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The Effect of Whole Food, Plant-Based Diet and Low Fat Content on
The Glycaemic Control and Quality of Life in a Group of Type 2
Diabetes Patients: A Pilot Study
By
Khaleel Abdel Latif Khaleel Sa'ad Aldin
Supervised by
Dr. Mohammad A. Altamimi

Abstract

Background: Chronic diseases including diabetes are of high concern in
the Palestinian community as they became the major cause of death. Life
style such as diet is a modifiable risk factor that may play a major role to

alleviate diabetes’ mortality and morbidity.
Material and Methods:

First study: Fifteen diabetic patients aged 50.9 £ 6.5 years who were
diagnosed with diabetes at least 5.0 months ago participated in a pilot
study for 12 weeks to assess the effect of whole-food, plant-based diet on
their diabetes features. Participants were 2 females and 13 males with the
following baseline measurements (means+SD); 30.2 +5.2 kg/m?, 189.2 +
77.2mg/dL and 9.4 + 2.5% for body mass index [BMI], fasting blood
glucose [FBG] and HbAlc respectively. There was no restriction on the
energy and protein intake came from plant sources however, processed and

refined food items were restricted.

Second study: Two matching groups of DM patients were recruited to
assess their quality of life. The first one is the intervention group (IG) from

the first study, included 15 patients, was assigned to whole-grain food plant
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based diet for 12 weeks with no medication to DM. The second one was a
control matching group (CG), of 15 patients, was assigned to conventional
diet and medications to DM. At the end of follow up period both groups
filled WHO Qol-bref questionnaire which contained 4 domains; Physical,

psychological, social and environmental.

Results: First study: Participant’s adherence to the dietary programme on a
scale of 0 -10 was 8 £ 1.5. Their endpoint BMI, FBG and HbA1c were 28.7
+ 4.3 kg/m®, 102.9 + 19.6 mg/dL and 6.15 + 0.8 %, respectively.

Weight loss was significantly correlated with baseline body weight,
baseline BMI and time since diagnosis with diabetes. While Baseline FBG
was correlated with baseline and endpoint HbAlc [p<0.01], However, it
was not significantly correlated with endpoint body weight [p<0.08] and

BMI [p<0.018].

Second study: The results of WHO qol-bref for the intervention group have
shown improvements in all 4 domains of the questionnaire regarding
quality of life in comparison to the control group of patients with diabetes
and taking regular medications. Physical domain average scores were 57.7
point (£11.9) and 65.6 point (+5.4) for control and intervention groups
respectively. Psychological domain average scores were 42.9 point (£17.2)
and 64.8 point (+6.6) for control and intervention groups respectively.
Social domain average scores were 39.8 point (+17.4) and 72.6 point
(£14.4) for control and intervention groups respectively and environmental

domain average scores were 52.3 point (£12.9) and 60.5 point (£7.5) for
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control and intervention groups respectively. All domains’ results were
significantly different (p<0.01 for domain 2 and 0.05 for domains 1, 3 and
4).

Conclusion: This study has shown that management of anthropometric
parameters (weight and BMI) through diet, such as whole-food, plant-
based diet, has resulted in a significant reduction in diabetes parameters
such as FBG and HbAlc. In addition to improvement in patient’s quality of

life.
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1. INTRODUCTION

Modern life style is characterised by a plethora of pros and cons
started with the easiness and convenience to get food and high reliance on
technology in almost everything. As a result, physical inactivity and
obesity have become predominant. Chronic diseases such as cardiovascular
diseases, cancer and diabetes, which are another face of modern life, are

affecting every house in the developed society.

In Palestine, chronic diseases became the major cause of death
largely due to a shift in life style from traditional to western type of life.
The traditional way of life in Palestine was very close to the healthy life
style known as the Mediterranean diet, however, due to urbanisation and
deterioration of agricultural land [constituting 15.5% of the total area of
Palestine [1]. Palestinians became more reliable on convenient (ready to eat
or easy to prepare) foods from shops and markets. Palestinians are
spending more than a third of their income on food items which in averages
as JD 58.8 out of JD 165.0 per month per capita [1]. Major spending is on
bread products and cereals and meat (red meat and poultry). Such a shift
from traditional life style in Palestine may have consequences on health. It
was reported that prevalence of Diabetes mellitus in Palestine was 9.7% in
2000, increasing to 15.3% by 2010 with a forecast to reach 20.8% for 2020
and 23.4% for 2030 [2].

With limited resources, the burden of diabetes care is huge on both

individual and national levels. Moreover, the quality of life of a person
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having diabetes is affected, as most of complications are serious and are
ending up with disabilities. The primary care of diabetics is based on
medically agreed protocols starting with glucose regulators followed by
doses of insulin and in most cases medications of blood pressure are

prescribed.

The main aim of such a protocol is to establish a glucose
homeostasis, however, reversing the ability of tissues to be insulin sensitive
never happened [3]. It is very often that physicians flout the potential
values of good nutrition and promptly prescribe medications instead of
giving patients a chance to modify their disease through healthy eating and

active living [4].

Changes in life style of diabetics including type of diet is more
effective than medications alone not only to establish healthy glucose

homeostasis but also to reverse diabetes [2].

Therefore, the main aim of this study is to:

Investigate the effect of plant based diet on glycaemic features of

type 2 diabetic patients.

Objectives of the study:

1. To apply plant based diet on a group of type 2 patients.

2. To study the adherence of patients to the diet and its correlations with

diabetes.
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To report body weight changes and its correlation with diabetes.

Compare the quality of life of 2 groups of type 2-diabetics where
control group consumed conventional diet and interventional group

consumed plant-based diet.
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2. LITERATURE REVIEW

2.1 Diabetes Types, prevalence and consequences

Diabetes mellitus (DM) can be defined as a systemic metabolic
disease with both disturbances in carbohydrate, fat and protein metabolism
and chronic hyperglycaemia which result from a trouble in insulin secretion

or action or both [5].

There are two main types of diabetes; Type 1 diabetes is caused by
autoimmune destruction of pancreatic cells which in turn leads to less
insulin production. It usually takes place in young individuals with full
dependence on insulin injections. Type 2 diabetes is characterised by
insulin secretion with resistance to its actions. It affects mainly the middle-
aged and elderly people (although it is largely being observed in obese

young individuals).

Type 2 diabetes accounts for 90-95% of diabetics [6]. In known
cases, abnormal insulin response to hyperglycaemia caused by B-cell
dysfunction coexist usually with insulin resistance. It is not obvious which
is the primary abnormality [5]. Its frequency varies in different
racial/ethnic subgroups and it is often associated with a strong genetic
predisposition [6]. In type 2 DM, symptoms gradually develop and are not
noticeable even with hyperglycaemia and insulin levels normal or elevated.
Having hyperglycaemia with hyperinsulinemia and [-cell function

normally results in the amount of insulin is not enough to cause insulin-
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resistance level. Hyperglycaemia primarily results from increased
production of glucose by the liver and the less removal of glucose from

blood which in turn causes glycosuria.

Other life threatening conditions of uncontrolled diabetes are
ketoacidosis especially with type 1 diabetes, non-ketotic hyperglycaemia or
lactic acidosis [5]. Serious complications caused by chronic
hyperglycaemia affect and damage different organs particularly the eyes,
kidneys, nerves, heart and blood vessels. Symptoms of such complications
include polyuria, polydipsia, blurred vision and weight loss that sometimes

accompanied with polyphagia [6].
2.2 Diagnosis

Random blood glucose level can be useful in patients with symptoms
and extreme hyperglycaemia but it is not always diagnostic. Fasting blood
glucose (FBG) can be measured after at least 8 h over-night fasting and it is
considered the preferred method. Other methods include oral glucose
tolerance test which is considered more sensitive and modestly more
specific than FBG for diagnosis. However, it is not used routinely for
diagnosis except in pregnancy. On the other hand, glycosylated
haemoglobin (HbA1c) is very useful tool for monitoring glycaemic control
over a period of time, however, it has some disadvantages such as the
lower sensitivity of A1C at the designated cut point, greater cost, limited
availability of A1C testing in certain regions of the developing world, and

the imperfect correlation between A1C and average glucose in certain
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individual [7 ,8]. Therefore, it is important to recognize that A1C is an
indirect measure of average blood glucose levels, such levels may be

affected by health status, age and race of the individuals.

Table Isummerises the criteria used for diagnosis of diabetes

according to the American Diabetes Association 2017 [8].

2.3 Diabetes Aetiology and risk factors

Environmental factors are implicated in the incidence of diabetes;
many patients are reported to be obese especially with visceral (intra-
abdominal) obesity, in addition to decreased physical activity amongst
diabetic patients [5]. However, specific actiology for DM is not known [6].
There is a wide range of risk factors including non-modifiable factors such
as ethnicity, race, familial aggregation, genetic susceptibility, age and
gender.

Table (1). Criteria for the diagnosis of diabetes according to ADA
(2017)

FBG >126 mg/dL (7.0 mmol/L). Fasting is defined as no caloric intake
for at least 8.

Or

2-h BG >200 mg/dL (11.1 mmol/L) during an Oral Glucose Tolerant
Test. The test should be performed as described by the WHO, using a
glucose load containing the equivalent of 75 g anhydrous glucose
dissolved in water.

Or

HbAIC >6.5% (48 mmol/mol). The test should be performed in a
laboratory.

Or

In a patient with classic symptoms of hyperglycemia or hyperglycemic
crisis, a random plasma glucose >200 mg/dL (11.1 mmol/L).

Adapted from [7]
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Whereas, modifiable factors include obesity, percentage of body fat
and its distribution, lack of physical activity, diet, smoking, alcohol abuse,
changing life style (urbanization), gestational diabetes and low birth weight

[9 -10].

In this section we are going to shed the light on some of the
modifiable factors as they are part of the life style one can change to

decrease both the diabetes incidence and its impact.

2.3.1 Obesity, Weight gain and Fat Distribution

Obesity, overall obesity and factors related to obesity are associated
with increased incidence of type 2 diabetes [11]. Abdominal obesity, total
fat and distribution of fat are associated with high risk for diabetes [12 and
13]. Also abdominal obesity (visceral fat) with low BMI are associated
with DM. High calorie intake is related to obesity and diabetes [14].
Prevalence of obesity in USA adults has increased dramatically and it is
associated with several health risks and diseases including diabetes
regardless to gender, educational level, race, age, and smoking levels [15].
Comorbidities associated with obesity are well documented and prevention
of obesity has eliminated a great risk for type 2 diabetes [16]. In a cohort
study, an increase of 1kg in body weight increased the risk of having
diabetes by 4.5% [17]. While a prospective study, for 13 years involving
more than a million participants, has shown that intentional weight loss has
eliminated risk of type 2 diabetes [18]. Another prospective study

considered studying annual changes in weight over 10 years had shown
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that an increased risk of diabetes in overweight adults and that any weight
loss has reduced the risk [19]. Unplanned fasting and elevated postprandial
glucose results accompanied with obesity and sedentary life style also were
associated with high risk of diabetes [20]. Reducing weight, total fat and
saturated fat, increasing fibre intake and physical activity in patients with
diabetes for 3.2 years have remarkably improved their diabetes markers
measured by glucose-tolerance test orally [21]. High BMI is associated
with high risk for type 2 diabetes, however, it differs between black and
white Americans due to fat distribution. In this context, high visceral fat
was the main player affecting incidence of diabetes regardless to BMI of an
individual [22 - 24]. Furthermore, incidence of diabetes related to fat
distribution shows that central obesity related to type 2 diabetes in females
is more frequent than men [25]. Other factors related to obesity such as
early obesity, adulthood obesity and abdominal obesity are also considered
risk factors [26 and 27]. In the nurses’ health study central obesity was

associated with insulin resistance and type 2 diabetes [28].

2.3.2 Diet

It was reported by many studies that diet is a major risk factor in
developing diabetes qualitatively and quantitatively. Sugar-sweetened
beverages increase obesity and further may be associated with diabetes
[29]. Consuming fructose-sweetened beverages will increase visceral
adiposity leading to a decrease in insulin sensitivity and high blood glucose

levels [30]. Increased animal fat intake, edible oil, added sweetener such as
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fructose corn syrup, increased intake of foods of animal sources are factors
related to obesity and increased risk for type 2 diabetes [31]. High-
Glycaemic Index (GI) diet such as refined grain products, polished white
rice [32] and in general low fibre food with high GI and Glycaemic load
(GL) increases the risk [33]. A study conducted in China has indicated that
high GI and GL foods, in particular consumption of rice, increased the risk
for diabetes [34]. In the USA consumption of brown rice instead of white
rice was found to decrease the risk in women and men [35]. Trans-fat,
vegetable and animal ghee intake was shown to increase the risk of
diabetes [10]. In a follow-up study saturated and total fat in food have been
associated with high risk [35]. Total and saturated fat intake have been
associated with a higher risk values such as fasting insulin concentration
compared to starch and fibre intake in a prospective study [36]. Also, high
fat low carb diets are considered as risk factors [37]. Consumption of red
meat and processed red meat was considered as a risk factor for the
development of type 2 diabetes [38]. Many evidence showed that processed
meat has increased the risk of diabetes [39-41]. For example, in a meta-
analysis of cohort studies found that high intake of red meat and processed
meat was associated with diabetes [38]. Moreover, the women’s health
study, prospectively, showed that high intake of red and processed meat are
risk factors for developing diabetes type 2 [42 and 43]. On the other hand,
it was reported that iron from meat is a high risk factor [44]. In a cohort
study high haem-iron intake, came mainly from animal source, has

increased the risk of type 2 diabetes [45]. Haem-iron, which is provided
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largely by animal sources, is associated with such a high risk while non-
haem dietary iron (from plant sources) is not a risk factor. Interestingly,
blood donation decrease ferritin level and improve insulin sensitivity [43].
It is worth to say that meat consumption, which was related to obesity in
men and women, was found to be associated with developing type 2
diabetes [46 and 47]. Studies on nutrients intake and its association with
type 2 diabetes are summarised in Fig 1 and Fig 2. These two figures
clearly show that some food items or nutrients are associated with the risk
of incidence of type 2 diabetes (relative risk more than 1.0) while other
food items or nutrients (relative risk less than 1.0) are considered protective

against type 2 diabetes.

Nutrients No. of
cohorts
Heme-iron 4
Glycaemic
) 13
index
Glycaemic
load 17
DHA/EPA 16
Vegetable 7
fibre
Fruit fibre 8
Alpha- 7
linolenic acid
Magnesium 13
Cereal fibre 8
Vitamin D 21
0.6 0.8 1.0 1.2
RR (95% Cl)

Fig. (1) Summary of meta-analysis of prospective cohort studies on nutrient intake
and type 2 diabetes relative risk.

1.4
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Where: DHA is docosahexaenoic acid; EPA is eicosapentaenoic acid

and Relative risks [RR]. All nutrients were assessed from food intake

except vitamin D blood 25-hydroxyvitamin D values were used. Adapted

from [14]
Number
Foods of
cohort
Processed
9
meat
Unprocesse 9
d red meat
Fish
/seafood 13
White rice 7
Green leafy 4
5
Green leafy Europea
n
Sugar-
sweetened 8
beverages
Sugar- 8
sweetened  Europea
beverages n
Coffee 28 ol6 0.8 1.0 12 14 16 1.8

RR (95% CL)

Fig. (2) Summary of meta-analyses of prospective cohort studies on food and
beverage intake and type 2 diabetes relative risk.

Relative risks (RR) are comparison of extreme categories, except for

processed meat (per 50 g/d increase), unprocessed red meat and fish/sea

food (per 100g/d), white rice (150g per each serving/d), whole grains (per

3 servings/d), sugar-sweetened beverages in European cohorts (per

336g/d), adapted from [14]
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2.3.3 Physical activity

There are loads of evidence confirming that sedentary lifestyle,
spending hours watching screens (TV, mobile phones, electronic games
etc.), reduced energy expenditure, increased snacking will lead to obesity.
Moreover, type of profession, ways of transportation, use of technology
can affect level of obesity [10]. In a systematic review of the effect of
exercise training on HbAlc, it was found that aerobic exercise was
associated with improvement of HbAlc, with >150 min per week having
better results than <150 min [48]. Physical activity and exercise in general
have led to a better insulin sensitivity, an improvement in pre-diabetes and
gestational diabetes [49]. Diabetes complications also could be reduced by
improvement in HbAlc accompanied by exercise [50]. Although some
studies indicated that different forms of exercise have small benefits
control of glucose [51], a meta-analysis has indicated that there was a
significant improvement by exercise in controlling diabetes with reduced
visceral adipose tissue [52]. In addition, a randomized trial of individuals
aged from 39-70 years has been conducted. A sedentary control group and
3 exercising groups that performed a task 3 times a week for 22 weeks
(aerobic training, resistance training and a combination of both). It was
found that the best improvement has been achieved by a combination of
resistance and aerobic exercise than aerobic exercise alone [53 and 54].
Stair climbing, walking, sports, physical activity in general were reported

to act in preventing type 2 diabetes in most high risk individuals [55].
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Moderate intensity physical activity for at least 30 min was reported to

reduce the risk of type 2 diabetes [56].

2.3.4 Smoking

In a prospective study addressing the risk of smoking in developing
diabetes, there was a positive association between smoking and insulin
resistance on the short and long terms [56]. Another systematic review and
meta-analysis study with 25 prospective cohort studies with 1.2 million
participants. Follow up period ranged from 5 to 30 years. Association of
increased risk of diabetes was found in active smoking (heavy) > 20
cigarettes/day more than lighter and/or former smokers [57]. Abdominal
obesity also was found to be associated with smoking and have dose
dependent relation [58]. Another cohort study for 8 years involved 2312
individuals who received questionnaires by post, has indicated that there
was an increased risk amongst individuals started smoking in younger age
[59]. In addition to that study, in Japan it was found that amongst 1266
Japanese workers, 35-59 years of age, the number of cigarettes and years of
exposure have positive relation to developing type 2 diabetes [60]. The
adverse health effects of smoking are evident and smoking cessation may
lead to reduced prevalence of diabetes [61 and 62]. Moreover, risk of
diabetes may be increased in offspring of smoking mothers [63]. A Finnish
prospective study in women and men found that risk of smoking for
developing diabetes is independent to obesity level and/or physical activity.

Furthermore, cessation of smoking has been found to reduce the such a risk
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[64]. In the Coronary Artery Risk Development in Young
Adults (CARDIA) study that included current smokers, previous smokers,
never been smokers but exposed to second hand smoke, and never been
smokers or exposed to second hand smoke, all participants were followed
up for 15 years. The results showed that current smoking and exposure to
smoke have increased the risk of diabetes. Also there was a dose response
effect of smoking while exposure to smoke had an intermediate risk [65].
Smoking is not a risk factor to insulin resistance but also it is a contributing
factor in developing metabolic syndrome and impaired glucose tolerance

[66-67].

2.3.5 Gestational diabetes (GDM)

Women who experienced GDM or showed an insulin resistance
and/or impaired insulin secretion are at high risk for developing type 2
diabetes if the same life style is maintained [68]. Women with GDM have
higher risk for developing diabetes type 2 than women having impaired
glucose test and no past history of GDM [69]. A follow up study for pre-
gestational diabetes indicated that GDM has made an increased risk for
developing DM type 2 [70]. On the other hand, a systematic review has
examined the risk of developing type 2 diabetes in women with history of
GDM. After delivery testing for glucose was required to monitor the risk of
developing the disease. Although ethnicity may vary in the risk, mothers
who were exposed to GDM were at higher risk of developing diabetes type

2 later in their lives provided that life style was kept the same [71].
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2.3.6 Low-birth weight

The relation between low birth weight and developing the disease
later in life was studied. During pregnancy poor nutrition to the foetus may
be related to impaired B-cell function, however, low insulin is needed at
that time. Later on as the infant grows, more food is ingested and more
insulin 1s needed hence, the risk for developing diabetes increases [72]. It
was also documented that decrease in birth weight was related to an
increase in insulin resistance [73]. The risk of developing the disease was
reported for both low and high birth weight infants [74]. Other study has
indicated that in low-birth weight, developing insulin resistance later in life
seems to be the risk for developing the disease rather than B-cells
dysfunction and there is an interaction of obesity in the adulthood [75]. In
Pima Indians population, low-birth weight infants were more insulin
resistant than normal birth weight infants, and those with high birth weight
had less insulin resistance but were more obese [76]. Poor nutrition during
critical times of pregnancy was linked to the development of impaired
glucose tolerance in adulthood, also it was linked with increased obesity as

indicate by a study on individuals lived a famine experience [77].
2.3.7 Breastfeeding

Breastfeeding is associated inversely with developing type 2 diabetes
[78]. In native Canadian children reduction in the risk of type 2 diabetes
was observed due to breast-feeding and adoption of breastfeeding policy

has reduced the incidence of the disease on the population level (79]
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2.4 Diabetes management and diet

According to American diabetes association [ADA, 80], the main

goals for a nutritional programme that addresses diabetes are:

o To promote and support healthy eating patterns with wide range of food

categories and proper size portion.

o To address individual nutritional needs based on personal and cultural

preferences.

o To maintain the pleasure of eating by providing positive messages
about food choices while limiting food choices only when indicated by

scientific evidence.

o To provide the individual with diabetes with practical tools for day-to-
day meal planning rather than focusing on individual macronutrients,

micronutrients, or single food [81].

Acceptance of any diet related to nutritional therapy for adults with
diabetes emerges from achieving the goals that the American diabetes
association has approved. One of the healthful eating pattern is plant based
diets [81]. The current position of the American Dietetic Association is that
appropriately planned vegetarian diets, including total vegetarian or vegan
diets, are healthful, nutritionally adequate, and may provide health benefits
in the prevention and treatment of certain diseases. Moreover, well-planned
vegetarian diets are appropriate for individuals during all stages of the

lifecycle, including pregnancy, lactation, infancy, childhood, and
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adolescence, and for athletes [81 and 82] Improvement in chronic diseases
by adopting plant-based diets is emerging with many supportive evidence.
For instance, lowering HbAlc, loss of weight, improved insulin sensitivity,
in addition to reduction in the need for medication for hypertension and
CHD [81]. Vegan and vegetarian diets are nutritionally adequate by
appropriate planning to manage type 2 diabetes [81]. Dietary patterns must
be considered together with all food consumed rather than a single food
item [83]. HbAlc levels can be reduced by vegetarian diet [84]. And
incidence reduction in diabetes was also obtained by adopting plant-based
diet [85]. A low fat plant-based diet improves body weight and plasma
lipids in addition to glucose sensitivity [86] during fasting without exercise
[87]. Improvement of CHD seen in adopting vegetarian diets also may
prevent diabetes partly due the active ingredients the diet contains which
protect from inflammation and oxidation [88]. Improvement was also
reported on weight and insulin sensitivity [89], low LDL and total
cholesterol concentration [90] improvement in lipids and glycaemic results
[91]. High-carbohydrate, high-fibre diet lowers insulin doses and improve
glucose results [92]. Vegan diets protect from CVD, and also protect beta-
cells [93]. Adopting plant-based diets may improve diabetes markers
reduce risk factors that promote the onset of diabetes [94]. Vegetarian diets
affect the quality of life by decreasing the feel of hunger, improving mental
health and mood and physical performance [95]. Decreased insulin
resistance and improved oxidative stress markers were also reported [96].

On the other hand, vegan diet improves the quality of life and individual’s
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productivity in a low cost manner [97]. A low fat-plant-based diets
consisting of whole grains, vegetables, legumes and fruits without
restriction of amounts or messages about choices, in addition to minimizing
oil and preference to low GI foods, leads to health effects on weight, lipids

and glucose in diabetics [98 and 99].

2.4.1 Dietary patterns

According to what has been illustrated above about diet as a risk
factor for developing type 2 diabetes, it is certain that diet is a modifiable
risk factor and changing of diet may help in preventing or even treating the
disease and achieving the nutritional goals of the American diabetic
association [100]. Dietary patterns including low carbohydrate,
Mediterranean diet, Alternative healthy eating index (AHEI), Dietary
Approaches to Stop Hypertension (DASH), low fat dairy products, low GI,
high protein diets may help [101 and 102]. Moreover, in a meta-analysis of
randomised-control trials (RCTs) it was shown that dietary patterns
including the aforementioned diets were effective in controlling diabetes
[101]. In a systematic review related to type 2 diabetes control and
prevention found that patients adopting Mediterranean diet improved
glycaemia and lowered the risk of developing diabetes type 2 in a clear
association between adherence and level of improvement [103]. Alternate
healthy eating index [AHEI) may reduce the risk of chronic diseases such
as diabetes type 2 [104]. For low-fat dairy pattern the risk of developing

diabetes type 2 may also be lower [105]. DASH eating pattern contains
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fruits, low fat dairy products, vegetables, nuts, seeds, whole grains, limited
amount of meat, poultry, eggs, fats and oils may prevent diabetes type 2 if
adherence to the diet was tangible [106]. Vegetarian diets, from vegan to
lacto-ovo-vegetarian, lacto-vegetarian, pseco-vegetarian to semi-vegetarian
have protection effect against diabetes with vegan and lacto-vegetarian
being the most effective in protection and controlling diabetes than other

patterns [107].

For the purpose of this study the following sections will be focused
on; vegetarian, Mediterranean and low-fat diets as they are very relevant to

the scope of this study.
2.4.1.1 Definition of vegetarian diets

Vegetarian dietary patterns have some variations and versions. Diets
that exclude meat, poultry, fish, dairy, eggs and all food products that have
any animal origin is known as vegan. While diets that avoid meat, poultry,
fish and allow grains, legumes, vegetables, nuts, seeds, dairy, eggs are

known as lacto-ovo-vegetarian [108].
2.4.1.2 Definition of Mediterranean diet

Mediterranean diet (MD) is a description of the life style and related
food items presented in the Mediterranean region. Such a region is
heterogeneous of its geographical, racial, habits and traditions, plantations
and socioeconomic components, however, traditional MD common

components are high intake of olive oil (as a major source of fat),
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vegetables, fruits, whole grains, legumes, moderate intake of dairy products
and low intake of red and processed meat. Some variations of MD were
reported in each individual country depending on the staple food of that
particular area; for example, coastal regions were more dependent on sea

foods and fish [109].

2.4.1.3 Definition of low fat plant based diet

Whole-foods, plant-based, low-fat diet is the diet that encourages
plant foods in their whole form, such as vegetables, fruits, legumes, and
seeds and nuts (in smaller amounts). For maximal health benefits this diet
limits animal products in all forms with more restriction on processed red
meat. Total fat such as pressed and purified vegetable oils (e.g. sunflower,

soy and canola oils) are also restricted [110].

It was reported since 1935 that high-carbohydrate low fat diet had
decreased insulin need by 57% at the end of 5-year treatment period and
sugar levels were better than lower carbohydrate diet and higher fat content
diet, in addition clinically patients looked and felt well, digestive tract
disorders were improved, increased vitality. There was a decrease in
diabetic coma, a decrease in acetonuria from 9% to 2%. Therefore, high-

carbohydrate low-fat diet has a potential effect in controlling diabetes

[111].

A list of some dietary approaches and their outcomes regarding

diabetes are summarised in Table 2.
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Table (2) Summary of main dietary approaches targeting Type 2
diabetes and main outcomes. Adapted from [109].

. Diabetes Diabetes
Main components .
prevention management
High consumption :
=
S of minimally Associated Compa}r ed Wlt.h
= : ) convectional diet
= processed plant with lower risk )
VY A improved
5 5 food, olive oil as of Type 2 Iveaemic control
= principal fat. Low diabetes in gy : :
S - . and insulin
= consumption of red | many studies. o
meat sensitivity.
E;th;ﬁi::%it;bgts Restriction of salt
dairy prc,) ducts Associated to 2400mg/d has
DASH diet | whole-grain, poultry with lower risk effef:t on
low in saturated fat of'Typ e2 glycaermc control
' diabetes and risk from
meat, sweets and CVD
sugars and salts. '
Improve glycaemic
Associated inco(;losrilggrll,t for
Vegetarian | Devoid all animal | with lower risk CVD and calorie
and vegan products. of Type 2 _—
diabetes restrlctlon was
difficult to be
isolated
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3. MATERIALS AND METHODS

3.1 Dietary programme design

This pilot study represents a trial of using plant-based diet as
nutritional management for diabetes. Whole grains, vegetables, legumes
and fruits are the main components of the diet, while animal products,
meat, poultry, fish, dairy products and eggs are avoided. Moreover, oils are
minimised to less than 3g per day and eating low GI foods was encouraged
[99]. Low-fat plant-based diets as planned by clinical trials usually contain
10% of energy from fat, 15% protein and 75% carbohydrate which include
vegetables, fruit, grains, and legumes and avoidance of meat, dairy
products and eggs, added oils, fried products, avocadoes, nuts and seeds
[112]. Another trial design for vegetarian diet include (25% fat, 15%
protein and 60% carbohydrates) come from vegetables, legumes, fruits and
nuts. Animal- containing food should be limited to a maximum of 1 portion
of low-fat yogurt a day [113]. Another version of this diet is as follows;
eating until satiety without counting calories of whole grains, legumes,
vegetables and fruits while avoiding refined oils, meat, fish, eggs and dairy
products, processed foods nuts, avocadoes, sugar, salt, and caffeinated
beverages in addition, to providing individual with B12 supplements (50
micrograms daily). This will provide 7-15% of total energy from fat [114]
and can be achieved by complete avoidance of refined oils, animal
products, eating whole wheat flour, rice, corn, oats, barely, quinoa,

potatoes, sweet potatoes, beans, peas, and lentils, fresh fruits, non- starchy
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green, leafy vegetables, orange and yellow vegetables. More diet designs
were experimented; these contain 7% fat, 12% protein and 81%
carbohydrates with no restriction on quantities [115]. Vegan diet containing
brown rice and eating low glycaemic index food with no restriction on
portion and energy consumed while avoiding polished rice, processed food
made from rice-flour, or wheat flour and animal food products is another
design to conduct similar experiment [115]. This dietary programme will

be used in this study to assess its effect on diabetes.

3.2 Subjects recruitment and ethical approval

This study took place in the city of Nablus, Palestine during the
period of April 2017 to February 2018. For the first study all patients were
recruited after referral from their physicians then enrolled in a 12-week
dietary programme to assess the effect of plant-based diet on their diabetes
parameters. Dietary programme and the study procedures were approved
by the Institutional Review Board (IRB), An-Najah National University
number IRB (10 Feb-2017). All patients were interviewed for at least 1
hour and given detailed explanation about the dietary programme, then

they signed a written consent before the commencement of the study.

3.2.1 Subjects

All patients were confirmed to be diabetic by their physicians
accompanied by recent results of their blood analysis. Inclusion criteria
were; age 30-70 years, with diabetes for less than 1 year, and

hyperglycaemic with HbAlc above 6.2. Exclusion criteria were:



24

pregnancy, having medication for diabetes or its complications or
following a diet plan for any reason (i.e. weight loss plan). None of the
patients has received any kind of incentive for their participation. Fifteen
patients were eligible and have been recruited in this open randomised pilot
study. Participants who were eligible to enrol the study were from both

genders.
3.3 Measurements

Anthropometric measurements of all patients were taken and body
mass index (BMI = person's weight in kilograms (kg) divided by his or her
height in meters squared) was calculated at the beginning of the study and
at the end using Centre for disease and control prevention (CDC)
calculator, (2015)[116]. https://www.cdc.gov/healthyweight/assessing
/bmi/adult bmi/metric bmi_calculator/bmi_calculator.html. BMI was
categorised according to the international classification of BMI (kg/m®) in
adults suggested by WHO as "underweight" (<18.5), "normal weight"
(18.5-24.9), "overweight" (25.0-29.9) and "obese class I-III" (30.0-34.9,
35.0-39.9 and >40, respectively) [117]

The recent baseline fasting blood glucose and HbAlc were either
taken from patients’ files or were analysed in a private laboratory. Similar

measurements were taken after 12 weeks.
3.4 Food frequency questionnaire (FFQ)

A food frequency questionnaire containing 10 questions (Appendix

1) was filled by all patients prior to the start of the trial. Such a
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questionnaire was comprised of 3 parts; part 1 included personal
information, part 2 included health history and part 3 included food items
frequently consumed in the last 3 months. Food categories mentioned in the
questionnaire were based on modified Mediterranean diet (MMD) [118 and
119] as a reference and contained the following food items: fruits,
vegetables, legumes, red meat, white meat, dairy products, fish, cereals and
refined cereal products, processed meat, canned vegetables, nuts, soft
drinks, juices and sweetened beverages, tea, coffee, traditional sweet and

other sweet.

Frequency of food intake ranged from more than once a day to none
within 3 months. Quantities of each food items were not recorded and FFQ
was based on qualitative frequency, 1.e. the number of intakes of any food

item. Scoring of patient’s food intake was based on closeness to MMD

(Table 3) [119].

3.5 Dietary programme

All participants were interviewed using a face-to-face counselling
method. Dietary programme was explained by the researcher. Then a list of
allowed food items and not-allowed food items was given to each patients
(Table 4). All participants were given no restriction to eat from the allowed
list (ad libtum), hence, daily energy intake and other nutrients requirements
were not calculated. The participants were advised to maintain their life
style as before the trial with no extra physical activity or unusual change to

their habits.
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3.6 Programme compliance and follow up

During the period of the trial all patients were followed up and a
weekly phone call was made for further counselling and to assess their
adherence to the dietary programme .A scoring system was placed to assess
such an adherence with scores from 0-10. If the participant fully adhered to
the programme for a week, a 10-score adherence level was given. For any
intake of the not-allowed list one point was taken out of 10. For example, if
the patient ate red meat once a week and had cheese twice a week this will
add up to 3 points then the patient’s score will be 10-3= 7, for the
corresponding week. The average of 12 scores representing the 12 weeks
for each patients was calculated. During the follow up period, patients were
also advised not to take any additional supplements or unusual herbal
infusion (such as cinnamon, ginger tea etc.) that may interfere with glucose

metabolism.

After the assigned period all participants were asked a question about

their willingness to carry on the programme by their own.

3.7 Quality of life assessment

For the second study and in order to assess the changes of quality of
life of intervention group who followed the dietary programme, their
quality of life level was compared with a matching patients group (control)
admitted the ministry of health (MOH) clinic in Nablus. This group was
randomly recruited in parallel with the interventional group. Control group

has the following criteria; they were on conventional diet (diet used by
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none diabetic people), aged between 30-70, diagnosed with diabetes for at
least 1 year, had their fasting blood glucose and HbAlc recorded after
diagnosis for 3 consecutive periods and were taking medications for
diabetes according to the MOH protocols. All patients’ details were

extracted from the patients file kept at the clinic.

Fifteen patients were eligible and met the inclusion criteria.
Demographic, socioeconomic and health parameters are listed in Table 8.
All patients of control group were interviewed face-to-face by the
researcher. During the interview they filled a questionnaire about their
quality of life during the last 3 months. The Quality of life Questionnaire,
used here, was validated in 15 countries with different languages and life
standards, and approved by the World Health Organisation (WHOqol-bref,
1996) [120] in its both Arabic and English versions.

Whogqol-bref questionnaire is composed of 26 items spread over 4
domains: physical, psychological, social relationships and environment.
Each question has its score from 1-5 scale, where 1 represents very poor
and 5 represents very good. Each domain has its scoring level then these
scores are transformed into a scale of 0-100. Higher scores were
representing better quality of life. Whoqol-bref questionnaire and scoring

method is found in Appendix 2.

3.8 Statistical analysis

The main endpoints that were determined by this study were Fasting

blood glucose and HbAlc of the tested group and their correlation with
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diet. Therefore, different correlations were conducted to 1) determine if

there were correlation between baseline and endpoint levels with dietary

programme. 2) determine if adherence to the dietary program was

associated with the changes in the endpoints. Another outcome was to

evaluate the changes in BMI as a secondary endpoint and if changes in

BMI is related to dietary programme. Finally, means differences and

analysis of variance in all domains for two groups of patients were

analysed to determine the quality of life using SPSS ™ programme.

Table (3) Scoring methodology of frequently food intake by the
participants. Scoring was based on closeness to MMD [118 and 119].

Food item

> once a
day

1-3
week

a

Once every 2
weeks

Once a
month

Once
every 3
months

Not
at all

Vegetables

1

0

1

1

1

Fruits

1

0

-1

-1

-1

Legumes

1

0

1

1

1

Red meat

White meat

Fish

Dairy products

Refined Wheat
products, rice,
maize etc.

Processed meat

Canned veg.

Nuts

Soft drinks

Juices

Tea with sugar

Coffee with
sugar

=l ] [l fe) ) fan)

| et [t |

Sweets
variety)

(any
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Table (4) List of food categories that are allowed and that are
prohibited in the plant based diet [110 and 111].

Allowed food list Prohibited food list

Dried legumes , beans, peas, Meat (beef, lamb, poultry etc.) Fish.
chickpeas etc.

Dairy products (milk, butter, cheese
etc.)

Nuts Extracted vegetable oil (olive, soy,
corn oils) and margarine from plant,
ghee from animal source)

Green leaves, lettuce, spinach, Processed foods such as canned,
rockets, radish, onions, garlic etc. highly refined products.
Fresh vegetables, carrots, cucumber
, cauliflower etc.

Skinned potatoes and sweet White flour pastries, White bread.
potatoes. Short grain rice.
Whole grains, oat, barley, brown
rice etc
Whole wheat products or fragments
Fresh fruits or their fresh Sugary and sweetened drinks (soft
unsweetened juices. and juices)

Any mixture of above-mentioned Any mixture of above-mentioned
items items
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4. RESULTS

4.1. Demographic, physical and clinical criteria of participants

In the first study Participants were from both genders, with male
representing 86.7% of the total number (Table 5). The average age of the
participant was 50.9 (£6.5) years with a range from 41 to 66 years. The
average of BMI of all participants was 30.2 (+5.2) with a range from 23.4
to 38.2, however, only 3 out of 15 patients (20%) had normal body weight
while 5 out of 15 (33 %) had overweight and the rest 47% were obese. All
patients were diagnosed with diabetes for 1 year or less with an average of
5 months (£3.8) and a range of 1 -12 months. Their mean initial fasting
blood glucose was 189.2 mg/dL (£77.0 mg/dL) with a range from 95 to
340 mg/dL. They were distributed as follows: 6% < 110, 26.7 % from 110-
120 and 66.7 % > 120. Similarly, measurements of HbA1c showed that the

average of this group was 9.4 % (£2.5%) with a range from 6.4% to 13.5%.

Other clinical parameters showed that 3 out of 15 (20%) of the
patients have had other illness in addition to diabetes with only 2 (13.3%)

of them on medication (not related to diabetes) for these diseases.

Moreover, 9 out 15 (60%) of the patients have declared that a first
degree relative (parents and parents’ brothers and sisters or the patients’

brothers or sisters) has diabetes.
4.2 Qualitative Food Frequency

Data collected from food frequency questionnaire, before the

beginning of the study, showed that all participants have negative scores.
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The average score on MMD for this group was - 6.4 (£2.17) with a range
between -1 to -10. Only 2 and 4 out of 15 participants have scored positive
intake on a daily basis for vegetables and fruits respectively,

Table (5) Demographic, physical and clinical status of participants at
the beginning of the 12-week trial.

_| = = 2| 5| =

s 218 _ ESlez B 5 S s

S | 2| = | 5 P22 5| 5| E | =

S|l <| = | 5| 2 |gElgs| 5| T | o | <

O o ) - o0 QX % g =] é

Z | = 3 S| &=

1 |1M|50]| 104 | 165 | 382 | 3 Yes | No | No | 140 | 10.6
2 F |50 76 | 164 | 282 | 10 | No | No | No | 280 | 13.5
3 (M |40 | 112 | 173 | 374 6 Yes | Yes | Yes | 115 | 6.7
4 |1M |41 | 8 | 185 | 24.8 3 Yes | No | No | 270 | 12
5/F 50| 93 | 161 | 359 1 No | No | No | 95 7
6 M|56| 78 | 178 [ 246 | 3 No | No | No | 250 | 11
7 M |49 | 80 | 176 | 25.8 1 Yes | No | No | 118 7
8| M|[66]| 76 | 174 | 25.1 1 No | No | No | 157 | 7.2
9 (M |51 | 95 175 | 31.0 3 Yes | Yes | Yes | 235 | 124
1I0|M| 56| 88 | 165 | 32.3 6 No | No | No | 208 | 9.3
11| M |45 | 75 165 | 27.6 1 Yes | Yes | No | 155 7
12/ M| 53| 95 | 173 | 31.7| 7 Yes | No | No | 110 | 64
13/M |58 70 | 173 | 234 | 6 Yes | No | No | 250 | 10.8
14/ M| 49| 110 | 170 | 38.1 | 12 | Yes | No | No | 115 | 7.2
I5/|M |49 | 91 176 1294 | 12 | No | No | No | 340 | 12.3

while none of participants has consumed any type of legumes on a
daily basis. On the other hand, the main negative scoring contributors in
their food intake, which showed common trends in all participants, were
meat (red and white) 13 out of 15, dairy products 14 out of 15, white bread
11 out of 15, soft drinks 12 out of 15, while juices, tea and coffee (with
sugar) and sweets were 13, 15 and 9 out 15 respectively. These food items

were taken on regular basis and sometime more than once a day. It worth to
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be mentioned that participants showed positive scores in 2 food items;
processed meat and canned food with 5 out of 15 and 1 out of 15,

respectively had consumed it on regular basis (Fig 3).

4.3 Compliance with dietary programme

The results of participant’s adherence to the dietary programme on a
scale of 0—10 are shown in Fig 4. The average score of participants was 8

(£1.5) with a range between 5-10.

4.4 Effect of the dietary programme on the diabetes parameters

Participants’ fasting blood glucose, HbAlc and body mass index at
the end of the trial are shown in Table 6. All participants have completed
the 12 week-dietary programme and none of them has any adverse health

issues due to being involved in such a programme.

4.4.1 Fasting blood glucose

Measurements of baseline and endpoint fasting blood glucose are
shown in Fig 5. The average FBG at baseline was 189.2 mg/dL (£77.0)
while endpoint average FBG was 102.9 mg/dL (£19.7). The total average
reduction was 84.6 mg/dL. which corresponds to 45.6% reduction in blood

glucose from the baseline.

4.4.2 HbAlc %

Measurements of baseline and endpoint HbAlc are shown in Fig 6.

The average value for the group at baseline was 9.4 % (+2.5) while at the
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endpoint was 6.15 % (£0.84). this means a total reduction in averaged

HbAlc equals to 3.25 points which corresponds to 35%.

4.5 Effect of dietary programme on anthropometric measurements

4.5.1 Body weight

The baseline of individual body weight and at the endpoint are
shown in Fig 7. All participants have shown a reduction in body weight

with an average of 4.6 kg (£3.9), however the range was between 1 to 14

kg.

4.5.2 Body mass index (BMI)

The formula for BMI is universal, meaning that BMI is calculated
the same way for all people, regardless of gender, age, ethnicity or even
body composition. The baseline and endpoint body mass index of all
participants are shown in Fig 8. There was a reduction in BMI for all
participants and the group averaged 28.7 (+4.3) with a range between 23.1
to 34.9. The total reduction in BMI was 1.5. Moreover, percentage of
normal body weight category has increased from 20% to 33% and all
overweight, obesity and sever obesity values have been shifted down to

some extent.

4.6 Correlations between baseline and endpoint variables

Sixteen variables (in both baseline and endpoint) were measured and

analysed statistically by finding Pearson square and 2-tailed significant
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differences (Table 7). Significant differences on 2 levels of p (< 0.01 and

0.05) were denoted with** and * respectively.

Baseline body weight was correlated to baseline BMI, while it was
also correlated with endpoint weight, endpoint BMI and weight loss.
Baseline BMI was significantly correlated with baseline fasting blood
glucose (p<0.05) and significantly correlated with endpoint body weight,
weight loss and BMI. Duration that patient has been with diabetes was
correlated only with weight loss (p<0.05). Baseline fasting blood glucose
was correlated with baseline and endpoint HbAlc (p<0.01), it was not
significantly correlated with endpoint body weight (p<0.08) and BMI
(p<0.018). Baseline HbA1c was correlated with endpoint HbAlc (p<0.01).
Total score of qualitative food frequency and compliance were not
significantly correlated with any of the 16 variables. Endpoint fasting blood
glucose was significantly correlated with baseline fasting blood glucose
(p<0.01) and endpoint HbAlc (p<0.001). Endpoint body weight was
significantly correlated with baseline body weight (p<0.001), baseline BMI
(p<0.001), endpoint BMI (p<0.001) and weight loss (p<0.009). Endpoint
BMI was significantly correlated with baseline weight (p<0.001), baseline
BMI (p<0.001), endpoint body weight (p<0.001) and endpoint weight loss
(p<0.022). Weight loss was significantly correlated with baseline body

weight, baseline BMI and period with diabetes.

It was found that gender and age were not correlated with any of the

16 variables.
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Table (6) Changes in participants’ diabetic parameters and
anthropometric measurement after 12-week dietary programme of
plant based diet.

$ % | §E Es3 32 Eix 3z |2iz
&) = AT S2 |3 o = S o
5 E & £ R N- = L A
1 M 90 50 6.3 4.3 349 33
2 F 100 180 6.3 7.2 26.2 2.0
3 M 80 35 52 1.5 32.7 4.7
4 M 100 170 6 6 24 0.8
5 F 95 0 6 1 34.7 1.2
6 M 100 150 6.4 4.6 23.7 0.9
7 M 100 18 6.4 0.6 25.5 0.3
8 M 146 11 6.5 0.7 24.8 0.3
9 M 115 120 8.3 4.1 30.7 0.3
10 M 118 90 6.6 2.7 30.9 1.4
11 M 95 60 5.1 1.9 26.8 0.7
12 M 75 35 53 1.1 30.1 0.6
13 M 140 90 7.1 3.7 23.1 0.3
14 M 90 25 52 2 34.9 33
15 M 100 240 5.6 7.7 27.1 2.3
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Fig (3) Accumulative scores of frequent food consumed by participants over a 12-
week period before the beginning of the trial.
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Based on Table 3 positive scores represent healthier life style either

by consuming good food items or avoiding bad food items. While negative

good food items

scores represent non-healthy life style by eating bad food items or avoiding
AR
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Fig (4) Adherence score to the dietary programme by participants over a 3-month
period.
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Fig (5) Baseline fasting blood glucose(mg/dL) and fasting blood glucose at the end
of the trial.
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Each column represents a participant, who enrolled a 12-week

dietary programme.
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Fig (6) Baseline HbAlc (%) and HbAlc at the end of the trial.

Each column represents a participant who enrolled a 12-week dietary

programime.

'Y

Y
o0 A
=
b=
)
e
2
>
<
g -

Y.

) Y ¥ ¢ ° 1 v A q V' 1) YT Yé Yo
Patients
B (Baseline body weight (kg (Endpoint weight (Kg

Fig (7) Distribution of baseline and endpoint body weight (kg) of participants.
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Each column represents a participant who enrolled a 12-week dietary

programme.
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Fig (8) Distribution of baseline and endpoint Body Mass Index (BMI, kg/mz) of
participants.

Each column represents a participant who enrolled a 12-week dietary

programme.
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4.7 Effect of dietary programme on the quality of life

The demographic, socioeconomic, clinical and diabetic
characteristics of the control and interventional groups are shown in Table
8. Control group’s average age was 56.1 years and female percentage was
25%. Their initial average HbAlc was 10.3% and endpoint HbAlc after 3
months-follow up period was 6.7. There were no significant differences
between the control group and intervention group in their: personal
(education), social (marital status) and socioeconomic (occupation and type
of accommodation) factors. However, there were significant differences
between the 2 groups in their means of endpoint BMI and endpoint of FBG
(p =0.05). Also the 2 groups shoed significant differences in duration with
diabetes and taking medications for diabetes. The results of Whoqol-bref
for both groups are shown in Table 9. All domains were out of 100 points.
The intervention group has shown an improvement in all 4 domains of the
questionnaire regarding their quality of life in comparison to the control
group of patients with diabetes and taking regular medications. Analysis of
variance and significances between means of all domains are summarised

in Table 10.

4.7.1 physical domain

In this domain the control group has averaged a 57.7 point (£11.9)
with a range between 31 to 69. While for intervention group it was 65.6
point (£5.4) with a range between 56 to 69. There was a significant

difference between the means (p< 0.05).
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4.7.2 Psychological domain

In this domain control group has averaged 42.9 point (£17.2) with a
wide range between 6 to 75. While intervention group has recorded 64.8
(£6.6) with a range between 50 to 75. There was a high significant

difference between the groups’ means (p<0.001).

4.7.3 Social domain

In this domain control group has averaged 39.8 point (+=17.4) with a
range between O to 75 while the intervention group has recorded 72.6
(£14.4) with a range between 44 to 94. There was a high significant

difference between the groups’ means (p<0.001).

4.7.4 Environmental domain

In this domain control group has averaged 52.3 point (£12.9) with a

range between 19 to 69.

While intervention group has recorded 60.5 point (+7.5) with a range
between 44 to 75. There was a significant difference between the groups’
means (p<0.05). Over all QOL for the control group was 48.15 while it was

65.9 for the interventional group.
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Table (8) Demographic, socioeconomic, clinical status and diabetes
parameters of control and interventional groups. Measurements were
taken in parallel during a 12-week trial.

Control Interventional | Significant
group * group " differences
n= 15 n=15 (p=0.05)
Female % 25 (n=3) 16.3 (n=2)

Average age (year) 56.1 4.6 50.8 £6.5
Education level
o Primary or lower 5 3
o Secondary 5 6
o Tertiary (college or 5 6

higher)
Occupation
o Not working 8 3
o Working 7 12
Marital status
o Not married 3 1
o Married 12 14
o Had been married 0 0
Average BMI
o Baseline 33.6 £2.8 30.2£5.2
o Endpoint 329+1.9 28.6 4.3 *
Place of residency
o City 11 9
o Village 4 4
o Camp 0 2
Average FBG mg/dL £SD
o Baseline 204 +£56.8 189 £77.1 «
o Endpoint 138 £18.6 102.6 £19.7
Average HbAlc % =SD
o Baseline 10.3+1.8 94+25
o Endpoint 6.7£0.7 6.2 £0.8
On medication for
diabetes N 13 0 "
o 1 medicine
.. 2 0

o 2 medicines or more
Diabetes period
o 1 year or more 100% 13%
0 less than 1 year 0 87%
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a: represents a group of patients with type 2 diabetes who consume

conventional diet and were prescribed medications for DM.

b; represents a group of patients with type 2 diabetes who consume plant-

based diet for 12-week trial and were not prescribed any medication for

DM.

* represents significant difference between the groups (p=0.05) in the
same raw.

Table (9) Means of domains of quality of life for the control and
intervention groups. Where domainl= physical, domain2=
psychological, domain3= social and domaind4= environment of
WHOqol-bref questionnaire.

95% Confidence
Std. | Interval for Mean

Error | Lower | Upper
Bound | Bound

N | Mean | Std. D

Domain A 15 | 57.70 | 11.930 | 2.668 | 52.12 63.28
) B 15 | 65.60 | 5.383 | 1.390 | 62.62 68.58
Total | 30 | 61.09 | 10354 | 1.750 | 57.53 64.64

Domain A 15 | 42.90 | 17.189 | 3.844 | 34.86 50.94
) B 15 | 64.80 | 6.625 | 1.710 | 61.13 68.47
Total | 30 | 52.29 | 17.438 | 2.948 | 46.30 58.28

Domain A 15 | 39.75 | 17.393 | 3.889 | 31.61 47.89
3 B 15 | 72.60 | 14.382 | 3.713 | 64.64 80.56
Total | 30 | 53.83 | 22.940 | 3.878 | 45.95 61.71

Domain A 15 | 52.25 | 12.867 | 2.877 | 46.23 58.27
4 B 15 | 60.53 | 7463 | 1.927 | 56.40 64.67
Total | 30 | 55.80 | 11.522 | 1.948 | 51.84 59.76

Where: A= control group B= intervention group
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Table (10) Analysis of variance (one way- ANOVA) of control and
intervention groups based on WHO qol-bref questionnaire.

Sum of Mean .
Squares df Square ¥ Sig.
Domain Betyvqen Groups | 534.943 1 534.943 | 5.677 | .023
) Within Groups | 3109.800 | 33 94.236
Total 3644.743 | 34
Domain Betyvgen Groups | 4110.943 1 [4110.943 | 21.782 | .000
) Within Groups | 6228.200 | 33 | 188.733
Total 10339.143 | 34
Domain Betyvqen Groups | 9249.621 1 19249.621 | 35.315 | .000
3 Within Groups | 8643.350 | 33 | 261.920
Total 17892.971 | 34
Domain Betyvgen Groups | 588.117 1 588.117 | 4.944 | .033
4 Within Groups | 3925.483 | 33 | 118.954
Total 4513.600 | 34
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S. DISCUSSION

To our knowledge this is the first study of its kind in Palestine
addressing both dietary intervention and diabetes. Participants have been
involved in an open randomized Pilot study. Although the study was
conducted in a small geographic area i.e. Nablus city, the study can be
further expanded to include more participants and geographical places to

draw solid conclusions.

The dietary programme investigated in this study was also practised
in many institutions and was recommended as safe approach. Plant-based
diet is a life style for millions of people around the world, moreover, in our
area Mediterranean diet which was prevalent few decades ago is another
version of plant-based, whole plant diet with a limited consumption of red
meat and dairy products. The participants clearly shifted their life style to
the western type of life style with increasing consumption of meat and meat
products, refined carbohydrates and sugars with very limited consumption
of fruits and vegetables. Based on the United Nations Food and Agriculture
Organization data, this change has been especially drastic in Asian
countries. More meat and meat product with refined grain products have
increased remarkably. This also has increased availability of fast foods
which backed the unhealthful diets with high calorie content of sugary

beverages, and unhealthy fats [10].

In this study changing the life style toward less risk factors and

healthier factors, has its impact on diabetes features such as reduction in
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fasting blood glucose by 45% and HbAlc by 35%. Such reductions can
shift diabetic person to be none-diabetic by definition. Another important
risk factor that significantly has been affected by the diet was endpoint
body weight. This also has affected the endpoint BMI. Participants have
lost 4.5 kg on average but very obese and obese participants have lost more
in a way dropped their BMI sometimes by 7.7%. High BMI [33.5 kg/m?)
amongst Palestinian diabetics was also reported by Abu-Halaweh et al
[2017] [4]. This result is in agreement with many researches which showed
that obesity and weight gain are risk factor of diabetes, moreover, an
increase of body weight above normal by 1 kg was associated with 4.5%
increase in diabetes incidence. In this trial an average 1 kg loss of weight
has resulted in decrease in average FBG equals 42 mg/dL and 0.7 % of
HbA1c. Similar trend was found by McDougall et al [2014] who reported a
17 mg/dL drop in FBG for 1.7 kg loss body weight in 7-day trial [115].

Some participants who had normal baseline body weight and haven’t
got changes in their BMI may have their fat distribution changed, though,
this wasn’t measured by this study other studies have reported that fat
distribution especially abdominal fat poses a risk factor for diabetes. All
participants showed good level of adherence to dietary programme
however, level of adherence was not correlated with either level of weight
loss and blood parameters, this can be explained by that other factors, not
studied here, (either genetic or environmental) may play a complementary
effect as diabetes is a multifactorial disease. As the prevalence of obesity in

the Palestinian population is worrying and will reach 35% in 2020 this
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study has its significance in treatment and prevention of diabetes. If obesity
declined by 1% every year for 10 years, a 5.3% reduction in diabetes
prevalence can be achieved [2]. If obesity prevalence was reduced by 35%
in 10 years, as suggested by the WHO, diabetes prevalence might be
decreased by 20%.

Lifestyle intervention that restricts calories intake and enhances
weight-loss, was reported to significantly reduce transformation of high

risk patients to diabetes by 58% [10].

HbAlc represents average blood glucose over a period of 2-3
months in a single measure which can be performed without having special
preparation such as fasting. HbAlc, although widely used as a tool to
assess hyperglycaemia, its threshold was variable amongst studies. The
broadly used threshold was 6.3 % which represents the average endpoint
HbAlc in this study. Such a result is considered a huge benefit for diabetic
patients if one has to consider that most Palestinian patients with HbAlc
9.4 % will suffer from macrovascular complications, including myocardial
infarction, and/or stroke and who have 9.9% will be suffering from
microvascular complications [4]. Roughly, in this study, for every 1% drop
in HbAlc there was a 26 mg/dL drop in FBG. And as a consequence

insulin sensitivity will be improved.

Similar trends have been reported by other researchers [100]. They
conducted a 74-week intervention trial, a low-fat vegan diet, without

energy restriction. Their results showed that weight-loss and improved
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FBG, TG, and LDL cholesterol in the low-fat vegan diet was more than a

conventional diet.

Insulin resistance is found in patients with type 2 diabetes and also in
normal obese and not obese persons [121], insulin resistance means that
muscle, fat and liver cells do not respond properly to insulin and thus
cannot easily uptake glucose from the bloodstream. By administration of
intravenous free fatty acids (FFAs) to healthy persons, increased FFAs in
plasma cause insulin resistance which proposed the relation between FFA
and type 2 diabetes [121]. High intake of lipids and FFA diets cause insulin
resistance, which will inhibit glucose transport and phosphorylation in
skeletal muscle [122]. A group of normal healthy men without a family
history of diabetes, were given FFA and challenged with glucose. It was
found that FFA cause insulin resistance. In addition, persons with normal
glucose level was affected and the glucose absorption delayed after 160
min [123 and 124]. Fatty acids reduce glucose transport activity by
affecting GLUT4 transporter directly or affecting insulin signalling result
in decrease number of GLUT4 transporters and by altering their location
towards plasma membrane. Fatty acid metabolites, fatty acetyl CoAs,
diacylglycerol and ceramides affect insulin sensitivity by suppression its
signalling [124]. One can increase glucose uptake by increasing insulin
sensitivity via lowering FFA intake [125]. High fat (HF) diets was found to
influence mitochondrial function in skeletal muscle [126]. HF diets
increase Intramyocellular lipid (IMCL) contents in a short time [127]. On

the other hand, concerns about reduction of muscle mass of patients on
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PBD due to low protein quality, was discussed as some essential amino
acids can be provided by plant sources and complementary amino acids can
be obtained by mixing a range of sources. Therefore, a well-balanced,
plant-based diet will provide adequate amounts of essential amino acids
and prevent protein deficiency [109]. Moreover, a recent meta-analysis of
nitrogen balance studies found no significant difference in protein needs
due to the source of dietary protein. In addition to that reported according
to the standard method for determining protein quality which found that
isolated soy protein can meet protein needs as effectively as animal protein

[82].

Diabetes can be viewed as an inflammatory disease. There is
increasing evidence that maintained inflammatory status induced by
cytokines is closely linked with the generation of insulin resistance and
Type 2 diabetes mellitus. Researchers have connected T2DM with the
presence of inflammatory and immune system biomarkers, including TNF-
a, IL-1, IL-6, C Reactive Protein (CRP), leptin, adiponectin, and resistin
[129]. These biomarkers have an adverse impact on the function of beta-
cells directly by affecting pancreatic cells or indirectly by prohibiting cells

to uptake glucose.

Plant based diet is one of the healthy regimens that contains a lot of
antioxidants, anti-inflammatory, dietary fibre and sources of beneficial
microbiota. All of these components, individually or combined will
improve the inflammation status in the body leading to remarkable

decrease in insulin resistance.
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Another explanation for the improvement seen with low-fat diet with
regard to diabetes, is that its effect on gut microbiota. It is well known that
diet is a modulating factor of gut microbiota with diet rich in fibre being a
good source for energy for a wider microflora community with beneficial
metabolic end products such as short chain fatty acids (SCFA). SCFAs
were reported to increase gene expression to produce peptides related to

reduced hunger and appetite.

On the opposite, diet rich in processed meat/ high fat will reduce gut
microbiota richness and may shift such communities towards gut dysbiosis
[129]. Gut dysbiosis eventually will change bacterial translocation, obesity
and weight gain. It was found that gut microbiota may help in fat gain by
promoting adipocyte lipogenesis and suppressing Fasting Induced
Adipocyte Factor (FIAF) expression. On the other hand, it was reported
that Bifidobacterium adolescentis negatively had been associated with
HbA1lc [129], which may explain glucose lowering effects of the diet that

enhancing its level in the gut, such as plant-based diet.

Quality of life, according to the World Health Organization Quality
of Life Group [120], is defined as the individuals’ perception of their
position in life in the context of the culture and the value system they
inhabit, in relation to expectancies, patterns and concerns. There are no cut-
off points for WHoqol-bref on the national level and these cut-off points
may vary from one country to another. Some researchers have predicted an

international cut-off points for healthy people as references to compare
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with. For example, Silva et al [2014][130] have set <60 as a cut-off for
over-all quality of life (all domains). They recommended that for every age
group there should be whoqol, moreover, there are no cut-off points above
or below which quality of life could be evaluated as “poor” or “good”. It is
about the individual satisfaction and self-image which can be affected by
many factors. There are many studies (212 study) have included WHOqol
as a tool to assess quality of life of them only 4 studies have recruited
diabetic patients [131]. This is the first study in Palestine that studied
quality of life of diabetic patients after a period of dietary intervention in

comparison with diabetic controls.

In this study the intervention group has shown better scores in their
quality of life than control (medicated) group in all domains. Although both
groups showed decrease in HbAlc % levels, however, the intervention
group’s life has improved to more ‘normal’ levels. In a similar trends
Eljedi et al. (2006) have found that diabetic patients quality of life
significantly reduced compared with a matching group of healthy
individuals. The most affected domains were physical and psychological

with women and older participants having the worst levels [131].

Finally, it is very important aspect to view the results of this study
from economic perspective. The cost of medications, treatment of
complications of T2DM and the time and efforts spent on these patients are
heavily burdening countries budget. At least 147 billion USD was spent on

diabetes healthcare in Europe, while North America and the Caribbean
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spent 263 billion USD in 2013, such costs are potentially to be double by
2030 [132].

In Palestine where limited resources and health care budge are the
norm, it is urged to adopt the dietary therapy as first step in diabetes

treatment and of course prevention.
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6. CONCLUSION AND RECOMMENDATIONS

Life style changes including dietary intervention should be
considered as first line prevention for diabetes mellitus, moreover, dietary
therapy for diabetes treatment is well documented to be effective alone or
in conjunction with medication. Increasing awareness about lifestyle role in
the disease progress amongst healthy or diabetic people should also be

considered as it showed its efficiency.

In addition to its effectiveness dietary approach such as whole-plant
based diet, is cost effective and provides better quality of life to T2DM
patients. This also can decrease the financial bill of the diabetes

complications.

Controlling body weight can be easily managed by plant based diet

this also an advantage over medical approach alone.

In Palestine where health care system is highly physician-centred and
patients may be oriented to medications, it is highly recommended to
involve dieticians as part of the health care team who will perform

counselling and monitoring the changes in patient’s life style.

Limitations of this study have arisen from the small number of
participants partly due to lack of awareness about the effect of diet on
diabetes and as well due to the referral process. Increasing the awareness
amongst health care providers about benefits of diet as an option for

diabetics may help in conducting a wider clinical trial.



55

REFERENCES

Annual statistical book of Palestine. Palestinian central bureau of

statistics. 2016; No.17. Ramallah, Palestine.

Abu-Rmeileh NME, Husseini A, Capewell S, et al. Preventing type 2
diabetes among Palestinians: comparing five future policy
scenarios. BMJ Open. 2014; 3: €003558. doi:10.1136/ bmjopen-2013-
003558.

The lancet. The Lancet’s special issue on diabetes, editorial (2010).

Type 2 diabetes—time to change our approach. Vol 375: PP 2193.

American Diabetes Association. Diagnosis and Classification of
Diabetes Mellitus. Diabetes Care. 2010;33(Suppl 1): S62-S69.
doi:10.2337/dc10-S062.

Davidson MB, Schriger DL, Peters AL, Lorber B. Relationship
Between Fasting Plasma Glucose and Glycosylated Hemoglobin
Potential for False-Positive Diagnoses of Type 2 Diabetes Using
New Diagnostic Criteria. JAMA. 1999;281(13):1203-1210.
doi:10.1001/jama.281.13.1203

American Diabetes Association. Diabetes Care 2017; 40(Suppl.
1):S1-S2 DOI: 10.2337/dc17-S001

Ohlson LO, Larsson B, Bjorntorp P, et al. Risk factors for type 2

(non-insulin-dependent) diabetes mellitus. Thirteen and one-half



10.

11.

12.

13.

56

years of follow-up of the participants in a study of Swedish men born

in 1913. Diabetologia 1988;31:798-805.

Hu FB. Globalization of diabetes: the role of diet, lifestyle, and

genes. Diabetes Care. 2011; 34(6):1249-57. [PubMed: 21617109]

Steyn NP, Mann J, Bennett PH, Temple N, Zimmet P, et al. Diet,
nutrition and the prevention of type 2 diabetes. Public Health Nutr.

2004;7: 147-165.

Gabriela Vazquez, Sue Duval, David R. Jacobs, Karri Silventoinen;
Comparison of Body Mass Index, Waist Circumference, and
Waist/Hip Ratio in Predicting Incident Diabetes: A Meta-
Analysis, Epidemiologic Reviews. 2007; 29 (1), 1: 115-128,

Cassano PA, Rosner B, Vokonas PS, et al. Obesity and body fat
distribution in relation to the incidence of non-insulindependent
diabetes mellitus. A prospective cohort study of men in the

Normative Aging Study. Am J Epidemiol 1992; 136:1474-86.

Lundgren H, Bengtsson C, Blohme G, et al. Adiposity and adipose
tissue distribution in relation to incidence of diabetes in women:
results from a prospective population study in Gothenburg,

Sweden. Int J Obes 1989; 13:413-23.

Ley SH, Hamdy O, Mohan V, Hu FB. Prevention and Management

of Type 2 Diabetes: Dietary Components and Nutritional



14.

15.

16.

17.

18.

19.

57

Strategies. Lancet. 2014:383(9933):1999-2007. doi:10.1016/S0140-
6736(14)60613-9.

Mokdad AH, Ford ES, Bowman BA, Dietz WH, Vinicor F, Bales VS,
Marks JS. Prevalence of Obesity, Diabetes, and Obesity-Related
Health Risk Factors. JAMA. 2003;289(1):76-79.
doi:10.1001/jama.289.1.76

Pi-Sunyer FX. Health implications of obesity. Am J Clin
Nutr.1991;53:1595S-1603S.

Ford ES, Williamson DF, Liu S. Weight change and diabetes
incidence: findings from a national cohort of US adults. Am J

Epidemiol.1997;146:214-222.

Will JC, Williamson DF, Ford ES, Calle EE, Thun MJ. Intentional
weight loss and 13-year diabetes incidence in overweight adults.

Am J Public Health. 2002;92:1245-1248.

Resnick HE, Valsania P, Halter JB, Lin X. Relation of weight gain
and weight loss on subsequent diabetes risk in overweight adults.

J Epidemiol Community Health. 2000; 54:596-602.

Harris M1, Flegal KM, Cowie CC. et al. Prevalence of diabetes,
impaired fasting glucose, and impaired glucose tolerance in US

adults. Diabetes Care. 1998; 21:518-524.



20.

21.

22.

23.

24.

25.

26.

58

Tuomilehto J, Lindstrom J, Eriksson JG. et al. Prevention of type 2
diabetes mellitus by changes in lifestyle among subjects with

impaired glucose tolerance. N Engl J Med.2001; 344:1343-1350.

Resnick HE, Halter JB, Valsania P, et al. Differential effect of BMI
on diabetes risk among black and white Americans. Diabetes Care

1998; 21:1828-35.

Nakagami T, Qiao Q, Carstensen B, et al. Age, body mass index and
type 2 diabetes—associations modified by ethnicity. Diabetologia
2003; 46:1063-70.

Abate N, Chandalia M. The impact of ethnicity on type 2 diabetes.
J Diabetes Complications 2003; 17:39-58.

Haffner SM, Mitchell BD, Hazuda HP, et al. Greater influence of
central distribution of adipose tissue on incidence of non-insulin-

dependent diabetes in women than men. Am J Clin Nutr 1991;

53:1312-17.

Chan JM, Rimm EB, Colditz CA, et al. Obesity, fat distribution, and
weight gain as risk factors for clinical diabetes in men. Diabetes

Care 1994; 17:961-9.

Ohlson LO, Larsson B, Svardsudd K, et al. The influence of body fat
distribution on the incidence of diabetes mellitus: 13.5 years of

follow-up of the participants in the study of men born in 1913.

Diabetes 1985; 34:1055-8.



217.

28.

29.

30.

31.

32.

33.

59

Carey VI, Walters EE, Colditz GA, et al. Body fat distribution and
risk of non-insulin-dependent diabetes mellitus in women: The

Nurses’ Health Study. Am J Epidemiol 1997; 145:614—19.

Malik VS, Popkin BM, Bray GA, Després JP, Willett WC, Hu FB.
Sugar-sweetened beverages and risk of metabolic syndrome and
type 2 diabetes: a meta-analysis. Diabetes Care 2010; 33:2477—
2483

Stanhope KL, Schwarz JM, Keim NL, et al. Consuming fructose-
sweetened, not glucose-sweetened, beverages increase visceral
adiposity and lipids and decreases insulin sensitivity in

overweight/obese humans. J Clin Invest 2009; 119:1322— 1334

Popkin BM. The nutrition transition and obesity in the developing

world. J Nutr 2001; 131:871S-873S

Thomas DE, Elliott EJ. The use of low-glycaemic index diets in
diabetes control. Br J Nutr. 2010; 104(06):797-802. [PubMed:
20420752]

Prevention and management of type 2 diabetes: dietary
components and nutritional strategies. Lancet. 2014; 383,(9933):

1999-2007.

Villegas R, Liu S, Gao YT, et al. Prospective study of dietary

carbohydrates, glycemic index, glycemic load, and incidence of



34.

35.

36.

37.

38.

39.

60

type 2 diabetes mellitus in middle-aged Chinese women. Arch

Intern Med 2007; 167:2310-2316

Sun Q, Spiegelman D, van Dam RM, et al. White rice, brown rice,
and risk of type 2 diabetes in US men and women. Arch Intern Med

2010; 170:961-969

Marshall JA, Bessesen DH, Hamman RF: High saturated fat and
low starch and fibre are associated with hyperinsulinaemia in a

non-diabetic population: The San Luis Valley Diabetes Study.
Diabetologia 1997; 40:430-438.

Marshall JA, Hamman RF, Baxter J: High-fat, low-carbohydrate
diet and the etiology of non-insulin-dependent diabetes mellitus:
t1997he San Luis Valley Diabetes Study. Am J Epidemiol 1997;
134:590-603.

An Pan, Qi Sun, Adam M Bernstein, Matthias B Schulze, JoAnn E
Manson, Walter C Willett, Frank B Hu; Red meat consumption and

risk of type 2 diabetes: 3 cohorts of US adults and an updated
meta-analysis. Am J Clin Nutr. 2011; 94, (4) :1088—1096.

Villegas R, Shu XO, Gao YT, Yang G, Cai H, Li H, Zheng W. The
association of meat intake and the risk of type 2 diabetes may be

modified by body weight. Int J] Med Sci 2006; 3:152-9

Fung TT, Schulze M, Manson JE, Willett WC, Hu FB. Dietary
patterns, meat intake, and the risk of type 2 diabetes in women.

Arch Intern Med 2004; 164:2235-40.



40.

4].

42.

43.

44,

45.

46.

61

Schulze MB, Manson JE, Willett WC, Hu FB. Processed meat intake
and incidence of Type 2 diabetes in younger and middle-aged

women. Diabetologia 2003; 46:1465-73.

Steinbrecher A, Erber E, Grandinetti A, Kolonel L, Maskarinec G.
Meat consumption and risk of type 2 diabetes: the multiethnic

cohort. Public Health Nutr 2010; 14:568-74.

Song Y, Manson JE, Buring JE, Liu S. A prospective study of red
meat consumption and type 2 diabetes in middle-aged and elderly
women: The Women’s Health Study. Diabetes Care 2004; 27:2108—

15.

Jiang R, Ma J, Ascherio A, Stampfer MJ, Willett WC, Hu FB.
Dietary iron intake and blood donations in relation to risk of type

2 diabetes in men: a prospective cohort study. Am J Clin Nutr. 2004;
79:70-5.

Rajpathak S, Ma J, Manson J, Willett WC, Hu FB. Iron intake and
the risk of type 2 diabetes in women: a prospective cohort study.

Diabetes Care 2006; 29:1370-6.

Rajpathak SN, Crandall JP, Wylie-Rosett J, Kabat GC, Rohan TE, Hu
FB. The role of iron in type 2 diabetes in humans. Biochim

Biophys Acta 2009; 1790:671-81.

Vergnaud AC, Norat T, Romaguera D, Mouw T, May AM, Travier N,

Luan J,Wareham N, Slimani N, Rinaldi S, et al. Meat consumption



47.

48.

49.

50.

51.

62

and prospective weight change in participants of the EPIC-
PANACEA s15tudy. Am J Clin Nutr 2010; 92:398—-407.

Umpierre D, Ribeiro PAB, Kramer CK, Leitdo CB, Zucatti ATN,
Azevedo MIJ, Gross JL, Ribeiro JP, Schaan BD. Physical Activity
Advice Only or Structured Exercise Training and Association
With HbAlc Levels in Type 2 DiabetesA Systematic Review and
Meta-analysis. JAMA. 2011;305(17):1790—-1799.
doi:10.1001/jama.2011.576

Colberg SR, Sigal RJ, Fernhall B, et al; American College of Sports
Medicine; American Diabetes Association. Exercise and type 2
diabetes: the American College of Sports Medicine and the

American Diabetes Association: joint position statement. Diabetes

Care. 2010;33(12): el147-e167

Boulé NG, Haddad E, Kenny GP, Wells GA, Sigal RI. Effects of
exercise on glycemic control and body mass in type 2 diabetes

mellitus: a meta-analysis of controlled clinical trials. JAMA. 2001;
286(10):1218-1227

Snowling NJ, Hopkins WG. Effects of different modes of exercise
training on glucose control and risk factors for complications in
type 2 diabetic patients: a meta-analysis.  Diabetes Care.

2006;29(11):2518-2527

Thomas DE, Elliott EJ, Naughton GA. Exercise for type 2 diabetes
mellitus. Cochrane Database Syst Rev. 2006;3:CD002968



52.

33.

54.

55.

56.

57.

58.

63

Sigal RJ, Kenny GP, Boulé NG, et al. Effects of aerobic training,
resistance training, or both on glycemic control in type 2 diabetes: a

randomized trial. Ann Intern Med. 2007;147(6):357-369

Church TS, Blair SN, Cocreham S, et al. Effects of aerobic and

resistance training on hemoglobin Alc levels in patients with type 2
diabetes: a  randomized controlled trial JAMA.

2010;304(20):2253-2262

Helmrich SP, Ragland DR, Leung RW, Paffenbarger RS Jr. Physical
activity and reduced occurrence of non-insulin-dependent

diabetes mellitus. N Engl J Med 1991; 325:147-52.

Hu FB, Sigal RJ, Rich-Edwards JW, et al. Walking compared with
vigorous physical activity and risk of type 2 diabetes in women: a

prospective study. JAMA 1999; 282:1433-9.

Rimm EB, Chan J, Stampfer MJ, Colditz GA, Willett WC.
Prospective study of cigarette smoking, alcohol use, and the risk

of diabetes in men. BMJ 1995; 310:555-9.

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active
smoking and the risk of type 2 diabetes: a systematic review and

meta-analysis. JAMA 2007;298:2654-2664.

Barrett-Connor E, Khaw KT. Cigarette smoking and increased

central adiposity. Ann Intern Med 1989; 111:783-787.



59.

60.

61.

62.

63.

64.

65.

64

Kawakami N, Takatsuka N, Shimizu H, et al. Effects of smoking on
the incidence of non-insulindependent diabetes mellitus:

replication and extension in a Japanese cohort of male employees.

Am J Epidemiol. 1997; 145(2):103-109

Nakanishi N, Nakamura K, Matsuo Y, Suzuki K, Tatara K. Cigarette
smoking and risk for impaired fasting glucose and type 2 diabetes
in middle-aged Japanese men. Ann Intern Med. 2000; 133(3):183-
191.

Manson JE, Ajani UA, Liu S, et al. A prospective study of cigarette
smoking and the incidence of diabetes mellitus among US male

physicians. Am J Med. 2000; 109(7):538-542.

Will JC, Galuska DA, Ford ES, et al. Cigarette smoking and
diabetes mellitus: evidence of a positive association from a large

prospective cohort study. Int J Epidemiol. 2001; 30(3):540-546.

Montgomery SM, Ekbom A. Smoking during pregnancy and
diabetes mellitus in a British longitudinal birth cohort. BMJ. 2002;

324(7328):26-27.

Patja K, Jousilahti P, Hu G, et al. Effects of smoking, obesity and

physical activity on the risk of type 2 diabetes in middle-aged
Finnish men and women. J Intern Med. 2005; 258(4):356-362.

Houston TK, Person SD, Pletcher MJ, Liu K, Iribarren C, Kiefe CI.

Active and passive smoking and development of glucose



66.

67.

68.

69.

70.

71.

65

intolerance among young adults in a prospective cohort: CARDIA

study. BMJ. 2006; 332(7549):1064-1069.

Attvall S, Fowelin J, Lager I, Von Schenck H, Smith U. Smoking
induces insulin resistance—a potential link with the insulin

resistance syndrome. J Intern Med. 1993; 233(4):327-332.

Frati AC, Iniestra F, Ariza CR. Acute effect of cigarette smoking on
glucose tolerance and other cardiovascular risk factors. Diabetes

Care. 1996; 19(2): 112-118.

Ward W, Johnson C, Beard J, Benedetti T, Halter J, Porte D Jr:
Insulin resistance and impaired insulin secretion in subjects with
histories of gestational diabetes mellitus. Diabetes 1985; 34:861—

869.

Kjos S, Peters R, Xiang A, Henry O, Montoro M, Buchanan T:
Predicting future diabetes in Latino women with gestational

diabetes: utility of early postpartum glucose tolerance testing.

Diabetes 1995; 44:586— 591.

Ali Z, Alexis S: Occurrence of diabetes mellitus after gestational

diabetes mellitus in Trinidad. Diabetes Care 1990; 13:527-529.

Kim C1, Newton KM, Knopp RH. Gestational Diabetes and the
Incidence of Type 2 Diabetes: a systemic review. Diabetes

Care. 2002;25(10):1862-8.



72.

73.

74.

75.

76.

77.

66

Hales CN, Barker DJ, Clark PM, Cox LJ, Fall C, Osmond C, Winter
PD. Fetal and infant growth and impaired glucose tolerance at age

64. British Medical Journal 1991; 303: 1019-22.

Valdez R, Athens MA, Thompson GH, Bradshaw BS, Stern MP.
Birthweight and adult health outcomes in a biethnic population in

the USA. Diabetologia 1994; 37: 624-31.

McCance DR, Pettit DJ, Hanson RL, Jacobsson LTH, Knowler WC,
Bennett PH. Birthweight and non-insulin dependent diabetes:
‘thrifty genotype’, ‘thrifty phenotype’, or ‘surviving small baby
genotype’?" British Medical Journal 1994; 308: 942-5.

Lithell HO, McKeigue PM, Berglund L, Mohsen R, Lithell UB, Leon
DA. Relation of size at birth to non-insulin dependent diabetes and

insulin concentrations in men aged 50—60 years. British Medical

Journal 1996; 312: 406-10.

Dabelea D, Pettitt DJ, Hanson RL, Imperatore G, Bennett PH,
Knowler WC. Birth weight, type 2 diabetes, and insulin resistance
in Pima Indian children and young adults. Diabetes Care 1999; 22:
944-50.

Ravelli ACJ, van der Meulen JHP, Michels RP, Osmond C, Barker
DJ, Hales CN, Bleker OP. Glucose tolerance in adults after

prenatal exposure to famine. Lancet 1998; 351: 173-7.



78.

79.

80.

81.

82.

83.

67

Pettitt DJ, Forman MR, Hanson RL, Knowler WC, Bennett PH.
Breastfeeding and incidence of non-insulindependent diabetes

mellitus in Pima Indians. Lancet 1997; 350: 166-S8.

Young TK, Martens PJ, Taback SP, Sellers EA, Dean HJ, Cheang M,
Flett B. Type 2 diabetes mellitus in children: prenatal and early

infancy risk factors among native Canadians. Archives of

Pediatrics & Adolescent Medicine 2002; 156: 651-5.

American Diabetes Association. Lifestyle Management: Standards
of Medical Care in Diabetes — 2018. Diabetes Care 2018;
41(Supplement 1): S38-S50. doi:10.2337/dc18-S004.

American Dietetic Association; Dietitians of Canada. American

Dietetic Association. Journal of the American Dietetic Association;

Chicago. 2003; 103, (6): 748-65.

Rinaldi, S., Campbell, E. E., Fournier, J., O'Connor, C., & Madill, J. 4
Comprehensive  Review of the Literature  Supporting
Recommendations From the Canadian Diabetes Association for the
Use of a Plant-Based Diet for Management of Type 2 Diabetes.
Canadian Journal of Diabetes, 2016; 40(5), 471-477. doi:
10.1016/].jcjd.2016.02.011.

Song SJ, Lee JE, Paik HY, et al. Dietary patterns based on

carbohydrate nutrition are associated with the risk for diabetes

and dyslipidemia. Nutr Res Pract 2012; 6:349-56.



84.

85.

86.

87.

88.

89.

68

Yokoyama Y, Barnard ND, Levin SM, Watanabe M. Vegetarian
diets and glycemic control in diabetes: a systematic review and

meta-analysis. Cardiovascular Diagnosis and  Therapy.

2014;4(5):373-382. doi: 10.3978/].1ssn.2223-3652.2014.10.04.

Tonstad S, Stewart K, Oda K, et al. Vegetarian diets and incidence
of diabetes in the Adventist Health Study-2. Nutr Metab Cardiovasc

Dis 2013; 23:292-9.

Mishra S, Xu J, Agarwal U, et al. A multicenter randomized
controlled trial of a plant-based nutrition program to reduce body

weight and cardiovascular risk in the corporate setting: the

GEICO study. Eur J Clin Nutr 2013; 67:718-24.

Nicholson AS, Sklar M, Barnard ND, et al. Toward improved
management of NIDDM: A randomized, controlled, pilot

intervention using a low fat, vegetarian diet. Prev Med 1999;

29:87-91.

Yokoyama Y, Nishimura K, Barnard ND, et al. Vegetarian diets and
blood pressure: a meta-analysis. JAMA Intern Med 2014; 174:577-
87.

Barnard ND, Scialli AR, Turner-McGrievy G, et al. The effects of a
low-fat, plant-based dietary intervention on body weight,

metabolism, and insulin sensitivity. Am J Med 2005; 118:991-7.



90.

91.

92.

93.

94.

95.

96.

69

Barnard ND, Scialli AR, Bertron P, et al. Effectiveness of a low-fat
vegetarian diet in altering serum lipids in healthy premenopausal

women. Am J Cardiol 2000; 85:969-972.

Barnard ND, Cohen J, Jenkins DJ, et al. A low-fat vegan diet
improves glycaemic control and cardiovascular risk factors in a

randomized clinical trial in individuals with type 2 diabetes.

Diabetes Care 2006; 29:1777-83.

Anderson JW, Ward K. High-carbohydrate, high-fiber diets for
insulin-treated men with diabetes mellitus. Am J Clin Nutr 1979;

32:2312-21.

Goff LM, Bell JD, So PW, et al. Veganism and its relationship with
insulin resistance and intramyocellular lipid. Eur J Clin Nutr 2005;

59:291-8.

Snowdon, D. A., & Phillips, R. L. (1985). Does a vegetarian diet
reduce the occurrence of diabetes?. American Journal of Public

Health, 75(5), 507-512. doi: 10.2105/ajph.75.5.507

Kahleova, H., Hrachovinova, T., Hill, M. and Pelikanova, T. (2013),
Vegetarian diet in type 2 diabetes — improvement in quality of life,
mood and eating behaviour. Diabet. Med., 30: 127-129.
doi:10.1111/dme.12032.

Kahleova H, Matoulek M, Malinska H, Oliyarnik O, Kazdova L,

Neskudla T et al. Vegetarian diet improves insulin resistance and



97.

98.

99.

100.

101.

70

oxidative stress markers more than conventional diet in subjects

with Type 2 diabetes. Diabet Med 2011; 28: 549-559.

Katcher HI, Ferdowsian HR, Hoover VJ, Cohen JL, Barnard ND. A
worksite vegan nutrition program is well-accepted and improves
health-related quality of life and work productivity. Ann Nutr
Metab 2010; 56: 245-252.

Beezhold BL, Johnston CS, Daigle DR. Vegetarian diets are
associated with healthy mood states: a cross-sectional study in

Seventh-day Adventist adults. Nutr J 2010; 9: 26.

Mishra, S., Xu, J., Agarwal, U., Gonzales, J., Levin, S., & Barnard, N.
D. (2013). A multicenter randomized controlled trial of a plant-
based nutrition program to reduce body weight and cardiovascular
risk in the corporate setting: the GEICO study. [Original Article].
European Journal Of Clinical Nutrition, 67, 718. doi:
10.1038/ejcn.2013.92

Barnard N D., Joshua C., David JA J., Gabrielle T-Mc., Lise G. A.
Green and Hope F. A low-fat vegan diet and a conventional
diabetes diet in the treatment of type 2 diabetes: a randomized,
controlled, 74-wk clinical trial. Am J of Clin Nutr 2009; 89 (5):
1588S—15968, https://doi.org/10.3945/ajcn.2009.26736H

Ajala O, English P, Pinkney. Systematic review and meta-analysis
of different dietary approaches to the management of type 2

diabetes. Am J Clin Nutr. 2013; 97(3):505-16.



102.

103.

104.

105.

106.

107.

71

Prevention and management of type 2 diabetes: dietary
components and nutritional strategies. Lancet. 2014; 383 (9933),
1999-2007.

Esposito K, Maiorino MI, Ceriello A, Giugliano D. Prevention and
control of type 2 diabetes by Mediterranean diet: a systematic

review. Diabetes Res Clin Pract. 2010; 89(2):97-102.

Chiuve SE, Fung TT, Rimm EB, et al. Alternative dietary indices
both strongly predict risk of chronic disease. J Nutr. 2012;
142(6):1009-18.

Choi1 HK, Willett WC, Stampfer MJ, Rimm E, Hu FB. Dairy
Consumption and Risk of Type 2 Diabetes Mellitus in Men: A
Prospective Study. Arch Intern Med. 2005;165(9):997-1003.
doi:10.1001/archinte.165.9.997

Liese AD, Nichols M, Sun X, D’Agostino RB, Haffner SM.
Adherence to the DASH Diet Is Inversely Associated With
Incidence of Type 2 Diabetes: The Insulin Resistance
Atherosclerosis Study. Diabetes Care. 2009; 32(8):1434-1436.
do1:10.2337/dc09-0228.

Tonstad S, Butler T, Yan R, Fraser GE. Type of Vegetarian Diet,
Body Weight, and Prevalence of Type 2 Diabetes. Diabetes Care.
2009; 32(5):791-796. doi:10.2337/dc08-1886.



108.

109.

110.

111.

112.

113.

72

Messina V, Mangels R, Messina M. The Dietitian’s Guide to
Vegetarian Diets: Issues and Applications. 2nd ed. Sudbury, MA:

Jones and Bartlett Publishers; 2004.

Tuso PJ, Ismail MH, Ha BP, Bartolotto C. Nutritional Update for
Physicians: Plant-Based Diets. The Permanente Journal. 2013;

17(2):61-66. doi1:10.7812/TPP/12-085.

Rabinowitch IM. Effects of the high carbohydrate-low calorie diet
upon carbohydrate tolerance in diabetes mellitus. Can Med Assoc

J. 1935; 33(2):136-44.

Barnard ND, Scialli AR, Turner-McGrievy G, et al. The effects of a
low-fat, plant-based dietary intervention on body weight,

metabolism, and insulin sensitivity. Am J Med 2005; 118:991-7.

Kahleova H, Matoulek M, Malinska H, et al. Vegetarian diet
improves insulin resistance and oxidative stress markers more

than conventional diet in subjects with Type 2 diabetes. Diabet

Med 2011; 28:549¢e59.

Wright N, Wilson L, Smith M, Duncan B, McHugh P. The BROAD
study: A randomised controlled trial using a whole food plant-
based diet in the community for obesity, ischaemic heart disease
or diabetes. Nutrition &  Diabetes. 2017;7(3):€256-.
doi:10.1038/nutd.2017.3



114.

115.

116.

117.

118.

119.

73

McDougall J, Thomas LE, McDougall C, et al. Effects of 7 days on
an ad libitum low-fat vegan diet: the McDougall Program cohort.

Nutrition Journal. 2014; 13:99. do1:10.1186/1475-2891-13-99.

Lee Y-M, Kim S-A, Lee I-K, et al. Effect of a Brown Rice Based
Vegan Diet and Conventional Diabetic Diet on Glycemic Control of
Patients with Type 2 Diabetes: A 12-Week Randomized Clinical
Trial. Meyre D, ed. PLoS ONE. 2016;11(6): e0155918. doi:
10.1371/journal.pone.0155918.

Centre for disease and control prevention (CDC) (last reviewed,
2015).
https://www.cdc.gov/healthyweight/assessing/bmi/adult bmi/metric_b

mi_calculator/bmi_calculator.html.

WHO Consultation on Obesity (1999 : Geneva, Switzerland) Obesity :
preventing and managing the global epidemic : report of a WHO

consultation.

Rhazi K. El, Garcia-Larsen V. and Nejjari C. Socioeconomic Factors
Affecting Adherence to the Mediterranean Diet in North Africa.
In The Mediterranean Diet: Concepts and General Aspects.

Preedy V. R. and Watson R R (edit.) PP 132-134 2015 Elsevier, USA.

Castro-Quezada 1., Roma'n-Vin™ as B., and Serra-Majem L.

Nutritional Adequacy of the Mediterranean Diet. In The



120.

121.

122.

123.

124.

125.

126.

74

Mediterranean Diet: Concepts and General Aspects. Preedy V. R.
and Watson R R (edit.) PP 13-22 2015 Elsevier, USA

The WHOQOL Group, Programme on Mental Health, 1996,

WHO, Geneva, Switzerland.

Roden M, Price TB, Perseghin G, et al. Mechanism of free fatty
acid-induced insulin resistance in humans. J Clin Invest. 1996 ;

97(12): 2859-2865.do1: 10.1172/JCI1118742.

Roden M. How free fatty acids inhibit glucose utilization in human

skeletal muscle. News Physiol Sci. 2004; 19:92-6.

Roden M.Krssak M, Stingl H, et al. Rapid impairment of skeletal
muscle glucose transport / phosphorylation by free fatty acids in

humans. Diabetes . 1999;48(2):358-64

Shulman GI. Cellular mechanisms of insulin resistance. J Clin

Invest. 2000; 106:171- 6.

G Boden, X Chen, J Ruiz, J] V White, L Rossetti. Mechanisms of
fatty acid-induced inhibition of glucose uptake. J Clin Invest.

1994;93(6):2438-2446. doi1:10.1172/JCI117252.

Sparks LM, Xie H, Koza RA, et al. A high-fat diet coordinately
downregulates genes required for mitochondrial oxidative

phosphorylation in skeletal muscle. Diabetes 2005; 54:1926-33.



127.

128.

129.

130.

131.

132.

75

Schrauwen-H VB, Kooi ME, Hesselink MK, et al. Intramyocellular
lipid content and molecular adaptations in response to a 1-week

high-fat diet. Obes Res 2005; 13:2088-94.

Ana L. G, Valdés-Ramos R, and B E. Martinez-Carrillo. Type 2
Diabetes, PUFAs, and Vitamin D: Their Relation to Inflammation.
Journal of Immunology Research 2014; 2014: 1- 13.
doi.org/10.1155/2014/860703

Candido FlI G, Valente F X, Grzeskowiak . M, et al. Impact of
dietary fat on gut microbiota and low- grade systemic
inflammation: mechanisms and clinical implications on obesity.
Inter J of Food Sci and Nutr, 2018; 69(2):125-143. DOI:
10.1080/09637486.2017.1343286

Silva P., Soares S. M., Santos J. F. Silva L. B. Cut-off point for
WHOQOL- bref as a measure of quality of life of older adults.
Rev Satude Publica 2014;48(3):390-397.

Eljedi A., Mikolajczyk R. T , Kraemer A. , and Laaser U. Health-
related quality of life in diabetic patients and controls without
diabetes in refugee camps in the Gaza strip: a cross-sectional
study. BMC Public Health. 2006; 6: 268. doi: 10.1186/1471-2458-6-
268.

International diabetes federation. 2013. 6th edition ISBN: 2-

930229-85-3.



76

APPENDICES



77

Appendix (1) Questionnaire about health status and food
frequency of T2DM patients
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Appendix (2) Food list for PBD programme.
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Appendix (3) Consent for in Arabic
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Appendix (4) Self assessment for diet compliance
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Appendix (5) Whoqol — bref
he i) Bl Bagal e i
81997 sila — 4y el A3
dgudl)) dauall o gali

Lallal) daal) daliie

FOR OFFICE USE ONLY
Lquations for computing domain scores " Raw | Transformed scores |
_ | Seore | 4- 10 |0 - 100 |
Domain 1 | (6- Q3) + (6-04) +Q 10+ Q15+ Q16 + Q17+ (18
g + 0 +0+0+0 +0+0 =
Domain 2 | Q5+ Q6+ QT+ Q11+ Q19 + (6-026)
Q+0+0+0+0+ 0 =
Domain 3 | Q20+ Q21 +Q22
g +0+ Q0 =
Domain4 | Q8+Q9+ Q12+ Q13+ Q14+ Q23+ Q24+ Q25
0+0+0+0Q+0+0+0+ Q4
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