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Abstract  

 

Across human populations the ways in which food quantity can affect health are well established, in 

reference to under-nutrition and over-nutrition, however, knowledge of the importance of food quality 

in relation to disease burden and prevention are still relatively poor. The aim of this study is to 

quantify the empirical relationship between global patterns of disease and country-level variation in 

the balance of macronutrients in the diet with focus on type-2-diabetes mellitus (DM), cardiovascular 

disease (CVD), ischemic heart disease (IHD), hypertensive heart disease (HHD) and stroke. 

Confounding factors such as age, sex and wealth were included in the analysis with wealth 

represented by current health expenditure (CHE), gross domestic product (GDP) and development 

status. Development status was shown to have the greatest explanatory effect on both macronutrient 

availability and changing patterns in disease. Calorie availability from all macronutrients became 

more animal based as development status increased. Transition countries produced the highest results 

for prevalence of deaths and disability adjusted life years (DALYs) from all diseases except for DM, 

where developing countries suffered more greatly. It was clear that when the percentage of calories in 

the diet coming from animal sources were low, deaths and DALYs increased as calories from non-

protein energy (NPE) and protein energy increased and reduced when calories from NPE and protein 

decreased. When the animal percentage in diets was high however, the occurrence of deaths and 

DALYs were more affected by the NPE:P, where prevalence was greatest when calories from NPE 

and protein were simultaneously high or simultaneously low and reduced when the ratio of NPE to 

protein became more imbalanced, for example, when calories from NPE was low whilst calories from 

protein was high and vice versa. The key finding here is that there is no one contributor of changing 

patterns of disease, however it is a combination of calories consumed and the source of these calories 

(vegetal or animal).   
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Chapter 1- Introduction 

 

Non-communicable diseases (NCDs) 

Non-communicable diseases (NCDs) refer to diseases which cannot be transferred from person to 

person. These diseases tend to be long standing and occur because of the combined effect of 

behavioural, environmental, genetic and physiological factors (World Health Organisation, 2018). 

These diseases include chronic respiratory disease, cancers, diabetes mellitus and cardiovascular 

disease (CVD). Out of these diseases, CVD contributes to the largest number of deaths, killing 17.9 

million people each year (World Health Organisation, 2018). Out of the 41 million deaths caused by 

NCDs each year, 15 million occurred in those aged between 30 and 69 years. Although the statistics 

are daunting, the main risk factors of NCDs are modifiable. Amongst these risk factors are tobacco 

use, alcohol abuse, physical inactivity and an unhealthy diet (World Health Organisation, 2018). 

On 25th September 2015 at the United Nations General Assembly, the 2030 Agenda for Sustainable 

Development was adopted by the Heads of State and Government. The agenda comprises 17 goals 

and 169 targets to better humanity and the planet. The top three goals focus on ending poverty and 

hunger, achieving food security and improving nutrition, promoting sustainable agriculture, ensuring 

healthy lives and promoting wellbeing for all, with the aim of reducing premature deaths from NCDs 

by one third (United Nations, 2015). NCDs contribute to 71% of annual deaths globally, with CVD 

accounting for the highest percentage of deaths, killing ~43% each year (World Health Organisation, 

2018). DM is also amongst the top four diseases accountable for >80% of premature deaths from 

NCDs, however, contrastingly to CVD, DM is responsible for a smaller proportion of deaths with 

approximately 9% of all deaths globally, but this still equates to 1.6 million people (World Health 

Organisation, 2018). An unhealthy diet is a major risk factor of NCDs and has a great influence on the 

development and progression of metabolic risk factors, which include obesity and overweight, 

hyperlipidaemia, hyperglycaemia and raised blood pressure (World Health Organisation, 2018). These 

risk factors are largely preventable through maintenance of a healthy diet. The global action plan for 

prevention and control of NCDs addresses ways to reach the 2030 goal and focuses on promoting a 

healthier diet for all (World Health Organisation, 2013). Policies are aiming to increase affordability, 

availability and consumption of healthy food items as well as discouraging the consumption of 

unhealthy food items (World Health Organisation, 2013). The 2017 Global Burden of Disease (GBD) 

study revealed diets high in sodium, low in whole grains, nuts, fruits and vegetables to be the greatest 

contributor to premature mortality from NCDs whilst diets less attributable to premature mortality, 

included those low in milk, high in processed meats and high in red meats (Afshin et al., 2019) 



9 | P a g e  

 

Diet as a risk factor of Non-communicable disease 

The evolutionary nutritionist Loren Cordain has explored the many advantages of maintaining a 

‘hunter-gatherer’ (HG) diet (Cordain, 2010). The HG diet refers to the diet eaten during the 

Paleolithic period, consisting largely of plant foods, lean meats and fish with avoidance of dairy, 

beans and refined grains and sugar (Cordain, 2010). Cordain advocates that this diet can prevent the 

rising incidences of cancer, CVD and diabetes that we see today as it is the diet we are genetically 

adapted to (Cordain, 2010). He explains that the pandemic of non-communicable disease we are faced 

with today is a result of our inability to adapt to the western diet; eaten by many of today’s society 

(Cordain, 2010). The western diet refers to a dietary pattern which consists largely of processed foods 

that are rich in simple carbohydrates and saturated fats but lacking in secondary plant metabolites, 

dietary fibres and micronutrients (Elmadfa and Meyer, 2017). Cordain’s idea that we are genetically 

adapted to one specific diet comes after radiologist Stanley Boyd Eaton introduces the concept of 

Paleolithic nutrition in 1985 and demonstrates how the shift from the HG diet, maintained by our 

ancestors, to a western diet has had severe implications to human health and has contributed to the 

rise in coronary heart disease, diabetes, hypertension and cancer; all conditions that were rare among 

pre-agricultural human beings (Eaton and Konner, 1985). Eaton and Konner and Shostak (1988) 

provide evidence that the human genome has incurred very little change since the first appearance of 

homo sapiens, 40,000 years ago and likened modern humans to stone age hunter gatherers that have 

travelled through time to a period where our culture and lifestyle does not match that of our genetic 

makeup and has resulted in a maladaptation that has presented itself as chronic disease. During the 

Paleolithic period diets had a low glycaemic load, high levels of fibre, low carbohydrates and high 

protein, large quantities of phytochemicals, vitamins and minerals and low sodium and this is thought 

to be the reason why disease was uncommon (Cordain, 2010). The arrival of the Neolithic era brought 

about the farming of foods and the introduction of staples into the diet, something that the hominin 

genome had very little experience with. This was followed by the Industrial revolution and diets 

became higher in dairy, carbohydrates, refined sugar, refined oils, fatty meats and alcohol and 

therefore had a higher glycaemic load and fatty acid composition (Cordain et al., 2005). From this 

period onwards, instances of NCDs began to rise to dangerous levels and this is thought to be due to 

the inability of the human genome to adapt to these new and unfamiliar diet habits (Cordain et al., 

2005). A study conducted on overweight postmenopausal women showed an improvement in insulin 

sensitivity, a decrease in lipogenesis-related factors and a decrease in circulating triglycerides when a 

HG diet was maintained for 24 months (Blomquist et al., 2018). The Mediterranean diet is also well 

known for its prevention of chronic diseases with it consisting of fresh fruits, non-starchy vegetables, 

nuts and seeds, legumes and minimally processed grains combined with little to no intake of red meat 

and moderate fish consumption. Epidemiological studies have shown this diet to protect against CVD, 

diabetes, stroke and hypertension (Fung et al., 2009; Lopez-Garcia et al., 2013). This has been shown 

to be achieved through the Mediterranean diet inducing protection against inflammation, oxidative 
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stress and platelet aggregation as well as having lipid lowering effects (Tosti and Bertozzi and 

Fontana, 2018). When Whalen et al. (2017) compared the beneficial effects of the HG diet and the 

Mediterranean the results were found to be very similar, however consumers of the HG diet showed a 

decrease in oxidative stress, mortality from cancer and all-cause mortality.  

Genetic Predisposition - The Thrifty Gene Hypothesis 

The epidemic of type-2-diabetes has been shown to affect children and young adults in the US at rates 

that have never been seen before and it is thought that this may be due to feeling pressured by 

commercial interests. Across states in America where populations are largely made up of ethnic 

groups such as Hispanics, African Americans and American Indians, the percentage of children being 

diagnosed with type-2-diabetes is beginning to surpass the number of those diagnosed with type-1-

diabetes (Yau and Maclaren and Sperling, 2018). 3700 children and young adults are diagnosed with 

type-2-diabetes each year in the US and estimates show 85,000 youths being affected by 2050. These 

ethnic groups are thought to be worst affected due to the possession of “thrifty” genes associated with 

insulin resistance syndrome (IRS); these genes are thought to serve the purpose of conserving energy 

in times of food abundance in preparation for periods of famine (Yau and Maclaren and Sperling, 

2018). In 1962, American geneticist James Van Gundia Neel hypothesised that indigenous people 

were genetically predisposed to type-2-diabetes due to the lack of food available to their ancestors. 

Following this he travelled through Brazil, Costa Rica, Panama and Venezuela collecting bone 

marrow, blood, breast milk, urine, saliva and faeces from indigenous inhabitants and found some 

evidence, but not a sufficient amount, supporting differential metabolism, however he rejected this in 

1999, after reconsideration of his hypothesis (Hay, 2018). Within the same year Canadian scientists 

carried out a study on the Oji-Cree community of Sandy Lake First Nation, an indigenous group in 

northern Ontario, and the findings suggested the presence of a ‘thrifty’ gene (Hegele et al., 1999; 

Neel, 1999; Yau and Maclaren and Sperling, 2018; Basky, 1999). As with Neel, the Canadian 

scientists later retracted their findings giving the reasoning that it is highly unlikely for a mutation in a 

single gene to predispose a particular group of people to such a complex disease. Within the same 

year the Canadian scientists publicised their findings, the Canadian government launched the 

Aboriginal Diabetes Initiative (ADI) as a way of maintaining good health amongst the aboriginal 

community. In 2011 Health Canada released a report addressing an association between the effects of 

the thrifty gene and an increased prevalence of diabetes in the aboriginal community (Public Health 

Agency of Canada, 2011). To date this hypothesis continues to be recognised as a viable explanation, 

not only for the increased prevalence of type-2-diabetes but other diet related NCDs too. A similar 

concept known as ‘The Barker hypothesis’ states that foetal programming occurs upon intrauterine 

growth restriction (IUGR), predisposing the foetus to NCDs later in life and greater risks of premature 

deaths as a response to plentiful food supply (Barker, 1990). In 2018 Hoy and Nicol (2019) confirmed 
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the premise of this hypothesis in their study carried out on Aboriginal Australians which found low 

birth weights to predispose higher death rates in adulthood.  

The Nutrition Transition 

A major nutrition transition is becoming highly apparent in today’s world. Levels of 

noncommunicable diseases are rising rapidly as a result of a global energy imbalance. Patterns of 

overnutrition were formerly only dominant in countries of a higher socioeconomic status, however, 

the world is now experiencing a shift in dietary patterns and overnutrition is becoming evident 

worldwide (Popkin, 2006). The last three centuries have witnessed an accelerated change in diet with 

the severity differing in each region of the world (Popkin, 2001). In the 1960’s the majority of 

developing countries were experiencing a significant calorie deficit resulting in chronic 

malnourishment and famine, with countries in Asia being hit most frequently with episodes of famine. 

China was estimated to have had 30 million casualties as a result of the shortages (Schmidhuber and 

Shetty, 2005). India was also affected, and this impacted on the life expectancy and health of its 

population. During this period the whole African continent was also heavily undersupplied and in 

total an estimated 40% of the developing world were undernourished (Schmidhuber and Shetty, 

2005). From the 1970’s to the early 2000’s energy availability increased across eastern and northern 

Africa as well as eastern Asia and Latin America and the “Green Revolution” is thought to be one of 

the factors which brought about these improvements (Schmidhuber and Shetty, 2005). 

The Green Revolution refers to a period where strategies were set in place to increase crop 

productivity. These strategies included large investments into crop research, market development and 

infrastructure and these modifications resulted in a rapid surge in crop yield (Pingali, 2012). This 

surge then raised new issues with populations in developing countries experiencing an oversupply of 

foodstuffs, consequently resulting in a rise in the prevalence of obesity (Schmidhuber and Shetty, 

2005). In regions with unequal distribution of wealth, malnutrition and obesity often existed in the 

same country launching a “double burden of malnutrition” (Schmidhuber and Shetty, 2005). This 

nutrition transition has not only boosted levels of obesity but also diseases related to body 

composition such as type-2-diabetes (Popkin, 2001). Up until 15 years ago the concept of obesity was 

unknown to the lower and transitioning socioeconomic classes in Asia (Popkin, 2001). A study 

carried out by Gebremariam et al. (2018), which explored the perception and practice of a healthy diet 

with focus on urban and rural people living in northern Ethiopia, found that people tended to separate 

dietary habits into “good” and “bad” rather than putting focus on what was healthy, due to lack of 

education on health issues. Members of the cohort who had previous knowledge on goitre prevention, 

with a goitre referring to the enlargement of the thyroid gland, often caused by iodine deficiency. 

These members perceived iodised salt as “good” and were happy to consume it in excess whereas 

other members of the cohort had a bad perception of salt as they were aware of the risks overuse of 

salt has on disease burden (Gebremariam et al., 2018). Therefore, it was suggested that education on 



12 | P a g e  

 

nutrition would be beneficial to aid the shift towards a healthier lifestyle and reduce prevalence of 

disease and mortality. This has been shown to be effective in the United States, Australia and Japan 

following community-based health campaigns (Gebremariam et al., 2018).  

Across human populations the ways in which food quantity can affect health are well established, in 

reference to malnutrition and overnutrition, however, knowledge of the importance of food quality in 

relation to disease burden and prevention are still relatively poor. Therefore, this study aims to 

quantify the empirical relationship between global patterns of disease and country-level variation in 

the balance of nutrients in the diet with focus on DM, CVD, ischaemic heart disease (IHD), 

hypertensive heart disease (HHD) and stroke in relation to the consumption of macronutrients. There 

are good mechanistic and clinical reasons to anticipate a relationship between the burden of non-

communicable disease and nutrition and there are crucial applied motivations for addressing this issue 

at a global scale. 

This thesis will explore the relationships between diet and disease burden, with each chapter having a 

different focus. Chapter 2 will focus on the exploration of patterns of macronutrient availability across 

the globe whilst chapter 3 will explore patterns of disease burden and deaths from DM, CVD, IHD, 

HHD and stroke across the globe. Chapter 4 will then use the results of chapter 2 and 3 to determine 

whether nutrient availability can predict patterns of disease. 
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Chapter 2 - Exploring the patterns of macronutrient availability across the 

globe 

 

INTRODUCTION 

Importance of food availability 

It is estimated that globally 820 million people had insufficient food in 2018, an increase from the 

previous year which left 811 million without sufficient supplies. 2018 was the third year in a row 

where a rise was evident (World Health Organisation, 2019). In every continent, women are at greater 

risk of food insecurity in comparison to men, with Latin America displaying the largest gap. Whilst 

the situation is more severe in Africa, with regions across the continent having the highest rates of 

hunger worldwide, Asia has been shown to house the largest number of malnourished people with 

particular severity dominating southern Asia (World Health Organisation, 2019). In addition to this 

issue, obesity and being overweight continue to rise across all regions and is particularly apparent in 

adults and school-age children (World Health Organisation, 2019). Virtually three-quarters of the 

world’s overweight children live in Africa and Asia as a result of unhealthy diets (World Health 

Organisation, 2019). 

The debate regarding the effects of macronutrient composition in the diet on weight management has 

been ongoing and the importance is greater than ever in the 21st century (Elmadfa and Meyer, 2017). 

Macronutrients refer to nutrients that provide calories and are required in larger amounts; these are 

separated into fats, proteins and carbohydrates, whilst micronutrients are required in smaller quantities 

such as vitamins and minerals (Ladeira, Carolino, Gomes and Brito, 2017). Globally, 11% of men and 

15% of women aged 18 and over were seen to have a body mass index (BMI) of ≥ 30 kg/m2 (obese) in 

2014 and levels are even higher at national levels, most predominantly in developing and transition 

countries, following the adoption of the “western diet” (Elmadfa and Meyer, 2017). Poor diet quality 

is one of the key factors aiding the prevalence of disease burden of non-communicable disease (NCD) 

and a deterioration of diet quality has been identified across many regions in the world (Ronto et al., 

2018). In the majority of cases NCD burden can be delayed or even prevented and they often occur 

prematurely, so it is important to recognise and target poor dietary habits in order to produce the best 

outcome (Ronto et al., 2018). National nutrition programmes typically focus on the issues brought 

about by the micronutrient deficit and the importance of food security, however the link between 

unhealthy dietary patterns as a risk factor of NCD development continues to be neglected whilst these 

burdens are now surpassing those resulting from malnutrition in virtually every global region (Ronto 

et al., 2018). Understanding the changing pattern of dietary habits allows us to identify countries with 

insufficient and excessive supplies of specific macronutrients consequently providing recognition of 

countries that are at risk of overnutrition or nutrient deficiencies. This information is essential for 
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making agriculture and trade more nutrition-sensitive and to create global awareness on what dietary 

changes need to be made in order to delay and prevent NCD (Schmidhuber et al., 2018). 

Africa has been shown to consume the lowest recorded quantities of fat, whilst parts of Europe and 

North America have been documented to consume the highest (WHO and FAO, 2002). Over the past 

three decades the increased intake of dietary fats has surpassed the increased intake of dietary proteins 

with dietary fats increasing by 20g/capita/day since 1969. This increase is most distinct in East Asia, 

Europe and America. 19 countries across sub-Saharan Africa and South Asia were discovered to have 

fallen below the minimum requirement of dietary energy supply from fat, being 15%. In contrast, 24 

countries across Western Europe and North America were shown to be over the maximum 

recommendation of 35% (WHO/FAO, 2002). A rise in incomes across the developing world is 

thought to have led to this increase. In 1963 a diet contributing to 20% of energy intake from fat was 

only apparent in countries with a gross national product (GNP) of $1475/capita at least, however, by 

1990 even poor countries with a GNP of just $750/capita, had access to a diet comprising of 20% 

energy intake from fat (WHO/FAO, 2002). Research led in China shows a profound shift in 

purchasing practices alongside a boost in income over the past decade. Research showed that this 

increase in income enhanced the fat intake within the poor communities at a greater level than within 

the richer communities (WHO/FAO, 2002). Availability and consumption of animal products has also 

increased and is expected to reach an annual meat production rate of 376 million tonnes by 2030 

(WHO/FAO, 2002). Changes to income levels are shown to be responsible for the shift in dietary 

patterns as well, with consumption of staple foods being replaced by intake of large amounts of 

animal protein in the form of milk, meat and eggs. With lowering prices in animal products, 

developing countries are shifting to a diet higher in meat (WHO/FAO, 2002). 

Changing patterns of food availability worldwide and over time 

Rapid changes in income, education, the proportion of individuals living in urban areas and reduced 

costs of foodstuffs are just some of the causes for the rapid shift in dietary patterns (Popkin, 2001). 

Evidence has shown a relationship between urbanisation and shifts in dietary patterns, body 

composition and physical activity. Those that reside in the city have been shown to shift from 

episodes of famine to episodes of receding famine; the period where high-caloric foods become 

available in abundance as a result of increased income. During this period physical activity lessens 

and these changes contribute to a rise in obesity and NCDs, particularly, diabetes and cardiovascular 

disease (CVD) (Popkin, 2001). In comparison to rural diets, urban diets have been shown to consist of 

more grains, sugar, animal products, foods higher in fats and more foods prepared outside of the home 

which tend to be processed (Popkin, 2001). When looking at this relationship at a country level, the 

contrast between urban and rural dietary patterns are more prominent in lower income countries in 

comparison to higher income countries (Popkin, 2001). Factors responsible for these differences 

include advanced modes of transportation and marketing systems in urban areas, providing a greater 
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availability of food during times of shortage, jobs incompatible with home food preparation as well as 

child-care and care of the elderly and larger heterogeneity in regards to dietary patterns (Popkin, 

2001). Longitudinal dietary data collected between 1989 and 1993 for 5625 Chinese men and women 

aged 20 to 45 years old was examined by Popkin (2001), and it was shown that during this period 

efforts were taken by the government to reduce fat intake for the wealthy. This involved increasing 

the price of eggs, pork and oils, which in turn did result in a lower intake of fat, however the increase 

in pork prices caused a fall in the amount of protein being consumed by the poor (Popkin, 2001).  

Urbanisation has also been shown to be responsible for the reduced consumption of fruits and 

vegetables. In 1998 it was shown that 6 out of the 14 WHO regions had access to levels of fruit and 

vegetables that met the requirements of the recommended intake, being 400g/capita/day. In most 

global regions, the availability of fruit and vegetables lowered between 1990 and 1998 (WHO/FAO, 

2002). Ethiopia is the second most densely populated country in Africa and is considered to be one of 

the most underdeveloped countries in the world. However, as of 2019 Ethiopia has been reported to 

have the fastest growing economy (FocusEconomics | Economic Forecasts from the World's Leading 

Economists, 2019; Gebremariam et al., 2018). With this increase in economic growth, Ethiopia’s food 

production has also increased, with a substantial growth being seen between 2011 and 2015 (Baye et 

al., 2019). Over this period the estimated energy and nutrient gap has declined, and food production 

has continued to keep pace with the fast-growing population with the help of an increase in the 

production of cereals and starchy staples (Baye et al., 2019). In 2015 increases in national food 

production allowed over 3000 kcal/capita to be supplied across the population of Ethiopia, however 

this was unevenly distributed. Regions such as Amhara and Oromia were overproducing foodstuffs 

whilst Somali and Afar relied heavily on the production of food in other regions due to poor agro-

ecological conditions within these regions (Baye et al., 2019). This imbalance in distribution of 

foodstuffs was accompanied by a reduction in the diversity of food being produced. Starchy staple 

and cereals made up the largest proportion of total food production whilst the production of animal 

sourced foods worsened (Baye et al., 2019). 2016 showed that only 14% of Ethiopian children aged 6 

to 23 months were meeting the minimum dietary diversity levels put in place by WHO (Central 

Statistical Agency, 2016). The Prospective Urban Rural Epidemiology (PURE) study published by 

Dehghan et al. (2017) showed that when carbohydrate intake exceeded 60-70%, the risk of major 

CVD and overall mortality increased. In Ethiopia, 60-80% of the energy intake in children and adults 

is from carbohydrates and CVD were shown to be the one of the main causes of premature mortality 

in 2015 (Misganaw et al., 2017). It is estimated that by 2030 consumption of animal products will rise 

by 44% in developing countries and poultry will make up a large proportion of this increase. The 

demand of animal products within developing countries is expected to outgrow the rate of production 

(WHO/FAO, 2002). 
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Throughout this chapter a series of hypotheses will be tested to identify how macronutrient 

availability has changed between 2000 and 2015 and why it differs between countries. The hypotheses 

being tested are based on what has been seen in the studies explored throughout this chapter. With 

regard to the matters previously addressed, the following hypotheses will be tested: 

i. Macronutrient availability will increase with wealth  

ii. Macronutrients sourced from animals will increase with wealth 

iii. The nonprotein/protein energy ratio will increase with wealth and over time 
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METHODS 

Data collection  

Food supply data was obtained from Food Balance Sheets (FBS) within the statistics division of the 

Food and Agriculture Organisation of the United Nations (FAO) website (FAO.org, 2017). Food 

supply data was retrieved as a .csv file for crops and separately for livestock and fish. Data selected 

for crops was aggregated into vegetal products and data selected for livestock and fish was aggregated 

into animal products before downloading. Data for vegetal products and animal products were further 

separated into protein and fat supply in grams and total food supply in calories. Food supply data for 

vegetal and animal products were obtained for 171 countries in years 2000, 2005, 2010 and 2013. 

Total food supply was also obtained which combined vegetal and animal products also separated into 

protein and fat supply in grams and total food supply in calories.  

Factors which were likely to affect the patterns of macronutrient availability were also considered, 

including gross domestic product (GDP), current health expenditure (CHE) and development status. 

GDP was retrieved from the National accounts section of the United Nations statistics division by 

country as a .csv file for years 2000, 2010, 2015 and 2016, at current prices in US dollars. CHE was 

retrieved as a .csv file from the Health financing section of the World Health Organisation (WHO) 

website as a percentage of GDP, by country for years 2000, 2010 and 2015. Data on development 

status was obtained from the World Economic Situation and Prospects report as a PDF file (United 

Nations, 2013) 

Cleaning and collation  

As data on food supply, CHE and GDP was downloaded as .csv files, Microsoft excel 2016 was used 

for data cleaning. Calories were the unit of measurement used to quantify macronutrient availability. 

The quantity of protein within vegetal and animal products was converted from grams to calories by 

multiplying quantity in grams by 4.1 (Buchholz and Schoeller, 2004). Fat supply was converted from 

grams to calories by the multiplication of 8.8. Calories from carbohydrates in vegetal and animal 

products were calculated through the subtraction of calories from protein and fats, from calories in 

total food supply (USDA National Nutrient Database for Standard Reference, Legacy, 2018). Food 

supply data for vegetal and animal products were then manually merged together by year, country, 

source; animal or vegetable, and macronutrient availability in calories. As development status was 

downloaded as a pdf file, data was manually transferred to a Microsoft excel 2016 spreadsheet and 

arranged by country in alphabetical order. Empty columns and rows were removed, and spreadsheets 

were checked for replicated data, misspelling of country names and all text was capitalised. 

Replicated data was removed and country names were formatted in the same way across all 

spreadsheets.   
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Data collation was carried out using R Studio version 1.1.453, with R version 3.5.0 (R Core Team, 

2018). Each individual csv file was imported into R and files were merged using the merge function, 

found within the R Base package version 3.5.0, to create one dataset. The master dataset was then 

analysed for any further errors, such as making sure R had correctly interpreted the structure of the 

data frame, using the str function. 37 countries were removed from the analysis; these can be found in 

Table S6. The removal of these countries was due to missing data on food supply, CHE, GDP 

collectively. 

Data exploration and statistical analyses 

Patterns of macronutrient availability were explored using ddply, a function within the package plyr 

version 1.8.4 which is used to separate data frames by variables in order to apply a function, these 

results are then returned into a new data frame (Wickham, 2011). Summaries were created for fats, 

carbohydrates and proteins by year (2000, 2010, 2015 and 2016), food source (animal or vegetable) 

and development status (developing, transition, developed).  The plot function was also used to 

generate scatter plots between variables. This allowed the identification of outliers and patterns of 

interest in the dataset which were then subject to statistical analyses. Food availability was expected 

to increase with the wealth of a country, however this could be measured in several ways. Three 

variables accounted for a country’s wealth: development status, GDP and current health expenditure, 

and these variables strongly co-varied (Figures 2.1-2.3).  
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Figure 2.1: The relationship 

between current health 

expenditure as a percentage 

of gross (POG) and gross 

domestic product (GDP). The 

points show the raw data and 

lines are predictions from the 

minimal model. 

 

Figure 2.2: The relationship 

between current health 

expenditure as a percentage 

of gross (POG) and year. The 

points show the raw data and 

lines are predictions from the 

minimal model plotted for 

developing (red), transition 

(yellow) and developed 

(green) countries. 

Figure 2.3: The relationship 

between gross domestic 

product (GDP) and year. 

The points show the raw 

data and lines are 

predictions from the 

minimal model plotted for 

developing (red), transition 

(yellow) and developed 

(green) countries. 

 

The extent to which each of these measures explained food availability was explored, with the goal of 

selecting the most appropriate measure to use in further analyses. 

Linear regression models were run using the lm function on each macronutrient to test for the effects 

of food source, development status and year. In all cases the maximal model were fit with all 

interaction terms included and a stepwise deletion was carried out until only significant terms were 

left. Terms were classed as significant if they had a P value <0.05. The residuals from each model 

were visually examined for deviations from normality and for heteroscedasticity (Zuur et al 2010). 

This was then repeated, replacing development status with GDP or CHE. In the case of GDP, the 

residuals were non-normal and so the analyses were repeated after log-transforming GDP.  

The ratio of NPE (non-protein energy) to protein in the diet was also considered. Linear regression 

models were run to test the effects of food source, year and calories from protein. In each case, the 

final minimal linear model was used to make predictions allowing regression lines to be fitted to each 

scatter plot. 
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RESULTS 

How does a country’s wealth affect its NPE:P?  

Year 

The effect of the two-way interaction between source (animal or vegetable) and calories from protein, 

represented in Table 2.1a, has shown that vegetal products provide less calories from protein per unit 

NPE than animals and this is further demonstrated by the steepness of the slope displayed for vegetal 

sources (Figure 2.4). When looking at figure 2.4a and the coefficient produced in Table 2.1b you can 

see that the regression line passes very closely through the origin indicating that calories from protein 

and NPE are both being obtained at the same time during consumption of animal products. In 

contrast, vegetal products are shown to provide a very high availability of NPE without any protein, 

with calories from protein only becoming available when calories from NPE reach ~1100 (Table 2.1b, 

Figure 2.4b). The NPE:P from animal sources declined from 2.96:1 to 2.61:1 over 13 years meaning 

that the proportion of protein available was increasing with each unit of NPE (Table 2.1b). This was 

also the case for vegetal product (Table 2.1b). The decline in NPE:P was greatest in animal sources 

which decreased by 9.12% in comparison to vegetable sources where a decline of 8.05% was seen 

(Table 2.1b). In other words, vegetal products are able to provide a large proportion of NPE with very 

little protein energy, whilst animal products provide roughly the same amount of NPE and protein 

energy on consumption. However, over time protein availability from both animal and vegetal 

products was increasing with every unit of NPE consumed. 

Table 2.1a results from linear model testing the effects of year and source (animal or vegetable) on 

the NPE:P ratio. 

 

 

  

 

 

 

 

 

 

 

 

 df F value  P value 

Source 2 17052.80 <0.001 

Year 1 88.64 <0.001 

Calories from protein  1 2586.46 <0.001 

Source:Year 2 9.32 <0.001 

Source: Calories from protein 2 41.90 <0.001 

Year:Calories from protein 1 4.86 0.028 

residuals 1421   
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Table 2.1b coefficients from the linear model testing the effects of year and source (animal or 

vegetable) on the NPE:P ratio 

 

 Animal Sources Vegetable Sources 

Year 2000 2005 2010 2013 2000 2005 2010 2013 

Y intercept -31.09 -16.40 -1.72 7.09 1228.19 1281.15 1334.10 1365.87 

x 2.96 2.83 2.69 2.61 4.47 4.33 4.19 4.11 

 

 

Figure 2.4: The relationship between calories available from NPE (non-protein energy) and 

calories available from protein sourced from animals (a), vegetables (b) and a combined total 

of both animal sources and vegetable sources (c). The points show the raw data and lines are 

predictions from the minimal model for each nutrient, plotted for years 2000, 2005, 2010 and 

2013. 
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Development status and NPE:P 

In regard to the NPE:P from animal sources between countries, the coefficients produced in Table 

2.2b show developing countries to have the lowest availability of NPE relative to protein (2.3:1), this 

means that developing countries have the highest availability of protein from animal sources per unit 

of NPE in comparison to other countries. In contrast transition countries had the highest ratio (2.93:1; 

Figure 2.5, Table 2.2b), showing that these countries have the least availability of protein from animal 

sources per unit of NPE. The slopes produced for NPE:P from vegetable sources (Figure 2.5b) 

displayed large variation. Transition countries had a much higher protein availability from vegetable 

sources relative to NPE whilst developing countries had the lowest protein availability from vegetable 

sources in relation to NPE (Figure 2.5, Table 2.2b).  

Table 2.2a: results from linear model testing the effects of development status, year and source 

(animal or vegetable) on the NPE:P ratio. 

 

 

 

 

 

 

 

 

 

 

 

Table 2.2b: Coefficients from the linear model testing the effects of development status, year and 

source (animal or vegetable) on the NPE:P ratio. 

 

NPE:P by Development Status 

 Animal Sources Vegetable Sources 

Development 

Status  

Developing Transition Developed  Developing Transition Developed  

Y intercept 13.57 31.73 119.83  1222.02 1541.25 1360.86  

x 2.31 2.93 2.44  4.62 2.53 4.59  

 

 

 

                                                     NPE:P   

 df F value P value 

Source 2 25133.815 <0.001 

Development status 2 687.923 <0.001 

Calories from protein  1 2619.729 <0.001 

Source:Development status 4 15.027 <0.001 

Source: Calories from protein 2 76.233 <0.001 

Source:Development status: Calories from protein 6 2.149 0.045 

residuals 1971   
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Figure 2.5: The relationship between calories available from NPE (non-protein energy) and 

calories available from protein sourced from animals (a), vegetables (b) and a combined total 

of both animal sources and vegetable sources (c). The points show the raw data and lines are 

predictions from the minimal model for each nutrient, plotted for developing countries, 

transition countries and developed countries. Intercepts and slopes of the fitted lines are 

reported in table 2.2b. 
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Development status and calorie availability from carbs, fats and proteins 

In transition and developed countries a greater proportion of the calories from fat were from animal 

sources but for developing countries this was reversed (Table 2.3, Figure 2.6 a,b,c). Over time, 

calories from fats increased in developing and transition countries but remained fairly constant in 

developed countries (Table 2.3, Figure 2.6 a,b,c). Protein calories were primarily sourced from 

vegetables in developing and transition countries whilst animal protein provided the greatest 

availability of calories in developed countries (Table 2.3, Figure 2.6 d,e,f). Over time, calories from 

protein increased in developing and transition countries but remained relatively stable in developed 

countries (Table 2.3, Figure 2.6 d,e,f). The relationship between calorie availabilty and development 

status showed the least variation in carbohydrates with the greatest difference being seen between 

animal and vegetal sources (Table 2.3). Across developing, transition and developed countries, 

carbohydrate availability was very similar and primarily from vegetable sources (Table 2.3, Figure 2.6 

g,h,i). In general, ratio of calories from animal and vegetable sources became more animal-biased  as 

the development status of the countries increased (Table 2.3, Figure 2.6).  

Table 2.3: results from the linear models testing the effects of year, source (animal or vegetable) 

and development status on the calories available from carbohydrates, fats and proteins.  

 

 

 

  Fats  Proteins  Carbohydrates 

 df F value P value df F value P value df F value P value 

Year 1 16.46 <0.001 1 13.53 0.001 1 10.16 0.001 

Source 1 64.95 <0.001 1 125.89 <0.001 1 24535.88 <0.001 

Dev. status 2 281.36 <0.001 2 123.39 <0.001 2 1.22 0.290 

Year: Dev. status 2 4.15 0.02       

Source: Dev. status 2 81.13 

 

<0.001 2 149.66 

 

<0.001 2 3.71 0.005 

Year:Source        8.05 0.005 

Residuals 953   955   954   

R2  0.46   0.41   0.96  
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Figure 2.6: The relationship between mean calories available from fats (a,b,c), proteins (d,e,f), and 

carbohydrates (g,h,f) sourced from animals and vegetables. The points show the raw data and are 

plotted for years 2000, 2005, 2010 and 2015. 
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How does a country’s wealth affect its macronutrient availability? 

GDP 

Calories from each source (animal or vegetal) tended to increase with GDP, however this increase 

was much sharper for fats and proteins from animal rather than vegetable sources (compare figures 

2.7 a,c with b,d,f). In each case, although year was shown to have a significant effect on the 

relationship between GDP and macronutrient availability the effect was minor, with very little 

difference seen over time.  

Table 2.4: results from the linear models testing the effects of year, source (animal or vegetable) 

and gross domestic product (GDP) on the calories available from carbohydrates, fats and proteins. 

 

 

  Fats Proteins Carbohydrates 

 df F value P value F value P value F value P value 

Year 1 59.70 <0.001 51.88 <0.001 80.48 <0.001 

Source 2 229.53 <0.001 536.83 <0.001 162801.08 <0.001 

Log.GDP 1 29.26 <0.001 6.80 0.009 37.61 <0.001 

Year:Source 2 6.66 0.010   71.41 <0.001 

Year:Log.GDP 1 12.85 <0.001 7.30 0.007   

Source:Log.GDP 2 27.36 <0.001 147.80 <0.001 93.73 <0.001 

Year:Source:Log.GDP 2   9.20 0.002   

residuals  7133  7133  7134  

Adjusted R2  0.05  0.09  0.95  
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Figure 2.7: The relationship between gross domestic product (GDP) and calories consumed 

from (a,b) fats, (c,d) proteins and (e,f) carbohydrates. Calories derived from animal products 

are in red (a,c,e) and those from vegetable products are in green (b,d,f). The points show the 

raw data and lines are predictions from the minimal model for each nutrient, plotted for 

years 2000, 2010 and 2015. 
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Current Health Expenditure 

 

Calories from fat increased with CHE across all years, although the increase was sharper for animal 

than vegetable sources as displayed by the regression lines (Table 2.5, Figures 2.8a,b). The 

relationship between calories from animal protein and CHE was very similar to that of animal fat 

(Table 2.5, Figure 2.8c). However, the pattern with vegetable protein was quite different, with a 

general decline in vegetable proteins with current health expenditure that is becoming steeper over 

time seen in the regression lines (Table 2.5, Figure 2.8d). The major source of calories from 

carbohydrates is vegetable, rather than animal and as found for proteins, calories from vegetable 

sources decrease with increasing health expenditure (Table 2.5, Figure 2.8 e,f). For the other calorie 

sources, the positive relationship with CHE either weakened over time (Figures 2.8 a,b,c) or became 

negative (Figure 2.8 d). 

Table 2.5: results from the linear models testing the effects of year, source (animal or vegetable) 

and current health expenditure as a percentage of gross (CHEPOG) on the calories available from 

carbohydrates, fats and proteins. 

 

 

 

 

 

 

 

 

 

 

 

 

   Fats  Proteins  Carbohydrates 

  df F value P value  F value P value  F value P value 

Year  1 8.53 0.004  7.60 0.006  7.31 0.007 

Source  1 41.93 <0.001  81.58 <0.001  24202.37 <0.001 

CHEPOG  1 133.84 <0.001  46.18 <0.001  2.16 0.142 

Year:Source  1 4.60 0.030  4.18 0.040  5.90 0.015 

Source:CHEPOG  1 17.70 <0.001  79.97 <0.001  13.22 <0.001 

residuals  940         

R2   0.18   0.19   0.96  
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Figure 2.8: The relationship between current health expenditure as a percentage of gross 

(POG) and calories consumed from (a,b) fats, (c,d) protein and (e,f) carbohydrates. Calories 

derived from animal products are in red (a,b,c) and those from vegetable products are in 

green (d,e,f). The points show the raw data and lines are predictions from the minimal model 

for each nutrient, plotted for years 2000, 2010 and 2015. 
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DISCUSSION 

Throughout this chapter vegetable products were shown to provide just under half the proportion of 

protein relative to NPE than that of animal sources. When looking at the NPE:P from animal and 

vegetable sources combined, developed countries had the highest recorded NPE:P. Development 

status was shown to have the greatest explanatory effect on macronutrient availability. Regarding the 

ratio of calories from animal and vegetable sources, calorie availability became more animal based as 

development status increased. 

Macronutrient availability will increase with wealth  

Three separate metrics were used to measure wealth; development status, GDP and CHE. All three 

metrics captured variation in food availability, total calories increased with GDP, CHE and 

development status, but development status explained the most variation overall. As might be 

expected, the greatest changes in macronutrient availability over time were seen in transition 

countries. The increase in macronutrient availability with GDP was an expected result as with 

increased income, food availability grows and becomes more diverse. With this increase comes the 

development and expansion of superstores and luxury food items become more affordable and 

accessible. For example, the United States, being the world’s largest economy, has shown a shift from 

three meals within the day to five, with the extra two meals being snacks (Popkin and Ng, 2007).  

Results from 2015 show average calorie intake in the US to be 3681 per day whilst countries such as 

Afghanistan and Rwanda have access to 2089 and 2228 calories per day, respectively, which is ~40% 

lower than that of the US. 

Macronutrients sourced from animals will increase with wealth 

As predicted a large proportion of the increases in food availability with wealth are coming from 

animal sources as seen in figure 2.8. The increases seen for macronutrients from vegetal sources 

aren’t as great as those seen for animals, however when looking at calories sourced from vegetal 

products you can see that at lower GDP, calorie availability from vegetal sources are greater than 

those of animal sources (Figure 2.6). This shows that countries with a lower GDP are gaining most of 

their macronutrients from vegetal sources as opposed to animal sources, whilst countries with a larger 

GDP are consuming more calories from animal sources. Over time, calories from both sources were 

shown to increase with increased GDP however the trend remained the same, in terms of what source 

was most relied for countries with differing GDP (Figure 2.6). This again shows how strongly wealth 

influences dietary patterns. Availability of animal fats and protein were shown to be very low in 

poorer countries whilst results shown for vegetal sources were moderate in comparison to the results 

shown for richer countries. In comparison to the results produced for animal sources, calories from 

vegetal sources were shown to have less disparity with increasing GDP; the largest increase was seen 

in vegetal fats. This suggests that countries with a lower GDP have more of a plant-based diet whilst 
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diets become more animal based as GDP increases. Records show that quantities of fats consumed are 

lowest in Africa and greatest in areas within North America and Europe (WHO/FAO, 2002). 

Regarding levels of protein consumption across the globe, a greater quantity of calories was seen to be 

derived from vegetable protein as opposed to animal proteins in low-income countries and studies 

show that availability of animal protein in industrialised countries is three times greater than in 

developing countries (WHO/FAO, 2002). This is due to restrictions in income across the developing 

world, limiting their food choice to the most economical option and often resulting in undernutrition 

(Kramer and Allen, 2015).  

Both animal fats and vegetable fats increased with CHE for all years, however animal fats showed the 

greatest increase (Figure 2.7). When comparing sources, countries with a lower CHE showed a lower 

availability of vegetal and animal fats and animal protein in comparison to countries with a higher 

CHE and this was seen across all years. However, countries with a lower CHE were shown to have a 

greater vegetal protein and vegetal carbohydrate availability than countries with a higher CHE (Figure 

2.7). The countries with the lowest CHE were included Timor-Leste, Vanuatu, Myanmar and 

Indonesia indicating a more plant-based diet in these countries. Marshall Islands, Tuvalu and the 

United States were amongst the top 3 countries with the highest CHE and the results show these 

countries to maintain a diet high in animal fats and protein, and in comparison, to countries with a low 

CHE, these countries display a low vegetable protein and carbohydrate availability. It is important to 

note that countries were not split based on religious grouping and this may also impact dietary habits 

in terms of animal vs vegetal consumption. For example, in India, almost 80% of the population 

practise Hinduism where beef is prohibited and culturally diets are namely vegetarian or lacto-ovo-

vegetarian (Siddiqui et al., 2020; Joy et al., 2017). Vegetarian diets are also encouraged in Buddhism, 

another ancient Indian religion (Kalra et al., 2018). In contrast to this, in Islam, animals are permitted 

for consumption with exception to pork with countries including Indonesia and Pakistan, home to the 

largest populations of Muslims (Fischer, 2008; Muslim Population by Country 2021, 2021). 

Health is a vital indicator of economic development; a population with good health in turn results in 

higher productivity and higher income (Piabuo and Tieguhong, 2017). Marshall Islands and Tuvalu 

are countries within the western pacific region and although these countries were amongst the top 3 

countries with the highest CHE, these countries are considered to be developing by the World 

Economic Situation and Prospects report (United Nations, 2013), suggesting that a large proportion of 

the GDP for these countries has been used to make investments in healthcare for economic 

development or to tackle the issue of an unhealthy population. Health findings on the western pacific 

region indicate very high risk of diabetes, cardiovascular disease and stroke among resident’s type 2 

diabetes is expected to rise from 138.2 million people in 2016 to 201.8 million by 2035 (Nanditha et 

al., 2016). This is resultant of insufficient income, limiting food choice to the most cost-effective 

items, which often tend to be ultra-processed foodstuffs high in fats and sodium (Ichiho et al., 2013; 
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Nanditha et al., 2016). This dietary pattern has been observed amongst countries in urban Asia and 

Africa as well as Latin America and the Middle East (Popkin et al., 2012). The results seen for the 

United States however suggests a different reason for this pattern. It is likely that increasing CHE 

reflects their economic growth as well as a means for preventing the health issues brought on by the 

western diet adopted by most of the developed world. The average supply of fat has been shown to 

increase by 20g/capita/day since 1969 and this increase is most prominent in the American and 

European community (WHO/FAO, 2002).  

This was an expected result as these countries are undergoing significant economic growth and with 

this brings more affluent dietary habits such as a greater consumption of meats and dairy products rich 

in saturated fats. The 2002 Diet, Nutrition and the Prevention of Chronic Diseases report states that it 

is a combination of rising incomes, population growth and urbanisation has led to a surge in the 

livestock market to comply with the rising demand for higher quality animal protein. This increase 

has been seen particularly in China and Brazil. Although these countries display levels much lower 

than that of the US and other developed countries, the increase is more exaggerated in transition 

countries as their economic shift has taken place in a shorter amount of time (WHO/FAO, 2002). The 

results of this study have shown this trend to still exist within transition countries with the largest shift 

being identified between 2000 and 2005. Macronutrient availability stayed relatively stable over time 

in developing and developed countries, however a slight increase was seen in developing countries 

between 2000 and 2015 which could indicate a slow economic growth. With respect to the link 

between economic growth and macronutrient availability, developed countries appear to have shown 

no obvious increase in economic growth but rather remained stagnant between 2000 and 2016. 

 

The nonprotein/protein energy ratio will decrease with wealth and over time 

Over time the NPE:P declined marginally for both sources which is due to the availability of fatty 

meats and dairy products increasing as a result of the nutrition transition currently taking place. 

(WHO/FAO, 2002). When the effect of development status was analysed, transition countries were 

shown to have the greatest NPE:P from animal sources and the lowest NPE:P from vegetal sources in 

comparison to developing and developed countries, meaning transition countries are acquiring the 

majority of their protein from vegetal sources as opposed to animal (Table 2.2b). Figure 2.5 also 

shows transition countries to have a higher availability of protein from vegetal sources as opposed to 

animal. As we can see from the results of developing countries, they are receiving a large proportion 

of their protein from vegetal product. Schmidhuber and Shetty (2005) refer to this as the 

“Substitution” effect; a stage in the nutrition transition brought on by urbanisation and the 

introduction of a more market-orientated agriculture which has encouraged wider distribution and 

accessibility of cheaper and often highly calorific foodstuffs. They state that this will have the greatest 



33 | P a g e  

 

impact on the urban poor as they shift towards highly processed food items out of convenience and 

limited income (Schmidhuber and Shetty, 2005). Developing countries had the lowest NPE:P from 

animal sources whilst maintaining an NPE:P relatively similar to that of developed countries. This 

shows that developing countries are maintaining a diet higher in animal protein than animal fats but 

lower in vegetal protein than vegetal carbohydrates. This is likely to be a consequence of a large 

proportion of the developing world maintaining their tradition of having a largely plant-based diet for 

economic, cultural and traditional reasons. This is now maintained more by the poorer communities 

within developing countries as they have the means to farm their own fruits and vegetables and have 

limited access to supermarkets in comparison to the richer communities. 

Summary 

Most of the patterns seen for changing macronutrient availability were as expected with exclusion to 

rapid change seen for transition countries in regard to the increased consumption of animal products 

with growing wealth. It is thought that transition countries are most likely bear the biggest burden of 

disease because of this rapid transition and this will be explained further in the following chapters 

(Schmidhuber and Shetty, 2005). 
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Chapter 3 – Exploring the patterns of Cardiovascular diseases and  

Type-2-Diabetes across the globe 

 

INTRODUCTION 

In the EU, 91% of deaths and approximately 87% of disability adjusted life years (DALYs) are caused 

by non-communicable diseases (NCDs), referring to a category of diseases which are not 

transmissible from person to person, also known as chronic diseases (Non-communicable diseases, 

2018). Regarding NCD burden, cardiovascular diseases (CVD’s) stand as the largest contributor, as 

depicted in the 2017 Global Burden of Disease Study (GBD) (Institute for Health Metrics and 

Evaluation (IHME), 2018). This study continues to be the most extensive observational epidemiology 

study that focuses on diseases worldwide. The study also demonstrated that Ischemic heart disease 

(IHD), Stroke and Chronic obstructive pulmonary disease (COPD) were amongst the 7 leading causes 

of early death in 2017 with IHD being the leading cause. These diseases accounted for over 1 million 

deaths worldwide in 2017 and it is predicted that IHD, stroke, COPD and diabetes will be amongst the 

7 leading causes of early deaths in 2040 (Institute for Health Metrics and Evaluation (IHME), 2018).  

Fortunately, the NCD epidemic that we are now faced with can be controlled through the avoidance of 

NCD-causing risk factors such as unhealthy diets, inactivity, smoking and obesity (WHO, 2017). To 

tackle this issue 2015 saw all United Nations Member States agree to adopt the 2030 Agenda for 

Sustainable Development; being the action plan for ending poverty, protecting the planet and ensuring 

all people enjoy prosperity and peace by 2030 world-wide (UNDP, 2019). Efforts to control the 

epidemic were also made during the 70th World Health Assembly where governments promoted the 

revised list of “best buys”, being a set of recommendations aimed to control NCDs, which when 

applied are thought to be able to aid a countries accomplishment of Sustainable Development Goal 

target 3.4 of lowering one-third of premature deaths from NCDs by 2030 (WHO, 2017). 

A country’s income level is also thought to be a factor affecting the number of premature deaths from 

NCDs. 2016 showed 78% of deaths from NCDs in 30 to 69-year olds to occur in low and lower-

middle income countries nearly double the rate of deaths in high-income countries 

(Noncommunicable diseases country profiles, 2018). High-income countries had the lowest 

proportion of NCDs in men and women and when looking at the proportion of NCD deaths in 30 to 

69-year olds by region, Southeast Asia was shown to have the highest numbers in both sexes followed 

by Africa and then Eastern Mediterranean. The lowest number of deaths were seen in Europe and the 

West Pacific regions (Noncommunicable diseases country profiles, 2018). 

A study looking at patterns of NCDs in Kenyan adults, with Kenya being categorised as a lower-

middle income country, showed age and gender to influence the risk of developing NCDs (Data for 

Lower middle income, Kenya | Data, 2020, Haregu et al., 2018). Younger individuals were shown to 
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consume a larger amount of fats and this is thought to be a result of the wide spreading westernisation 

of diet and younger people’s willingness to adapt to newer dietary habits in comparison to older 

people (Haregu et al., 2018). Supermarket shopping is also increasing in Kenya among the lower-

income groups which was shown to further influence the choice of food younger people are selecting. 

Education was shown to aid the reduction in NCDs risk, however obesity was shown to increase with 

education (Haregu et al., 2018). Similarly, wealth was seen to facilitate a reduction in the risks of 

NCDs due to lower consumption of fats, however obesity was also shown to increase with wealth. 

Education of NCDs influences attitudes and behaviours towards health which then influences 

lifestyle. The rise in obesity in response to education and wealth is thought to be a result of an 

increase in the exposure to food related advertisements leading to a change in food choices amongst 

the educated and wealthy (Haregu et al., 2018).  

Personal social networks were also shown to be associated with healthier diets. Households of three or 

more people were reported to be less likely to partake in unhealthy eating and this is thought to be due 

to household members reinforcing healthier lifestyle choices and eating habits between each other 

(Haregu, 2018).   

Another factor affecting change in the pattern of NCDs is inequalities in social class. Social gradients 

can affect the physical, emotional and cognitive development of a child in their early years. It has 

been shown that parts of the brain responsible for the control and regulation of thought can face issues 

in development during the early years of life in socioeconomically disadvantaged children 

disadvantage (Marmot and Bell, 2019). In relation to NCDs, this lack of neural development can 

affect levels of physical activity and mental control over dietary choices. However, this isn’t the only 

reason Marmot and Bell (2019) provided for unhealthy dietary choices. The relationship between 

social gradients and obesity and overweight can be observed from the age of 5, an age where choices 

are heavily influenced by their family environment (Marmot and Bell, 2019). It is shown that 

prevalence of obesity and overweight increases in children in their last year of primary school and in 

2017 the prevalence of obesity in England was 26% across the most deprived parts of the country. In 

comparison prevalence was 11% in the least deprived parts (Marmot and Bell, 2019). Across a span 

of 10 years prevalence of obesity lowered in children from richer areas and increased in children from 

poorer areas (Marmot and Bell, 2019). 
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Throughout this chapter I will be identifying factors affecting patterns of NCD burden and deaths 

across 171 countries between 2000 and 2016 with a focus on Type-2-diabetes mellitus (DM), 

Cardiovascular diseases (CVD), Ischemic heart disease (IHD), Hypertensive heart disease (HHD) and 

Stroke. Given the recent literature formerly reviewed the following hypotheses will be tested: 

i. Wealthier countries will have a greater number of DALYs from NCDs in comparison to 

poorer countries 

ii. Life expectancy will increase with wealth  

iii. Poorer countries will have a greater number of deaths from NCDs in comparison to richer 

countries  

iv. Disease burden will increase with the prevalence of overweight in the population  

 

METHODS 

Data collection  

Estimates on mortality and disease burden were taken from the global health estimates section within 

WHO website (World Health Organization, 2018). Cause-specific country-level estimates on disease 

burden and mortality were extracted for years 2000, 2010, 2015 and 2016 individually as csv files. 

Disease burden was expressed in disability-adjusted life year (DALYs) per 1000 population. 

Estimates for mortality and disease burden were disaggregated by age and sex for the following age 

groups: 0-4, 5-14, 15-29, 30-49, 50-69 and 70 years and over.  

Factors relating to disease burden and mortality were also taken into account. This included life 

expectancy, body mass index (BMI) and prevalence of obesity and overweight. Life expectancy data 

was retrieved from the WHO Global health observatory data repository (GHO) (World Health 

Organization, 2018). Data was collected for life expectancy at birth and 60 years of age for years 

2000, 2010, 2015 and 2016 by country and sex. Estimates for mean BMI was also retrieved from the 

WHO GHO along with prevalence of obesity and overweight for ages over 18 disaggregated by 

country and sex for years 2000, 2010, 2015 and 2016.   

Collation and cleaning 

Disease burden and mortality data were condensed to only include estimates for DM, CVD, IHD, 

HHD and Stroke using Microsoft excel. Individual csv files for each year were manually merged on 

excel and organised by year, country, sex and the following age groups: 0-4, 5-14, 15-29, 30-49, 50-

69 and 70 years and over. Life expectancy, BMI, obesity and overweight data were arranged by 

country, year and sex. 



37 | P a g e  

 

All collected data was formatted using Microsoft excel prior to importation to R Studio. Each excel 

spreadsheet was laid out to contain only one header row with each column containing numbers or 

characters exclusively, dependant on the header.  Headers were abbreviated for simplicity during 

import and data analysis and a separate sheet was added to each workbook containing heading codes. 

Across all spreadsheets empty rows and columns were removed along with countries with missing 

data, all country names were capitalised and formatted to read the same. These precautions were 

necessary for a successful importation in R. Following data cleaning, all excel files were converted 

into csv files and imported into R Studio. 

R Studio version 1.1.453, with R version 3.5.0 (R Core Team, 2018) was used for data collation. 

Following data importation, files were merged into a single dataset using the merge function. This 

dataset was then analysed for error and correct data importation using the str function. Following 

analysis, 37 countries were found to have missing data on disease, life expectancy, BMI, obesity 

collectively, these countries can be found in Table S6. A vast majority of data was also missing for 

year 2005, including life expectancy and BMI and so this year was excluded from disease exploration 

analyses.  

Data exploration and statistical analyses 

Data exploration on disease was carried out using ddply and summaries were created for DM, CVD, 

IHD, HHD and Stroke. Summaries were created by year (2000, 2010, 2015 and 2016), development 

status (developing, transition, developed), age (0-70+) and sex (male and female). The plot function 

was used for the construction of scatter plots between variables and allowed outliers and significant 

relationships to be identified for statistical analyses. It was expected that risk of disease would vary 

with economic status, so I explored the affect development status had on mean BMI, prevalence of 

obesity and prevalence of overweight in order to find the best predictor of disease risk. Life 

expectancy was also taken into consideration and I looked at how a country’s wealth affects the life 

expectancy of its population at birth and at 60. Factors representing a countries wealth included GDP, 

CHE and development status. Summaries were also created for BMI, prevalence of obesity and 

overweight as well as life expectancy at birth and at 60 by year (2000, 2010, 2015 and 2016), 

development status (developing, transition, developed) and sex (male and female). 

To test the effects of year, development status, age and sex on each disease, linear regression models 

were built using the lm function. For all instances the final model was fit against interaction terms that 

were included prior to a stepwise deletion where all insignificant terms were removed leaving only 

significant terms. The residuals from each final model were then visually checked for normal 

distribution and heteroscedasticity (Zuur et al 2010). Following examination, the residuals from GDP 

were non-normal and data had to undergo log transformation before repeating the analyses. These 

steps were then repeated for life expectancy, BMI and prevalence of obesity and overweight.  
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RESULTS 

How does a country’s wealth affect its life expectancy? 

GDP  

Life expectancy at birth and at 60 increased with GDP for both males and females between years 2000 

and 2015 whilst remaining stable between 2015 and 2016 (Table 3.1, Figure 3.1). Females had a 

higher life expectancy both at birth and at 60 than males, and showed a more rapid improvement in 

life expectancy with GDP than males (Table 3.1, Figure 3.1).  

Table 3.1: results from the linear models testing the effects of GDP, year and sex on the life 

expectancy of males and females at birth and at 60 years of age. 

  

     

Table 3.1a: Coefficients from linear model testing the effects of GDP, year and sex on the life 

expectancy of males and females at birth 

 

 

 Birth  60    

 df F value P value df F value P value   

Year 1 131.59 <0.001 1 131.17 <0.001   

Log.GDP 1 615.30 <0.001 1 751.07 <0.001   

Sex 1 189.22 <0.001 1 568.93 <0.001   

Year:Log.GDP 1 8.53 0.004      

Log.GDP:Sex    1 20.36 <0.001   

Residuals 996   996     

                      GDP vs LEB 

 Female Male 

Year 2000 2010 2015 2016 2000 2010 2015 2016 

Y 

intercept 

16.27 26.85 32.14 33.20 11.42 22.00 27.29 28.35 

X 2.27 1.90 1.71 1.68 2.27 1.90 1.71 1.68 
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Table 3.1b: Coefficients from linear model testing the effects of GDP, year and sex on the life 

expectancy of males and females at 60 years of age 

 

 

 

                        GDP vs LE60 

 Female Male 

Year 2000 2010 2015 2016 2000 2010 2015 2016 

Y 

intercept 

0.18 0.70 0.95 1.00 2.94 3.45 3.71 3.76 

X 0.82 0.82 0.82 0.82 0.59 0.59 0.59 0.59 

 

Figure 3.1: The relationship between life expectancy and GDP in both males and females at 

birth, displayed in plots a) to d) and at 60 years of age, displayed in plots e) to h) . The 

points show the raw data and are plotted for years 2000, 2010, 2015 and 2016. 
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CHE  

Life expectancy at birth and at 60 increased with CHE across all years, however, over time the slopes 

produced become more shallow due to the fact that some countries with a higher CHE also have a low 

life expectancy (Table 3.2, Figure 3.2). Females had the greatest life expectancy at birth and at 60 in 

comparison to males in all years (Table 3.2, Figure 3.2).  

Table 3.2: results from the linear models testing the effects of CHEPOG (Current health 

expenditure as a percentage of gross), year and sex on the life expectancy of males and females at 

birth and at 60 years of age. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Birth  60  

 df F value P value df F value P value 

Year 1 51.370 <0.001 1 52.941 <0.001 

CHEPOG 1 76.087 <0.001 1 148.013 <0.001 

Sex 1 76.336 <0.001 1 231.317 <0.001 

Year: CHEPOG 1 3.345 0.067    

CHEPOG:Sex    1 4.222 0.0402 

Residuals 919   919   
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Figure 3.2: The relationship between life expectancy and Current health expenditure as a 

percentage of gross (POG) in both males and females at birth, displayed in plots a) to c) and 

at 60 years of age, displayed in plots d) to f). The points show the raw data and are plotted 

for years 2000, 2010 and 2015 
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Development status  

Over time, life expectancy increased at birth and at 60, though increases at birth were more marked, 

especially in developing and transition countries (Table 3.3, Figure 3.3). Life expectancy at birth was 

shown to be greatest in developed countries and lowest in developing countries (Table 3.3, Figure 3.3 

a,b,c). Similarly, to life expectancy at birth, life expectancy at 60 was also greatest in developed 

countries (Table 3.3, Figure 3.3f). Females had a greater life expectancy both at birth and at 60 in 

comparison to men across developing, transition and developed countries (Table 3.3, Figure 3.3).  

Table 3.3: results from the linear models testing the effects of year, sex and development status on 

the life expectancy of males and females at birth and at 60 years of age. 

 

 

 

 

 

 

 

 

 

 

 

 

 Birth  60  

 df F value P value df F value P value 

Year 1 118.404 <0.001 1 109.911 <0.001 

Development status 2 278.810 <0.001 2 333.166 <0.001 

Sex 1 147.318 <0.001 1 418.042 <0.001 

Development status:Sex 2 3.628 0.027 2 18.277 <0.001 

Residuals 1257   1257   
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Figure 3.3: The relationship between life expectancy and development status in 

both males and females at birth (LEB), displayed in plots a) to c) and at 60 years of 

age (LE60), displayed in plots d) to f). The points show the raw data and are plotted 

for years 2000, 2010, 2015 and 2016. 
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How does a country’s development status affect disease burden and deaths? 

DM 

DALYs from DM increased with age, but the shape of this effect changed with development status 

(Table 3.4, Figure 3.4). In developed countries DALYs increased with age for each year, whereas in 

transition and developing countries DALYs increase with age up until 30-49 years after which, they 

either plateau or decline (Figure 3.4). Over time, the pattern of DALYs is quite consistent in 

developing and developed countries, but transition countries start to move from a developing to a 

developed pattern (Figure 3.4). Males contributed to a greater number of DALYs across the majority 

of age groups with the sex effect being slightly more pronounced in developed countries (Table 3.4, 

Figure 3.4). In general, developed countries were shown to have the highest count of DALYs from 

DM and transition countries had the lowest (Table 3.4, Figure 3.4).  

Table 3.4: results from the linear models testing the effects of development status, year, sex and age 

on DALYs from DM per 1000 population.  

 

 

 

 

 

  

 df F value P value 

Year 1 26.926 <0.001 

Development Status 2 72.359 <0.001 

Age 1 4054.147 <0.001 

Year:Development Status 2 3.046 0.048 

Year:Age 1 23.065 <0.001 

Development Status:Age 2 25.726 <0.001 

Residuals 8894   

Adjusted R-squared 0.33   



45 | P a g e  

 

 

 

 

 

 

 

 

 

 

Figure 3.4: The relationship between development status and log DALYs from DM in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years).  The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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Deaths from DM also increased with age but the pattern differed from that seen for DALYs (Table 

3.5, Figure 3.5). Transition countries were shown to have the lowest number of deaths across all age 

groups in comparison to developing and developed countries (Table 3.5, Figure 3.5). Developing 

countries had the greatest number of deaths across all age groups (Table 3.5, Figure 3.5a, d, g, j) 

except for the over 70s, where deaths were highest in developed countries (Table 3.5, Figure 3.5c, f, i, 

l). Sex effects were marginal, however, women contributed to the greatest number of deaths in the 

over 70s (Table 3.5, Figure 3.5). 

 

Table 3.5: results from the linear models testing the effects of development status, year, sex and age 

on Deaths from DM per 1000 population. 

 

  df F value P value 

Year 1 20.617 <0.001 

Development Status 2 49.204 <0.001 

Sex 1 2.561 0.109 

Age 1 2095.972 <0.001 

Year:Age 1 25.092 <0.001 

Development Status:Age 2 31.054 <0.001 

Sex:Age 1 9.800 0.002 

Residuals 8894   

Adjusted R-squared 0.21   
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Figure 3.5: The relationship between development status and log Deaths from DM in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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CVD 

In transition countries, DALYs remained relatively the same over time (Table 3.6, Figure 3.6 b, e, h, 

k). In developed countries, DALYs decreased gradually overtime (Table 3.6, Figure 3.6 c, f, i, l). 

Development status was significant in its effect on DALYs (Table 3.6, Figure 3.6). Developing 

countries had the lowest number of DALYs from CVD and transition countries had the highest 

number of DALYs (Table 3.6, Figure 3.6). In developing countries DALYs increased between 2000 

and 2015, however there was very little change in the pattern in DALYs between 2015 and 2016 

(Table 3.6, Figure 3.6 a, d, g, j). Overtime DALYs increased with increasing age (Table 3.6, Figure 

3.6). On average males contributed to a greater number of DALYs in comparison to females across 

developing, transition and developed countries (Table 3.6, Figure 3.6).  

Table 3.6: results from the linear models testing the effects of development status, year, sex and age 

on DALYs from CVD per 1000 population. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

 

 df F value P value 

Year 1 0.424 0.515 

Development Status 2 25.204 <0.001 

Sex 1 51.321 <0.001 

Age 1 4392.674 <0.001 

Year:Development 

Status 

2 3.889 0.021 

Development Status:Sex 2 3.531 0.029 

Year:Age 1 10.245 0.001 

Development Status:Age 2 241.984 <0.001 

Residuals 8891   

Adjusted R-squared 0.36   
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Figure 3.6: The relationship between development status and log DALYs from CVD in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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Over time, deaths from CVD increased across developing, transition and developing countries (Table 

3.7, figure 3.7). Deaths increased with increasing age and this was also consistent over time (Table 

3.7, figure 3.7). On average, transition countries had the greatest number of deaths between all age 

groups and developing countries had the lowest (Table 3.7, figure 3.7 b, e, h, k). 

Table 3.7: results from the linear models testing the effects of development status, year, sex and age 

on Deaths from CVD per 1000 population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 df F value P value 

Year 1 0.895 0.344 

Development Status 2 15.211 <0.001 

Sex 1 22.471 <0.001 

Age 1 4727.082 <0.001 

Year:Age 1 4.958 0.026 

Development Status:Age 2 97.098 <0.001 

Residuals 8895   

Adjusted R-squared   0.358   
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Figure 3.7: The relationship between development status and log Deaths from CVD in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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IHD 

In developing countries there was a gradual increase in DALYs between 2000 and 2015 however, 

between years 2015 and 2016 the number of DALYs stayed relatively the same (Table 3.8, Figure 3.8 

a, d, g, j). Overtime DALYs from IHD stayed stable in developing, transition and developed countries 

(Table 3.8, Figure 3.8). There was an increase in DALYs with increasing age and this remained 

consistent over time (Table 3.8, Figure 3.8). Developing countries had the lowest number of DALYs 

overall in comparison to transition and developed countries (Table 3.8, Figure 3.8). On average males 

contributed to a greater number of DALYs (Table 3.8, Figure 3.8). Male and female DALYs were 

greatest in transition countries and lowest in developing countries (Table 3.8, Figure 3.8). 

Table 3.8: results from the linear models testing the effects of development status, year, sex and age 

on DALYs from IHD per 1000 population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 df F value P value 

Year 1 0.152 0.697 

Development Status 2 30.664 <0.001 

Sex 1 136.351 <0.001 

Age 1 7639.916 <0.001 

Year:Development 

Status 

2 4.939 0.007 

Development Status:Sex 2 5.188 0.006 

Year:Age 1 3.967 0.046 

Development Status:Age 2 115.006 <0.001 

Sex:Age 1 3.426 0.064 

Year:Develeopment 

Status:Age 

2 2.768 0.063 

Residuals 8888   

Adjusted R-squared 0.48   
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Figure 3.8: The relationship between development status and log DALYs from IHD in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years).  The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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Overall, the greatest number of deaths were seen in transition countries (Table 3.9, Figure 3.9). 

Overtime deaths in developing and transition countries have gradually increased whereas deaths in 

developed countries remained relatively the same over time (Table 3.9, Figure 3.9). Deaths from IHD 

have been shown to increase with age across developing, transition and developed countries and this 

has been consistent overtime (Table 3.9, Figure 3.9). In general males were shown to contribute to a 

greater amount of deaths from IHD in comparison to females (Table 3.9, Figure 3.9).  

Table 3.9: results from the linear models testing the effects of development status, year, sex and age 

on Deaths from IHD per 1000 population. 

  
 df F value P value 

Year 1 2.364 0.124 

Development Status 2 37.019 <0.001 

Sex 1 42.686 <0.001 

Age 1 4208.836 <0.001 

Year: Development 

Status 

2 3.833 0.021 

Year:Age 1 4.294 0.038 

Development Status:Age 2 91.349 <0.001 

Year:Development 

Status:Age 

2 3.140 0.043 

Residuals 8894   

Adjusted R-squared 0.34   
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Figure 3.9: The relationship between development status and log Deaths from IHD in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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HHD 

There was an increase in DALYs with age and this was consistent over time (Table 3.10, Figure 3.10).  

Women were the greater contributors of DALYs from HHD in developing countries whilst males 

were the greater contributors to DALYs from HHD in transition and developed countries (Table 3.10, 

Figure 3.10). Over time DALYs steadily increased in developing and transition countries but 

remained stable for developed countries (Table 3.10, Figure 3.10). Transition countries contributed to 

the greatest number of DALYs in comparison to developing and developed countries (Table 3.10, 

Figure 3.10).  

Table 3.10: results from the linear models testing the effects of development status, year, sex and 

age on DALYs from HHD per 1000 population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 df F value P value 

Year 1 7.969 0.004 

Development Status 2 28.263 <0.001 

Sex 1 13.154 <0.001 

Age 1 3548.775 <0.001 

Development Status:Sex 2 8.177 <0.001 

Year:Age 1 13.478 <0.001 

Development Status:Age 2 12.948 <0.001 

Sex:Age 1 26.947 <0.001 

Residuals 8892   

Adjusted R-squared 0.29   
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Figure 3.10: The relationship between development status and log DALYs from HHD in 

males and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 

(30-49 years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data 

and are plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 

2016 (plots j) to l)). 
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Deaths from HHD increased with age and this pattern was shown in all years (Table 3.11, Figure 

3.11). Overall developing countries had the greatest number of deaths which were shown to increase 

over time (Table 3.11, Figure 3.11). Deaths in developed countries stayed relatively low with 

increasing age, however deaths were shown to peak in those aged 70+ and the highest recorded deaths 

were seen in developed countries (Table 3.11, Figure 3.11). Females were the greater contributors to 

deaths in developing countries whilst males were generally the greatest contributors to deaths in 

transition and developed countries (Table 3.11, Figure 3.11). 

 

Table 3.11: results from the linear models testing the effects of development status, year, sex and 

age on Deaths from HHD per 1000 population. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 df F value P value 

Year 1 8.684 0.003 

Development Status 2 0.732 0.481 

Sex 1 13.999 <0.001 

Age 1 1415.500 <0.001 

Year:Age 1 14.899 <0.001 

Development Status:Age 2 2.938 0.053 

Sex:Age 1 32.242 <0.001 

Residuals 8894   

Adjusted R-squared 0.14   
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Figure 3.11: The relationship between development status and log Deaths from HHD in males 

and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 (30-49 

years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and are 

plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 (plots 

j) to l)). 
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Stroke 

A year effect showed a general increase in DALYs as age increased and this remained consistent 

between 2000 and 2016 across developing, transition and developed countries (Table 3.12, Figure 

3.12). Transition countries had the greatest number of DALYs from Stroke and developing countries 

had the lowest number of DALYs from stroke and this also remained consistent over time (Table 

3.12, Figure 3.12). Generally, males were the greater contributors to DALYs across all countries 

(Table 3.12, Figure 3.12). 

 

Table 3.12: results from the linear models testing the effects of development status, year, sex and 

age on DALYs from Stroke per 1000 population. 

 

 

 df F value P value 

Year 1 2.132 0.144 

Development Status 2 32.318 <0.001 

Sex 1 7.798 0.005 

Age 1 3902.661 <0.001 

Year:Development 

Status 

2 2.779 0.062 

Year:Age 1 8.143 0.004 

Development Status:Age 2 172.665 <0.001 

Sex:Age 1 4.722 0.029 

Year:Development 

Status:Age 

2 3.035 0.048 

Residuals 8890   

Adjusted R-squared 0.33   
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Figure 3.12: The relationship between development status and log DALYs from Stroke in 

males and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 

(30-49 years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data and 

are plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 2016 

(plots j) to l)). 
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Overtime deaths across all countries stayed relatively stable (Table 3.13, Figure 3.13). Deaths 

increased with age for all countries, however the increase was sharper for transition and developed 

countries (Table 3.13, Figure 3.13). Transition countries had the highest recorded deaths from stroke 

and developed countries had the lowest across a larger range of ages (Table 3.13, Figure 3.13). In 

developing countries deaths steadily increased over time whilst in transition and developed countries 

deaths slightly decreased (Table 3.13, Figure 3.13). Over all males had the highest number of deaths 

across all years and countries (Table 3.13, Figure 3.13). 

Table 3.13: results from the linear models testing the effects of development status, year, sex and 

age on Deaths from Stroke per 1000 population. 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 df F value P value 

Year 1 0.078 0.779 

Development Status 2 5.415 0.004 

Sex 1 0.428 0.513 

Age 1 3008.685 <0.001 

Year: Development 

Status 

2 2.781 0.062 

Development Status:Age 2 43.283 <0.001 

Sex:Age 1 4.939 0.026 

Year:Development 

Status:Age 

3 2.617 0.049 

Residuals 8890   

Adjusted R-squared 0.26   
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Figure 3.13: The relationship between development status and log Deaths from Stroke in 

males and females of the following age groups: 1 (0-4years), 2 (5-14 years), 3 (15-29 years), 4 

(30-49 years), 5 (50-59 years), 6 (60-69 years), 7 (70+ years). The points show the raw data 

and are plotted for years 2000 (plots a) to c)), 2010 (plots d) to f)), 2015 (plots g) to i)) and 

2016 (plots j) to l)). 
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The relationship between disease risk and disease burden and deaths 

 

Prevalence of obesity 

Across all year’s deaths either decreased or stayed the same with increased prevalence of obesity 

(Table 3.14, Figure 3.14). The greatest number of deaths were seen in CVD and the lowest in DM 

(Table 3.14, Figure 3.14).  Males contributed to a greater number of deaths in comparison to women 

from CVD, IHD and Stroke whereas deaths from DM and HHD were relatively the same for males 

and females (Table 3.14, Figure 3.14). Overall, women were shown to have a greater prevalence of 

obesity in comparison to men (Table 3.14, Figure 3.14).   

 

Table 3.14: results from the linear models testing the effects of year, prevalence of obesity (PO), sex 

on log deaths from DM, CVD, HHD , IHD and Stroke. Data given for prevalence of obesity 

represents the percentage of people with a BMI ≥ 30. 
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Figure 3.14: The relationship between obesity and log deaths from DM (plots a) to d)), CVD 

(plots e) to h)), HHD (plots i) to l)), IHD (plots m) to p)) and Stroke (plots q) to t)) in males 

and females. The points show the raw data and are plotted for years 2000, 2010, 2015 and 

2016. 

 



66 | P a g e  

 

 

DALYs from DM, CVD, HHD and Stroke decreased with increasing prevalence of obesity in males 

and females whilst DALYs from IHD remained the same with increasing obesity for males and 

decreased for females (Table 3.15, Figure 3.15).  Females had the greater prevalence of obesity in 

comparison to males (Table 3.15, Figure 3.15).  Over time, prevalence of obesity increased in both 

sexes (Table 3.15, Figure 3.15).   

 

Table 3.15: results from the linear models testing the effects of obesity, year, sex and age on log 

DALYs DM , CVD, HHD , IHD and Stroke . Data given for prevalence of obesity (PO) represents 

the percentage of people with a BMI ≥ 30. 
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Figure 3.15: The relationship between obesity and log DALYs from DM (plots a) to d)), CVD 

(plots e) to h)), HHD (plots i) to l)) , IHD (plots m) to p)) and Stroke (plots q) to t)) in males 

and females. The points show the raw data and are plotted for years 2000, 2010, 2015 and 

2016. 
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Prevalence of overweight 

There was a year effect on deaths from DM and HHD (Table 3.16, Figure 3.16). Deaths from DM and 

HHD gradually increased from 2000 to 2016 (Table 3.16, Figure 3.16). As prevalence of overweight 

increased deaths decreased in all diseases (Table 3.16, Figure 3.16). Deaths from all diseases were 

greater in males (Table 3.16, Figure 3.16). Females were shown to have the greatest prevalence of 

overweight but a lower incidence of deaths in comparison to males (Table 3.16, Figure 3.16). 

 

Table 3.16: results from the linear models testing the effects of overweight, year, sex and age on log 

deaths from DM , CVD, HHD , IHD and Stroke . Data given for prevalence of overweight 

represents the percentage of people with a BMI ≥ 25. 

 

 

  DM         CVD    HHD       IHD STROKE 

 df F P  F  P  F  P  F  P  F  P  

Year 1 9.212 0.002   5.644 0.018     

POV 1 22.829 <0.001 5.475 0.019 15.142 <0.001 0.024 0.876 28.998 <0.001 

Sex 1 5.013 0.025 0.402 0.526 17.486 <0.001 0.336 0.562 4.645 0.031 

POV:Sex 1 7.376 <0.001 23.124 <0.001 14.808 <0.001 17.898 <0.001 20.350 <0.001 

Residuals 1279           
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Figure 3.16: The relationship between overweight and log deaths from DM (plots a) to d)), CVD 

(plots e) to h)), HHD (plots i) to l)) , IHD (plots m) to p)) and Stroke (plots q) to t)) in males and 

females. The points show the raw data and are plotted for years 2000, 2010, 2015 and 2016. 
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There was an effect of year on DALYs from DM and HHD (Table 3.17, Figure 3.17). There is a 

gradual increase in DALYs overtime from DM and HHD (Table 3.17, Figure 3.17). As prevalence of 

overweight increases DALYs from DM, CVD, HHD and Stroke decrease (Table 3.17, Figure 3.17). 

DALYs from IHD decrease with increased prevalence of overweight in females only, whereas 

DALYs in males stay the same (Table 3.17, Figure 3.17). Males contribute to a greater proportion of 

DALYs from all diseases in comparison to females, however women were shown to have a greater 

prevalence of overweight across all diseases (Table 3.17, Figure 3.17). 

Table 3.17: results from the linear models testing the effects of overweight, year, sex and age on log 

deaths from DM, CVD, HHD , IHD and Stroke . Data given for prevalence of overweight 

represents the percentage of people with a BMI ≥ 25. 

 

 

          DM       CVD  HHD  IHD          STROKE 

 df F P  F  P  F  P  F  P  F  P  

Year 1 8.439 0.004   4.840 0.028     

POV 1 24.484 <0.001 24.903 <0.001 39.750 <0.001 7.434 0.006 56.713 <0.001 

Sex 1 0.585 0.444 1.406 0.236 15.534 <0.001 8.625 0.003 0.693 0.405 

POV:Sex 1 9.111 0.002 25.642 <0.001 21.986 <0.001 23.042 <0.001 22.312 <0.001 

Residuals 1279           
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Figure 3.17: The relationship between overweight and log deaths from DM (plots a) to d)), 

CVD (plots e) to h)), HHD (plots i) to l)), IHD (plots m) to p)) and Stroke (plots q) to t)) in 

males and females. The points show the raw data and are plotted for years 2000, 2010, 2015 

and 2016. 
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Mean BMI 

Over time mean BMI is increasing in males and females, however females were shown to have the 

highest mean BMI in all years in comparison to males (Table 3.18, Figure 3.18). Deaths from DM, 

CVD, HHD and stroke were shown to decrease with increasing BMI whilst deaths from IHD 

remained the same with increasing BMI in males and decreased in females (Table 3.18, Figure 3.18). 

In general, males contributed to a greater number of deaths from all diseases in comparison to females 

(Table 3.18, Figure 3.18). 

Table 3.18: results from the linear models testing the effects of mean BMI year, sex and age on log 

deaths from DM, CVD, HHD, IHD and Stroke. 

 

 

        DM         CVD  HHD  IHD         STROKE 

 df F P  F  P  F  P  F  P  F  P  

Year 1 9.285 0.002   5.682 0.017     

Mean BMI 1 37.525 <0.001 36.314 <0.001 29.196 <0.001 12.332 <0.001 64.917 <0.001 

Sex 1 7.131 0.007 1.637 0.201 21.301 <0.001 0.008 0.930 7.857 0.005 

Mean BMI:Sex 1   14.009 <0.001 5.829 0.016 12.022 <0.001 7.909 0.005 

Residuals 1280           
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Figure 3.18: The relationship between mean BMI and log deaths from DM (plots a) to d)), 

CVD (plots e) to h)), HHD (plots i) to l)) , IHD (plots m) to p)) and Stroke (plots q) to t)) in 

males and females. The points show the raw data and are plotted for years 2000, 2010, 2015 

and 2016. 
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Females had the greater BMI in all years in comparison to males whilst males had a greater number of 

deaths from each disease in comparison to females (Table 3.19, Figure 3.19). DALYs from all 

diseases decreased with increasing BMI in all years (Table 3.19, Figure 3.19). Over time BMI 

increased in both males and females (Table 3.19, Figure 3.19). 

Table 3.19: results from the linear models testing the effects of mean BMI year, sex and age on log 

deaths from DM , CVD, HHD , IHD and Stroke. 

 

 

 

 

          DM        CVD  HHD  IHD             STROKE 

 df F P  F  P  F  P  F  P  F  P  

Year 1 8.616 0.003   4.973 0.026     

Mean BMI 1 59.672 <0.001 87.791 <0.001 83.388 <0.001 48.978 <0.001 130.787 <0.001 

Sex 1   0.137 0.710 22.173 <0.001 5.051 0.025 2.993 0.084 

Mean BMI :Sex 1   13.628 <0.001 8.881 0.003 14.132 <0.001 8.181 0.004 

Residuals 1280           
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Figure 3.19: The relationship between mean BMI and log DALYs from DM (plots a) to d)), 

CVD (plots e) to h)), HHD (plots i) to l)) , IHD (plots m) to p)) and Stroke (plots q) to t)) in 

males and females. The points show the raw data and are plotted for years 2000, 2010, 2015 

and 2016. 
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How does a country’s development status affect disease risk? 

Prevalence of obesity 

Females had a greater prevalence of obesity in developing and transition countries in comparison to 

males whilst males in developed countries had a greater prevalence of obesity in comparison to 

females (Table 3.20, Figure 3.20). Prevalence of obesity was lowest in developing countries for both 

sexes in comparison to transition and developed countries (Table 3.20, Figure 3.20). Obesity 

increased over time in both males and females across all countries (Table 3.20, Figure 3.20).  

 

Table 3.20: results from the linear models testing the effects of development status, year and sex on 

prevalence of obesity. 

 

 

 

 

 

 

 

 

 

 

 

 df      F value    P value 

Year 1 10011.454 <0.001 

Development Status 2 3882.492 <0.001 

Sex 1 7584.084 <0.001 

Year: Development Status 2 4.595 0.033 

Year:Sex 1 58.180 <0.001 

Development Status: Sex 2 2618.003 <0.001 

Year: Development Status: Sex 2 117.061 <0.001 

Residuals 12   
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Figure 3.20: The relationship between development status and prevalence of obesity in males 

(plots a) to c)) and females (plots d) to f)). The points show the raw data and are plotted for 

years 2000, 2010, 2015 and 2016. 
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Prevalence of overweight  

Year was shown to influence prevalence of overweight (Table 3.21, Figure 3.21). Overtime 

prevalence of overweight increased in both males and females (Table 3.21, Figure 3.21). An increase 

in prevalence of overweight was seen in developing, transition and developed countries overtime 

(Table 3.21, Figure 3.21). In comparison to females, males had the greatest prevalence of overweight 

in transition and developed countries, however females in developing countries had the greatest 

prevalence of overweight in comparison to males (Table 3.21, Figure 3.21). Between 2000 and 2016 

prevalence of overweight was greatest in developed countries for males and transition countries for 

females (Table 3.21, Figure 3.21). Prevalence of overweight was lowest in developing countries for 

both males and females between 2000 and 2016 (Table 3.21, Figure 3.21).  

Table 3.21: results from the linear models testing the effects of year, sex and development status on 

prevalence of overweight. 

 

 df F value P value 

Year 1 37435.14 <0.001 

Development Status 2 62598.82 <0.001 

Sex 1 3305.32 <0.001 

Year: Development Status 2 322.51 <0.001 

Year:Sex 1 676.38 <0.001 

Development Status: Sex 2 31950.50 <0.001 

Year: Development Status: Sex 2 188.49 <0.001 

Residuals 12   
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Figure 3.21: The relationship between development status and the prevalence of overweight 

in males (plots a) to c)) and females (plots d) to f)). The points show the raw data and are 

plotted for years 2000, 2010, 2015 and 2016. 
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Mean BMI  

Over time mean BMI increased across all countries, however this increase was more subtle for 

females in developed countries (Table 3.22, Figure 3.22). In developing and transition countries, 

females had a greater BMI across all years whereas in developed countries, males had the greater BMI 

(Table 3.22, Figure 3.22). The lowest BMI across all years were seen in developing countries, were 

males in particularly had the lowest BMI over all (Table 3.21, Figure 3.21). 

 

Table 3.22: results from the linear models testing the effects of year, sex and development status on 

Mean BMI. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 df       F value   P value 

Year 1 7248.754 <0.001 

Development Status 2 6156.447 <0.001 

Sex 1 165.353 <0.001 

Year: Development Status 2 201.847 <0.001 

Year:Sex 1 63.943 <0.001 

Development Status: Sex 2 3866.077 <0.001 

Year: Development Status: Sex 2 70.281 <0.001 

Residuals 12   
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Figure 3.22: The relationship between development status and mean BMI iin males (plots a) 

to c)) and females (plots d) to f)). The points show the raw data and are plotted for years 2000, 

2010, 2015 and 2016. 
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DISCUSSION 

The major findings of this study showed that life expectancy increases with wealth, both at birth and 

at 60 years of age. Transition countries produced the highest results for prevalence of deaths and 

DALYs from all disease except for DM, where developing countries suffered more greatly. 

Prevalence of obesity and overweight were shown to be greatest in developed countries, whilst 

developing countries produced the lowest results for mean BMI, prevalence of overweight and 

overweight. 

Life expectancy will increase with wealth 

Both at birth and at 60, life expectancy increased dramatically with GDP, whilst also increasing over 

time, demonstrating that people from high-income countries live longer in comparison to lower 

income countries (Figure 3.1). People from lower income countries were shown to live to an average 

age of 50, when estimates were calculated at birth, and when calculated at 60, a life expectancy of ~15 

years was predicted. High income countries in comparison were predicted a life expectancy 

approximately 70% greater, both at birth and at 60 (Figure 3.1). This could be due to the higher 

quality of diet in higher income countries, as well there being better quality healthcare and greater 

education and technology regarding disease treatment and prevention. The United States had the 

highest GDP for all years with Japan, Germany, China and the United Kingdom also amongst the top 

5 countries with the largest GDP. It was reported by Crimmins (2015), that life expectancy in the US 

rose from 47.3 to 78.7 between 1900 and 2010 because of science and medicine tackling NCDs 

(Crimmins, 2015). This study showed Japan to have the largest life expectancy at birth and at 60 for 

years 2010 and 2015 with a study by Carey and Tuljapurkar (2003) showing the number of Japanese 

people reaching 100 years of age doubling every decade since 1960. Life expectancy is also typically 

greater in high-income countries as wealthier people can afford the resources required to improve and 

protect their health. In comparison to people with low incomes, high-income people commonly have 

jobs that are more flexible and stable, providing good benefits such as health insurance and paid leave 

whilst having fewer occupational hazards. Those who are more affluent also tend to have more 

disposable income and are in the financial situation to easily afford a healthy lifestyle and medical 

care and these benefits are further extended to their children (Woolf et al., 2015). Women were shown 

to have greater life expectancies in comparison to men both at birth and at 60, over time for both low 

and high-income countries. This pattern has been shown in several studies and is due to a number of 

different factors including biology and environment. Firstly, the basal metabolic rate of men is 10% 

greater in men than women and generally women have a higher proportion of high-density lipoprotein 

(HDL) cholesterol which is responsible for the removal of cholesterol from arteries and delivers it 

back to the liver. High HDL levels are associated with reduced risk of CVD. Women also produce a 
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higher quantity of oestrogen which is known to increase vasodilation and reduces development of 

atherosclerosis (Ginter and Simko, 2013). Environmental factors include the high exposure to 

carcinogenic substances and risk-taking behaviours being associated more heavily with males than 

females (Ginter and Simko, 2013).  

The patterns identified for GDP were shown to be similar for CHEPOG in regard to life expectancy 

increasing with wealth and women having higher life expectancies. When looking at the effect of year 

the steepness of the slope seen for 2000 flattens out over time (Figure 3.2). This is likely to be due to a 

proportion of countries with a larger CHE not being high-income countries but instead being 

developing countries who are investing a large percentage of their GDP into healthcare to help with 

the development of the economy and possibly tackle the issue of lower life expectancies across 

populations. Between 2000 and 2015 Marshall Islands, Tuvalu, Liberia, Sierra Leone and Nauru were 

amongst the countries with the greatest CHEPOG. The United States was overtaken by Marshall 

Island in 2000, 2010 and 2015 with CHEPOG in Marshall Islands being on average 50% greater than 

the CHEPOG of the US. CHEPOG therefore was perhaps not the best representation for the wealth of 

a country due to it being calculated as a percentage of a countries total GDP rather than a direct 

measurement of the health spend in a country which would provide a better indication of a country’s 

socioeconomic status. CHE per capita may have been a more informative measure in regard to 

representing a countries socioeconomic class as it calculates the average health expenditure per 

person. Again, women were shown to have a higher life expectancy than men which again can be 

explained by their biological and environment advantage. 

Life expectancy at birth was shown to increase with development status as well as over time (Figure 

3.3). These results with the literature which states that the relationship between health and income 

falls on a gradient; middle income people are healthier than those in poverty, however they are less 

healthy in comparison to the upper class (Woolf et al., 2015). The pattern in results from life 

expectancy at 60 differed slightly, with life expectancy in developing countries being greater than that 

of transition countries across all years. The change in pattern is likely to be due to the inability of 

certain transition countries to adapt to the negative consequences brought about by rapid economic 

growth such as rising inflation, unequal distribution of wealth, consumer abuse and corruption 

(Nguyen, 2019). Transitioning from a low to a high economic class can result in vast social costs if 

not effectively and actively managed (Cornia, 2016). Following the European transition from 

communism, many countries were faced with an acute mortality crisis brought on by acute stress 

endured by the weaker sectors of the population during a time of immense instability. This included 

single, unemployed middle-aged women and men with limited skills or education who had moved to 

urban areas under tense conditions (Cornia, 2016). The inability to adapt to the industrialisation 

resulted in a huge rise in CVD and other NCDs. Acute stress can lead to increased secretion of 

endorphins, cortisol and fibrinogens, all substances that affect plasma lipid levels, coagulability, risk 
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of depression and cardiovascular reactivity. Chronic stress has been shown to affect immune 

responses and is linked to coronary artery atherogenesis (Cornia, 2016). Across each development 

status women remained the sex with the greatest life expectancy and this has been shown for all 

indicators of wealth which is most likely explained by the biological and environmental reasons 

previously mentioned. This pattern observed across the sexes highlights that men may need more 

medical intervention in comparison to women in order to live longer and it may also be beneficial to 

educate men on the disadvantages they are likely to encounter throughout life accompanied with the 

preventative steps to avoid early death. 

Wealthier countries will have a greater number of deaths and DALYs from NCDs in 

comparison to poorer countries 

When looking at the effect of development status on deaths and DALYs from DM, CVD, IHD, HHD 

and stroke similar patterns were displayed throughout. A general increase in deaths and DALYs with 

age was displayed for all diseases which is expected as age is a key risk factor for CVD, stroke and 

DM progression (Lakatta and Levy 2003). Prevalence of CVD likely increases with age due to overall 

cardiac deterioration. The systolic function of the heart declines because of a decrease in myocardial 

contractility, cardiac functional reserve, maximum heart rate and ejection fraction (Steenman and 

Lande, 2017). Ageing also results in the reduction of pacemaker cells found in the sinoatrial node 

responsible for controlling heart rate, once these have diminished one is subjected to dizziness, 

palpitations, confusion and fatigue. Other factors affecting cardiovascular performance associated 

with aging include left ventrical hypertrophy; thickening of the ventrical wall, atrial hypertrophy and 

dilation, increased fibrosis and amyloidosis (Steenman and Lande, 2017). Risk of stroke increases 

with age due to arteries becoming narrower and more rigid due to elastin loss in the arterial wall and 

fragmentation of the internal elastic lamina coupled with high blood pressure being more apparent in 

the elderly in comparison to younger people (Gutierrez et al., 2016) (Buford, 2016). DM likely 

increases with age due to the combined effect of pancreatic islet dysfunction and greater insulin 

resistance (Yakaryılmaz and Öztürk, 2017). In instances where results were produced for age groups 1 

(0-4years) to 3 (15-29 years), this is most likely to be a result of congenital defects, however results 

produced for age group 3 could also be due to the unfortunate circumstance of disease being brought 

on by poor lifestyle choices during childhood. 

The results from each disease showed women to have the greatest number of deaths and DALYs in 

the 70+ age group even in instances where men dominated the results from 0 to 69 years. This is 

because in general women have a longer life expectancy than men and are therefore subject to more 

disease in the older ages (Roger et al., 2012).  

Most of the deaths and DALYs from each disease were higher in men across all three socioeconomic 

classes with exception to deaths and DALYs from HHD in developing countries, which showed 
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women to have higher numbers in comparison to men. Large incidences of NCDs result in lost 

productivity and increases in healthcare costs. Amongst the poorest of people in the world the largest 

proportion are women, and because of this, women are least able to access funds for treatment of 

NCDs. Across developing countries Malawi, Colombia and Bangladesh, it is typical for any available 

healthcare funds to be put towards men’s health and women tend to have reduced say regarding health 

expenditure. A woman’s health care also impacts that of the infants. A child born to a malnourished 

mother increases the risk of the infant being undernourished, having a low birthweight and increasing 

its susceptibility to NCDs in later life (Hausmann, Tyson and Zahidi, 2006; Population Reference 

Bureau, 2011). 

In general men are seen to be more at risk of development and progression of CVD, DM and stroke 

for several reasons. The main risk factors for development of NCDs are unhealthy diets, alcohol use, 

tobacco use and physical inactivity, gender roles, social marginalisation and biological differences 

expose men and women to different risks (WHO, 2005). Worldwide in 2015 it was seen that 25% of 

men smoke whilst only 5% of women smoke (Spaulding et al., 2018). Cigarette smoke contains toxic 

chemicals such as nicotine, polycyclic aromatic hydrocarbons and carbon monoxide; these chemicals 

are known to have detrimental effects on clotting factors, blood lipids and the vascular endothelium, 

contributing to the development of unfavourable cardiovascular events such as heart attacks and 

stroke (Prabhakaran, Anand and Gaziano, 2017). A study in 2011 identified reasons as to why men 

were more likely to be diagnosed with DM. Men have been shown to have reduced insulin sensitivity 

in comparison to women which is thought to be a result of men having larger amounts of hepatic and 

visceral adipose tissue (Geer and Shen, 2009). This is also combined with men lacking in oestrogen; 

recently shown to increase insulin sensitivity and lower glucose production (Yan et al., 2018). 

The effects of development status differed between diseases. Deaths and DALYs from DM was 

greatest in developing countries and lowest in transition countries. Research suggests that low income, 

minority status, being single and having low education are associated with DM (Assari, 2017). In 

2010 it was shown that 70% of diabetes patients lived in low-income countries where less than 10% 

of global diabetes costs are spent (Xu et al., 2017). Deaths and DALYs from diabetes are rapidly 

increasing in Africa. Growing urbanisation and diets made up of processed foods coupled with low 

physical activity are thought to be the main causes and this is expected to triple in the next 25 years. 

The resources required to combat complications of diabetes are costly and consequently unaffordable 

in developing countries which explains why deaths rates were greatest in developing countries 

(Animaw and Seyoum, 2017). In comparison, transition countries were shown to have the lowest 

deaths and DALYs from DM, however these results were only slightly lower than those of developed 

and developing countries. This is likely to be due to the increase in income and subsequently 

healthcare availability, allowing any risk factors associated with DM to be addressed, monitored and 

treated before reaching advanced stages. Developed countries are also faced with increasing 
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prevalence of diabetes however due to their socioeconomic advantage, these countries have greater 

access to healthcare and more advanced technology, which allows better control over the pandemic, 

explaining why prevalence of deaths and DALYs from diabetes was shown to be higher in developed 

countries than transition, but lower than developing countries. 

Deaths and DALYs from CVD and IHD shared the same pattern, in which incidences were greatest in 

transition countries and lowest in developing countries (figures 3.6, 3.7, 3.8 and 3.9). Deaths and 

DALYs were possibly lowest for developing countries overall due to there being lower food 

availability in these countries and as a result of this populations in these countries are more likely to 

have lower body weight, body fat percentage and visceral adiposity and therefore being at a lower risk 

developing or dying from the cardiovascular issues associated with these risk factors. However, 

another explanation for this is that the poorest amongst developing countries have lower accessibility 

to processed and convenience foods, as these kinds of items are usually purchasable at supermarkets 

and restaurants which are associated with higher income areas. It is likely that the reason for deaths 

and DALYs being greatest in transition countries is a result of the sudden shift towards a diet high in 

fats and complexed carbohydrates from one mostly made up of fruits, vegetables and starchy staples 

resulting in the rapid development of obesity, increasing risks of CVD.  

Deaths and DALYs from HHD and stroke were shown to be greatest in transition countries and 

lowest in developed countries. It is likely that this is due to the sudden economic growth experienced 

in transition countries allowing for greater availability of food products. Although macronutrient 

availability is greater in high-income countries the composition of macronutrients is different in these 

countries in comparison to low- and middle-income countries. High-income countries are thought to 

be healthier than low and middle-income countries as a result of education on health and larger 

investments made into healthcare and technology to prevent and treat disease (Woolf et al., 2015). In 

developed countries deaths from HHD and stroke only peak in ages 60+, likely to be resultant of the 

natural deterioration of the heart during the aging process (Figures 3.11 and 3.13) and the increase of 

DALYs with age from HHD and stroke increase very gradually in developed countries in comparison 

to developing and transition countries that display higher incidences of DALYs in younger age groups 

(Figures 3.10 and 3.12). The results indicate that transition countries have made the shift towards a 

greater availability of macronutrients, but this has not yet been combined with the necessary and 

costly precautions needed to maintain its populations health resulting in high number of deaths and 

DALYs.  

Deaths from Stroke were also found to be greatest in transition countries and lowest in developed 

countries, however, whilst DALYs from stroke were greatest in transition countries, developing 

countries had the lowest results. Although on average DALYs from stroke were lowest in developing 

countries, these results were not significantly lower than transition or developed countries. 
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Developing countries had incidences of stroke in ages 0 to 29 years which were greater than those 

seen for transition and developed countries. DALYs seen amongst the lower ages are likely to be due 

to congenital defects, however, throughout adolescence and young adulthood these results are likely 

to be a result of younger people being more likely to choose the unhealthier food option out of 

convenience and desirability which puts this age group at the greatest risk of becoming overweight 

and obese and consequently developing conditions such as CVD as a result of the excess cholesterol 

being consumed, in the form of LDL’s (Poobalan and Aucott, 2016). Overall, DALYs are expected to 

be lower in developing countries due to a proportion of these countries being victim to poverty, low 

food availability and low heterogeneity of foodstuffs, preventing the development of hypertension, 

obesity and diabetes, all of which being risk factors of stroke. 

Disease burden will increase with the prevalence of overweight in the population  

When looking at the relationship between disease risk and disease burden the patterns that were 

identified were unexpected. For prevalence of obesity, overweight and mean BMI deaths and DALYs 

were all shown to decrease with increasing disease risk. It was suspected that this pattern was driven 

by few countries with a large proportion of obese women (figures 3.14 and 3.15). When inspecting the 

prevalence of obesity across the countries included in the dataset used, women in Samoa, Kiribati and 

Kuwait had the highest prevalence of obesity overall. To test the hypothesis that these countries were 

contributing to the unlikely pattern seen in figures 3.14 and 3.15, these countries were later removed, 

and the analysis was re-run however, the same pattern persisted. This pattern was not expected and 

appears paradoxical due to overweight and obesity being major risk factors in the non-communicable 

diseases analysed in this study. This pattern has also been detected in the literature and is termed the 

“obesity paradox” (Lavie et al., 2016; Niedziela et al., 2014; Oreopoulos et al., 2008; Oreopoulos et 

al., 2008; Romero-Corral et al., 2006). The obesity paradox is a clinical phenomenon, reported in 

numerous diseases, including renal disease, heart failure, stroke, diabetes and chronic obstructive 

pulmonary disease (COPD), whereby obese and overweight individuals prove to have lower 

morbidity and a better prognosis once diagnosed, in comparison to leaner individuals (McAuley et al., 

2012; Romero-Corral et al., 2006; Clark, Chyu and Horwich, 2012; Vemmos et al., 2011). The 

mechanisms behind this paradox are not yet known, however most studies investigating the 

phenomenon have been limited by the use of BMI, which does not take into account various body 

composition compartments, such as body fat percentage, bone density, body water percentage and 

muscle mass, which each have distinctive effects on the cardiovascular system (Elagizi et al., 2018; 

Carbone, Elagizi and Lavie, 2019; Carbone, Lavie and Arena, 2017). BMI also classifies individuals 

with differing biochemical and clinical characteristics whilst disregarding the inflammatory status of 

visceral adipose tissue, one of the main factors associated with risk of CVD (Lavie et al., 2014). A 

study by Kalantar-Zadeh et al. revealed that survival was dependent on muscle mass and that long-

term muscle gain accompanied by a loss of total body weight was better than loss of muscle mass 
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with weight gain (Kalantar-Zadeh et al., 2010). Another investigation into this paradox carried out by 

De Lorenzo et al. categorised different phenotypes of obesity (BMI > 30): Normal weight obesity 

(NWO), metabolically healthy obesity (MHO), metabolically unhealthy obesity (MUO) and super-

obesity (BMI ≥ 50). NWO are subjects with a BMI and weight within a normal range but possess a 

range of abnormalities associated with obesity, including premature signs of insulin sensitivity, 

dyslipidemia and hyperinsulinemia, associated with increased risk of CVD and diabetes 

(Cembrowska, Stefańska and Odrowąż-Sypniewska, 2017). 

Metabolically healthy individuals with good insulin sensitivity, normal lipid and blood profiles, were 

typically younger individuals, with good dietary habits and good levels of physical activity. 

Individuals in the category were identified in the super-obesity phenotype, demonstrating that BMI 

alone is not enough to evaluate individual’s levels of cardiometabolic risk (Iacobini et al., 2019). 

These studies provide good support and rationale as to why we see the pattern in figures 3.14 – 19. 

The relationship between development status and disease risk showed females and males in developed 

countries to have the greatest prevalence of obesity whilst males and females in developing countries 

had the lowest. This pattern was expected and was also demonstrated for the effect of development 

status on prevalence of overweight. The United States of America is the world’s richest county and 

approximately one third of the population is overweight and another third obese (Żukiewicz-Sobczak 

et al., 2014). Socioeconomic studies have shown increasing overweight and obesity to be mostly 

apparent in poorer states where there is high unemployment, low levels of education and irregularity 

in mealtimes also coupled with low physical activity as a result of inability to afford sports equipment. 

Limited expenses for food means the cheapest and most convenient foodstuffs are purchased which 

are most often high in calories and highly processed aiding development of obesity and overweight 

(Żukiewicz-Sobczak et al., 2014). The association between wealth and obesity could also explain 

incidences of obesity and overweight in transition and developing countries. As previously 

mentioned, rapid increase in income in transition countries has resulted in unequal distribution of 

wealth and a proportion of the population across transition countries are limited to purchasing the 

cheapest food option which is often the most calorific and unhealthy (Nguyen, 2019). The poorer of 

those across the developing world are also faced with this problem, however across developing 

countries for reasons including climate, tradition, economics, culture and religion diet is mainly plant 

based and mostly made up of vegetables, fruits, pulses and other tubers and roots (Solomons, 2000; 

Sahay, 2000). This is a likely reason for prevalence of obesity being lowest in these countries. 

Transition and developing countries showed women to have a higher prevalence of obesity in 

comparison to men whilst men had the greater prevalence in developed countries. Kanter and 

Caballero (2012) explain that these patterns are likely to be a result of men being more physically 

active than women as history shows a shift from agricultural labour across both genders to men taking 

on wage whilst women remained at home, lowering physical activity in both genders but more so in 
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women. Increased accessibility to ready-made food items meant women were no longer carrying 

water for long distances or partaking in prolonged preparation of meals, which in turn lowered their 

daily physical activity and lead to their weight gain. Although my study hasn’t taken gender 

disparities in physical activity into consideration, Kanter and Caballero’s (2012) study could still 

provide an indication as to why the results produced for developing and transition countries follow a 

pattern different to that of developed countries. In contrast, men and women were shown to have 

relatively the same prevalence of obesity in developed countries, with percentages differing by year. 

In 2000 women had a slightly greater prevalence of obesity in comparison to men and over time this 

evened out with 2010 showing men and women in developed countries having roughly the same 

prevalence. 2015 and 2016 show men to have overtaken women with their prevalence of obesity 

being greater than that seen for females (Figure). In terms of gender disparities seen for overweight, 

men were shown to have a higher prevalence of overweight in transition and developed countries in 

comparison to women. The reason for men having a higher prevalence of overweight than women 

was due to a greater proportion of women were obese and only few had a BMI of <30, categorising 

only a small percentage of women as overweight. Men in developed countries however had a higher 

BMI in general. Results for developing countries showed women to have a higher prevalence of 

overweight and mean BMI. The pattern in these results has also been seen in several other studies. A 

systemic analysis for the Global Burden of Disease Study 2013 by Ng et al. (2014) showed more 

women than men to be obese in lower income countries and more men than women to be obese in 

higher income countries (Ng et al., 2014). Kanter and Caballero (2012) also observed this pattern and 

suggested that these disparities occur as a result of cultural and social factors which are thought to 

influence physical activity and dietary habits. Men have been shown to consume greater quantities of 

alcohol and dairy products, both of which are positively correlated with excess weight gain (Wilsnack 

et al., 2000; Dougkas et al., 2011). Secondly sociocultural factors have also been shown to appear 

more predominantly in men than women. A study by Christakis and Fowler (2007) revealed a 100% 

increase in the chance of men becoming obese in instances where they had a male friend who became 

obese. This observation was not made for women however.  

Contrary to prediction wealthier countries did not have the greatest occurrences of deaths and 

DALYs, however they had the lowest in comparison to developing and transition countries likely due 

to their higher quality healthcare. It is also possible that these countries have the lowest number of 

deaths and DALYs due to them having a greater availability of healthier and better-quality foodstuff.  
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Chapter 4 – Can nutrient availability predict patterns of disease? 

 

INTRODUCTION 

Between the ages of 30 and 69, 15 million people die from non-communicable diseases (NCDs) with 

over 85% of these deaths occurring in low and middle-income countries (World Health Organisation, 

2018). Developing and transition countries are thought to bear the biggest burden as a result of the 

drastic “Nutrition Transition” these countries have undergone from the early 1960’s to present day 

(Schmidhuber and Shetty, 2005). The concept of ‘Nutrition Transition” was developed by Professor 

Popkin, an economist specialising in nutrition epidemiology. It refers to the dynamic shifts taking 

place in dietary habits, trends in obesity, physical activity and diet related NCDs (Popkin, 2017). In a 

presentation giving at University of North Carolina, USA, Popkin (2017) explores the stages of the 

Nutrition Transition and how it is fuelled by urbanisation, technological changes in work, food 

processing and leisure, economic growth and mass media growth (Figure 4.1). 

 

 
 

The first stage “Collecting Food” is associated with hunter-gatherer societies and refers to a period 

where diet mainly consisted of wild plants and animals. During this time individuals took on labour-

intensive roles and were generally physically lean and robust. The second stage “Famine” shows a 

decline in food availability with diet being dominated by cereals, nutritional deficiencies emerging 

Figure 4.1: Stages of the Nutrition Transition (Popkin, 2017) 
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and high mortality rates. This is then followed by “Receding Famine”; the third stage, where mortality 

slowly declines due to starchy, low fat and high fibre diets being introduced with very little 

heterogeneity. Throughout these 3 stages, occupation remained labour-intensive, however the fourth 

stage “Chronic Disease (NCDs)” indicates the period where labour became more sedentary as a result 

of a shift in technology. During this stage diets were predominantly made up of processed foods, high 

in fats and sugars whilst beverages shifted more from water to sugary juices. In consequence to these 

changes, prevalence of obesity and other nutrition related NCDs increased and development of 

medical cures increased accordingly. This then leads to the last stage, “Behavioural Change”. A stage 

where refined carbohydrates, sugars and unhealthy fats decreased whilst fruit, vegetable, whole grains 

and legumes consumption increased. Body fat and nutrition related NCDs decrease and disease 

prevention improves, extending life expectancy (Popkin, 2017). The Nutrition Transition is a global 

issue, however in high-income countries the shift away from starchy staples and towards diets high in 

sugar, processed food and saturated fats began in the 19th and early 20th century following the 

industrial revolution (Grigg, 1995). The 19th century saw a rise in real incomes across Western Europe 

and individuals began to purchase more expensive foods. As consumption of animal products, fruits, 

vegetables, sugar, fats and oils increased, the consumption of starchy staples lowered. Livestock was 

now the main source of protein instead of bread, and fat consumption increased largely as a result of 

this (Grigg, 1995). Prior to the change in dietary habits brought about in the 19th century, sugar was 

costly and considered a luxury item, however after 1850, sugar consumption grew rapidly. At this 

point levels of overweight and obesity began to rise rapidly and deaths from diet related NCDs soared. 

Following the Second World War, efforts to restore agricultural output to pre-war levels resulted in 

the arrest of the food consumption patterns established at the beginning of the 19th with new patterns 

forming (Grigg, 1995). These new tendencies were mostly seen in northwest Europe whilst the 

Mediterranean countries were not yet at this stage in their transition. Income was no longer the main 

determinant in consumption habits, but it is probable that health and wellbeing were now also being 

considered and factored into dietary choices (Grigg, 1995). Eventually, a cycle of productivity growth 

followed by rising income and higher quality nutrition became established and this drove the overall 

development of the economy, however, these developments were fundamentally limited to high-

income countries (Schmidhuber and Shetty, 2005).  

It is thought that low and middle-income countries are likely to bear the brunt of the transition for two 

reasons; firstly, the nutrition transition across low and middle-income countries started later than that 

of high-income countries, with a shift first being identified in the 1970’s (Schmidhuber and Shetty, 

2005). Secondly, individuals across these countries are thought to possess a genotypic predisposition 

to gain weight under certain dietary conditions (genotype by environment interaction), which has 

associations to development of obesity and subsequently NCDs in adult life (Schmidhuber and Shetty, 

2005). 
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From 1970 to 2000 developing countries saw a radical transformation in their nutritional state. Energy 

availability increased rapidly throughout Latin America, East and Northern Africa and East Asia. This 

change was brought on by several factors, but the most prosperous was the “Green Revolution”, a 

period where agricultural practices became more market-orientated and large investments were made 

into crop research and infrastructures with the aim of increasing crop yield productivity (Pingali, 

2012). The Green Revolution increased food availability for consumers with daily calorie intake 

rising from approximately 1950 to 2680 kcals/person, this also brought about a decrease in the 

prevalence of malnutrition from 37% in 1970 to 17% in 2000. Advances in productivity caused food 

prices to decline to the lowest levels recorded in history enabling consumers to purchase more calories 

than that of a consumer in a developed country at the same income level (Schmidhuber and Shetty, 

2005). However, these positive effects were not evenly spread across the developing world, markedly 

in sub-Saharan Africa where poverty remained an issue. Similarly,  to the dietary changes identified 

across western Europe, rapid urbanisation and decreasing prices of food led to a shift towards diets 

higher in energy and largely made up of fat, oils and animal products (Schmidhuber and Shetty, 

2005). Increased urbanisation also led to greater female participation in the workplace and this caused 

a shift away from the traditional time-intensive meal preparations towards fast food and snacks which 

were now more convenient (Schmidhuber and Shetty, 2005). The poorer population of the developing 

world were also seen to shift away from a diet heavily made up of fresh fruits and vegetables, pulses, 

roots and tubers towards one that was high in salt, sugars and saturated fats. Populations within the 

fastest growing developing countries then became faced with an oversupply of food energy leading to 

a significant rise in obesity whilst regions where income was unevenly distributed suffered from 

malnourishment (Schmidhuber and Shetty, 2005).  

Prenatal nutrition is paramount for the growth of the foetus and can also affect the likelihood of the 

offspring developing obesity and NCDs in adulthood (Barker, 1994). It is thought that 

undernourishment during pregnancy, resulting in intrauterine growth restriction (IUGR), 

“programmes” the foetal metabolism and growth leading to high blood pressure, defected glucose 

tolerance, raised fibrinogens, abnormal serum lipids and high mortality from stroke and coronary 

heart disease in later years; this is known as the “Barker hypothesis” (Barker, 1994). This hypothesis 

is based on the premise that multiple different phenotypes have been produced from a single genotype 

as a consequence of poor foetal development (Calkins and Devaskar, 2011). China, Brazil, the South 

Pacific region and Eastern and Northern Africa and other regions across the developing world have 

abruptly transitioned from hunger and paucity to affluence and food energy supply in abundance and 

are now faced with harrowing increases in coronary heart disease and type 2 diabetes mellitus (DM) 

(Schmidhuber and Shetty, 2005). Barker’s theory is thought to explain the rapid rise in obesity 

prevalence in developing countries experiencing this sudden transition (Schmidhuber and Shetty, 

2005; Delisle, 2002). This phenotypic predisposition coupled with rapid transition means that 
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developing countries will feel the effects of the socio-economic changes more intensely. Populations 

of these countries may no longer be poor in regard to food availability but in terms of health, they are 

still unable to afford essential medical treatment and are likely to suffer from nutrition related NCDs 

without access to the medical care required for the management of these diseases (Schmidhuber and 

Shetty, 2005). This transition could be detrimental over the next 30 years and it is predicted that 

overall economic growth will decline along with life expectancy, and burdens of disease and deaths 

will rise to the point of complete loss of economic productivity across the developing world 

(Schmidhuber and Shetty, 2005).  

In this chapter I will combine the approach from the previous two chapters to assess to what extent 

food availability can explain the ‘unexplained’ variation in disability adjusted life years (DALYs) and 

deaths from DM and cardiovascular disease (CVD) after accounting for the effects of year (2000, 

2010, 2015 and 2016), development status (developing, transition, developed), age (0-70+), sex (male 

and female) and prevalence of overweight. 

Regarding the studies discussed in this introduction I predict that: 

i. Diets high in vegetal products will contribute to the least deaths and DALYs 

ii. Diets high in animal NPE will contribute to the most deaths and DALYs 

iii. The effects of diet on deaths and DALYs will be consistent across countries, regardless of 

development status. 

 

METHODS 

Data collection  

Data collected for chapters 2 and 3 was used for this analysis with the exception of life expectancy, 

Current health expenditure, gross domestic product, obesity and overweight and deaths and DALYs 

from h, IHD and Stroke. 

Collation and cleaning 

Collation and cleaning procedure follow steps used in chapter 2 and 3. 

Data exploration and statistical analyses 

Packages MuMIn version 1.42.1, fields version 9.6, plyr version 1.8.4 and rcompanion version 

2.3.0 were installed to carry out the analyses within this chapter (Barton, 2018;Nychka et al., 

2017;Wickham, 2011; Mangiafico, 2019). A data frame was created which included all disease and 

dietary data for ages 30 to 70+ as well as data on development status and prevalence of overweight. 

The younger age groups were removed to reduce skew in the data as deaths/DALYs in younger age 
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groups were either non-existent or very low; all NA’s were also removed from the dataset for this 

reason. rcompanion was used to carry out Tukey transformations using the transformTukey 

function to make disease data more-normally distributed (Mangiafico, 2019). Log deaths and DALYs 

from DM and CVD were set as response variables and histograms were run for each of these variables 

to ensure normal distribution. Results from chapters 2 and 3 showed year (2000, 2010, 2015 and 

2016), development status (developing, transition, developed), age (0-70+), sex (male and female) and 

prevalence of overweight to have a direct effect on deaths and disease burden from DM and CVD so 

these were set as explanatory variables. Dietary data was described as protein (total calories derived 

from protein), protein2, NPE (total calories derived from non-protein energy, i.e. a combination of 

calories from fat and carbohydrates), NPE2, percentage protein (percentage of total calories within 

vegetal and animal products derived from protein) and percentage animal (percentage of total calories 

derived from animal sources).  

MuMIn was used to carry out model selection from 5 sets of models. Each model set contained 

varying interaction terms between the response variable and explanatory variables and was entered 

into a model comparison list (Table S1). The function model.sel, within MuMIn, was then used to 

build a model selection table which ranks models by Second-order Akaike Information Criterion 

(AICc) providing the weight and delta of each model. Models with an AICc weight closest to 1 and a 

∆AIC c closest to 0 were selected as the ‘best’ model (Burnham and Anderson, 2002). This was carried 

out for deaths and DALYs from DM and deaths and DALYs from CVD, with 75 models being run in 

total. Results for top 3 models found in Table S2. ANOVA tests were then carried out on the ‘best’ 

model and non-significant terms were removed using a stepwise deletion method. This final model 

was then entered into the model comparison list and a model selection was carried out to identify the 

final ‘best’ model. The residuals from this model were then checked for normal distribution and 

heteroscedasticity (Zuur et al 2010). Using these final models, I used the predict function to compare 

predicted deaths and DALYs from DM or CVD against the most relevant dietary terms. This would 

done for each development status, for ages 30-49 years and 70+ year at an average level of percentage 

animal, as a thin plate spline using fields (Nychka et al., 2017). Calories from protein was also plot 

against NPE at high and low percentage animal in a separate plot.  
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RESULTS 

How does a country’s diet affect DALYs and deaths? 

DM 

The patterns for deaths and DALYs from DM were very similar. Both increased with age across all 

countries (note the shift from blue/orange to dark red from Figure 4.2a-b and c-d). Sex had little effect 

on disease burden and deaths, whilst the percentage of calories coming from animal sources in the diet 

had the largest effect. When the percentage of calories coming from animal sources was low, the 

greatest number of DALYs were shown to correlate with diets that had a medium to high availability 

of calories from NPE and protein (Figure 4.2). In contrast, when the percentage of calories coming 

from animal sources were high, deaths and DALYs were shown to be most affected by the NPE:P 

ratio and disease risk was greatest when either calories from NPE and protein were simultaneously 

high or simultaneously low and reduced when the ratio of NPE to protein became more imbalanced 

(note the transition from blue to red along the main diagonal) (Figure 4.2).  In regard to development 

status, the pattern of effects was mostly similar across groups however the 30- 49 year olds in 

developed countries appeared to be suffering from a greater prevalence of DALYs and deaths at low 

percentage animal in comparison transition and developing countries in this age group. In the 70+ age 

group developing countries appeared to suffer from a greater number of DALYs and deaths in 

comparison to the other countries and this was also seen at low percentage animal (Figure 4.2). 

Overall transition countries appeared to have the lowest DALYs and deaths at high and low 

percentage animal across the younger ages, however it is important to reiterate the minor effect 

development status had on the patterns seen. 
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Table 4.1: results from the linear models testing the effects of, year, development status, age, 

prevalence of overweight (POV), calories from protein, calories from NPE and percentage animal 

on DALYs from DM. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

DM DALYs df F value P value 

Year 1 22.27 <0.001 

Development Status 2 11.94 <0.001 

Age 1 22.46 <0.001 

POV 1 39.22 <0.001 

Sex 1 0.53 0.46 

Protein  1 4.62 0.03 

NPE 1 229.18 <0.001 

Protein2 1 19.54 <0.001 

NPE2 1 42.50 <0.001 

Percentage animal 1 96.40 <0.001 

Year:Development Status 

Year:Age 

Development Status:Age 

POV:Sex 

Age:Sex 

Protein:NPE 

Protein:Percentage animal 

NPE: Percentage animal 

2 

1 

2 

1 

1 

1 

1 

1 

2.20 

0.26 

13.37 

31.38 

7.33 

105.56 

0.49 

3.49 

0.11 

0.61 

<0.001 

<0.001 

0.007 

<0.001 

0.049 

0.06 

Protein2: Percentage animal 1 2.84 0.09 

NPE2: Percentage animal 1 52.81 <0.001 

Year:Development Status:Age 2 0.12 0.89 

Protein:NPE:Percentage animal 1 18.30 <0.001 

Residuals 1973   
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Table 4.2: results from the linear models testing the effects of, year, development status, age, 

prevalence of overweight (POV), calories from protein, calories from NPE and percentage animal 

on deaths from DM. 

 

 

 

 

 

 

 

 

 

 

 

  

DM Deaths df F value P value 

Year 1 15.12 <0.001 

Development Status 2 43.30 <0.001 

Age 1 431.11 <0.001 

POV 1 50.60 <0.001 

Sex 1 1.32 0.25 

Protein  1 6.08 0.014 

NPE 1 123.03 <0.001 

Protein2 1 14.87 <0.001 

NPE2 1 14.50 <0.001 

Percentage animal 1 36.56 <0.001 

Year:Development Status 

Year:Age 

Development Status:Age 

POV:Sex 

Age:Sex 

Protien:NPE 

Protein:Percentage animal 

NPE: Percentage animal 

2 

1 

2 

1 

1 

1 

1 

1 

1.11 

0.83 

16.59 

30.37 

9.19 

40.06 

3.05 

1.54 

0.33 

0.36 

<0.001 

<0.001 

0.002 

<0.001 

0.08 

0.22 

Protein2: Percentage animal 1 11.95 <0.001 

NPE2: Percentage animal 1 37.71 <0.001 

Year:Development Status:Age 2 0.27 0.76 

Protein:NPE:Percentage animal 1 6.26 0.01 

Residuals 1973   
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Figure 4.2: The relationship between the non-protein energy to protein ratio (NPE:P) and 

log DALYs (a,b) or log Deaths (c,d) from DM (Diabetes Mellitus) across developing, 

transition and developed countries in males and females where the percentage of calories 

from animal sources is low (9%) or high (44%), for age group 30-49 years (a,c) or 70+ 

years (b,d)  Red areas signify high and blue areas signify low DALYs or deaths. ‘Low PA’ 

refers to diets with a low percentage of calories being derived from animal sources whilst 

‘High PA’ refers to diets with a high percentage of calories being derived from animal 

sources. ‘F’ refers to data shown for females and ‘M’ refers to data shown for males. 

 

 

 

 

              a) 

 

 

b) 

 

c) 

 

d) 
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CVD 

As seen with DM the results produced for DALYs and deaths from CVD were very similar and 

followed the same pattern. The greatest effects on DALYs and deaths from CVD were brought about 

by changes in percentage animal. It is evident that at low percentage animal more DALYs and deaths 

occur at higher protein energy and NPE whilst at high percentage animal disease burden and deaths 

occur most prominently when the calories from NPE and protein are at intermediate levels (Figure 

4.3). In the younger age group, the occurrence of DALYs is shown to peak in this intermediate range 

at high percentage animal (note the darker coloured central zone) (Figure 4.3). This is more defined in 

females in comparison to males shown by the wider darker coloured central zone across males, which 

indicates a greater proportion of DALYs from CVD in younger males than younger females. When 

comparing these findings to the 70+ age group the peak is less defined. The occurrences of DALYs 

and deaths increased with age for all countries, independent of changing animal percentage. Although 

sex was shown to be significant, the effect was minimal (Table 4.3,4.4 and Figure 4.3). The effect of 

development status showed that on average, populations in developed countries in both age groups 

suffered less from disease burden and deaths at both high and low percentage animal in comparison to 

the other countries. In the younger age group, populations in transition countries were shown to have 

the greatest disease burden from CVD in comparison to the other countries and ages (Figure 4.3). 

 

 

 

 

 

 

 

 

 

 

 



100 | P a g e  

 

Table 4.3: results from the linear models testing the effects of, year, development status, age, 

prevalence of overweight (POV), calories from protein, calories from NPE and percentage animal 

on DALYs from CVD. 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

CVD DALYs df F value P value 

Year 1 1.58 0.21 

Development Status 2 21.12 <0.001 

Age 1 129.96 <0.001 

POV 1 131.78 <0.001 

Sex 1 10.47 0.001 

Protein  1 5.95 0.015 

NPE 1 246.99 <0.001 

Protein2 1 4.77 0.03 

NPE2 1 25.77 <0.001 

Percentage animal 1 110.61 <0.001 

Year:Development Status 

Year:Age 

Development Status:Age 

POV:Sex 

Age:Sex 

Protien:NPE 

Protein:Percentage animal 

NPE: Percentage animal 

2 

1 

2 

1 

1 

1 

1 

1 

4.25 

0.38 

21.56 

65.98 

15.53 

76.50 

0.57 

0.70 

0.01 

0.53 

<0.001 

<0.001 

<0.001 

<0.001 

0.45 

0.40 

Protein2: Percentage animal 1 0.17 0.68 

NPE2: Percentage animal 1 83.80 <0.001 

Year:Development Status:Age 2 0.04 0.96 

Protein:NPE:Percentage animal 1 9.99 0.002 

Residuals 1973   



101 | P a g e  

 

Table 4.4: results from the linear models testing the effects of, year, development status, age, 

prevalence of overweight (POV), calories from protein, calories from NPE and percentage animal 

on deaths from CVD. 

 

 

 

 

 

 

 

  

CVD deaths df F value P value 

Year 1 1.58 0.29 

Development Status 2 21.12 <0.001 

Age 1 129.96 <0.001 

POV 1 131.78 <0.001 

Sex 1 10.47 0.001 

Protein  1 5.95 0.03 

NPE 1 246.99 <0.001 

Protein2 1 4.77 0.02 

NPE2 1 25.77 <0.001 

Percentage animal 1 110.61 <0.001 

Year:Development Status 

Year:Age 

Development Status:Age 

POV:Sex 

Age:Sex 

Protien:NPE 

Protein:Percentage animal 

NPE: Percentage animal 

2 

1 

2 

1 

1 

1 

1 

1 

4.25 

0.38 

21.56 

65.98 

15.53 

76.50 

0.57 

0.70 

0.03 

0.44 

<0.001 

<0.001 

<0.001 

<0.001 

0.47 

0.95 

Protein2: Percentage animal 1 0.17 0.85 

NPE2: Percentage animal 1 83.80 <0.001 

Year:Development Status:Age 2 0.04 0.97 

Protein:NPE:Percentage animal 1 9.99 0.003 

Residuals 1973   
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                       a)  b)  

                        c) 

 

 

d) 

 

 

 

 

 

 

 

 

 

Figure 4.3: The relationship between the non-protein energy to protein (NPE:P) and log 

DALY’s (a,b) or log Deaths (c,d) from CVD (Cardiovascular diseases) across developing, 

transition and developed countries in males and females where the percentage of calories from 

animal sources is low (9%) or high (44%), for age group 30-49 years (a,c) or 70+ years (b,d)  

Red areas signify high and blue areas low DALY’s or deaths. ‘Low PA’ refers to diets with a 

low percentage of calories being derived from animal sources whilst ‘High PA’ refers to diets 

with a high percentage of calories being derived from animal sources. ‘F’ refers to data shown 

for females and ‘M’ refers to data shown for males. 
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DISCUSSION 

The major findings of this study showed that the NPE:P had the greatest effect on deaths and DALYs 

from both diseases. Across each development status, age group and gender it was shown then when 

diets had a high percentage of calories coming from animal products (PA) deaths and DALYs were 

greatest when calories from NPE and protein were either simultaneously low or simultaneously high; 

this will be referred to as the danger zone. In diets with a low PA this danger zone was most prevalent 

when calories from NPE and protein were at medium to high availability. Outside of these danger 

zones disease risk was reduced, with overall disease risk being lowest in diets with a high PA when 

calories from NPE were low and calories from protein were high, simultaneously as well as when 

calories from NPE were high and calories from protein were low, simultaneously. Diets with a low 

PA were shown to produce the greatest level of disease risk overall with disease risk being most 

reduced when calories from NPE were low and calories from protein were simultaneously high. 

Throughout this discussion I will address the hypotheses made in the beginning of this chapter and 

discuss the outcomes. 

The effects of diet on deaths and DALYs will be consistent across countries, regardless of 

development status. 

The results of this study showed the effects of diet on deaths and DALYs from DM and CVD to be 

relatively consistent across countries regardless of development status. Across each development 

status there was an identifiable trend that remained true for both diets with a high animal percentage 

and diets with a low animal percentage and although the effect of development status was found to be 

significant (Table 4.1-4.4), the effects of development status on the interaction between diet and 

disease were minor. The results suggest that if populations worldwide had the same calorie 

availability, they would be at a similar level of disease risk. This result can also be supported by the 

fact that the risk factors for DM and CVD are standard amongst most individuals and are known to be 

brought on and prevented by specific dietary habits (Peters et al., 2019). Studies investigating the 

relationship between socioeconomic status and non-communicable disease risk factors, including 

CVD and DM, have identified an inextricable link between the two variables (Kinra et al., 2010; Zeba 

et al., 2014; Deepa et al., 2011; Hosey et al., 2014). However, this link has been shown to arise due to 

the implications brought about by socioeconomic status such as poverty and reduced food availability 

in lower income countries and increased consumption of high fat, high salt and highly processed 

foods with increased disposable income in higher income countries (Yang and Yang, 2020; Allen et 

al., 2017). When the differences in calorie availability between different socioeconomic states are 

removed and disease risk is measured across comparable calorie availability as shown in figures 4.2 

and 4.3, across the three development statuses, risk of deaths and DALYs from both DM and CVD 

follow a similar pattern, showing the level of disease risk to be shared across each socioeconomic 
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state. When looking at disease risk on a whole, from figures 4.2 and 4.3 we can see that it is the 

calorie availability having the largest effect on disease risk.  

However, this would suggest that all humans are physiologically identical and metabolise 

macronutrients in the same way and factors such as genetic makeup and the gut microbiome, which 

affect how individuals digest, utilise, store and absorb energy and in turn affect our risk of disease, are 

relatively identical across populations worldwide and we know that this is not the case (Fenech et al., 

2011; Simopoulos, 2010; Trujillo, Davis and Milner, 2006; Ferguson, 2009; Deschasaux et al., 2018; 

Rothschild et al., 2018). So why do we see such similar results across all countries? Could this 

interaction seen between diet and disease be a general trend across the majority of humans with only a 

few discrepancies? Or could this be a methodological inaccuracy? It is likely that the latter is most 

responsible for this pattern as the sample size of developing, transition and developed countries were 

not equal and limited by publicly available data. In this study 39 countries were developed, 139 were 

developing and 17 were transition. This unequal sample size could hinder the representativeness of 

the results and explain why we see such a high similarity between countries.  

Diets high in vegetal products will contribute to the least deaths and DALYs 

The findings show that there is not one sole perpetrator in terms of source (vegetal or animal) 

contributing to increased risk of deaths and DALYs from CVD and DM, but what was found, is that 

when diets shift from a low percentage animal to a high percentage animal disease risk is heightened 

or reduced according to the consumption of different quantities of each macronutrient. Although the 

factors shown in tables 4.2 and 4.3 were shown to be significant, such as age, gender and development 

status, they weren’t all shown to have the same level of effect on the relationship between diet and 

disease. In fact, the percentage of calories derived from animal sources had the greatest influence on 

the occurrence of deaths/DALYs. As previously discussed, when diets had a high PA, deaths and 

DALYs were shown to be most affected by the NPE:P ratio and disease risk was greatest when either 

calories from NPE and protein were simultaneously high or simultaneously low and reduced when the 

ratio of NPE to protein became more imbalanced, for example, when calories from NPE was low 

whilst calories from protein was high and vice versa. To explain this in simpler terms a diet with a 

high PA, would be mainly a carnivorous diet and would consist of dairy products such as eggs, milk, 

cheese, butter as well as meats, such as chicken, beef and pork and fish with a low consumption of 

plant based products. Calories from NPE come from fats and carbohydrates and in a diet where 

calorie availability is mostly coming from animal products such as in the high PA diet most of the 

calories available from NPE would be made of fats as carbohydrates are mostly derived from plants, 

with dairy being the main source of carbohydrates in animal products and meat containing trace 

amounts (Najjar and Feresin, 2019). As the data used in this study was derived from livestock and fish 

alone the main macronutrient making up calories from NPE is fats. In reference to the danger zone 
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seen for high PA diets, what we are seeing is that low fats and low protein diets increase risk of 

disease and high fat and high protein diets also increase risk, whilst diets low in fats and high in 

protein produce the least risk of disease and diets high in fat and low in protein also produce the least 

risk. This pattern has also been several other studies investigating the relationship between animal and 

plant source macronutrients. It has been seen in the Chinese population, the Middle Eastern and North 

African population, in women with a history of Gestational Diabetes Mellitus and in middle-aged 

American men that low carbohydrate diets are associated with increased risk of DM, predominantly 

with high fat and protein intake from animal sources (He et al., 2012; Sali et al., 2020; Bao et al., 

2016; de Koning et al., 2011). This has also seen with CVD (Li et al., 2014; Lagiou et al., 2012; 

Seidelmann et al., 2018) 

When considering the results shown for low PA diets we see a greater number of deaths and DALYs 

overall with only diets high in protein and low in NPE showing reduced risk. The greatest disease risk 

was shown to be contributed by diets with medium to high calorie availability from NPE and protein 

simultaneously. To simplify this, low PA diets reflect diets that are mainly plant based. The vegetal 

food data used in this experiment came from crops, which include cereals, tubers and roots, fruits and 

vegetables and nuts (Food and Agriculture Organisation of the United Nations, 2001). This means that 

calories from NPE are mostly coming from plant based carbohydrates as crops are mostly low in fats. 

To put this into context the results are suggesting that diets with a medium to high calorie availability 

coming from both plant based carbohydrates and plant based proteins are contributing the greatest to 

disease risk. Several studies investigating the effects of a plant based diet on CVD and DM have 

demonstrated its preventative effects which contrast dramatically to the results shown in this study 

(McMacken and Shah, 2017; Kim et al., 2019; Marsh, Zeuschner and Saunders, 2011) However, it 

has also been shown that not all plant based diets reduce risk of CVD and DM as not all plant based 

diets include healthy food items. A study carried out on middle aged South Korean adults showed 

plant based diets comprised of high quantities of refined grains, sugars and salty foods and less whole 

grains, vegetables, fruits, nuts and legumes to increase the risk of developing metabolic syndrome, a 

cluster of conditions predictive of CVD and DM (Kim et al., 2020). This observation was also seen in 

a study carried out on men and women in the US where the consumption of less healthy plant based 

foods were associated with a 16% increased risk of DM (Satija et al., 2016). This could potentially be 

the reason for the results seen in this study, but due to the vegetal food data being aggregated into 

basic food groups, the specifics of what plant based food is being consumed and the quality of this 

food are not known. 

When looking at reduced disease risk in low PA diets it appears that low plant based carbohydrates 

with high protein are most protective and this could also be due to a reduction in unhealthy plant 

based carbohydrates, such as refined, sweetened grains and sweetened beverages, whilst plant protein 

are less detrimental and conversely have been shown to possess a variety of health benefits including 
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diabetes management, reduced risk of metabolic syndrome and weight management which in turn 

affect the cardiovascular system (Ahnen, Jonnalagadda and Slavin, 2019). Plant proteins are generally 

obtained from whole grains, legumes and pulses, with legumes being particularly rich in bioactive co-

nutrients that have been shown to be associated with protection against cancers and high cholesterol, 

as well as containing high levels of potassium, folate, selenium and phosphate (Melina, Craig and 

Levin, 2016; Curran, 2012; Campos-Vega, Loarca-Piña and Oomah, 2010). This pattern has also been 

seen in studies carried out on Tehranian adults, middle aged men and women with a history of 

gestational diabetes where it was observed that low carbohydrate diets with high protein intake from 

plant sources was not associated with increased risk of diabetes (Sali et al.,2020; de Koning et al., 

2011, Bao et al., 2016) 

Diets high in animal NPE will contribute to the most deaths and DALYs 

As stated previously, it is not only the source that affects patterns in deaths and DALYs but it is a 

combined effect of macronutrient quantities and source which has been shown to affect disease 

patterns and this has been shown to be true for both CVD and DM. The effect that contributed most 

greatly to increased rates of deaths and DALYs was shown to occur in diets of a low PA when 

calories from both NPE and protein energy were moderate to high. At this position the deepness of the 

red observed in figures 4.2 and 4.3 is more intense, in comparison to the brighter red colour observed 

in the danger zone displayed for diets with a high PA, indicating a greater occurrence of deaths and 

DALYs. When comparing high and low PA diets it is also shown from figures 4.2 and 4.3 that a 

larger proportion of the plot is coloured red for low PA diets indicating a wider danger zone, where 

disease risk is highest, which would suggest that low PA diets aren’t as protective against disease as 

high PA diets, but as previously addressed this increased disease risk seen in low PA diets could be 

contributed mostly by the type of plant based diet being maintained. It is possible that less healthy 

plant based food items are dominant in the low PA diets whilst consumption of healthy plant based 

foods are low leading to this greater risk of disease being observed. Components of the plant based 

diets being maintained across populations would need to be investigated to draw a fair conclusion on 

low PA diets regarding disease risk. 

 

 

 

 

 

  



107 | P a g e  

 

Chapter 5 – General discussion  

 

Across human populations the ways in which food quantity can affect health are well established, in 

regard to malnutrition and overnutrition, however, knowledge of the importance of food quality in 

relation to disease burden and prevention are still relatively poor (Webb et al., 2018; Prell and Perner, 

2018; Zahangir et al., 2017; Mastorci et al., 2017; Musaiger and Al-Hazzaa, 2012). This study aimed 

to quantify the empirical relationship between global patterns of disease and country-level variation in 

the balance of nutrients in the diet, to detect whether diet could be used as a predictor of disease. To 

explore this relationship, data on dietary patterns and prevalence of deaths and disability adjusted life 

years (DALYs) from non-communicable diseases (NCDs) were obtained for 171 countries between 

the years 2000 and 2016. Factors that were likely to affect changing dietary and disease patterns such 

as gross domestic product (GDP), current health expenditure (CHE) and development status were 

included in the analysis, with development status being shown to have the greatest explanatory effect 

on macronutrient availability (Table 2.3, 2.4 and 2.5). Focusing on development status, the main 

differences between the three categories (developing, transition and developed countries) was that 

protein and fat source became more animal based, with developing countries having the lowest 

recorded calorie availability from protein and fats coming from animal sources and developed 

countries having the greatest calorie availability from protein and fats coming from animal sources, 

with this pattern steadily increasing between 2000 and 2015 (Figure 2.8). This observation is 

supported by several studies that suggest the cause for this pattern is likely to be a result of differences 

in socio-demographic factors when moving from a low to high socioeconomic status, such as 

increased incomes/affordability, women in employment, changes in consumer attitudes, trade policies 

and market liberalisation as well as changes in retail and food quality, brought about by increased 

wealth, such as a rise in supermarkets, increased production of long shelf life products and more 

advances food industry marketing (Kearney, 2010; Speedy, 2003; Delgado, Crosson and Courbois, 

1997; Dominguez-Salas, Kauffmann, Breyne and Alarcon, 2019). Studies on the consumption of 

animal products has consistently shown increased exposure to saturated fats and cholesterol 

displacing the consumption of complex carbohydrates, fibre, antioxidants and other components 

required for health and in doing so the risk of cardiovascular diseases, obesity, diabetes and cancers 

have been increased (Barnard and Leroy, 2020; Battaglia Richi et al., 2015; Guasch-Ferré et al., 2019, 

Adeva-Andany et al., 2019).  

Following the exploration of dietary trends between 2000 and 2016 in 171 countries, the prevalence 

of disease risk and disease burden was also investigated during this time-period (2000-2016) and 

across these 171 countries. Deaths and DALYs were collected for both males and females between 

the ages of 0 and 70+. Prevalence of deaths and DALYs were explored across the 3 development 

statuses (developing, transition and developed) and data was also collected on prevalence of obesity 
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(BMI ≥ 30) and being overweight (BMI ≥ 25). Transition countries were shown to produce the 

greatest numbers of deaths and DALYs from all NCDs with exception to type-2-diabetes mellitus 

(DM), where developing countries suffered most greatly. In addition to this prevalence of being 

overweight and obese was greatest in developed countries and lowest in developing countries. With 

regard to the previously discussed association between increased income, changes in employment, 

consumer attitudes, retail and food marketing and changing dietary habits, transition countries have 

been consistently shown to be most affected by the consequences brought about by changes in the 

sociodemographic factors (Schmidhuber and Shetty, 2005; Haileamlak, 2018; Terzic and Waldman, 

2011). In the 2011 World Health Organization Global Status Report, NCDs, namely cardiovascular 

diseases and diabetes, were shown to be the leading cause of mortality worldwide and deaths from 

these diseases were estimated to be accountable for 75% of deaths worldwide by 2030 (WHO, 2011). 

A disproportionate rise in the burden of NCDs was also addressed, with approximately 80% of deaths 

from NCDs reported in middle-income countries (Global status report on noncommunicable diseases 

2010, 2011; The global health observatory | Noncommunicable diseases, 2011; WHO | New WHO 

report: deaths from noncommunicable diseases on the rise, with developing world hit hardest, 2011). 

The emerging pandemic of NCDs being seen in transition countries have been shown to be catalysed 

by the continuously evolving economic development, changing lifestyles and urbanisation 

(Haileamlak, 2018; Hancock, Kingo and Raynaud, 2011). This evolution has been shown to bring 

about a rise in unhealthy diet, obesity, hyperglycaemia, hypercholesterolemia and hypertension; all 

shown to be the main contributors to the pathophysiology of diabetes and cardiovascular diseases 

(Global status report on noncommunicable diseases 2010, 2011; The global health observatory | 

Noncommunicable diseases, 2011; WHO | New WHO report: deaths from noncommunicable diseases 

on the rise, with developing world hit hardest, 2011; Valentino et al., 2010; Waldman and Terzic, 

2007).  

Taking into account this irrefutable link between diet and NCDs, data and observations from chapter 2 

and 3 were used to assess the extent at which food availability can explain the ‘unexplained’ variation 

in disability adjusted life years (DALYs) and deaths from DM and cardiovascular disease (CVD) 

whilst accounting for the effects of year (2000, 2010, 2015 and 2016), development status 

(developing, transition, developed), age (0-70+), sex (male and female) and prevalence of overweight 

(BMI ≥ 25). Results from linear models tested for deaths and DALYs from both diabetes and 

cardiovascular disease showed development status, year, sex, age, calories from protein energy, 

calories from non-protein energy (NPE) and animal percentage in diet, to have a significant effect on 

the way diet interacted with disease. When displaying these effects visually, the most noticeable 

pattern observed was seen when animal percentage in diet changed from low to high. when diets had a 

high percentage of calories coming from animal products (PA), deaths and DALYs were greatest 

when calories from NPE and protein were either simultaneously low or simultaneously high, with this 
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area being referred to as the ‘danger zone’. In diets with a low PA this danger zone was most 

prevalent when calories from NPE and protein were at medium to high availability. Outside of these 

danger zones disease risk was reduced, with overall disease risk being lowest in diets with a high PA 

when calories from NPE were low and calories from protein were high, simultaneously as well as 

when calories from NPE were high and calories from protein were low, simultaneously. Diets with a 

low PA were shown to produce the greatest level of disease risk overall with disease risk being most 

reduced when calories from NPE were low and calories from protein were simultaneously high.  

These patterns were consistent across all countries, both sexes and across each age group, with only 

very slight discrepancies, indicating that the effects of these factors were minor in comparison to the 

dietary changes. It is important to address that the patterns identified for CVD and diabetes may not 

be applicable to IHD, HHD and stroke however, but what has been discovered here is that the source 

(animal or vegetal) together with specific quantities of macronutrients in the diet correlate with the 

changing patterns across these two disease types. It is important to draw attention to the fact that there 

are many other factors affecting the diet-disease relationship that haven’t been included in this study 

and recognising these are important for identifying where further research is needed. These factors 

include genetic predispositions, such as Familial hypercholesterolemia, a condition causing premature 

heart defects as a result of excessively elevated LDL levels; ethnicity, affecting how nutrients is 

digested, adsorbed, metabolised and stored as a result of genetic variations; lifestyle, excessive 

consumption of alcohol and tobacco and environment, being exposed to radiation and pollution. All of 

which have been proven to account for diet and health related disparities (Mutch et al., 2018; 

Zulyniak et al., 2017; Baker, Moulder and Hopewell, 2011; Murakami et al., 2017). 

The results of this study suggest that the ideal diets for reduced risk of deaths and DALYs from CVD 

and DM are ones with a high protein energy and low NPE in instances where the percentage of animal 

energy in the diet is low and in instances where the percentage of animal energy in diet is high, a diet 

where protein energy is high and NPE simultaneously low or simultaneously high in NPE and low in 

protein energy should be maintained.  

However how realistic are these diets across countries? Can they be easily maintained? Do countries 

have enough of these macronutrients and a good balance of animal and vegetal products to be able to 

meet these recommendations? When looking at the data, Egypt was shown to have the greatest 

availability of calories from protein derived from vegetal sources, coming in at ~320cals/day. The 

availability of calories from NPE derived from vegetal sources in Egypt is shown to be 

~1350cals/day. The availability of calories from protein required to reduce the risk of deaths or 

DALYs in CVD and DM when diets have a low percentage animal is between 400 and 550cals/day 

and the availability of calories from NPE required to reduce risk is between 1500 and 2000cals/day. 

These results suggest that populations in Egypt are unable to avoid risk of disease burden and deaths 
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and require a greater availability of calories from protein to achieve a low risk state. When diets have 

a high percentage animal the availability of calories from protein and NPE required to maintain low 

risk of disease is between 300-550cals/day and 1500-2400cals/day simultaneously and respectively. A 

low risk is also maintained when calories from protein and NPE are simultaneously between 150-

300cals/day and 3000-3500cals/day respectively. The situation seen for Egypt is also likely to be 

present in other countries and with the results of this study, these countries can be identified and 

recognised as high risk countries allowing for trade and agriculture in these countries to become more 

nutrition sensitive in order to delay and prevent cases of CVD and DM. 

It is important to also address the limitations of this study to allow for improvement in future work. 

Firstly, dietary data was obtained from food balance sheets provided by the FAO and have been 

assembled through a variety of means allowing for error and inaccuracy to arise along the 

construction process. As stated in the Food Balance sheets handbook, the nature of this data aims to 

provide a comprehensive representation of a country’s food supply over a reference period allowing 

patterns in food supply to be identified (Food and Agriculture Organisation of the United Nations, 

2001). These sheets take into account primary commodities and processed commodities that can 

potentially be used for human consumption. In practise these sheets are expected to provide a measure 

of food consumption across populations however this data is solely based on food supply and fails to 

account for actual food consumption. Another factor food balance sheets fail to consider is 

subsistence agriculture which may make up a large proportion of some populations daily dietary 

intake. In rural populations across Africa subsistence farming, fishing and hunting are the main source 

of food with a study showing subsistence production to make up 58% of calorie consumption in rural 

households in Ethiopia (Sibhatu and Qaim, 2017). 

The findings from this study provide a good foundation for future work in this area, in regard to 

making agriculture more nutrition sensitive and identifying countries potentially at high risk of diet 

related NCDs. The most surprising result was that seen for prevalence of obesity, overweight and 

mean BMI, where deaths and DALYs were all shown to decrease with increasing disease risk. 

Although this “obesity paradox” has been identified in the literature, and is thought to be causal of 

BMI alone not being an appropriate health metric, it would be of great interest to look at this 

correlation, between BMI and disease risk at a country-level scale and also across ethnic communities 

to see whether this paradox is only affecting a certain group of people or whether it occurs 

independent of geographical location, development status and ethnicity. This would help further 

separate out those countries/groups of individuals at great risk of disease burden and those that aren’t, 

whilst also establishing new biomarkers of disease risk.  This study has shown the ways in which diet 

can be modified to reduce risk of disease burden and deaths according to whether macronutrients in 

the diet are mainly sourced from vegetal or animal products. As this study was carried out 

computationally, the next step would be to validate these findings experimentally, in a longitudinal 
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dietary intervention study across adult populations to assess the effect of omnivorous, carnivorous and 

herbivorous on biochemical markers of cardiovascular diseases and type-2-diabetes.  
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x 

4.13 x x x x x x x 
 

x 
 

x 

4.14 x x x x x x x x x 
 

x 

4.15 x x x x x 
    

x x 
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e) 

 

 

 
 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Model Terms included in each model 

  Y DS Age POV S P NPE P2  NPE2 P.Perc Perc.Animal 

5.1 x x x x x 
     

x 

5.2 x x x x x x 
    

x 

5.3 x x x x x x 
 

x 
  

x 

5.4 x x x x x 
 

x 
   

x 

5.5 x x x x x 
 

x 
 

x 
 

x 

5.6 x x x x x x x 
   

x 

5.7 x x x x x x x x 
  

x 

5.8 x x x x x x x 
 

x 
 

x 

5.9 x x x x x x x x x 
 

x 

      5.10  x x x x x x x 
   

x 

5.11 x x x x x x x x 
  

x 

5.12 x x x x x x x 
 

x 
 

x 

5.13 x x x x x x x x x 
 

x 

5.14 x x x x x 
    

x x 

Table S1 A model comparison list showing the terms included in each of the 5 sets 

of models. Terms included Year (Y), Development status (DS), Age, Prevalence of 

overweight (POV), Sex (S), calories from Protein (P), calories from non-protein 

energy (NPE), percentage protein (P.Perc) and percentage animal (Perc.Animal). 

Table S1 (a) displays first set of models run, (b) displays second set of models run, 

(c) displays third set of models run, (d) displays fourth set of models run and (e) 

displays fifth set of models run. 
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Supplementary Table 2 

 

 Model 

Ranking 

Model 

number 
AICc 

 

delta 

 

weight 

 

Adjusted 

R2  

DM - 

deaths 

1st 3.14 1172.413 0.00000 1.000000e+00 0.3177 

2nd 3.13 1208.008 35.59510 1.864754e-08 0.3047 

3rd 3.10 1219.381 46.96806 6.324357e-11 0.3007 

DM - 

DALYs 

1st 3.14 1494.367 0.00000 1.000000e+00 0.2671 

2nd 3.13 1528.613 34.24615 3.660516e-08 0.2536 

3rd 3.9 1555.348 60.98042 5.731517e-14 0.2428 

CVD - 

deaths 

1st 3.14 1655.075 0.00000 9.999996e-01 0.4087 

2nd 3.13 1684.550 29.47498 3.977315e-07 0.3993 

3rd 3.9 1694.428 39.35300 2.848416e-09 0.3957 

CVD - 

DALYs 

1st 3.14 4954.940 0.00000 9.999990e-01 0.3311 

2nd 3.13 4982.635 27.69436 9.688247e-07 0.3211 

3rd 3.9 4993.898 38.95775 3.470820e-09 0.3165 

  

 

 

 

 

 

Table S2 MuMin model selection table results for deaths and DALYs from 

type-2- diabetes (DM) and cardiovascular disease (CVD), showing results for 

the top 3 models only. Including model ranking (1st, 2nd and 3rd), Model 

number; referring to the list of models in Table S1, AICc (adjusted akaike 

information criterion); a measure of the relative quality of a statistical model, 

delta; the difference between ranked models, weight; a measure of the relative 

likelihood of a model and adjusted R2; the coefficient of determination.  
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Supplementary Table 3 

Country Development Status 

Australia developed 

Austria developed 

Belgium developed 

Bulgaria developed 

Canada developed 

Cyprus developed 

Czech Republic developed 

Democratic People's Republic of Korea developed 

Denmark developed 

Estonia developed 

Finland developed 

France developed 

Germany developed 

Greece developed 

Hungary developed 

Iceland developed 

Ireland developed 

Italy developed 

Japan developed 

Latvia developed 

Lithuania developed 

Luxembourg developed 

Malta developed 

Netherlands developed 

New Zealand developed 

Norway developed 

Poland developed 

Portugal developed 

Romania developed 

Slovakia developed 

Slovenia developed 

Spain developed 

Sweden developed 

Switzerland developed 

United Kingdom developed 

United States of America developed 

 

Table S3 Developed countries included in the study. 
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Supplementary Table 4 

Country Development Status 

Afghanistan developing 

Algeria developing 

Angola developing 

Antigua and Barbuda developing 

Argentina developing 

Bahamas developing 

Bangladesh developing 

Barbados developing 

Belize developing 

Benin developing 

Bermuda developing 

Bolivia (Plurinational State of) developing 

Botswana developing 

Brazil developing 

Brunei Darussalam developing 

Burkina Faso developing 

Cambodia developing 

Cameroon developing 

Central African Republic developing 

Chad developing 

Chile developing 

China developing 

Colombia developing 

Congo developing 

Costa Rica developing 

Cuba developing 

Djibouti developing 

Dominica developing 

Dominican Republic developing 

Ecuador developing 

Egypt developing 

El Salvador developing 

Ethiopia developing 

Fiji developing 

French Polynesia developing 

Gabon developing 

Gambia developing 

Ghana developing 

Grenada developing 

Guatemala developing 

Guinea developing 

Guinea-Bissau developing 

Guyana developing 
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Haiti developing 

Honduras developing 

India developing 

Indonesia developing 

Iran (Islamic Republic of) developing 

Iraq developing 

Israel developing 

Jamaica developing 

Jordan developing 

Kenya developing 

Kiribati developing 

Kuwait developing 

Lao People's Democratic Republic developing 

Lebanon developing 

Lesotho developing 

Liberia developing 

Madagascar developing 

Malawi developing 

Malaysia developing 

Maldives developing 

Mali developing 

Mauritania developing 

Mauritius developing 

Mexico developing 

Mongolia developing 

Morocco developing 

Mozambique developing 

Myanmar developing 

Namibia developing 

Nepal developing 

Netherlands Antilles developing 

New Caledonia developing 

Nicaragua developing 

Niger developing 

Nigeria developing 

Oman developing 

Pakistan developing 

Panama developing 

Paraguay developing 

Peru developing 

Philippines developing 

Republic of Korea developing 

Rwanda developing 

Saint Kitts and Nevis developing 

Saint Lucia developing 

Saint Vincent and the Grenadines developing 
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Samoa developing 

Sao Tome and Principe developing 

Saudi Arabia developing 

Senegal developing 

Sierra Leone developing 

Solomon Islands developing 

Sri Lanka developing 

Suriname developing 

Thailand developing 

Timor-Leste developing 

Togo developing 

Trinidad and Tobago developing 

Tunisia developing 

Turkey developing 

Uganda developing 

United Arab Emirates developing 

United Republic of Tanzania developing 

Uruguay developing 

Vanuatu developing 

Venezuela (Bolivarian Republic of) developing 

Viet Nam developing 

Yemen developing 

Zambia developing 

Zimbabwe developing 

 

Table S4 Developing countries included in the study. 
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Supplementary Table 5 

Country Development Status 

Albania transition 

Armenia transition 

Azerbaijan transition 

Belarus transition 

Bosnia and Herzegovina transition 

Croatia transition 

Georgia transition 

Kazakhstan transition 

Kyrgyzstan transition 

Republic of Moldova transition 

Russian Federation transition 

Tajikistan transition 

The former Yugoslav Republic of Macedonia transition 

Turkmenistan transition 

Ukraine transition 

Uzbekistan transition 

 

Table S5 Transition countries included in the study. 
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Supplementary Table 6 

Table S6 Countries excluded from study and their development status 

 

Country Development Status 

Aruba developing 

Bahrain developing 

Bhutan developing 

British Virgin Islands developing 

Burundi developing 

Cape Verde developing 

Cayman Islands developing 

China, Hong Kong SAR developing 

China, Macao SAR developing 

China, mainland developing 

China, Taiwan Province of developing 

Comoros developing 

Côte d'Ivoire developing 

Curaçao developing 

Czechoslovakia (Former) developed 

Democratic Republic of the Congo developing 

Equatorial Guinea developing 

Eritrea developing 

Ethiopia (Former) developing 

Former Netherlands Antilles developing 

Libya developing 

Micronesia (Federated States of) developing 

Montserrat developing 

Papua New Guinea developing 

Qatar developing 

Serbia and Montenegro Transition 

Seychelles developing 

Singapore developing 

Somalia developing 

South Sudan developing 

State of Palestine developing 

Sudan developing 

Sudan (Former) developing 

Swaziland developing 

Syrian Arab Republic developing 

Yemen Arab Republic (Former) developing 

Zanzibar developing 


