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Abstract

Overweight and obesity in Oman have increased dramatically in recent years and are associated
with increases in cardiovascular disease and diabetes. This project explored the food choices,
dietary intake and physical activity of Omani adults. The effectiveness of smartphone apps on
physical activity behaviours in Omani adults was also investigated.

In study 1, a survey was conducted on 500 healthy adults living in Oman during the period
from December 2013 to April 2014. Eligible participants completed questionnaires, specifically
designed for this study and administrated by trained health educators in all governorates in Oman.
55% of the population studied were either overweight or obese (particularly those over 30y of
age). BMI was significantly (p<0.05) affected by gender and age group but not by residential area
(urban vs rural). Dietary analysis indicated a high consumption of ‘fast food’ but total energy
intakes failed to explain the high incidence of obesity. However, the questionnaire indicated a high
level of physical inactivity within the population.

Study 2, implemented in two phases, aimed to investigate the efficacy of three smartphones
apps (MapMyFitness, Lose it, and Pacer) on improving physical activity in Omani male and
female adults. Phasel studied male and female Omani citizens living in the UK while phase 2
specifically investigated females living in Oman. Both phases showed significant increases in
physical activity amongst the participants though, due to the short period of intervention (4 weeks),
this was associated with only modest changes in BMI.

The prevalence of overweight and obesity amongst adults highlights the need for
intervention strategies, targeting unhealthy lifestyle behaviours, to curb the prevalence of NCDs
in Oman. Smartphone apps, represent potential tool to facilitate changes in lifestyle factors
associated with the high prevalence obesity in Omani adults.
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Chapter 1: Introduction

During the last three to four decades, overweight and obesity have been transformed from
relatively minor public health issues that mainly affected the most affluent societies, to become
a global public health crisis that severely impairs both health and quality of life. The rapid
increase of this pandemic represents a major challenge confronting health and chronic disease
prevention around the world and has been fuelled by industrialisation, economic growth,
urbanisation, mechanised transport, sedentary lifestyle, and nutritional transition to high calorie
diets and processed foods (2) . Overweight and obesity have increased dramatically worldwide
in both genders and in all age groups. Recent studies have shown that about two billion people
are overweight and one third of them obese (2).

The obesity epidemic was originally observed in the USA and Europe. According to The World
Health Organisation (WHO) observatory data, prevalence of overweight and obesity were
highest in WHO regions of the Americas and lowest in the South East Asia counterparts during
the period from 1978 to 2014 (3). Although obesity is considered as predominantly affecting
high-income and developed countries, its prevalence is now increasing in both developing
countries and low-and middle-income countries (4). For instance, in some Gulf cooperation
council countries (GCC), which include (Oman, Kuwait, Saudi Arabia, Bahrain, Qatar, and
United Arab Emirates), more than half of the population is either overweight or obese (5).
The prevalence of obesity has shown some differentiation between genders. In all WHO
regions, women, are more likely to be obese than men. In WHO regions of the Americas,
Europe, and the East Mediterranean more than 50% of women were overweight. In WHO
regions of Africa, East Mediterranean and South East Asia, women have almost double the
obesity prevalence of men (6). The prevalence of obesity, in GCC countries, is higher in women

and this holds a non-linear association with age (7). The rising prevalence of overweight and



obesity in general, and in childhood in particular, forebodes a burden of disease in individuals,
as well as health care systems, in the decades to come. Obesity is considered as a major
contributor to a wide range of health issues including diabetes, hypertension, cardiovascular
diseases (CVD), and even some cancers (8). Globally, it contributes to the death of about three
million people every year and creates serious health problems for millions of others, as well as
limiting the productivity of individuals and their ability to work (8). Thus, obesity is expensive
and requires greater health care expenditure to successfully manage the effects and sequelae.

On a basic level, obesity arises as a result of energy imbalance between calories consumed and
the calories expended, creating a state of positive energy balance represented in excess body
weight and adipose tissue mass (4). The major drivers of obesity have been much debated,
though modern food systems and physical inactivity are now accepted as the predominant
factors contributing to the present obesity epidemic. An obesogenic environment, with
increased reliance on technologies to perform daily living tasks, and the changes in the global
food supply, has been spreading across the word. Such environments offer more energy-dense
foods in combination with sociocultural, environmental and economic factors all associated
with sedentary lifestyle behaviour and unhealthy dietary habits. Therefore, increasing physical
activity or reducing caloric intake (or combination of the two) should theoretically mitigate the
problem. Several interventions and strategies have been implemented in different times, and
regions in the world, in order to address obesity. However, frequently the success of such
strategies and interventions have been limited in their effectiveness. Although technology is
being blamed as a contributor to the prevalence of many unhealthy lifestyle behaviours, it is
also being developed to play a role in health management and provide solutions to many of the
limitations in traditional strategies. Web-based technologies, such as smartphone apps have

recently emerged as useful tools in the promotion of physical activity and weight management.



The prevalence of obesity and overweight represents a major challenge for public health in
Oman (9). It is hypothesised that this is associated with ‘Westernisation’ of the Omani diet and
adoption of a more sedentary lifestyle. Through a cross-sectional survey, this project, explores
dietary practices and physical activity across different regions (urban and rural) of Oman and
examines their impact on the prevalence of overweight and obesity. The survey specifically
highlights low levels of energy expenditure, rather than intakes. Therefore, study two (an
intervention study) was designed to support individuals to improve their lifestyle, knowledge

and awareness using mobile phone—based technology.



Study 1: Background

1.1 Definition of overweight and obesity

Overweight and Obesity are defined as abnormal or excessive fat accumulation that may
impair health (10). Several methods are used to measure overweight and obesity such as Body
Mass Index (BMI), waist-hip ratio, waist circumference, skinfold, and measurement of
percentage of body fat. In the 1980s, the approach of the ideal body weight was replaced by
BMI, which is derived from the equation: body weight in kilograms divided by height in
squared meters (m2) [kg/m2]. The classification of obesity by BMI as recommended by the
WHO is shown in table 1.1 (11) (12).

Tablel.1. Classification of body weight in adults by the WHO (12) .
Underweight  <18.5 Low (but risk of other clinical problems increased)
Normal range  18.5-24.9 Average

Overweight 25.0 or higher

Pre-obese 25.0-29.9 Increased
Obeseclass |  30.0-34.9 Moderately increased
Obese class Il 35.0-39.9 Severely increased

Obese class 1l 40 or higher Very severely increased



1.2 Abdominal obesity (Central obesity)

Abdominal obesity refers to the presence of excessive fat in the abdominal area (the area
between the chest and pelvis), that is likely to have a negative impact on health (13). The
abdominal fat is located in two main depots, subcutaneous and visceral (intra-abdominal). The
main areas of subcutaneous adipose tissue (SAT) are the femerogluteal regions, back and
anterior abdominal wall (14). Visceral adipose tissue (VAT) is stored deep in the abdomen,
around the internal organs (e.g. liver, pancreas, intestine etc.) (15). Figure 1.1 shows the
difference between subcutaneous and visceral fats. About 80% of all body fat is present in the
subcutaneous area. Visceral fat comprises up to 10-20% of total fat in men and 5-8% in women,
and the amount of visceral fat increase with age in both gender (16). VAT is a prominent risk
factor for obesity related metabolic disorders (17), and high levels of VAT are associated with
higher cardiometabolic risk (CMR) in comparison with SAT(18) (19). Due to the important
association of VAT and SAT with many metabolic and CMR risk factors, the accurate
measurement of these fat compartments is increasingly emphasised (18). Computed
tomography (CT) and magnetic resonance imaging (MRI) are considered reference methods
for assessing VAT and SAT, as they can clearly distinguish between visceral and subcutaneous
abdominal fat (20). However, both methods are expensive and cannot be used in large
epidemiological studies. Waist-to-hip ratio (WHR) and waist circumference (WC) are often
used as anthropometric surrogates to determine central obesity and health risk (21). A WC over
102 cm for men and 88 cm for women is considered to be associated with a substantial increase
of risk of metabolic complications (22). Table 1.2 shows the cut-off points and risk of metabolic
complications, according to WHO, (2008) (22).

Accumulation of adipose tissue can be triggered by many factors including; hereditary factors,
metabolic or endocrine disorders, physical inactivity, various psychological trauma, tumours,

and even drugs (such as steroids and antidepressants) (21). There is an increasing evidence that



fat distribution differs by gender, and sex hormones play an important role in determining body
composition (23). It has been suggested that in men, testosterone has a significant role in
determining fat distribution and in maintaining lean mass (24) (25), while in women, oestrogen
has been proposed to explain the healthier distribution of fat (26). However, it remains unclear
why women have more subcutaneous fat and less visceral fat than men (27). Choo et al (2014)
reported that abdominal obesity was associated with impaired health -related quality of life

(HRQOL), and this association is influenced by gender, being significant only for women (28).

Table 1.2. WHO cut-off points and risk of metabolic complications

Waist circumference >94 cm (M); >80 cm (W) Increased
Waist circumference >102cm (M); >88 cm (W) Substantially increased
Waist-hip ratio >0.90cm(M);>0.85cm (W) Substantially increased

M, men; W, women



¢ Subcutaneous Fat

Figure 1.1: The difference between visceral fat and subcutaneous fats

Source of the picture: http://www.drhirani.com/diabetes/difference-visceral-fat-subcutaneous-fat/ (29).



http://www.drhirani.com/diabetes/difference-visceral-fat-subcutaneous-fat/

1.3 Health implications of Obesity

1.3.1 Obesity and Co-Morbidities

Obesity is considered as a major contributor to the global burden of non-communicable
chronic diseases (NCDs). Increased adiposity is strongly associated with type2 diabetes,
dyslipidaemia, cardiovascular disease and other chronic diseases (30). Recent studies have
shown that obesity has more pronounced impact on morbidity than mortality. This might be
attributed to the increase in number of years that individual suffers from obesity-related
disease, which consequently reduces individual’s quality of life (2). Overweight and obesity
cause adverse metabolic effects on cholesterol, blood pressure, triglycerides and insulin
resistance, and the probability of having metabolic abnormalities (31). Therefore,
unsurprisingly, obesity is considered as a key risk factor for non-communicable diseases and
has been associated with a wide range of chronic conditions, including diabetes, dyslipidaemia,
poor mental health, and risk of stroke, cardiovascular disease, osteoarthritis and certain cancers

(table 1.3) (32).



Tablel.3. Main comorbidities associated with obesity
Pancreatitis
Gastrointestinal Liver disease

Colon, pancreatic, gallbladder, & oesophageal cancer

Metabolic syndrome
Type 2 diabetes mellitus
Endocrine/reproductive | Polycystic ovary syndrome

Breast, uterine, & cervical cancer

Coronary heart disease
Cardiovascular Hypertension

Cerebrovascular and thromboembolic disease

Obstructive sleep apnoea

Respiratory Obesity-hypoventilation syndrome (Pickwickian syndrome)

Musculoskeletal Immobility

Urinary stress incontinence

Genitourinary Prostate and renal cancer

Idiopathic intracranial hypertension

Neurological Stroke

Adapted from: Warziski MT, Choo J, Novak J, Burke LE. Obesity. In: Moser DK, Riegel B, editors.
Cardiac nursing. A companion to Braunwald’s heart disease. Saunders; 2008. Pp 446-462




1.3.2 Obesity and Metabolic Syndrome (MS)

It is well established that obesity is associated with the increasing prevalence of metabolic
syndrome (MS) (33). The first international standard definition for MS was proposed ina WHO
consultation in 1988. An individual suffering from MS has at least three of the following risk
factors: central obesity, elevated blood pressure (BP), high fasting blood glucose levels, high
triglyceride and high cholesterol (34). Many studies have revealed that MS confers a greater
risk of morbidity and mortality. People with MS are three times as likely to have a heart attack
or stroke and twice as likely to die compared with people without the Syndrome. Moreover,
people with MS have a fivefold greater risk of developing type 2 diabetes mellitus. It has been
estimated that about 20-25% of the world’s adult population have MS (35). In the Middle East,
for example, MS is an increasingly common public health problem affecting one in four people
with the prevalence increasing with age (36). However, recent evidence has reported that
obesity does not always have such adverse effects on the metabolic health of individuals.
Recent studies showed that about 10-30% of obese individuals are metabolically healthy
despite having excessive body fat accumulation. This phenomenon has recently been described
as metabolically healthy obesity (MHO). Little is known about the factors that lead to a delay
in the onset of, or protection of, obese individuals from adverse effects on their metabolic health
(30). The available evidence indicates that the prevalence of MHO is influenced by many
factors including classification criteria, cut-off values for each parameter, as well as lifestyle,
ethnicity, sex and age of individuals. Observational studies have shown that the MHO
phenotype is linked to lower risk of CVD and mortality, particularly in physically active
individuals. Van Vliet-Ostaptchouk et al, conducted a large-scale collaborative study to
evaluate the prevalence of MS and MHO among obese individuals using the data from ten
European cohort studies from seven different countries. The study showed that in general, the

distribution of MS and MHO across the different populations is not equal. While the study
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revealed a consistently higher prevalence of MHO phenotype in women compared to men and
a decrease with age in both sexes, it could not correlate this result with body fat distribution,
due to using BMI in defining the obesity status (30). However, Wildman et al (2008) reported
no difference between men and women in the prevalence of the MHO phenotype, in the

NHANES cohort, when WC was used to define MHO phenotype instead of BMI (37).

1.3.3 Obesity and Heart and Cardiovascular Disease (CVD)

Obesity and its comorbidities have adverse effects on general and cardiovascular health. It
promotes CV diseases including hypertension, coronary heart disease (CHD), heart failure
(HF), and stroke via several mechanisms including lipid deposition, hyperglycaemia, and the
development of a pro-coagulant status (38). Obesity increases the total blood volume, stroke
volume, and cardiac output which typically lead to reduction in the systemic vascular resistance
for any given blood pressure (figure 1.2). In addition, obesity can cause enlargement of the left
atrium due to the increased blood volume as well as alterations in left ventricular (LV) diastolic
filling. Due to the remarkable abnormality in LV structure and function associated with obesity,
the increase in the prevalence of HF with obesity is not surprising. The Framingham Heart
Study of 5,881 participants demonstrated that for every 1 kg/m? in BMI increase in men and
women, prevalence of HF increases by 5% in men and 7% in women (39). In 2001, Seidell and
Halberstadt predicted that disability due to obesity-related CVVDs would increase, especially in
industrialised countries, because patients in these countries survive CVDs more often than in
non-industrialised countries. They also predicted that disability due to obesity-related type 2
diabetes would also increase, mainly in low-and middle-income countries, as insulin supply is

often not sufficient in these countries (2).
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/ MFat-Free Mass
¢'Systemic Vascular Resistance
Sleep Apnea/Obesity
Hypoventiiation ™ C“c"\'la“"g
Syndrome Blood Volume
f ‘ | LV Stroke
‘ Hypoxia/Acidosis iy
J \ No Change in Heart Rate
Pulmonary : - —
Arterial Hypertension \ / ’ MCardiac Output I
LV Enlargement
Pulmonary RV Hypertrophy
il s iocdialenle and Enlargement ¥ Hypertension
l LV Wall Stress
| RV Fallure l ‘
LV Hypertrophy

Inadequate J \ Adequate

LV Systolic LV Diastolic
Dystunction Dysfunction
LV Fallure |

Figure 1.2 Pathophysiology of Obesity Cardiomyopathy.

This diagram shows the central hemodynamic, cardiac structural abnormalities and alterations in ventricular
function that may occur in several obese patients and predispose to heart failure. Left ventricular (LV) hypertrophy
in severe obesity may be eccentric or concentric. In uncompleted (normotensive) sever obesity, eccentric LV
hypertrophy predominates. In severely obese patients with long-standing systemic hypertension, concentric LV
hypertrophy is frequently observed and may occur more commonly than eccentric LV hypertrophy. Whether and
to what extent metabolic disturbances such as lipotoxicity, insulin resistance, leptin resistance, and altercations of
the renin-angiotensin-aldosterone system contribute to obesity cardiomyopathy in humans is uncertain. RV= right
ventricular, Adapted with permission from Lavie et al.
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1.3.4 Obesity and type 2 diabetes mellitus (T2D)

Obesity, and associated insulin resistance, is the primary cause of type 2 diabetes mellitus
(T2D) (40). Studies reveal that the risk of developing T2D increases proportionally with BMI.
For each kilogram of weight gained annually over 10 years, the risk of developing T2D
increases by 49% in the subsequent 10 years. Conversely, the risk of developing T2D decreases
by 33% in the subsequent 10 years, for each kilogram of weight lost annually over 10 years
(42). In comparison to normal weight, overweight increases the risk of developing type 2
diabetes three-fold and obesity raises the risk seven-fold. Although metabolically healthy obese
individuals are estimated to have half the risk of their metabolically unhealthy counterparts,
they still have more risk of developing type 2 diabetes, by factor of four, compared to
metabolically healthy normal weight individuals (4).

Notably, the global epidemic of T2D is worsening and the prevalence is increasing in parallel
with the severity of obesity. A recent WHO report (2014) reported that 422 million people in
the world have Diabetes Mellitus (DM), and T2D comprises the majority of people with
diabetes. The overwhelming majority (86%) of T2D individuals are overweight or obese; 52%
obese, and 8.1% morbidly obese (41). Based on findings from the National Health and
Nutrition Examination Survey (1999-2006) concerning the relationship between obesity and
T2D in the US adult population, 13.6% of adults surveyed had T2D. Amongst those with T2D,
80.3% and 49.1% were overweight and obese respectively (42). The burden of DM is expected
to grow and, by 2030, the prevalence among adults aged 20-79 years is predicted to increase
to 439 million (43).

Although fat mass is documented as a major factor influencing the risk of developing T2D, fat
distribution is also important and visceral adiposity comprises the greatest risk. Visceral fat
content is considered as an independent predictor of insulin resistance. Waist circumference is

a useful indicator for subsequent T2D development. There is a linear relationship between the
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increase of waist circumference and the risk of developing T2D. Recent studies show that race
/ ethnicity also has an important role in risk of developing T2D. For example, people of Asian
origin are at greater risk than those of Caucasian origin, probably due to differences in fat
distribution and the associated level of insulin resistance (41).

Type 2 diabetes was recently characterised by impaired fat metabolism as well as glucotoxicity.
Glucose homeostasis is, physiologically maintained by a mechanism involving the balance
between insulin secretion from pancreatic beta cells and insulin sensitivity of the peripheral
tissues, both of which are affected by fat mass (especially visceral fat). Therefore, an excessive
fat deposition induced by overconsumption of energy-dense-foods enhances insulin resistance.
Free fatty acids (FFASs) delivered to the liver through the portal vein can contribute to the
development of non-alcoholic fatty liver disease (NAFLD). In addition, increased FFAs
entering the systematic circulation can lead to the occurrence of lipotoxicity in other organs
including pancreas, heart and muscle, followed by a vicious cycle of fat damage, inflammation,
deteriorating insulin resistance and beta cell insulin secretion, and ultimately occurrence of
T2D. While there is a clear association between excess weight gain (especially visceral
adiposity) and the development of T2D, it is also clear that clinically significant weight loss is
associated with improve glycaemic control in adults with T2D. In 2007, the Look AHEAD
Research Group (a large multicentre trial), demonstrated that intentional weight loss in
overweight and obese adults with T2D, who participated in intensive lifestyle intervention
(decreased caloric intake and increased physical activity), reduced their weight by average of
8.6% compared to 0.7% weight loss in the control group (that were provided with diabetic
support and education) (41). Furthermore, the significant weight loss at one year in subjects
with T2D was associated with improved diabetes control (44). Due to the epidemiological and
pathogenic association between obesity and T2D, the term “diabesity” has recently been used

to describe the coexistence of obesity and T2D and indicates the association between obesity
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with T2D. However, despite the clear link between obesity and T2D, the actual mechanism
still needs further clarification given that some obese individuals appear to be protected in some

way from developing T2D, and a small number of lean people can develop T2D (41).

1.3.5 Obesity and hypertension

Obesity and hypertension are both components of MS and epidemiological studies have shown
a strong aetiological relationship between them. Excess weight gain may lead to development
of hypertension (obesity-related hypertension), and the relationship between blood pressure
(BP) and BMI appears to be almost linear in different countries. Therefore, it is no coincidence
that, as the rate of obesity increases, so does the rate of hypertension. The risk of hypertension
is significantly increased by increasing BMI in both men and women (45). It is estimated that
obesity is directly related to at least 75% of the incidence of hypertension (46). Although
mechanisms of obesity-related hypertension are not yet clearly understood, several studies have
indicated that obesity-related hypertension is a multifactorial and polygenic trait. The
association between central obesity and both insulin resistance and hypertension form the basis
for understanding the pathophysiology of obesity-related hypertension. Potential pathogenetic
mechanisms, such as hyperinsulinemia, may contribute to increased incidences of high blood
pressure (BP) in obese individuals. Knowing that insulin stimulates the sympathetic nervous
system (SNS), and that obese patients have increased SNS activity, a role for insulin-mediated
SNS stimulation is likely to be a factor in the pathogenesis of high BP, especially in central
obesity (46). Figure 1.3 illustrates the possible mechanisms of obesity-related hypertension and
therapeutic strategies (47). High sodium intake is another, well documented, risk factor
associated with hypertension. Many health-related organisations (e.g. WHO, The United
Nations) have emphasised the contribution of dietary sodium and cardiovascular outcomes. In

2010, 1.65 million deaths from CVDs were attributed to high sodium consumption (above the
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reference level of 2 g/day). In the same year, the global average level of sodium intake was
3.95 g/day (ranged between 2.2 to 5.5 g/day). Cook et al (2007) reported that salt restriction
decreases the risk of hypertension with or without weight loss, in addition to reducing the
incidences of CV events (48). During 2003/2004, the UK initiated a nationwide salt reduction
programme. Population salt intake decreased 15% by the end of 2011, which has been
suggested to be an important contributor to the falls in BP and the reduction in stroke and
ischaemic heart disease (IHD) mortality in England between 2003 and 2011(49). Several
studies have shown that PA can reduce both weight and BP. It was reported that, in studies
lasting 4 to 52 weeks, where PA was the only intervention, aerobic exercise reduced BP by
3/2.4 mm Hg, and the effects can be even more substantial when aerobic exercise is combined

with calorie restriction for weight management (46).
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Figure 1.3. Possible mechanisms of obesity-associated hypertension and therapeutic strategies.

Adipose tissue releases leptin, angiotensinogen and oxidized fatty acids to stimulate adrenal release of aldosterone via
activation of the classic RAAS, as well as a non-classic pathway mediated by oxidized fatty acids. Leptin stimulates the central
SNS which in turn leads to renin release from the kidney. Activation of RAAS in other tissues contributes to renal and vascular
dysfunction. Increased adipose tissue can lead to OSA, which can be treated by therapeutic weight loss or application of cPAP.
OSA leads to activation of the SNS which activates RAAS in the kidney. Increased aldosterone can be reduced with
mineralocorticoid receptor antagonists. Abbreviations:{, increased; |, decreased; ARBs, angiotensin type 1 receptor blockers;

cPAP, continuous positive airway pressure; OSA, obstructive sleep apnoea; RAAS, renin-angiotensin-aldosterone system;

SNS, sympathetic nervous system.
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1.3.6 Obesity and cancer

Several studies have shown that the likelihood of developing and dying from cancer is greater
in obese men and women (50). Obesity is estimated to contribute to 20% of cancer cases, with
the increased risk of malignancy being influenced by body fat distribution, weight change, diet
and physical activity (51). It is estimated that globally, three to four million cases of cancers
recorded every year, could be prevented by healthy eating and being more physically active
(50). The Million Women Cohort Study showed that the 10 out 17 types of cancers in the UK,
were significantly associated with increasing BMI. The study also reported that 5% of all
cancers among postmenopausal women in the UK were more likely to be attributed to being
overweight or obese. Moreover, almost half of the all cases of endometrial cancer and
adenocarcinoma, in postmenopausal women, are attributable to overweight or obesity (50).
Conversely, weight loss has a significant impact on some types of cancers. De Pergola and
Silvestris reported that women who intentionally undertake weight loss of more than 10kg after
menopause lowered the risk of breast cancer by 50% (51). The World Cancer Research Fund
(WCRF) reported that the most common cancers in obese people are prostate, endometrial,
oesophageal adenocarcinoma, postmenopausal breast, colorectal, and renal, whereas those
which are less common include leukaemia, lymphoma, multiple myeloma, malignant
melanoma, non-Hodgkin’s lymphoma, and thyroid tumours. Recent meta-analysis and
observational studies have demonstrated that the association between obesity and cancer is sex
specific over several types of malignancies, and this is likely to be true for different
geographical populations (51). Ethnicity is another independent factor that impacts on the
cancer risk in obese individuals. For instance, African Americans are more likely to develop
cancer than Hispanics, who appear to be relatively protected. In addition, the link between
increased BMI level and breast cancer is strongest in Asia-Pacific populations (50). Factors

other than fat mass per se also influence the risk of developing cancers. Studies have revealed
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that cancers associate more with central obesity (abdominal fat) than with BMI, especially
colon, premenopausal breast, endometrium, oesophageal adenocarcinoma and pancreatic
tumours (51). With respect to mortality, a longitudinal study on US women has shown a strong
positive association between both WC and WHR and cancer mortality, independent of BMI.
Jaggers et al recently found that abdominal obesity increased the risk of cancer mortality up to
24% (52). Obesity may also have a negative impact on the treatment of cancer, as it has been
reported that chemotherapy dosages for excess weight women receiving breast cancer

treatment are often not adequate, when compared to dosages in lean women (53).

1.3.7 Obesity and Mortality

The WHO reported that 65% of the world's populations live in countries where overweight
and obesity kill more people than underweight (54). In 2010, overweight and obesity were
estimated to account for 3.4 million deaths, and about 4% of disability-adjusted life-years
(DALYs) globally (55). Mortality rates increase with increasing levels of overweight
(measured by BMI). A large meta-analysis of 97 studies, on almost 2.9 million people, showed
that obesity (BMI>30kg/m?) was significantly associated with mortality compared to normal
BMI (18.5-24.9) (56). The adverse effects of higher BMI on mortality are greater in younger
cohorts than older ones (38). In the East Mediterranean Region (EMR) obesity has reached
alarming levels among both children and adults, and related NCDs have been attributed to more
than 50% of total deaths EMR (57). The greatest increase in NCD mortality rate between 2006
and 2015 was in Africa (27%) and EMR (25%) (58). Most of mortality and morbidity burden
in EMR is attributed to unhealthy diet, physical inactivity, and tobacco use (59). Consumption
of sugar and salt, in most member states, is above WHO recommended levels. Moreover,
despite the fact that globally the average trans-fat intake has levelled off, the EMR is

experiencing the largest increase in consumption (59). The DALY, which is measured by risk

19



factor of high BMI, has increased markedly in EMR, as another indicator of the growing
obesity burden. The recent WHO Global Burden Study reported that, between 2000 and 2015,
DALYs rose by 62 % across the Middle East and North Africa (MENA) with more significant
increases in the United Arab Emirates UAE (314%), Oman (161%) compared to the global

prevalence (38%) (60).

1.4 Lifestyle factors and obesity (Diet, Physical activity, Awareness)

Chronic NCDs usually occur in middle age, after long exposure to an unhealthy lifestyle
involving tobacco use, lack of physical activity (sedentary behaviour), and consumption of
diets rich in saturated fats, sugars, and salt. Such lifestyle factors are leading causes of obesity,
diabetes mellitus, hypertension, and dyslipidaemia (61). Overweight and obese youths, who
tend to be less physically activity compared to those of normal weight, are more likely to
develop chronic disease’s risk factors such as type 2 diabetes, coronary heart disease, and
stroke in their adulthood (62). The majority of studies considered the food system and physical
activity the predominant drivers of the obesity epidemic. Gilmore et al have reported that the
fundamental cause of obesity is the long-term positive energy balance, regardless of
macronutrient composition of the diet (63). Vandevijvere et al (2015) recorded a significant
association between changes in food energy supply in countries of varying income levels and
average population body weight in general, and for the high-income countries in particular.
The study also suggested that factors such as reduced physical activity could occur
simultaneously with an increase in food energy supply and may lead to an increase in body
weight (64). Most cases of MS are attributed to inappropriate dietary patterns and sedentary
lifestyle (65) (66). There is currently debate about whether increased physical activity or diet
restriction is more efficient in combating MS, with many studies suggesting that diet plus

exercise has more success in the treatment of MS than exercise or diet a lone (67) (68). It is
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also known that the risk of having MS is higher in those with lower cardiorespiratory fitness
(CRF) (69) (70). In addition, recent studies have demonstrated that physically fit men and
women, as compared with those who are physically unfit, had lower amounts of total and
abdominal fat for a given BMI (71) (72) (73). Moreover, overweight and obese individuals had
lower levels of CRF than normal weight individuals (69) (74).

Physical inactivity has been suggested to be the fourth most important risk factor for the
development of chronic disease globally (75). The American College of Sports Medicine and
WHO recommend that adults do at least 150 minutes of moderate-intensity activity a week and
strength training at least twice a week (76). Steele et al reported that low levels of physical
exercise and poor cardiorespiratory fitness are known to predict progression CVD, T2D, and
MS in adults (77). Sedentary behaviours such as excessive time spent in watching television or
using a computer, are significantly associated with an increased risk of MS (78) (79).
Therefore, it is currently recommended that individuals with MS be targeted for therapeutic
lifestyle changes, which consist mainly of increases in physical activity and improved diet (80).
Longitudinal cohort studies conducted by Wang et al (2004) and Alberti et al (2005) indicated
that most chronic diseases of lifestyle, such as CHD, T2D, and hypertension are at least 1.5 to
2.0-fold higher risk with physical inactivity (81) (82). The World Health Organisation reported
that the doubling of obesity rates since 1980 is associated with declining rates of physical
activity (83). Numerous studies have shown the significant impact of physical activity (PA) in
reducing the mortality rates and improving general health and in many countries physical
inactivity is a growing public health concern. For instance, in Netherlands results of research
study showed that 41% of all adults do not comply with Dutch Public Health Physical Activity
Guideline (at least 30 minutes of moderate to vigorous physical activity for at least 5 days of
the week). Only 20% of Dutch adults meet the Strenuous Intensity Physical Activity Guideline

of at least three. 20 min periods of vigorous exercise per week (84). The WHO physical activity
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guidelines recommend that individuals accumulate at least 150 minutes of moderate intensity
(PA) per week (or equivalent), in bouts of a minimum of 10 minutes in duration. Such activity
levels have been demonstrated to result in an improvement of all cause of mortality and disease
specific morbidity (85). A systematic review of studies, published from 2000-2010,
investigated the association between changes in health-related fitness and the prevalence of
risk factors in overweight and/or obese youth. It reported many significant improvements in
health outcomes associated with improved physical fitness. Adiposity, cardiovascular,
musculoskeletal, metabolic, and mental/ emotional health improved in 60%, 32%, 53%, 41%,
and 33% of those studied, respectively (62).

Knowledge and awareness about weight status is also an important issue, which is theoretically
associated with weight management and health care costs (86). The perception of weight status
among adults has important implications in the prevention of obesity in childhood (87).
Barichella et al (2011) reported that in Italy, knowledge about weight management should be
improved in both the general population and in health-care professionals. They also indicated
that higher age, low education and higher BMI were important determinants in conferring poor
weight control and management (87). In the MENA region, although the public awareness of
the weight status is growing gradually, the widespread public perception is that obesity is a
symptom of diabetes or hypertension, rather than a metabolic disorder in itself. This perception
ultimately makes the care of patients more challenging (60). Experts in the region, have
identified the main policy gaps that need to be bridged and have urged Governments to set out
primary preventative programmes, including education in schools and families. An integrated
approach involving nurse practitioners, family physicians as well as social workers, has been
demanded in order to address childhood obesity, with more focus on reproductive-aged
women. More aggressive regulatory measures should be considered by the government (e.g.

bans on the sale of sugary drinks in schools or taxes on unhealthy food). For people who are
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already obese, experts recommend better training of professionals including improved
expertise about the complexities of obesity and creation of multidisciplinary teams including

specialists in obesity medicine and management, and dietitians (60).

1.4.1 Effective interventions to improve dietary and physical activity behaviours

Many studies have attempted to improve dietary habits and increase physical activity of a
targeted population. These frequently attempt to implement comprehensive intervention
strategies to improve knowledge and attitudes toward diet and physical activities, as well as
changing unhealthy behaviours and their related risk factors. Different countries have adopted
several different intervention strategies to address the unhealthy outcomes. These interventions
can be categorised in 6 main domains: media and educational campaigns; labelling and
consumer information; taxation, subsidies, and other economic incentives; school and
workplace approaches; local environmental changes; and direct restrictions and mandates (88).
Focused media campaigns that target multiple cardiovascular risk factors and dietary
behaviours simultaneously have been more successful than broad community—based media and
educational programs (88) . Focused media campaigns in Australia were associated with
increased public awareness and consumption of fruit (from 1.5 to 1.7 servings per day, P<0.05)
and vegetables (from 2.6 to 3.1 servings per day, P<0.01) (89). Similarly, in Pakistan, focused
media campaigns led to improvements in dietary habits, such as reduced consumption of meat
and increase consumption of fruit and vegetables (90). In United States, the National Cancer
Institute, with collaboration from industry and the federal government, initiated the US 5-A-
Day for Better Health Campaign, to increase the consumption of fruit and vegetables. Reports
on this campaign suggest some success, with increased consumption of fruit and vegetables
from ~2.8 to 4.3 servings per day between 1988 and 1999 (88). Long term community and

school-based media and educational campaigns have also been effective in improving dietary
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habits of school-aged children, younger children (91), as well as adults, in addition to reducing
adiposity and cardiovascular risk factors in adults using multiple strategies for communication
(92). Shorter-term (weeks to months) media campaigns, have generally increased knowledge
of healthy lifestyle messages, such as Fighting Fat, Fighting Fit in the United Kingdom and
similar programmes in US and Australia (93) (94) (95). Combining shorter term media
campaigns with other means of more direct participation may increase effectiveness. For
example, in Fighting Fat, Fighting Fit campaign, people who registered in a 6-month mail-
based educational program increased their fruits and vegetable consumption by 1.3 serving per
day, reduced their intake of fat and snacks, increased their PA, and lost an average of 2.3kg,
reducing the prevalence of obesity by 11% (P<0.001 for each compared with baseline) (96).
Similarly, in the 5-A- Day campaign, sending newsletters with strategies of improving
consumption of fruits and vegetables, as well as goal setting information, increased the
frequency and variety of fruit and vegetable consumption (97). In North Karelia, Finland, a
media and education-based community intervention reduced consumption of butter, whole-fat
dairy, non-lean meats, and salt successfully, and increased the consumption of vegetable oils,
and vegetable-oil margarine, low-fat dairy, lean meats, vegetables, berries and fruits (98) (99).
Dietary habits of the targeted population improved substantially, and this was associated with
declines in blood cholesterol, blood pressure levels and rates of CHD. In 1980, three
community-based health educational programs, in the US, were evaluated, with a major focus
on media and education to improve multiple cardiovascular diseases simultaneously (88). The
Stanford Five-City Project tested a 5-year community-based program that combined behaviour
change theory (social learning theory, a communication-behaviour change model), community
organisation principles, and social marketing methods. Compared to control groups, the
intervention communities showed improvements in several cardiovascular risk factors,

including lower blood cholesterol, blood pressure, resting heart rate, weight gain, and smoking
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prevalence. In contrast, similar strategies in the Minnesota Heart Health Program and the
Pawtucket Heart Health Program did not lead to significant improvement in these communities.
In Mauritius, a national prevention program was launched to reduce the major risk factors by
promoting healthier diets, smoking cessation, reducing alcohol intake and increasing exercise
(100). Many strategic programs were implemented to achieve the targets, including media and
education efforts, including extensive use of mass media and widespread community, schools,
and workplace education activities. From 1987 to 1992, moderate leisure-time physical activity
improved from 16.9% to 22.1% in men and from 1.3% to 2.7% in women. Cigarette smoking
decreased from 58.2% to 47.2% in men and from 6.9% to 3.7% in women. The prevalence of
blood pressure declined from 15% to 12.1% in men and from 12.1% to 10.9% in women. Heavy
alcohol use in men and women had also declined substantially, from 38.2% to 14.4% and 2.6%
to 0.6% respectively. Legislative measures on cooking oils showed tangible results, represented
in the reduction of the mean serum total cholesterol by 15% (from 5.5 to 4.7 mmol/L (P<0.001))
(88). Similarly, in Singapore, a sustained multicomponent intervention in 1992 that combined
extensive media/education approaches with school, workplace, and environmental strategies
collaboration with food industry to produce healthier food choices (101). The evaluation
demonstrated significant declines in the prevalence of smoking, hypertension,
hypercholesterolemia, and type 2 diabetes mellitus and a significant increase in regular exercise
(88). Combining media and education with other approaches, such as environmental changes,
to encourage healthier diets and more physical activity have led to reduction in adiposity in
children but the effectiveness of media/education component on the physical activity as such
is less clear.

Although many traditional interventions resulted in successful weight loss, many individuals
regain the weight after the intervention concluded. A number of different strategies have been

adopted in order to combat weight regain. In the Look AHEAD study, a randomized clinical
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trial funded by National Institutes of Health, the interaction between the intervenors and
participants continued into the fourth year of the study in order to address the weight regain
(102). Another popular intervention in behavioural modification is the use of wellness coaches.
This approach has been shown to produce better weight loss in comparison with conventional
methods. The key feature of this approach is the delivery of continuous feedback to support
behaviour change. However, this approach is expensive and, as such, inappropriate for
widespread scalability (63).

Self-monitoring of individual’s behaviour during weight management programs allows
participants to quickly identify a behaviour that may affect the success to meet the set goals.
Self -monitoring behaviours include weighing on a regular basis, recoding food intake and/or
exercise frequency and tracking TV or computer use (63). Such systematic observation of
individual behaviours during weight management programs has been shown to increase
effectiveness and facilitate sustainability (103). For example, individuals who weighed daily
lost about 1 BMI unit (kg/m2) more than individuals who weighed only weekly and 3 BMI
units greater than individuals who did not weigh at all (104) (105) (106). Similarly, tracking
food intake at least 75% of the time, and self-monitoring of activity are more likely to result in
weight loss (107) (108). Glynn et al (2014) reported that for physical activity interventions to
be effective, they need to motivate people to undertake changes in their behaviour, and offer
realistic goal setting as well as provide regular feedback on activity rates (83). Gilmore et al
(2014) reviewed the components of many effective weight management programs and the role
of modern technologies such as SMS, websites, and smartphones to improve the effectiveness
of such programs. Most successful intervention programs included three common components;
a behavioural component that addresses the behaviour change, self-monitoring of individual
data (weight and steps), and provision of individualised recommendations and feedback (63).

Change for Life Campaign (a public health program launched in 2009 in the UK) is an example
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of such a program that aims to encourage people to adapt healthy sustainable behaviours, via
provision of multiple ideas and tools (e.g. smartphone apps) to disseminate the healthy living
messages (109). It urged people to eat well, move more and live longer. The design of the
campaign was based on behaviour change theory and evidence from successful behaviour
change campaigns (109). Self-monitoring and individualized feedback were provided via
several methods including using multiple diet and PA smart phone apps (e.g. breakfast for life,

bike for life) (110) (111).

1.4.2 Using modern technology to improve health and fitness

Many public health studies have reported that walking is the most popular mode of PA in both
developed and developing countries (85). This is mainly because walking is an inexpensive
and easily accessible activity for a large proportion of general population. In addition, fewer
physical, social and psychological barriers are associated with walking compared to the other
forms of exercise. Walking is considered as a good strategy to promote health and well-being.
It has recently been suggested that a daily value of less than 5000 steps/day may be an
appropriate index of inactive lifestyle and potentially associated with metabolic risk factors
(112).

Due to the rapid developments in technology, and the increased number of internet users
worldwide, electronic health (e Health) and mobile health (m Health) have emerged as new
fields in weight management. Such media have the ability to deliver tailored information to a
large number of people simultaneously, provide a medium of interaction between participants
and personalised feedback from a health care provider. In weight management interventions, e
Health incorporates each cornerstone feature of successful obesity interventions to aid self-
monitoring of weight, food intake, and physical activity through short message service (SMS),

email and specific applications (apps) (63). Bennett et al reported greater weight loss with web-
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based interventions compared to traditional care and suggested that integration of the two
interventions should increase the effectiveness of treatment (113). Similarly, Tate et al (2001)
observed greater weight loss, and a decrease in waist circumference, when behaviour
modification therapy was integrated into a web-based intervention with personalized feedback
(114).

SMS has gained popularity as an inexpensive, easy and quick way of communicating with
people. Woolford et al (2010) reported that tailored, automated SMS, including diet, lifestyle
and behaviour information, has been widely used and well- accepted by adolescents. However,
studies of SMS-based diet, physical activity, and behaviour change interventions have reported
variable effectiveness (115). Despite all the advantages of SMS, it provides a limited amount
of information in a 160-character-limited message (63). Pedometers are useful tools for
encouraging walking, and tracking ambulatory physical activity, typically measuring total
steps/day (85). However, in a randomised control trail, pedometers were shown to have some
disadvantages, including carrying an extra, purchased piece of technology and limited memory

and feedback capacity (83).

1.4.3 Smartphone application (apps)

The number of smartphone users is increasing annually globally. In the United States, 77% of
Americans owned smartphones in January 2017 compared to 35% in 2011 (116), and the
ownership is increasing among every demographic group including low-income populations.
Due to the rapid expansion of mobile health (m Health), many health care and fitness apps,
aiming to help individuals to change behaviours and improve health, are now available on
smartphone operating systems (e.g. iPhone, Android). These apps provide alternatives to the
many limitations associated with traditional methods, such as cost effectiveness (many apps

are available free for general public), low burden, ease in delivery and capability of wide
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dissemination. As such, apps have greater potential to be used for weight management and
improving general health. For instance, the Change for Life campaign uses smartphone apps
(e.g. food smart, sugar smart, smart recipe) to reduce the prevalence of obesity and improve
individuals’ health (117) (118) (119).

Many of weight management and fitness apps include features that promote behaviour change,
such as self-monitoring of weight and steps and personalized feedback. In weight management
for example, apps include comprehensive databases of foods, barcodes, and the option for
manual entry of unknown foods or favourite recipes. This facilitates self-monitoring,
represented as calorie counting to achieve energy balance, through tracking food intake and the
portion size of each food consumed. Examples of popular apps using these strategies of
recording intake include; MyFitnessPal, Lose it!, FatSecret’s Calories Counter, SparkPeople,
and Fooducate (120)(121)(122)(123)(124). Carter et al suggested that individuals using an app
to monitor dietary intake have significantly more weight loss and higher adherence compared
to those using website and traditional pen-and-paper methods (125). Although such apps are
helpful, as a self-monitoring tool in weight management, actual energy intake could be subject
to the underestimation often associated with self-reporting (126). In order to get more objective
assessments of total energy intake, researchers and app developers have recently developed
advanced food photography programs using the camera function of the smartphone to capture
images of foods and analyse the food photos before and after meals. Food photography
programs have been shown to be an accurate and precise measure of energy intake (126) (127).
In this approach, an individual is simply instructed to capture a ‘before meal’ photo. A text
message is received after about 15 minutes prompting the user to capture the after-meal photo.
Furthermore, users are prompted to report a detailed description of the meal either in text or a
voice record form. Users also can use the barcode scan option for the commercial products, as

well as using a price look-up (PLU) code for fruits and vegetables. The portion size of the
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individual meal components and amount consumed are then assessed by the computer program
(63). The United States Department of Agriculture (USDA) Food Composition Database is
used to analyse each food item and obtain a more objective assessment of total energy intake.
Various physical activity apps have been developed simultaneously with development of apps
that track food intake or promote positive health behaviour (63). Similar to dietary intake apps,
some physical activity apps (e.g. MyFitnessPal, Lose it!) use self-monitoring strategy by
tracking physical activity and exercise occurrences (120) (121) . Such apps include databases
of many activities (e.g. aerobic, gardening, swimming, dancing, housework and running)
though they are reliant on self-reporting methods. Physical activity apps (e.g. Run Keeper,
Endomondo, and Map My Run) have recently been developed to track activities (such as
walking, running biking) more accurately through GPS capability in smartphones and track the
route, distance, duration, and calories burned.

Although, countless numbers of commercial health care and fitness apps are available, very
few have been validated against standard measures of dietary intake and physical activity.
Many studies that investigated the effectiveness of internet-based health and fitness
applications have focused on the most popular (free and paid) apps listed in iTunes and the
Android market. Literature, in general, suggests that diet and physical activity apps have the
potential to succeed when self-monitoring, education, and support strategies are incorporated.
However, validating diet and physical activity apps against standard objective assessment
methods (e.g. accelerometery, doubly labelled water, and directly weighed food) increases the

likelihood of success (63).
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1.5 Global differences in Obesity

Worldwide, the prevalence of overweight and obesity have been increasing in epidemic
proportions over many decades. According to the WHO fact sheet in 2014, 39% of adults (aged
18+) were overweight and 13% were obese (128). In developed countries, 23.8% of boys and
22.6% of girls were overweight or obese in 2013 (55). Furthermore, 26 % of boys and girls in
the developing countries were either overweight or obese (55). While it is generally
acknowledged that the most affected populations are those in high-income countries, such as
in North America, Australia and Europe, more recent increases in population obesity are being
seen in low and middle-income countries (2). It has been estimated that two-thirds of the
world’s obese population now live in developing countries (55). The WHO reported that the
prevalence of overweight and obesity in adults (age 20+y) increases as a countries’ income
level rises to upper middle-income levels (figure 1.4). Overweight is more than twice as high
in high income and upper middle-income countries compared to low and lower middle-income
countries. The overall prevalence of obesity is four times higher in high income countries
compared to low income countries. Women’s obesity, in all income levels, is significantly
higher than men’s, with exception of high income countries where prevalence was similar
(129).

The US ranks top for obesity prevalence among men (31.7%) and the second for women
(33.9%) after Turkey (34.1%), out of 34 countries according to the Organisation for Economic
Cooperation and Development (OECD) (figure 1.5). Over 85% of adults are predicted to be
overweight or obese by 2030 in the USA (4). The UK is the 5" in the rank for obesity
prevalence among men (24.5%) and 10" for women (25.4%) in OECD countries (figure 1.5).

Japan has the lowest prevalence of obesity in men and women (4.5% & 3.3%) respectively (8).
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The economic costs of the increasing trends of obesity and its related comorbidities and
mortality are striking. In the USA alone, the annual medical burden of obesity and its
comorbidities has been estimated to cost about $147 billion in 2008 and that projected expenses
will be more than double by 2018, reaching $344 billion, or about 21% of total health care
spending (46). International studies show that obesity costs between 2-7% of total health care
spending (45). In MENA region, spending on diabetes care (which is exacerbated by obesity),
is the highest in the globe (60).

There is some evidence that, in recent years, prevalence of overweight and obesity is levelling
off in developed countries. In the US, the comparison of obesity prevalence data from 2003-
2004 with 2011-2012 shows no significant increase in obesity for men or women (130). Ogden
et al (2015) also found no significant changes in either adults or childhood obesity prevalence
in the US between 2003-2004 and 2011-2012, and no significant trend was seen from 2003-
2004 through to 2013-2014 (figure 1.6) (131). Rokholm et al (2010) reported that the obesity
epidemic, in general, is levelling off in children and adolescents in Australia, Europe, Japan
and the USA (132). In comparison with children and adolescents, the tendencies in European
adults were more mixed. In Sweden, for example, despite the continuous increase in obesity
prevalence in Swedish young men, stability in the prevalence, since 2001, was observed among
the general Swedish population. Similarly, signs of levelling off in the prevalence were noted
in the general English adult population. In France, obesity prevalence in adults has been stable

since 2001 (132).
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1.6 The Middle East and GCC countries

During the past four decades, the Middle East countries (including Arab Gulf countries) have
witnessed rapid changes in their socio-economic situation, food consumption patterns and
health and lifestyle status. This has been mainly due to increased revenue from oil and gas. Life
expectancy have increased from 51y, in 1970, to almost 70y today and the infant death rates
have markedly decreased (133). However, the incidence of NCDs and associated mortality
have sharply increased. More than 2.2 million people died from NCDs in the region in 2008
and these were mainly from CVDs, cancers, chronic respiratory diseases and diabetes (figure
1.7). More than 34% of NCD mortality was in individuals younger than 60 years (58). The
Middle East region ranks among the highest in the world in terms of the prevalence of obesity.
Kilpi et al (2014) demonstrated that adult men and women in the Middle East have the second
highest mean BMI, after the USA, and the prevalence of overweight and obesity ranged from
50 to 80% with a higher prevalence among women than men (134). Although the EMR is
categorised by different socio-economic levels, the prevalence of obesity in high-income
countries (such as GCC states) and middle-income countries (such as Egypt, Jordan, Iran and
Lebanon) was very similar, which may suggest that cultural rather than economic factors play
a major role in determining obesity in the region (134). In countries such as Syria and Jordan,
for instance, almost one-third of the population is obese, which is in line with statistics in the
US (8). A recent systematic review about the prevalence of overweight and obesity among

adults in GCC states showed that 25-50% were overweight and 13-50% were obese (5).
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1.6.1 Diet-related chronic diseases

In general, nutritional and health issues in GCC countries can be divided into two types: those
associated with lifestyle, such as obesity, CV diseases, diabetes, hypertension, osteoporosis,
cancer and dental caries, and those related to nutrition deficiencies, for example iron-deficiency
anaemia, undernutrition among preschool children, and deficiencies of calcium and vitamin D.
With regard to food consumption patterns in the Gulf region, there have been drastic changes
in both the quantity of food consumed and the quality of the diet during the last three to four
decades. Meals have shifted towards high-energy-density foods with more saturated fat (mostly
from animal origin) and added sugar, as well as a lower intake of complex carbohydrates,
dietary fibre, fruits, and vegetables. The average total energy intake in all GCC states exceeds
3000kcal per capita, and fat represents 25-35% of total energy. Intake of animal products has
increased steadily to the extent that animal fat represents 40-52% of total per capita fat intake
in the region (135). Poultry and eggs are generally more regularly consumed than red meat in
the gulf region, and fish intake is low. Data from the Food and Agriculture Organisation (FOA)
showed that the daily per capita availability of poultry meat in GCC states ranged from 106-
163 grams during the period 2003-2005, compared to 2-73 grams in other Middle East
countries. Although fish intake showed a slight increase during the period 1990-2005, in
comparison to meat and poultry, the average daily per capita availability of fish was still low
(24-52 grams) (135). Musaiger et al (2012) suggest that although the production of milk and
dairy products in the Gulf countries has increased during the past decade, the intake per capita
is still below the daily requirement (136). During 1990-2005, the daily per capita availability
of milk and dairy products decreased in Kuwait and UAE by 20% and 33% respectively but
increased by 15% in Saudi Arabia (137). The food groups and suggested daily serving for Arab

Gulf populations are listed in (tablel.4).

38



Table 1.4. Food groups and suggested daily servings.

Food Group Servings | Serving sizes

Cereals and their 6-11 1slice, ¥4 Arabic flat bread, 30g cornflakes, Y2 cup

products cooked cereals (rice, wheat, oat, macaroni), 6 small
crackers (use whole meal cereals).

Vegetables 3-5 1 cup raw leafy vegetables or cooked vegetables, %
vegetable juice.

Fruits 2-4 1 medium piece of fruits (banana, apple, mango, pear),
Y cup fresh, frozen or canned fruit, % cup fruit juice.

Milk and dairy products 2-3 1 cup of milk, Laban or yoghurt, 43g of cheese, 1

tablespoon cream cheese (use low fat dairy product).

Meat, chicken, fish, eggs, 2-4 50-80g of meat, chicken or fish, one egg, 2 tablespoons
legumes and nuts of peanut butter, ¥ cup legumes,
Y3 cup nuts, 2 tablespoons of seeds.

Source: Arab Centre for Nutrition

The relationship between dietary fibre and prevention of some chronic disease is well
documented. The intake of fruits, vegetables and complex carbohydrates is a good indicator
for fibre intake due to the fact that fibre is available only in foods of plant origin. In GCC states,
fruit and vegetable consumption is below the recommended intakes. More than 85% of adults
in the Gulf region consumed less than five servings of fruits and vegetables per day (138).
Furthermore, the consumption of whole grain is decreasing remarkably, with more dependence
on refined cereals (139). The potential health problems associated with overconsumption of
foods rich in added sugar and salts are well established. The high intake of foods rich in free
sugar, particularly among children and adolescents has been reported by many studies in the
Gulf region. For instance, in Saudi Arabia, 26% of adolescent’s daily fluid consumption come
from high-sugar carbonated beverages and 25% come from canned fruit drinks (140). The
available data about food composition of meals commonly consumed in the Gulf countries
shows high levels of sodium in these meals. Several factors contribute to this high sodium
intake, including the excessive use of table salt with the meals, spices, and pickles, in addition
to the high salinity of drinking water and the high consumption of fast foods and fries among

children and adolescents (140) (141).
39



In terms of nutrition deficiencies in the Gulf region, undernutrition is considered a problem of
concern among children (1-5 years), manifested by wasting, underweight and stunting. The
prevalence of underweight in preschool children in the Arab Gulf region ranges from 7% to
23%, whereas stunting ranges from 18% to 22% and wasting ranges from 6% to 13% (141)
(142). Despite the high-income level of Arab Gulf countries, anaemia remains an important
nutrition problem, particularly iron deficiency anaemia. The prevalence of anaemia among
preschool children was 20-60%, and 13-50% among school children and adolescents, as well
as 23-54% in women of childbearing age (143). Iron deficiency disorders are prevalent mostly
in the mountain areas. The most probable factors that contribute to this are the low intake of
dietary iron and foods enhancing iron absorption (144). In most Arab Gulf countries, vitamin
A deficiency and iodine deficiency are not a problem of concern. Vitamin A deficiency in 0-
72-month-old children was estimated to range between 16-20%. The prevalence of goiter is
between 2-10% in the region (142) (145).

Although the environment in the Gulf countries is sunny most of the year, vitamin D deficiency
is, however, one of the main public health concerns. For instance, 69% of children below 16
years in Qatar and 28-80% of adults in Saudi Arabia had vitamin D deficiency (146). The main
risk factors associated with prevalence of vitamin D deficiency in Gulf region are low exposure
to sunlight, low dietary vitamin D and calcium intake and short duration of breastfeeding during

the first six months (147).

1.6.2 Morbidity and Mortality associated with NCDs

Due to the changes in lifestyle, dietary habits, and life expectancy in the Gulf region, disease
trends have remarkably changed. Diet-related chronic diseases, as in developed countries, have
become the major health problem. A systematic review documented that the prevalence of MS
ranged 29.6-36.2% in men and 36-46% in women in the GCC countries, which is 10-15%
higher than in most developed countries, with generally higher prevalence rates for women

(33). Overweight and obesity has increased in all age groups and has become the major cause
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of morbidity in the region. Zaghloul et al., reported that 12-25% of school children aged 6-
11years were overweight or obese in the region. The level increased to 15-45% among
adolescents (11-18 years), 30-60% among adult men, and 35-75% in adult women (139). As
already discussed, obesity, especially abdominal obesity, is a potent risk factor for T2D, which
has a higher prevalence in Arab Gulf countries (12-23%) than in many Western countries.
Several studies on the prevalence of overweight and obesity in the Gulf countries have shown
that physical inactivity (including long periods of watching television or using internet), high
consumption of high-energy-density foods and multiple pregnancies are the main contributing
factors to elevated levels of obesity (136). CVDs are the leading cause of death, accounting for
28-30% of deaths in the region (148). Osteoporosis is also an increasing public health problem
in the Gulf countries, prominently among women. As already discussed, Vitamin D and
calcium deficiencies, together with female sex, age, menopause, and smoking are the main risk

factors for prevalence of osteoporosis in the region (149).

1.6.3 Factors Associated with obesity prevalence in GCC countries

Dietary habits and lifestyle of the populations in the gulf region are considerably affected by
the nutrition transition (shifts to more Westernised diets, characterised by processed foods high
in fat, sugar, and salt) in conjunction with epidemiological transition (rapid population growth
due to advances in medicine reducing mortality and improving fertility). Increasing
urbanisation, the changes from manual work to office work in labour market as well as the
increasing sedentary lifestyle and other sociocultural factors have led to the prevalence of
physical inactivity in the Arab Gulf countries (134). Unfortunately, comprehensive and detailed
studies relating to factors associated with obesity in EMR including GCC countries are limited.
Most of the available studies are cross-sectional and focussed on a limited range of factors (57).
In addition, adapting different formats of questionnaires in related studies make the

comparisons between countries and the interpretation even more complicated. The WHO has
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classified the evidence for factors that probably promote or prevent overweight and obesity
into four categories, which are; convincing, probable, possible, and insufficient (57).

The most convincing factors related with the prevalence of obesity are energy intake and
inactivity. The prominent probable factors for weight gain in the Gulf region include heavy
marketing of energy dense foods, home and school environment and unsuitable social and
economic environments. The nutrition transition is very obvious in all high income Arab Gulf
Countries and available data indicates that most of the changes in dietary habits and food
consumption patterns have replicated those occurring in Western Countries over the last four
decades (57) (139). Studies show that high consumption of fast foods, especially among
children and adolescents, increase the risk of overweight. A limited number of studies have
investigated the link between fast food intake and obesity in GCC countries. In Kuwait, the
regular consumption of fast foods among university students (mean age 21.1+2.95 years) was
the significant predictor of obesity together with other variables (physical activity, sweet
consumption, and sedentary lifestyle) (150). However, in the absence of well-designed studies
on the role of fast foods in obesity in the Gulf region, it is hard to confirm that Western foods,
per se, are a significant factor associated with the consumption of a high energy dense diet. In
fact, many traditional foods, which form part of Gulf cuisine, contain high levels of fat and
energy. In Bahrain, a study was conducted to compare the nutritional profile of Western and
local fast foods consumed in the country. The study found that some local fast foods contained
higher amounts of fat, salt, and energy than Western alternatives. The finding suggests that the
notion that local foods are healthier than Western fast foods is not always true and urged
nutrition education programs to focus on the nutritional aspects of both local and Western fast
foods (151). Urbanisation is another important factor related to obesity in the region. It
potentially means decreased level of physical activity and increased availability of food, and
fast foods in particular. In Saudi Arabia, for example, the prevalence of obesity in children
living in rural southwestern region is 4% compared to 22% in children living in Riyadh (the

capital) (152).
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Physical activity in GCC states is considerably lower than the physical activity in many
developed countries. Only 30-42% of adult men and 26-29% of adult women met the
international standard of physical activity (150min/week) (153). Sedentary lifestyle is
increasing in the region, mainly due to increase reliance on mechanised transport, reliance on
housemaids in most of the daily house tasks, as well as long duration in watching television
and using computers, especially by children, teenagers and young people (136).

Environmental factors, primarily the extreme outdoor temperature, are considered important
challenges in combating obesity in GCC countries. In addition, lack of forestation and
vegetation, force people to remain indoors and rely on cars to travel even in short distances.
Furthermore, socioeconomic factors such income status, marital status, education level may
contribute in the prevalence of obesity in the region (152). Culture and traditional customs in
the GCC countries have partly been blamed for not achieving the targeted goals in controlling
obesity, especially with women. The cultural restrictions and conservative customs towards
women, and their lifestyle, translate in very limited access to different physical activities and
aerobic exercises. In addition, the availability of migrant labour for household work has
resulted in a more sedentary lifestyle for the more affluent members of these societies.
Multiparity may be another reason for the prevalence of adiposity among women and due to
many combined factors (gestational weight gain, decreased physical activity, increased food
intake) it has been suggested that women may gain 4.5 kg or more in one year postpartum

(152).
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1.7 The sultanate of Oman

The Sultanate of Oman is an Arab country which occupies the south-eastern corner of the
Arabian Peninsula and has an area of 309,500 square kilometres. It is bordered by the United
Arab Emirates to the northwest, Saudi Arabia to the west, and Yemen to the southwest and also
shares marine borders with Iran and Pakistan. The coast is formed by the Arabian Sea on the
southeast and the Gulf of Oman on the northeast. The population of the country has increased
over 60% in the last 25 years (154), and reached 4,419,193, in 2016, of which Omanis comprise
54.6%, and 45.4% are foreign nationals (155). The Omani population is extremely young, with
the median age of 20.9 years in 2012, and 18.2% of the population is between 15-24 years
(156) (154). The life expectancy at birth in (2014) was 76.6 years. According to WHO, about
24% of Omani population lives in rural settings, and the rest is distributed in urban areas (figure
1.8) (154). Most of urban dwellers are largely concentrated in a few regions of the country (eg.
Muscat and Al-Batinah Governorates) (157). By contrast, some Governorates have only small
shares of the country’s total population and have very low population densities (eg. Al Wusta
and Musandam) (156). The Sultanate of Oman has made remarkable achievements over the
last four decades in terms of public health and socioeconomic status. These include a marked
reduction in the incidence of infectious diseases and improvements in the health care system,
which have resulted in a sharp reduction in mortality indicators and dramatic increases in life
expectancy. The crude death rate declined from 13.3 per 1000 population in 1980 to 3.2 in
2012 and life expectancy at birth increased by approximatelyl.5-fold from 49.3 to 76.2 years
during the same period (156). Over the next 25 years, the elderly population of Oman will
increase 6-fold, and the urbanisation rate is expected to reach 86%. In addition to the
improvement in health indicators of the population, the standards of living have also improved.
The relative average household income of the Omani families has significantly increased
during the last three decades with the per-capita income now ranked 84 out of 186 countries in

human development index (HDI) (158).
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Figure 1.8. Diagrammatic map of Oman showing the scattered population, 2010.
Source: Health Vision 2050, Sultanate of Oman (156).

The new affluence throughout the country and the remarkable advances has not been without
price. The advancement in socioeconomic status has contributed to a more sedentary lifestyle.
Water scarcity has led to importation of 85% of foods, rendering the country vulnerable to the
often-poor quality of commercially processed, energy dense high calorie foods, and to
fluctuation in food prices. As a result, overweight and obesity have increased rapidly in adults,
and NCDs, particularly type 2 diabetes, kidney and heart diseases, have grown to reach

epidemic levels. In 2012, 38.2% of Omani adults were overweight and 33.5% obese (159).
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Furthermore, 62.5% of Omani adults had an elevated waist circumference as evidence of MS,
with 40% having hypercholesterolemia. Exercise is minimal, with the environment being
blamed as not supporting the active living (159). The Ministry of Health has developed a long-
term vision for the development of the health system (Health Vision 2050) in Oman. This
health vision aims for Omani people to live healthy and productive lives, through the
establishment of a well-organized, equitable, efficient and responsive health system, grounded
by equity and social justice. It is comprehensive, demonstrates the health system in Oman and
reflects the health policy/strategy in the country. It has been designed based on an extensive
analysis of political, economic, social, technological, environmental and legal environments.
The national nutrition strategy vision, part of health vision 2050, is planned to present an
equitable, environmentally sustainable and increasingly self-sufficient Oman, with a
population physically fit and well-nourished in all ages groups, committed to an active lifestyle
and balanced diet. The targeted goals are included into 3 main domains; health and nutrition,
food security and quality, and PA through active living, each of which is linked to the major
nutritional problems of the country (e.g. overweight and obesity, stunting, anaemia). In each
domain, goals are followed by strategic approaches as followed:

Health and nutrition:

1- Reduce the level of overweight and obesity to <5% of the population through exercise and
a balanced diet of fruits and fresh vegetables.

2- Reduce the percentage of stunting to low birth weight to <3% of the population by
improving women’s health and nutrition before, during and after pregnancy.

3- Increase breastfeeding rates at 6 months to >90% to improve nutritional and cognitive
potential of children.

4- Reduce all macronutrient deficiencies including anaemia via consumption of appropriate

micronutrient rich foods.
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Food security and quality:

1- Reduce importation of cardio-toxic processed, high-density foods to <30% of all intakes
through cooperative agreements with regional suppliers, and more hard regulation and
increased tariffs on non-healthful foods, in parallel with providing of non-obesogenic diet
(such as fresh fruits and vegetables).

2- Increase dietary diversity and self-sufficiency from local food through organically grown
fruits and vegetables via introducing high-tech (i.e., nutrient and water efficient) rural and
urban gardens in 80% of households.

Physical fitness through active living:

1- Improve physical fitness, at all ages, of the population through measures to increase the
active living to 1 hour/day aerobic heart-friendly exercise (i.e., walking, biking, jugging,
bicycling, gardening).

2- Provide urban green-spaces and pedestrian transport routs in all cities that are pedestrian
friendly and allow for safe exercise and intra-city travel during the day and night.

Lifestyle factors, such as insufficient PA, unhealthy diet and smoking are considered the main

risk factors for NCDs in Oman. However, lifestyle behaviour is not the only factor associated

with escalating prevalence of NCDs, with individual’s awareness about the risk factors of

NCDs is considered another challenge. While the prevalence of hypertension in Oman is 40%,

about 75% of suffers do not know that they have elevated blood pressure(156). Of those who

do know, 17% do not receive treatment and 67% do not control their blood pressure. Similarly,

52% of diabetic patients do not know that they have high blood sugar, and of those who know,

64% do not have their blood sugar controlled (156). All of these factors together with

prevalence of overweight and obesity make the control of NCDs more complicated.

The current status of nutritionally related disease and the nutritional intakes in Oman will be

discussed in detail in the following Chapter. However, like the rest of the Gulf region Obesity,

MS, type 2 diabetes and CVD have all seen marked increases over the last decades. Despite all

efforts mentioned before, NCDs are on the rise and pose a threat to the health of Omani
47



population. To date, public health studies in Oman, especially those involving decision makers,
have emphasised the need to simultaneously target both dietary habits and sedentary
behaviours (160). To our knowledge, few, if any, studies have assessed the individual
associations between dietary practices, physical activities and related knowledge and attitudes
among adults in Oman. A greater understanding of these relationships is vital to help address

the current burden of NCDs in Oman.

1.8 Hypotheses and objectives of the study

The hypothesis and objectives of the current study are the following:

Hypotheses:

e Low levels of physical activity and excessive energy intakes are linked to an increased

incidence of obesity in Oman.

e Poor awareness of the impact of physical activity and consuming a healthy diet contribute

to the incidence of overweight and obesity in Oman.

e Adoption of Western diets, rich in refined carbohydrates and saturated fat, mean these

macronutrients now represent prominent sources of energy in the Omani diet.

e Mobile phone-based technologies represent a valuable tool for changing obesogenic
behaviour in the Omani population

Objectives

e To establish baseline information on nutritional status and its association with physical

activity for a sample of the adult population in Oman.

. To assess food choices and dietary intake using three-day dietary recall questionnaire.

e To assess the knowledge and attitudes of Omani adults towards food choice and physical

activity.
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e To compare dietary practices and physical activity levels between males and females and

between urban and rural Governorates in Oman.

« To review the currently available mobile phone apps designed to monitor diet and physical
activity and conduct a preliminary study to investigate whether these are suitable for use

by the Omani population (living in Oman and in the UK).
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Chapter 2: Survey of the Current Attitudes and Practices towards Diet and Physical

Activity amongst Omani Adults

2.1 Introduction
2.1.1 Epidemiology of NCDs in the Sultanate of Oman

In Oman, although the health status of the population has evolved over the past 4 decades
and communicable diseases have been successfully reduced a wide range of NCDs have
emerged and now represent the main health concerns in the country. Recent WHO reports
described the levels of NCDs in Oman as very worrying with, cardiovascular diseases, diabetes,
cancer, chronic respiratory diseases accounting for 68% of all mortality in Oman (figure 2.1)
(161). Furthermore, NCDs contribute to 18% of premature deaths (deaths between 30 and70
years) in Oman (161). Like many other GCC countries, prevalence of obesity in Oman is
alarming. In 2000, the age adjusted prevalence of obesity in men and women was 16.7% and
23.8% respectively (compared to 10.5% in 1991 25.1% in 1991) (162). More recently, the
Oman Medical Journal reported that prevalence of obesity, as assessed by BMI, had reached
24.1% (22% males, 26.1% females) (163). Overweight and obesity were found to be more
common in the Southern part of Oman (70%) compared to Northern areas (32-57%) and those
living in urban areas were more obese (21.1%) than those living in the rural communities
(13.1%) (162). The prevalence of obesity-related conditions including hypertension (40.3%),
DM (12.3%), raised total cholesterol (33.6%) have all been shown to be high (163). Table 2.1
shows the prevalence of overweight, obesity, and T2DM among Omani Population, according

to the Oman World Health Survey (OWHS).
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Proportional mortality (% of total deaths, all ages, both sexes)*
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Diabetes diseases
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Total deaths: 9,500
NCDs are estimated to account for 68% of total deaths.
World Health Organization - Noncommunicable Diseases (NCD) Country Profiles , 2014.

Figure 2.1. Proportional mortality in Oman.

Table 2.1: Percent distribution of body mass index and type 2 diabetes mellitus among Omani
Population, according to gender and age group.

Gender
BMI
Underweight Normal Overweight | Obese | T2DM
characteristic <185 18.5-24.9 25-29.9 >30
Male 7.7 39 31.2 22 12.4
Female 10 36 28 26.1 12.1
18-24 19.4 50.9 17.8 11.9 0.9
25-34 6.6 34.9 33.4 25.1 3.1
Age 35-44 2.2 28.5 35 34.3 11
group 45-54 5.6 25.8 34.5 34.1 23.6
55-64 5.8 32 37 25.2 34.9
65+ 20.4 44.3 19 16.3 30.7

Source of the data: OWHS: Part 1(163).
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2.1.2 Efforts and initiatives to address the burden of obesity in Oman and GCC countries
Obesity-related NCDs have become a major health concern in Oman, as in other GCC
countries. The Food and Agriculture organisation (FAQO), and the WHO of the United Nations
(UN) have urged individual countries, through international conferences, to develop health
plans and strategies based on public health concerns and relevant to people of different ages,
lifestyle, and cultures (136). In addition, several meetings and workshops in the GCC countries
have emphasised the action needed to promote healthy lifestyle and healthy nutrition.
Developing food-based dietary guidelines (FBDG), in 2012, dedicated for GCC countries is
one prominent attempt, to prevent and control the main nutrition-related disorders based on the
current scientific and health information. The guidelines were developed by the Arab Centre
for Nutrition and include food-based advice, taking into account socio-cultural and religious
background, lifestyle, and the dietary habits, of population in GCC states. Similar attempts
were implemented in Oman in 2009, with the establishment of the Omani guide to heathy
eating. However, the Omani guidelines are different in two main issues: (1) they were prepared
for health educators and not directed to the public and (2) they focused on the portion size of
food items, while the FBDG focused on food-based advice. In Oman, efforts continue to tackle
NCDs in collaboration with related UN organisations including WHO, FAO, United Nations
Development Programmes (UNDP), United Nations Population Fund (UNFPA), and Unite
Nations Children’s Fund (UNICEF). The United Nations Interagency Task Force on the
Prevention and Control of NCDs carried out a joint mission to Oman in order to support Omani
government programmes. Although some recent progress has been made, the joint mission
reported that the overwhelming majority of Omani adults have insufficient fruits and
vegetables intake, more than 40% of Omani adults still have hypertension and 12% have been
diagnosed with diabetes (164). In addition, 40% are physically inactive and one in seven men
use tobacco. Thus, while Oman has showed significant commitment to curb the prevalence of

NCDs, including the establishment of several national strategies (e.g. health promotion
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strategy, school health strategy, Oman health vision 2050) overweight, obesity and related
NCDs remain a major public health problem.

The current study was designed to investigate dietary habits, lifestyle behaviours and related
knowledge and attitudes amongst Omani adults, in order to gain a better understanding of the
main factors associated with the increased incidence of obesity in Oman. The study also sought
to identify the barriers that restrict people to change their unhealthy habits, and effective
intervention need to be undertaken. Hence, the study is different from previous studies through
investigating the impact of both dietary intakes and physical activity on nutritional statutes of
Omani adults aged (18-60 years) and used a reliable tool for nutrient analysis. Whereas
previous surveys collected household data about health and dietary habits of Omani society,
and investigated the factors associated with prevalence of some diet-related diseases (such as
anaemia) and micronutrient deficiencies (e.g. vitamin A, vitamin D). The current study
hypothesised that excessive energy intakes and low levels of PA are responsible for increased
incidence of obesity in Oman, worsen by poor awareness of the consequences of such
unhealthy lifestyle behaviours. As mentioned in chapter one, the aims and objectives of the
study are:

Aims

e To establish baseline information on nutritional intakes, and physical activity and their

association with obesity in the adult population in Oman.

Objectives

« To assess the knowledge and attitudes of Omani adults towards food choice and physical

activity.

e To assess food choices and dietary intake using food frequency and three-day dietary recall

questionnaires.
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o To compare dietary practices and physical activity levels between males and females in

different age groups in all Governorates in Oman.
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2.2 Survey methodology

2.2.1 Design and development of the questionnaire

The Sultanate of Oman is administratively divided into 11 governorates. The governorates are
Muscat (capital), Al Batinah north, Al Batinah south, Al Dakhliah, Dhofar, Al Shargiyah north,
Al Shargiyah south, Al Dhahirah, Al Buraimi, Musandam, and Al Wusta (165). In order to
obtain a nationally representative sample of Omani subjects in a practical and organised way,
the same area classification was adopted for this survey. The targeted population for this survey
were Omani adults aged 18 years and over. The reason of targeting this age group is that they
fall in greatest risk age-wise and being more likely to be exposed to diet related diseases. Also,
about 66 % of Omani population is above 15 years with the median of 20.9 years (156). The
hypothesis of the current study proposed that the excessive energy intakes of unhealthy foods
as well as low level of physical activity were responsible for the increased incidences of
overweight and obesity in Oman. Yet, testing this hypothesis required recent representative
data about health, diet and physical activity of Omani population. The available representative
data, before commencing the current study, was quite old (the national nutrition survey in
2004), and many changes could have happened during this period. Hence, it was very important
to provide the study with updated representative data. Due to time and resources constraints of
this research, it was not possible to conduct face to face survey or interviews for data collection.
The most feasible option for collecting the required data from Omani adults living in Oman
was using a survey questionnaire.

Questionnaires are one of the most affordable data collection tools that provides many
advantages compared to other methods. They are practical and can gather large amounts of
information from large number of people (hence good statistical significance) in a short period
of time, with relatively low costs. They can be carried out by the researcher or by any number
of people with limited affect to its validity and reliability due to standardised questions for all
participants. Questionnaires also ensure anonymity, uniformity in responses, and provide

freedom to the respondents (166). However, questionnaires have some disadvantages include;
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self-reporting based on participants own interpretation, which may have resulted in a level of
subjectivity. Another weakness is poor response rate, hence, some results may be inadequate
to understand some forms of information which consequently has a negative impact on the
validity of generalised statements. Although questionnaires can be used only with educated
respondent, however, ambiguous answers and omission of replies to some questions still can
occur (166). Thus, the current population survey was cross-sectional, based on a structured
questionnaire (Appendix A). The questionnaire started (first page) with the main objective of
the survey and the important notes to be considered before starting filling the questionnaire. It
included three sections:

Demographic background: this section concerned participants characteristics such as place
of living, age, gender, weight, height, educational status, marital status, family members,
working status and household income. This section was also aimed to find out the impact of
demographic background on the nutritional status of Omani adults.

Health and diet: the aim of this section was to evaluate the knowledge and attitudes of Omani
people towards their health and diet, as well as to obtain precise information about the quantity
of food consumed per day and their daily dietary habits. Hence, this section included
knowledge and attitudes questionnaire, and two different quantitative methods (FFQ, and 3-
day dietary assessment).

Self-reported exercise: this section aimed mainly to determine levels of PA of study
participants (low, moderate, and high levels) in addition to assessing the sedentary behaviours
among study participants. This section also sought to find out the link between PA level with

the finding from health and diet section (BMI, body weight, energy intake).
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2.2.2 The validation of the survey model

For the purpose of validation and reliability in this current survey, questions in all sections
were developed in light of similar questionnaires implemented earlier in the GCC countries,
such as (The 2004 National Diet and Nutrition Survey of the Sultanate of Oman) and (The
National Nutrition Survey Questionnaire for Adults aged 19 years and above, in Kingdome of
Bahrain, 2002) (167) (168). However, there are some differences between the two mentioned
questionnaires and the one used in the current study (table 2.2). The table indicates that the
nature of the current survey was similar to the one conducted in Bahrain, 2002. Both survey
methodologies included socio-economic and lifestyle data, health related indices (smoking and
PA behaviour), and food frequency questionnaires (FFQ). However, the difference was that
Bahraini study used 24-hour diet recall for dietary assessment, whereas the current study used
3-day diet diaries (two-week days and one during weekend). The reason of using 3-day diet
diaries in this study, was due to the fact that using a single 24-hour dietary recall could easily
fail to record the consumption of certain food items, which might be important (169). Although,
the 2004 National Diet and Nutrition Survey in Oman investigated the dietary habits and
nutritional status of the Oman population (as this study did), however, that survey did not
investigate PA and lifestyle behaviour. The 24-hour dietary recall data, in both Bahraini and
Omani National Nutrition Surveys, were collected by trained dietary interviewers, whereas
data in this survey study were collected by self-reported questionnaires completed by study
participants. While Bahraini survey (2002) adapted using blood test for measuring
haemoglobin level, the current survey was not designed to collect any blood samples from
study participants, due to time and resources constraints. Unfortunately, despite careful choice
of previously validated questions and piloting of the questionnaires, it subsequently became
apparent that some questions were not worded to produce information that could be used as
part of the study (for example, in Appendix 1, question 17 in health and diet section the
frequency of fast food consumption). This has unfortunately limited the value of some of the

data collected.
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Table: 2.2 Differences between the questionnaire of the current study and questionnaires of

(National nutrition survey in Oman (2004) and Bahrain (2002).

Targeted population

Adults (18+)

- Children (6 months-5 years)

- Adolescent (13-18 years)

- Men (19-59 years)

- Non- pregnant/non lactating

women (19-49)

Adults (19+)

Dietary data

- Self-reported diet

- Two 24-hour dietary recall (one in

- 24-hour dietary

collection diaries. week day and one during weekend) | recall via interview.
-FFQ via in depth interview (household | - FFQ

visit) by dietary interviewer.

- Quantities estimated using standard

units of weight and volume.
Measurement:
- Height & weight | - Self-reported - Trained surveyors - Trained surveyors
- Blood test - Not involved - Not investigated - Survey team nurses
Physical activity Involved Not involved Involved
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Before conducting the current survey, the questionnaire was pre-tested in a small pilot study
implemented on nine Omani adult students registered in the University of Nottingham (4 males
and 5 females), in order to identify the mistakes and undesirable trends that might have crept
into the questionnaire. In addition to develop research questions and collecting preliminary
data prior to performance of the main survey study, as well as helping in testing the validity
and reliability of statistical techniques to be adopted for the data processing and analysis.
Mathiyazhagan and Nandan in (2010) illustrated that pilot survey study is considered to be a
substantial saver of time and effort, if well done and thoroughly exploit, by helping to avoid
erroneous and insignificant hypothesis (166). Minor changes have been made based on the
suggestions obtained from the pilot study (most of them related to rephrasing some questions
to be culturally more acceptable, such as using the term social type instead of the word sex to
determine the gender and deleting some types of exercise such as dancing). However, the
changes did not alter the meaning or the number of questions in the questionnaire. Due to the
nature of the current study, the questionnaire was developed in English language and translated
and administered in Arabic, which was the local language of the targeted study population. The
answers then translated back to English language during data entry (as the study was originally
in English). The translated questionnaire did not require any changes in either the number or
meaning of the questions. The survey was anonymous, and no personal/ private information
was collected. The ethical approval of the study was obtained from the Medical School
Research Committee of the University of Nottingham (Ref: OVSB14112013 SoBS Nutrit).
The researcher was supported by the Oman Cultural Attaché in UK with the implementation
of the study in Oman.

2.2.3 Data collection

As shown in figure 2. 2, the survey team was composed of 11 health educators, recruited by
the principle researcher, from all governorates in Oman (one from each governorate). They
underwent training focused on clarifying the meaning of each questions in each section and the

proper answer required. The contact (via phone or email or face to face) between the
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respondents, team members and the principle investigator, was emphasised during the training.
This was to help ensure that as much support as possible, was accessed by the team to support
them advising the study participants during the survey. All team members worked in parallel
during the same time span (from December 2013 to April 2014) under the supervision of the
principle investigator. Information about demographic background, health, diet, and PA were

self-reported and collected with the aid of the questionnaire.

Participant’s recruitment and data collection process

A%

Allocation of study team
e The main researcher (leading the team)
e 11 health educators (one from each governorates)

N

Training
e Study team had been given a one-day training in one place (the
capital).
e All sections of the questionnaire were discussed with the team
members, to assure that all information is understood.
e Importance of randomisation during questionnaire distribution was
emphasized.

Implementation
e The study started in December 2013 at the same time in all eleven
governorates.
e At the end of the survey (April 2014), all questionnaires were
collected (hand by hand) by health educators in each governorate
and sent in sealed envelopes to the main researcher.

e Questionnaires were shipped to the University of Nottingham for
data analysis.

Figure 2.2 Participants’ recruitment and data collection flow chart
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2.2.4 Study population and sampling method

The survey investigated the current dietary practices and attitudes towards diet and physical
activity amongst free living Omani adults aged 18-60 years. According to the National Centre
for Statistics and Information in the Sultanate of Oman, the total Omani population in 2012
was (2,092.56), distributed in eleven governorates (170). Using a sample size calculator
(http://www.raosoft.com/samplesize.html), adjusted with 5% margin error, 95% confidence
level, and 70 % response distribution, and resulted in minimal sample size of 323 subjects.
Additional subjects were added, to reach 500 subjects, in order to have sufficient subjects in
all age groups in both gender from all governorates. During the survey, a total of seven hundred
fifty questionnaires were distributed, equally by gender, to all governorates (urban and rural)
in Oman during the period from December 2013 to April 2014. The number of participants in
each governorate was allocated and calculated by multiplying the percentage of population
density in the governorate with total number of questionnaires required in this study (500). For
example, the percentage of population density in Muscat was 20.8%, therefore number of
questionnaire required was (0.208*500 questionnaire =104 questionnaire) (table 2.3).
However, the actual number of questionnaires distributed to each governorate was more than
the number obtained from the calculation, in order to allow for 5% drop-out rate. Potential
participants in all governorates were randomly selected and provided with detailed information
about the study. Eligible participants were requested to read the instructions in page one of the
questionnaire and answer all questions in all sections. Respondents were given sufficient time
to complete the questionnaire and return it back to the research team member allocated in their
governorate. Then, all completed questionnaires, in each governorate, were collected in closed
envelopes and sent to the principle investigator via work mail (Ministry of Education). Upon
being received, all questionnaires were reviewed and only those completed were included.
Recruitment continued until 500 completed questionnaires had been received. Two hundred

and fifty questionnaires were excluded due to incomplete information in the main sections
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(health and diet, physical activity). The study was concluded at the end of April and all

questionnaires were transferred to the University of Nottingham for data analysis.

Table 2.3. Distribution of study questionnaires in urban and rural areas by population density

in each governorate in Oman.

Muscat 20.8 104 155 67.1
N. Batinah 19.7 98 148 66.2
Al Dakhilyah 13.7 69 103 66.9
S. Batinah 12 60 90 66.7
Dhofar 8.4 42 63 66.7
Al Dhairah 6 30 45 66.7

S. Shargiyah 8 40 60 66.7
N. Shargiyah 7 35 53 66
Al Buraimi 2.2 11 17 64.7
Musanadam 1.12 6 8 75
Al Wusta 1 5 8 62.5
Total 100 500 750 66.7
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2.2.5 Data analysis

Collected questionnaires were coded and prepared for data entry process. Demographic data
was statistically analysed using descriptive statistics using the SPSS software package (version
20). Obesity was defined by the WHO-BM I standards mentioned earlier in the introduction.
The percentage of study participants in each BMI category was calculated for the total sample
and stratified by gender, age group and governorate. Furthermore, the correlation between BMI
categories with other lifestyle factors such as energy intake, PA, and demographic
characteristics were also investigated. The FFQ assess the level of food consumption in all
initial food groups covered in the questionnaire. Five food groups were classified based on the
type of food, include; ((fruit, vegetables & legumes), (fish, meet, & egg), (milk & milk
products), (grains & pastry), (snacks), and (drink)). Daily food intake details were collected
from the completed dietary 72-hour recalls and computerised using Dietplan6 software for
nutritional analysis. Dietplan6 is a program that can handle food tables from multiple sources
and data from any source can be included in any recipe, menu or personal food diary without
restriction. The database is pre-installed with the full set of UK food tables and includes Dietary
Reference Values (COMA, 1991), Food Portion Sizes (MAFF 2nd Edition, 1993), Food
Labelling Data (EU Regulation 2011) and the Nutritional Standards and Requirements for
School Food (HMSO, 2008). Nutrient values are calculated as soon as a food or ingredient is
added, making it easy to observe the effects of adding or subtracting any item. Nutrient values,
as dependent variables, were analysed using factorial ANOVA. P-value of (<0.05) was

considered significant.
2.3 Results

2.3.1 Demographic characteristics
Different countries have varying definitions of rural areas for statistical and administrative
purposes. For the purpose of the current study, governorates were classified into urban and

rural areas based on the population density and the geographical nature of the region.
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Governorates characterised by a desert or agricultural area with relatively low population
density, and located outside the cities or towns, were classified as rural. Over 80% of study
population were living in urban regions (table 2.3), and most of the populated urban
governorates are coastal areas (such as Muscat, Al Batinah north, Al Batinah south, and
Dhofar). Governorates (such as Al Wusta, Musandam, and Al Buraimi) represent very low
population density areas, and both North Al Shargiyah and south Al Shargiyah represent a
combination of deserts (in some areas) and agricultural areas. Table (2.3) shows the distribution
of study questionnaires in urban and rural governorates by the percentage of population in each
governorate. Overall, five hundred participants (279 female and 221 male) completed the
survey questionnaires. In spite of a number of limitations which potentially affected response
rate of this study (including the limited number of team members (one from each governorate),
level of education of the target population, and the diverse geographical nature of Oman), the
response rate of the survey was 67% and as such, deemed appropriate for such a study. Table
(2.4) shows the demographic and social characteristics of the participants. Overall, more than
half of the study subjects lived in Muscat, South Albatinah, and north Albatinah. The table also
shows that nearly half of the participants are in age group (31-49), and 43.6% were younger
than 30 years. The mean age of study participants was about 33 years, and males higher (35
years) than females (31 years). The mean height of the respondents was 160 cm, and the mean
weight was 69.9 kg. As would be expected, males taller (169 cm) and weighed more (77 kg)
than females (158 cm, 63.9 kg respectively). Looking at the variations in the educational level,
more than half of the study population had attended university. About 67% of the study
population were currently married, while 30% had never been married and 2.6 % were
widowed or divorced. Almost three quarters of married participants had children. Looking at
the current job of the participants, the majority (66%) worked in the governmental sector. The
majority of participants (55%) had a household income of between 700-1500 OMR (£1400-

3000) per month.
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Table 2.4. Demographic and social characteristics of the study subjects.

Governorate
Muscat (U) 65 51 116 23.2
Dhofar (U) 12 16 28 5.6
Al Dakheliah (U) 17 17 34 6.8
Al Buraimi (R) 6 11 17 3.4
Al Batinah South (U) 45 65 110 22
Al Shargiah South (R) 7 10 17 34
Al Wusta (R) 4 4 8 1.6
Musandam (R) 2 13 15 3
Al Batinah North (U) 29 49 78 15.6
Al Shargiah North (R) 3 9 12 24
Al Dhaherah (U) 25 28 53 10.6
No Answer 6 6 12 24
Age group
<30 82 136 218 43.6
31-49 114 127 241 48.2
>50 25 16 41 8.2
Average
Age (years) 35 31 32.8 -
Height (meter) 1.69 1.58 1.6 -
Weight (Kilogram) 77.02 63.93 69.9 -
Educational level
Iliterate 2 6 8 1.6
Read and write 4 4 8 1.6
Primary school 2 1 3 0.6
Elementary school 8 3 11 2.1
Secondary school 41 39 80 15.6
Technical or college school 63 60 123 24
University graduate (4 years) 94 160 254 49.5
Post-graduate studies 11 15 26 5
Marital status
Married 180 166 346 67.2
Divorced 2 5 7 14
Widowed 1 5 6 1.2
Single, never married 42 114 156 30.3
Number of children:
None 95 26.4
(1-3) 171 475
(4-6) 58 16.1
7 or more 36 10
Current job
Unemployed 5 8 13 2.6
Retired 8 3 11 2.2
Housewife 5 14 19 3.8
Employed in governmental sector 140 193 333 66.6
Employed in private sector
Manager / professional 29 38 67 134
Military sector 6 2 8 1.6
Owen Business 12 0 12 24
Student 5 0 5 1
Not working 10 21 31 6.2
1 0 1 0.2
Household income
<500 OMR 58 13.4
(500-700) OMR 73 16.9
(701-999) OMR 107 24.7
(1000-1500) OMR 132 30.5
> 1500 OMR 63 14.5
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2.3.2 Health and Diet

Results in part two of the questionnaire (knowledge and attitudes towards health and diet)
illustrated that the majority (77.4%) rated their health as good. However, over 80% of
participants reported that they had not attended a recent medical examination and were
therefore unable to specifically state whether they were suffering from Type 2 diabetes, CVD,
or hypertension. However, a high prevalence of hypertension (16.7%) was reported. The
majority of the study population were non-smokers (97%) with only 17 participants reporting
smoking any form of tobacco. Around 56% of the study sample thought that they need to lose
weight. Results also showed that 70% of the participants ate 3 meals or more daily and almost
80% of participants consumed an omnivorous diet (animal & vegetable sources). The
percentages of participants following a salt, fat, carbohydrate (starch) or calorie restricted diet
were 2.8, 9.6, 4.8, and 8.2% respectively. Meat and meat dishes were the most enjoyable food
(32.8%), followed by fish and sea food dishes (32.6%). Approximately 18% of study sample
enjoyed eating fruit, and 16% enjoyed eating cake, pastries, desserts, and ice-cream. 95% of
the participants consumed fast foods frequently, and sandwiches were the most commonly
consumed (55.4%). Potato chips, pizza, Burger and kebabs, and fried chicken were 15.2, 14.3,
7.8, and 7.4% respectively. The vast majority of the study sample (94%) did not take any
dietary supplements. Table 2.5 shows the food frequency results by portion size per week for
all study respondents. Over 10% of the participants did not, or rarely consume fruit and 19.3%
did not or rarely consumed vegetables. In addition, 28.6% and 34.6% never or rarely consumed
starchy potatoes, and legumes respectively. The majority of the study respondents (37.3%)
consumed 3 portions/week of fruits. In addition, over 29% consumed 3 portions of green leafy
vegetables or other vegetables (e.g. carrots, tomatoes, cucumber, etc.). With regard to the
consumption of fish, meat and eggs, results showed that most participants consume 3 portions
/ week of fish (56.7%), chicken (61.7%), and eggs (44%). The majority (32.5%) of study

participants consumed one portion/week of red meat, and 26.3% consume 3 portions/week.
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However, a majority of subjects never, or rarely, consumed meat products (62.2%) or sea food
(65.6%). Consumption of milk was generally low with over half of the participants never or
rarely drinking milk (either full or fat-reduced varieties). The majority consumed milk
products such (cheese, yogurt, milk drink, etc.) in 3 portions/week (33.7%) or 5.5 portions
(24.9%). Grains such as (rice, wheats, oats, etc.) were consumed very frequent with almost
74% of study participants consuming grains at least 5 days per week. While bread was
regularly consumed by participants, this was much more likely to be white, rather than
wholemeal, bread. About 42 % of participants consumed 3 portions, or more, of snacks such
as (potato chips, candies, chocolates, ice-cream etc.). In addition, 33.4% ate 3 portions/week
or more of cakes and pastries. Surprisingly, over 80% of study participants reported that they
rarely eat Omani Halwa (traditional Oman sweets). Furthermore, over 50% never, or rarely
consumed nuts (e.g. pistachio, cashew nuts, etc.) and 28.7% consumed only 1-2 portions per
week. While the majority (65%) never or rarely consumed soft drinks, 40.6% drank fruit drinks
more than 3 times/week or more. More than half of the respondents consumed coffee or tea

daily.
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Table 2.5. Percentage of food consumption (per week) in study participants.

(%) Fruits, vegetables, and legumes

Fresh fruit (apples, oranges, pears, etc..) 10.2 11.2 37.3 13.4 26.1 1.8
Green leafy vegetables (lettuce, cabbage, endive, spinach, etc...) 10.5 9.1 29.6 23.1 26.1 1.6
Starchy vegetables (potatoes, sweet potatoes, etc. ...) 28.6 26.8 26.2 94 6.8 2
Other vegetables (carrots, tomatoes, cucumber, etc...) 8.8 5.9 29.8 26.3 28.4 0.8
Legumes (Lentils, beans, peas,...) 34.6 28.6 27.3 4.9 3 1.7
(%) Fish, Meet and Eggs
Fish 11 18.2 56.7 9.3 4.5 0.2
Sea foods (squid, prawn, shrimps, etc...) 65.6 15.1 13.7 1.7 2.3 1.7
Chicken 6.5 12.1 61.7 13.9 4.8 1
Red meat 344 325 26.3 2.4 2.4 2
Meat products (sausages, burgers, sandwich,..) 62.2 20.2 12 3 0.9 1.7
Eggs 12.4 21.7 44 14.1 6.7 1.1
(%) Milk and milk products
Milk, full fat 50 13.6 18.1 6.4 10.4 15
Milk, low fat or skimmed 64.3 9.7 15.2 4.4 49 15
Milk products (cheese, yogurt, milk drinks,..) 8.8 10.3 33.7 24.9 21.1 1.3
(%) Grains and pastry
Bread, white 8.1 8.5 29.3 25.1 28.6 0.4
Bread, whole meal /brown 59.9 11.2 16.5 7.4 4.4 0.6
Cereals (corn flakes, oatmeal,.) 65 18.8 11.2 2.7 1.9 0.4
Pasta (spaghetti, macaroni, noodles, grits,..) 39.3 39.3 15.7 3.3 1 1.2
Grains (rice, wheat, oats, etc...) 3.2 5.1 17.5 37.3 36.4 0.6
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Continue table 2.5

(%) Snacks
Snack foods (potato chips, candies, chocolates, ice-cream etc..) 34.6 22.5 26.4 9.7 5.6 1.2
Omani halwa 81.1 12.5 3.3 0.6 0.2 2.3
Cakes & Pastries (cakes, biscuits, sweet pies,..) 40.2 25.4 26.5 5.2 1.7 1
Nuts (pistachio, cashew nuts,..) 50.2 28.7 13.2 3.6 2.7 1.7
(%) Drinks
Soft drinks (cola drinks) 65.3 14.1 8.6 4.3 7 0.6
Fruit Juices 16.5 20.2 36.9 14.9 10 1.4
Fruit drinks 41.6 16.6 24.1 9.8 6.7 1.2
Coffee/tea 12.3 3.9 13.7 18.8 50.8 0.6
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2.3.3 Body Mass Index

Study participants were asked to record their height and weight, and this was used to calculate
Body Mass Index (BMI). This data was provided by 83.2% of the participants. Overall,
average BMI of study respondents was (26.4 + 5.9). Table 2.6 shows the distribution of study
subjects in each BMI category. About 38% of study samples were in normal weight, 33.2%
overweigh, 19.7 % obese, and 2.9% were morbidly obese. While study participants, were
initially distributed into 5 age groups (in about 9-year intervals), taking the socio-cultural
dimensions of Omani population into consideration it was also useful to distribute them into 2
main age groups (18-30, and 31-60 years). The age group (18-30) primarily represents those
participants who are students, unemployed/recently employed, and not married, while the age
group (31-60) represented participants who are married, employed or retired. Such division
helps to further explore the impact of these sociodemographic factors on health and lifestyle
behaviour. The body mass index, in both genders, is higher in the age group 31-60 compared
to age group 18-30 (figure 2.3). In the younger age group (18-30y) men had a higher BMI than
women, but in older individuals there was no significant difference (p = 0.22). As shown in
(figure 2.4), the prevalence of overweight and obesity was generally increased by increasing
age to reach over 70% by the age of 45 years. Figure 2.4 compares the prevalence of overweight
and obesity of males and females within the different age groups. The incidence of underweight
was generally low (6%) and was most apparent in females between the ages of 16- 35 years.
The percentage of study population in each BMI categories by gender and age group in all
governorates are presented in (Appendix B). BMI was significantly (p<0.05) influenced by age
and gender but not by governorates (Urban vs Rural). However, although it is not significant,
prevalence overweight and obesity were more obvious in some urban governorates (such as
Muscat, North and south Al Batinah). In addition, about 31% of obese females, in age group
(18-30y), were from Dhofar (urban region). When dividing the 500 questionnaires and diet

diaries into gender and age categories, the number of subjects from the five rural governorates
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was too low (70 out of 500 subjects) for meaningful statistical analysis. Thus, the data presented
in tables (2.7, 2.8, and Appendix D) represent urban governorates only. Total energy, protein,
energy from protein, level of cholesterol in the blood, and sodium were significantly (p<0.05)
influenced by gender, as shown in tables (2.8, Appendix D). Furthermore, total sugar was
significantly (p<0.05) affected by age group, governorate, and the interaction between the three
factors (age group, gender, governorates). Energy from carbohydrates as well as energy from
fat were significantly (p<0.05) affected by age group and the interaction of gender and age
group. No significant (p<0.05) difference in level of fat, polyunsaturated fatty acid, and iodine
between study subjects. In contrast, monounsaturated fatty acid and Trans fatty acid were
significantly (p<0.05) affected by the interaction of age group and gender. Potassium was
significantly (p<0.05) affected by age group and the interaction of age group, gender, and
governorate. Vitamin C was significantly (p<0.05) affected by governorate, interaction of
gender and governorate as well as the interaction of the three factors. Table 2.9 shows the
comparison of average nutrient intake in study population with Dietary Reference Values
(DRVs) in UK. Generally, total energy and energy from Protein, fat, and carbohydrates were
within the health guideline set by UK. Of the micronutrient investigated, it was noted that
sodium intake was considerably higher than that recommended in UK (DRV). Furthermore,
average level of cholesterol and sodium in both gender, as well as saturated fat intake of males
in age groups (18-30y) recorded in this study (table 2.8), was higher than the standard levels

defined by many health-related organisations such as WHO, and British Nutrition Foundation.
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Table 2.6. Distribution of study subjects in BMI Categories (Kg/m?) (WHO, (12)).

BMI categories

Valid Underweight 25 5.0 6.0
Normal 159 31.8 38.2
Overweight 138 27.6 33.2
Obese 82 16.4 19.7
Morbidly Obese 12 2.4 2.9
Total 416 83.2 100.0
Missing System 84 16.8
Total 500 100.0
Gender
B omeie

Mean BMI

18-30 31-80

AgeGroups

Error Bars: 95% Cl

Figure 2.3. Mean (£SD) BMI of study population by age group and gender in all governorates.

Values with differing transcripts are significantly different from one another (a>b, P=0.22; ns=non-significant).
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Prevalenec of overweight and obesity by age group
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Figure 2.4. The prevalence of overweight and obesity(kg) by age group in all governorates.

Comparison between males and females in the prevalence of overweight and
obesity by age group
100%
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18-24 25-34 3544 4554 55-64 18-24 2534 3544 4554 55-64
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Figure 2.5. Comparison between males and females in the prevalence of overweight and

obesity (kg) by age group (years).
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Table 2.7. Distribution of study Participants in governorates (rural Gov. are excluded)

Gender
Male Female
Age Group (_year) Age Group (year)
18-30 31-60 18-30 31-60
n n n n Total  Percentage
Muscat 18 46 23 27 114 28
Dhofar 6 6 9 6 27 7
Al Dakhliah 3 12 8 9 32 8
Governorate A Batinah 20 21 32 28 101 25
South
Al Batinah
North 17 12 22 25 76 19
Al Dhahirah 7 18 15 12 52 13
Total 71 115 109 107 402 100

Table 2.8. Average values of some study variables by gender and age groups (rural Gov. are

excluded).

Gender Male Female

Nutrient /Age Group (year) 18-30 31-60 18-30 31-60
Carbohydrates (g/d’ *° 307 + 94 332+ 79 288 + 74 302+ 77
Protein (g/d)® 103 + 64 97+ 61 98 + 58 96 + 58
Fat (g/d) NS 88 + 29 79+ 26 77 £ 27 82 + 30
Total energy (kcal/d) ° 2353 + 592 2360 +549 2145 +516 2188 + 547
% Energy CHO & 49 + 8 52+ 7 51+6 51+6
% Energy Protein ° 16+ 4 16+3 16+3 15+3
% Energy from Fat ® @ 33+7 30+7 32+7 32+7
Sat fats (g/d) ¢ 24 +11 20+ 9 20+ 8 20+ 10
Cholesterol (mg/d)® 369 £ 193 315+ 168 270 £ 196 268 £ 147
Sodium (mg /d) ® 2722 +1094 2652 +1185 2398 +1068 2331 + 899
Potassium (mg/d) & ¢ 2527 + 757 2772 +691 2414 + 795 2456 + 691
Vitamin C(mg/d) ¢ be-abe 98 + 72 107 £ 70 93 + 63 104 + 66

(a) Significant between Age Groups
(b) Significant between Gender
(C) Significant between Governorates

ab) Significant between the interaction of (Age Groups*Gender
g g p

(bc) Significant between the interaction of (Gender *Governorates)

(abc) Significant between the interaction of (Age Groups*Gender* Governorates)

(NS): Non-significant
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Table 2.9. Comparison of average nutrient intake in study subjects with UK (Dietary Reference values (DRVS)).

Study subjects DRV (UK)
Male Female Male Female
Carbohydrate (g/d) 323185 29677 346 276
Protein (g/d) 98+62 95+58 97 78
Fat (g/d) 82427 80429 101 81
Total energy (kcal/d) * 2338+538 21714533 2594 2070
Energy from CHO (%) 517 51+6 50 50
Energy from Protein (%) 16+3 16+3 15 15
Energy from Fat (%) 3117 3249 35 35
lodine (ug) 132456 116454 140 140
Sodium (g/d) 2.7+1 2.4+1 1.6 1.6
Potassium (g/d) 2.7+1 2.4+1 3.5 3.5
Vitamin C (mg/d) 103+70 10065 40 40

* EAR for men and women in UK, SACN Report 2011.
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Table 2.10 shows effect of different demographic variables on the distribution of study participants in
BMI categories. Overall, there was no clear pattern between prevalence of overweight and obesity and
the following variables; different educational levels, household income, and living area (urban v rural).
However, there were clear effects of age and gender. Figure 2.6 shows the mean energy intake of the
study participants by age and BMI category. Overall, energy intake was significantly (P=0.014) affected

by BMI category, but not by age, and there was no interaction between the two (table 2.11).
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Table 2.10. Percentage distribution of study participants in different BMI categories, according to

background characteristics.

Body Mass Index (BMI) (kg/m2)
Normal Morbidly
Underweight weight Overweight | Obese Obese
Characteristics <18.5 18.5-24.9 25-29.9 30-39.9 > 40
Gender (%)
Male 2 30 43 22 3
Female 9 45 26 18 3
Age Group (year)
16-24 14 59 20 7 0
25-34 6 43 28 20 3
35-44 4 22 44 26 4
45-54 0 33 37 30 0
55-64 0 44 33 22 0
Education Level
Iliterate 0 67 0 33 0
Read &Write 0 17 83 0 0
Primary 0 33 33 33 0
Elementary 0 22 44 33 0
Secondary 7 29 46 15 3
Technical or college School 6 35 32 24 4
University graduate (4 years) 7 42 30 19 3
Post-graduate studies 5 50 27 18 0
Household Income
Q1 (lowest) 9 39 33 15 4
Q2 6 33 42 17 2
Q3 4 34 30 28 4
Q4 5 34 37 21 3
Q5 (Highest) 4 37 35 21 4
Governorate
Muscat 6 38 33 18 4
Dhofar 0 33 30 33 4
Al Dakheliah 4 44 41 11 0
Al Batinah South 4 42 35 15 3
Al Batinah North 3 32 40 23 2
Al Dhaherah 5 45 23 25 2
Al wusta 12 38 38 12 0
Musandam 15 23 38 15 8
Al Buraimi 29 29 14 29 0
Al Shargiah North 25 38 12 25 0
Al Shargiah South 7 40 27 20 7
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Figure 2.6. Average energy intake (kcal) of study sample by age group in different BMI categories.
* Overall, energy intake was significantly affected by BMI categories (P=0.014).

Table 2.11. Correlations between energy intake as a dependent variable with BMI and age groups.

Tests of Between-Subjects Effects

Dependent Variable: Energy kcal

Source Type Il Sum of Squares df Mean Square F Sig.

Corrected Model 8.644E6? 19 454955 1.5 .067
Intercept 4.795E8 1 4.795E8 1632 .000
BMI categories 3723399 930850 3.2 .014*
Age Group 722872 180718 0.6 .652
zm;atego”es " Age 4001031 11 363730 1.2 260

Error 1.128E8 384 293863

Total 2.146E9 404

Corrected Total 1.215E8 403

a. R Squared = .071 (Adjusted R Squared = .025)
* Statistical significant difference (P <0.05)



2.3.4 Physical activity (self-reported exercise)

Table 2.12 shows the self-reported exercise of the study population. Non-responding participants are
excluded from the table. Overall, about 34% of the study population did not engage in regular walking
for at least 10 minutes per a day, and almost same percent (33.7%) engaged for only 1-2days per week.
Most of the study population who engaged in daily regular walking were walking in moderate pace.
Looking at the differences between males and females in regular daily walking, females were more likely
to be inactive than males. Nearly 45% of the participants were using the stairs more than three times per
a day, while about 20% never used stairs. More than 80% of the study population were not engaged in
either moderate or high intensity sport per week. Clear differences were observed between males and
females regarding engagement in moderate and high intensity sports. Only 10.7% of females were
engaged in moderate intensity sport compared to 26.8% of males. In addition, about 93% of the
population that regularly engaged in high intensity sport were males. Figure 2.7 illustrates that physical
activity level decreases by increasing age group. About 62% of study participants in age group between
(16-34) years reported that they practiced low PA, and the percentage showed linear increase by
increasing age to reach over 80% in age group between (45-64 years). However, the percentage of
moderate and high PA were remarkably low (<20%) compared to low PA and decreased, in general, by
increasing age. Similarly, the percentage of high PA level decreased from 18% in age group (16-24
years) to 6% in age group (45-54 years). The BMI pattern with respect to physical activity levels is
demonstrated in (figure 2.8). Overall, there was an inverse relationship between body weight
(represented in BMI classes) and levels of PA. The majority of study participants, in all BMI classes,
recorded that they practiced low PA, particularly those who were normal weight and overweight
participants. Although the number of participants in moderate and high intensity PA was relative small,

the trend of decreasing PA with increasing body weight was obvious.
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Table 2.12. Physical activity levels of study participants (self-reported exercise).

Respondent’s Gender
Characteristics Male (n) Female (n) Total (n) | Percentage
% % %
Never 48 22 120 43.3 168 33.9
Regularly walking for 1-2 days 77 35.3 90 325 167 33.7
more than 10 minutes 3-4 days 38 17.4 31 11.2 69 13.9
5-6 days 19 8.7 10 3.6 29 5.9
Everyday 36 16.5 26 94 62 125
Total 218 277 495
Slow 30 17.4 30 17.5 60 17.5
Pace of your walking Moderate 114 66.3 122 71.3 236 68.8
Fast 28 16.3 19 11.1 47 13.7
Total 172 171 343
Never 45 20.6 55 19.9 100 20.2
Using the stairs 1-2 times 83 38.1 90 32.6 173 35
(more than 10 steps) 3-5 times 37 17 66 23.9 103 20.9
More than 5 times 53 24.3 65 23.6 118 23.9
Total 218 276 494
Never 158 73.1 243 89.3 401 82.5
The engagement in 1-2 days 36 16.7 18 7.1 54 11.1
moderate intensity 3-4 days 10 4.6 7 2.5 17 35
sports 5-6 days 7 3.2 1 0.4 8 16
Every day 5 2.3 1 0.7 6 1.2
Total 216 270 486
Never 144 68.9 245 98 389 84.7
The engagement in 1-2 days 33 15.8 4 1.6 37 8.1
high intensity sports 3-4 days 18 8.6 1 0.4 19 4.1
5-6 days 5 2.4 0 0 5 1.1
Every day 9 4.3 0 0 9 2
Total 209 250 459
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Level of physical activity by age group
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Figure 2.7. Level of physical activity by age group (year)
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Figure 2.8. Pattern of BMI (kg/m?2) with respect to level of physical activity of study sample
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2.3.5 Sedentary behaviours

Overall, results of the survey study indicated prevalence of sedentary lifestyle among study
population (table 2.13). The majority of female population had a maid, and 44% only engaged in the
household work for one to two hours or less per week. While the majority of participants (in both
genders) watch television for less than 3h/day, 40.6% spend 4h or more per day in using computers,
tablets or mobile phones at work, as well as 28.1% of the participants spend four hours or more using
the same appliances at home.

Table 2.13. Prevalence of sedentary behaviours in study participants.

Characteristics Percentage %
Having a maid (Female Only)

Yes 62.5
No 375
The engagement in the household work hour/week (Female Only)

1-2 hrs 44
3-4 hrs 36.8
5-7 hrs 12
More than 7 hrs 7.2
Hours spent in watching TV and/or DVD/Video per day

1/2 hour or less 35.9
1 hour 26.3
2 hours 20.1
3 hours 10.9
4 hours 4.7
5 hours or more 2.1
Hours spent in using a computer, tablets or mobile phone at home

1/2 hour or less 22.8
1 hour 17.1
2 hours 22
3 hours 9.9
4 hours 116
5 hours or more 16.5
Hours spent in using a computer, tablets or mobile phone at work

1/2 hour or less 17.3
1 hour 14.2
2 hours 14.9
3 hours 13
4 hours 16.8
5 hours or more 23.8
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2.4 Discussion
The current study aimed to investigate the dietary habits, lifestyle behaviours and related

knowledge and attitudes amongst Omani adults, in order to gain a better understanding of the
main factors associated with the increased incidence of obesity in Oman.

2.4.1 Demographic data

This survey-based study was conducted on 500 healthy adults, aged (18-60 years), living in
Oman. Questionnaires were distributed randomly in all governorates in Oman according to the
population density in each governorate. The vast majority of study population were living in
urban areas (80.6%). The WHO, in 2014, reported that 73.4 % of Omani population are living
in urban areas (161), which is in line with the distribution of study participants in this study
and may explain the high percentages of physical inactivity, sedentary time spent, and
prevalence of obesity among study population. Furthermore, studies in low and middle-income
countries have identified that risk factors for chronic diseases are more prevalent in urban than
rural areas (171). Mehana et al (2010) reported that people living in urban areas in Oman are
more obese than those living in rural areas and overweight including obese are more prevalent
in the southern part of Oman (172). Data from this survey showed that the distribution of study
population in age groups was comparable with the age groups of total Omani population
reported by OWHS in 2012 (163). Overall, less than 2% of the study population were with no
education. Looking at the percentage of illiteracy among study population and correlate it with
the high percentages of physical inactivity and obesity in different educational level, yielding
to suggest a systematic review of food, health and physical activity strategy in Oman to reduce
the prevalence of chronic disease. Results of this study indicated that the percentage of
population who are currently married was higher than (67 %) the percentage of population who
have never married (30%). This finding was consistent with the findings of Al-Riyami et al

(2012) who reported that 67% of the adult respondents (18 years old and a above) were married
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and 24 % where never married (163). However, the same study showed that 55% of the Omani
household population have never been married and 39% are currently married. This
discrepancy in results can be attributed to the nature of the targeted study population. Al
Riyami study (a community-based household survey) illustrated that 44% of Omani household
population were less than 15 years (below the age of marriage), and only 14% were in the age
group 30-44 years, which may explain the high percentage of non-married in household
population. This explanation was further supported by another finding in the same study about
non-Omani household population. The data showed that 42% of non-Omani household were
in age group 30-44, and 71% of them were married. Hence, the percentage of non-married
participants found in this current study seem to be reasonable, as all study participants were
adults with average age of 33 years. Results also showed that the majority of study population
have 1-3 children which are slightly lower compared to 10-20 years ago, and this possibly
because of the delay in marriage age for both genders as well as the increasing number of
working women in last two decades. Most of study population were working in governmental
sector which is the favourite sector for most of the Omani people as it provides more desired
facilities compared to other sectors. National Centre for Statistics and information (NCSI) in
Oman reported that Omanisation in private sector was 13% in 2015, whereas in public civil
sector, Omanisation was 85% in the same year (173). Due to renaissance that the sultanate
witnessed in all disciplines during the period of His Majesty presidency, level of life was clearly
improved and reflected in the life of individuals including monthly salaries of the population.
This finding was further supported by NCSI report in (2012), which indicated that Oman’s
average household income has risen by 83.9% in the period between 2001 and 2011 from OMR

637.5 (£1,654) to OMR 1,172 (£3,044) (174).
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2.4.2 Health and Diet

Although the vast majority of the study respondents reported that their health was good, 80%
had not undergone a recent medical examination to identify chronic disease status, including
T2DM, CHD, a stroke, and hypertension. Of those participants who reported a recent medical
examination, 17% had been diagnosed with hypertension. A survey study in Oman documented
that the prevalence of hypertension among Omani people is over 40% (163). It is well
documented that foods rich in salt is a leading cause to hypertension. The current study
indicates high consumption of sodium amongst participants (2550 mg/day) with level of
consumption higher than sodium reference value set by many countries including Western
countries such as UK (1600 mg/day) (175). In addition to, only 2.8% of the study participants
followed salt restriction. The Omani guide to healthy eating (2009) reported that high sodium
intake and salted foods are associated with hypertension, stomach cancer and CVDs. The
sodium intake in Omani population was estimated to be twice the requirement of which 87%
comes from table salt (176). This pattern is seen in neighbouring countries as well. The food-
based dietary guidelines for the Arab gulf countries highlighted many factors contributed for
high levels of sodium intake in the Gulf countries include; the high use of table salt in the
meals, spices, pickles as well as the salinity of water. In addition to, the high consumption of
fast foods and fries among children and adolescents (136). The study confirmed results of a
recent WHO report (2014) of very low levels of tobacco smoking (3% in this study vs 8% in
WHO study) (161). Given that more than half of the study participants were overweight or
obese, around 56% thought that they need to lose weight. Results of the study suggested that
the culture of following some diet restriction (such as fat, salt, carbohydrate, calories
restriction) and dietary supplements was not common among study participants. Unexpectedly,
only 16% reported enjoying eating cake, pastries, desert, and ice-cream. This could be

explained partially as these food items are considered as snacks, and many of these dishes are
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presented mainly only occasionally and often associated with specific celebrations. However,
the majority of the respondents (95%) reported that they consumed fast foods (which are rich
in salt, fats, cholesterol, saturated fats, Trans fats) frequently, especially sandwiches. This
finding was supported by Ministry of health report (Health Vision 2050) in 2014, which
indicated that about 98% of Omani youth eat fast foods at least once a day (156). Furthermore,
the Omani guide to healthy eating (2009) reported that the main sources of fats in Omani diet
are mostly from snacks and fast foods (176). The high consumption of foods prepared away
from home can be attributed to many factors: youth lack essential nutritional knowledge, as
about 30% do not know that saturated fats are unhealthy, and 57% do not realize that
unsaturated fats are healthier (177). The second factor is the number of workforce women has
increased, and thus less time available for them for food preparation at home. In the current
study, 83.5% of Omani women were employed which was in line with Musaiger (2011) (57).
Another factor is the increase in household income and the lack of places, for many families,
to spend their leisure time resulted in increasing frequency of dinning at restaurants especially
during weekends and holidays. Fast food restaurants offer a range of portion size from small
to super-size items. Studies about consumption of fast foods and related risk factors in GGC
countries are very scarce. Amin et al (2008) noted that in primary school children (6-11 years)
in Saudi Arabia, the proportion of obesity among those who ate outside home, more than 5
times per week, increased about 53%, and the association between eating outside home and
obesity among those children was highly significant (P<0.001) (178). Similarly, in Iran, results
of dietary analysis of meals consumed outside home, using 24 hours recall, showed that the
mean daily energy intake of adolescents (12-16 years) who ate at least one meal away from
home was significantly higher than those who did not eat (179). Eating outside home could be

on the account of other healthier foods (such as fruits and vegetables). Many studies reported
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that eating away from home is more likely to affect fruits and vegetable consumption and
associated with lower fruit and vegetable intake (180).

Despite the small sample size of participants from rural areas, comparison between rural and
urban areas in terms of consumption of fast foods showed that (91%) of rural participants
consumed fast foods frequently compared to (96%) in urban areas, which suggested that rural
governorates were influenced by the invasion of fast foods, as their urban counterparts. When
comparing consumption of fast foods between males and females, (43%) of participants who
consumed fast foods were males and (57%) were females. The consumption of fast foods
among women can be linked to high level of employed women (83.5%) recorded in this study,
which they may not have time for food preparation at home. The difference between male and
females in consumption of fast foods recorded in this study was significant (p=0.003), and this
can be attributed to the high number of female participants (56%) compare to males
counterparts (44%). The high consumption of fast foods recorded in this study, in general, and
in females in particular can be viewed as a warning alarm of more incidences of obesity,
hypertension, type 2 diabetes and other NCDs, if no urgent, effective intervention is being

seriously adapted.

Food frequency questionnaires (FFQ)

Although Oman imports 85% of necessary foods to satisfy the needs of the population, it is
rated as food secure, which means, based on the definition of (World Food Summit, 1996), that
all people in Oman at all times have physical and economic access to enough safe and nutritious
food to meet their dietary needs and food preference for active and healthy life (159). While
Oman is nearly self-sufficient in fruits and vegetables, it can provide only 0.8% of its grain
requirements using local production, as well as only 34% in red meat. Hence, dietary habits

and food choice of Omani people might be influenced. Therefore, the next two sections sought
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to find out the dietary habits of study participants and their impact on nutritional status using
two different methods (FFQ and 3-day diet diaries).

Food frequency questionnaire is one of the most common tools used in a large-scale population
—based studies to assess the habitual food intake and examine the relationship between diet and
diseases (181). Despite the easy administration, FFQ data may suffer from random and
systematic errors due to estimation, hence, may not represent adequately the dietary habits of
study population. Therefore, two dietary assessment methods (FFQ and 3-day diet diaries) were
used in the current study, in order to increase the validity and reliability of the data obtained
and help in correlate the observed dietary habits among study participants with the
corresponding nutritional biomarkers obtained from 3-day diet diaries. Sauvageot et al (2013)
stated that the relative validity of FFQs is usually evaluated by comparing their data with those
of food records (181). The FFQ implemented in this study designed in light of similar FFQ
implemented by Ministry of Health in Bahrain (National Nutrition Survey for Adult Bahrainis,
2002). Standard portion size was used to record the approximation of food consumption of
study participants.

Data analysis of fruit consumption showed that the majority of the participants (37%)
consumed 2-4 portions per a weak. This finding was supported by the Omani guide for health
eating, which stated that the Omani diet contains about 2 servings of fruits, mostly from melon,
dates and mango. The guide also emphasised that 3 serving of fruits from average diet of 2000
calories are required, in order to satisfy the nutrient requirement (176). In contrary, the
WHO/EMRO in 2011, reported that the consumption of fruit and vegetable in Arab Gulf
countries (including Oman) was below the recommended allowances. More than 85% of adults
in the Gulf region consumed fruit and vegetables below five servings per day (136) (182).
Taking into consideration the high consumption of fast foods recorded in this study,

encouraging more fruit consumption is important, in order to replace the high energy dense
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foods with more healthier choices, and hence help in mitigating the incidences of obesity,
hypertension and other NCDs complications. The consumption of fish, meats and eggs was
good and Omani healthy plate recommends 1-2 serving per day. Interestingly, red meat was
consumed at a moderate level with most of the participants consuming no more than one
portion per week. Although the majority of study participants consumed milk products (such
as cheese, yoghurt, milk drinks) 3 portions/week, however the consumption of natural milk
was still below the recommended portion of milk set by the Omani guide for healthy eating (1
serving/day of milk or milk products). This finding is similar to the finding of Musaiger et al
(2012) who indicated that although the production of milk and dairy products in the Gulf
countries has increased during the past decade, the intake per capita of milk and dairy products
is still below the recommended amount of milk group (a 2000 kcal diet is about 0.5 serving
where 1 cup equal 45 g natural cheese (e.g. cheddar) or 60 g processed cheese) (136). Although
about two third of the study participants consume grains in at least 5 days per week, and this is
in line with Omani healthy plate (recommend 6-11 servings/day) (183), consumption of whole
grain cereals (rich in fibre) was very low. More than half of the participants consumed white
bread or refined cereals. This finding matches that of Musaiger et al, (2012) who reported that
the consumption of whole grain in GCC countries is decreasing remarkably, with more
dependence on refined cereals. The majority of the participants indicated they eat snacks
between 2-4 times per week. Unexpectedly, Omani halwa, a very famous traditional sweet dish
in Oman (served specially in all occasions and considered as a symbol of Omani hospitality),
was no longer among the main menu for the vast majority of the participants. Fruit juice was
the most frequently consumed beverage, however fruit drinks (rich in free sugar) were also
relatively high. The high intake of foods rich in free sugar, particularly among children and

adolescents has been reported by many studies in the Gulf region. For instance, in Saudi Arabia,
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26% of adolescent’s daily fluid consumption come from carbonated beverages and 25% come
from canned fruit drinks (136).

Overall, data from FFQ suggested that some dietary habits and food choices, in the daily Omani
menu, need to be reviewed and modified. Given that the overwhelming majority of Omani
population consume grains in almost daily bases, more focus is required to encourage people
to consume more whole grain cereals, rather than relying on refined cereals (source of free
sugar) which are linked to many health complications such blood sugar instability and
increasing the likelihood of developing type 2 diabetes.

Three-day dietary assessment

Unfortunately, no specific commercially available dietary software is available which is
specifically tailored to analyse Omani foods or even foods consumed in GCC countries. It was
therefore necessary to rely on software developed for use in the UK (Dietplan 6) (184). Despite
the fact that Dietplan6 database was pre-installed with the full set of UK food tables, it is
resilient software that allows editing new recipes or entering ingredients of any meal. Nutrient
values are calculated as soon as a food or ingredient is added, making it easy to observe the
effects of adding or subtracting any item. Nutrient values of three-day dietary assessment
presented as a full report includes micronutrients, macronutrients, energy from macronutrient,
and total energy.

Results indicated that 38% of the study population were within the normal range of BMI, less
than 1 in 10 were underweight, about 33% were overweight, and 22% were obese. Although
the prevalence of obesity among Omani males and females was very similar especially in older
age group, overweight was significantly higher in males than females. This finding is consistent
with the national diet and nutrition survey of the sultanate of Oman in 2004, which indicated
that 40% of men and 28% of women were overweight and obesity was 21% and 19%

respectively (185). Similarly, study conducted in Bahrain in 2002 found that almost 36% of
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the population were within the normal range of BMI, and (36.7%) of males were overweight
compared to (28.3%) of females which is in line with the findings of this study (168). However,
the same Bahraini study indicated that the prevalence of obesity is higher in females than males,
which contradict the findings of the current study. Unfortunately, due to time constraints, and
large number of study population, it was not possible to measure the prevalence of central
obesity (WC) in this study which provide more reliable data about obesity as a risk factor for
NCDs. However, previous study reported that Omani females are much more likely to be
centrally obese than males (54% to 20% respectively) (163). Moreover, a recent systematic
review paper on obesity in Gulf Co-operation Council States which includes 45 studies,
reported that the prevalence of overweight and obesity in adults was 25-50% and 13-50%
respectively, with a higher prevalence of obesity amongst females (186). The inconsistency
between results of this study and other studies in terms of prevalence of obesity between males
and females can be attributed to unwilling of some participants, especially females, to answer
the question of the weight. Almost 17% of study population did not answer the question of the
weight, which might affect the validity of the result. Furthermore, female weight measure can
be under reported, especially when recalling the high consumption of fast foods among female
participants. There was no significant (P<0.05) difference in BMI of those living in urban
governorates compared rural residents. This finding is opposite to the findings of Al- Riyami
et al (2003) who found that urban residents were more likely to be obese than those living in
rural areas for both genders. This could be explained by small number of participation from
rural areas in this study. In addition, more than 13 years passed on Al-Riyami’s findings and
possibly because of economic growth and transport development, some changes maybe
occurred in their life style and dietary habits, especially when the comparison of average energy
intakes between urban areas (2248+541) and rural areas (2263+581) showed no statistical

significant difference (P=0.3).
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Although, questionnaires and diet diaries were returned by 500 subjects (221 male/279
females), however when divided into gender and age categories the number of subject from
rural governorates was frequently too low (only 14% of total population from 5 governorates)
for meaningful statistical analysis. Thus, data from; Al Wusta, Musandam, Al Buraimi,
Shargiah North, and Shargiah South were excluded (table 2.7). Although total energy intake
was significantly (P<0.05) higher in males than females (table 2.8), total energy intake of the
study sample was within the normal range of daily discretionary calories allowance, and
consistent with the Omani guide to healthy eating. Table 2.9 compares the average nutrient
intake in study subjects with Dietary reference values of UK. The contribution of fat in total
energy in this study was (32%), which was consistent with percentage energy from fat
recommended for the UK and European countries. The European Food Safety Authority
(EFSA) proposed a lower bound of the reference intake range for total fat of 20 energy % (E%)
and 35 E% as upper bound (187). In contrast, the Omani guide to healthy eating stated that the
intake of fat contributes over 40% of the caloric intake of Omanis. This discrepancy can be
partly attributed to under reporting of dietary intake in 3-day food records due to self-
estimation, especially when linking the finding with the high consumption of fast food reported
by study participants. Moreover, in some Omani communities, the habit of adding ghee or
butter on the table still persists (183). Worth noted, despite the absence of agreement for high
consumption of fast foods in the comparison with moderate level of total fat obtained from 3-
day dietary analysis, some micro nutrient values such as cholesterol levels, saturated fat (in
male participants aged (18-30 years), and sodium level, ought to be interpreted with caution.
The analysis of the 3-day diet diaries recorded, in general, high levels of sodium intake (mean
2529+1069 mg/day), cholesterol level (mean 301178 mg/dl) compared to the recommended
levels of sodium and cholesterol (1600 mg/day (British Nutrition Foundation) (175), < 240

mg/dl (WHO) (188), respectively. The high level of cholesterol found in this study was further
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supported by similar finding by Al Riyami et al (2012), who reported that about one third of
Omanis had high level of cholesterol. Furthermore, cholesterol level in the current study was
significantly influenced by gender. Males showed higher level of cholesterol than females, and
no effect of age or geographical was noted. In contrast, Al Riyami et al (2012) found that the
high level of cholesterol was the same in both gender, but higher in age groups (55-64) (65%).
The inconsistency can be attributed to many reasons including; under-reporting due to self-
estimation of study participants, the sample size and the targeted population. Al Riyami
covered larger sample size and targeted household population in all governorates in Oman.
Moreover, the analysis of micronutrient in this study exclude rural governorates (due to small
sample size) whereas Al Riyami included both urban and rural regions. In addition to, Al
Riyami used blood sample test to analyse and assess cholesterol level, whereas in the current
study, the cholesterol was analysed using Dietplan6 software. Despite the discrepancy, levels
of sodium and cholesterol obtained in this study is worrying, and more likely to be associated
with the finding of high consumption fast foods (reviled by FFQ) and high incidence of
overweight and obesity among study participants.

Nutrient analysis of male participants in age group (18-30 years) also showed relatively higher
level of total fat (88+23 g), saturated fat (24+11 g), and cholesterol (369 + 193), compared to
all other groups, although the differences were not significant. This can be linked to the fact
that the majority of this particular group were single (average marriage age in males was 37
years) and might be more likely to relay on fast foods and energy dense foods, which are high
in total energy, total fat, saturated fat, cholesterol, and sodium. Musaiger (2011) reported that
the frequency of eating food prepared outside the home is increasing in East Mediterranean
Region (EMR) and is more apparent in GCC countries (57).

The current study found no clear relationship between prevalence of obesity and educational

level, and household income. This finding agrees with Al Riyami et al (2012) who found no
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clear pattern between different educational and household income levels, and overweight and
obesity using BMI classification. However, the same study reported that central obesity (waist
circumference) in Oman decreases by educational level and illiterate Omani individuals are
more likely to be obese than those with a secondary or university education. Results in the
current study also showed a significant correlation between BMI categories and energy intake
of study sample (table 2.11). This finding is in line with Gilmore et al (2014) (63) and
Vandevijvere et al (2015) (64). Although no significant effect of both age group and the
interaction between age group and BMI categories on the level of energy intake (table 2.11),
clearer pattern was observed between BMI and energy intake in older age groups (>35 years)
compared to younger age groups (figure 2.6). This can be partly attributed to the gradual
decrease of PA level by increasing age observed among study participants (figure 2.7).
Furthermore, most of the participants in age group (>35 years) were married (average marriage
age 37 years) which many studies indicated that married individuals are more susceptible to
being overweight and obese, as the married couples are less active and tend to eat together,
likely reinforcing more food intake (152).

Overall, data analysis of 3-day dietary assessment confirmed that the majority of Omani
population from all Omani governorates (urban & rural) were either overweight or obese,
particularly those over 30 years of age. High cholesterol and sodium levels recorded in this
study, despite the moderate level of fat, suggested high consumption of unhealthy sources of
fat, which are more likely to be from fast food recorded in this study. The increase of obesity
by increasing age found in this study, and as in many GCC countries, may be linked to some
inappropriate socio-cultural background used to frame the dietary practices (e.g. the habit of
adding ghee or butter on the table), such norms should be replaced with healthier lifestyle habits

in order to reduce the incidences of obesity and NCDs.
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2.4.3 Physical activity and sedentary behaviours

Results of self-reported exercise indicated that the study population were generally physically
inactive and showed high levels of sedentary behaviour. This could be due to many reasons
including lack of availability of sport grounds, parks and facilities suitable to engage in PA,
the weather, and time available for exercising. Furthermore, the rapid socio-economic
development in Oman, due to oil boom and globalisation, has contributed to rapid urbanisation,
motorisation and have had a clear impact on reducing physical activity among study
population. In addition, socio-cultural norms may comprise a real challenge restricting PA,
particularly outdoor PA of women, among study population. Although evidences and
indicators about physical inactivity in GGC countries are very obvious, however, evidence that
would help identify the social and cultural contexts that may constraint people’s mobility,
especially women, is spares. Al Nohair (2014) illustrated that traditional/cultural restrictions in
lifestyle of women in GGC countries is one of the main factors that linked to increased rates of
obesity and physical inactivity among women (152). The accessibility for females to sports and
exercise activity is limited. Mabry et al (2013) reported that socio-cultural restriction in Oman
and GGC countries represented mainly in women’s PA dressing, and their age (189). A recent
qualitative study conducted in Unite Arab Emirates mentioned that women do not have space
at home in order to practice indoor exercises and families do not allow them to walk alone
(190).

Results about sedentary behaviour found in the current study showed that nearly two third of
female population had a maid, and the majority of females engaged household work for only 2
hours per week or less. Furthermore, sedentary behaviour found in this study was clearly
influenced by increased reliance on computer and tell communication technologies as well as
high availability of satellite TV. The influence of greater use of mechanized appliances,

widespread use of computers, TV and electronic gaming devices, on encouraging sedentary
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lifestyle behaviour were documented by several studies conducted in GCC countries. Al-
Nuaim et al (2012) reported that the lifestyle in GCC countries have been dramatically
influenced by rapid urbanisation, reliance on auto-mobile for personal travel, easy availability
of cheap migrant labour for household work, as well as decreased occupational-work demands
(191). These changes in lifestyle have encouraged sedentary behaviour among both young adult
people. Males in the current study were more physically active than females. This finding was
in line with the findings of Al-Nakeeb et al (2012) (192). However, Mabry et al (2014) showed
that physical inactivity in Omani adults occurs in 33% and 41% of men and women
respectively, which was less than the level recorded in the current study (76). This discrepancy
in physical inactivity levels can be attributed to many reasons include; using self-reported
approach for the assessment of PA and sedentary behaviour which depends mainly on the
memory of the study participants, the other reason related to the nature of the questions
recruited in this survey questionnaire, may have been less sensitive to assess the normal daily
PA level recommended for the adults, and may be less sensitive to the different types of PA
especially in rural areas. This may involve the use of objective methods of assessing PA, which
was hindered by time and resources constraints of the study.

Prevalence of physical inactivity found in this study may be originated since the childhood of
the participants. The national strategy for prompting PA in Oman (A call for Action) in 2014
demonstrated that the physical inactivity among secondary school students was high, ranging
from (33-61%) in boys and (77-90%) in girls (76). Boys were more active than girls and student
living in rural areas were significantly more active than those living in the urban areas, although
the data from the Global School-based Health survey (on students at age 13-15 years in Oman)
revealed no significant differences between boys and girls in physical activity, but there is a
significant difference in dietary behaviors between them (193). Levels of PA reported in this

study decreased by increasing age, more clearly over age 35 years (figure 2.7). This finding is
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strongly related to the earlier finding (the clear pattern between BMI level and energy intake
over the age 35 years, figure 2.6), and support each other. Overweight and obese participants
over 35 years (majority employed and married) showed gradual increase in energy intake as
they become older, simultaneously they tend to be more sedentary by advancing in age. These
are the etiology risk factors for many NCDs that many recent studies emphasised, and many
health-related organisation repeatedly warning people to avoid. Although the number of study
participants who engaged in moderate and high physical activity level was less than those who
engaged in low physical activity, pattern of BMI categories was observed in moderate and high
physical activity level and it was clearer in moderate intensity sports (figure 2.8). Many factors
could be associated with this physical inactivity, include the conservative cultural norms (e.g.
restricting women outdoor activities), limited options for entertainment, lack of awareness,
motivation and time for some participants, unfavourable weather, ineffective health strategies
(76). Comparing PA between urban and rural areas, despite the small study sample size from
rural areas, showed that in both geographical areas, the majority practiced low PA, and similar
average number of participants in moderate and high intensity sport. It could be possible that
type of exercises listed in the questionnaire were less sensitive to assess level of PA, especially
in rural areas where many outdoor daily works with animals and farms, unintentionally
neglected from PA list.

Overall, the findings demonstrated that factors such as gender, age and BMI seem to influence
adults PA levels. Physical activity, in general, appeared to decline gradually with increasing
age and body weight, indicating that the older the adults, the less activity they are (sedentary
lifestyle) and the more weight they gain. Small contribution of rural areas in this study and the
nature of the questionnaire may not be enough to draw a conclusion about the difference in PA
level between urban and rural areas. Due to time and resources constraints in this study, as well

as the desert nature of some rural areas, participation from rural areas was low compared to the
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participation from urban areas. Hence, larger sample size (representing rural areas), with more
sensitive method, taking into account the different aspects of PA in each area is recommended
in future studies.

Study 1 illustrated that the low level of PA as well as lack of health awareness (represented in
unhealthy food practices) were the main contributor to the prevalence of overweight and
obesity among study subjects. Therefore, for the intervention to be implemented, targeting the
unhealthy lifestyle behaviour is essential. Literature recently demonstrated that new web-based
technology gained popularity and became more accepted in public health intervention as a
useful tools support improving health behaviours. Hence, to keep up with the development,
and to overcome a number of limitations recorded in the conventional intervention, the current
study represents a pilot-scale intervention aimed to investigate the effectiveness and feasibility
of smartphone apps on promoting physical activity and improving dietary intake behaviours in
Omani adults. Despite being a pilot scale study, this intervention is considered novel, and to
the best of our knowledge, no public health intervention study in Oman have used health
smartphone apps, as an investigation tools, to target lifestyle behaviors (PA or dietary

practices).
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Chapter3: Effectiveness of Health and Fitness Smartphone Applications to Improve

Dietary Habits and Promote Physical Activity in Omani Adults

3.1 Introduction

Fitness can be viewed as the state of being physically active and healthy through proper
exercise, diet and sleep habits (194). Physical inactivity is considered as the major cause of
lack of fitness. The WHO defined physical activity (PA) as any bodily movement produced by
skeletal muscles that requires energy expenditure (195). The differences between PA and
exercise may be unclear for many people. Exercise is a subcategory of PA that is planned,
structured and repetitive, purposefully to improve or maintain one or more components of
physical fitness. Physical activity includes exercise, as well as any other activities which
involve bodily movement, which are done as part of work, play, active transportation,
household chores, or recreational activities (196). According to (WHQ) PA guidelines, adults
in age group (18-64 years) are recommended to do at least 150 minutes of moderate-intensity
aerobic PA during the week, or 75 minutes of vigorous-intensity aerobic PA throughout the
week, or an equivalent combination of moderate- and vigorous- intensity activity (196). The
aerobic activity should be performed in bouts of at least 10 minutes duration. The guidelines
also recommended adults to increase their moderate-intensity aerobic PA to 300 minutes per
week, or 150 minutes of vigorous-intensity aerobic PA per week, or an equivalent combination
of moderate-and vigorous- intensity activity, in order to get additional health benefits. With
regard to muscle-strengthening, activities should be done involving major muscles groups on
2 or more days per week (196).

Levels of physical inactivity are rising in many countries with major implications for the
prevalence of NCDs. The WHO reported that, globally about 23% of adults aged (18+) were

insufficiently active in 2010 (20% men and 27% women). The highest prevalence of physical
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inactivity was recorded in The WHO Region of Americas and EMR (32 and 31% respectively),
while the lowest prevalence was recorded in the South-East Asia (15%) and African (21%)
regions (197). The limited evidence on the prevalence of physical inactivity among Omani
adults showed that it occurred in 33% of men and 41% of women (76). However, the prevalence
of physical inactivity among males and females’ college students was higher at 43% and 57.8%
respectively. Furthermore, adolescents, who are recommended to do at least 60 minutes of
moderate-intensity PA per day (196), showed a low level of activity, with physical inactivity
reaching 70.1% in boys and 84.6% in girls (76). Almost all studies carried out on young people
(secondary school students) reported a high prevalence of physical inactivity in this age group,
ranging from 33.3-61.2% in boys and 76.9-90.2% in girls (198) (199). Girls were significantly
less active than boys and students living in rural areas were significantly more active than their
urban counterpart (76). A well-documented study titled “A National Strategy for Promoting
Physical Activity in Oman” evaluated PA in Oman in several domains including; leisure-time,
work, transportation, household chores, planed exercises, in the context of daily, family and
community activities. The study showed that men were more inactive in the work domain
compared to women. In contrast, women were more inactive in the transport and leisure
domains, a pattern seen in many developing countries. The same study also indicated that the
high-risk groups for physical inactivity, included men and women who were unemployed,
women aged 40 years and older and men aged 20-29 years, as well as men who were married
(200). The unemployed group was the only commonly—identified high-risk sub-group across
all PA domains. This group included students, people looking for work, housewives and
retirees. Conservative cultural norms and limited options for entertainment and volunteer work
were prominent factors associated with the prevalence of physical inactivity among
unemployed group (160). The study suggested that establishing women-only exercise locations

could reduce leisure inactivity among women and building walker-friendly residential areas
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could reduce transport inactivity in men (76). Overall, the determinants of physical inactivity
in Oman can be categorised into four themes; interpersonal factors (lack of motivation,
awareness and time), social factors (low value of PA, customs restricting women’s
participation in outdoor activity), factors related to policy (ineffective health communication,
limited resources) and environmental factors (weather, lack of places suitable for PA).

Public health professionals can play a decisive role in shaping the health policy in the country.
In 2011, a qualitative study was conducted on Omani public health managers in order to
determine their perceptions about health risk behaviours, the barriers and possible solutions to
address physical activity in Oman (201). Recommendations recorded from the public health
managers focused on adapting effective, culturally sensitive interventions at the environment
level (building sidewalks and exercise facilities) and policy levels (strengthening the existing
intervention and coordinating actions with relevant sectors), in order to improve PA levels and
mitigate the burden of NCDs in Oman (201). Table 3.1 summarises the results of the semi-
structured interview with ten middle-level public health managers. It is worth noting that most
of the barriers mentioned in table (3.1) are still considered as potential gaps in public health
strategies in Oman and need to be addressed effectively in order to improve general health of
Omani people. The current study represents an attempt to target both PA and diet together, as

described in chapter 1(aims and objectives).
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Table 3.1. Perceptions of public health managers about (barriers and solutions) to address
physical inactivity and prolonged sitting in Oman.
Theme Sub-theme

Barriers to addressing physical | Lack of motivation.

inactivity Lack of awareness.
Intrapersonal Lack of time.
Social environment Social restrictions on women.

Low value placed on PA.

Dependence on motorized transport.

Social restrictions for older people.
Cultural norm to employ domestic workers.

Negative association of public transport/taxis.

Physical environment Inadequate infrastructure.

Limited access to places to be active.
Limited access to government sports clubs.
Limited access to private sports clubs.
Weather.

Sedentary work setting.

Public policy environment Sedentary work setting.
Ineffective health communication.
Limited resources.

Focus on curative.

Lack of healthy public policies.

Solutions to address PA Build conducive environment

Community participation Build supportive infrastructure.

Multisectoral coordination Build culturally appropriate infrastructure.
Community participation Identify and work
with relevant groups and organisations.
Multisectoral coordination Work with other
sectors.

Advocate for supportive environment.

Establish a national health promotion body.
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Continue table 3.1

Theme

Sub-theme

Strengthen Ministry of Health policies

and programmes

Improve health communication.

Use settings approach.

Conduct research.

Promote PA for staff.

Review human resource requirements.
Strengthen primary health care.
Region-specific action.

Establish unit within the Ministry of Health.
Address PA and diet together.

Barriers to addressing prolonged sitting

Intrapersonal

Social environment

Lack of awareness.

Lack of motivation.

Social environment Sedentary culture.

Limited culturally appropriate activities for
women.

Cultural norm to employ domestic workers.

Physical environment

Limited access to non-sedentary activities.

Sedentary work setting.

Solutions to address prolonged sitting
Community participation
Multisectoral coordination

Identify and work with relevant groups and
organisations.
Advocate for supportive environment for PA.

Work with other sectors.

Strengthen Ministry of Health policies

and programmes

Raise awareness.
Use settings approach.
Address PA and sitting time together.

Conduct research.

Source of the table: Mabry et al (2013) (201).
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3.1.1 Successful initiatives to address physical inactivity in Oman

Evidence from around the world reiterates the importance of taking a comprehensive
approach to the promotion of PA. The Toronto Charter for PA is an advocacy tool developed
by PA experts and launched at the 3rd International Congress on PA and Public Health held
in May 2010, in Toronto, Canada. It summarised the evidence on the benefits of PA and
outlined four key action points: (1) implement a national policy and action plan; (2) introduce
policies that support PA; (3) reorient services and funding to prioritise PA, and (4) develop
partnerships for action (202).

Public health experts in Oman have advocated adopting a coordinated multisector approach
to promote PA. The Nizwa Healthy Lifestyle Project (NHLP), a community-based initiative
implemented during the period 2004-2009, was considered as one of the most successful
innovative interventions in Oman. It was a multifaceted intervention initiated to underpin all
efforts and endeavours dedicated to face the rising toll of NCDs and the underlying risk factors
in Oman (203). Dr. Jihane Tawilah (WHO Representative in Oman) described this project as
a showcase in the East Mediterranean Region of WHO. Its main strategy was adopting
comprehensive approach taking into account social, economic, behavioural, and political
determinants. This approach successfully challenged some conservative traditional concepts
including achieving a good gender balance and engaging women in healthier practices such
as increasing their PA and consumption of healthier foods (204). The evaluation of PA in
NHLP showed significant improvements in PA level in both genders. Although NHLP
recorded remarkable success, 7 years have now passed since it was evaluated (2009-2010)
and, to our best knowledge, no similar intervention has been implemented since then in the
country. This could be due to a number of limitations including resource intensiveness,

requirement for repeated counselling and amount of time required.
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3.1.2 Self-monitoring as a behaviour change strategy

Self-monitoring, the systematic observation and recording of target behaviour, has been
described as the key component of behavioural treatment for weight loss. In early literature
(1985-1990) self-monitoring referred to only monitoring the diet using paper diaries.
Subsequently, researchers found a significant relationship between PA and weight loss (205).
Today, self-monitoring of both PA and dietary intake are well-established components of the
standard behavioural treatment programs. Self-weighing has recently been introduced as
another monitoring component (205).

The feature of self-monitoring in behaviour change has a strong theoretical foundation (self-
regulation theory). According to this theory, the process of changing habits needs well
developed self-regulatory skills include deliberate attention of some aspects of an individual’s
behaviour and recording some details of that behaviour. In targeting eating behaviour, for
example, successful self-regulation depends partly on the truthfulness, consistency and
timeliness of self-monitoring in relation to the performance of eating behaviour (205). Studies
have shown a consistent relationship between self-monitoring and success in both losing
weight and maintain weight loss (206). While several methods have been used to perform self-
monitoring, though the most often used is still paper diaries.

The conventional paper-and-pencil diary represents a beneficial, real-time method of self-
monitoring if used correctly (207). Adherence to self-monitoring in paper diet diary format
can be measured by the number of diaries completed, the frequency of log-ins or reported
weight changes. However, this method provides no objective verification of the recording
time and reveals many limitations related to the diary not being in the user’s immediate
possession (retrospective error). Observational evidence suggests that participants often
record their dietary intake and exercise long after the event, waiting until their next treatment
session, which defeats the main benefit of diaries (to provide accurate real time data) and
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subjecting the data to the very recall biases, which is expected to be avoided by using a diary
method. Moreover, delaying recording of food intake, to the end of an afternoon or whole day,
may influence the positive effects of self-monitoring, by reducing the opportunity to correct
the action throughout the day if dietary constraints are violated (206). In weight loss
behavioural intervention, self-monitoring requires daily recording of dietary intake and its
energy content (and sometimes other macronutrients, such as carbohydrate, fats, and protein).
In addition, recording of frequency, intensity, time, and type of PA is also required so that
individuals are aware of their current behaviours (208). This can be tedious for individuals
who often must use a book listing the caloric values of daily foods consumed to assess their
daily energy intake. With advances in new technology, many public health studies have started
to use electronic devices, such as pedometers, i-watches and mobile devices, to address the
limitations in the conventional methods. Such new technology provides automatic calculation
of energy intake and energy expenditure, and offers an opportunity for real-time self-
monitoring, which are significant challenges in paper recording method. Many studies
illustrate that traditional interventions have limited effectiveness to undertake changes in
unhealthy behaviours compared to modern, new technology interventions, such as using a
pedometer or smartphone application (63). Weight loss programs that use mobile apps for
self-monitoring of physical activity and dietary intake have been demonstrated to be
associated with significant changes in body weight and BMI (209). Wharton et al (2014) in 8-
week weight-loss trial showed that participants, using a commercially available app, more
consistently entered complete days of food data, and withdrew from the study less often

compared to those using paper and pencil tools (210).

106



3.1.3 Health-related smartphone applications (Apps)

Technology has been blamed as a contributor to unhealthy lifestyle behaviours, however it
has also recently been developed to play a role in health management and provide solutions
to many limitations in traditional strategies. Smartphones have gained popularity in recent
years. Over 80% of mobile phone users in the world have smartphones (211). In Oman, for
example, almost 92% of adults owned a mobile smartphone in 2011, and about 82% of the
subscribers indicated that they had intermediate level of skills with mobile technologies (212).
Smartphone applications are software designed to run on smartphones. Smartphone apps offer
novel, cost-effective opportunities to target users in an interactive and individualised way
(213). They can be used outdoors (i.e., part of PA) and provide tracking tools and social
connections, which may offer a variety of behaviour change techniques, such as offering
immediate feedback to users on their performance based on the available real-time monitoring
(214). Smartphone apps, aimed at monitoring and informing lifestyle choices, are becoming
increasing common. The IMS (iMedical Apps) institute estimated that 12% of apps accounted
for 90% of all downloads, the majority being diet and fitness apps (215). In Germany, for
instance, about 21% of smartphone users have installed at least one health app to monitor their
health (213). In 2016, the number of health-related apps in the market reached 165,000 and
almost two thirds were focused on general health issues such as fitness, lifestyle and diet
(figure 3.1).

Gender is an important demographic factor to be considered when designing effective and
tailored technology interventions. Despite this need, gender differences are still less
considered in the field of technology interventions. Arteaga et al (2012) stated that game-
based applications are more relevant for promoting PA in male adolescents (215). The higher
interest of men, and their earlier acceptance of technology, has resulted in higher mobile health
(mHealth) adoption intentions compared to women (216).
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Figure 3. 1. Mobile health Apps (mHealth) by category in 2015.

Gender differences have also been reported to influence the motivation for engagement in
physical activity (217). Klenk et al (2017) reported that the importance of apps’ features and
functionalities (e.g self-monitoring, games, feedback, and social network features) might vary
with gender due to differences in the usage and gratifications between men and women, in
addition to the different motives towards PA. Despite the comparable levels of app usage and
PA between men and women, results showed that women found enjoyment and goal setting
more important than did men when using mobile media for PA. This might suggest higher
motivation of women for health-oriented behaviour. However, the study also showed that men

were more inclined to use the live tracking function and share their results. Results also
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showed that companionship was the most relevant facilitator for the usage of social features,
which were more frequently used by men (213).

A study by Vehkanen (2015) aimed to investigate gender differences in usage and user
experience of a mental wellness app called Oiva. Results showed that both men and women
used and experienced the app and its functionalities in similar way, and no significant gender
difference in the usage data from the log files or in the online questionnaire answers about the
usage and user experience of the App. Results also showed that the positive effect on the
participants’ mental well-being was similar for men and women (218). Turner-McGrievy et
al (2013) reported that no significant differences between male and female app users in
reporting self-monitoring of diet or PA (208). The Rock Health Digital Consumer Survey
surveyed more than 4000 US adults, in 2015 to assess the adoption rates, attitudes, and
preference of digital health technologies. The survey showed no significant demographic
differences (including gender) in health app downloaders (219).

The quality of healthcare apps can be measured by three main indicators; safety (security and
privacy), effectiveness (using behaviour change techniques (BCTSs)), positive experience (star
ratings, System Usability Scale) (220) (221). The relationship between the effectiveness of
the health-related apps and free/paid apps was inconclusive. Middelweerd et al (2014) found
no differences in the number of BCTs between paid and free apps or between the two app
stores (iTunes and Google Play) (222). However, Cowan et al (2013) and West et al (2012)
reported a significant association between the inclusion of behaviour change theories and the
price of the apps (223) (224). SOURCEBITS, a company providing mobile services, reported
that the main difference between paid and free apps is that paid apps are straightforward in
terms of monetisation, whereas free apps follow different strategies. In free apps, the
download is free, yet the developer gets the revenue using other ways, most commonly by
advertising (225). However, uncontrolled advertisements may affect the retention of the app.
Another marketing strategy is called the freemium model, in which apps have an option of
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free download and offer limited functionality, and then can be upgraded at a cost (small-in
app- purchases) to a fully functional app. Freemium apps accounted for 72% of app downloads

on Apple store (224). The pros and cons for both free and paid apps are listed in table 3.2.

Table 3.2. Comparison between free and paid apps: The Pros and cons.

Free Apps
Pros Cons
More downloads No guaranteed revenue
Multiple monetisation strategy Ads distract users
Majority of industry Requires high engagement to generate revenue
Lower user expectations Lower user loyalty
Positive reviews more likely
Paid Apps
Pros Cons
Every download generates money Fewer downloads
Free from ads Limited monetisation options
In-app purchases still possible Higher user expectations
Higher perceived value Require higher quality
Users are more loyal

Source: sourcebits.com (ourcebits.com/app-development-design-blog/free-vs-paid-apps-pros-cons/).

While many recent studies have increasingly emphasised the potential of well-designed,
technology-based apps to impact populations, there are increasing demands to regulate this
growing market with regard to the claims made about effectiveness. Little or no regulations
currently exist to ensure that health apps are accurate in content, evidenced-based, or effective.
Moreover, systematic reviews and meta-analysis studies that assess the efficacy of smartphone
apps to promote weight loss and improve PA are very scarce. Therefore, studies in this domain
suggest seven strategies help to understand the accuracy, evidence base, and efficacy of the

apps. The strategies are as follow: Review related scientific literature, Search app
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clearinghouse websites, Search app stores, Review app (descriptions, users’ ratings and
reviews), Conduct a social media query of professional and, if available, patient networks,
Pilot the apps, and draw out feedback from patients (226).

Recently, Mateo et al (2015) compared the efficacy of mobile phone apps with other
approaches to promote weight loss and increase PA in a systematic review and meta-analysis
of studies. The study included 12 controlled studies (performed in populations of children and
adults) that examined mobile apps interventions with PA outcomes or weight-related health
measures (body weight, BMI, or weight circumference). Results showed that body weight and
BMI were significantly reduced by 1.04 kg and 0.43 kg/m2 respectively while no significant
increase in PA level was seen. The study suggested that mobile phone app-based interventions
are likely to be useful tools for weight loss, though it also acknowledged a number of
limitations including the small number of related studies, small sample-sizes and short-follow
up periods in the included studies (209).

Fitness and weight management apps can be viewed partly as health guides that can help
making consumers’ health better. Hence, selecting the convenient app is a matter of
importance, especially with the availability of huge number of apps, with different levels of
functionalities, available. Several systematic reviews on fitness and weight management, rated
apps based on number of BCTs available that promote health and fitness. Middelweerd et al,
in 2014, analysed BCTs available in free and paid apps (in both iTunes and Google play stores)
using the taxonomy created by Abraham and Michi (2008). The study found that apps
(free/paid) included an average of 5 common BCTs (range 2-8). The most frequently used
techniques were; self-monitoring (keeping record for behaviour), providing feedback on
performance, and goal setting (detailed planning). However, techniques such as stress
management, motivational interviewing, self-talk, role model, relapse prevention were less

used (222).
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3.2 Investigation of the use of smart phone apps to monitor the energy intake and
physical activity of Omani men and women

Study 1 illustrated that the low level of PA as well as lack of health awareness (represented
in unhealthy food practices) were the main contributor to the prevalence of overweight and
obesity among study subjects. Therefore, for the intervention to be implemented, targeting the
unhealthy lifestyle behavior is essential. Literature recently demonstrated that new web-based
technology gained popularity and became more accepted in public health intervention as a
useful tools support improving health behaviors. Hence, to keep up with the development, and
to overcome a number of limitations recorded in the conventional intervention, the current
study represents a pilot-scale intervention aimed to investigate the effectiveness and feasibility
of smartphone apps on promoting physical activity and improving dietary intake behaviours
in Omani adults. Despite being a pilot scale study, this intervention is considered novel, and
to the best of our knowledge, no public health intervention study in Oman have used health
smartphone apps, as an investigation tools, to target lifestyle behaviors (PA or dietary
practices). Itisintended that the data could inform the use of such apps in a larger intervention
trial aimed at encouraging weight loss through a combination of dietary and physical activity
interventions. The study was implemented on 63 Omani healthy adults (16 males and 47
females) in two phases, conducted separately. Phase 1 was initially planned to be implemented
on Omani adults living in Oman. However, delays in ethical approval meant that there was
limited time to perform the study before the onset of Ramadhan (the fasting month of
Muslims) and as such, it was no longer possible to conduct the study in Oman. It was therefore
decided to conduct the study on Omani adults living in Nottingham, UK. Taking into account
the results of this study a further intervention, undertaken in collaboration with Nahla Al
Angoodi (an MSc student in University of Nottingham), was performed on 42 Omani female

adults living in Oman. In general, both studies can be viewed as feasibility studies aimed to
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inform future preventative interventions in Oman. Therefore, both studies are presented in

this chapter as phase 1 and phase 2 respectively.

3.2.1 Choice of Mobile Phones Applications

Many freemium apps, especially those high in usability scale, provided the most BCTs. Hence,
three highly ranked freemium apps (Lose it (121), MapMyFitness (227) and Pacer (228),
available in both iTunes and Google Play, were used in these studies. Lose it, is a
comprehensive app-based weight loss program providing smart, personal and convenient
ways to help people lose weight and improve their health. It is a very popular app with more
than 24 million users. The app is powered by proven nutrition science and robust behaviour
change techniques including, monitoring daily energy intake and energy expenditure,
customising weight lose plan (goal setting), tracking nutrients intake (macro and micro
nutrients), social support (connecting to friends and family) and offer challenges (head-to-
head, team and group-based challenges). It is also providing a comprehensive meal plan
database and allows integration with health and fitness brands such as Fitbit, Nike, Withings,
Apple Health, RunKeeper, and MapMyFitness.

MapMyFitness is a fitness tracking application that enables consumers to use the built-in GPS
of a mobile device to track all their fitness activity. It provides workout details, including
duration, distance, pace, speed, elevation and calories burned as well as route traveled on an
interactive map. Over 15 million users are recorded in the MapMyFitness member list.

Pacer app is a free app which serves as a digital pedometer, designed to record your steps,
distance, calories burned, and active time. It can help in weight management by tracking
weight and BMI using trends pages. It is simple, offers social support, is easy to use, gives a
detailed information on users’ progress and can connect to other health apps such as
Myfitnesspal. Both PA apps (MapMyFitness and Pacer) were implemented on two different
groups in this study. The main difference is that MapMyFitness tracks the daily step counts
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using Global Positioning System (GPS) to detect and record the route of walking or running,
whereas Pacer app depends on sensors, provided within the smartphone, to record the daily
step counts (without navigation). All three apps include the main BCTs (self-monitoring,

feedback on performance, goal setting, as well as social support).
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3.2.2 Phase 1: Evaluation of effectiveness of Mobile Phone Applications in improving

physical activity and dietary intakes on Omani nationals living in Nottingham, UK

Hypothesis:
1. Health and fitness smartphone apps that include behaviour change techniques (self-
monitoring, individualised feedback, specific goal setting, and prompt review behavioural

goals techniques) provide better outcomes in terms of physical activity and energy intakes.

Objectives:

To assess the effectiveness of two smartphone apps (Lose it) and (Map My Fitness) to
improve physical activity level and energy intakes of Omani male and female adults living
in Nottingham.

e To measure the difference in weight, BMI, mean daily calorie intake and the mean daily

step counts between baseline and the end of the study (primary outcomes).

e To measure the difference in percentage of nutrients (Carbohydrate, Fat, Protein) between

baseline and end of the intervention (secondary outcomes).

e To assess participant’s satisfaction about the effectiveness of both apps in improving their

dietary and physical activity behaviours.

3.2.3 Methodology
Phase 1 adopted a mixed-method evaluation approach including a pilot-scale apps study, a
short evaluation questionnaire and focus group interviews using recruits from Omani adults

living in Nottingham.

115



3.2.3.1 Participant’s recruitment

Over thirty potential participants (males and females) were invited through a face-to-face
meeting or via email sent out to Omani adults living in Nottingham, most of them registered
in the Omani society enrolled in the student Union (University of Nottingham). Enrolment
into the study commenced on 1 May 2016 and all final outcome assessments were completed
by 5June 2016 (duration of 5 weeks in total). Potential participants were given explanations
about the study and their required engagement. Twenty-eight potential participants (18 males,

10 females) agreed to participate in the study (figure 3.2).

3.2.3.2 Inclusion and exclusion criteria

Participants were eligible if they:

e had a willingness to take part in the study

e were active smartphone user, were over the age of 18 years

e had a BMI between 18.5-32

« were capable of undertaking moderate physical activity

e had not been diagnosed with any chronic diseases (including hypertension, cardiovascular

disease, diabetes)

Participants were excluded for the following reasons:

e not smartphone users

pregnant

diagnosed with any chronic disease

could not undertake moderate exercise (for any reason including being overweight)

any conditions that could influence his/her daily dietary energy intake.
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Baseline phase (5 days)
(n=28) Assessed for eligibility

N4

Excluded (n=7) for the following reasons:

e Language inconvenience (n=2)
e Lack of time and skills (n=5)

4

Intervention phase (4 weeks)

(n=21) participants signed consent form
Divide into 2 groups based on their BMI

iy

iy

Group 1
BMI (18.5-25)
n=10 (8 m & 2f)

Group 2
BMI (26-35)
n=11 (8 m & 3f)

NS

S

Apps used: Lose it and Map

My Fitness

Target goals:

¢ 3000 steps > average steps in
baseline

¢ Advised to eat healthy foods

Apps used: Lose it and Map My

Fitness

Target goals:

¢ 500 kcal < value in baseline.

¢ 3000 steps > average steps in
baseline

Average daily step count &
average daily dietary intake were
assessed

Average daily step count &
average daily dietary intake were
assessed

Figure 3.2. Participants’ recruitment and follow up (Phase 1).
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3.2.3.3 Intervention (study protocol)

Two smartphone apps (Lose it and Map My Fitness) were selected as study tools to measure
the outcomes, due to their high rating, using already-established desired criteria for
smartphone apps promoting weight loss and physical activity (see section 3.2.1). Lose it app
was used to track the daily dietary intake and (Map My Fitness) was used to track daily step
count. Both apps provide robust food (Lose it) and exercise (Map My Fitness) databases and
easy-to-use interfaces for logging food and exercise. In the Lose it app, users entered their
current weight, goal weight, and the goal rate of weight loss. The app then showed the users
their daily, individualized calories goal. The app provides immediate feedback in the form of
daily calorie gauge graphic that increases in real-time as food is entered into the app.
Furthermore, it generates real-time reports showing the users their weight trend, caloric intake
in the past week and nutritional summaries of their diet (e.g. fats, carbohydrates, protein, etc.).
In addition, it includes a barcode scanner for branded foods, as well as social networking
feature that enables users to contact their friends and share their progress. In the Map My
Fitness app users enter their weight, height, and the goal of daily step count. The app uses the
GPS navigation technique to provide automatic feedback and tracking of the step count and
calories burned. The app also provides a visually appealing display of step count history and
goal achievement.

To preserve subjects’ confidentiality individual subject data was sent only to the principal
investigator, who allocated a subject number so that the data was completely anonymised prior
to any analysis. The background data collected by the two apps was outside of the researcher
control and, as a precaution, subjects were advised to decline any notifications (including

advertisements) that might ‘pop up’ on their smart phones during installation of the apps.

At the base line phase, subjects were asked to download the two apps onto their smartphones.

Participants were given enough information (Appendix C) and training on how to use both
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apps, creating account, entering their demographic data (age, gender, weight, and height),
recording their daily food intake and step count, and sending reports using “share data”
function or via email option available in the apps. Participants were requested to practice their
normal daily dietary intake and physical activity level and not to use either of the two apps
features during this baseline phase. Two days after starting the baseline phase, potential
participants were asked to send their data to the researcher to be reviewed and checked. All
participants were further requested to send all their data at the end of the baseline phase (five
respective days). The collected baseline data were saved and analysed, and then participants
were assessed for eligibility before starting the intervention. Seven participants withdrew from
the study during the baseline phase (2 males and 5 females). Twenty-one participants (16
males and 5 females) were eligible and agreed to take part in this study. Due to small sample
size, the upper limit of BMI in the exclusion and inclusion criteria was changed from 32 to
35. Participants were divided, based on their BMI, into two groups (group 1, normal weight
(BMI 18.5-24.9) and group 2, overweight and obese (BMI 25-35)) (figure 3.2). Upon
completion of the consent form (Appendix E), eligible participants were requested to start the
intervention phase. Participants were given sufficient training to enable them to activate the
app’s features such as setting goals, monitoring their daily calories intake, recording daily step
counts, synchronising the data from both apps, saving and sending the data, and to set a
reminder to log their food. They were also encouraged to use the social networking with
friends, creating groups, sharing their data with their friends, creating challenges etc. In
addition, they were provided with a link to an instructional video developed by apps
producers, in order to allow for better understanding of apps’ functionalities. Participants in
group 1 were individually requested to increase their daily step count by 3000 steps/day (based
upon recorded daily step count in baseline phase), as a goal setting, and not to change their
daily dietary intake (advised to eat healthy food). Similarly, in group 2 participants were
individually requested to increase their goal setting, in PA app, by 3000 steps/day, as well as
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reducing their daily dietary intake by 500 kcal (based on the average value recorded in the
baseline phase) and record it in goal setting plan in the Lost it app. All participants were
encouraged to use features of both apps’ that may help them achieving their particular goals.
3.2.3.4 Data collection

All daily recorded data, in both apps, were automatically saved in both apps (once recorded).
Study participants were requested to send their energy intake reports to the investigator at the
end of every week, via email. Data of each session of PA (including the route maps) were

instantly sent to the investigator via the share data function, after saving the workout in the

app.

3.2.3.5 Focus-group interviews and Apps evaluation (short questionnaire).

Focus groups, according to Thomas et al (1995), is a technique involving the use of in-depth
group interviews in which participants are selected because they are a purposive, although not
necessarily representative, sampling of specific population, and the group is being focused on
a given topic (229). Thus, the criteria for selecting the participants, in this type of research, is
basically that they would have something to say on the topic and would be comfortable talking
to each other and to the interviewer (230). Recently, focus-group interviews, as tools for
qualitative data collection, have gained popularity in health research, investigating human
behaviours, feeling and attitudes. They play a role in involving users in care management and
strategy development, as well as assessing health promotion and nutrition intervention
programmes (231). Focus-group interviews are basically aimed to understand and explain the
meanings, beliefs and cultures that influence the feeling, attitudes and behaviours of
individuals. Hence, it is a very useful tool for exploring the complexity surrounding food
choice, dietary and other lifestyle behaviours, in ways that encourage the participants to
engage positively with the research. Focus-group interview has many distinct features
including the generation of a rich source of qualitative data that excludes misinformed or
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extreme views which records a relatively collective view of participants while saving time and
expense (232) (233). The social interaction of the group (group dynamics) offers deeper and
richer data than those from one to one interviews (229) and the findings can be used to precede
quantitative procedures. Moreover, it can generate information about a range of ideas and
feelings that individuals have about certain issues and clarify the differences in perspective
between groups of individuals. Although for some individuals self-disclosure is natural and
comfortable, for others it requires more trust and efforts and may pose a challenge in this
model of research. Many studies in this field suggest that selecting the members of focus-
group, to obtain rich data, depends on the topic under investigation. Krueger et al (1994)
suggested that participants should share similar characteristics (e.g. gender, age group, ethnic
and social class background) (234). However, most research recommends that participants
should not know each other, in order to encourage more honest and spontaneous expression
of views and a wider range of responses (231).

The outcomes obtained from the apps study could be challenged due to the small sample size
and the fact the volunteers were living in the UK rather than Oman. It was hoped that
conducting focus groups would provide a greater insight into the suitability of the
interventions for this cultural group. Focus group interviews, including 5 male participants,
were held on Sunday 5 June 2016. As mentioned earlier, many factors have hindered
recruiting larger number of participants and involving both genders including; the limited
resource constraint and the conservative culture of Omani community that restricted the
engagement of females with male group. Hence, it was not possible to get female participants
involved in the focus group interview or create 2 focus groups interview.

Timing was arranged and agreed (12:00 noon) with the participants for convenience and to
improve attendance resulting in only one absence. Participants sat around a central table and
the room was set up to provide an informal environment where they were free to talk and
socialise. The focus group included participants from different BMI categories (including
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normal weight, overweight and obese individuals) and followed a semi-structured discussion,
using open questions, of effectiveness of health and fitness apps in improving diet and PA
behaviours in Omani people. The focus group was moderated by the principle investigator.
Consent was obtained through the allocation and signing of a consent form. At the beginning
participants were requested to speak one at a time for transcription purposes. Discussions were
recorded via an audio recording device. The data was securely stored on the University
website and external hard disk. All details of the interview listed in (Appendix F).

It is essential to assess participants' satisfaction with the smartphone apps, as acceptability is
related to intervention effectiveness (235). Hence, at the end of the current intervention,
participant’s satisfaction was evaluated via two questionnaires (one for each app, presented
electronically using Google Forms) and sent by email to all study participants who completed
the intervention. Each questionnaire included 7 straightforward short answer questions. All
completed answers were sent to the investigator (via email), by clicking on send icon available
in the questionnaire form. Data collection and descriptive data analysis was sorted
automatically by Google Drive software. Details of both questionnaires and their results are

presented in (Appendices E and F).

3.2.3.6 Data analysis

The data collected from this study were statistically analysed by IBM SPSS Statistics 22 using
descriptive statistics to illustrate the baseline characteristics of study participants, paired
sample t-test to compare the differences in primary and secondary outcomes before and after
the intervention, one-way analysis of variance (ANOVA) to evaluate the effect of BMI
categories on average daily step counts and average daily energy intake.

3.2.3.7 Ethical consideration

The study was approved by the Medical School Research Committee of the University of

Nottingham (Ref: SBREC150124A).
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3.4 Results

3.4.1 Participants' recruitment and baseline characteristics

A total of 28 potential participants volunteered to participate in the study (18 males and 10
females). Of these, 7 (25%) participants withdrew from the study due to a variety of reasons
including, lack of skills or interest in using new technology (especially women), language
inconvenience and lack of time. As a result, 21 were eligible and agreed to participate in the
study (16 males and 5 females). Eligible participants had a mean (x SD) age of 34+3.9 years,
a mean (£ SD) BMI of 26.3+3.7, and 16 (76%) were male. Other baseline characteristics are
outlined in table 3.3. Based on BMI classification, 10 participants (47.6%) were normal
weight, 8 (38.1%) were overweight and 3 (14.3%) were obese (table 3.4). Half of the male
participants were either overweight (38%) or obese (12%). Out of five female participants,
two were overweight and one was obese. As illustrated in table 3.5, the average (+ SD) daily
dietary intake (Kcal/day) and step count (Steps/day) in the baseline phase were 1462 + 638,

and 2491 + 2556 respectively.

3.4.2 Primary and secondary outcomes

The comparison of different study variables before and after the intervention, in all study
subjects is illustrated in (Appendix I). Results showed no significant changes in primary and
secondary outcomes by gender, by the end of the study except for the step counts in male
subjects (P=0.02) (table 3.6). However, in the group as a whole, significant changes were
observed in the body weight, BMI and daily step counts of study participants by the end of
the intervention. No changes were noted in daily energy intake, percentage of carbohydrates,
fats, and proteins. Intervention measures of weight, BMI, energy intake, daily step counts, and

macronutrients did not change in group 1, whereas in group2 average daily step counts was
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significantly increased by the end of the study (P=0.009) (table 3.7). Results in the same table
also show a trend to increased daily step count in group 1, although it was not significant
(P=0.09). Using One-Way Analysis of variance, results showed no significant effect of BMI
category on daily energy intake or daily step counts of study participants before or after the

intervention (table 3.8).
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Descriptive results

Table 3.3. General characteristics of study participants in the baseline phase.

Male (n=16) Female (n=5) Total (n=21)

Mean = SD Mean = SD Average
Age (year) 35+ 4 34+4 34£3.9
Height (m) 1.74 +.05 1.56 + .05 1.740.1
Weight (kg) 77.2+10.8 66.6 + 14.3 74.7£12.2
BMI (kg/m?) 26.0+3.5 27245 26.3+3.7
Energy intake (kcal/d) 1525.9 + 697.8 1258.0 + 377.9 1462638
Step count (steps/d) 3112.9 + 2606.8 500.4 + 832.4 2491£2556

Values are means * standard deviation (SD)
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Table 3.4. Distribution of study participants based on BMI (kg/m?) category.

Male (n=16) Female (n=5) Total (n=21)
n (%) n (%) n (%)
Normal Weight 8 (50) 2 (40) 10 (47.6)
Overweight 6 (38) 2 (40) 8(38.1)
Obese 2 (12) 1 (20) 3(14.3)
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Table 3.5. Average daily (dietary intakes, step counts) before and after study.

Male (n=16) Female (n=5) Total (n=21)
Mean (£SD) Mean (£SD) Mean (£SD)
Energy Baseline 1525.9 + 697.8 1258.0 £ 377.9 1462.1 + 638.3
(kcal/d)
Energy End 1622.4+631.5 991.5+£172.6 1472.2 + 617.1
(kcal/d)
Step Count Baseline 3613.5 = 2569 625.5 £ 905.3 2490.9 + 2556.4
(steps/d)
Step counts End 7395.8+4899 2992+780.6 6359.6 £ 4671.5
(steps/d)
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Inferential statistics

Table 3.6. Changes over time of primary and secondary outcomes in male and female participant (using dependent samples Paired t-test).

Male Female Total
_ ) Sig. _ Sig. ) Sig.
Variables Baseline End ) Baseline End ) Baseline End )
(2-tailed) (2-tailed) (2-tailed)
Weight (k) 776114  766+113 009  ggg+143 6544137 008  TAT128 73.6£126  0.023*
2
BMI (kg/m?) 26.3 3.6 26435 008  27.2+45  26.7+4.2 0.08 26.6£3.7 26.2+36  0.017*
Energy intake
(kealld) 15250+ 697.8 16224632 043  1758+378 99154173 0.07 14624638 1472617 0.919
Step count
(steps/d) 36135+ 2560 73064899  0.02* 62552005 29924781 0.06 2491+ 2556 6360+ 4672 0.004*
Carbohydrates (g)  61.3£6.1 615¢57  0.94 6148.6  60.7+7.3 0.8 61366 61.3t59  0.982
Fats (g) 18+4.2 17.3+4 0.58 183+41 17.3t+39  0.345

19.3+4.2 17.5+3.8 0.39

Proteins (g) 206451  21.3+42 061 197475 215140 037  204+56 213x40 0373

Values are means = standard deviation (SD)
* Statistical significant difference (P <0.05)
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Table 3.7. Changes over time of primary and secondary outcomes in normal weight and overweight/obese participants.

Normal weight (BMI: 18.5-24.9 kg/m?) Overweight/Obese (BMI: 25-35 kg/m?)

Characteristics
Baseline Phase End of the study  Sig. (2-tailed)  Baseline Phase  End of the study Sig. (2-tailed)

Weight (kg) 64.9+9.8 64.3+9.8 0.13 81.849.8 80.5+9.9 0.08
BMI (kg/m?) 23.3x14 23+ 14 0.131 28.943 28.4+ 2.8 0.06
Energy intake (kcal/d) 1414 + 727 1548.9 + 727 0.3 1505.8 + 578 1402.4 + 524 0.5
Step counts (steps/d) 2678.8 + 2248.4 6763.9 + 5584 0.09 3116+3016 60004007 0.009*
Carbohydrates (%) 61.9+4.2 61.84£5.6 0.9 60.7£8.3 60.916.4 0.9
Fats (%) 17.8+3.6 17.7£3.3 0.8 18.7+4.7 17+4.5 0.4
Proteins (%) 20.3+5 20.5+4.4 0.8 20.5+6.3 22.1+3.8 0.4

* Statistical significant difference (P <0.05)
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Table 3.8. Impact of body weight (BMI categories) on the mean daily energy intake and daily step count.

BMI (kg/m?2) categories Normal Overweight Obese One-way
Characteristics (18.5-24.9) (25-29.9) (over 30) ANOVA (Sig.)
Ave. Daily energy intake (kcal/d) baseline 1414727 1568+586 1340643 0.839
Ave. Daily step count (steps/d) baseline 2143+2282 275412751 294813771 0.847
Ave. Daily energy intake (kcal/d) (end of study) 15494727 1460£572 1249+425 0.778
Ave. Daily step count(steps/d) (end of study) 676415584 5914+3067 617316374 0.949
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3.4.3 Apps evaluation (Focus groups interview & short questionnaire)

Five participants were interviewed in a focus-group interview to find out their impression,
views and opinions about both apps. The answers of all interviewees were summarised after
each question (Appendix F). In general, most of the interviewees indicated that the dramatic
increase in NCDs and the existence of chronic diseases in their family history were the main
motivators about the quality of their general health. Most of them have never used health and
fitness apps before. All interviewees were satisfied with both apps and many of them reached
at least part of their goals. Features, such as creating groups, sharing data and challenges with
friends were very helpful in achieving goals. However, they suggested that customising some
app features (meal plan, language) to be culturally sensitive would be more effective.
Participants were requested to complete satisfaction questionnaires relating to both apps.18
participants (85%) out of 21 have completed the Lose it app questionnaire, and 19 (90.5%)
participants responded to Map My Fitness app questionnaire. All female participants responded
and completed both questionnaires. Most study participants reported high satisfaction for both
apps, despite the drop-in app usage (especially Map My Fitness app) during the study
(Appendix G & H). About 90% (n=17) of the participants had never tried using such apps
before. With regard to the Lose it app, approximately 55% of the participants stated that
recording daily dietary intake was easy or very easy and almost 67% partly reached their goals.
Over 90% (n=17) of study participants indicated that both apps were effective, and they would
recommend them to friends. Over 68% of the participants stated that the Map my Fitness app
was easy or very easy to use, 53% of them partly reached their goals, and over 30% reached
most or all of their goals. In both apps, responses to the question about the most helpful features,
reiterated the following features; self-monitoring of energy intake (number of calories

consumed with respect to target amount, macronutrients %, healthy foods), feedback about the
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performance (diagrams, charts, reports), and social networking feature (interaction with users,

creating groups, sharing information and making challenges).
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3.5 Phase 2: Feasibility of Smartphone Application to Promote Physical Activity in

Healthy Omani Female Adults

Despite the generally positive findings observed in phase 1, the study was limited by its small
sample size (especially female participants), lack of a control group, low level of female PA
recorded in baseline phase (500+ 832), short-term follow up and a non-representative study
environment. Participants in the study were all living and working/studying in the UK and as
such were not directly affected by cultural and environmental conditions that may be prevalent
in Oman. Furthermore, it was not possible to specifically assess the role of the apps in
improving the lifestyle choices of the subjects as no control group was included. Hence, phase
2 evaluated the effectiveness of health and fitness apps, compared to conventional lifestyle
advice, on a larger sample size of (female adults) living in Oman (representative). Both the
survey study and the initial app trial suggested that PA, rather than energy intake, may represent
a significant problem among Omani adults. Hence, the aim of this study was to specifically
determine the feasibility of a smartphone app to increase PA in healthy Omani female adults
living in their home country. As such, this was not a continuation of the phase one study and

required new Ethical Approval from the Research Committee in University of Nottingham.

Hypothesis: It was hypothesised is that the use of a smart phone app would significantly
increase the activity of female subjects living in Oman. However, the null hypothesis was that

there would be no difference in activity between the app group and a control group.

Objectives of the study
e To determine the PA of the study population
e To assess the effectiveness of a smartphone app in promoting and improving PA

e To compare PA level before and after the intervention in app and non-app (control) users.
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e To compare the changes in dietary intake between the first week at baseline and the fifth
week at follow up.
To the best of our knowledge, this is the first study to use a smartphone app with Omani women

living in Oman.

3.5.1 Methodology
3.5.1.1 Participant recruitment

The current study was a randomised controlled trial aimed to investigate the feasibility of a
smartphone app to promote PA in Omani female adults living in Oman with duration of five
weeks in total, including a baseline week. Potential participants were invited through a multi-
strategy approach using personal networking, and a flyer (Appendix K). Personal networking
is often adequate for recruiting participants in small studies (236). Potential participants were
informed about the study contact details and university email address through which the project

information sheet can be requested (Appendix L).

3.5.1.2 Inclusion and exclusion criteria

Participants were eligible if they were:

e Omani female adults aged 18-55 years living in Oman.

¢ Android or iPhone smartphone users, English-language literate
e Capable of undertaking PA.

Participants were excluded for the following reasons:

e Not smartphone users
e Underweight

e Pregnancy
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e Medical history of NCDs including hypertension, diabetes, CVD and obesity

(BMI>30kg/m2)

All potential participants were contacted by the investigator on the 7" of November 2016, and

all final outcome data were collected by the 19" of December 2016.

3.5.1.3 Ethical approval and consents

The study was approved by the Sutton Bonington Research Committee of the University of
Nottingham (No: SBREC160105A). Consent forms and all information materials are listed in
(Appendix M), were available in Arabic and English languages, to ensure that it was culturally
appropriate, and the participants comprehended the information. Completed consent forms

were obtained from all study participants.

3.5.1.4 Randomisation and intervention

Participants were provided with all information about the study via e-mail or WhatsApp. A
preliminary electronic questionnaire (Appendix N) was used to collect the demographic and
anthropometric information of study participants and assessed their eligibility. Eligible
participants were assigned a code after completing their consent form.

Using a research  randomiser  computer  software  program  (http://www.
Randomizer.org/form.htm), participants were randomly allocated to one of two groups; the
non-app (control) group (n=21) or the app group (n=21). Due to the nature of the intervention,

blinding of the participants and researcher was not possible.

The app group was requested to download the mobile app (Pacer), a pedometer, onto their
phones. Participants were provided with detailed information and steps for downloading the
app and sending the data via data export function available in the app. Those who needed
further assistance were advised to contact the researcher. They were also asked to keep a PA

log during the baseline week. A three-day food diary data was collected at the baseline and at
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the fourth week of the intervention. During the baseline period all subjects were requested to
continue with their normal daily routine of PA. App group subjects were asked to carry their

phones during waking hours.

After data collection on the baseline week was completed, participants assigned to the app
group were trained on how to use the smartphone app (Pacer) and encouraged to increase their
PA gradually, taking into account that the current guidance is 10,000 steps per day. Participants
were contacted by phone and given further information on how to incorporate the additional
daily steps into their normal daily life such as taking the longest route to the office, taking the
stairs instead of the elevator, walking in the mall during hot weather etc. They were requested
to send the step count data at the end of every week, using the 'data export' feature in the
application. With regard to control group, once the data collection of the baseline week was
completed, they were contacted again by phone and given general information about PA. They

were also asked to send written PA logs weekly.
3.5.1.5 Study measures

Age, height and weight were self-reported, body mass index (BMI) was calculated (at the
baseline and the end of the intervention). As in Phase 1 normal weight was defined as BMI
18.5- 24.9, overweight as BMI 25-29.9 and obese as BMI > 30. For those in the app group,
daily PA, total step count and active time was assessed and recorded by the Pacer app. In the
control group, daily PA logs were used to record the active time. Three-day diaries were used
to assess the dietary food intake of study subjects in both groups at the baseline phase and the
end of the intervention. The name of the app (Pacer) was made available to the control group
at the end of the study, and all participants received feedback on their activity and dietary intake

upon request.
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3.5.1.6 Outcome

The primary outcome measure was PA level (active time) of study participants in both app
group and control group. Secondary outcomes were the impact of changes over time of PA

level on food choices between the baseline and intervention, and participant satisfaction.

3.5.1.7 Smartphone app and its selection process

In phase 1, 50% of female potential participants (5 female) withdrew from the study during the
baseline phase, most of them due to lack of time and skills. Although improvement in PA was
noted among study participants by the end of the study, some subjects found the nature of data
entry in the fitness app (Map My Fitness) rather tiresome. A possible reason for this was the
commitment required to practice PA in regular basis. An additional factor may be the
burdensome steps required in activating some functionalities (e.g. setting up data sharing
functionality required some skills in sending/accepting invitation via email between the
participants and the investigator). Furthermore, using the navigation system in each workout
undertaken may have increased the burden. These technology-based setting steps are possible
reasons behind the withdrawal of many female participants during the baseline phase.
Therefore, in order to ease the burden on study participants, different app was used in phase 2
(Pacer), which included more user-friendly features that replaced the most challenging steps
observed in Map My Fitness app used in phase 1. Examples of these features are; continuous
automatic tracking of step counts participants were carrying the phone, working without using

navigation system and using the ordinary email for sending data.
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3.5.1.8 Data handling and statistical analysis

Data was handled, and subject confidentiality maintained as detailed in the phase 1 trial.
Statistical analysis was performed using SPSS software (version 20) as described for phase 1.
Age and BMI sections were analysed using descriptive statistics (mean £ SD). A chi-squared
test was used to compare categorical variables such as demographics. Independent and paired
T-tests were used to compare PA levels (active time and step count) and food intake between
and within groups. Dietary intake of study subjects was analysed using the dietplan6 software.
Data were presented as means, standard deviation or percentages. A P-value (P < 0.05) was
used for the level of significance. Participants’ satisfaction and effectiveness of the apps used
in improving PA behaviour was assessed using a questionnaire and presented as percentages

(HO).
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3.6 Results

3.6.1 Participants' recruitment and baseline characteristics

A total of 82 potential participants completed the initial questionnaire. Of these, 40 were
excluded from the study due to a variety of reasons including, being diagnosed with chronic
diseases, underweight, and being outside the country during the course of the intervention
(figure 3.3). Only 42 participants were eligible and were randomised. However, 38 (90.4%)
completed the study with three further participants dropping out during the baseline period (3
from the app group and one control. Reasons for drop out included pregnancy, time constraints
or lack of response.

Participants who completed the study had a mean age of 34 £ 5.1 years, a mean BMI of 23.5
+ 3.1 kg/m?, and average energy intake of 1258+369 (kcal/day) at baseline phase (table 3.9).
The mean active time was (31.2+23.6 minutes/ day). As shown in (table 3.10), no significant
differences were seen between control and app group in educational level, employment status,
and marital status (P= 0.2, 0.34, 0.16 respectively). Based on BMI classification, 24 (63%)
participants were normal weight and 14 (37%) were overweight (table 3.11). six members of
control group were overweight, while 8 in app group were overweight.

3.6.2 Primary and secondary outcomes

In the group as a whole, results showed no significant difference in the mean body weight,
mean BMI, average energy intake, and macronutrient values (carbohydrates, fats, and proteins)
before or after the intervention (table 3.12). However, a significant increase (P=0.004) was
observed in the duration of active time by the end of the intervention. No significant changes
were noted in active time of the control group before and after the intervention (P=0.16). In
contrast, the active time was significantly increased (P=0.006) in the app group from mean 32.7

+ 21.3 minutes/day in the baseline to mean 48.3 + 25.1 minutes/day at the end of the
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intervention. The app group also showed a significant increase (P=0.001) in average step count

from mean 3740 £ 2656 steps/day to 4986 + 3009 steps/day.

Assessed for eligibility (n=82)

NS

Excluded (n=40)

Not meeting inclusion criteria
Diabetes (n=2)
Obesity (n=31)

Hypothyroidism (n=1)
Underweight (n=2)
Outside Oman (n=2)

Randomised (n=42)

T— T—
| —— | —

s

<

Allocated to app group (n=21)
Received allocated intervention
(n=18)

e Withdrew (n=1)

e Pregnant (n=1)

Allocated to control (n=21)
Received allocated intervention
(n=20)

¢ Did not respond (n=1)

Lost to follow up (n=0)

Lost to follow up (n=0)

NS

NS

Analysed (n=18)

Analysed (n=20)

Figure 3.3: Participants’ recruitment and follow up (Phase 2).




As illustrated in table 3.13, the treatment effect was evident in the app group, with the increase
of 22% of active participants by the end of the intervention compared to a 5% increase in the
control group. Table 3.14 shows the differences between control and app groups in primary
and secondary outcomes before and after the intervention. No significant difference was
observed in the active time between control and app group in baseline (P=0.69) and after the
intervention (P=0.133). Similarly, no significant differences between groups in regard to
energy intake and macronutrients (carbohydrate-sugar and fibre- and fat) at baseline phase
except for the percentage of energy from protein (P=0.007). However, a significant decrease
in energy intake (P=0.04) was observed in the app group at intervention. In addition,
carbohydrates were significantly lower in the app group (P=0.009) and the percentage of

energy from protein continued to be significant (P=0.04).

Table 3.9. General characteristics of study participants in the baseline phase (phase2).

Control App All
Mean + SD Mean + SD Average P-value
Age (Year) 33.85+5.7 34.17+£4.5 34+51 0.34
Height (m) 156.5+6.7 157.8+6.3 157+6.4 0.90
Weight (kg) 58.5+10.7 58.5+9.8 58.5+10.1 0.88
BMI (kg/m2) 23.8+3.5 233+2.7 235+3.1 0.12
Energy intake (kcal/d) 1373 + 494 1142.4 £2425  1258+369 0.09
Active Time (Minutes/d) 29.68 £ 25.9 32.7+21.3 31.2+23.6 0.95

Data are presented as mean + SD (standard deviation); P-value (<0.05) was determined by independent t-test.
BMI is ‘body mass index’; kcals is ‘kilo calories’.
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Table 3.10. Baseline demographics.

Demographic
Education Level n (%)

Control Group (n=20)

App Group (n=18)  P-value

High School 1(5) 1(5.6) 0.20
Degree 17(85) 11(61.1)

Postgraduate 2(10) 6(33.3)

Employment Status n (%)

Employed 17(85) 17(94.4) 0.34
Unemployed 3(15) 1(5.6)

Marital Status n (%o)

Single 8(40) 11(61.1) 0.16
Married 12(60) 7(38.9)

Data are presented as percentages. P-value (<0.05) was determined by chi-square test.

Table 3.11. Distribution of study participants based on BMI category(kg/m?).

Control App All
n (%) n (%) n (%)
Normal Weight 12 (66.7) 12 (60) 24 (63.2)
Overweight 6 (33.3) 8 (40) 14 (36.8)
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Table 3.12. Changes over time of primary and secondary outcomes in control and App group (using dependent samples Paired t-test).

Control App All
: : Sig. : Sig. : Sig.
Variables Baseline End } Baseline End _ Baseline End }
(2-tailed) (2-tailed) (2-tailed)

Weight (Kg) 58.5£10.7  58.5+10.4 0.98 58.5+9.7 58.3+9.7 0997  S585%10.1 584499 0.796
BMI (Kg/m?) 238+£35 23.8%35 0.98 23.4+2.7 23.3+2.7 0994 23631 236430 0.834
Energy intake
(kcal ,%3’ 1373+494 13494679 066 114242425 1069+ 2935 037  1263.8+407 1216415  0.321
Active time (Minutes/d) 29 6+25.97  35.8 + 24.7 0.16 32.7+21.3 48.3 +25.1 0.006+ 31.2+23.6 39.6+23.4 0.004*
Step count (Steps/d) . - _ 374012656 4986+3009 0.001* . . -
Carbohydrates (g/d)  178.9+72 175.4+66.4 0.75 143.7+44  126.9+355 0.16 162.3+62  152.5+59 0.232
Fats (g/d) 554 +225 53+245 0.51 44 + 16 43.9 +17 0.92 50.2+20 48.9+22 0.636
Proteins (g/d) 50.7+17 52.6+145 0.46 50.9 +14.9 498 +14.6 0.76 50.8+16 51.3+14 0.820

Values are means + standard deviation (SD)

* Statistical significant difference (P <0.05)
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Table 3.13. Physical activity level changes between baseline and intervention for both groups.

Active >30 (Minutes/d) 9(45) 10(50) 8(44.4) 12(66.7)

Inactive < 30 (Minutes/d) 11(55) 10(50) 10(55.6) 6(33.3)

Active > 5,000 (Steps/d) 5(27.7) 7 (38.9)

Inactive < 5,000 (Steps/d) 13(72.3) 11(61.1)
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Table 3.14.

intervention.

Mean difference for outcomes in control and app groups at baseline and

Baseline

Intervention

Outcome App Group (n=18) Control Group (n=20)

Mean = SD Mean = SD P-Value
Active Time (minutes/d) 32.7 (21.3) 29.68 (25.96) 0.69
Dietary Energy (Kcals/d) 1,142.4 (242.5) 1,373 (494) 0.08
Carbohydrate (g/d) 143.7 (44) 178.9 (72) 0.07
% Energy CHO 47.3 (9.9) 48.2 (1.7) 0.75
Protein (g/d) 50.9 (14.8) 50.7 (17) 0.96
% Energy Protein 17.9 (3.4) 15 (2.7) 0.007:
Fat (g/d) 44 (16) 55.4 (22.5) 0.09
%Energy Fat 34.8 (8.7) 36.6 (7.3) 0.49
Total Sugar (g/d) 48 (24) 55.8 (26.5) 0.35
Total Dietary Fibre (g/d) 9.5(4) 9.5(3) 0.16
Active Time (minutes/d) 48.3 (25.1) 35.89 (24.7) 0.133
Dietary Energy (Kcals/d) 1,068.6 (293.5) 1,348.8 (467.9) 0.04x
Carbohydrate (g/d) 126.9 (35.5) 175.4 (66) 0.009*
% Energy CHO 45.2 (7.8) 48.6 (8.6) 0.22
Protein (g) 49.8 (14.6) 52.6 (14.5) 0.56
% Energy Protein 18.6 (3.4) 16.2 (3.4) 0.04=
Fat (g) 43.9 (17) 53 (24.5) 0.18
% Energy Fat 36.1(7.2) 35.1(7.3) 0.68
Total Sugar (g/d) 40.7 (17.6) 52.5(20.9) 0.07
Total Dietary Fibre (g/d) 8.7 (4) 10.5 (3.9) 0.18

* Represents significance. P-values (< 0.05) were determined by independent t-test; CHO (carbohydrate); SD
(Standard Deviation).
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3.6.3 Participants' satisfaction with the app

All 18 participants in the app group completed a satisfaction questionnaire (figure 3.4)
(Appendix O & Appendix P). 89% of the participants found the app to be effective, easy to use
and indicated that they would continue using it after the study. 94% found the app motivated
them to do PA, while 89% thought that combining the app with a wearable device would be

beneficial.
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PARTICIPANTS' SATISFACTION OF USING THE APP
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Figure 3.4. Participants' satisfaction is presented in percentages (n=18).
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3.7 Discussion (Phase 1)

Phase 1 aimed to investigate the effectiveness of two smartphone apps (Lose it and Map My
Fitness), available free in both Android and Apple stores, to improve physical activity and
dietary intake in Omani male and female adults living in Nottingham. Twenty-eight
participants were recruited in this study which represents approximate 28% of the estimated
100 Omani nationals living in the Nottingham area. Connelly (2008) suggested that a pilot
sample should be 10% of the sample projected for the larger study, although it is not a straight
forward for some studies, which are influenced by many factors (237). Furthermore, Hill in
(1998) suggested 10-30 participants for pilots in survey research (238).

To our knowledge, neither apps have been assessed in prior studies. Due to time and
population size constraints, it was not possible to implement a randomised trial to evaluate the
validity of both apps. However, the two apps were chosen due to their high rating using already-
established criteria for smartphone apps. The desired criteria included; tracking (monitoring)
of step count, energy intake, energy expenditure, automated feedback, providing visually
appealing graphic display, as well as goal setting functionality and goal achievement feedback.
The rating also depended on the number of users registered with the app’s company, the
number of reviewers in the app stores (number of stars achieved out of 5) and number of “likes”
in social media such as Facebook. For example, Lose it app was selected as a finalist in the
2015 Annual MITX Awards for most innovative Mobile App and best consumer Tech that
make life easier categories (239). However, there are many other free available apps with
similar popularity. Both apps included many features and techniques that promote behaviour
changes, such as self-monitoring, feedback on performance, and goal setting. Webb et al (2010)
reported in his systematic review that interventions that included larger number of behaviour

changes techniques are more likely to be effective (240).
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3.7.1 Demographic data

Results of the current study showed that more than half of the participants were either
overweight or obese. The mean (x SD) daily energy intake of study participants at the baseline
phase was 1462.1 + 638.3. According to the Food and Agriculture Organisation of the united
nation (FAQ), this value was below the average minimum energy requirement per person per
day (1,800kcal) (241). As none of the subject reported actively trying to lose weight, it appears
that this must be an underestimation that could be attributed to a number of reasons. Firstly, as
in many such studies, the actual energy intake could be subjected to underestimation due to
self-reporting method. Secondly, the investigation tool (Lose it app) was presented in the
English language to non-native English speakers. Even though most of the participants were
students (undergraduate or postgraduate) who had a relatively high standard of English, this
may have impacted on accurate use of the app. Furthermore, most of the recipes and food items
available in the app were Western foods and very few Middle East and Gulf States meals
available, which may have affected the accuracy of recording the daily dietary intake.
According to the focus group interview report (Appendix F), 99% of the study participants had
not used such apps before and thus, lack of skills and experience may have affected the
accuracy of data entry with some participants. The reason of choosing the app in English
language was the limited number of weight loss apps that based on evidence-informed
practices, available to Arab populations. Furthermore, although Arabic weight-loss apps
available, most of their content has been taken from existing English apps and does not take
into account the social norms prevalent in the Arab culture (242).

The difference in the average daily energy intake found in this study and the one reported in
study 1 (2252kcal/day, using traditional method/paper diary) further supported the previous
explanation of underreporting of energy intake. Participants’ awareness of the impact of

overweight and obesity, on risk of developing NCDs, despite the relatively high educational
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level of UK cohort, in conjunction with possible underestimation of the effectiveness of such
tools to achieve tangible improvement may influence the outcome as well. Mabry et al (2014)
reported that lack of awareness and low social values of PA were important determinants of
physical inactivity in Oman (243). The average BMI of study participants in the current study
was 26.3+3.7 which compares well with the results of survey study 1, which found the average
BMI of 500 Omani participants to be 26.4 + 5.9. The mean (x SD) steps/day at the baseline
phase was 2,491+2 556, which suggested that many of our study participants fall well below
the guideline (30 minutes of moderate-to-vigorous walking for at least five days). Simon et al
(2009) reported that moderate-intensity walking equals about 100 steps per minute, and
individuals encouraged to walk minimum of 3000 steps in 30 minutes for 5 days/week in order
to meet the current guidelines (244). Tudor-Locke et al (2013) stated that individuals achieving
above 5,000 steps/day are considered active, and those achieving below 5,000 steps/day are
considered sedentary (245), and associated with many risk factors, including obesity (85).

This finding was consistent with the findings obtained in study 1, which suggested a clear
association between physical inactivity and prevalence of overweight and obesity, despite the

normal energy intake value.

3.7.2 Primary and Secondary outcomes

Data analysis of the primary outcomes in the current study showed that body weight, BMI and
average daily step count were significantly changed by the end of the intervention. Body
weight, in the group as a whole, has decreased by 1.5% and average daily step counts increased
by 2.5-fold (P<0.01) (table 3.6). However, participants categorised as overweight and obese
at the start of the trial remained in the same BMI category at the end of the trial (table 3.7).
With regards to PA, the treatment effect was evident and represented in changing PA level, of

the group as a whole, from sedentary (2491+ 2556) to active level (6360+ 4672). Although
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female participants showed a trend to increase PA, however, partly due to small sample size,
the increase was not significant (P=0.06). In contrast, PA level of male participants was
significantly increased by the end of the study (P=0.02).

While the changes in BMI in this trial were very small, this was to be expected due to the short
duration of the study. These data suggest that prolonged use of these apps for dietary and PA
tracking might be a useful tool to support weight management and improving fitness. The
magnitude of change in daily step counts (over 3869 per day or approximately 1.8 mile) was
clinically meaningful and if continued would expected to result in long-term health benefits.
The body weight in the current study is predicted to decrease by 18% in one year, if the daily
step count of (1.8 mile/day) is maintained and no changes in the average energy. Dallinga et al
(2015) indicated that mobile apps have positive impact in the preparation of running events, as
it promotes health and PA (84). The finding is further supported in a study by Glynn et al
(2014), who reported that use of a simple smartphone app significantly increased physical
activity of primary care population over 8 weeks (83). By contrast, Laing et al (2014) found no
significant effect of smartphone apps on weight loss compared to usual care in overweight
primary care patients, and he suggested that apps may be useful for individuals who are ready
to self-monitor energy intake (246). Wharton et al (2014) compared effect of dietary self-
monitoring using mobile app (Lose It) with a traditional paper and pencil method. Results
showed that although app group showed more compliance in recording dietary data compared
to paper-pencil group, however, both groups lost weight over the course of the study, and no
difference in weight loss was noted between groups (210).

No significant changes were observed in the average daily dietary intake during the
intervention. This finding was not in line with Turner-McGrievy et al (2013) who suggested

that the use of mobile methods for tracking PA and diet is associated with decreased energy

151



intake, as well as increased energy expenditure, in individuals who are trying to lose weight
(208).

Several studies have shown a distinct relationship between steps/day and body composition
variables. Pillay et al (2015) suggested that individuals with values less than 5,000 steps/day
are more frequently classified as obese, and those meeting the 10,000 steps/day target are more
likely classified as normal weight (85), which was inconsistent with the findings in the present
study. Results in this study suggested no direct and independent association between body
weight and either physical activity level or energy intake (table 3.8). However, this finding
disagrees with results in study 1 (the survey study), which showed a significant correlation
between BMI categories and energy intake of study sample (table 2.11), as well as clear
patterns of BMI categories with physical activity level (figure 2.8). This discrepancy may be
attributed to the small sample size, the short-term follow up and the non-representative study
environment. With regard to the secondary outcomes investigated in this study, analysis
showed no significant changes on the macronutrient intake (carbohydrates, fats, and proteins),
which equates with the fact that no change in energy intake was observed by the end of the
study.

Data analysis between the two study groups showed no significant changes in primary
outcomes in group 1 (normal weight), despite the increase trend in average daily step counts.
This can be partly explained by the small sample size and large variations of PA levels among
the participants (represented in the high standard deviation, table 3.7). However, physical
activity of overweight and obese participants (group 2) was significantly increased 2-fold
(P<0.01) and was associated with a trend to decrease weight (p=0.08). This finding ultimately
suggests a clear association between physical inactivity behaviour and BMI in the
overweight/obesity group. The energy intake and macronutrient values before and after the

intervention, remained the same in both groups.
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3.7.3 Participants’ satisfaction

Participants’ satisfaction about the effectiveness of the two apps used in this study was
encouraging and represented in high study retention rate (100%). All 7 withdrawals occurred
in the baseline phase (2 males and 5 females), which could be attributed to a combination of
language inconvenience, low levels of skills, and lack of time (as many of participants were
students). Klenk et al. (2017) indicated that gender differences can influence engagement in
PA (213). He also reported that men have higher interest in technology compared to women,
which may be one potential reason for more drop out in female participants in this study. Over
90% of study participants indicated that both apps were effective, and they would recommend
them to friends. This may relate to the interactive platform and the features and functionalities
provided in these apps. Klenk et al (2017) conducted an online survey to explore the
relationship between expected gratifications and fitness app use. Results revealed that
enjoyment, achieving goals, and social media were the most important gratifications met by
using the app.

Success of smartphone apps for improving dietary and lifestyle behaviours depends in part on
the extent to which they facilitate more consistent data entry, which may be important for
increased commitment to dietary and PA behaviour changes. In this study, participants more
consistently entered dietary data compared to PA data in Map My Fitness (Appendix J). This
might be related to the nature of both apps, the dietary app provided a less burdensome method
for tracking the data comparing to PA app. Similarly, Wharton et al (2014) reported that Lose
it app recorded higher compliance in dietary self-monitoring compared to both the memo
feature on a smartphone and a traditional paper-pencil method (210). Self-monitoring of energy
intake, energy expenditure and daily step counts were the most helpful features towards

achieving the targeted goals in this trial. This finding was further supported by Burke et al
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(2012) who found significant positive relationship between self-monitoring diet, PA or weight
with successful outcomes related to weight management (247).

Responses from the focus group interview were very positive. Improving the quality of life,
prevention from chronic disease (recorded in their family history), and aging were the
prominent motivators of the quality of their diet and PA. Although two interviewees had used
similar health and fitness apps before, the previous duration was for a very short period of time,
which is in line with many studies that consider sustainability among the main challenging
issues in health and PA promotion strategies. All interviewees found both apps helpful and
indicated they will continue using them in future, especially Lose it app, which helped them to
monitor their daily energy intake and select healthier food choices. One of the advantages that
interviewees emphasised was the positive role of the challenge group (a feature provided in
fitness app) which encouraged them to increase their daily step count on quite regular basis,
especially after recording low level of PA in the baseline phase. Based on their active
participation, interviewees suggested some issues that may help in achieving better results in
future including; designing a multi-cultural app to be appropriate to several cultures, warranting
data protection and consumer privacy, globalising the list of meals to include as many food
items as possible (such as the Middle East and Arabic foods). In addition, it was suggested they
could be improved by providing professional individualised feedback feature (providing
individuals with certain types of physical activity suitable for their age, weight and climate they
live in). In general, all interviewees supported using smartphone apps to improve dietary habits
and physical activity in Oman, especially in the technology-skilled generation and the
exponential rise in global smartphone use. However, some had reservations about the
sustainability of using such apps in the conservative Omani society. Research recently
suggested that individuals, especially younger generations, preferred the use of mobile phones

for dietary and weight loss interventions compared with other web-based tools (210). Finally,
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interviewees urged health-related authorities in Oman to exert more collaborative efforts to

improve health and lifestyle behaviours in Oman.
3.8 Discussion (Phase 2)

Phase 1 attempted to investigate the impact of both PA and dietary-based apps in Omani men
and women. A high drop-out rate in the baseline period meant that very few females completed
the study. Asdiscussed above, although the diet app was generally well received, no significant
changes in energy or macronutrient intake were seen and the app referenced a limited range on
‘non-Western’ foods. On the other hand, while changes in physical activity were demonstrated,
subjects found the nature of entry of PA data rather cumbersome. In addition, the nature of the
population studied (predominantly students) and the Western environment they were living in
may well have influenced the outcome of the study. To address some of these issues it was
decided, to design another study aimed specifically at the viability of using a smart phone app
to increase the physical activity in Omani women living in their home country. It was hoped
that by focussing on PA and not expecting participants to use a separate app to monitor food
intake, participation may be increased and drop-out minimized. It was also decided to use a
different PA app to minimise the burden noted in using MapMyFitness app in phase 1. As
discussed, many potential barriers exist which restrict PA in Omani females and hinder
intervention strategies. As far as we are aware, this is the first study which has actually
considered the use of Smart Phone Apps to increase the PA of females in Oman. The study
shows that even amongst this relatively ‘conservative’ group the use of such technology is
acceptable and achievable. The results of the study are encouraging and support the
development of larger and longer trials to confirm the efficacy of such interventions in

improving the metabolic health of this population group.
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3.8.1 Demographic data

The majority of study participants were from the capital area (Muscat) which might be due to
the recruitment method used in the study. Overall, the study population had mean age (34 + 5.1
years) and classified as having normal BMI (23.5 £ 3.1 kg/m?). This may not be fully
representative of this area as Mehena and Al-Kilani (2010) stated that people in the urban area
are more likely to be obese (248). Furthermore, the average BMI found in this study is lower
than the one recorded in study 1 (26.4 + 5.9). However, the study was specifically designed
to only include normal and over-weight individuals and as such the inclusion criteria was
restricted to those with BMIs <29.9 kg/m?. Moreover, the majority of the study population was
highly educated with only 5% with only high school level. Al-Riyami et al (2012) indicated
that only 7% of the Omani household population completed university or higher again
indicating that the cohort studied was not representative of the overall population (163).
Furthermore, demographic data in this study indicate an equal percentage between those who
are married and unmarried and only 10.5% of the sample was unemployed. The higher
percentage of employment may impact on ability to perform PA as reported in a cross-sectional
study on Saudi women working in office-based jobs suggested a high risk of physical inactivity
(249).

3.8.2 Primary and Secondary outcomes

Data analysis of the primary outcomes in the current study showed no significant changes in
body weight, BMI between baseline and the end of the study. By contrast, phase 1 recorded a
significant decrease in body weight and BMI by the end of the study. This may be attributed to
the differences in the protocol and dietary assessment methods used in phase 1 and phase 2.
While phasel aimed to assess both daily dietary intake (using Lose it app) and PA (using
MapMyFitness app), phase 2 focused on assessing PA (using Pacer app), and food intake was

assessed only twice (using 3-day diet diary, at baseline and the end of the intervention).
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However, by the end of the study, macronutrients intake in all study groups remained the same
in both phases. On the other hand, both phase 1 and phase 2 (app group) showed significant
improvement in average step count by the end of the study (P= 0.004, P=0.001 respectively),
which ultimately support the suggestion of the effectiveness of treatment method (smartphone
apps) used in both phases.

The American College of Sports Medicine (1998) recommended that at least 30 minutes of
daily PA is necessary for adults to maintain physical fitness (249). In the current study, only
about 45% of the studied sample met this recommendation in the baseline phase (table 3.13).
This is of a similar in magnitude to the study conducted by Mabry et al (2016) on the PA of
Omani adults, which revealed that 41.6% of women were physically active with a higher rate
among the younger population (250). However, the World Health Survey in Oman (2012)
revealed that 59% of Omani women were getting sufficient exercise (163). In contrast, A-Habsi
and Al-Kilani (2015) assessed the PA and sedentary behaviour of Omani women who wore an
accelerometer; 62% of Omani women spent their time in sedentary behaviour and 38% in PA
(250).While 55% of the participants in this study were classified physically inactive (active
time < 30 minutes/day) at baseline phase, all 5 female participants in phase 1 were classified
inactive (sedentary), as their step count was below 5000 steps/day, before and after the
intervention (251) (245). Moreover, women living in Muscat who participated in the survey
study (study 1) showed high level of physical inactivity. Out of 51 female adults who
participated, over 80% were never engaged in moderate or high intensity sports, and 50% were
engaged in low intensity sport. The findings from the survey study also suggested that factors
such as gender, age and BMI may influence adults PA levels. In general, physical activity in
Oman is influenced by cultural, social, behavioural, and physiological factors. Al-Sinani
(2014) reported that physical inactivity could be due to lack of awareness of the importance of

physical activity, social values that could restrict women's participation in outdoor activities,
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lack of public places allocated for physical activities, and sedentary life styles (252). Similar
barriers were reported by Mabry et al (2013) (253). This may explain the higher percentage of
physical inactivity noted in this study.

Subjects allocated to the app group significantly increased overall activity time by
approximately 50% (table 3.14). By contrast there was a non-significant increase in activity
time in the control group of approximately 20%. As a result, the difference between the control
and app group at the end of the study failed to reach statistical significance.

Step count of the app group had a significant increase between baseline and intervention, from
a mean of 3740+ 2656 to 4986+ 3009 steps per day. The compliance to carrying smartphone
during waking hours was not assessed which may be one factor associated with the overall low
step count. However, the magnitude of change over 1246 steps per day (=1 kilometre) is
considered meaningful, and if continued, it may result in long-term health benefits. This finding
is in line with the finding of Glynn et al (2014) in which an increase of over 1,000 steps was
achieved in eight-weeks period when a smartphone app was used to improve PA in primary
care (83). Fukuoka et al (2010) studied the effectiveness of a pedometer and app-based diary
on a sedentary lifestyle behaviour on 42 women using a pre-post design. Results showed an
increase of 20% in steps by the end of the two-week intervention. As the period prolonged for
four weeks, steps increased by 33% compared to the previous two weeks (254). Coughlin et
al (2016) stated that a smartphone app has the potential to promote PA, although the magnitude
of the impact is modest (255). Moreover, the changes in the mean daily step count recorded
in this study indicated that the app population was able to move from a sedentary category of
3740+ 2656 -steps/day to a low active category of 4986 + 3009 steps/day in four weeks using

the smartphone app.
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3.8.3 Dietary intake of participants

The mean energy intake of participants was considerably lower than that reported in Study 1
(survey study), although similar assessment method was used (3-day food diary). The average
energy intake of female participants in study 1, in general was 2173533, and in Muscat
females was 20801460, whereas the mean energy intake of female participants in phase 1 and
phase 2 of the intervention trials were the same (1258 + 377.9 and 1258+369 respectively).
Possible reasons for the disparity in energy intake between study 1 and phase 1 of study 2 have
already been discussed in section 3.7.1 and related primarily to the use of the app to record
food intake. The relatively low intake in phase 2 is harder to explain as food intake was
measure by 3-day dietary intake (as in study 1). It appears most likely that, the demographic
of this particular cohort has led to a high level of under-reporting.

During the course of the intervention, the app group showed a significant decrease in energy
intake (P=0.04) which might be related to the significant decrease of carbohydrate intake
(P=0.009). The app group also showed a trend towards a lower sugar intake compared to the
control, although not quite significant (P=0.07), which might explain the significant decline in
carbohydrate intake. In addition, the three-day food diary could have acted as a self-monitoring
tool, where participants made dietary changes accordingly. This finding was consistent with a
study by Burke et al. (2011) which reported reduced sugar intake when self-monitoring in the
group using personal digital assistant (PDA) (256). A study conducted by Santos et al (2016)
to investigate eating behaviour in physically active individuals, indicated that PA may
contribute to changes in eating behaviour. The study concluded that although no significant
differences were noted in energy and macronutrient consumption between active and non-
active participants, however, PA in regular basis is associated with better eating behaviour

(257).

159



3.8.4 Participants' satisfaction to smartphone app

In this study, 94% of study participants (app group) found the app to be a motivator to do PA,
probably due to fact that smartphone app is a new assessment method and includes several
encouraging features and appealing functionalities including their ability to track their PA
performance (self-monitoring) in terms of step count and active time.

Mathews et al (2016), in a systematic review, indicated that self-monitoring is the most
common feature in persuasive design, which is implemented in the form of the automatic
tracking of active time or sedentary time, step counts, and distance travelled (258).

While about 89% of the participants found the app to be effective and easy to use, and they
will continue using it after the study, equal number of study participants suggested that
combining the app with a wearable device is important, especially when practicing PA in place
where they cannot carry their smartphones. This suggestion is supported by Choi et al (2016)
who noted more increase in daily step count in physically inactive pregnant women, who used
an app and Fitbit (a wearable device), compared to those who wore Fitbit only for 12 weeks
(259). Hence, the app group in the current study could have recorded higher number of steps
and active time than that reported if the app were incorporated with a wearable device.

3.8.5 Rate of retention

The study had a high retention rate of 90.5%, and the vast majority found the app helpful and
they will continue using such apps in future, which represents an opportunity to improve

participant engagement in future innovations.

3.8.6 A Comparison of the Outcomes of Phase 1 and Phase 2
Despite the differences in the environment, gender of study groups, type of smartphone app
used and sample size between phasel and phase 2, overall findings from both studies were

comparable. Table 3.15 illustrates similarities and differences between phase 1 and phase 2.
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The main differences between the two phases were that phase 2 were implemented in Oman
and recruited larger number (42) of female participants, whereas phase 1 implemented on 21,
predominantly male Omani adults living in Nottingham, UK. Moreover, phase 2 used one
smartphone app (Pacer) to assess physical activity and 3- day diet diaries to assess dietary
intake behaviour. Phase 1 used two apps to assess PA and dietary intakes separately. Apart
from gender, similar inclusion and exclusion criteria were used in both studies except for the
upper inclusion limit of BMI. The inclusion criteria in phase 1 was expanded, due to small
number of available subjects, to include participants with BM<35, whereas the upper limit in
phase 2 was BMI<30. Overall, primary and secondary outcomes obtained in phase 1 and phase
2 (app group), were consistent. Both studies showed significant increases in average daily step
counts by the end of the intervention, comparing to data recorded in baseline phase. This
supports the hypotheses of these studies about the effectiveness of such smartphone apps to
improve physical activity in inactive societies. Furthermore, phase 1 and phase 2 (app group)
reported no significant changes in both energy intake and macronutrient values (carbohydrates,
fats, and proteins) before and after intervention. However, by the end of phase 2, energy intake
and carbohydrate level in the app group were significantly decreased compared to the control
group (P-value = 0.04 and 0.009 respectively).

In summary, the baseline data in study 2 (phase 1 and phase 2) emphasised the prevalence of
physical inactivity and sedentary lifestyle (recorded in study 1) among the project’s study
population. The outcomes from the intervention in both phases suggested that novel web-based
technologies, such as (smartphone apps) have the potential to become an important option, as
a driver for the behavioural-change process in Oman. The impact of long-term app use for
dietary and PA tracking, in large randomised control trial with longer follow up, remains to be
addressed. While the use of the Apps for monitoring PA appeared relatively robust, their

suitability for determining dietary intake is less clear. However, new developments in dietary
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tracking (e.g. use of photographs to estimate portion sizes) and inclusion of a population

specific food database may also improve their value in estimating dietary intakes and

suggesting appropriate changes (126) (127).

Table 3.15. Similarities and differences between phase 1 and phase 2.

Intervention study Phase 1 Phase 2
Apps - Lose it! Allocated to track - Pacer, allocated to track
dietary intake. physical activity of Omani

- Map My Fitness, allocated to
track physical activity.

female adults.
- 3-day diet diary to assess dietary
intake

Participants - Both males and females - Females Only

Number - 21 (16m)and (5females) |- 42 females

groups - One group - Two (control & intervention)
Average age (year) - 34%3.9 - 34+£51

Average BMI (kg/m*) |- 26.3+3.7 - 235+31

- Recorded in baseline &
end of study

- Recorded in baseline to test
legibility & end of study

BMI (inclusion criteria)

- BM<35

- BMI<29.9

Data entry method

- Self-reported

- Self-reported

Control group

- No control group

- Control group

Active time (minute) - Not measured - Measured
The place of the study |- Nottingham, UK - Oman
Change in daily step 2490.9 £ 2556.4 t0 6359.6 3,739.9 + 2,655.9 t0 4,985.5

counts (Steps/d)

+ 46715 (P=.004)

+ 3,008.7 (P=0.001)

Changes in energy
intake (kcal/d)

1462.1 £ 638.3 10 1472.2 £
617.1 (P=.919)

1,142.4 + 242510 1,068.6 %
293.5 (P=0.37)

% Energy Carbohydrate 61.3+6.6t0 61.3£5.9 473+991t045.2+7.8
(P=0.982) (P=0.32)

% Energy Protein 20.4+5.6 t0 21.3+4.0 179+3.41t018.6+3.4
(P=0.373) (P=0.34)

% Energy Fat

18.3+4.1 10 17.3+3.9
(P=0.345)

348+8.71036.1%7.2
(P=0.52)
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CHAPTER 4
Conclusion

The aim of the present study was to inform future health promotion interventions in Oman and
contribute to better understanding of the importance of appropriate dietary practices and
physical activities for the general health.

Findings from the survey study confirmed that a high proportion of the Omani population are
either overweight or obese. While it was previously shown that residential area (Urban v Rural)
significantly impacted on the prevalence of obesity (Al- Riyami et al (2003)), the present study
failed to find any significant effect. This suggests that the problems of overweight and obesity
are spreading throughout the country and might forecast more burdens on health care system
in the future if no effective intervention is undertaken.

This study also highlighted a disturbing lack of awareness of the potential risks of developing

NCDs in the Omani population, with 80% of those surveyed never having had a medical check-
up for NCDs or their risk factors. This suggests an urgent need to improve the population’s
awareness of the impact of lifestyle on risk of the development of NCDs, through better
education and media campaigns.

The high consumption of fast foods, salt and refined cereals found in this study suggest a
prevalence of unhealthy dietary habits among Omani people, which are likely to be associated
with metabolic risk factors including, high cholesterol level, obesity and hypertension. Hence,
more restricted regulations are required to control the prevalence of fast foods (such as
increasing taxation). Simultaneously, intensifying the awareness about healthy food choices
available in the local markets (such as consuming more whole grains, fruits and vegetables) is

crucial to improve the dietary habits of the population and reducing the burden of NCDs.
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The moderate daily mean energy intakes of the study participants compared to their BMI, even
taking into account potential under-reporting, suggests that low levels of energy expenditure
represent a significant problem amongst Omani male and female adults. Hence, more deliberate
public health response and culturally appropriate interventions (involving concerted
intersectoral action) is urgently needed to address physical inactivity in Oman.

The prevalence of overweight and obesity amongst adults, particularly those over 30y, and the
corresponding prevalence of sedentary lifestyle noted in this study, support the view of
adopting preventative and intervention strategies, targeting unhealthy eating behaviours and
physical inactivity starting from school age onwards, in order to reduce high prevalence of diet-
related chronic disease in Oman. High educational level of study population (more than half
of the participants completed an undergraduate degree or higher) suggests that the problems of
physical inactivity and obesity are not restricted to those members of the population of lower
educational status, indicating that preventative intervention programs need to be targeted at all
sections of the Omani population. Hence, it is important for health strategies in Oman to be
updated with new health and awareness programs suitable for the current (technology-skilled)
generation, in order to enable them for better understanding of healthy food choices as well as
supporting them to confront all unhealthy dietary and lifestyle practices. Nevertheless, support
from society, social media, and non-governmental organisations (NGOs) is crucial to improve
health and lifestyle behaviours among Omani population.

Recent technologies (such as smartphone apps, pedometers) provide a platform for a range of
behaviour change tools which have the potential to improve health and lifestyle behaviours.
While these have rapidly grown in popularity across much of the developed world, little work
has been performed to explore their appropriateness and effectiveness within Middle-Eastern
populations. Study 2 was designed as a pilot study aimed at assessing the efficacy of

smartphone apps on improving physical activity and dietary intake behaviours amongst Omani
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adults. Despite a number of limitations, the outcomes of both phases suggest that existing web-
based technology, such as (smartphone apps), can be successfully used by Omani adults to
improve lifestyle factors associated with the high prevalence of diet-related chronic disease in
this population. However, the feedback from study participants suggests the need for designing
more culturally sensitive apps in future interventions, which take into account unique needs of
the individuals and address population-specific barriers (such as those associated with
performing PA, particularly amongst women) in order to increase participants' engagement and
motivation. Further research with larger sample sizes and longer follow-up is required to
investigate the impact of using such apps.

It is well recognised that studies of lifestyle behaviours, such as (diet and PA) are vulnerable
to misreporting. Instudy 1 (survey study), the potential under reporting of body weight, energy
intake and PA (due to self-reporting), was the main challenge that may have lowered the
validity of the results. Hence, despite the consistency of many of findings in this study with
those of similar studies conducted in Oman or GCC, generalised statements must be treated
with caution. Specifically, the potential underreporting of dietary intake, means that too much
emphasis is given to the impact of low PA on obesity. Similarly, in study 2, results obtained
from the dietary monitoring app may well be subject to underreporting of energy intake (as the
average was <1500 kcal/day), as well as inaccuracies in self-recording of body weight before
and after the intervention. More details about study limitations are provided in the following

section (strength and limitations).
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4.1 Behaviour change model (Stages of changes)

Adopting a healthy diet and increasing physical activity, the 2 cornerstones for the treatment
of many NCDs are often limited by difficulties in implementing the required lifestyle changes
(260). While it is well documented that diet and PA promote weight loss, many randomised
control trials have shown that more benefits are gained when behaviour therapy is applied to
the subjects studied, especially with motivated subjects (260). The trans-theoretical model
(TTM) is one of the most popular stage models in health psychology, and is linked to wide
varieties of successful interventions either in adoption of healthy behaviours (e.g. weight
control, exercise acquisition) or cessation of unhealthy ones (e.g. smoking cessation, quitting
cocaine (Prochaska, et al.,

1994) (261). Behaviour changes, according to the (TTM), move through a defined series of
five qualitative stages: (1) pre-contemplation (not thinking about changing the behaviour of the
problem within the next 6 months); (2) contemplation (intending to change in the next 6
months, but unwilling to start); (3) determination (planning to change in the next month, mostly
having already tried unsuccessfully to change, at least one time in the past year; (4) action
(making health related changes in the behaviour for as little as one day or as long as 6 months);
(5) maintenance (keeping the behavioural changes for longer than 6 months). These stages of
changes have been theorised to predict the efficacy and sustainability of the improvement, as
well as to predict the treatment participation to programs and dropout. Skipping this stage
directly into the action, may have a negative impact on the targeted behaviour, because
individuals have not adequately reached or accepted the consequences to make this major
lifestyle change (261). In order for the approaches to be effective, an individual’s specific stage
of change (readiness to change) needs to be matched. When applying the stages of behaviour
changes theory on the respondents (in study one and two) in this current research, theoretically,

they appeared to be matching stage 3, as more than half of the participants (study 1)
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acknowledged that there is a problem (reflected by the statement “I need to lose weight’), and
their voluntary participation in the study (one and two) indicated their determination (the
willing to change). This stage is very important, as people try to collect information and details

about what they will need to do and what it is going to take to make this lifestyle change.

4.2 Strength and limitations

The strengths in study 1 include recruitment of a representative sample size (500 male and
female subjects form all governorates in Oman), taking into account effect of demographic
factors (level of education, household income, marital status etc.). Questionnaires were
randomly and equally distributed between Omani males and females. Therefore, outcomes of
this study provide updated data in nutritional status, and its association with physical activity,
for adult population in Oman. Furthermore, most previous survey studies in Oman focused on
gathering comprehensive information on general health, investigating nutritional status
prevalence, food habits, knowledge and physical activity of Omani population. This study was
different as it focused on investigating the impact of both dietary practices and physical activity
on nutritional status in Omani adults and to the best of our knowledge, no such study has been
conducted before. Furthermore, the current study has used reliable software (DietPlan6) to
analyse the dietary intake of study participants. The dietary analysis by this software covered
a wide range of parameters include micronutrients, macronutrients, energy from macronutrient,

and total energy.

However, this study has a number of limitations including; the study is based on cross-sectional
data, which means it is only capture data at a specific time and does not show the dynamics
with respect to age, period and birth cohort. Study 1 was cross-sectional targeted individual

level data through self-reported questionnaires, which could be subjected to some bias. Also,
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the questionnaires were quite long (10 pages) and detailed which could have been tedious for
the participants and hence may affect their responses. The sample size in rural areas was small
and not enough for inferential statistics, therefore data from rural areas were not included in

some phases of data analysis.

Study 2 piloted the use of smartphone apps by Omani nationals living in both the UK and
Oman. While the intention of phase 1 (UK residents) was to recruit both males and females,
the study group was very clearly male dominated. Hence, phase 2 was specifically targeted at
females living in Oman. This phase also allowed us to assess the impact of environmental and
cultural factors on use of the technology which would inevitably are significantly different to
the UK. Taken together the two phases provide valuable pilot data to suggest that these novel,
inexpensive, accessible, and user-friendly interventions, have the potential to improve lifestyle
factors associated with metabolic disease in the Omani population. Overall, the subjects
embraced the use of such technology and, while the studies were too short to demonstrate clear
changes in risk factors, such as body weight, they did indicate that the apps were effective at
increasing physical activity. If this were maintained over a prolonged period of time it would

be expected to result in significant improvements in metabolic health.

One of the main limitations of Study 2 was the factor that the subjects were not necessarily
representative of the Omani population as a whole. Inevitably, those who took part in phase 1
were primarily those undertaking further education in the UK and, as such, more likely to
higher educational and economic status than the general population. Furthermore, all but one
of the females studied in phase 2 were educated to graduate or postgraduate level. Thus, caution

should be used when applying the results to the overall population.

The sample size in phase 1 was limited by the size of Omani population available in the UK.

As such it was decided not to include a control group and to make all comparisons to baseline
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activity and food intake. Inevitably, this means that no account could be made for any ‘placebo
effect’ which might occur as a result of participants simply being more aware of their dietary
intakes and physical activity. However, the nature of the study group did allow for a
comparison of behaviours of those who were overweight with those of normal weight.
Furthermore, phase 1 was conducted in a time not suitable for many participants (students), as

they were preparing for end term exams, and some of them leaving the country.

Phase 2 was specifically designed to address the barriers that females living in Oman might
face in using App technology. Again, the study group was relatively small and consisted
largely of highly educated individuals, but it did have the advantage of including a control
group. While clear differences in physical activity were evident between the App and control
group, the study period was insufficient to demonstrate whether these would lead to changes
in body weight and other metabolic parameters. However, overall the two phases clearly
demonstrated that the use of mobile phone Apps has potential to improve physical activity in
the Omani population and a larger and longer intervention trial with specific outcomes related
to metabolic health is warranted. As the results of such a trial are positive then, the use of such
technologies should be embedded in public health policy to address the urgent need to improve

the metabolic health of the Omani population as a whole.
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4.3 Future use of self-monitoring technologies to promote metabolic health in Oman

High prevalence of overweight and obesity recorded in this study was clearly associated with
high prevalence of physical inactivity and sedentary behaviour amongst Omani adults. Both
overweight/obesity and PA gradually increased with advancing age, and more clearly in age
groups over 30 years. This would suggest implementing an effective intervention targeting both
young people, particularly those in age group (18-25 years, to try to prevent weight gain that
is apparent in older age groups,30+y), as well as those who are currently overweight or obese,
in order to help them to improve their health and weight management. As the young people
(18-25 years) represents mostly adults not presently in employment (college/ university
students), it would be indeed a good opportunity to implement a preventative intervention
targeting this group of adults, to curb the prevalence of NCDs and their risk factors in Oman
in future. However, studies showed that it is difficult to reduce the excessive weight once it
become established (262). Hence, children population should be given more focus on
preventative intervention strategies. Prevention may be achieved through a well organised
large scale public health campaign targeting diet, PA, and built environment. The campaign
would be implemented on preschool institutes, schools and after school and involve a survey
on both school children and teachers to identify the appropriate tools to improve healthy and
dietary behaviours in different age groups.

Although evidence from the pilot scale study (study 2) showed that the smartphone app-based
intervention had the potential to promote lifestyle changes such as PA and weight management.
However, sample size was relatively small and not representative, and the intervention tools
used in the study were not ideal for the Omani/GCC culture and environment. Underreporting
of dietary intake also comprised a real challenge of the study outcomes, especially in study 2

(both phases). Yet smartphone apps recently have been developed and provided with many
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novel techniques to improve dietary pattern and the quality of dietary intake data. Example of
such features, includes the digital capture of dietary intake, in which participants are instructed
via SMS to provide text description of amount and type of food consumed, as well as to capture
before and after images of all foods and beverages consumed. If this technique had been used
in the current study, it potentially would have minimised the chances of under-reporting of
dietary intake. Therefore, implementing more controlled studies with larger sample of Omani
population using high ranked novel free health and fitness apps (provided with new techniques
e.g. digitally capture dietary intake) would be helpful to identify the problems and to look at
the cost-effectiveness, financial and technical feasibility in implementing such intervention.
However, it would be more important to examine the feasibility and the efficacy of culturally
and environmentally customised smartphone apps targeting PA and weight management in
Omani people, which has not been investigated in this study due to time and resources
constraints. In order for such intervention to be successfully implemented in public health level
in Oman, intensive human and financial resources are inevitable. Hence, it would be pertinent
to examine decision makers and stakeholder’s perceptions on the feasibility of investing in
developing such population specific apps. Positive outcomes from this intervention would
encourage public health policy makers in Oman to prioritise such novel technologies in future

public health strategy to address public health issues in Omani population.
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Appendix A (OVSB14112013 SoBS Nutrit)
Survey on Current Dietary Practices and Attitudes towards Diet and Physical Activity

Amongst Omani Adults

Dear participant,

The purpose of this survey is to study the dietary practices for Omani adults as well as their
knowledge and attitudes toward the physical activity. Therefore, we would like you to answer
the following questions as accurately as possible by choosing the answer that represents your
choice. We also need you to complete the daily food dairy tables. All information provided
will be treated with strict confidentiality and use only for research purposes.

Notes:

- Please answer all questions in questionnaire and 72 hrs daily intake

- Some questions are determined for females ONLY

It is recommended that Daily food tables filled in the following respective days
(Wednesday, Thursday, and Friday), and if not possible, you can fill them in any two

respective week days in addition one weekend day.

Daily food tables are expected to be filled with details by referring to the example day

given to you or you can contact the researcher for more help.

Those who wish to participate in this study are advised not to change their dietary system,

because that will affect the validity of the results.



Part 1: Demographics Questions

1- From which Governorate you are (circle the appropriate number):

1. Muscat 5. Al Batinah South 9. Al Batinah North
2.Dhofar 6.Al Shargiah South 10. Al Shargiah North
3.Al Dakheliah 7. Al wusta 11. Al Dhaherah
4. Al Buraimi 8. Musandam
2- What Age you are? ........ccccceevenene. (Date of birth is preferred)
3- Social type: 1.Male O 2. Female [
4- What is your weight? (1).......cc.c....... (Kg) and your height? (2)............... (m)

5 - What is the highest grade of school you completed?

1. llliterate [ 2. Read and write Il

3. Primary school ] 4. Elementary school Cl

5. Secondary school ] 6. Technical or college school Cl

7. University graduate (4 years) [l 8. Post-graduate studies Cl
6- What is your marital status?

1. Currently married Cl 2. Divorced Cl
3. Widowed ] 4. Single, never married ]
7 - If you married, how many children do you have?
1. None U] 2.1-3 L]
3. 4-6 U] 4.7 or more L]
8 -Current situation:

1. Unemployed [ 2. Retired [1 3. Housewife (Women only)
[
4. Employed in governmental sector L1 5. Employed in private sector
L] 6. Manager / professional [1 7. Military sector [J 8. Owen
Business ]
9. Student [1  10. Not working L

9 - For statistical purposes, what is your monthly household income?
(Please leave blank if you do not wish to answer this question)

1. < OMR 500 O 2. OMR 500-700 U
3.0MR701-999 [I 4. OMR 1000-1500 U
5. OMR >1500 U



Part 2: Health and Diet

10- How do you rate your health?

1. Good O
2. Fair O
3. Poor O

4.Very Poor [

11-Have you been diagnosed with any of the following diseases:

1. Type 2 diabetes (which does not required insulin injections) O
2. Coronary heart disease Ul
3. Astroke Il
4. Hypertension Cl
5. 1 do not know because I did not underwent a medical test [

Please, list any other conditions you are suffering from:...................oooiiiiiiinieniieeeee,

12- Do you smoke?  Yes [l No [

If Yes, what type do you smoke?
1. Cigarettes O
Pipe O
Cigars O
Nargila (Shisha) O
Others O

ak~wn

13- Do you think you need to lose weight?
1.Yes [ 2.No [

14- How many meals do you eat daily?

1. Onemeal O 2. Twomeals [0 3. Threemeals [ 4. More than 3
meals [

15- Please tick those boxes that relate to your present diet:

1. Mixed food diet (animal and vegetable sources) O
2. Vegetarian
3. Salt restriction

4. Fat restriction

O o o O

5. Starch/carbohydrate restriction



6. Calorie restriction O

7. Other dietary plans, please O

16 - Which particular food you enjoy the most?

Meat and meat dishes.

Fish and sea food dishes

Cake, Pastries, desserts, ice-cream
Fruits and vegetables

PN
OO0g

17- Tick from the list of fast foods (which are prepared outside house) which you
consume frequently.

1. Potato chips L]
2. Burger & kebabs [
3. Sandwiches O
4. Pizza O
5. Fried chicken O

18- Do you take any dietary supplements™
1. Yes L] 2. No L]

If yes, what are these
U 0] 0] L= 1T 0 £ TSP OROPPRTON

*Dietary supplements are vitamins, minerals, herbs, and many other products. They can come
as pills, capsules, powders, drinks, and energy bars. Some supplements may help to assure
that you get an adequate dietary intake of essential nutrients.


http://www.nlm.nih.gov/medlineplus/vitamins.html
http://www.nlm.nih.gov/medlineplus/minerals.html
http://www.nlm.nih.gov/medlineplus/herbalmedicine.html

19- How often do you eat the following foods (weekly)?

(%) Fruits, vegetables, and legumes

Fresh fruit (apples, oranges, pears, etc..)

Green leafy vegetables (lettuce, cabbage, endive, spinach, etc...)

Starchy vegetables (potatoes, sweet potatoes, etc. ...)

Other vegetables (carrots, tomatoes, cucumber, etc...)

Legumes (Lentils, beans, peas,...)

(%) Fish, Meet and Eggs

Fish

Sea foods (squid, prawn, shrimps, etc...)

Chicken

Red meat

Meat products (sausages, burgers, sandwich,..)

Eggs

(%) Milk and milk products

Milk, full fat

Milk, low fat or skimmed

Milk products (cheese, yogurt, milk drinks,..)

(%) Grains and pastry

Bread, white

Bread, whole meal /brown

Cereals (corn flakes, oatmeal,.)

Pasta (spaghetti, macaroni, noodles, grits,..)

Grains (rice, wheat, oats, etc...)




(%) Snacks

Snack foods (potato chips, candies, chocolates, ice-cream etc..)

Omani halwa

Cakes & Pastries (cakes, biscuits, sweet pies,..)

Nuts (pistachio, cashew nuts,..)

(%) Drinks

Soft drinks (cola drinks)

Fruit Juices

Fruit drinks

Coffee/tea




Part 3: Physical Activity guestions
20- On average, how many days per week do you regularly walk for more than 10
minutes?
1. Never Ul 2. 1-2 days 0 3.34days [
45-6 days [ 5. Everyday Ll
21-1f you regularly walk, what is the pace of your walk?
1. Slow [ 2. Moderate [ 3.Fast [

22- If you regularly walk, on average, how many minutes do you walk each day?
Number of minutes: .............oooiiiiiiiiii i
23-On average, how many times per DAY do you use the stairs (more than 10 steps) at
work, home, or elsewhere? (One floor claiming counts as 1 time)
1. Never [ 2.1-2times [ 3. 3-5times [
4.5 times or more [ 4. EveryDay [
24- On average, how many days per week do you regularly engage in moderate intensity
sports (e.g. volleyball, table tennis, bowling, physical education)?
1. Never [ 2. 1-2 L] 3.34 L]
4. 5-6 L 5. Everyday [
25- If you regularly play moderate intensity sports how many minutes do you play each
time?
Number of minuets: ...........cccooviiiiiiiiininn,
26-How many days per week do you regularly play high intensity sports (e.g. soccer,
swimming, hockey, netball, basketball, handball, athletics, tennis squash, etc.)?
1. Never Cl 2.1-2 0O 3.34 0O 456 0O 5. Every day
[
27- If you regularly play high intensity sports how many minutes do you play each
time?
Number of minuets: ............................l
28- Do you have a maid (only women)?
1. Yes O 2. No [
29- If you do your own household work, how many hours per week do you engage in
these activities (e.g. gardening, vacuuming, washing, and cleaning) (only women)?
Never [11.1-2 [ 2. 34 [
3. 57 O 4. Morethan7 [J
30- On average, how long do you watch TV and/or DVD/Video per day?
1. 1/2 hourorless [ 2. 1 hour L] 3. 2 hours ]
4. 3 hours L 5. 4 hours L 6. 5hoursormore  [J

31- On average, how long do you spend using a computer, tablets or mobile phone?

e Athome

1. 1/2 hourorless [ 2. 1 hour O 3. 2 hours O

4. 3 hours O 5. 4hours O 6. 5 hours or more O

o At work (if applicable)

1. 1/2hourorless [ 2. 1hour O 3. 2 hours O
hours O 5. 4 hours O 6. 5 hours or more 03 .4



Part 4: Three day diet dairy:

Example Day
Daily food Dairy Date (day/month/year) 11/01/2014
Day of week Saturday
Day 1
Food Portion Cooking method Time
Breakfast
- White Lebanon bread | - 2 medium slices - backed 10:00 am
- Cheese - 2 pieces of cheese( small | - Not cooked (from the
Egg triangle shape from the market )
- Teawith milk, market) - Boiled
- oneegg - Cooked (2 tea spoon sugars
One medium cup +evaporated milk ~50ml)
Mid-morning
- Black coffee only - 3small cups - Not cooked 11:30
- Omani dates- _
- 7 pieces of dates - Not cooked
Lunch
- Rice - Medium dish of rice - Rice is boiled with water
- Broth with red meat Medium container= and % tea spoon salt. 1:30
Salad 500ml - Meat is cooked with
Medium dish of salad vegetables ((2)tomatoes,
includes (1) tomato, (2)potatoes,(1) onion, (3)
lettuce(2 leafs), (1) segments of garlics, Y2 tea
medium size cucumber, spoon Indian spices,(1)
(1) onion, ¥ lemon, % piece of carrot)
tea spoon salt - Not cooked
Mid-afternoon
- Fruits (Banana - leach - Not cooked
,peach, Apricot) - Small packet (3 pieces) - Not cooked 4:30
- Biscuits with dates - 1(509) bar - Not cooked
Kit kat
Evening Meal
- White bred 2 slices Baked 7:00
- Grilled lamb 2 steaks Roasted
- Grilled chicken 2 steaks Roasted
- Fried chips 1 cup Fried
- Diet Coke 1 N/A
Any other
snacks/drinks - N/A 9:30
Omani coffee - 3small cups - N/A




Daily Food Diary

Date (day/month/year) __/ [/

Day 1

Day of week

Food

Cooking method

Portion

Time

Breakfast

Mid-morning

Lunch

Mid-afternoon

Evening Meal

Any other snacks/drinks




Daily Food Diary

Date (day/month/year) _/ [/

Day 2

Day of week

Food

Cooking method

Portion

Time

Breakfast

Mid-morning

Lunch

Mid-afternoon

Evening Meal

Any other snacks/drinks




Daily Food Diary

Date (day/month/year) _/ [/

Day 3

Day of week

Food

Cooking method

Portion

Time

Breakfast

Mid-morning

Lunch

Mid-afternoon

Evening Meal

Any other snacks/drinks




.Thank you for participating in this study
For further details, and/or to participate, please contact
:Khalid Al Zuhaibi at

e Gsm:+968 99445879

o Email: shxka3@nottingham.ac.uk

If you would like a summary of the outcome of this study, please write your email
:address below


mailto:sbxka3@nottingham.ac.uk

Gender

Appendix B. Percentages of study population in each BMI categories by gender and Age Group in all Governorates

Percentages of study population in each BEMI categories by gender and Age Group in all Governorates

BMI Categories
<18.5 18.5-24.99 25-29.99

* BMI is significantly (P<0.05) affected by Gender and Age group (all Governorates are included)
** No significant (P<0.05) effect of governorates (Urban vs Rural) on BMI of study samples.
*** Rural governorates are: Musandam, Al Wusta, Al Buraimi, Shargiyah south, Shargiyah south

30 and Above

sdnolgaby

sdnoigaby

Governorate

M Muscat

M Dhofar

Al Dakhliah

M 2| Buraimi

[ Al Batinah South
M 2| Shargiah South
O &l wusta
CImusandam

[0 2l Batinah Morth
M 2| Shargiah Morth
[ .Al Dhahirah
Mo Answer



Appendix D. Average values of some study variables by Governorates, Age group and Gender (rural Gov. excluded).

Governorates Muscat Dhofar

Gender Male Female Male Female

Age Group 18-30 31-60 18-30 31-60 18-30 31-60 18-30 31-60
Protein (g) b 130 70 86+51 98+56 100456 111+58 123+62 128+60 108+65
Fat (g) Ns 80 + 23 80+21 75121 83+25 70115 92+31 88+42 86+35
CHO (g) a’» 322+091 329+76 259+72 294+73 229+58 326154 28670 302+71
Total Sugar a’c’abe 95+ 40 90+37 77134 85+30 61+27 64+16 69+21 80+33
lodine (ug) Ns 138+ 45 136+47 90+61 111+40 113+51 110+24 9339 110+38
Saturated fats (g) c’ab 21 +6 20+7 20+9 19+8 20+8 16+3 22+10 2319
MonoUfats (g)ab 28 +10 25+11 22+11 2611 2616 29+12 29+16 29+9
PolyUfats (g) Ns 18+ 6 1646 1244 1748 1643 2048 1849 1849
Transfats (g)ab 1+1 1+1 1+1 1.1+0.9 1+1 1+1 1+1 2+1
Cholesterol (mg) b 417 £ 265 | 2961125 | 234+126 | 243+122 | 399+111 | 306+138 239+106 253181
Potassium(mg)a’abe 2680 + 931 | 26431647 | 22121492 | 2494+581 | 18214565 | 2454+453 | 2274+1041 | 24191915
Sodium (mg) b 253511379 | 2443+844 | 2566+950 | 2504+903 | 1951+449 | 2808+1322 | 2122+953 | 2153+464
Calcium(mg) a 692 +223 | 6924196 | 652+227 | 640+164 | 547+226 | 695+207 6741261 | 7551142
VitaminC(mg) ¢’be’abe | 138+ 85 104+72 65+41 100+70 48+21 2815 52+36 93482




Continue Appendix D

Governorates Al Dakhliah Al Batinah South

Gender Male Female Male Female

Age Group 18-30 31-60 18-30 31-60 18-30 31-60 18-30 31-60
Protein (g) b 67+30 82147 72443 80+48 80464 113468 97454 93461
Fat (g) NS 98435 83430 66127 99+38 91+27 77428 70£19 83+29
CHO (g) a’» 338132 331+64 262+73 339167 336194 332495 297+64 293185
Total Sugar a’c’abe 110+26 108+34 7625 113+35 84+31 94435 78+30 82132
lodine (ug) Ns 7730 126+68 88+40 129458 128+47 148+72 128+63 114+44
Saturated fats (g) c’ab 24+13 22114 16+8 23+12 23+10 18+9 17+6 17+10
MonoUfats (g)ab 29+17 24+12 19+11 31+15 29+13 22+11 2148 32+45
PolyUfats (g) Ns 1645 1445 1345 2048 1848 1547 1245 22434
Transfats (g)ab 2+1 1+1 1+1 1+1 1+1 1+1 1+1 24
Cholesterol (mg) b 268+224 260+120 1974159 | 2844191 | 3591147 3564231 311+278 242+147
Potassium(mg)a’abe 2948+323 | 2887+439 | 2212+694 | 2899+734 | 2728+632 | 2932+702 | 24454580 | 22544801
Sodium (mg) b 34161639 | 24041647 | 1963+768 | 25524535 | 3009+937 | 27314995 | 24304933 | 2205+1180
Calcium(mg) a 607+69 7114256 539+178 | 7541139 | 792+238 810+297 7021165 664+213
VitaminC(mg) c¢’be’abe 7537 105+46 81+35 122+61 95.4+58 107458 97166 104+70




Continue Appendix D

Governorates Al Batinah North Al Dhahirah
Gender Male Female Male Female
Age Group 18-30 31-60 18-30 31-60 18-30 31-60 18-30 31-60
Protein (g) b 93+57 95+67 94+63 81+49 133+50 11177 106+69 136+64
Fat (g) Ns 100+38 79+24 83+33 76125 82+30 70+31 82+32 73+39
CHO (g) a’v 307+£104 348+70 315492 324164 24575 333+97 292166 266191
Total Sugar a’c’abe 86+39 92+15 88+29 90+34 69+34 116+36 100+£33 75423
lodine (ug) Ns 135+68 132465 123+62 127450 119+51 134+64 114456 120+42
Saturated fats (g) c’ab 29+15 19+10 217 20+8 26+8 22+12 2511 23+15
MonoUfats (g)ab 3516 25+10 28+17 23+10 30+13 23+13 27115 25+15
PolyUfats (g) Ns 21+9 1646 17+11 1546 1548 1345 1647 1315
Transfats (g)ab 2+1 1+1 1+1 1+1 2+1 2+1 2+1 212
Cholesterol (mg) b 388+180 319+138 260+154 | 288+158 | 248+150 352+178 312+180 341+163
Potassium(mg)a’abe 2485+715 26341576 | 25591676 | 2547+490 | 2083+522 | 3032+955 2636+1418 2335+789
Sodium (mg) b 29931984 | 2978+1406 | 2242+827 | 2383+773 | 2090+522 | 2990+1981 | 2700+1809 2052+759
Calcium(mg) a 773£233 703+£261 7094265 | 724+177 | 588+1002 | 809+235 6561202 6661237
VitaminC(mg) ¢’be’abe 82177 108+63 130+75 114+64 95+69 140+88 106+66 83+54

(a) Significant between Age Groups

(b) Significant between Gender

(C) Significant between Governorates
(ab) Significant between the interaction of (Age Groups*Gender)

(bc) Significant between the interaction of (Gender *Governorates)
(abc) Significant between the interaction of (Age Groups*Gender* Governorates)




Appendix C: Participants information sheet

Effectiveness of health and fitness smartphone applications to improve dietary habits

and promote physical activity in Omani adults

You are being invited to participate in a research study. When considering whether or not to
participate in this study, it is important that you understand why this research is being done
and what it will involve. Please ask the researcher any questions or queries you might have.
Thank you for your interest in this study.

Background

Information about the health of Omani people indicates a high prevalence of overweight and
obesity in both males and females. Results from a survey in 2014 showed that 55% of
participants were either overweight or obese, and the majority of them are physically inactive.
Regular, ongoing support with information about making healthier lifestyle choices is
motivating for many individuals. The current study, aims to explore the usefulness of smart
phone apps in supporting overweight and obese Omani adults to improve their diet and level
of physical activity. Smartphone applications are increasingly popular and are convenient since

subjects can access information daily and at a time suitable for them.

What does the study involve?

This study is an intervention trial involve recruiting 30 Omani healthy adults (15 males & 15
females) fall in age group (18-55) years, living in Nottingham. VVolunteers will randomly
(using a computer software) be divided into two groups. Group 1 will be asked to only
modify their daily exercise. Group 2 will be asked to modify both their daily dietary intake
and exercise (as measured by daily step counts). All participants will be given detailed
information about the intervention and how to participate in this study. They will be asked to

use the allocated smartphone app /apps to track their daily calories intakes and/or daily step



counts during all period of the trial (4 weeks) and send the collected data to the researcher at

the end of every week.

Why have you been chosen to take part?

All Omani healthy adults aged (18-55 years) living in Nottingham will be invited to be
screened to investigate whether they are eligible to participate in this study.

Do you have to take part?

It is up to you to decide whether or not to take part. If you do decide to participate, please
keep this information sheet and complete the consent form. You are still free to withdraw at
any time and without giving a reason.

What if something goes wrong?

If you have reason to complain about this study, complaints should be addressed in the first

instance to Prof. Andrew Salter (tel. 0115 9516120, email Sczams@exmail.nottingham.ac.uk)

or Dr Fiona McCullough (tel. 0115 9516121, email sbzfswm@exmail.nottingham.ac.uk).

Address: School of Bioscience, The University of Nottingham, Sutton Bonington Campus,
Leicestershire, LE12 5RD). If this does not resolve the matter to your satisfaction then please
contact the School of Bioscience’s Research Ethics Officer, Dr Kate Millar (tel. 0115 951

6303, email Kate.Millar@nottingham.ac.uk), address as above.

Will my taking part in this study be kept confidential?

The results of this study will be kept strictly confidential. Any information about the research
participants that leaves the research unit will have names and addresses removed so that you
cannot be recognised from it.

What will happen to the results of this study?


mailto:Sczams@exmail.nottingham.ac.uk
mailto:sbzfswm@exmail.nottingham.ac.uk
mailto:Kate.Millar@nottingham.ac.uk

The results of this study will be reported in postgraduate research project thesis and may also
be written up and submitted for publication in a peer review journal. You are invited to
contact the researcher to request a summary of the results once they are available.

Who has reviewed the study?

The School of Biosciences Research Ethics Committee.

Thank you for considering participating in this research.

Investigators:

Khalid Al Zuhaibi (sbxka3@nottingham.ac.uk, +447917914898)

Research Supervisors: Professor Andrew Salter, Dr. Fiona Mccullough

School of Biosciences, University of Nottingham


mailto:sbxka3@nottingham.ac.uk

Appendix E: Consent Form
School of Biosciences SBREC150124A
University of Nottingham

Participant Consent Form
Effectiveness of health and fitness smartphone applications to improve dietary habits
and promote physical activity in Omani adults

In signing this consent form, | confirm that:

I have read the Participant Information Sheet and the nature Yes No

and purpose of the research project has been explained to me.

I have had the opportunity to ask questions. Yes No

| understand the purpose of the research project and my Yes No

involvement in it.

| understand that my participation is voluntary, and I may Yes No

withdraw from the research project at any stage, without
having to give any reason and withdrawing will not penalise or

disadvantaged me in any way.

I understand that while information gained during the study Yes No

may be published, any information | provide is confidential
(with one exception — see below), and that no information that

could lead to the identification of any individual will be



disclosed in any reports on the project, or to any other party.

No identifiable personal data will be published.

| understand that the researcher may be required to report to Yes No

the authorities any significant harm to a child/young person
(up to the age of 18 years) that he/she becomes aware of during
the research. | agree that such harm may violate the principle

of confidentiality.

| understand that data will be securely stored Yes No

I understand that | may contact the researcher [or supervisor] Yes No

if 1 require further information about the research, and that |
may contact the Research Ethics Officer of the School of
Biosciences, University of Nottingham, if |1 wish to make a

complaint relating to my involvement in the research.

| agree to take part in the above research project. Yes No
Participant’s name (BLOCK Participant’s signature Date
CAPITAL)

Researcher’s name (BLOCK Researcher’s signature Date

CAPITAL)



Appendix F- Investigator’s Script

Focus groups interview: Could health and fitness apps be effective in improving diet

and physical activity behaviours in Omani People?

Introduction

| want to thank you all for coming to our focus group today (5" June 2016). It is a great

privilege for us gets to talk with you about your participation in our intervention study. The

study which aimed to investigate the effectiveness of two health and fitness smartphone

applications (Apps), to improve dietary habits and promote physical activity in Omani adults

living in Nottingham. The two Apps are (lose it) which is used to track the daily food intake,

and Mapmyfitness used to track daily step counts. It is really interesting and will be very helpful

to us to have your ideas, views and opinions about using these two Apps.

So, I am going to ask you some questions | am already prepared, and there are no right or wrong

answers to those questions. It is perfectly alright for you to disagree with someone else in the

group. In fact, that actually may be helpful to us, so please feel free to say whatever you would

like to say about the topic. In terms of ground rules, and because we are limited in the amount

of time we have, | would ask you to try to be concise in your comments, and be clear and direct,

try to let people finish their thoughts before you share yours, but feel free to share what you

feel is important. Any questions before we start?

Before starting the interview, the five participants identified themselves (Fore recording

purposes). The answers of all participants will be summarised after each question.

1. Would you like to tell me what motivates you about the quality of your diet, general health,
and physical activity?

- To improve the quality of life

- Our family history with some chronic disease (e.g. Diabetes, Blood pressure,
cardiovascular diseases...).

- To increase our knowledge about the food we eat (how healthy it is, how much we should
eat, the concept of calories...)

- We are aging and most of us close (if not entered) from the age 40. More care is needed to
our health and fitness.

2. Have you heard of or tried to use any health and fitness smartphone Apps before this study?
3 answered No, This is our first time.
2 answered Yes, they have tried to use similar Apps before, but unlike using the 2 Apps in

this study, they only used them for a short period of time.



Did you find the applications helpful?

All of them answered yes, both Apps are very helpful, one participant mentioned that he
found Lose it App is very helpful and interesting specially in controlling the amount of
food (especially dinner) in each meal to not exceed the allocated budget.

. To what extent have you reached your goals?

Increased our daily step counts in a regular basis, especially when we created a challenge
group (one of the effective App features). Monitoring our daily workout encourage us to
do more physical activity.

The feedback after the baseline phase motivated us to increase our daily step counts.
Partially reached some of the goals, because we are student and we do not have enough
time to exercise and to achieve all or goals.

One participant mentioned that in the first 2 weeks he focused more in Lose it App, because
it is easier to him to control his food than to walk, eating is a daily habit but exercise is a
new habit to him (need to change my routine).

. What are the App's features that helped you most to achieve your goals?

The easy use of both apps, effective log dashboard (using food pictures and the calories in
each portion size were very helpful especially in making a decision of what and how much
food to eat).

The synchronisation between food intake calories and calories expenditure via physical
activity.

The barcode scan in Lose it App (especially when we do not know the name of a particular
food in English).

The challenge Feature in MapMyFitness App (encourage Participants to walk more)
Friendship feature in MapMyFitness App & calories budget in Lose it App.

. What features do you think need to be added or improved in order to obtain better results
in future?

Automatic detection and adjustment between walking and running,

Increase the number of food items included in (Lose it App) especially food from Arab and
The Middle East countries.

Need to improve the accuracy of MapMyFitness App, because sometimes if you walk to
the same distance every day, it gives you different step counts, and when an individual stop

walking, it continues counting the calories.



7.

How likely are you to continue to use these (or other apps) to monitor your diet and
physical activity?

We will continue to use these apps and encourage our friends to use like these apps
especially we are getting old (entering 40 years).

In addition to using health and fitness apps, some participants go further and thinking
seriously to buy fitness band and other fitness tools.

In general, do you support using smartphone Apps to improve dietary habits and physical
activity? How likely will it be effective if it is applied on Omani people in Oman?

All said Yes we support using smartphone apps.

New generation are more likely to use these types of technology, they are always using
there smartphone, so they have the sense of using such apps.

Sustainability needs more efforts from health and fitness authority in Oman, initiatives
alone is not enough, especially when taking into account the customs in Oman as a
challenge.

The weather in Oman is not encouraging using physical activity, therefore the use of
smartphones may be not as expected.

The changes in lifestyle in Oman, urges us to strongly encourage all tools and means that
help to improve our general health and fitness, including these smartphone Apps.

These apps could be effective, especially if they are designed to be culturally appropriate.
Avre there any other aspects of the study you would like to discuss?

It will be more helpful to provide individuals with more deep health messages as a feedback
of their daily dietary intake and physical activity (e.g. if you carry on with this level of
physical activity and this balance of calories and macronutrient, you will end up with less
chance of getting certain types of diseases).

If such apps modified to be appropriate of certain culture, they will be more effective.
Adding a recommendation or suggestion features to the fitness app in a way that enables it
to provide individuals with certain types of physical activity suitable for their age, weight
and climate they live in.

Privacy is very important and could stop some people from using such apps. Sorting out

this issue is crucial.



Appendix G: Participants evaluation of Loss it! App
Gender

Male 13
72.2%

Female 5
27.8%

1. Had you tried using this App before or was being part of the study the first time?

Figure 2:
Yes, | have tried this App before 2 11.1%
No, this is my first time 16 88.9%

2. What is the most helpful in this App?

e Monitoring your daily calories intake.

e Calorie count.

e Knowing the calories in each food.

e Easy access to most food a person eats with very specific details of
ingredients.

e Sample

e FEasytouse



w

Get idea about the calories in the meals and how much is in each meal.
Knowing the nutrition, you had.

The recording of food and what it includes and how we control it.
Knowing nutrients.

Knowing the calories.

Organized my daily food and know the calories of each meal.

Measure the calories every day which help me to compare it with the other days.
Knowing the calories of food.

Knowing my food calories.

It is accurate.
Monitor and improve food and nutrition intake.
Knowing your daily calories budget

. How easy to record your daily dietary intake?

A. Very difficult 0 0%

B. Difficult 1 5.6%
C. Medium 7 38.9%
D. Easy 8 44.4%
E. Very Easy 2 11.1%



4. How effective this App is for you to lose weight?

A. Effective 17 94.4%
B. Not effective 1 5.6%

5. To what extent you have reached your goals?

w

A. Not reached at all 1 5.6%
B. Partly reached 12 66.7%
C. Mainly reached 4 22.2%
D. Completely reached 1 5.6%

6. What App’s features helped you more in achieving your results?
= Knowing the calories



\l

Goal setting

Nutrient count

The calories' details for each single food

Lost it

Calories info.

knowing the calories in the meals to minimise and avoid it
Calories burning

The circle of your daily food and Calories.
knowing the nutrients

Calories circle

Enter the meals every day.

calculating food Calories

Weekly report.

It is fast

Nutrition summary and setting the weight loss goal.

Knowing the calories in some types of food that i started to avoid

. Would you recommend this App for your friends?

Yes 18 100%
No O 0%




Appendix H: Participants evaluation of Map My Fitness App

Gender
Male 14  73.7%

Female 5 26.3%

1. Had you tried using this App before or was being part of the study the first time?

Yes, | have tried this App before 1

No, this is my first time

2. What is the most helpful in this App?

Distance count.

Knowing the calories that | can burn by doing exercises.
It’s easy to use and calculate the distance you walked.
Measuring the distance you walk accurately.

Very simple and easy to use it.

Simple

Easy to use

knowing how much calories can burn as every time i walked

18

5.3%
94.7%



e Flexibility in choosing the type of exercise

e This app helped us to know the importance of sport and it also encourages us to

control our fitness.
e knowing distance
e Helped me to walk more.
e To map my fitness and showing me the importance of sport.
e Can be used without Internet.
e Recording my daily activities.
e Itisaccurate.
e Exercises.
e Tracking your walking.
e Step count

3. How easy to record your daily step counts?

A. Very difficult

0 0%
B. Difficult 2 10.5%
C. Medium 4 21.1%
D. Easy 7 36.8%
E. Very Easy 6 31.6%



4. How effective this App is for you to lose weight?

A. Effective 15 78.9%
B. Not effective
4 21.1%
7. To what extent you have reached your goals?
A. Not reached at all 3 15.8%
B. Partly reached 10 52.6%
C. Mainly reached 5 26.3%
D. Completely reached 1 5.3%

6. What App’s features helped you more in achieving your results?
Sharing data.

= Connections with friends.

= The good thing is that you can challenge your friends which give a sense of motivation.
= Self —monitoring.

= History of foods.

= Lose it.

= Recording my daily exercise.

= Challenges and calories calculated.

= N/A

= Knowing the calories, we lost.



\I

Knowing the distance.
Walk more
The challenges between friends.
Making challenges with my friends.
Auto tracking.
It is fast.
Walking workout
Health
Linkage with loose it app
O

. Would you recommend this App for your friends?
Yes 17

No 2

89.5%
10.5%



Appendix 1. Comparison of study variables before and after the intervention, in all study samples.

Baseline phase End of the intervention

Weight | Height | Height Energy | Daily | CHO | Fat | Protein | Weight Energy | Daily | CHO | Fats | Proteins
No | Age kg (m) (m?) | BMI | (kCal) | steps g g g kg BMI | (kCal) | steps g g g
1 | 34 | 1035 1.7 3.0 | 346 | 20684 | 963.8 | 61.0 [ 24.0| 15.0 102.0 341 | 1716.2 | 24704 | 68.1 | 11.8 20.2
2 | 40 64 1.7 2.8 | 22.7 | 1069.4 | 6607.0 | 584 | 148 | 26.8 64.0 22.7 | 1213.8 | 6005.5 | 68.6 | 13.4 18.0
3 | 37 76.5 1.7 2.8 | 27.4 ] 1939.6 | 8416.8| 58.7 | 16.8 | 24.4 75.3 27.0 | 1269.5 | 8802.0 | 58.9 | 17.9 23.2
4 | 31 64 1.7 2.8 | 2277 ] 1226.6 | 0.0 63.7 | 239 | 123 62.0 22.0 | 1205.3 - 59.6 | 23.6 16.7
5| 38 73 1.8 3.1 | 23.8 ] 2957.8 |3733.8| 70.0 | 15.0 | 15.0 74.4 24.3 | 3436.9 | 3858.9 | 70.8 | 15.5 13.8
6 | 32 78.7 1.8 32 | 246 | 729.2 |3781.0| 63.0 |[20.0| 17.0 - - 1333.4 [ 191855 | 64.1 | 17.9 18.0
7 130 70 1.7 29 | 242 | 1280.0 - 67.4 | 16.9 | 157 69.0 239 | 1359.6 | 101476 | 65.3 | 17.3 17.5
8 | 36 86 1.8 3.2 | 265 | 2521.2 | 1606.0 | 65.9 | 11.3 | 227 86.0 26.5 | 2760.2 | 3787.7 | 67.7 | 10.3 22.1
9 | 40 80 1.7 30 | 264 ] 921.3 |[1565.8| 71.8 | 12.2| 16.0 75.0 24.8 | 1662.3 | 7307.6 | 55.4 | 22.6 22.1
10 | 31 96 1.7 29 | 332 ] 1099.6 | 7297.2| 61.0 | 19.0 | 20.0 92.0 31.8 | 1146.0 | 135334 | 56.5 | 13.1 30.5
11| - 70 1.8 3.1 | 229 | 859.7 0.0 56.9 | 235 | 19.6 - - 1595.2 - 53.3 | 23.1 23.6
12 | 42 72.3 1.7 2.7 26.6 | 1765.0 | 4440.4 | 58.0 | 18.0 23.0 71.0 26.1 1478.6 | 9607.1 | 65.3 | 15.6 19.2
13 ] 31 76.4 1.8 3.1 24.4 | 1268.7 | 3856.4 | 615 | 15.5 23.0 /5.4 24.1 1578.8 | 3553.6 | 61.6 | 16.8 21.6
14 | 32 83 1.8 3.1 | 268 ]| 686.2 |3175.3| 453 | 24.1| 30.7 87.0 28.1 | 1266.9 | 2128.8 | 55.7 | 21.0 23.3
15 ] 30 68 1.7 3.0 | 23.0] 2517.9 | 1532.6 | 60.7 | 140 | 25.3 66.7 225 | 1881.2 | 5757.6 | 55.8 | 16.6 27.6
16 | 35 74 1.7 2.8 | 26.2 | 1503.5 [ 2830.0 | 58.1 | 184 | 235 72.3 25.6 | 1054.4 - 56.8 | 20.3 22.9
17 | 38 45 1.5 22 | 205 ] 10424 [ 19195| 595 [ 159 | 246 45.0 20.5 820.0 | 21723 | 61.2 | 151 23.6
18 | 34 75 1.6 2.6 | 29.3 | 1844.0 - 69.7 | 15.0 | 153 75.0 29.3 | 1255.2 | 3850.6 | 65.4 | 17.6 17.0
19 | 34 59 1.5 24 | 249 | 1188.6 - 58.0 | 18.6 | 23.4 57.7 24.3 | 1065.2 | 3429.8 | 57.4 | 17.7 24.9
20 | 35 78 1.6 2.6 | 29.7 | 1363.6 - 69.0 | 224 8.6 77.0 29.3 931.7 - 69.2 | 135 17.4
21 | 28 76 1.6 2.4 31.6 | 851.6 | 5825 | 48.9 | 24.7 26.4 73.0 30.4 885.6 | 25154 | 50.4 | 235 24.7




Appendix J: Compliance in data entry of energy intake and PA.

MapMyFitness

No No. Days Completed | Missing | Total | No. Days Completed | Missing | Total
1 29.0 2.0 31.0 18.0 13.0 31.0
2 31.0 0.0 31.0 20.0 11.0 31.0
3 31.0 0.0 31.0 26.0 5.0 31.0
4 24.0 7.0 31.0 0.0 31.0 31.0
5 31.0 0.0 31.0 26.0 5.0 31.0
6 30.0 1.0 31.0 11.0 20.0 31.0
7 24.0 0.0 24.0 11.0 13.0 24.0
8 31.0 0.0 31.0 11.0 20.0 31.0
9 23.0 0.0 23.0 16.0 7.0 23.0
10 30.0 0.0 30.0 28.0 2.0 30.0
11 19.0 11.0 30.0 0.0 30.0 30.0
12 0.0 30.0 30.0 0.0 30.0 30.0
13 30.0 0.0 30.0 29.0 1.0 30.0
14 31.0 0.0 31.0 18.0 13.0 31.0
15 27.0 0.0 27.0 4.0 23.0 27.0
16 23.0 0.0 23.0 14.0 9.0 23.0
17 15.0 0.0 15.0 0.0 15.0 15.0
Total 429.0 51.0 480.0 232.0 248.0 480.0




Appendix K: Research Flyer
The University of

t Nottingham

UNITED KINGOOM - CHINA - MALAYSIA

It is Your Chance
to get Fit!

Aim: To improve physical activity using

mobile application.

What to do:
Increase physical activity
either by step counting or

Interested please contact us at:

Nahla Al-Anqodi (MSc Advanced Dietetic Practice)

<] stxnsal@nottingham.ac.uk

+968-97702626



Appendix L: Information sheet

The University of

Nottingham

UNITED KINGDOM - CHINA - MALAYSIA

School of Biosciences,
University of Nottingham
Information for Participants

Feasibility of Smartphone application to promote physical activity in healthy Omani

female adults

Investigator: Nahla Al-Angodi (stxnsal@nottingham.ac.uk) +447774992476
Supervisors:

Professor Andrew Salter, Dr. Fiona McCullough

School of Biosciences, University of Nottingham

You are being invited to participate in a research study. When considering whether or not to
participate in this study, it is important that you understand why this research is being done
and what it will involve. Please ask the researcher any questions or queries you might have.

Thank you for your interest in this study.
Background:

Data available about the health of the Omani adults shows a high prevalence of overweight
and obesity. In a recent survey on Omani adults in 2015 it reported that 55% of the studies
sample were either overweight or obese and suggested that it was due to them being
physically inactive. The current study, aims to examine the feasibility of smart phone apps in

supporting normal, overweight and obese Omani female adults to improve their level of



physical activity. Smartphone applications are increasingly popular and are convenient as

participants can monitor their physical activity progress anywhere and anytime.
What does the study involve?

This study is a feasibility study involves recruiting 40 Omani female healthy adults (18-55

years). Participants will randomly be divided into two groups using computer software.

Group 1 will be asked to modify their physical activity level (as measured by daily step
counts). Group 2 will be asked to continue with their daily physical activity. All participants
will be given detailed information about the intervention and how to participate in this study.
Group 1 will asked to use the allocated smartphone app for physical activity and to keep three
days food diary (at baseline and last week of the intervention) and track daily step counts
during all period of the study (5 weeks). Group 2 will be asked to keep a record of their

physical activity

Using an electronic physical activity questionnaire. Participants will be directed to send the

collected data to the researcher at the end of every week via email.

Participants who feel unwell during the study are advised to will be advised to stop all

physical activity immediately and consult their GP immediately.

Participants who are pregnant, cannot undertake physical activity, have a medical history of
NCD - hypertension, diabetes, CVD, obesity (BMI>30kg/m2) and non-Android or IPhone

smartphone users are excluded from the study.

Participants will be guided on how to download the app and advised decline any notifications
that may pop during the installation of the APP. All food diaries and physical activity
diary/log will be provided by the researcher (added at the end of the document). Further

information on physical activity is provided through the link below.

http://www.nhs.uk/Livewell/getting-started-guides/Pages/getting-started-walking.aspx



http://www.nhs.uk/Livewell/getting-started-guides/Pages/getting-started-walking.aspx

Why have you been chosen to take part?

All Omani female healthy adults aged (18-55 years) living in Oman will be invited to

participate. A screening will be done to investigate eligibility to participate in this study.
Do you have to take part?

It is up to you to decide whether or not to take part. If you do decide to participate, please
keep this information sheet and complete the consent form. You are still free to withdraw at

any time and without giving a reason.
What if something goes wrong?

If you have reason to complain about this study, complaints should be addressed in the first
instance to Prof. Andrew Salter (tel. 0115 9516120, email Sczams@exmail.nottingham.ac.uk)
or Dr Fiona McCullough (tel. 0115 9516121, email shzfswm@exmail.nottingham.ac.uk).
Address: School of Bioscience, The University of Nottingham, Sutton Bonington Campus,
Leicestershire, LE12 5RD). If this does not resolve the matter to your satisfaction then please
contact the School of Bioscience’s Research Ethics Officer, Dr Kate Millar (tel. 0115 951

6303, email Kate.Millar@nottingham.ac.uk), address as above.
Will my taking part in this study be kept confidential?

The results of this study will be kept strictly confidential. Any information about the research
participants that leaves the research unit will have names and addresses removed so that you

cannot be recognised from it.
What will happen to the results of this study?

The results of this study will be reported in postgraduate research project thesis and may also
be written up and submitted for publication in a peer review journal. You are invited to

contact the researcher to request a summary of the results once they are available.



Who has reviewed the study?
The School of Biosciences Research Ethics Committee.

Thank you for considering participating in this research.




Appendix M : Participants Consent Form

The University of

' | Nottingham

UNITED KINCGDOM - CHING - MALAYSIA

School of Biosciences

University of Nottingham

Participant Consent Form

'Feasibility of Smartphone application to promote physical activity in Omani

female adults”
Gender: Female

Nationality: Omani

In signhing this consent form I confirm that:

I have read the Participant Information Sheet and the Yes No

nature and purpose of the research project has been

explained to me.

I have had the opportunity to ask questions. Yes No

I understand the purpose of the research project and my Yes No

involvement in it.

I am above 18 years Yes No

I understand that my participation is voluntary, and I may Yes No

withdraw from the research project at any stage, without



having to give any reason and withdrawing will not

penalise or disadvantaged me in any way.

I understand that while information gained during the Yes
study may be published, any information I provide is
confidential (with one exception - see below), and that no
information that could lead to the identification of any

individual will be disclosed in any reports on the project, or

to any other party. No identifiable personal data will be
published. [If other arrangements have been agreed in

relation to identification of research participants (e.g. in a

focus group) this point will require amendment to

accurately reflect those arrangements]

I understand that the researcher may be required to Yes
report to the authorities any significant harm to a

child/young person (up to the age of 18 years) that he/she
becomes aware of during the research. I agree that such

harm may violate the principle of confidentiality.

I agree that extracts from the interview may be Yes
anonymously quoted in any report or publication arising

from the research [Omit if quotes not being used]

I understand that the interview will be recorded using Yes
audiotape/electronic voice recorder/video recorder
[Amend/delete as applicable]

I understand that data will be securely stored Yes

I understand that the information provided can be used in  Yes
other research projects which have ethics approval, but

that my name and contact information will be removed

No

No

No

No

No

No




before it is made available to other researchers. [Omit if

data will not be used in this way]

I understand that I may contact the researcher [or Yes No

supervisor] if I require further information about the
research, and that I may contact the Research Ethics
Officer of the School of Biosciences, University of
Nottingham, if I wish to make a complaint relating to my

involvement in the research.

I agree to take part in the above research project. Yes No

I have no medical history of NCD-Diabetes, Hypertension,

Cardiovascular disease. Yes |:| No |:|

Participant’'s name (BLOCK Participant’s signature Date
CAPITAL)
Researcher’s name (BLOCK Researcher’s signature Date

CAPITAL)



Appendix N : Participants Preliminary Questionnaire :

The University of

Nottingham

LIMITED HINCGDOE - CHIMS - RS A5,

Name: Email:

'Feasibility of Smartphone application to promote physical activity in Omani

female adults"

Participants will be randomly divided into two groups. Group 1 will be asked to download
a physical activity application into their mobile and send the step count data from the
application to the researcher’s email. Group 2 will record their physical activity in a diary
and this will be emailed to the researcher. Both groups will keep a food diary for 3 days
at the beginning of the study and at the last week of the study, these will be emailed as

well. The study is for 5 weeks.

Demographics

Age:
A. 18-29
B. 30-44
C. 45-55

Weight (kg):............... .
Height (cm):...................... .
Education:
A. Elementary school
B. High school graduate
C. Technical or vocational school
D. College graduate
E. Post-graduate studies

Marital Status:
A. Married
B. Single

Employment

Unemployed

Home duty

Retired

Manager/ professional

Student

Self employed

. Employed

The End of Questionnaire thank you for your participation

EmMmonw>



Appendix O : Participants Satisfaction Questionnaire
The University of

E Nottingham

LINITED KINCDOM - CHINA - MALAYSIA

Evaluation Questionnaire for Pacer App users

Have you used this App before? *
Yes, used this App before
No, this is my first time

How easy to see your daily step count? *
very difficult

difficult

Medium

Easy

Very easy

How effective this App for you to do physical activity? *
Effective
Not effective

Did the App motivate you to increase physical activity? *
Yes
No

Do you think combining the App with a wearable device is

M 0O 0N~ OOW O0O0OO0OON O O0OHR

necessary? *
o Yes
o No

6. Do you see yourself continuing to use this App or any other

App? *
Yes
No

©)

©)

7. Would you recommend using App to a friend? *
o Yes

o No

8. What was the most helpful feature in this App? *

Thank you



Appendix P : Satisfaction questionnaire results

Qyestions Percentage (%) n=18

1. Effectiveness of the App 88.9%

11.1%

2. Easiness 83.3% very easy,

5.6% easy

11.1% medium

3.App motivation to do | 94.4% motivated

physical activity

5.6% not motivated

4. Continuing using the App | 88.9% yes 11.1% No
5.Necessity of combining the | 88.9 Yes 11.1 No
App with wearable device

6. Recommending the App to | 88.9% Yes 11.1% No

a friend

Answers for questions 1-6

Answers to Q7:

Step counting

Can get the data easily

Providing accurate data

Easy to add in physical activity

Saves daily steps and can be found easily by date.

The dashboard and database of exercise.

Answers to Q8:

Technical problems

Add other features such as heart rate.

Problem arise when not enough battery available on the phone.

Very useful to those who are carrying their mobile phones.

Prefer wearable and now using fitbit watch which comes with the App but found pacer

easier.




