The place-based impact of built environments: diabetes, living conditions, homes and neighbourhoods
Abstract
Many studies have demonstrated the adverse effect built environments have on health and differentiated between their direct and indirect impacts. In the case of diabetes and other chronic diseases, such studies concentrate on the direct impact built environments have on the living conditions of citizens either at home or in the neighbourhood. In the Kingdom of Saudi Arabia (KSA), little research has tackled the indirect and so-called place-based impact of the built environment. This study reports on the findings of surveys carried out on 76 diabetics who usually visit the King Fahd Teaching Hospital of the University of Dammam, Al-Khober in the Eastern province of KSA. It investigates the relationship between the place-based impact of the built environment, diabetes and living conditions. The working hypothesis is that: living conditions found in the homes and surrounding neighbourhoods of those suffering from diabetes do aggravate the symptoms of the disease, which in turn have an adverse impact on the medical condition. The study provides evidence to support this hypothesis as the findings reveal there is a positive correlation between the place-based impact of built environments, diabetes, living conditions, homes and neighbourhoods and these jointly aggravate the symptoms associated with the medical condition.   
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Introduction 
Focusing on the place-based impacts of the built environment, this paper studies how living conditions, homes and neighbourhoods effect the physical, social and emotional health of those suffering from the medical condition known as diabetes. Under this notion of place-based impacts, the paper offers a review of the literature currently available on built environments and relationship between diabetes and living conditions. It then goes on to examine the place-based impacts of built environments in terms of the relationship diabetes has to living conditions, homes and neighbourhoods. In particular, in terms of the place-based impacts that   living conditions found in the homes and neighbourhoods of diabetics have on their physiological, social and emotional health. 
The material for this study of how living conditions, homes and neighbourhoods influence the physical, social and emotional health rests on a survey of 78 diabetic patients treated for this medical condition at the King Fahd Teaching Hospital, University of Dammam, Al-Khober, KSA. For the purposes of the study, qualified medical practitioners determine the diabetic patients’ physical, social and emotional health, while experts in the architecture and planning sector assess their living conditions, homes and neighbourhoods.  The study also uses ANOVA tests and structural equation modelling (SEM) techniques to evaluate how living conditions, homes and neighbourhoods combine to affect the physical, social and emotional health of the diabetic patients.  Discovering  a positive correlation between the diabetic patients’  living conditions,  homes and neighbourhoods  and symptoms associated with the disease,  this place-based impact assessment goes on to  uncover those  factors within the built environment  having  an adverse  effect   on their health. 
The placed-base impact of built environments
Barton et al. [1] classify the impact of the built environment on health as twofold: direct and indirect. Direct impacts include those which are traditionally associated with environmental planning, e.g. water and drainage, air quality, noise and traffic-related injuries, whereas  indirect impacts are place-based and include the way that buildings, homes and neighbourhoods in turn  influence the physiological, social and emotional determinants of health. 
Schootman et al. [2] study the place-based impact of built environments. Based on the survey of homes and neighbourhoods, they examine the effects unhealthy built environments have on the physiological, social and emotional determinants of health. In terms of the home, they identify a number of factors determining physiological, social and emotional health. These include the following: cleanliness of the home, physical condition of the building's interior and exterior and state of the furnishings.  In terms of neighbourhoods, much of the research undertaken seeks to examine the potential impact of neighbourhoods on health (e.g. [3], [4]). Balanda and Wilde [5] and Frumkin et al.  [6] link unhealthy built environments to physiological, social and emotional health, including cardiovascular disease, obesity and mental health.  With regards to cardiovascular disease, obesity and mental health, Handy [7] notes those living in more “walkable” neighbourhoods, characterized by high population density, mixed land use and high levels of connectivity (e.g. good pedestrian and cycling facilities), are more physically active and as a consequence, less likely to experience cardiovascular disease, obesity and mental health [8-11].
Diabetes 
Diabetes mellitus is the most common non-communicable disease worldwide and the fourth leading cause of death in developed countries [12]. There are, in general, two types of diabetes. In diabetes type I (T1DM), the body itself has destroyed the insulin-producing beta cells in the pancreas.  Although type II diabetes mellitus (T2DM) can have a genetic origin, unhealthy lifestyle is in fact the main cause. Common early warning signs include: frequent need to urinate; increase in thirst; rapid weight loss; blurred vision; rash or itching skin that can result in an infection; frequent tingling sensation in the hands and feet; and fatigue. While the direct symptoms of diabetes, such as thirst,  frequent micturition and fatigue, can be mild and may cause little interruption to the activities of daily living, it is the complications of the disease that cause greatest concern, for example, blindness in adults [13] and non-traumatic lower-limb amputation [14]. 
The World health Organization (WHO) was the first to challenge the health of built environments. Their research recognises that between 10 and 30% of newly built developments have indoor environments, which cause allergic reactions [15]. While research into the design and construction of buildings has been unable to offer a clinical diagnosis of these allergic outbreaks, the study of diabetes does not experience such difficulties. This is because diabetes is a recognised medical condition and allergic reactions such as: lethargy and tiredness, headache, dry blocked nose, sore dry eyes, sore throat, dry skin and/or skin rashes are symptoms of the disease. 

In this respect, Youle [15] and Morris and Hawkins [16] find that air-conditioning systems give rise to allergic symptoms. Apte et al. [17] have also find an association between ventilation rates, CO2 (i.e. carbon dioxide) concentration and diabetes symptoms. Particle pollution equal to or less than 10 µm in diameter (PM10) also lead to an outbreak of diabetic symptoms (see also [18]). 

Environmental pollution also affects the number and function of sweat glands in diabetic patients. This reduces the volume and rate of evaporation needed for the body to dissipate heat. This can considerably increase the risk of hyperthermia and heatstroke [19]. Diabetics with cardiovascular diseases are also more susceptible to the detrimental effects of environmental pollution [20]. This means patients are at a greater risk of admission to hospital during heighted periods of environmental pollution and even dying from such symptoms [21, 22].

 Many studies have also shown a relationship between PM10 and diabetes [23], [24]. Long-term exposure to environmental pollution particles (2.5 µm in aerodynamic diameter (PM2.5)) is associated with a higher relative risk of mortality among people with diabetes, compared to the general population [25].  Other studies show environmental pollution linked with the development of T1DM [26]. Pearson et al. [27] find a similar association between the prevalence of T2DM and PM2.5. They investigate the relationship between diabetes and traffic-related NO2 (i.e. nitrogen dioxide) and find an association between the outbreak of diabetic symptoms   and exposure to traffic-related NO2. An association between environmental pollution and the pathogenesis of diabetes, especially in children and adults with cardiovascular diseases, is also identified [28].

Studies of living conditions shift attention away from the epidemiology of diabetes and broaden the examination, to include how habit persistent practices contribute to the medical condition. These include poor diet and “bad behaviours”, such as  smoking, alcohol consumption and lack of physical exercise. Ebbeling et al. [29] see such habit-persistent practices as imbalances between energy intake (i.e. food consumption) and expenditure (i.e. physical activity), a situation leading to obesity. Another medical condition closely aligned with the spread of the disease.
Studies of living conditions also show how the design and layout of homes affect the spread of the disease. In this regard, Allanah et al. [30] find that badly designed homes and neighbourhoods lead to bad behaviours, which in turn contribute to the development of T2DM. Pekhan [31] and Eckel et al. [32] have also linked the absence of physical activity with diabetes. These studies propose physical activity would reduce the symptoms of coronary heart disease and strokes associated with T2DM [6]. Those living  in more “walkable” neighbourhoods, characterized by high population density, mixed land use and high levels of connectivity (e.g. good pedestrian and cycling facilities), have been identified to be more physically active [9, 10].
	In the interests of tackling diabetes, Frank and Engelke [33], Frank et al. [9], and Pikora et al. [10], all suggest “healthy lifestyles” exist in neighbourhoods with high population densities. By this they mean, high-density neighbourhoods, within built environments made up of mixed land uses. Mixed land uses with diverse structures of tenure and green spaces that also have good connectivity (e.g. easy routes between destinations), public transport, pedestrian and cycling facilities, which combine to not only manage the effect bad behaviours have on the medical condition, but also control the habit persistent practices responsible for the spread of the disease.
Living conditions, homes and neighbourhoods in KSA
There are a number of housing arrangements in KSA such as gated compounds of different sizes and facilities; terraced housing, villas, blocks of flats, or mixed development. These also conform to social status, such as deprived and poor areas; middle and high-income neighbourhoods. The facilities, level of finishing, furnishing and cleanliness varies from one district to another. There is also the irregular provision and access to community facilities. In particular, amenities such as; gardens, parks, leisure and recreation to take account of [34]. Accordingly, each of these spatial arrangements will have a unique effect on occupant’s health and well-being. 
KSA has one of the highest percentages of diabetes in the world, with an estimated 3,414.51 people diagnosed with the disease in 2012, which is 23.38% of the population [12]. Previous surveys from the KSA suggest that diabetes is present in epidemic proportions throughout the country, with exceedingly high rates concentrated in urban areas [35]. Al-Hazzaa et al. [36] conducted a survey on the Saudi people in major cities across the KSA. They found the majority of Saudi adolescents spent more than 2 hours watching TV, and around half of them do not meet the daily physical activity requirements. Around a quarter do not consume the recommended daily portions of milk, fruits and vegetables. Also, around a quarter of them have high daily intake of unhealthy food and drinks such as French fries, cakes and donuts, energy drinks and candy and chocolate (ibid). As diabetes also affects the functioning of sweat glands, it decreases both the volume and rate of evaporation. During heat waves, this can considerably increase the risk of hyperthermia and heatstroke [39, 40, 41, and 19]. 
In spite of this, relatively little research has been conducted into the impact which the built environment has on diabetic patients in KSA , even though it is evident that living conditions [37] do aggravate the symptoms [38]. However, what is known is the:

· rapid growth of industrial cities produces  high air pollution in many cities across KSA [42];
· this in turn generates an alarming increase of SO2 (i.e. Sulphur dioxide), NO2 (i.e. Nitrogen Dioxide), CO (i.e. Carbon Monoxide) and PM (i.e. Particulate Matter) emissions  in the Eastern province [43];
· the extreme hot, dry and humid weather these conditions create also  affects the type of activities they engage in;
· Saudis tend to engage in  unhealthy activities: such as irregular sleeping patterns (e.g. afternoon nap, sleeping late), evening or late night trips to local malls and shopping arcades or sitting in coffee shops, late night’s heavy meals and these activities replace outdoor activities, such as children’s playgrounds and  walking children to school [34];
· poor living conditions add to these problems and adversely affect the health of all citizens, particularly those with diabetes [30, 38]. For as Sidawi et al. [44] and Sidawi [45] note: such living conditions make it difficult for diabetics to enjoy walking around their neighbourhoods due to the extreme hot, dry and humid weather conditions and high level of air pollution within cities;
· particular cultural issues should also be taken into consideration when exploring the relationship between diabetics and living conditions [44, 45]. These include the Islamic lifestyle, with as many as five daily trips to the mosque to perform prayers, Ramadan Fasting, pilgrimage to Makkah, gender segregation, regular male gatherings in the community centre and strong tribal and family ties.

The research objectives and methodology
The aforementioned literature makes valuable contribution to our understanding of the relationship between the place-based impact of built environments and diabetes. With respect to this contribution, the following aims to explore the effect that living conditions, homes and neighbourhoods have on the health of diabetics in the Eastern Province of KSA. The specific objectives of the study are to:
· To establish the strength of the link between the medical condition, physiology of the disease and  reported symptoms in relation to the patients’:
· perception of their living conditions;
· home and neighbourhood; 
· To determine how the combined poor indoor and outdoor environments could have aggravated the symptoms of the disease;
· To identify the key factors (within the home and their surrounding neighbourhoods) that could affect their physiological, social and emotional health. 
Consent to carry out the study was first obtained from the University’s ethics committee. The fieldwork began in January 2013 and drew upon a sample of diabetics who usually visit the medical clinic at the King Fahd teaching hospital (KFUH) of the University of Dammam, Al-Khobar. This list of patients includes T1 and 2DM male and female adults, age 15-70 years and resident in the Eastern province, KSA.
Seventy-six diabetic patients participated in the study. They completed a questionnaire requesting information on their living conditions, home and neighbourhood and lifestyle activity since the onset of the disease. Qualitied medical staff then conducted a physical examination of the participants to test their blood pressure and Body Mass Index (BMI). These tests also recorded their Fasting Blood Glucose (FBG), levels of Glycated Haemoglobin (HBA1C), Micro albumin urea, Lipid TG (i.e. Triglyceride), Lipid HDL (i.e. High-density Lipoprotein), Lipid LDP level (Lipid Droplet Proteins) and HBA1C  (i.e. the amount of glycated haemoglobin in blood). See Table 1 for the definition of these medical tests. 
After 12 months (i.e. in December 2013), the medical reports were reviewed and compared with the previous examination. The data collected from the physical examination and questionnaire survey has been analysed using SPSS 16 and Amos. This analysis calculated the mean, standard deviation, skewness and percentages for use in the ANOVA and SEM. The results of this modelling serve to test the effect of an independent variable on a dependent variable. This is analysed through a number of co-variables. Only ANOVA and SEM relations having a significance value (i.e. P <0.05) are reported on. The levels of significance considered are as follows: P <0.05 as the common level:  P <0.01 as the moderate level and P <0.001 as the high level. These significance levels in turn determine whether the association between two variables is likely, highly likely, or very highly likely to exist in the population (i.e. in diabetic patients throughout the KSA). Any positive correlation means that two or more variables change in the same direction and in the same proportion, and vice versa. 


Table 1: the definitions of medical tests and the measurement level for each patient 

	Name of the medical test
	What it is?
	Medical test levels

	Body Mass Index (BMI)
	It is a measure of body fat based on height and weight that applies to adult men and women
	Underweight= equal or less than 18.5
Normal weight=18.5-24.9    
Overweight= 25- 29.9
Obesity= equal or above 30

	Fasting Blood Glucose (FBG)
	It is a blood test done to measure the amount of glucose present in the blood after an eight-hour fast
	Normal=120 mg/dL and less
Diabetic (Low risk)= 121-150 mg/dL
Diabetic (High risk)= 151-180 mg/dL
Diabetic (Very high risk )= above 180 mg/dL

	BPsystolic
	It is to test the pressure measured when the heart is contacting(ejecting blood ) 
	Low BP =less than 110 mm Hg
Normal= 110-140 mm Hg
Abnormal =above 140 mm Hg

	BPdiasystolic
	It is to test the pressure when the heart is relaxing and filling with blood
	low= Less than 65 mm Hg
Normal= 65-90 mm Hg
Abnormal= Above 90 mm Hg

	Overall Cholesterol   
	Cholesterol levels are measured in milligrams (mg) of cholesterol per deciliter (dL) of blood
	Desirable = less than 200 mg /dL 
Borderline= 200-240 mg /dL 
High= above 240 mg /dL

	Glycated Haemoglobin (HBA1C)  
	It is a form of hemoglobin that is measured primarily to identify the average plasma glucose concentration over prolonged periods of time
	Normal= 4-5.6 mmol/mol
At risk= 5.7-6.4 mmol/mol
Diabetic= above 6.5 mmol/mol

	Micro albumin urea
	Microalbumin urine test determines the presence of the albumin in urine.
	Negative =Normal
Positive =abnormal

	Lipid TG level 
	The triglyceride (Triglycerides are a type of fat) level is a test to measure the amount of triglycerides in the blood. 
	Desirable= less than 200 mg /dL 
Borderline- high= 200-400 mg /dL 
High risk= 400-1000 mg /dL

	Lipid HDL  level
	This is to test high-density lipoprotein cholesterol, also called "good" cholesterol
	Desirable= more than 60 mg /dL 
Low risk =46-60 mg/dL  
Borderline= 35-45 mg /dL  
High risk =less than  35 mg /dL  


	Lipid LDL  level
	It is to test low-density lipoprotein cholesterol, also called "bad" cholesterol
	Desirable = less than <130 mg /dL 
Borderline= 130-160 mg /dL 
High Risk= more than 160 mg /dL 



While data obtained on living conditions, homes and neighbourhoods relates to the patients’ own self-evaluations of their condition, the fact these interpretations of the symptoms are linked to two clinical assessments of their physiological health is seen to give the study particular weight. For this way i.e. by connecting the self-evaluation to the clinical assessment, it becomes possible to put critical distance between them and correlate the perceptions of health with the medical condition. That is to say, subject the relationship between them to statistical tests, which correlate the significance living conditions, homes and neighbourhoods have to the physical, social and emotional health of diabetic patients. 
While previous research has focused on the impacts built environments have on the physical, social and emotional health of diabetic patients, the effect, which indoor and outdoor environments, vis-a vis living conditions within the home and throughout the neighbourhood have on the medical condition, is something that is unique to this particular study.  
Findings
Physical, social and emotional health 
This survey found that 32% of the diabetics have a positive level of Micro albumin urea and 66% of them are overweight or obsess. It also found 17% have a FBG level of above 200 mml and that 88% of the participants have HBA1C levels above 6.5, which is above diabetic level and 47% of the patients have borderline or high risk HDL. The most frequent diabetes manifestations experienced are: extreme fatigue and related tiredness, tension and stress, blurred vision and inability to control their nervous system. Whereas the least experienced symptoms are: cardiatric problems, loss of sensation, loneliness and isolation and blood pressure problems. 
The study has compared the medical results of two examinations (i.e. January and December 2013) and presented in terms of the respective Micro albumin urea, FBG, HBA1C, Cholesterol, Lipid TG level, Lipid HDL level, and Lipid LDP level. The medical tests revealed that the percentage of patients who have high level of HBA1C and low level of lipid HDL level (i.e. risky level of good cholesterol) increases from January to December 2013 (i.e. for HBA1C; 96% vs. 100% and for HDL; 80% vs. 88%). The self-reported domestic and social life of upper-income groups do reveal some bad habits such as watching TV or working longer hours at the office. However, it also found those within low-income groups suffer adversely from living conditions at home and in their surrounding neighbourhoods, because unlike their counterparts they experience such symptoms as blurred visions, burning sensations, numbness of limbs and stress.
Living conditions 
In terms of diet: 48% - 59% rarely or never drink fizzy drinks or eat junk food meals and 86% of the respondents said that they never or rarely smoke. Approximately 77% said that they often or always eat fruits and vegetables. When asked about their home and social lives, more than half of them (57%) said while at home they never or rarely engage in physical activity.  Also, 33% said that they never or rarely participate in religious activities. Indeed approximately 25% rarely or never walk for more than 30 minutes a day and only 48% said they walk for 30 minutes. As much as 41% say they never or rarely get involved in social activity.  
Home and neighbourhood 
In the home, more than 40% (i.e. 41% to 50%) of the male respondents more frequently experience inadequate ventilation. Table 2 indicates this (also see Table 3 for the overall figures).
More than the quarter (i.e. 26% to 35%) of the male respondents also indicate they more frequently suffer from following home conditions:
· poor air quality in the house;
· the  organization of the home is uncomfortable and too small
Within the surrounding neighbourhoods, the same percentage of male respondents above indicated they suffer from:
· a lack of sunlight within the house;
· unpleasant outside views.

Here approximately 28% of the female respondents said that they more frequently suffer from one particular home condition i.e. low level of ventilation in the house.
In respect to their surrounding neighbourhoods, the same percentage above, said they suffer from:
· traffic noise;
· noise from neighbours.
More notably around half of the female respondents said that they more frequently suffer from a lack of sunlight entry to the house. More than a quarter of the female (i.e. 26% -30%) respondents also indicate they more frequently suffer from the following neighbourhood conditions:
· unpleasant outside views;
· a lack of hygiene/ cleansing in the neighbourhood. 
The results however show differences between the patients occupying the homes and neighbourhoods. For example, grouping respondents in respect to the gender indicated differences between males and females.
The most frequent reported factors for males are a lack of sunlight entry to the house, unpleasant outside view, low level of ventilation in the house, and traffic noise. The most frequent annoying factors for females are a lack of sunlight entry to the house, unpleasant outside view, and poor level of hygiene in the neighbourhoods. Some factors: such as low level of ventilation in my home are experienced more by males, than by females. The neighbourhood conditions are more annoying for both males and females than home conditions. In addition, the home conditions are more irritating for males than females (see Table 2).
When asked about the distance between their homes and amenities of their surrounding neighbourhoods, more than half of the respondents said  amenities are within walking distance i.e. up to 500 metres, whereas 24% said they are more than 1000 m from where their homes. Around 23% of the respondents said the public garden is more than 2000 m from their home. An additional 28% said that the recreation and sport centre is more than 2000 m away.

Table 2: the frequency of experiencing indoor and outdoor environmental conditions (note: this has been grouped by gender)   
	Indoor and outdoor environmental conditions
 
	Male
	Female

	
	Never and Rarely (%)
	Sometimes, Often and Always (%)
	Never and rarely (%)
	Sometimes, Often and Always (%)

	Home level
	
	
	
	

	Low level of ventilation in my house
	59
	41
	72
	28

	Poor air quality in the house
	73
	27
	85
	15

	The house organization is uncomfortable and it's size is small
	74
	27
	87
	13

	Annoying flow of air in my house
	75
	25
	76
	24

	Uncomfortable temperature in my house
	76
	24
	79
	21

	Poor finishing of my house
	79
	21
	83
	18

	Uncomfortable furniture
	85
	15
	90
	10

	Average
	74
	26
	82
	18

	neighbourhood level
	
	
	
	

	Lack of sunlight entry to the house
	50
	50
	51
	49

	Unpleasant outside views
	56
	44
	70
	30

	Traffic noise
	65
	35
	78
	23

	lack of hygiene/ cleansing in the neighbourhood
	77
	24
	74
	26

	Noise from neighbours
	74
	26
	78
	22

	Disgusting odours in the neighbourhood
	76
	24
	83
	18

	Polluted environment of the residential neighbourhood
	79
	21
	84
	16

	Difficulty of wandering around in the neighbourhood
	79
	21
	76
	24

	Average
	69
	31
	74
	26




ANOVA results of January 2013’s investigation
The ANOVA results indicate that the type of residence (i.e. villa, duplex, flat or apartment) and area are associated with the living conditions (domestic and social) found in the patients’ home and neighbourhood. For instance, respondents who live in villas watch TV more frequently than those occupying flats, duplexes or other types of dwellings (see Table 4 and 5). Patients’ who live in flats or duplexes reported that they suffer more frequently from the lack of sunlight entry to their homes, poor air quality, unpleasant outside views, and noise from neighbours, than those who live in villas. 

The ANOVA results also show the indoor environment experienced at home and as part of the patients’ domestic arrangements are linked with the disease’s symptoms. For as Table 4 indicates, patients who more frequently experience a low level of ventilation in their homes, say that they more frequently feel stressed. Those who frequently experience an annoying flow of air in their homes, say they more frequently suffer from a poor memory, and an inability to concentrate and relax. Uncomfortable temperatures also causes problems, because it constantly forces the patient to sleep.

Table 3: the percentage of diabetic patients (i.e. the whole sample; males and females) experiencing indoor and outdoor environmental conditions 
	 Indoor and outdoor environmental conditions
	Never and rarely (%)
	Sometimes, often and always (%)

	Low level of ventilation in my house
	66
	34

	Annoying flow of air in my house
	76
	24

	Uncomfortable temperature in my house
	78
	22

	Lack of sunlight entry to the house
	51
	49

	Poor air quality in the house
	79
	21

	Unpleasant outside views 
	64
	36

	Disgusting odours in the neighbourhood
	79
	20

	lack of hygiene/ cleansing in the neighbourhood
	75
	24

	Poor finishing of my house
	81
	19

	The house organization is uncomfortable and it's size is small 
	81
	19

	Uncomfortable furniture 
	88
	12

	Traffic noise 
	72
	28

	Noise from neighbours
	76
	24

	Polluted environment of the residential neighbourhood
	82
	18

	Difficulty of wandering around in the neighbourhood
	77
	23





Those who suffer more frequently from the poor air quality say they experience paresthesia i.e. symptoms relating to blurred visions, burning sensations, numbness of the limbs and stress. Patients, who experience uncomfortable furnishings, say that they suffer more frequently from blurred vision, numbness of the limbs, and stress. Those who reported a poor finishing of their homes or the layout of their homes to be uncomfortable, say they more frequently experience problems associated with high blood pressure (see Table 4). This ANOVA study also reveals an association between the medical test results, the patients’ living conditions and domestic arrangements. For example, those who suffer more frequently from low level of ventilation in their homes have higher lipid LDL and TG levels. Patients who reported disgusting odours and high levels of pollution in their neighbourhoods said they more frequently suffer from symptoms relating to blurred visions, burning sensations, numbness of the limbs and stress. 


The ANOVA results show significant link between increasing levels of instability at home with a higher level of lipid TG level. They also indicate an increasing level of social pressure associated with the higher level of lipid LDL and TG levels the analysis captures.


Table 4: the relation between the home conditions with diabetes symptoms and January’s medical tests (Note:  ANOVA test significance level <0.05, sample size 76)
	Independent variables  
Home life
	Dependent variables 
Diabetes symptoms and medical tests 
	Mean Square
	F
	Sig.

	Poor air quality in the house
	Parenthesis
	4.504
	3.151
	0.02

	Uncomfortable furniture
 
 
 
	Parenthesis
	7.615
	6.047
	000

	
	Blurred vision
	5.94
	4.216
	0.004

	
	Tension/ stress
	5.142
	3.525
	0.012

	
	Feeling overloaded
	4.399
	2.747
	0.035

	Low level of ventilation in the house
 
	Feeling overloaded
	4.048
	2.627
	0.042

	
	Inability to relax
	5.313
	3.359
	0.015

	Annoying flow of air in the house
 
	Poor memory and inability to concentrate
	3.546
	2.971
	0.026

	
	Inability to relax
	4.694
	2.838
	0.031

	Uncomfortable temperature in the house
	Constantly feeling the need to sleep
	3.75
	2.695
	0.038

	Poor finishing of the house
 
	Blood pressure problems 
	3.621
	2.634
	0.042

	Layout of the house  is uncomfortable, cramped and too small 
	Blood pressure problems 
	4.968
	3.846
	0.007

	Low level of ventilation in the house
	Lipid LDL level 
	1.003
	3.748
	0.009

	
	Lipid TG level
	0.42
	2.868
	0.031

	Uncomfortable furniture
	Lipid HDL level 
	3.255
	3.394
	0.014

	The patient’s social and psychological state 
	
	
	
	

	Lack of stability
	Lipid TG level
	0.465
	3.285
	0.017

	Pressing social engagements  
	Lipid LDL level
	0.939
	2.897
	0.029

	
	Lipid TG level
	0.905
	8.047
	0.000




ANOVA Results of the December 2013’s examination

The December 2013 examination highlights the significant relation between the place-based impact of the built environment (i.e. as reported on in the previous section) and pathology of the disease revealed by the clinical tests carried out by KFUH, the University of Dammam. For instance, the ANOVA study found:

· low levels of ventilation in the patient's house is associated with a higher lipid TG level;
· inadequate circulation of air in the patient's home is  associated with higher cholesterol and lipid TG levels;
· higher  temperatures in the home  are associated with higher lipid TG and LDL levels;
· unpleasant outside views of the neighbourhood are associated with lower (i.e. risky) lipid HDL levels (Table 5). 

This study has also found there is a significant link between social and emotional parameters of the examination and results of the medical exam. For example, the study found there is a link between the lack of stability in domestic arrangements, conflicts, social pressure and emotionally charged atmosphere with higher levels of FBG.  It also found increased levels of HBA1C are associated with higher levels of the followings: extreme fatigue and tiredness, tension and stress, impaired nervous systems and an increased state of anxiety. Increased levels of lipid LDL are also associated with higher levels of the followings: constantly feeling the need to sleep, nervous disposition, an impaired ability to judge things, steady drumbeat of gloomy thoughts, loneliness and isolation (table 5). 

Table 5: the relation between the home conditions and the patient’s social and psychological state with December’s medical tests (Note: ANOVA test significance level <0.05, sample size 76)
	Independent variables  
Home life
	Dependent variables
medical tests
	Mean Square
	F
	Sig.

	Low level of ventilation in the house
	Lipid TG level
	0.273
	2.764
	0.04

	Annoying flow of air in the house
	Lipid TG level
	0.314
	3.934
	0.009

	
	Cholesterol
	0.861
	3.886
	0.009

	Uncomfortable temperature in the house

	Lipid TG level
	0.264
	3.19
	0.023

	
	Lipid LDL level
	0.282
	2.557
	0.053

	Neighbourhood life
	
	
	
	

	Unpleasant outside views
	Lipid HDL level
	2.906
	3.946
	0.008

	The patient’s social and psychological state 
	
	
	
	

	Lack of stability
	FBG
	4.988
	2.667
	0.045

	Conflicts and charged atmosphere
	
	6.992
	4.142
	0.006

	Pressing Social engagements
	
	5.706
	3.016
	0.04

	Extreme fatigue and tiredness, 
	HBA1C
	10.78
	6.966
	0.011

	Tension/ Stress,
	
	9.742
	7.2
	0.01

	Inability to control nerves
	
	6.839
	4.372
	0.041

	Constant anxiety
	
	9.535
	6.097
	0.017

	Constantly feeling the need to sleep, 
	lipid LDL level
	5.655
	4.258
	0.02

	Inability to control nerves
	
	5.227
	3.707
	0.032

	Impaired ability to judge things 
	
	5.824
	6.332
	0.004

	Steady drumbeat of gloomy thoughts 
	
	3.726
	3.58
	0.036

	Loneliness and isolation
	
	4.602
	5.528
	0.007



This suggests that while being treated by physicians for the disease, the symptoms have become aggravated, but as there is no medical reason for this, the explanation for this escalation must lie in “environmental factors” relating to their living conditions, home and surrounding neighbourhood. 
Results of Structural Equation Modelling (SEM)

Here the aim is to test whether these poor indoor and outside environments in turn relate to the home and neighbourhood.  In addition, whether indoor environments combine with outside environment to aggravate the physical, social and emotional health of diabetic patients. So for each SEM diagram (see Figure 1 as an example), the study investigates the effect  one of the neighbourhood attributes (as an independent variable) has on all of the homes indoor environments and medical condition of the patient (as a dependent variable). Only significant results (i.e. P <0.05) are reported below.  

[image: ]

Figure 1: the SEM diagram showing the relation between the independent variable Noise from neighbours on the dependent variable Micro albumin urea. The indoor conditions act as mediating variables (note: the diagram shows the standard regression weights only)

In general and as expected, the SEM figures showed homes and neighbourhoods act together in aggravating the physiological, social and emotional health of diabetics. For example, homes and associated neighbourhoods frequently experience (see Table 6):

· uncomfortable furniture in the home and neighbourhood noise, both of which are related to higher levels of FBG and vice versa; 
· polluted environments in the neighbourhood and uncomfortable furniture in homes that are linked to higher level of FBG and vice versa;
· unpleasant outside views of the neighbourhood and low level of ventilation in the house connected with higher levels of Lipid level LDL (i.e. "bad" cholesterol) and vice versa. 
·  disgusting odours in the neighbourhood and uncomfortable furnishings linked to patients  who have lower level of Lipid level HDL (i.e. "good" cholesterol) and vice versa;
· traffic noise and uncomfortable furniture connected with lower level of Lipid level HDL and vice versa.


By linking the findings illustrated in Table 4, 5 and Table 6 together and relating them to the frequency results, it can be suggested that: unpleasant outside views, which are in turn associated with low level of ventilation within the home (with 36% and 34% scores respectively), are the most harmful combined indoor and outdoor factors affecting  diabetic patients' health. Tables 4 and 5 also tend to suggest that certain home conditions have an adverse effect on the psychological state of the patient, which in turn exacerbates their medical condition.      




Table 6: SEM links between variables showing the positive regression weights
	Independent  (A)
	Mediating variable (B)
	Dependent (C)
	Estimate 1
(A Vs B) 
	Estimate 2 (B Vs C)
	Overall Estimate
(A, B and C)
	Sig.           (A Vs B)
	Sig.        (B Vs C)

	Noise from neighbours
	Uncomfortable furniture
	FBG
	0.439
	0.499
	0.938
	000
	0.016

	Polluted environment of the residential neighbourhood
	Uncomfortable furniture
	 FBG
	0.477
	0.576
	1.053
	000
	0.005

	Unpleasant outside views
	Low level of ventilation in my house
	Lipid LDL level
	0.413
	0.226
	0.639
	000
	000

	Disgusting odours in the neighbourhood
	Uncomfortable furniture
	Lipid HDL level
	0.261
	0.312
	0.573
	0.02
	0.009

	Traffic noise
	Uncomfortable furniture
	Lipid HDL level
	0.307
	0.305
	0.612
	000
	0.011




Saying this, the SEM figures also indicate some odd negative associations. For instance, patients who experience poor air quality in the house and more difficulty of walking around in the neighbourhood are those who have lower rate of HBA1C. Patients who experience better air quality and less difficulty walking around in the neighbourhood are those who have higher rate of HBA. This aside, the SEM results show that some indoor variables have on the one hand negative links with some symptoms  and on the other, they have positive correlations with the physiology of the medical conditions. In some of these cases, this affects the correlation between outdoor conditions and the physical and medical exam figures and results in overall negative values (see Table 7 as an example).    


Table 7: SEM links between variables showing the negative and positive regression weights (Note: the negative values are in bold)
	Independent  (A)
	Mediating variable (B)
	Dependent (C)
	Estimate1
(A Vs B) 
	Estimate2 (B Vs C)
	Overall Estimate
(A, B and C)
	Sig.    (A Vs B)
	Sig.    (B Vs C)

	Difficulty of walking around  the neighbourhood
 
 
	Lack of sunlight entry to the house
	BPsystolic
 

	0.327
	-0.104
	0.223
	0.017
	0.041

	
	Poor finishing of the house
	
	0.13
	0.421
	0.551
	000
	0.049

	
	The house organization is uncomfortable and too small
	
	0.349
	0.13
	0.479
	0.001
	0.044



The indoor variables having a twofold i.e. positive and negative association with the health of the diabetics are: uncomfortable furniture, poor air quality in the house, poor finishing of the home, and uncomfortable temperatures in the home. The study also noticed differences between the regression weights and standardized regression values. For example: standardized regression weights for lack of sun entry association with Micro albumin urea are always negative in all SEM diagrams, whereas the regression weights for the same association is sometimes negative and at other times positive. This would indicate the high level of deviation in the correlation between these two variables. 
Conclusion 
This research has sought to answer a number of serious questions about the complex nature of the relationship between place-based impacts, unhealthy built environments and diabetes in KSA. The answers to these questions are as follows: 

a. is the built environment healthy 

Unfortunately, the evidence gathered on place-based impacts from the literature review and the research reported on in this paper suggest that the KSA's built environment is not healthy. This research suggests KSA’s unhealthy built environment relates to certain living conditions. In the home, this relates to poor air quality, ventilation, temperature and layout. In the neighbourhood, this is linked to the irregular setting of amenities, such as; gardens, parks, recreation facilities and sport centres. 

Based on these findings, the study estimates around 38% of diabetics suffer symptoms connected to living conditions connected with their homes and surrounding neighbourhoods. 

b. are unhealthy built environments related to living conditions 

As the previous statement indicates, this study finds round 38% of diabetics suffer symptoms related to their living conditions and the medical condition they experience is in turn associated with the patients’ homes and surrounding neighbourhoods.  In light of this, it is felt evidence exists to suggest the poor air quality, ventilation, temperature and layout of their homes coupled with the irregular setting of amenities, such as; gardens, parks, recreation facilities and sport centres, does give sufficient grounds to classify the indoor and outdoor arrangement of these built environments as unhealthy. It is also felt the grounds for this classification of the built environments as unhealthy is warranted because the symptoms of those diabetic patients’ living in these homes and neighbourhoods exhibit higher than normal levels of Fasting Blood Glucose (FBG) and Glycated Haemoglobin (HBA1C).

c. are living conditions linked to physiological, social and emotional health

This study also highlights the linkage between living conditions and the physical, social and emotional health of patients  and how this in turn is connected to the social status of the homes and neighbourhoods (i.e. low, middle and upper-income groups) in question.  This tends to support the research findings of studies [23, 47] previously undertaken to explore the relationship between the health of diabetic patients and quality of the built environment.

d. is health connected to homes and neighbourhoods

This research highlights the health of diabetic patients who suffer from poor living conditions, inside their homes and in their surrounding neighbourhoods. In particular, those patients’ who are unable to access sport centres, parks, recreation facilities and walkways. The findings of this particular study suggests poor indoor and outdoor environments  force people to adopt domestic and social lives that not only contribute to the growth of T2DM diabetes, but which also lead to a deterioration in the health of T1DM patients (see also [30,  32, 47, 48, 49, 50]).   

This study also finds significant links (level of significance P <0.05) between the physical, social and emotional health of diabetics, their home and neighbourhood. Here it found an association between the house type i.e. flat, duplex, villa and the patients' perception of what their home and neighbourhood contribute to domestic and social well-being.

e. do homes and surrounding neighbourhoods exacerbate the symptoms

The study has also found links between these indoor and outside environments and symptoms experienced, whereby such conditions have significant connections higher levels of LDL, TG and lower HDL evidenced in the findings of the repeat medical tests.

This suggests that while being treated by physicians the health of the diabetic patients’ have deteriorated.  As a there is no medical reason for this, the explanation for the escalation of the symptoms they experience must lie in “environmental factors”. As the medical practitioners treating the disease cannot explain the diabetic patients’ aggravated symptoms, the reason for this must lie in the built environment and living conditions found in their homes and neighbourhoods. This study suggests the exacerbation of the symptoms relates:
· uncomfortable furniture in the home and neighbourhood noise and to those who have a higher level of FBG and vice versa; 
· polluted environments in the neighbourhood and uncomfortable furniture in  homes to those who have higher level of FBG and vice versa;
· unpleasant outside views and low level of ventilation in the house to patients  who have a higher level of Lipid level LDL and vice versa; 
· disgusting odours in the neighbourhood and uncomfortable furnishings to those patients who have a lower level of Lipid level HDL and vice versa;
· traffic noise and uncomfortable furniture to those who have a lower level of Lipid level HDL and vice versa.

The study also found that patients who live in low-income neighbourhoods complain about the poor air quality in their home and noise from neighbours more than those who live in the middle and upper class neighbourhoods. Exactly how the pathology of the disease found in these environmental settings exacerbates the symptoms captured here and in turn adversely affects the social and emotional health of diabetics is not known, but what is understood is the relationship that exists between them is significant in the sense which it imputes some kind of causal link and connection. 
e. are homes and neighbourhoods detrimental to health 

The literature review indicated important relations between health, living conditions, homes and neighbourhoods. However, this study found that the relationship they in turn have to their indoor and outside environments is far more complicated than indicated. For in this study it has become evident males and females perceive the effect of indoor and outside environments in different ways and do not assign them the same level of significance.  

[bookmark: _GoBack]This study has tested their joint effect on domestic, social and emotional health using the indoor living conditions as mediating parameters. This has revealed their joint effect on the health of diabetics is in the main positive across homes and neighbourhoods, but in some instances, it is also negative. This finding indicates indoor environments sometimes have negative relations with the health of diabetics. The study has also found this relationship is personal (e.g. gender, level of education), dependent upon type of residence (e.g. type of the house and income-group) and neighbourhood area. This in turn suggests further research should be carried out to assess how these factors interact with indoor and outside environments to aggravate the symptoms of the disease, vis-a- vis have the effect of being detrimental to health. 
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