a predictable

initial rate of weight loss that is related to the energy deficit (136).
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Approximately 22 to 25 kcal/kg is required to maintain body weight in
a normal adult (137). Therefore, the expected or calculated energy
expenditure for a woman weighing 100 kg is about 2200 to 2500
kcal/day. The variability of £20 percent could give energy needs as
high as 2620 to 3000 kcal/day and as low as 1860 to 2000 kcal/day.
An average deficit of 500 kcal/day should result in an initial weight loss
of approximately 0.5 kg/week (1 Ib. /week). However, after 3 to 6
months of weight loss, energy expenditure adaptations happen, which
slow the bodyweight response to a given change in energy intake,
thereby reducing ongoing weight loss unless energy intake is further
reduced (138).

1.4.2 Types of diets

The general agreement is that excess intake of energy from any
source, associated with a sedentary lifestyle, causes weight gain and
obesity. The goal of dietary therapy, therefore, is to decrease energy
intake from food. Conventional diets are defined as those below
energy requirements but above 800 kcal/day (139). These diets fall

into four groups:
o Balanced low-calorie diets/portion-controlled diets
o Low-fat diets
o Low-carbohydrate diets
o Mediterranean diet

1.4.2.1 Balanced low-calorie diets/portion-controlled diets

Diet planning requires the selection of a target energy intake and
then selection of foods to meet this intake. It is essential that foods
are consumed that will meet all nutritional requirements (except for

energy), including protein, carbohydrate and essential fatty acids, as
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food restriction will in many instances be a long term necessity. Thus,
weight-reducing diets should eliminate alcohol, sugar-containing
beverages and most highly concentrated sweets because they rarely

contain adequate amounts of other nutrients besides energy.

Breakdown of some protein is to be expected during weight loss.
When weight increases as a result of overeating, approximately 75
percent of the extra energy is stored as fat and the remaining 25
percent as lean tissue (97). If the lean tissue contains 20 percent
protein, then 5 percent of the extra weight gain would be protein.
Thus, it should be anticipated that during weight loss, at least 5
percent of weight loss will be protein. A desirable feature of any
energy-restricted diet, however, is that it results in the lowest possible
loss of protein, recognizing that this will not be less than 5 percent of

the weight that is lost.

One simple approach to providing a calorie-controlled diet is to
use individually packaged foods, such as formula diet drinks using
powdered or liquid formula diets, nutrition bars, frozen food, and pre-
packaged meals that can be stored at room temperature as the main

source of nutrients.

Frozen low-calorie meals containing 250 to 350 kcal/package can
be a suitable and nutritious way to do this. Often, it has been
recommended the use of formula diets or breakfast bars for breakfast,
formula diets or a frozen lunch entree for lunch, and a frozen calorie-
controlled entree with additional vegetables for dinner. In this way, it
is possible to obtain a calorie-controlled 1000 to 1500 kcal per day
diet. In one four-year study this approach resulted in early initial

weight loss, which then was maintained (140).
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1.4.2.2 Low-fat diets
Low-fat diets are another standard plan to help patients lose
weight, and almost all dietary guidelines recommend a reduction in the

daily intake of fat to 30 percent of energy intake or less (141).

A low-fat diet can be applied in two ways. First, the dietician can
provide the patients with specific menu plans that highlight the use of
reduced fat foods. Second, patients can be instructed in counting fat
grams as an alternative to counting calories. Fat has 9.4 kcal/g. Itis
thus very easy to calculate the number of grams of fat a subject can
eat for any given level of energy intake but not as easy to know how

much food this represents.

Many experts recommend keeping energy from fat to below 30
percent of total calories. In practical terms, this means eating about
33 g of fat for each 1000 kcal in the diet.

1.4.2.3 Low-carbohydrate diets

The carbohydrate content of the diet is an important determinant
of short-term (less than two weeks) weight loss. Low (60 to 130
grams of carbohydrates) and very low-carbohydrate diets (0 to <60

grams) have been popular for many years (139).

Low and very low-carbohydrate diets are more effective for short-
term weight loss than low-fat diets, although perhaps not for long-
term weight loss (142). Low-carbohydrate diets may have some other
beneficial effects with regard to risk of developing Type 2 diabetes
mellitus, coronary heart disease, and some cancers, particularly if
attention is paid to the type as well as the quantity of carbohydrate. A
low-carbohydrate diet can be implemented in two ways, either by
reducing the total amount of carbohydrate or by consuming foods with

a lower glycaemic index or glycaemic load.
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1.4.2.4 Mediterranean diet

The term Mediterranean diet refers to a dietary pattern that is
common in olive-growing areas of the Mediterranean area. Although
there is some variation in Mediterranean diets, there are some
common components that include a high level of monounsaturated fat
relative to saturated; moderate consumption of alcohol, mainly as
wine; a high consumption of vegetables, fruits, legumes, and grains; a
moderate consumption of milk and dairy products, mostly in the form

of cheese; and a relatively low intake of meat and meat products.

A meta-analysis of six randomized controlled trials discovered no
difference between three of the main diet types (low calorie, low
carbohydrate, and low fat), with a 2-4 kilogram (4.4-8.8 |Ib.) weight

loss in all studies (143).

1.4.3 Weight maintenance diets

Although many individuals have success losing weight with diet,
most subsequently regain much or all of the lost weight. Maintaining
weight loss is made difficult by the reduction in energy expenditure
that is induced by weight loss (144). In addition, long-term adherence
to restrictive diets is difficult. Exercise and behavioural interventions

may help individuals maintain weight loss.

There is little agreement on the ideal mix of macronutrients to
maintain weight loss. The satiating effects of high protein, low
glycaemic index diets have generated interest in manipulating protein

composition and glycaemic index in weight maintenance diets.

Whether the macronutrient composition of a diet, independent of
total energy intake, has any effect on long-term weight maintenance is
unknown. As discussed above, long-term adherence to a weight

maintaining diet is probably the most important determinant of
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success, and therefore the optimal weight maintaining diet will depend

upon preference and individual factors.

1.4.4 Obesity and physical activity

Physical activity is a component of energy balance that is
particularly important in the pathogenesis of obesity and in its
treatment. Activity-related energy expenditure can be defined as any
situation involving muscle contraction which increases energy

expenditure above the resting supine or seated level.

The best management of overweight and obesity starts with a
combination of diet, exercise, and behavioural modification. Physical
exercise and activity can be beneficial in preserving lean body mass

while dieting.

Exercise has been assessed as a single treatment for obesity, in
combination with diet, and for maintaining weight loss after successful
achievement of a weight loss program. In most studies, exercise only
marginally improves weight loss. The reasons for this finding are
unclear but may be due, partly to difficulty in adhering to adequately
vigorous exercise schedules. In addition, for patients who are adherent
with exercise training, increases in muscle mass may offset loss of

adipose tissue, resulting in less net weight loss.

Exercise programs added to diets with moderate to severe
energy restriction have little additional effect upon weight loss. As an
example, a systematic review of 17 randomized trials in overweight
and obese patients (BMI 25 to 37 kg/m?) showed that compared with
weight loss by diet alone, adding exercise to diet achieved slightly
greater weight loss than diet alone (mean increase in weight loss
approximately 1.5 kg)(145). However the results were statistically

significant in only two of the trials. Similar findings were later reported
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in obese elderly adults (mean age 70 years) who were randomly
assigned to diet or exercise alone, diet plus exercise, or control (146).
Body weight decreased equally in the diet alone and the diet plus
exercise group (10 and 9 percent, respectively), but did not decrease

in the exercise alone or control groups.

Also, in observational studies, exercise regularly stands out as an
important factor in maintaining weight loss after any weight reduction
(147-150). The amount of physical activity which is required to

prevent weight regains seems to be >150min/week (151).

1.5 Type 2 diabetes and its management

Type 2 diabetes is a mixed group of conditions that represent
about 90% of all diabetes cases in the United States (152).
Previously, Type 2 diabetes was known as non-insulin-dependent
diabetes or adult-onset diabetes. Type 2 diabetes mellitus is
characterised by hyperglycaemia, insulin resistance, and relative
impairment in insulin secretion, compared to the absolute insulin

deficiency seen in Type 1 diabetes.

Type 2 diabetes is a common disorder with a prevalence that
rises significantly with increasing degrees of obesity (153). The
prevalence of type 2 diabetes has risen alarmingly in the past decade
(154). The estimated overall prevalence of diabetes among adults in
the United States ranges from 5.8 to 12.9 percent (155). In large part
linked to the trends in obesity and sedentary lifestyle (156).

Diabetes accounts for nearly 14 percent of United States health
care expenditures, at least one-half of which are linked to
complications such as myocardial infarction, stroke, end-stage renal

disease, retinopathy, and foot ulcers (157). Numerous factors, in
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addition to directly related medical complications, contribute to the

impact of diabetes on quality of life and economics.

Diabetes is associated with a high prevalence of depression
(158) and adversely impacts employment, absence, and work
productivity (159).

The management approach is consistent with guidelines from the
American Diabetes Association (ADA) for health maintenance in
patients with diabetes, which are published yearly (170). The majority
of patients with this form of diabetes are clinically obese, and exercise

and weight loss lead to improvements in the disease state.

The first Survey of Risk Factors of Non-Communicable Diseases
of Iran, 2005, showed that 7.7% of adults aged 25-64 years, or 2
million adults, have diabetes, among whom one-half are undiagnosed.
An additional 16.8%, or 4.4 million, of Iranian adults have impaired

fasting glucose (160).

Haghdoost’s review indicated that the prevalence of Type 2
diabetes in those > 40 years was 24% and it increased by 0.4% with
each year after 20 years of age. The risk of Type 2 diabetes was 1.7%
greater in women than men. The prevalence of Type 2 diabetes seems
higher in Iran than in other developing countries but because of
differences in age pyramids, the rough prevalence is not a proper
indicator and age-adjusted or age-specific prevalence should be used
(161).

1.5.1 Causes of Type 2 Diabetes
Patients present with a combination of varying degrees of insulin
resistance and relative insulin deficiency, and it is likely that both

contribute to type 2 diabetes (162-164). Each of the clinical features

48



can arise through genetic or environmental effects, making it difficult
to control the exact cause in an individual patient. Besides,
hyperglycemia itself can impair pancreatic beta cell function and
exacerbate insulin resistance, leading to a vicious cycle of

hyperglycemia causing a worsening metabolic state (165).

Generally, type 2 diabetes has several causes: genetics and
lifestyle are the most important ones. A combination of these factors
can cause insulin resistance, when the human body does not respond
to insulin as well as it should. Insulin resistance is the most common
cause of type 2 diabetes. Insulin resistance is assumed to precede
insulin deficiency in most patients, and autoimmune destruction of B-

cells does not happen, although B-cell mass may be reduced (166).

Genes play an essential role in type 2 diabetes, but lifestyle
choices are also important. Someone can, for example, have a genetic
mutation that may make him/her susceptible to type 2 diabetes, but if
this person takes good care of his/her body, development of diabetes

may be delayed or even prevented.

Type 2 diabetes is often accompanied by other conditions,
including hypertension, high serum low-density-lipoprotein (LDL)
cholesterol concentrations, and low serum high-density-lipoprotein
(HDL) cholesterol concentrations that, like Type 2 diabetes, increase
cardiovascular risk. This cluster of clinical conditions is referred to as

the metabolic syndrome (167).

1.5.2 Screening test for Type 2 diabetes

The most frequently used screening tests for type 2 diabetes
include measurement of fasting plasma glucose (FPG), two-hour post
prandial plasma glucose during an oral glucose tolerance test (2-h
OGTT), and glycated haemoglobin (HbA1C) .
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The sensitivity and specificity of FPG and HbAic as screening
tests differ according to the population tested and the threshold used
to explain diabetes. Using a two-hour blood glucose >200 mg/dl (11.1
mmol/l) on an oral glucose tolerance test as the reference standard,
the specificity of a fasting blood glucose =126 mg/dl (7.0 mmol /I) was
greater than 95 percent; the sensitivity was about 50 percent, and
may be lower for people over the age of 65 (168) . Using the same
reference standard, the specificity and sensitivity of an HbAic cut point

of 6.5 percent were 79 and 44 percent, respectively (169).

1.5.3 Lifestyle management of Diabetes

Lifestyle modifications and changes in day-to-day habits, are
essential factors of any diabetes management plan. Lifestyle
modifications can be a very effective method to keep diabetes in
control. Improved blood glucose control can slow the progression of
long-term complications. Multiple small changes can lead to
improvements in diabetes control, including a reduced need for
medication (170).

Diabetes requires a lifelong management plan, and persons with
diabetes have a central role in this plan. Lifestyle modifications are an
opportunity for diabetics to take charge of their health. Therefore, it is
important to learn as much as possible about diabetes and to take an

active role in making decisions about healthcare and treatment.

Diet, weight reduction, and exercise can all be used to improve
glycaemic control. In the Diabetes Prevention Program, a multi-centre
trial in patients with impaired glucose tolerance, weight loss of 7
percent reduced the rate of progression from impaired glucose
tolerance to diabetes by 58 percent (171).
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1.5.3.1 Exercise and Type 2 diabetes

Exercise is beneficial for all people, with or without diabetes.
Even people with longstanding diabetes or diabetic complications can
benefit from exercise. For diabetics, exercise promotes cardiovascular
fitness and weight loss, lowers high blood pressure, improves lipid
profiles, improves blood glucose control in some cases, and leads to a

general sense of well-being.

The American Diabetes Association (ADA) recommends (170)
that patients who plan to begin a moderate- to high-intensity exercise
program undergo screening for cardiovascular disease if they are > 35
years of age or if they are > 25 years of age and have had type 2
diabetes for > 10 years or type 1 diabetes for > 15 years, have an
additional risk factor for coronary disease, or have microvascular
disease, peripheral vascular disease, or autonomic neuropathy.
Decisions regarding screening of patients who plan low levels of
physical activity, such as walking, are left to the discretion of their

treating physicians (172).

Type 2 diabetes patients should understand that the amount of
exercise that produces a beneficial effect on health is not large; as
little as 30 minutes of moderate physical activity daily may offer
protection from diabetes (173). In patients with Type 2 diabetes,
structured regimens of physical activity for 8 weeks or longer
improved HbAic independent of changes in body mass. There may also
be further improvement in HbAic with increasing intensity of exercise
(174, 175).

1.5.3.2 Macronutrient Considerations in Type 2 diabetes

A. Dietary Carbohydrate
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It is recommended that about 60% of total energy intake in
people with type 2 diabetes should come from carbohydrate or
monounsaturated fat. However, there is some concern that increased
unsaturated fat consumption may promote weight gain in obese
patients with type 2 diabetes and so reduce insulin sensitivity (176).
Glycemic responses appear to be similar between starches and sucrose
and, therefore, sucrose does not need to be eliminated from the diet
(177).

The “glycemic index” concept compares the glycemic effects of
various foods to a standard, such as white bread. While several
authors have proposed its clinical efficacy in controlling postprandial
hyperglycemia, several prospective studies have not confirmed a clear
improvement in HbA1c in patients using low—-glycemic index diets
(176). Nevertheless, the recent meta-analysis studies on the effects of
low—-glycemic index diets suggested a mild but significant improvement
in HbAic (178, 179). Therefore, there may be a small benefit in
following a low-glycemic index diet for patients with diabetes. This
benefit, however, appears to be less than the benefit that can result
from counting or controlling the total amount of carbohydrate

consumed at meals.

Many sweeteners are available to the general public. The most
common sweetener is sucrose. Studies comparing the effects of the
same amounts of sucrose and starch on glycemic control have almost
no differences (180). Sucrose should be adequately covered by short-
acting insulin at mealtime but does not need to be eliminated from the
diet (181). Fructose may cause less postprandial hyperglycemia, but
there is some evidence suggesting that it may also lead to or worsen

hyperlipidemia (182). Therefore, adding fructose to the diet as a
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sweetening agent is not recommended by the ADA, although naturally
occurring fructose in foods such as fruits does not need to be avoided
(176, 179).

The U.S. Food and Drug Administration (FDA) has approved
several sugar alcohols for use as sweeteners. These include products
such as sorbitol, a common sweetener in chewing gum. Sugar alcohols
cause less hyperglycemia than naturally occurring sugars and may also
reduce the risk of dental caries. They are only partly absorbed from
the intestinal tract and so may lead to diarrhea or gastrointestinal
discomfort, especially if consumed in higher amounts (183). They
provide almost half the energy of natural sugars (due to colonic
fermentation) and should be included in carbohydrate counting at half
the effect of sucrose. These products have not been shown to facilitate
weight loss or improve glycemic control (176, 179). Several
sweeteners that are nonnutritive and do not affect blood glucose levels
are also available to the public (which have been mentioned in 1.3.2).
These include aspartame, sucralose, saccharin, neotame, and
acesulfame potassium. Though formerly linked to carcinogenesis in
laboratory animals at very high doses, saccharin is no longer
considered a cancer-causing chemical by the FDA (176). One of the
most recently released sweeteners, sucralose, has been revealed to
have no significant effect on blood glucose levels and so may be
omitted from carbohydrate calculations (176, 179, 184). Use of these
sweeteners has not been shown to facilitate weight loss or improve

glycemic control in type 2 diabetes.
B. Dietary Protein

Although the majority of clinical attention in the management of

patients with diabetes is on carbohydrate metabolism, protein
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metabolism in the state of diabetes is also abnormal. Patients with
type 2 diabetes exhibit a more negative nitrogen balance than normal
subjects. Protein poverty appears to be worsened by hyperglycemia
and improved by controlling glucose levels with insulin therapy (185,
186).

Protein requirements for people with type 2 diabetes may be
slightly larger than those for non-diabetic persons. However, most
individuals in the United States consume considerably more protein
that the recommended daily allowance (176). Studies of patients with
type 2 diabetes have confirmed that protein consumption does not
increase plasma glucose concentrations and that endogenous insulin
release is stimulated by protein consumption (187). It is important to
note that the existing studies of low-carbohydrate diets are short-term
studies; the long-term effects of such diets are unknown. This is
especially concerning because of their wide-spread use and the
association of diabetic kidney disease with diets consisting of > 20% of
energy from protein. For these reasons, a low-carbohydrate diet (<
130 g of total carbohydrate per day) is not recommended by the ADA
(179).

C. Dietary fat

Recommendations regarding fat in the diet of type 2 diabetes are
similar to recommendations for patients with coronary artery disease.
This is mainly because of studies that show that the risk of myocardial
infarction in diabetic patients is similar to the risk of non-diabetic
patients who have previously suffered a myocardial infarction (188).
As saturated fats are the major dietary factors of serum LDL

cholesterol levels, people with diabetes should struggle to keep them
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to < 7% of total daily energy and to minimize consumption of trans

fatty acids. Cholesterol consumption should be < 200 mg/day (179).

When combined into a controlled-calorie diet in which no weight
loss is occurring, programs that highlight reduction in either
carbohydrate or monounsaturated fats both lower cholesterol, but the
higher-carbohydrate diets may worsen hyperglycemia. In diets in
which total energy was reduced to help weight loss, however, the
hyperglycemic effect of the high-carbohydrate diet seemed lessened
(179).

1.6 Summary, proposed hypothesis and topic of

thesis

Total energy consumption has increased in recent decades
(189), and sugar sweetened beverages (SSBs) potentially contribute
to this increase (190). Raised consumption of SSBs is frequently
associated with increased cardiometabolic disorders, specifically with
obesity and metabolic syndrome around the world (69). Some health
professionals recommend that a decrease in consumption of SSBs may
have a positive effect on weight control (191), but this has not been
confirmed by others (76). Low-energy sweeteners are of interest as a
dietary tool (192), as they offer sweet taste without the extra energy
delivered from foods and drinks containing sugar (193-198) and
promote weight-loss program adherence (199). However, some
studies presented an opposing outcome of such sweeteners on energy

intake and body weight (200) and another study

has suggested that regular use of intense sweeteners might

lead to a paradoxical weight gain (201).
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On the other hand, increasing daily water drinking is generally
recognized as a weight loss strategy by the general public but there
are few data available to support this practice. There is a belief among
nutritionists and health professionals that increasing daily water
consumption is a way to help weight loss, but there are few data
available to support this practice. Epidemiological studies suggest that
energy intake is significantly lower in water drinkers compared with
non-water drinkers (201) which may contribute to weight gain.
Previous interventional studies suggest water consumption in subjects
following a weight loss diet may lead to more weight loss compared
with the control (96, 202). On the other hand, a recent study indicated
that replacement of SSBs with non-caloric alternatives, i.e. either DBs

or water, may have similar effects on weight loss (127).

The general population believes that diet beverages can help
them to lose weight and many obese people drink diet beverages,
believing that this simple strategy would be helpful to reduce weight.
The study of Tate and colleagues (127) has claimed that replacement
of energy containing beverages with diet beverages resulted in
average weight losses of 2% to 2.5% without any weight loss diet
program. Nonetheless, this study failed to indicate any significant
differences in weight loss during 3 and 6 month interventions when
replacing diet beverage or water for SSBs compared with the control
group. However, fasting blood glucose was only significantly reduced
in the water group, not the diet beverage group, compared with
control. Furthermore, a recent study (128), reported concurrently with
the studies presented in this thesis, claimed that obese people drinking
DBs even lost significantly more weight than the water group while
they were on a cognitive behavioral therapy (CBT) weight loss plan for

12 wk., without any personalized detailed dietary recommendations.
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The 1 year follow-up of the study also confirmed that regular
consumers of NNS beverages who were asked to drink NNS beverages
lost significantly more weight, and maintained significantly greater
weight losses, over 1 year than subjects stopping NNS beverage

consumption and drinking water only (203).

To my knowledge, no study compared the effects of replacing
diet beverages with water on weight loss management in people who
usually drank diet beverage, following a comprehensive weight loss
diet program for 24 weeks and in the long term. In summary, the
purpose of this study was to examine the effects of replacing diet
beverage consumption with water on different aspects of human

energy metabolism in the three studies as below:

1. Effects on weight loss in adults of replacing diet beverages with

water during a hypoenergetic diet-a randomized, 24 week clinical trial

2. Effects of replacing diet beverages with water on weight loss and

weight maintenance: 18 month follow up, randomized clinical trial

3. Beneficial effects of replacing diet beverages with water on Type 2
diabetic obese women following a hypo-energetic diet - a randomized,

24 week clinical trial
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2.1 Introduction

The studies included in this thesis have the following protocols,
methods and measurement in common. These will be discussed in this
chapter. Specific method and protocols will be explained in the

subsequent appropriate chapters.

2.2 Participants and ethical approvals

The studies took placed in the NovinDiet clinic, Tehran, Iran
between March 2014 and December 2015. All the studies were
approved by the Ethical Committee of The Digestive Research
Institute, Tehran University of Medical Science. All participants gave

informed written consent to participate in each study.

2.2.1 Participants recruitment
Female participants were selected from overweight and obese
patient attending NovinDiet Clinic to lose weight. The following criteria
for selection were used:
e Age=18-50 years of age
e BMI=27-40kg/m2 in healthy and BMI=27-35 kg/m?2 in
the diabetic subjects study
e Neither pregnant nor lactating during the previous 6
months or planned pregnancy in the next 6 months
e No weight loss >210% of body weight within the 6 months
before enrollment in the study
e No participation in a research project involving weight
loss or physical activity in the previous 6 months
e Not taking medication to lower lipids/cholesterol

e Nonsmokers
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Free of established cardiovascular diseases, stroke, liver
diseases, kidney diseases, cancer or autoimmune
disease.

Self-reported habitual consumers of DBs (diet coke) who
were willing to introduce a dietary change to lose weight
which might include changing beverage consumption.

No indication of current depression: identified by a score
of less than 10 on the Beck depression Inventory (BDI),
(see appendix-5).The questionnaire was developed to
measure the symptoms of depression using 21 items with
four levels of severity associated with each symptom
(204).

Participants reporting heart disorders, frequent chest
pains, or faintness or dizziness on the Physical Activity
Readiness Questionnaire were excluded, and other
medical conditions required physician's consent to

participate.

2.2.2 Protocol for screening visit

The screening visit took up to 100 minutes for each participant.

The history of the patient was collected (section 2.2.2.1). Also weight,

height and waist circumference were measured (section 2.2.2.2) and.

Subjects were asked to complete a questionnaire (2.2.2.3) and asked

them to fill a food dairy diary form during the next week for 3

weekdays and one weekend day (2.2.2.4).

2.2.2.1 Collecting patient’s history

Participants underwent a physical examination by a general medical

doctor. The practitioner asked questions to obtain the following

information about the patient:
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The "chief complaint (CC)" - the major health problem or

concern, and its time course.

History of the present illness (HPI) - details about the
complaints, counted in the CC. (Also often called 'History of

presenting complaint' or HPC)

The medical history of participants and their family. If they are

taking any medication.

Past medical history (PMH) (including major illnesses, any
previous surgery/operations (sometimes distinguished as "Past
Surgical History" or PSH), any current ongoing illness, e.g.
diabetes).

Family diseases - especially those relevant to metabolic

syndrome.
Childhood obesity.

Social history (medicine) - including living arrangements,
occupation, marital status, number of children, drug use

(including tobacco, alcohol, other recreational drug use).

Regular and acute medications (including those prescribed by
doctors, and others obtained over-the-counter or alternative

medicine).

Allergies - to medications, food, latex, and other environmental

factors

Sexual history, obstetric/gynacological history, and so on, as

appropriate.

(See appendix-1)
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2.2.2.2 Anthropometric measurements
I. Body weight was taken to the nearest 0.1 kg using a
digital calibrated scale (Omron Health Care, Hoofddorp,
Netherland), whilst subjects wore light clothing and no
shoes.

I1. Body height was measured to the nearest 0.1 cm by using
a wall mounted stadiometer (SECA, Hamburg, Germany)
while participants were barefoot and in a free-standing
position.

ITI.  Waist circumference (WC) was measured with a rigid
measuring tape and recorded to the nearest 0.5 cm. WC
was measured at the smallest horizontal circumference
between the ribs and iliac crest (the natural waist), or, in
case of an indeterminable waist narrowing, halfway
between the lower rib and the iliac crest (205).

IV. BMI was calculated from measured weight in kilogram

divided by the square of height in meter.

2.2.2.3 Questionnaires
Participant was asked to complete the following questionnaire at

the screening visit:

I. A food frequency questionnaire (FFQ) which is a limited
checklist of beverages with a frequency response section
for participants to report how often each item was
consumed over a specified period of time (See Appendix-
6).

II. Beck’s Depression Inventory (BD1) (204) (See Appendix-
5).
III. Physical Activity Readiness Questionnaire (PAR-Q) (206)
(Appendix-4).
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IV. Lifestyle and Eating Habits Questionnaire (See Appendix-
3).

2.2.2.4 Completion of the food diary form

Participants were instructed in how to keep a 4- day food record
by a research nutritionist. In the 30-minute lesson emphasis was
placed on the necessity of time recording and accurate food and drink
record keeping for 4 consecutive days which included 3 weekdays and

1 weekend day.

2.2.3 Protocol for Blood sampling

After the screening visit, anyone who was eligible to participate
in the study was asked to come to the clinic for blood sampling. The
blood samples were collected for all participants at week 0, and then
at week 12 and/or week 24 according to the protocol of the

experiments.

Participants were asked to fast overnight. Blood samples were
taken while the participants were in a sitting position from an
antecubital vein, and were centrifuged at 2000g at room temperature
within 30-45 min. Antecubital venous blood samples for 2hpp glucose
were taken 2 hours after ingesting 75g of glucose according to the
standard method and the American Diabetes Association’s criteria were

used for excluding diabetes (207).

2.2.3.1 Blood glucose measurement
Fasting plasma glucose (FPG) and 2hpp plasma glucose levels

were measured using the enzymatic colorimetric method.

Insulin was measured by using a radioimmunoassay with 12°I-
labeled human insulin and a human insulin antiserum in an

immunoradiometric assay (IRMA) (Biosource, Dorest, Belgium) with a
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gamma-counter system (Gamma I; Genesys). Insulin resistance was
evaluated by homeostasis model assessment of insulin resistance

(HOMA-IR), which was calculated by using the following formula:
HOMA-IR = [fasting insulin (mU/I) x FPG (mmol/I)]/22.5 (208)

Glycated hamoglobin (HbA1ic) was measured by a colorimetric
method after an initial separation by ion exchange chromatography

(Biosystem, Barcelona, Spain).

2.2.3.2 Lipid profile measurement

Biochemical analysis of the serum total cholesterol (TC),
triglyceride (TG), and high-density lipoprotein (HDL) cholesterol was
carried out on a Selectra E auto analyzer (Vita Laboratory,
Netherlands) following standard procedures of the Pars Azmoon
diagnostic kits (Iran). The LDL cholesterol was calculated using the

Friedewald formula.
LDL cholesterol = TC - HDL cholesterol + (TG + 2.2) (209)
2.2.4 Questionnaires

2.2.4.1 Beck’s Depression Inventory (BDI) evaluation
By evaluating the Beck’s depression inventory which the
participant completed at the screening visit, participants were

excluded if the scores were greater than 9.

2.2.4.2 Food diary record

The participants were asked to complete the food diary record at
week 0, and then the last week of the interventions. The food diary
records which were given at the screening visit and completed by the
participant were evaluated for completeness at the next visit and

subjects were excluded if it was not sufficiently detailed.
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2.2.4.3 Lifestyle and Eating Habits Questionnaire

The participants were requested to complete the Lifestyle and
Eating Habits Questionnaire at screening visit. This questionnaire was
completed by the participant and then used by our dietitian to give
each participant individual comments regarding necessary behavioral

changes in their eating habits and lifestyle.
2.2.5 Protocol for clinic visit

2.2.5.1 Dietary and activity intervention sessions

NovinDiet Clinic is a private weight loss clinic which uses an
integrated approach (dietary, behavioural, exercise and medical
treatments). The clinic staff engage in research as well as providing
the clinical services. Subjects who participated in studies did not pay
clinic fees.

The NovinDiet Protocol is based around developing a problem
solving approach for each member individually and addresses both diet
and exercise. The program was designed to enable weight loss of 7-
10% of starting body weight, at a rate of 0.5-1 kg/week over 24
weeks.

The individual diet programs were based on the participant’s
food diary records and their food preferences with gradual modification
to bring their diet in line with the NovinDiet protocol. Participants were
assigned a hypoenergetic diet with a mainly high-carbohydrate, low-
saturated-fat dietary pattern [17% of energy from protein, 23% from
fat (<10% from saturated fat), and 60% from carbohydrate.

Physical activity was encouraged; the objective was to gradually
increase activity levels to achieve 60 minutes of moderate activity on
five days each week. Predominant behavior change strategies applied
included stages of change, goal setting, self-monitoring with food

diaries, waist measurements, and physical activity.
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At bi-weekly sessions, the participants reported behavior
problems regarding their weight loss program were discussed.
Resources were provided as home booklets for each person to record
adherence to the diet protocol. During the intervention period,
participants completed the feedback form regarding their adherence to
diet and their physical activity (See Appendix-7) and also had access
to a website, weekly internet magazines, and one to one telephone/

online support from a consultant, if needed.

2.2.5.2 Measurements

Anthropometric measurements were taken at the baseline, 12
weeks and 24 weeks for studyl and study2 and for study3 study at
week 77(except height which was taken only at the screening visit), by
the dietitian.

Blood samples were taken after overnight (10- 12 h) fasting by
nurse, between 07:00 and 09:00, at the baseline, 12and 24 weeks for
biochemical, cellular and hormonal measurements.

2.2.6 Free living protocol-food intake measurements

There are a number of different approaches to estimate energy
intake (210). In my studies, a food dietary record based on household
measurement method was used. The participants were given training
in keeping a food diary record using this approach (See appendix-2).
An instruction booklet with a day menu example was also given to
each participant. During the 30-minute lesson, research nutritionists

gave all necessary instruction to each person.

Methods used for food intake measurement are associated with
errors rising from the use of food composition table (211), portion size
estimation, daily diet variation and change in diet within the measured
period (212). However it is claimed that a dietary record over 7 days is

likely to reflect someone’s habitual diet (213). In general, a record of

66



three days is recommended to obtain valid information on food
consumption. Further studies showed that energy intake was
significantly different between weekdays and weekend days (214,
215). Therefore, to cover the potential errors caused by daily intake
variations on energy intake estimation, the participants recorded their
habitual dietary intake on 1 weekend day and 3 weekdays before the
start of each study. Participants were asked to provide a food diary
record for 4 days at Week 0, Weekl1l1 and Week 23 of the DBs and
DDBs study and also at week 77 for DBs follow up study in order to
measure their adherence to the diet during each interventional period.
Food diary records for the Energy and macronutrient intake at the
baseline, 11 weeks and 23 weeks ( and 77 weeks) of the intervention
was analyzed by Nutritionist IV software. Participants were asked to
write exactly what they ate immediately at the end of eating any food
or snack in order to make the records more accurate. They were also
asked to keep the labels of any ready prepared food, which they
consumed, and record the amount of which was eaten. The typical
portion included in the software was used when portion size was not

indicated on the record.

One of the main criticisms for the previous studies is the lack of
the definition of key variables such as meals or snacks. For this thesis,
a meal was defined as any food or snack (solid or liquid) containing
energy, with an interval between two eating occasions of more than 1
hour. For the purposes of this thesis, it was decided that consumption
of any energy containing food or drink would be classified as an eating

occasion, either in a meal or snack.

Clearly, this random definition could lead to problems if
participants consumed energy containing food/drink at 30 min.

According to the prescribed diet, it was thought that it was unlikely
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that participants would be instructed to have their eating occasion with

at least 1 hour intervals.

Participants were asked to note down the times at which the
eating occasion occurred. It is appreciated that these definitions may
lead to some debate, but they at least give opportunity to check any

effects observed in other experiments with similar a protocol.

2.2.7 Statistical analysis

The data were processed using Excel software, version 2010.
Following the study, results of anthropometrics measurement were
processed in the computer. At the end of each study, results of food
intake record, serum and plasma biochemical variables were
processed.

All statistical analyses were performed using SPSS 22.0 for
Windows (SPSS Inc., USA). All data are reported as mean = their
standard deviation (SD) unless otherwise indicated.

Data were tested for normality(Kolmogorov-smisnov).Baseline
values of cardiovascular risk factors (including weight, waist
circumference, LDL-c, HDL-c, TC, FPG, TG , fasting insulin, HOMA IR,
HbA1C, 2hpp glucose and food intake data) were compared within the
groups using unpaired t-tests.

At baseline, distribution was normal for all variables. Repeated-
measures two-way analysis of variance (ANOVA) with groups and
times as a within-subject factor was used to assess the effects of
dietary intervention by comparing changes in the dependent variables
between the groups over time. Where there was a significant main
effect but no interaction, post-hoc comparisons were performed as
appropriate with Bonferroni’s adjustment for multiple comparisons to

determine differences between group means.
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Statistical significance was set at p < 0.05. All data are
presented as mean £ SD unless otherwise stated. Associations
between variables were assessed by simple correlational analyses

(Pearson’s r).
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Chapter 3. Effects on weight
loss in adults of replacing diet
beverages with water during a
hypoenergetic diet-a
randomized, 24 week clinical

trial
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3.1 Introduction

Low-energy sweeteners are of interest as a dietary tool by way
of offering sweet taste without the extra energy brought from foods
and drinks containing sugar, as an attempt to control obesity (192-
198). Though, some studies showed an opposite result of Low-energy
sweeteners on energy intake and body weight (200).

On the other hand, generally increasing drinking water is
recognized as a weight loss plan by the general public however limited
data are available to support this practice. To my knowledge, no
previous study has compared the effects of replacing diet beverages
with water on weight loss management in obese and overweight adult
females, who usually drank diet beverages, following a comprehensive
weight loss diet program for 24 weeks. The purpose of this study was
to examine the effects of replacing diet beverage consumption with
water on human energy metabolism in overweight/ obese habitual diet
beverage consumers whilst undertaking a comprehensive 24 week

weight loss program.

3.2 Methods

3.2.1 Subjects

Eighty nine healthy overweight and obese female participants
were selected between March 2014 and June 2014 from participants
attending NovinDiet Clinic, Tehran, Iran to lose weight according to the
criteria explained in section 2.2.1. Participants included those who
were able to demonstrate that they were able to keep an adequate 4-
day food record and readiness to safely participate in daily physical
activity.

The study was approved by the Ethical Committee of The

Digestive Research Institute, Tehran University of Medical Science. All
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participants provided their signed consent prior to study enrollment.
This trial was registered at http:/www.irct.ir/ as
IRCT201402177754N5.

3.2.2 Design

The study was a 2-arm, randomized clinical trial. Eligible
participants were randomly assigned after baseline measures by using
a computer-generated random-numbers method by the project
coordinator with allocation concealed from the participants and
dietitians until randomization was revealed to the study participants at
the initial intervention clinic appointment.

The groups were the Water group in which participants replaced
habitual intake of DBs with a glass of water (250 ml) after the main
meal (lunch) and the DBs group where participants were instructed to
drink DBs once a day (250ml), after their main meal (lunch) 5 times a
week, and then water only after the main meal (lunch) on the
remaining days of the week. Both groups were free to drink water as a
beverage during the rest of the days but were not allowed to have DBs
consumption. In addition, both groups were asked not to drink DBs or
water during the meal and also not add low calorie sweeteners such as
aspartame or sucralose to beverages such as tea or coffee.

Bi-weekly visits to the dietitian were required in order to
promote adherence to the hypo-energetic diet and beverage
substitution. Those in the DBs group were given beverages at their bi-
weekly treatment visits. Both groups started a hypo-energetic diet
according to the NovinDiet Protocol, which included advice to gradually
increase activity levels to achieve 60min of moderate activity 5 d/wk.
3.2.3 Screening visit

At the screening visits participants underwent a physical

examination by a General practitioner (see section 2.2.2.1), completed
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the Beck’s Depression Inventory (204) (See Appendix 5), and
completed the Physical Activity Readiness Questionnaire (PAR-Q)
(206) (See Appendix 4). Potential participants were instructed in how
to keep a 4-day food record for 4 consecutive days, which included 3
weekdays and 1 weekend day (see section 2.2.4.2) (See Appendix 2).
The food record was evaluated for completeness at the next visit and
subjects were excluded if it was not sufficiently detailed.

Two subjects were excluded by Beck’s Depression Inventory
scores (greater than 9) and 5 subjects were excluded because they
produced a food record with insufficient detail.

3.2.4 Dietary and activity intervention sessions

This study was performed in NovinDiet Clinic, Tehran, Iran.
NovinDiet Clinic is a private weight loss clinic which uses an integrated
approach (dietary, behavioural, exercise and medical treatments)
weight loss plan. The NovinDiet Protocol has been described in detail in
Section 2.2.5.1.

3.2.5 Measurements

3.2.5.1 Anthropometric measurement

Anthropometric measurements, including weight, height, BMI
and waist circumference, were taken at the baseline, 12 weeks and 24
weeks (except height which was taken only at the screening visit), by
the dietitian. The details of anthropometric measurements have been
described in Section 2.2.2.2.

3.2.5.2 Food intake measurement

To estimate food intake, the participants were asked to record
their food intake for 4 consecutive days, which included 3 weekdays
and 1 weekend day, while they were undertaking a free life weight loss

diet (Section 2.2.6). Energy and macronutrient intake at the baseline

73



and the last week of the intervention (week 24) were analyzed by

Nutritionist IV software.

3.2.5.3 Blood Sample measurement

Blood samples were taken after overnight (10- 12 h) fasting by
nurse, between 07:00 and 09:00, at the baseline, 12 weeks and 24
weeks for biochemical, cellular and hormonal measurements according
to the standard protocol (Section 2.2.3). Blood sample measurements
were performed for FPG, 2hpp plasma glucose, serum insulin and
HOMA-IR (Section 2.2.3.1), and lipid profiles including the serum total
cholesterol (TC), triglyceride (TG), and high-density lipoprotein (HDL)
cholesterol (Section 2.2.3.2).
3.2.6 Statistical analyses

3.2.6.1 Power and estimated sample size

The primary outcome addressed in this study was the difference
in body weight loss during the 24 week weight loss program. The
power calculation was based on that described by Dennis et al (2010)
(104) except I chose the power of 0.85 (a = 0.05, power = 0.85), with
expected differences in weight loss between weight loss diet groups
(2.0 £ 2.5 kg) to determine the targeted final sample size (n = 56).

Considering a dropout rate of 20% the sample size required was 67.

3.2.6.2 Statistical methods

Baseline values of cardiovascular risk factors (including weight,
waist circumference, LDL-c, HDL-c, TC, FPG, TG , fasting insulin,
HOMA IR, HA1C, 2hpp glucose and food intake data) were compared
between the Water and DBs groups using unpaired t-tests.

At baseline, distribution was normal for all variables. Repeated-
measures two-way analysis of variance (ANOVA) with diet groups

(Water or DBs) and time (weeks 0 and 24) as a within-subject factor
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was used to assess the effects of dietary intervention by comparing
changes in the dependent variables between the groups over time.
Where there was a significant main effect but no interaction, post-hoc
comparisons were performed as appropriate with Bonferroni’s
adjustment for multiple comparisons to determine differences between
group means. Statistical significance was set at p < 0.05. All data are
presented as mean £ SD unless otherwise stated. Associations
between variables were assessed by simple correlational analyses
(Pearson’s r). All statistical analyses were performed using SPSS 22.0
for Windows (SPSS Inc., USA).

3.3 Results

3.3.1 Physical characteristics( Baseline characteristics)

Eighty nine obese and overweight participants were recruited and
62 participants completed the 24-week intervention (71% of the
original population, Figure 3.1). From 89 individuals who were
interested in participating in the study, 2 participants were excluded
from the study because of the results of Beck depression
questionnaire. Five potential participants were excluded because they
stopped keeping the dietary record or filled it in insufficiently. Blood
test results at baseline revealed that 11 patients were ineligible
because of having one or more of the exclusion criteria. The remaining
71 participants gave written consent and then randomly 35
participants were allocated to the water and 36 to the DBs group. After
starting the intervention, a total of 9 subjects dropped out because
they did not wish to continue or they changed their living places. At
Week 12, the retention rates were 97% for DBs group and 91% for
Water group, and at Week 24, those rate were 89% for DBs and 86%
for Water. As 2 participants in the Water group were eliminated

because of one unexpected pregnancy and the other one diagnosed
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suffering from asthma, it could be said that the retention rates did not
differ between groups.

At baseline, there were no statistically significant differences in
physical characteristics or biochemical measurements between the
intervention groups or between those who completed or did not
complete the study once recruited (Table 3.1).

3.3.2 Anthropometric measurement

All participants in both groups lost weight during the first 12
weeks of the study and continued to lose weight until the final 24 week
point, although at a slower rate (Figure 3.2). As shown in Table 3.2,
there was a significant weight reduction in each group after 24 weeks
(DBs=- 7.6 £ 2.1 kg vs. water=-8.8%+ 1.9kg, time effects, P<0.001).
As shown in Figure 2, there was a significant group x time interaction
for weight loss over 24 weeks (P=0.015).

BMI reduction in each group was in the expected direction with
significant effects over 24 weeks for both groups (time effects, P<
0.001). However, the decline in BMI was larger in the water group
than the DBs group after 24 weeks (Water=-3.4+0.7 kg/m2 vs. DBs=-
2.9%+0.8 kg/m?2 (Table 3.2). There was a significant group x time
interaction in BMI reduction over 24 weeks (P=0.002).

In both groups, waist circumference had decreased significantly
after 24 weeks of intervention (time effects, P<0.001). The mean
(£SD) waist circumference decline was -8.6 £ 3.4 cm in the Water
group, and -7.9 £ 2.7 cm in the DBs group at 24 weeks. However,
there was no group x time interaction in the reduction in waist
circumference over 24 weeks (P=0.35).

3.3.3 Lipid profile
Reductions in total cholesterol, low-density lipoprotein

cholesterol, and triglyceride concentration and increase in high density
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lipoprotein cholesterol were detected over the 24 weeks of study in
each group (P<0.001), but there were no significant differences in
these results between the groups over 24 weeks (Table 3.2).

Total cholesterol after 24 weeks had decreased by -0.53 + 0.16
mmol/l in the Water group vs. -0.49 £ 0.17 mmol/l in the DBs group
(no significant group x time interaction, P= 0.268).

High-density lipoprotein cholesterol (HDL-C) concentration after
24 weeks had increased by 0.125 £ 0.045 mmol/l in the Water group
vs. 0.124 £ 0.050 mmol/I in the DBs group (no significant group X
time interaction, P= 0.912), whereas low-density lipoprotein
cholesterol (LDL-C) had decreased by -0.534 + 0.164 (Water) and -
0.551 £ 0.191 mmol/l (DBs) (no significant group X time interaction,
P=0.761).

Triglyceride levels after 24 weeks had decreased by -0.281 +
0.109 (Water) and -0.280 £+ 0.122 mmol/I (DBs) (no significant group
x time interaction, P=0.994).

3.3.4 Glucose metabolism measurement

Data analysis showed that fasting plasma glucose, fasting serum
insulin, 2 hour postprandial (2hpp) glucose, HbAic and HOMA-IR all
decreased over time in both groups (P < 0.001 for time effect of all
variables). However, between groups differences were only significant
for insulin, 2hpp and HOMA-IR (Table 3.2). The average reduction in
fasting plasma glucose over 24 weeks, was -0.767 + 0.278 (Water
group) and -0.681 = 0.169 mmol/l (DBs). However, there was no
significant group by time interaction in fasting Plasma glucose
reduction over 24 weeks (P=0.143).

In terms of 2hpp differences during the 24 weeks of
intervention, the mean reduction of 2hpp was - 1.024 + 0.254
(Water) and -0.719 £+ 0.275 mmol/I (DB). As shown in Table 2, there
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was a significant group * time interaction in 2hpp glucose effects over
24 weeks (P<0.001).

HbAic decline over 24 weeks in the Water group was -0.54 =
0.12 %, while this reduction was -0.47 £ 0.17 % in DBs group at
Week 24. But as shown in Table 2, there was no significant difference
in the changes between the groups after 24 weeks (P= 0.066).

Fasting serum insulin concentration decreased significantly over
time, with differences between the two groups (P<0.001). The
reduction of insulin was -2.8+0.8 (Water) and -1.8+1.3 mU/| (DBs)
after 24 weeks. Furthermore, there was a significant improvement in
insulin resistance in the Water group compared with DBs group over
24 weeks (timexgroup interaction, P<0.001). HOMA IR decreased by -
0.097% 0.049 in the Water compared with -0.057+ 0.042 in the DBs
group over the 24 weeks (Table 3.2). There was a significant group
by time interaction (P<0.001).
3.3.5 Food intake measurement

At baseline, there was no significant difference in energy intake.
Estimated energy intake showed a significant reduction over time in
both groups (P < 0.001 for time effect). Estimated total energy intake
indicated a decrease of 586 * 245 Kcal/ d in the Water group, while
this index declined 455 £ 164 Kcal/d in the DBs group over the
experiment. As shown in Table 3.3, there was a significant group x
time interaction for total energy intake over 24 weeks (P=0.015).

In addition, macronutrient intake measurements showed no
significant differences between the two groups at baseline. However,
there was a greater carbohydrate deficit in the water group compared
to the DBs group during the 24 weeks of intervention (group by time
interaction, P= 0.01, Table 3.3).

3.4 Discussion
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The aim of this study was to compare the effects of DBs and
water consumption after the lunch as a main meal on weight loss, and
also indices of carbohydrate and lipid metabolism in overweight and
obese women attending the weight loss program for 24 weeks. The
results of this study showed that drinking water may lead to more
weight loss and a greater improvement in insulin sensitivity, measured
by HOMA IR and 2hpp glucose levels, compared with drinking DBs
after the main meal in overweight and obese female adults.

To my knowledge, this is the first randomized controlled trial in
which the effect on weight loss of either replacing DBs with water, or
continuing to consume DBs, is investigated in overweight and obese
women who are regular consumers of DBs with their meal, whilst
undertaking a voluntary integrated weight reduction program for 24
weeks. Although some previous intervention studies compared the
effects of water consumption on weight loss, their protocols were
different. In some studies the effects of either water or DBs
consumption in comparison to SSBs without any hypocaloric diet (127)
were compared. In other studies the effects of drinking pre-meal
water were evaluated during a hypoenergetic diet. In a very recent
study (128), drinking water and diet beverage was compared in
subjects undergoing cognitive behavior therapy only for a short period
of 12 weeks.

All participants in the present integrated weight loss program
significantly lost weight in a way consistent with their prescription
assignment. In more intensive clinic-based behavioral lifestyle
modification programs, 5-10% weight losses have been detected at 6
months (216-218) which were similar to the weight losses observed in
the current study. This is not unexpected as the weight loss program

includes energy restriction, activity monitoring, and frequent patient
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visit and consultation in the clinic. It has been shown that these
approaches are more consistently effective compared with others
recommending small but theoretically sustainable lifestyle
modifications that can be made to improve health (219).

Participants in the Water group of the present study consumed
250ml of water after their lunch over 24 weeks and they lost 1.2 kg
more (13.6% greater weight loss) than those in DBs group. Stookey
and colleagues reported a 2-kg greater weight loss in water consumers
(drinking =1 | water per day) on a hypoenergetic diet compared with
those who consumed less water. However participants in that study
were not randomly assigned to drink more water (202). In the study of
Dennis et al (96), participants who were randomly assigned to drink
pre-meal water lost ~2 kg more weight than participants on the
hypoenergetic diet alone. The current study showed a significant
interaction between beverage use and time for weight loss, suggesting
a benefit from water compared with diet beverage consumption. These
results are consistent with the outcome of Dennis’s study. However, in
the present study, subjects in both groups had either water or DBs
after their meal rather than pre-meal which is more representative of
normal behavior amongst this group. On the other hand, the present
results are contradictory to some other studies which showed either no
significant difference in effects on weight loss (127) between water
and DBs or reported superior impact on weight loss with DBs
compared with water (128). However, it should be noted that these
previous studies had different design in terms of not including any
weight loss plan (127) or have only cognitive behavioral therapy for
weight loss during a short period of 12 weeks (128). Furthermore, the
volume of beverage and the time of drinking water and beverage were

different in these studies. Future studies could assess whether the
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amount of water, the timing (i.e. pre-meal consumption compared
with during the meal, or after the meal), or other factors could impact
on the effects of replacement of diet beverage with water, on weight
loss.

In the present study, the effect of substitution of DBs with water
on weight loss may lead to better adherence to the weight loss diet in
the Water group. The greater weight loss in the Water group might be
explained by a greater reduction in energy intake in this group
compared with the DBs group. The greater reduction in absolute
carbohydrate consumption in the Water group compared with the DBs
group might also contribute to the greater weight loss in the Water
group. However, finding underlying mechanisms for better weight loss
in the Water group compared with the DBs group needs further long
term studies.

In the current study, major reductions in waist circumference
and significant improvements in cardio metabolic risk characteristics
were observed in both groups over 24 weeks, as would be expected
given the weight loss observed. Interestingly, despite similar changes
in fasting glucose levels in both groups, insulin sensitivity appeared to
be improved more with Water group compared with DBs group over
the 24 weeks.

These findings may have clinical implications, indicating that
drinking only water not DBs could improve weight loss, when people
use a weight loss program. Nutritionists and popular weight loss
programs usually advise individuals who are keen to lose weight to
increase their water consumption (94, 95). On the other hand, most
obese people believe that they can drink diet beverages during a low-
caloric diet without any deleterious effects on their weight

management. It has been claimed, based on the results of previous
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studies on replacement of energy containing beverages with either
water or DBs that both DBs and water would be effective weight-loss
strategies. However, the results do not appear to support these
claims (127). In the recent study (128) with the opposite results
compared with the present study, participants were only on CBT and
the intervention period was as short as 12 weeks. In addition,
participants had at least 3 diet beverage drinks during the week with
no limitation for other beverage consumption, while participants in the
present study habitually drank diet beverages prior to the study.
Future research is required to examine the longer-term health effects
of consuming water as a replacement for DBs in order to establish
whether the benefits demonstrated in the present study are sustained.

The principal strength of this study is that it was a randomized,
outpatient clinical trial, whilst participants were on a comprehensive
diet plan for weight control in a long term intervention (i.e. 24 weeks).
Secondly, participants wished to lose weight and were middle-aged
overweight and obese women who were able to comply with a weight
loss plan, hence they demonstrated that they were motivated to
adhere to the weight loss diet protocol (127). Thirdly providing the diet
beverages for DBs group and water for the Water group was an
incentive for regular by-weekly visits with the dietitian when
compliance could be encouraged in both groups.

On the other hand, without long-term follow-up, it is not known
whether participants could comply with only water as the beverage, or
whether the beneficial effects would be sustained in the longer term.
In conclusion, replacing DBs with water consumption would appear to
impact beneficially on weight loss and insulin sensitivity in overweight
and obese participants adhering to a weight loss diet. Longer term

studies are now required, in both healthy overweight and obese
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patients, and in those whose insulin sensitivity is compromised (e.g.

pre diabetic and diabetic patients).
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Table 3.1.

subject characteristics before intervention?

Age,y

Body weight, kg

Height , cm

BMI , kg/m?2

Waist Circumference, cm
Married

Total cholesterol, mmol/l
HDL cholesterol, mmol/l
LDL cholesterol, mmol/l
Triglycerides, mmol/l
FPG, mmol/l

2hpp, mmol/l

HbAlc,%

Insulin, m U/l

HOMA-IR

water group(n=35)

DBs Group(n=36)

32.2+ 6.92
88.2+8.8
161.3+4.9
33.9+3
104.6+ 5.8
73%
4.8+0.4
1.3+0.2
2.8+0.4
1.7+0.2
5.2+0.5
6.9+0.7
5.1+04
13.7+2.1
3.2+0.6

31.7+6.8
87.6+ 9.8
161.7+4.2
33.5+3.6
103.5+5.9
75%
4.7+0.4
1.3+0.2
2.7+05
16+0.2
5.3+0.4
6.7+0.7
5+04
13.1+3.1
3.1+0.8

'Group difference, P> 0.05. There were no significant differences
between groups at baseline. DB: diet beverage, FPG: fasting plasma
glucose, HbAlc: glycated hemoglobin, 2hpp, 2-h postprandial.

2Mean * SD (all such values).
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Table 3.2. Anthropometric and blood measurement characteristics in Water and DBs groups before and

after the 24-week interventions?

Water Group(n=30)

Baseline week 24
Weight, kg 88.7+89 79.9+83
BMI, kg/m? 33.9+3 30.6+2.8
Waist circumference, cm?® 104.9+59 96.3+5.7
Total cholesterol, mmol/I® 49+0.4 43+0.4
HDL-C, mmol/I® 1.3+0.2 1.4+0.2
LDL-C, mmol/I® 28+0.4 21+0.3
Triglycerides, mmol/I® 1.7+0.2 1.4+0.2
FPG, mmol/l 5.3+0.5 4.5+0.5
2hpp, mmol/l 6.7+0.7 5705
HbAlc,%?® 5.1+0.4 45+0.5
Insulin, m U/l 13.6+2.2 10.8+1.9
HOMA-IR 3.2+0.7 2.2+05

DB Group(n=32) P for time x group?

Baseline week 24

879+99 80.3%10.2 0.015
33.5+£3.6 30.6£3.8 0.002

103.7+6.2 95.8+6.7 0.354
4.7+0.5 4.2 +0.5 0.268
1.3+0.2 1.4+0.2 0.912
27105 2.7+0.5 0.761
1.6+0.2 1.3+0.1 0.994
53104 46+04 0.143
6.6+ 0.6 59%0.6 <0.001
49+0.4 45+0.4 0.066
13+3.3 11.3+2.38 <0.001
3.1+0.8 2307 <0.001

' Data are presented as mean + SD for the 62 participants who completed the study

2 P values are for Water relative to DBs group (time x Group interaction) by repeated-measures two way

ANOVA
3 Significant main effect of time, P < 0.001
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Table 3.3. Self- reported dietary intake in Water and DBs Groups before and after the 24-week

interventions?

Intake Water Group(n=30) DBs Group(n=32) P for time x group?
Baseline week 24 Baseline week 24

Total Energy (kcal) 24574303 1871+203 2438+295 1984+348 0.015

Protein (g) 90.2+7.3 79.6+8.7 87.547.6 76.9£11.3 0.92

Protein (%) 14.9%+2.2 17.1%+1.6 14.5%+2.1 15.7%+1.8

Fat (g) 96.5+18.4 66.8+9.8 95.1+19.5 68.4115.4 0.39

Fat (%) 35.1%%3.1 32%+2.6 34.8%+3.9 30.8%+2.1

Carbohydrate (g) 306.8+37.4 237.9+28.7 308.2+36.5 265.2+45.3 0.001

Carbohydrate (%) 50%+1.7 50.9%+2.5 50.6%+2.7 53.5%%1.7

Fibre(g) 20.6x5.5 2215.6 20.75%3.2 22.14+3.24 0.45

' Data are presented as mean * SD for the 62 participants who completed the study
2 p values are for Water relative to DBs group (time x Group interaction) by repeated-measures two way ANOVA
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Figure 3.1. Screening, enrolment, randomization and follow up of study

participants

Individual evaluated for eligibility (n=89)

Visit 1: Medical History, Beck’s depression questionnaire, 4-day food record, physical

activity readiness questionnaire

Visit 2: fasting blood draw, 4-day food record collection

A\ 4
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Hypo caloric diet+ drink water
after lunch (n=35)
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Figure 3.2 Mean (+SEM) body weight before and after 24 wk of energy restriction with
either drinking water (Water; n = 30) or diet beverages (DBs; n = 32) in the participants
who completed the study.

P < 0.001 for the main effect of time, and P = 0.015 for the time x group interaction
(repeated-measures ANOVA).
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Chapter 4.Effects of replacing
diet beverages with water on
weight loss and weight
maintenance: 18 month follow

up, randomized clinical trial
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4.1 Introduction

The results of the first study (220) presented in Chapter 3, which
was the first phase of the present longitudinal study, showed that
replacement of DBs with water may introduce a greater weight loss
compared with DBs in obese women being on a weight loss program
for 24 weeks. However, as with all weight loss interventions, the long
term effectiveness of such an approach is an issue, as someone who is
prone to over eating foods may fail to maintain their changed behavior

in the long term and regain their weight.

The present study aimed to follow up the participants from the
first study (DBs study), in order to investigate the changes in weight
and anthropometric measurements after a total of 18 months,
consisting of 24 weeks active weight loss and 53 weeks weight
maintenance. The secondary objectives were to compare the

biochemical indicators of cardiometabolic risk during this period.

4.2 Methods

4.2.1 Subjects

Eighty nine healthy overweight and obese females were selected
between March 2014 and June 2014 (participants of the study in
chapter 3) from participants attending NovinDiet Clinic, Tehran, Iran to
lose weight according to the criteria explained in section 2.2.1. From
89 participants enrolled in the study, 18 withdrew from the trial prior
to the start of study and 71 participants began treatment.
4.2.2 Design

This study was an 18 month 2-arm, randomized clinical trial
comparing effects of replacing diet beverages with water as part of a
24 week weight loss program followed by 53 weeks weight

maintenance program. Eligible participants were randomly allocated
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after the baseline measures to the two groups which were explained in
section3.2.2.

The study protocol included a preplanned data analysis with the
primary result of weight loss at 24 weeks (weight loss plan) and after
77 weeks (53 week follow up weight maintenance plan).The
intervention groups were the water group and the DBs group as
explained in section 3.2.2.

4.2.3 Dietary and activity intervention sessions

4.2.3.1 Weight loss period

This study performed in NovinDiet Clinic, Tehran, Iran, as
described in chapter 3. The NovinDiet’s Protocol for weight loss is
described in detail in Section 2.2.5.1.

4.2.3.2 Weight loss maintenance Period

During the 53 weeks weight maintenance program, participants
attended a 60-min group session, every 4 weeks, led by a registered
dietitian to encourage energy restriction and moderate-intensity
physical activity. The participants were classified by treatment group
when attending the group session. At the same time, all participants
had then regular individual visits every month for general nutrition
consultation in order to know how they could manage their weight
maintenance and were also weighed at these visits. Adherence to the
intervention was assessed by the dietitians, based on food, beverage,
and physical activity logs as well as checking their weight.

Both groups’ participants were provided with the same program
and their only difference was in terms of informing them about the

type of beverages they should consume.
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4.2.4 Measurements

4.2.4.1 Anthropometric measurement

All anthropometric measurements of participants were conducted
at baseline, 24 wk, and 77wk (except height, which was taken only at
the screening visit) by the dietitian. The details of anthropometric

measurements have been described in Section 2.2.2.2.

4.2.4.2 Food intake measurement

Participants completed the food diary record at baseline, 24 and
77 weeks to assess the energy and macronutrient intakes which was
undertaken by using Nutritionist IV software (version 4.1; Hearst).
Adherence to beverages treatment was determined from daily
beverage logs collected at each visit.

To estimate food intake, the participants were asked to record
their food intake for 4 consecutive days, which included 3 weekdays
and 1 weekend day, while they were undertaking a free life weight loss
diet (Section 2.2.6).

4.2.4.3 Blood Sample measurement

Blood samples were taken after overnight (10- 12 h) fasting,
between 07:00 and 09:00, at the baseline, 24 weeks and 77 weeks
for biochemical, cellular and hormonal measurements according to the
standard protocol (Section 2.2.3). Blood sample measurements were
performed for FPG, 2hpp plasma glucose, serum insulin and HOMA-IR
(Section 2.2.3.1), and lipid profiles including the serum total
cholesterol (TC), triglyceride (TG), and high-density lipoprotein (HDL)
cholesterol (Section 2.2.3.2).

The details of the anthropometric measures and blood sample
measurements have been described previously in chapter 2(section
2.2.2 - 2.2.5).
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4.2.5 Statistical analyses

Baseline values of cardiovascular disease risk factors (including
weight, WC, LDL cholesterol, HDL cholesterol, TC, FPG, triglycerides,
fasting insulin, HOMA-IR, HbA1lc, 2hpp glucose) and food intake data
were compared within the water and DBs groups by using unpaired t
tests.

At baseline, distribution was normal for all variables. Repeated
measures 2-factor ANOVA with diet groups (water or DBs) and time
(weeks 0, 24 and 77) as a within-subject factor was used to assess the
effects of the dietary intervention by comparing changes in the
dependent variables between the groups over time. Where there was a
significant main effect but no interaction, post hoc comparisons were
performed as appropriate with Bonferroni’s adjustment for multiple
comparisons to determine differences between group means.

Statistical significance was set at P<0.05. All data are presented
as means * SDs unless otherwise indicated. Associations between
variables were assessed by simple correlational analyses (Pearson’s r).
All statistical analyses were performed by using SPSS 22.0 for
Windows (SPSS Inc.).

The primary result addressed in this study was the difference in
body weight loss during the 18 month of study. With the assumption
of a detectable difference in weight loss of 2.5 kg between the 2
groups at 18 month and an SD of 3 kg, 51 participants were required
to achieve 85% power of detecting a treatment effect (2-sided
significance level of 5%). Allowing for a dropout rate of 25%, for 18

month intervention, the sample size required was 70.

4.3 Results
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4.3.1 Physical characteristics

From 71 participants who began the study, 56 (or 79% of)
participants completed the 18 month trial (Figure 4.1). From week 24
to week 77, a total of six participants dropped out. Three potential
participants withdrew from the water group (1 without any reason, 1
because of time constraint and 1 for dissatisfaction with program).
Also in the DBs group 3 participants withdrew (1 because of relocation,
1 left because need for urgent surgery, 1 because of a scheduling
conflict).

At baseline, there were no statistically significant differences in
physical characteristics or biochemical measurements between the
intervention groups or between those who completed or did not
complete the study once recruited (Table 4.1).

Compliance with consumption of prescribed beverages at the end
of trial was high according to the beverages log - being 99.2% for the
water and 98.7 for the DBs group.

4.3.2 Body weight, BMI, and WC

As shown in Table 4.2, there was a significant difference in
weight reduction between the two groups after 18 months (P=0.005).
The final weight change (means + SDs) was -10.3+3.8kg in the water
group and -7.8+3.4kg in DBs group (Time effects, P< 0.001).

BMI reduction in each group was significant over 18 months for
both groups (P< 0.001). However, the decline in BMI was greater in
the water group than the in DBs group after 18 months (water: -3.9+
1.3kg/m?2; DBs:-3.0+1.3 kg/m2). There was a significant group *time
interaction in BMI reduction over 18 months (P=0.005).

In both groups, waist circumference had decreased after 18
months of intervention (Water:-10.4+4.6 cm; DBs:-9+3.8cm,
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P<0.001) with no significant group * time interaction in WC effects
between the two groups after 18 months of trial (P=0.286).
4.3.3 Lipid profile

Reductions in TC, LDL cholesterol, and triglyceride concentration
and an increase in HDL cholesterol were detected over the 18 month
trial in each group (P < 0.001), but there were no significant
differences in these results between the two groups (Table 4.2).

TC after 18 months had decreased after 18 months of
intervention (Water: -0.5+0.3 mmol/L; DBs: -0.5+£0.2 mmol/L) with
no significant group * time interaction in TC effects between the two
groups after 18 months of trial (P=0.548).

HDL cholesterol concentration after 18 months had increased
equally by 0.2+0.1 mmol/L in both groups (no significant group * time
interaction, P = 0.894).

LDL cholesterol had decreased after 18 months of intervention
(Water: -0.5+£0.4 mmol/L; DBs: -0.6+0.3 mmol/L) with no significant
group * time interaction in LDL cholesterol effects between the two
groups after 18 months of trial (P=0.787).

Triglyceride concentrations after 18 months had decreased (Water:
-0.3+£0.1mmol/L; DBs: 0.3+0.1mmol/L) with no significant group *
time interaction in LDL cholesterol effects between the two groups
after 18 months of trial (P=0.273).

4.3.4 Glucose metabolism measurement

Fasting plasma glucose, fasting serum insulin, HbAlc and HOMA-
IR, and 2 hour postprandial (2hpp) glucose, all decreased over time in
both groups (P < 0.001). Also between group differences were
significant for all, except fasting plasma glucose after the 18 month
intervention (Table 4.2).
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The mean reduction in fasting plasma glucose over the
intervention was -0.9+0.5 mmol/L (water) and -0.7+0.3 mmol/L
(DBs). However, there was no significant group*time interaction in
fasting glucose decrease over 18 month follow-up (0.156).

There was a significant difference in fasting serum insulin
concentration between the two groups over the study (Table 4.2)
(P<0.001).The reduction of insulin was -3.5+1.8 mU/L in the water
group and -1.7+£2.1 mU/L in the DBs group over 18 months.

HbA1lc decline over 18 months of intervention in the water group
was -0.7% *£0.3%, whereas this reduction was -0.5% +0.3% in the
DBs group at 18 months. There was a significant difference in the
changes between the groups over 18 months (P=0.030).

In terms of 2hpp differences during the 18 months of trial, the
mean reduction was -1.4+0.6mmol/L (water) and -0.9+0.5mmol/L
(DBs) which was a significant group*time interaction in 2hpp glucose
effects over 18 months (P<0.001).

HOMA-IR decreased by -1.2+0.6 in the water group compared with
-0.7£0.6 in the DBs group over 18 months (Table 4.2). There was a
significant group x time interaction (P<0.001)

4.3.5 Food intake measurement

As reported at baseline, there was no significant difference in
energy intake. After 18 months, estimated energy intake
measurements showed a significant reduction over time in both groups
(P <0.001 for time effect). As presented in Table 4.3, there was a
significant group*time interaction for total energy intake over 18
months (P = 0.001).

Besides, macronutrient intake measurements indicated no
significant differences between the 2 groups at baseline. Nevertheless,

there was greater carbohydrate reduction in the water group than in

96



the DBs group during 18 months (group*time interaction, P<0.001,
Table 4.3).

4.4 Discussion

The present 18 month clinical trial indicates the beneficial effect
of replacing DBs with water, in regular consumer of DBs who were
overweight and obese women, while attending a 24 weeks voluntary
integrated weight-reduction program (220), followed by a 53 week
weight maintenance program.

To our knowledge, the present 18 month randomized clinical trial
is the longest study up to now to compare the effects of DBs and water
consumption after the lunch on weight loss, weight maintenance and
also indices of carbohydrate and lipid metabolism attending the weight
control program.

The present trial provides evidence that drinking water may lead
to more weight loss and a greater improvement in insulin sensitivity
than drinking DBs. This is in contrast to recent studies which claimed a
favorable impact of DBs in weight loss and weight maintenance (127,
128, 203). However, the present results are consistent with the study
by Dennis et al, which showed the positive effects of drinking pre-meal
water on weight loss during a hypoenergetic diet (96). In addition,
some observational studies reported positive associations between
DBs, obesity and weight gain (200-222).

The weight loss and weight maintenance of participants in our
integrated program was consistent with the targets that they were set.
5-10% weight losses have been reported in more intensive clinic-
based behavioral lifestyle modification plans (216, 217), which are
similar to the weight losses that we observed during the first 6 months
of our weight loss plan. This was expected as our weight-loss program

contains energy restriction, activity monitoring, and frequent patient
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visits and consultation in the clinic (220). Successful weight loss
interventions are those which produce >5% weight loss from baseline
followed by a maintenance period in which the weight loss is
maintained until at least 12 months from the start (223). The
equivalent combination of energy and fat restriction, regular physical
activity, and behavioral strategies was also essential for successful
weight maintenance (223). Subjects in the water group of our study
lost 1.2 kg more (13.6% greater weight loss) than those in the DB
group during the first phase of the intervention (i.e. 24 weeks) (220).

In addition, the result of our whole 18 month follow-up
corresponds with these definitions of successful weight loss and
maintenance plans, as showed that the participants in the water group
lost 2.5kg more weight than participants in the DB group.

However, our results are conflicting with the result of Tate et al.
study which showed no significant difference in weight loss between
water and DBs (127) and another recent intervention study reporting a
greater weight loss with DBs compared with water during 12 weeks
which was maintained at the follow-up to 1 year (128, 203). However,
it should be mentioned that these studies had a different design in
terms of not including any weight-loss plan (127) or had only cognitive
behavioral therapy for weight loss (128, 203). Moreover, in these
studies the size of beverage and the time of drinking (for example
consumption before the meal compared with during or after the meal)
were different. So, further studies are required to see if those factors
could influence the effects of replacement of DBs with water on weight
loss.

The beneficial effect of replacement of DBs with water on weight
loss in the present study may reflect better adherence to the

multidisciplinary weight loss plan in the water group leading to a
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greater reduction in energy intake, which is consistent with previous
findings (198). Also, the greater reduction in total carbohydrate intake
seen in the water group compared to the DB group over 18 months of
the intervention would also contribute to the greater weight loss in the
water group. The present study is also consistent with the suggestion
that the use of non- nutrient sweetener within DBs may be associated
with the sustained consumption of sweet foods or high-energy foods
compared to drinking water (200).

A recent prospective cohort study showed a prominent, positive
dose-response relationship between increasing diet beverage intake
and increasing abdominal obesity (224). The current study revealed
major reductions in WC and significant improvements in
cardiometabolic risk characteristics in both groups which could be
expected according to the detected weight loss during this time.

However, there were no differences between the 2 groups. By
contrast, despite the similar changes in fasting glucose concentrations
in both groups, insulin sensitivity improved more in the water group
than the DBs group over the study.

The findings of this study may have clinical implications which
indicate drinking only water could improve weight loss and maintain it
for the long term. It is in agreement with nutritionists and popular
weight-loss programs which recommend an increase in water
consumption for losing weight (94, 95). In contrast, many obese or
overweight persons assume they can continue drinking DBs when they
wish to lose weight or maintain their weight loss without any
detrimental effects on their weight management. Replacing DBs with
water consumption also appeared to have a beneficial impact on the
improvement in insulin sensitivity during weight loss and the

subsequent weight maintenance period.
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The main strength of this study was the fact that it was a
randomized, outpatient clinical trial with a comprehensive
management plan for an 18 month intervention. All participants
wished to lose weight and the middle-aged overweight and obese
women who participated were able to follow the weight-management
plan and adhere to the weight-management protocol (225). Finally,
providing the diet beverages for the DBs group and water for the
water group at each visit was an incentive for regular visits to see the
dietitian. This enabled compliance to be reinforced in both study
groups. On the other hand, the limitation of this study is that only
female adults who were overweight or obese and were regular DBs
users were studied, rather than a wider range of participants, such as
People used to drink SSBs which may have different results. In
addition, finding the actual mechanisms behind the results seen in the

present study needs further research.
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Table 4.1

Subject characteristics before the intervention?

water group(n=35)

Age,y 32.2+6.92
Body weight, kg 88.2+8.8
BMI, kg/mz2 33.9+3
WC, cm 104.6+5.8
TC, mmol/l 4.8+0.4
HDL-C, mmol/l 1.3+0.2
LDL-C, mmol/l 2.8+t0.4
TG, mmol/l 1.740.2
FPG, mmol/l 5.2%0.5
2hpp, mmol/l 6.9+0.7
HbAlc,% 5.1+04
Insulin, m U/l 13.7+2.1
HOMA-IR 3.210.6

DBs Group(n=36)
31.7+6.8
87.6+ 9.8
33.5+3.6
103.5+5.9

4.7+0.4
1.3+0.2
2.7+0.5
1.6+0.2
5.310.4
6.7+0.7
5+04
13.1+3.1
3.1+0.8

1Group difference, P> 0.05. There were no significant differences

between groups at baseline
2Mean + SD (all such values).

Diet beverages: DBs, Waist circumference: circumference: WC, Total cholesterol: TC,
Triglyceride: TG, Fasting plasma glucose: FPG, Glycated hemoglobin: Hb A1C, 2 hour post
prandial: 2hpp,Homeostasis model assessment of insulin resistance: HOMA-IR
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Table 4.2 Anthropometric and blood measurement characteristics in Water and DBs Groups from
baseline to week 77

Water Group(n=35) DBs Group(n=36) P for time xgroup?
Baseline week 24 week 77 Baseline week 24 week 77
Weight, kg 88.2(8.8) 79.7(7.9) 78(6.1) 87.6(9.8) 80(9.7) 79.8(8.2) 0.005
BMI, kg/mz2 33.9(3) 30.6(2.7) 30(2.3) 33.5(3.6) 30.6(3.5) 30.5(2.9) 0.005
WC,cm # 104.6(5.8) 96.4(5.6) 94.3(3.9) 103.5(5.9) 95.8(6.7) 94.5(4.7) 0.286
TC, mmol/l * 4.8(0.4) 4.4+04 4.3(0.3) 47(05) 4.2(0.4) 4.1(0.4) 0.548
HDL-C, mmol/l 1.3(0.2) 1.4(0.2) 1.4(0.2) 1.3(0.2) 1.4(0.2) 1.4(0.1) 0.894
LDL-C, mmol/l * 2.8(0.4) 2.3(0.3) 2.2(0.3) 2.7 (0.5) 2.2(0.5) 2.1(0.4) 0.787
TG, mmol/l * 1.7(0.2)  1.4(0.2) 1.3(0.2) 1.6(0.2)  1.3(0.1) 1.3(0.1) 0.273
FPG, mmol/l 5.2(0.5)  4.6(0.5)  4.4(0.4) 5.3(0.4) 4.7(0.4)  4.6(0.3) 0.156
2hpp, mmol/l 6.9(0.7) 5.7(05) 5.5(0.4) 6.7(0.8) 5.9(0.6) 5.9(0.4) <0.001
HbAlc,% * 5.1(0.4) 45(0.5) 4.4(0.4) 5(0.4) 45(0.4) 4.4(0.4) 0.0.30
Insulin, m U/l 13.7(2.1) 10.7(2)  10.2(2) 13.1(3.1) 11.4(2.9) 11.4(2.5) <0.001
HOMA-IR 3.2(0.6) 2.2(0.5) 2(0.5) 3.1(0.8) 2.4(0.7) 2.3(0.6) <0.001

* Data are presented as mean (SD) for the 71 participants

T P values are for Water relative to DBs group (time x Group interaction) by repeated measures 2-factor ANOVA.
I Significant main effect of time, P < 0.001

Diet beverages: DBs, Waist circumference :WC, Total cholesterol: TC, Triglyceride: TG, Fasting plasma glucose: FPG
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Table 4.3 Self-reported dietary intake in Water and DBs Groups before and after the one year follow up of the intervention?

Intake Water Group(n=35) DBs Group(n=36)

Baseline week 24 week 77 Baseline week 24 week 77

Total Energy (kcal) 2461(300) 1873(192) 1761(125) 2429(300) 1986(355)  1935(224)

Protein (g) 89.3(7.2) 79.7(8.3) 81.2(1.7) 87.2(7.3) 76.4(11.6) 77.2(8.7)
Protein (%) 14.7%(2.1) 17.1%(1.6) 18.5(1.7) 14.6%(2) 15.5%(1.6) 16%(1.1)
Fat (9) 97.4(17.8) 67.4(9.3) 62.9(5.4) 94.3(19.9) 68.5(15.5) 66.1(9.9)
Fat (%) 35.4%(3) 32.3%(2.3)  31.1%(1.7) 34.6%(4) 30.8%(2.2) 30.7%(1.6)
Carbohydrate (g) 306.9(37.9) 237(27.6)  217.6(19.5) 307.9(36.3) 266(46.3) 257.7(28.5)
Carbohydrate (%) 49.9%(1.7) 50.6%(2.5)  49.4%(2.3) 50.8%(2.7) 50.8%(2.7) 53.3%(1.7)
Fibre(g) 20.4(5.5) 21.8(5.5) 21.4(4.1) 20.7(3.1) 22.1(3.1) 22.5(2.7)

P for time x group?

0.001
0.645

0.113

<0.001

0.109

' Data are presented as mean ( SD) for the 71 participants
2 p values are for Water relative to DBs group (time x Group interaction) by repeated-measures two way ANOVA

DBs: diet beverages
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Figure 4.1 Screening, enrollment, randomization and follow up of study

participants

Individual evaluated for eligibility (n=89)

Visit 1: Medical History, Beck’s depression questionnaire, 4-day
food record, physical activity readiness questionnaire

Visit 2: fasting blood draw, 4-day food record collection

\

Randomized (n=71),

See Table 1 for baseline
characteristics

Hypo caloric diet+ drink water
after lunch (n=35)

“Water Group”

A

Water Group follow up (n=27)

Dropped from intervention:

Without any reason  (n=1)

Time constraint (n=1)

Dissatisfaction with program
(n=1)

Analyzed (n=35)

ITT analysis (n=35)

[ Follow up ]

4 N

18 Month

Excluded (n=18)

Beck’s depression result  (n=3)
Type2 diabetes (n=7)
Pregnancy (n=1)

Diagnosed by renal failure (n=2)

Fill FD inadequately (n=5)

N

Intervention

Every 2 wk clinic
visit over 24 wk

Hypo caloric diet+ drink diet
beverage after lunch (n=36)

“DBs Group”

Every 4 wk

Clinic visit during
53 wk
maintenance
phase

Food record
collection at
week 12, 24 and
77 week

- J

|

DBs Group follow up (n=29)

Dropped from intervention:

Because of relocation (n=1)
Needs urgent surgery (n=1)
Scheduling conflict (n=1)

[ Analysis

e
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Chapter 5. Beneficial effects of
replacing diet beverages with
water on Type 2 diabetic obese
women following a hypo-
energetic diet - a randomized,

24 week clinical trial
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5.1 Introduction

In chapter 3, the study on the effect of replacing DBs with water,
on promoting weight reduction in obese adults without diabetes who
were on a hypo-energetic diet was reported (237). The results of this
study showed that the Water group had a greater decrease in weight,
and insulin resistance over the 24 weeks of study compared with the
DBs group. Due to beneficial effects of substitution of DBs with water in
overweight/ obese women not only on weight loss but also on insulin
sensitivity, it would be interesting to repeat this protocol in those with

Type 2 diabetes.

Thus, the purpose of this study was to investigate the effects of
replacing DB consumption with water during a comprehensive 24-wk
weight-loss program on body weight and abdominal adiposity as a
primary outcome, as well as carbohydrate and lipid metabolism as
secondary outcomes, in overweight and obese women with Type 2

diabetes.

5.2 Methods

5.2.1 Subjects

124 Obese female adults with diabetes ,6.5<Hbai1c<7.2 and only
taking Metformin to control their diabetes, were selected between April
2015 and June 2015 from the participants attending NovinDiet Clinic,
Tehran, Iran to lose weight according to the criteria explained in
section 2.2.1.

Participants included those who were able to demonstrate that
they were able to keep an adequate 4- day food record and readiness
to safely participate in daily physical activity.

The study was approved by the Ethical Committee of The

Digestive Research Institute, Tehran University of Medical Science. All
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participants provided their signed consent prior to study enroliment.
This trial was registered at http:/www.clinical trials.gov/ as
NCT02412774.

5.2.2 Design

The study was a 2-arm, single-blind, randomized clinical trial.

Eligible participants were randomly allocated after baseline measures
to the two groups which explained in section3.2.2.

Eighty-one participants who were eligible for the study were
randomly assigned to one of the 2 groups. All had a 2-wk washout
period from any artificial sweetener products including diet beverages
before intervention.

The intervention groups were the water group and the DBs group
as explained in section 3.2.2. To control the effects of menstrual cycle
on measurements, participants started the study at the same phase of
their menstrual cycle. Bi-weekly visits to the dietitian were required in
order to promote adherence to the hypo-energetic diet and beverage
substitution.

5.2.3 Screening visit

At the screening visits subjects underwent a physical examination
by a General Medicine doctor (see section 2.2.2.1), completed the
Beck’s Depression Inventory (201) (See Appendix 5), and completed
the Physical Activity Readiness Questionnaire (PAR-Q) (202), (See
Appendix 4). Potential subjects were instructed in how to keep a 4-
day food record for 4 consecutive days which included 3 weekdays and
1 weekend day (see section 2.2.4.2) (See Appendix 2). The food
record was evaluated for completeness at the next visit and subjects

were excluded if it was not sufficiently detailed.
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Four subjects were excluded by Beck’s Depression Inventory
scores (greater than 9) and three subjects were excluded because
they produced a food record with insufficient detail.

5.2.4 Dietary and activity intervention sessions

This study was performed in NovinDiet Clinic, Tehran, Iran.
NovinDiet Clinic is a private weight loss clinic which uses an integrated
approach (dietary, behavioural, exercise and medical treatments)
weight loss plan. The NovinDiet Protocol has been described in details
in Section 2.2.5.1

5.2.5 Measurements

5.2.5.1 Anthropometric measurement

Anthropometric measurements, including weight, height, BMI
and waist circumference) were taken at the baseline, 12 weeks and 24
weeks (except height which was taken only at the screening visit), by
the dietitian. The details of anthropometric measurements have been
described in Section 2.2.2.2.

5.2.5.2 Food intake measurement

To estimate food intake, the participants were asked to record
their food eaten for 4 consecutive days, which included 3 weekdays
and 1 weekend day, while they were in a free life weight loss diet
(Section 2.2.6). Energy and macronutrient intake at the baseline and
the last week of the intervention (week 24) was analyzed by

Nutritionist IV software.

5.2.5.3 Blood Sample measurement

Blood samples were taken after overnight (10- 12 h) fasting,
between 07:00 and 09:00, at the baseline, 12 weeks and 24 weeks
for biochemical, cellular and hormonal measurements according to the

standard protocol (Section 2.2.3). Blood sample measurements were
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performed for FPG, 2hpp plasma glucose, serum insulin and HOMA-IR
(Section 2.2.3.1), and lipid profiles including the serum total
cholesterol (TC), triglyceride (TG), and high-density lipoprotein (HDL)
cholesterol (Section 2.2.3.2).

5.2.6 Statistical analyses

5.2.6.1 Power and estimated sample size

The primary outcome addressed in this study was the difference
in body weight loss during the 24 week weight loss program. The
power calculation was based on the previous studies (96, 220) (a =
0.05, power = 0.85), which were performed based upon expected
differences in weight loss between weight loss diet groups (2.0 £ 2.5
kg) to determine the targeted final sample size (n = 56). Anticipating

a dropout rate of 30% the sample size required was 80.

5.2.6.2 Statistical methods

Baseline values of cardiovascular risk factors (including weight,
waist circumference, LDL-c, HDL-c, TC, FPG, TG, fasting insulin, HOMA
IR, Hbaic, 2hpp glucose data) were compared between the Water and

DBs groups using unpaired t-tests.

At baseline, distribution was normal for all variables. All
participants who were randomly assigned and completed an initial
assessment were included in the final results by using an intention-to-
treat analysis. Multiple imputations with the use of linear regression
were used to impute missing values from 24 wk and were based on the

assumption that data were missing at random.

The primary analysis was an intent to treat linear mixed effect,
which assessed at 12 and 24 weeks. These models, which included
time, treatment, a time by group interaction and the respective

baseline value as principal explanatory variables for all 81 participants.
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The per-protocol analysis was also done for the outcomes. The results
from per-protocol analysis were also similar to those of the intent to
treat analysis in direction and significance. Statistical significance was
set at p < 0.05. All data are presented as mean * SD unless otherwise
stated. Associations between variables were assessed by simple
correlational analyses (Pearson’s r). All statistical analyses were
performed using SPSS 22.0 for Windows (SPSS Inc., USA).

5.3 Results

5.3.1 Physical characteristics (Baseline characteristics)

124 female patients with Type 2 diabetes, who believed that they
were eligible and expressed an interest in participating in the study,
were evaluated for eligibility by a physician. After evaluation, 81
subjects were recruited and 65 subjects completed the 24-week
intervention (with 80% retention rate, Figure 5.1). 4 subjects were
excluded from the study because of the results of Beck depression
questionnaire. Three potential subjects were excluded because they
stopped keeping the dietary record or filled it in insufficiently. Blood
test results at baseline revealed that 20 patients were ineligible
because of having one or more of the exclusion criteria. The BMI of 11
subjects were out of range and 5 subjects were not within the age
range. The remaining 81 subjects gave written consent and then
randomly 41 subjects were allocated to the water and 40 to the DBs
group. After starting the intervention, a total of 11 subjects dropped
out because they did not wish to continue or they moved away from
the area. 2 Participants left the study as they became pregnant. The

remaining 3 subjects did not give any reason for their withdrawal.

At baseline, there were no statistically significant differences in

age, physical characteristics or biochemical measurements between the
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groups or between those who completed or did not complete the study

once recruited (Table 5.1).

5.3.2 Anthropometric measurement

All subjects in both groups lost weight during the first 12 weeks
of the study and continued to lose weight until the final 24 week point
(Figure 5.2). As shown in Table 5.2, there was a significant weight
reduction in each group after 24 weeks (DBs= -5.25 + 1.60 kg vs.
water= -6.40 £ 2.42 kg, time effects, P<0.001). As shown in Figure
4.2, there was a significant group * time interaction for weight loss
over 24 weeks (P=0.006, Figure 5.2).

BMI reduction in each group was in the expected direction with
significant effects over 24 weeks for both groups (time effects, P<
0.001). However, the decline in BMI was larger in the water group than
the DBs group after 24 weeks (DBs= -2.06 = 0.62 kg/m2 vs. Water= -
2.49 = 0.92 kg/m2 (Table 5.2). The decline in BMI was greater in the
water group than the DBs group after 24 weeks (P=0.006).

In both groups, waist circumference had decreased significantly
after 24 weeks of intervention (time effects, P<0.001). The mean %
SD waist circumference decline was -6.59 £ 2.57 cm in the Water
group and -5.68 £ 1.79 cm in the DBs group at 24 weeks (Table 5.2).
There was no significant difference in WC effects between the two

groups after the intervention (P=0.833).

5.3.3 Lipid profile

Reductions in total cholesterol, low-density lipoprotein cholesterol,
and triglyceride concentration and increase in high density lipoprotein
cholesterol were detected over the 24 weeks of study in each group
(P<0.001). There were no significant differences in LDL-C, HDL-C, TG

and TC results between the groups over 24 weeks (Table 5.2).
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Total cholesterol after 24 weeks had decreased by-0.44 £+ 0.14
mmol/l in the Water group vs. -0.50 £ 0.18 mmol/l in the DBs group
(P=0.119) (Table 5.2).

Triglyceride levels after 24 weeks had decreased by -0.39 + 0.08
(Water) and -0.35 £ 0.11 mmol/I (DBs) (P=0.639) (Table 5.2).

High-density lipoprotein cholesterol (HDL-C) concentration after
24 weeks had increased by 0.20 £ 0.09mmol/I in the Water group vs.
0.20 £ 0.06mmol/l in the DBs group (P= 0.319), whereas low-density
lipoprotein cholesterol (LDL-C) had decreased by -0.51 + 0.18 (Water)
and -0.47 £ 0.17mmol/l (DBs ) (P=0.07) (Table 5.2).

5.3.4 Glucose metabolism measurement

Data analysis showed that fasting plasma glucose, fasting serum
insulin, 2 hour postprandial (2hpp) glucose, HbAic and HOMA-IR all
decreased over time in both groups (P < 0.001 for time effect of all
variables). Also between group differences were significant for all
variables (Table 5.2). The mean reduction in fasting plasma glucose
over 24 weeks, was -1.63 + 0.54 (Water group) and -1.29 £+ 0.48
mmol/l (DBs)(P=0.005).

In terms of 2hpp changes during the 24 weeks of intervention, the
mean reduction was -1.67 + 0.62 (Water) and -1.35 £ 0.39 mmol/I
(DB) (P=0.027) (Table 5.2).

HbAic decline over 24 weeks in the Water group was -1.16 %+
1.09%, while this reduction was -0.42 + 0.21% in DBs group at Week
24 (P=0.149).

Fasting serum insulin concentration decreased significantly over
time, with differences between the two groups (P<0.001). The
reduction of insulin was -5.71 £ 2.30 (Water) and -4.16 £ 1.74 mU/I
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(DBs) after 24 weeks. Furthermore, there was a significant
improvement in insulin resistance, measured by HOMA, in the Water

group compared with DBs group over 24 weeks, P=0.011) (Table 5.2).

HOMA IR decreased by -3.20 + 1.17 in the Water compared with
-2.48 £ 0.99 in the DBs group over the 24 weeks (P=0.003) (Table
5.2).

5.3.5 Food intake measurement

At baseline, there was no significant difference in energy intake.
Estimated energy intake measurements showed a significant reduction
over time in both groups (P < 0.001 for time effect). Estimated total
energy intake indicated a reduction of 417 £ 141Kcal/ d in the Water
group, while this index declined 331 + 114 Kcal/d in the DBs group
over the experiment. As shown in Table 5.3, there was a significant

group*time interaction for total energy intake over 24 wk (P = 0.005).

In addition, macronutrient intake measurements showed no
significant differences between the 2 groups at baseline. However,
there was a greater carbohydrate deficit in the water group than in the
DB group during the 24 wk of intervention (group *time interaction, P
< 0.001, Table 5.3)

5.4 Discussion

The purpose of the present study was to compare the effects of
DBs and water consumption after lunch, as a main meal, on weight loss
and also characteristics of carbohydrate and lipid metabolism in
overweight and obese women with Type 2 diabetes attending a weight
loss program for 24 weeks. The results of the current study showed
that drinking water may lead to more weight loss, a greater

improvement in fasting plasma glucose, insulin sensitivity, measured
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by HOMA IR and 2hpp glucose levels compared with consumption of

DBs in women with Type 2 diabetes.

To my knowledge, this study was the first randomized controlled
trial in women with Type 2 diabetes which has assessed the impact of
excluding DBs consumption on weight loss during a voluntary

integrated weight reduction program, for 24 weeks.

Weight gain and obesity are strongly related to the increased
risk of type 2 diabetes while moderate weight loss improves glycaemic
control (226). All of the subjects undertaking the weight loss plan had a
significant weight loss. This would have been predicted given the
characteristics of the prescribed treatment plan which included energy
restriction, physical activity instruction and monitoring and regular
patient visit and consultation in the clinic. In other rigorous clinic-based
behavioral lifestyle adjustment programs, 5-10% weight losses have
been reported at 6 months (216-218) which is similar to the weight
losses reported in the present study. It has been shown that these
comprehensive methods are more constantly effective in comparison
with others recommending small but theoretically sustainable lifestyle
changes that can be made to improve health (219). Furthermore, the
present study showed a major reduction in waist circumference and
significant improvements in cardio metabolic risk characteristics (i.e.
carbohydrate and lipid metabolism characteristics) in both groups over
24 weeks, as would be predictable given the weight loss observed.
Although the results indicated a significant effect of replacing DBs with
water on weight loss during 24 weeks, it seems that the 24 weeks of
intervention was not enough to reveal any significant effects on waist
circumference (WC) as a related metabolic variable. Further longer

term studies measuring metabolic effects, including WC, and more
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accurate assessment of body fat change using DEXA Scanning would be

required.

Previous intervention studies have attempted to investigate the
effects of water and DBs consumption on weight loss with inconsistent
results. In a recent study, the effects of either water or DBs
consumption in comparison to SSBs, without any hypoenergetic diet,
and only having group behavioural counselling to promote adherence to
beverage substitution were compared (127). The authors failed to find
any significant differences in weight loss between water and DBs. In
another recent study (128), drinking water and diet beverage was
compared in subjects undergoing cognitive behavior therapy only, with
no specific dietary restrictions. The result of this study showed a
greater impact on weight loss with DBs compared with water. On the
other hand, in a study by Dennis et al. (96), subjects who were
randomly assigned to drink pre-meal water lost about 2 kg more weight
than subjects on a hypoenergetic diet alone. It should be noted that the
protocol of the last study (96) was not similar to the present study in
that subjects in both groups had either water or DBs after their meal
rather than before the meal, which is more representative of normal
behaviour in this group. Furthermore, none of these studies involved
obese or overweight subjects with Type 2 diabetes. Following the study
reported in chapter 3 (220) indicating the beneficial effects of replacing
diet beverages with water on weight loss and insulin sensitivity of
obese and overweight adults, the present goal was to investigate

whether these effects may be seen in women with Type 2 diabetes.

In the current study, participants drinking water after their lunch
over 24 weeks lost 1.16 kg more than those in the DBs group, which is
in agreement with the results in chapter 3 (220) where the

overweight/ obese but otherwise healthy women in the water group
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lost 1.2 kg more than the DBs group. These results are also consistent
with the outcome of Dennis’s study (96), although their participants
consumed the beverages before the meal. In contrast, present results
are inconsistent with other studies which indicated either no significant
change in effects on weight loss between water and DBs (127) or
reported greater impact on weight loss with DBs compared with water
(128).

Nevertheless, it should be mentioned that these studies had
different experimental designs, for example not including any weight
loss plan (127) or have cognitive behavioral therapy alone for weight
loss during a shorter period of 12 weeks (128). Also, the volume of
beverage, the time of drinking and the type of participants were

different in these studies.

The results of this study may have arisen because the effect of
replacement of DBs with water may lead to better adherence to the
weight loss diet in the Water group. It has been hypothesized that
artificial sweeteners may raise the hedonic desire for sweetened and
more energy dense foods (115, 116, 227). Also in the current study,
the effect of replacement of DBs with water on weight loss reflected
better adherence to the weight-loss diet in the water group. The
greater reduction in energy intake in water group compared with DBs
group would have resulted in more weight loss in this group than DBs
group. Moreover, more reduction of carbohydrate consumption in the
water group than in the DBs group might support greater weight loss in
the water group. However, in order to elucidate the mechanism that
might explain the better weight loss in the Water group compared with

the DBs group additional, longer term studies are required.
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Like the study on healthy overweight/obese women presented in
chapter 3 (220), the present study in women with Type 2 diabetes
revealed a better improvement in fasting insulin sensitivity, ( HOMA
IR), in the Water group over the 24 weeks. There was also a beneficial
impact on fasting glucose in the Water group, although the previous
study in women without diabetes (220) did not show any effects on
these carbohydrate metabolism characteristics. But these outcomes
seen on diabetic patients were consistent with the results of the recent
epidemiological study indicating daily diet beverage consumption was

associated with impaired glucose control (220).

These results may have clinical implications, showing that if
overweight/ obese people with Type 2 diabetes use a weight loss plan,
they may have better improvements in glycemic characteristics and
weight loss if they drink water and not DBs. These findings would
reinforce the recommendations given in popular weight loss programs
that the obese and overweight patients who are keen to lose weight
should increase their water intake (94, 95). On the other hand, most
obese people consider that they can drink diet beverages during a low-
energy diet without any harmful effects on their weight management,
and whilst they do still lose weight, the magnitude of the weight loss
may be greater if they avoid DBs completely. Whilst the present study
is consistent with the current guideline for increasing water
consumption for better diabetes control, the results do not entirely
support the recommendations indicating no deleterious effects of diet
beverage on diabetes control. Since the consumption of diet soda is
higher among people with diabetes than those without (228), the
potential implications of studies such as the present one needs further
investigation. Furthermore, as complying with replacing DBs with

water for the long term may be difficult, so future research to examine
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the longer-term effects of enforcing Type 2 diabetes patients to replace

DBs water are required.

The main strength of this study is that it was a randomized,
outpatient clinical trial, whilst participants were selected from
participants who wished to lose weight and control their blood sugar
and included middle-aged overweight and obese women who were able
to comply with weight-loss plan; hence, they demonstrated that they
were motivated to adhere to the weight-loss diet protocol (225).
Thirdly, subjects who participated in this study did not pay clinic fees
and were provided the diet beverages for DBs group and water for the
Water group which were incentives for regular by-weekly visits with the

dietitian when compliance could be encouraged in both groups.

On the other hand, there are some limitations. First of all, even
though the sample size provided sufficient power to distinguish
statistically significant effects in the key outcome variables, the sample
was not representative of the general population, mainly as it did not
include men. In addition, due to the possible effects of the time of the
beverage consumption, we only asked the participants to drink either
water or diet beverages after the lunch in order to cover this
confounding factor. Also we did not record the fluid intake of
participants as it may influence satiety. Moreover the energy
expenditure was not verified which would affect weight loss. Lastly,
although our weekly follow up by phone call and fortnight clinic visit to
measure dietary compliance of the subjects, the present study only
relied upon subjective report of storing and consuming the water and
DBs which is not as accurate as objective methods for measuring their

compliance.
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In conclusion, replacing DBs with water consumption would
appear to impact beneficially on weight loss, BMI, FPG and insulin
sensitivity in overweight and obese women with Type 2 diabetes
following a weight loss diet. However, longer term studies are essential

to see what would happen in long term in such patients.
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Table 5.1 Baseline characteristics before the intervention?

water group(n=41) DBs Group(n=40)
Age(y) 34.15 (6.99) 35.45 (7.45)
Body weight(kg) 83.92 (4.42) 84.70 (7.43)
Height(cm) 159.83 (2.83) 159.65 (3.08)
BMI(kg/m?) 32.86 (1.67) 33.19 (2.25)
WC (cm) 103 (38) 102 (7)
Married 78% 82%
TC, mmol/l 4.78 (0.43) 4.75 (0.37)
HDL-C, mmol/l 1.13(0.19) 1.13(0.17)
LDL-C, mmol/l 2.73 (0.51) 2.71(0.38)
TG, mmoll/l 2.02 (0.27) 1.97 (0.25)
FPG, mmol/l 8.49 (0.90) 8.48 (1.03)
2hppG, mmol/l 8.82 (1.14) 8.76 (1.22)
HbAlc,% 6.97 (0.77) 6.95 (0.20)
Insulin, m U/ 19.99 (4.07) 19.84 (4.07)
HOMA-IR 7.59(1.93) 7.50 (1.89)

! Group difference, P > 0.05.
Data are presented as mean + SD

Diet beverages: DBs, Waist circumference: WC, Total cholesterol: TC,
Triglyceride: TG, Fasting plasma Glucose: FPG, 2 hour post prandial glucose:
Glycated haemoglobin: HA1C,

Homeostasis model assessment of insulin resistance: HOMA-IR
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Table 5.2 Anthropometric and blood measurement characteristics in Water and DBs Groups at baselien,12 and

24-week interventions*

Water Group(n=41) DBs Group(n=40) P for time x group?
Baseline week 12 week 24 Baseline week 12 week 24
Weight, kg 83.92 (4.42) 79.96 (4.86) 77.52 (4.95) 84.70 (7.43) 81.25(7.03)  79.45(6.99) 0.006
BMI, kg/m2 32.86 (1.67) 31.32(2) 30.36( 2.06) 33.19(2.25) 31.84(2.13)  31.14(2.12) 0.006
WC, cm # 103 (5) 99 (7) 97(7) 103 (7) 99 (7) 97(6) 0.832
TC, mmol/l # 4.78 (0.43) 4.52 (0.45) 4.29(0.41) 4.75(0.37)  4.49(0.37)  4.31(0.33) 0.119
HDL-C, mmol/l # 1.13 (0.19) 1.23(0.18) 1.33(0.17) 1.13(0.17)  1.25(0.18) 1.33(0.16) 0.319
LDL-C, mmol/l # 2.73(0.51) 2.49 (0.49) 2.22(0.46) 2.71(0.38)  2.44(0.40) 2.24(0.35) 0.07
TG, mmol/l # 2.02 (0.27) 1.77 (0.28) 1.63(0.27) 1.97(0.25)  1.75(0.24) 1.62(0.19) 0.639
FPG, mmol/l 8.49 (0.90) 7.76 (0.82) 6.86(0.77) 8.48 (1.03) 7.85 (0.96) 7.19(0.81) 0.005
2hpp, mmol/l 8.82 (1.14) 7.91(0.87) 7.15(0.70) 8.76 (1.22) 8.03 (1.06) 7.40(1.01) 0.027
HbAlc,% * 6.97 (0.77) 6.16 (0.99) 5.80(0.82) 6.95(0.20)  6.81(0.17) 6.53(0.16) 0.149
Insulin, m U/I 19.99 (4.07) 16.75 (4.03) 14.27(3.81) 19.84 (4.07) 17.36(3.43)  17.36(3.43) 0.011
HOMA-IR 7.59(1.93) 5.80(1.62) 4.39 (1.37) 7.50(1.89)  6.05(1.39) 5.01(1.20) 0.003

* Data are presented as mean (SD) for the 81 participants
T P values are for Water relative to DBs group (time x Group interaction) by a linear mixed model analysis with repeated measures.

I Significant main effect of time, P < 0.001

Diet beverages: DBs, Waist circumference :WC, Total cholesterol: TC, Triglyceride: TG, Fasting plasma glucose: FPG
Glycated hemoglobin: HbAlc, 2 hour post prandial: 2hpp,Homeostasis model assessment of insulin resistance: HOMA-IR
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Table 5.3 Self- reported dietary intake in Water and DBs Groups before and after the 24-week

interventions?

Intake Water Group(n=41)
Baseline week 24
Total Energy (kcal) 2202(173) 1785(146)
Protein (g) 81.2(8.7) 79.6(9.4)
Protein (%) 14.8%(2) 17.9%(1.6)
Fat (g) 86.2(11.7) 63.8(8.1)
Fat (%) 35.1%(2.8)  32.1%(2.3)
Carbohydrate (g) 275.4(20.9) 223(17.6)
Carbohydrate (%) 50.1%(1.7) 50%(2.5)
Fibre (g9) 20.7(5.3) 22.2(5.3)

DBs Group(n=40) P for time x group?

Baseline week 24

2157(275) 1827(302) 0.005
80.4(13.9) 80(15.6) 0.240
14.9%(2.1) 17.5%(1.8)

82.6(16.6) 61.1(38) 0.675
34.4%(4.3)  30.1%(2.4)
273.1(34.5)  239.1(38.6) <0.001
50.7%(3.2) 52.4%(2.4)

20.8(3.1) 22.2(3.2) 0.280

1 Data are presented as mean # SD for the 81 participants

2 pvalues are for Water relative to DBs group (time x Group interaction) by repeated-measures two way ANOVA
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Figure 5.1 Screening, enroliment, randomization and follow up of study participants

Individual evaluated for eligibility by physician

(n=124)

Visit 1: Medical History, Beck’s depression questionnaire, 4-
day food Record, physical activity readiness questionnaire

Visit 2: fasting blood draw, 4-day food record collection
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after lunch (n=41)

“Water groun”

A

v
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Attended 12 —week assessment
(n=35)
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Attended 24 —week assessment
(n=33)

41 included in analysis

0 excluded from analysis

[ Follow up

<
[ Analysis
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Excluded (n=43)

Beck’s depression result (n=4)
BMI out of range (n=11)
Age (n=5)
Disease (n=6)
Fill FD inadequately (n=3)
Others (n=14)

N\

Hypo caloric diet+ drink diet
beverage after lunch (n=40)

“DBs group”

l

Attended 12 —week assessment
(n=37)

A 4

Attended 24 —week assessment
(n=32)

40 included in analysis

0 excluded from analysis
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Figure 5.2 Mean (SE) weight at baseline, 12 and 24 wk of energy restriction with either
drinking water (Water; n = 41) or diet beverages (DBs; n = 40) in all participants, regardless of
attrition. P < 0.001 for the main effect of time.

There was also a significant difference in weight reduction between the two groups after
24 weeks (P=0.006), based on linear mixed effects models.
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Chapter 6.General discussion
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The aim of this thesis was to evaluate the effects of replacing
diet beverages with water on weight loss and cardiovascular risk
factors in healthy and also Type 2 diabetic obese and overweight
women during a hypoenergetic diet.

The prevalence of obesity and diabetes has increased over the
last decades (229) which is in parallel with an increase in the total
energy intake. One of the factors which may enhance energy
overconsumption is calorically sweetened beverages. For example, the
overconsumption of high-fructose corn syrup in such beverages may
play a role in the epidemic of obesity (72). In fact, the amount of
energy consumed from beverages has increased and provides a
significant source of daily energy intake in adults (81). In addition, a
higher intake of sugar sweetened beverages (SSBs) is related with the
development of metabolic syndrome and an increased risk of Type 2
diabetes (80).

On the other hand, replacing sugar with low- or zero-calorie
sweeteners is a common approach for helping weight control which
offers sweet taste with less or no energy and helps to lower the energy
density of beverages and some foods (192, 198, 197). Actually,
reduced dietary energy density should result in lower energy intakes
but there are arguments that intense sweeteners increase the appetite
for sweet foods, stimulate overeating and may even lead to weight
gain (197).

Nutritionists and health professionals generally advise the
general public who wish to lose weight to raise their water
consumption, a tactic often recommended in popular weight loss
programs (94, 95). In fact, water is also the recommended beverage

for maintaining good health (230).
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To my knowledge, no intervention studies have assessed the
impact of replacing DBs consumption with water on weight loss of
healthy and Type 2 diabetic obese and overweight patient during a
voluntary integrated weight reduction program. However, like other
nutritional interventions, there is concern that any results observed in
the short-term may not exist over a longer time period, especially due
to a maintained desire for sweet tasting food and drinks in many obese
people. Hence, the purpose of this thesis was to evaluate:

. Effects of replacing diet beverages with water during a hypoenergetic

diet on obese and overweight women during a 24 weeks clinical trial.
Effects of replacing diet beverages with water during a hypoenergetic

diet on type 2 diabetic obese and overweight women during a 24

weeks clinical trial.

. Effects of replacing diet beverages with water on weight loss and

weight maintenance: 18 month follow up, randomized clinical trial
6.1 Strengths, Limitation and future studies

In this thesis, substantial attempts were made to overcome the
limitation of previous work on the effect of DBs on weight and health.
The main strength of this thesis is that the studies were randomized,
outpatient clinical trials, whilst participants were on a comprehensive
diet plan for weight control in a long term intervention, whereas in
previous studies which compared effects of water and DBs on weight
changes, there was no such comprehensive diet plan (127, 128). In
addition, all participants of the studies in this thesis wished to lose
weight and included middle-aged overweight and obese women who
were able to comply with a weight loss plan, and were motivated to
adhere to the weight loss diet protocol (225). Also, providing the diet
beverages for DBs group and water for the Water group and also

providing the comprehensive diet plan free to the participants were
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incentives for them to come to the clinic for regular bi-weekly visits
and compliance was good in both groups.

However, it should be admitted that this thesis includes some
limitations. The studies were all on women, which was done to avoid
possible effects of gender. Furthermore, experience has shown that
women tend to be more motivated and work harder to lose weight and
attend regular visits, and are more compliant than men in dietary
interventions (225).

Despite the noticeable attempts to control the confounding
factors in the free-living state, it is likely that these studies could not
control all of them which may have created some errors in the
interpretation and generality of the results.

There may also be some inaccuracy in extrapolating the energy
intake record as previous studies indicate under —-reporting of energy
intake (231, 232) which can introduce some errors in the
interpretation of outcomes. The studies presented in this thesis may
have been affected by under-reporting, especially in obese
participants.

Moreover, even though the sample size providing sufficient
power to distinguish statistically significant effects in the key outcome
variables, the sample was not representative of the general
population, mainly as it did not include men.

Furthermore, the fluid intake of participants in all studies was
not recorded, while it may influence satiety (233). In addition, the
energy expenditure, as a key component of energy balance, was not
verified which would affect weight loss. Lastly, although the
participants had a weekly follow up by phone call and fortnightly clinic
visit to measure dietary compliance of the participants but the present

studies , as free life studies, only relied upon subjective report of
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storing and consuming the water and DBs which is not as accurate as
objective methods for measuring their compliance.

Overall, longer-term studies involving both genders (and even
the same type of study on children and adolescents) are required to
investigate whether the beneficial effects of replacing diet beverages
with water during a hypoenergetic diet on human metabolism, the

intake of sweet foods and weight loss are sustained.

6.2 Effects on body weight, BMI and waist

circumference

Significant differences were found in body weight and BMI
changes between groups of healthy overweight and obese women over
24 weeks and also at the 18 month (77 weeks) follow up. Similarly, in
Type 2 diabetic obese and overweight women, significant changes
were seen in body weight and BMI between groups during the 24
weeks intervention.

No significant differences were seen between the groups in the
reduction of waist circumference over the studies.

These results are consistent with Stookey et al who reported
greater weight loss in water consumers on a hypoenergetic diet
compared with those who consumed sweetened beverages (202).
Furthermore in the study of Dennis et al (96), participants who drank
pre-meal water lost more weight than participants on the
hypoenergetic diet alone. These studies showed significant effects of
type of beverage consumption and weight loss, suggesting beneficial
effects of drinking water.

In contrast, the present results are inconsistent to some other
studies. The two recent studies either showed no significant
differences, in terms of weight loss, between drinking water and DBs

(127) or even indicated greater impact on weight loss with DBs
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compared with water (128). However, it should be noted that these
prior studies had differences in the protocol such as not including any
weight loss plan (127) or have only cognitive behavioral therapy for
weight loss (128). Additionally, in previous studies, both with
confirming and opposing results, the volume of beverage and the time
of drinking water and beverage were different.

It should be also added that the results of many epidemiological
studies are in agreement with the results of my studies. For example
Fowler and colleagues observed a classic, positive dose-response
relationship between artificial sweetener beverage consumption and
long-term weight gain (200). The results of Stellman et al furthermore
showed that users of artificial sweetener were significantly more likely
than nonusers to gain weight, regardless of their initial weight (221).

The beneficial effect of replacement of DBs with water on weight
loss in these studies may reflect better adherence to the
multidisciplinary weight loss plan in the water group leading to a
greater reduction in energy intake, which is consistent with previous
findings (198). One possibility which could explain more weight loss
with water consumption compared with DBs may be that people know
that water is a "health" drink, and if they are in a protocol trying one
healthy option, it might be easier to do more healthy things. Also, the
greater reduction in total carbohydrate intake seen in the water group
compared to the DB group would also contribute to the greater weight
loss in the water group. This finding in these studies is also consistent
with the suggestion that the use of non- nutrient sweetener within DBs
may be associated with the sustained consumption of sweet foods or
high-energy foods compared to drinking water (200).

However, further studies should consider whether the amount of

water, the timing or other factors could impact on the effects of
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replacement of diet beverage with water, on weight loss and

anthropometric measurements.
6.3 Effects on Glucose metabolism

Significant between groups differences were observed for fasting
insulin, 2hpp plasma glucose and HOMA-IR among water and DBs
groups over 24 weeks in healthy and Type 2 diabetic obese and
overweight women. Furthermore, these beneficial effects on
carbohydrate metabolism were sustained over 18 month follow up in
healthy overweight and obese women. There was also a significant
difference in the changes between the groups for HbAic after 18
month follow up although HbA1ic was not significantly different between
treatments after 24 weeks in healthy and Type 2 diabetic obese and
overweight women.

Furthermore, between group differences were significant for
fasting plasma glucose in Type 2 diabetic obese and overweight
women after 24 weeks intervention although there were no significant
changes among groups for FPG in healthy obese and overweight
women after 24 weeks and after 77 weeks follow up.

Similar to the study on healthy overweight/obese women, the
study on women with Type 2 diabetes showed a better improvement in
fasting insulin sensitivity, (HOMA IR), in the Water group over the 24
weeks. The better improvement of insulin sensitivity in the water
group compared with DBs group remained after the 77 weeks follow
up. The outcomes seen with diabetic patients were consistent with the
results of the latest epidemiological study indicating daily diet
beverage consumption was associated with impaired glucose control
(227).

Similar to the result of the studies of this thesis, the recent

study by Suez J et al (234), demonstrated that frequent consumption
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of non-caloric artificial sweeteners (NAS) drives the development of
glucose intolerance in association with induction of compositional and
functional alterations to the intestinal microbiota. They identified NAS
altered microbial metabolic pathways that are linked to host
susceptibility to metabolic disease, and demonstrate similar NAS-
induced glucose intolerance in healthy human participants.

Some theories explaining the effect of aspartame on gut
metabolism have been suggested but the exact mechanism has not
been defined. One theory suggests that Phenylalanine which is one of
the breakdown products of aspartame, could play a major role in
regard to the impact of aspartame on metabolic disease (236).

It should be mentioned that Phenylalanine is known inhibitor of
Intestinal alkaline phosphatase(IAP) and IAP is a gut enzyme
important in intestinal microbial homeostasis. It has been
hypothesized that the negative metabolic effect seen with aspartame
consumption could be due to its indirect inhibition of IAP through the
breakdown product Phenylalanine (236).

Further investigations are needed to understand the exact
mechanism behind the beneficial effects of replacing diet beverage
with water on carbohydrate metabolism and potential impact on

intestinal microbiota.
6.4 Effects on lipid profile

Lipid profiles, including fasting total plasma cholesterol, low-
density lipoprotein cholesterol levels, and triglyceride concentration,
were improved in both parallel intervention groups in all of the studies
in this thesis, as expected due to the weight loss interventions. The
reduction of fasting total plasma cholesterol, low-density lipoprotein
cholesterol levels, and triglyceride concentration were not significantly

different between Water and DBs groups in the 24 weeks intervention
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on healthy overweight and obese women. There were also no
significant differences in the increase in high density lipoprotein
cholesterol between the two groups over 24 weeks.

Moreover, the follow up study showed no significant changes
between the groups for TC, TG, HDL-C and LDL-C over the 77 weeks.
Similar results were also observed in the overweight and obese

participants with Type 2 diabetes during 24 weeks of intervention.
6.5 Effects on energy intake

The study on healthy overweight and obese and Type 2 diabetic
obese and overweight women showed no significant difference in
energy intake at base line. However over the time of the intervention,
there were significant reductions in the recorded mean total energy
intake and the macronutrient composition of the diet in both groups (P
< 0.001 for time effect). No significant differences were observed in
the macronutrient composition between the water group and DBs
group at baseline. However, there was a greater carbohydrate
reduction in the water group compared with the DBs group during the
24 weeks of intervention (group by time interaction, P= 0.01). The
same results were observed at 77 weeks follow up in the healthy
overweight and obese participants.

The greater reduction in energy intake and carbohydrate
consumption in the water group compared with the DBs group would
support greater weight loss in the water group. These results indicate
that consumption of water in obese and overweight women following a
diet plan may tend to better weight loss due to better reduction in food
intake in comparison with DBs consumer.

There is evidence that consuming food believed to be low in
calorie content can produce reduced satiety and lead to “rebound”

eating [123,124], however not all studies support such an outcome
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[125,126].These findings raise the possibility that NNSs might affect
intake and metabolism simply by creating the impression that a food
or beverage is less caloric than its actual energy content. There is also
the possibility that repeated oral receptor stimulation by high affinity
NNSs may enhance sensory adaptation and reduce sweet taste
sensitivity, which may in turn influence the acceptability of caloric and
non-caloric sweeteners with increased preference thresholds of sweet
foods.

However, further studies are needed to assess sweet foods

intake in relation to water or DB intake.
6.6 Clinical implication and conclusion

This thesis supports the usual health professionals’
recommendation for obese people to drink only water for better weight
loss. But the results are inconsistent with the belief that obese people
can enjoy sugary taste by drinking diet beverages and are not required
to limit themselves on only drinking water to achieve weight loss
during a multidisciplinary weight loss program. It is likely that drinking
water vs. drinking DBs, with lunch, as an alternative of DBs helps
obese and overweight persons lose more weight. Drinking water
instead of DBs also appears to have a beneficial impact on
carbohydrate metabolism via improvement in insulin sensitivity.

From the clinical point of view in obesity treatment, the results
would support the recommendations given in popular weight loss
programs that the obese and overweight patients who are keen to lose
weight should increase their water intake (94, 95). Even though most
obese people consider that they can drink diet beverages during a low-
energy diet without any harmful effects on their weight management,

and whilst they do still lose weight, the result of my studies shows that
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the amount of the weight loss may be greater if they avoid DBs
completely and drink water only.

The previous evidence indicated the consumption of diet soda is
higher among people with diabetes than those without (228), as they
assume they can drink DBs and still control their blood glucose. The
study in this thesis on overweight and obese women with Type 2
diabetes revealed if they use a weight loss plan, they may have better
improvements in glycemic characteristics and more weight loss if they
drink water instead of diet beverages. Meanwhile the potential
implications and mechanisms behind interventions such as the present
one needs further investigation. Furthermore, as complying with
replacing DBs with water for the long term may be difficult, so future
research needs to examine the longer-term effects of requiring Type 2
diabetes patients to replace DBs with water.

Finally, high-quality, long duration controlled feeding studies
with accurate measurement of food and beverage intake and types of
food consumed in both genders are required. This should be done with
the aim of finding the actual mechanism behind the effect of replacing
diet beverages with water on weight loss and carbohydrate

metabolism in adults during a hypoenergetic diet.
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MEDICAL HISTORY AND SCREENING FORM

General Information
First name: Surname:
Date of Birth:

Sex:

[1 Male [l Female

Marital Status:

[1Single [IMarried

Education:

[1 Grade School [IHigh School

[ Graduate School [1Degree

Occupation:

Contact Information

Tel. No: Mobile No:
Fax. No:

Email:

Address:

Chief Complaint (the major health problem or concern):

Its time course:

More details:

Anthropometric measurements and Blood pressure
Weight: ....kg Height: ...... m

Waist Circumference: ....Cm BP:.....mmHg

Family medical history
Obesity Diabetes  Hypercholesterolemia Hypertriglyceridemia
Cardiovascular Diseases Fatty Liver

Cancer
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Past Medical History
Check those questions to which your answer is yes (leave others
blank).
Diabetes or abnormal blood-sugar tests
Hypercholesterolemia
Hypertriglyceridemia
Fatty Liver
Hepatitis
Gallbladder stones
Heart attack if so, how many years ago?
Rheumatic Fever
Diseases of the arteries
Varicose veins
Arthritis of legs or arms
Phlebitis (inflammation of a vein)
Dizziness or fainting spells
Epilepsy or seizures
Stroke
Nervous or emotional problems
Anemia
Hypothyroidism
Hyperthyroidism
Renal Failure
Renal stones
Pneumonia
Bronchitis
Asthma
Abnormal chest X-ray

Other lung disease
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Injuries to back, arms, legs or joint

Broken bones

Limitation in physical activity

Other diseases:

O Food intolerance? If yes which foods?

O Food allergy? If yes which foods?

O Taking any medication? If yes what?
List any prescription medications you are now taking:
List any self-prescribed medications, dietary supplements, or vitamins
you are now taking:

O Having any medical condition?

Comments:

List any other medical or diagnostic test you have had in the past two
years:

List hospitalizations, including dates of and reasons for hospitalization:

List any drug allergies:

For Women only.
Do you have:
O Menstrual period problems?
o Irregular menstruation
o Lack of menstruation
O Android Hair Loss
Abnormal Hair growth (hirsutism)
Pregnancy History
O Children? If yes, how many?
O Abortion:
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0 I R I R R

Significant childbirth

Urine loss when you cough, sneeze or laugh?

Are you on any type of hormone replacement therapy?
Are pregnant?

Are you breastfeeding?

Personal Habits
Have you ever smoked cigarettes, or a pipe?
LIYes LINo

If you did or now smoke cigarettes, how many per day?

If you did or now smoke a pipe, how many pipefuls a day?

If you have stopped smoking, when was it?

If you now smoke, how long ago did you start?

Do you ever drink alcoholic beverages? [ Yes[INo

If yes, what is your approximate intake of these beverages?

Exercise and Physical activity

-Do you exercise regularly?

L Yes [ No

-If yes what type of exercise? Duration of each session? How many
times/week?

-Are you walking regularly?

L] Yes [ No

If yes how often?

Did you had Professional sports in the past?

Diet History

Have you ever had diet before?
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] Yes [ No
If yes, when was the last time?

The maximum weight loss with diet?

Surgical intervention for weight loss

Did you ever take any medication for weight loss? If yes, what?

Did you ever had Weight loss surgery?

If yes which type surgery and when you did?

How much weight loss you had with this intervention?

History of Physical and diagnostic examination

Date of last complete physical examination:
0 Normal C1Abnormal [1 Never

Date of last chest X-ray:

OCan’t remember

0 Normal 0 Abnormal 0 Never

Date of last electrocardiogram (ECG):

OCan’t remember

0 Normal 0 Abnormal 0 Never

Date of last dental checkup:

OCan’t remember

0 Normal O Abnormal [l Never

Date of last laboratory checkup:

OCan’t remember

0 Normal 0 Abnormal 0 Never
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Four-Day Food Diary Record

Name:

Dates of recorded intake:

Instructions for Keeping Your Four-Day Food Record

Please keep your Four-day food record for four days.

The days should include three weekdays and one weekend day.

Select days that closely resemble your usual eating habits.

Each time you eat or drink anything (meals, snacks, etc.) during the four days,
write down what and how much was served and what and how much was
eaten.

To measure how much was eaten, use a set of measuring cups and spoons
to help estimate amounts. Also see the examples below to estimate portion
sizes.

Note if food choices are homemade or purchased. Please include brand names
whenever possible.

Amounts and Conversions

1/4 cup = 50 ml or 4 Tablespoons

1/3 cup = 75 ml or 5 1/2 Tablespoons

1/2 cup = 125 ml or 8 Tablespoons

2/3 cup = 150 ml or 10 1/2 Tablespoons

3/4 cup = 175 ml or 12 Tablespoons

1 cup = 250 ml or 16 Tablespoons

1 0z = 1 slice of processed cheese or lunchmeat
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How to Estimate Your Portion Size

Meat

Three 85 gram of meat are about the
size and thickness of a deck of playing
cards or an audiotape cassette.

Fruit
A medium apple or peach is about the
size of a tennis ball.

Grains
One cup of rice or pasta is about the
size of your fist.

Cheese

of four dice.

One ounce of cheese is about the size -:.- .

Three-Day Food Record Checklist

Beverages What kind of milk? Homo, 2%, 1%, skim, other.
Was it fruit juice or fruit beverage or drink?
Breads Did you spread on butter or margarine?
Cereal Did you add milk?
Did you add sugar or fruit?
Dairy What brand or kind of yogurt?
What brand or kind of cheese?
Was it raw or cooked?
Vegetables Was it fresh, frozen or canned?
Did you add any butter, margarine or sauce?
Fruit Was it a small, medium or large fruit?
Was it fresh, frozen or canned?
Did you add any butter, margarine, peanut butter, jam
Grains or honey?
Was it a half or whole sandwich?
Was it a small or large muffin or bagel?
Fich Was your canned fish packed in water or oil
How did you cook your fish?
How did you cook your meat?
Meats What kind of cut was it e.g. chicken leg or chicken
breast?
Soups Was your soup prepared with milk, water or cream?
Restaurants What restaurant was it?
Packaged food What brand was it?
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Sample Menu

Day 1: Tuesday, May 12, 2013
Time of Type of Food or Amount | Method of Comments
Meal or Beverage Offered | Eaten Preparation or (e.g. amount of
Snack Brand Iﬁgg fgrgfg 00
Breakfast | Cereal 2 cup Honey Nut Cheerios
Milk 2% 2 cup Damdaran On cereal
Banana 2 med
AM Snack | Animal Crackers 10 Christie
Apple juice 113gram | apple juice
Lunch Grilled cheese
sandwich
Whole wheat bread | 1 slice Senan No crusts
Cheese slice 1 slice kibi slices
Butter on bread 1 Tbsp
Yogurt — strawberry | 75 ml
Milk 2 cup 2%
PM Snack | Granola bar 1 bar - Ate half of it
35 g
Dinner Chicken fingers 1%
French fries 10 Chitoos
Honey 2 Thsp For dipping
Ketchup 2 Thsp Heinz
Carrots I3 Raw, cut in sticks
medium
Milk 2 cup 2%
Evening Ice cream 1 cup Chocolate Mihan
Snack

Was this day’s intake considered: [ ] Poor [X] Average [ ] Very Good
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Day 1

Date:

Time of
Meal or
Snack

Type of Food
or Beverage
Offered

Amount
Eaten

Method of

Preparation or

Brand

Comments
(e.g. amount of

food served, too
tired to eat)

Breakfast

AM
Snack

Lunch

PM
Snack

Dinner

Evening
Snack

Was this day’s intake considered: [ ] Poor[ ] Average [ ] Very Good
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Day 2

Date:

Time of
Meal or
Snack

Type of Food
or Beverage
Offered

Amount
Eaten

Method of

Preparation or

Brand

Comments
(e.g. amount of
food served, too
tired to eat)

Breakfast

AM Snack

Lunch

PM Snack

Dinner

Evening
Snack

Was this day’s intake considered: [ ] Poor[ ] Average [ ] Very Good
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Day 3

Date:

Time of
Meal or
Snack

Type of Food
or Beverage
Offered

Amount
Eaten

Method of

Preparation or

Brand

Comments
(e.g. amount of
food served, too
tired to eat)

Breakfast

AM Snack

Lunch

PM Snack

Dinner

Evening
Snack

Was this day’s intake considered: [ ] Poor[ ] Average [ ] Very Good
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Day 4

Date:

Time of
Meal or
Snack

Type of Food
or Beverage
Offered

Amount
Eaten

Method of

Preparation or

Brand

Comments
(e.g. amount of
food served, too
tired to eat)

Breakfast

AM Snack

Lunch

PM Snack

Dinner

Evening
Snack

Was this day’s intake considered: [ ] Poor[ ] Average[ ] Very Good

171




Lifestyle and Eating Habits Questionnaire

Name:

File No:

What time you do usually wake up weekdays?

What time you do usually wake up weekend?

What time do you usually sleep at night weekdays?

What time do you usually sleep at night weekends?

How many hours do you usually sleep per day?

How many hours do you usually watching television per day?

How many hours do you usually using computers per day?

® NN kLD

How much time do you usually spend using mobile apps per
day?
9. Do you usually eat fast? Yes No

10. How many minutes usually each meal take to eat?

11. How often do you eat Fast food? What kind of fast food do you

eat usually?

12. How often do you eat the traditional restaurant foods (such as
kebab, chicken kebab, etc.)? What do you usually eat at
restaurants?

13. How often do you eat ready-meals per week?

14. How often do you eat rice? How many spoon of rice do you eat
per each serving?

15. Is there any food that you dislike? If yes what?

16. Do you have food allergy? If yes to which foods do you have
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allergy?
17. Which food do you like more?

18. Do you use dairy products? If yes, how many times a day?
(Low-fat or high-fat)
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The Physical Activity Readiness Questionnaire (PAR-Q)

Being physically active is very safe for most people. Some people,
however, should check with their doctors before they increase their
current level of activity. The PAR-Q has been designed to identify the
small number of adults for whom physical activity may be
inappropriate or those who should have medical advice concerning the

type of activity most suitable for them.
Answer yes or no to the following questions:

1. Has your doctor ever said that you have a heart condition and

that you should only do physical activity recommended by a

doctor?
2. Do you feel pain in your chest when you do physical activity?

3. In the past month, have you had chest pain when you were not
doing physical activity?

1. Do you lose your balance because of dizziness or do you ever

lose consciousness?

2. Do you have a bone or joint problem that could be made worse

by a change in your physical activity?

3. Is your doctor currently prescribing drugs (for example, water

pills) for your blood pressure or heart condition?

4. Do you know of any other reason why you should not do physical

activity?
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Beck's Depression Inventory Questionnaire

Please place a (V) in front of which applies best to each of the
numbered statements. All of the results will be strictly confidential.
Most of the questions directly related to your health history situations.

Please answer each question carefully, thank you.
1. (Sadness)
0 I do not feel sad.
1 I feel sad.
2a I am sad all the time and I can't snap out of it.
2b I am so sad and unhappy that it quite painful.
3 I am so sad and unhappy that I can't stand it.
2. (Pessimism)
0 I am not particularly discouraged about the future.
1 I feel discouraged about the future.
2a I feel I have nothing to look forward to.
2b I feel I won't ever get over my troubles.

3 I feel the future is hopeless and that things cannot

improve.
3. (Sense of failure)
0 I do not feel like a failure.
1 I feel I have failed more than the average person.

2a I feel I have accomplished very little that is worthwhile or
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That means anything
2b  as I look back on my life, all I can see is a lot of failures.
3 I feel I am a complete failure as a person.

4. (Dissatisfaction)

0 I am not particularly dissatisfied.

1a I feel bored most of the time.

1b I don't enjoy things the way I used to.

2 I don't get real satisfaction out of anything anymore.
3 I am dissatisfied or bored with everything.
5. (Guilt)

0 I don't feel particularly guilty.
1 I feel bad or unworthy a good part of the time.
2a I feel quite guilty.
2b I feel bad or unworthy particularly all the time now.
3 I feel guilty all of the time.
6. (Expectation of punishment)
0 I don't feel I am being punished.
1 I have a feeling that something bad may happen to me.
2 I feel I am being punished or will be punished.
3a I feel I deserve to be punished.
3b I want to be punished

7. (Self-dislike)

176



0 I don't feel disappointed in myself.
la I am disappointed in myself.

1b I don’t like myself.

2 I am disgusted with myself.

3 I hate myself.

8. (Self-accusation)

0 I don't feel I am any worse than anybody else.
1 I am critical of myself for my weaknesses or mistakes.
2 I blame myself all the time for my faults.

3 I blame myself for everything bad that happens.
9. (Suicidal ideas)
0 I don't have any thoughts of harming myself.
1 I have thoughts of harming myself, but I would not carry
them out.
2a I feel I would be better off dead.
2b I feel my family would be better off if I were dead.
3a I have definite plans about committing suicide.

3b I would kill myself if I could.

10. (Crying)
0 I don't cry any more than usual.
1 I cry more now than I used to.
2 I cry all the time now.
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3 I used to be able to cry, but now I can't cry even though I
want to.

11. (Irritability)

0 I am no more irritated by things than I ever was.
1 I get annoyed or irritated more easily than usual.
2 I feel irritated all the time.

3 I don’t get irritated at all at the things that used to irritate
me.
12. (Social withdrawal)

0 I have not lost interest in other people.
1 I am less interested in other people than I used to be.
2 I have lost most of my interest in other people and have

little feeling for them.

4 I have lost all of my interest in other people and don't care

about Them.
13. (Indecisiveness)
0 I make decisions about as well as I ever could.

1 I try put off making decisions.

2 I have greater difficulty in making decisions more than I
used to.
3 I can't make decisions at all anymore.

14. (Body image change)

0 I don't feel that I look any worse than I used to.
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1 I am worried that I am looking old or unattractive.

2 I feel there are permanent changes in my appearance that

make me look unattractive
3 I believe that I am ugly or repulsive looking.
15. (Work retardation)
0 I can work about as well as before.
la It takes an extra effort to get started at doing something.
1b I don’t work as well as I used to.
2 I have to push myself very hard to do anything.
3 I can't do any work at all.

16. (Insomnia)

0 I can sleep as well as usual.
1 I wake up more tried in the morning than used to.
2 I wake up 1-2 hours earlier than usual and find it hard to

get back to sleep.

3 I wake up early every day and can’t get more than 5 hours

sleep.

17. (Fatigability)
0 I don't get any more tired than usual.
1 I get tired more easily than I used to.
2 I get tired from doing almost anything.

3 I am too tired to do anything.
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18. (Anorexia)
0 My appetite is no worse than usual.
1 My appetite is not as good as it used to be.
2 My appetite is much worse now.
3 I have no appetite at all anymore.

19. (Weight loss)

0 I haven't lost much weight, if any, lately.
1 I have lost more than five pounds.

2 I have lost more than ten pounds.

3 I have lost more than fifteen pounds.

20. (Somatic preoccupation)
0 I am not more concerned about my health than usual.

1 I am concerned about aches, pains, upset stomach, or

constipation.
2 I am so concerned with how I feel or what I feel that its
hard to think of much else.
3 I am completely absorbed in what I feel.

21. (Loss of libido)

0 I have not noticed any recent change in my interest in sex.
1 I am less interested in sex than I used to be.

2 I have almost no interest in sex.

3 I have lost interest in sex completely.
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Appendix-6

Beverage intake questionnaire

Instructions:

In the past month, please indicate your response for each beverage type by

Beverage Questionnaire

marking an "X" in the bubble for "how often" and "how much each time"

1) Indicate how often you drank the following beverages, for example, you drank 5

glasses of water per week, therefore mark 4-6 times per week
2) Indicate the approximate amount of beverage you drank each time, for example, you
drank 1 cup of water 2 times per day, therefore mark 1 cup under "how much each time"

Subject ID

Date

HOW OFTEN (MARK ONE)

HOW MUCH EACH TIME (MARK ONE)

Never or
Ie§s than 4 .1 .2-3 .4-6 .1 .2+ .3+ - 12fl oz| 16 fl oz '::IZT
T £ Baveraté time per | time [times|times|time|times|times}] than |8 floz (1172 @ 20 fl 0z
ype o g
week per | per | per | per | per | per 6 floz |(1 cup)
cups) | cups) | (21/2
(go to next|week | week (week | day | day | day §(3/4 cup) cups)
beverage)
Water 0 [¢] 0 (o] (o] O [¢] 0 o 0 [e] 0
100% Fruit Juice 0 0 (o] (o] (o] (o] (o] (o] 0 o) 0 0
Sweetened Juice
Beverage/Drink (fruit ades, o o o o o o o o o o o o
lemonade, punch, Sunny
Delight)
100% Vegetable Juice o o o o o o o o o o o) o
(V8, etc.)
Whole Milk o} (o} (o] (o] o} (o} 0 (o} o} (o] (o] (o]
Reduced Fat Milk (2%) o 0 (o] (o] (o] (o] (o) o (o] (o] (o) (o)
Low Fat/Fat Free Milk
(Skim, 1%, Buttermilk, (o} (o} (o] (o] (o} (o} (o} (o} (o] (0] (o] (o]
Soymilk)
Soft Drinks, Regular ) ) (o) O ]O0] O (o) (o) (o) (o) (o) (o)
Diet Soft Drinks/Artificially
Sweetened Drinks (o) (0] (o] (o) (0] (o] (o) (0] (o] (o] (0] (o]
(Crystal Light)
Sweetened Tea (o] 0 o (o] (o) (o] (o] 0 (o] (o] 0 0
Coffee, with cream and/or
sugar (includes non-dairy (o) (o] (0] o (o] (o) (0] (o) o (0] (0] (o]
creamer)
Tea or Coffee, black, with/
without artificial sweetener (o} (o} (0] (0] (o] (0] (o] (0] (o] (o] (0] (0]
(no cream or sugar)
Non-alcoholic or Light Beer o) o) (o] o] 0 (o] o) o) o} o} o) o]
Beer, Ales, Wine Coolers (o) (o) (o] (0] (o] (o] (o] (9] (o] (o] (o) (o)
Harq Liquor (shots, rum, o o o o o o o o o o o o
tequila, etc.)
|M|x_ed .A_‘Icohohc anks o o o o o o o o o o o) o
(daiquiris, margaritas, etc.)
Wine (red or white) o} 0 (o] (o} (o} (e] (o] (o)
|Meal Replacement
Shakes/Protein Drinks (o} (o} (o] (0] (o] (o] (o] (0] (o] (o] (o] (o]
(Slimfast, shakes, etc.)
Energy Drinks
(Red Bull, Rockstar, (o) (o) (o} o (0] (o] (o] o (o] (o] (0] (o]
Full Throttle, etc.)
Other (list): o o) (o] (o) (o] (o] (o) 0 (o] (o] (o) o
Other (list): 0 0 (o] (o] 0 (o] 0 0 (o] (o] 0 (o]

Virginia Polytechnic Institute and State University, 2008
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Report at the end of two weeks (diet adherence

questionnaire):

Name:

File No:

1. The list of foods that you desire to have in your next diet:

2. The list of fruits that you desire to have in your next diet:

3. The List of non-compliance (regarding eating time and physical activity):

4. The list of disobedience (regarding recommended diet)?

5. What is bothering you in the diet?

Comments:
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