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Abstract 

Osteoporosis is considered as a serious public health concern. It is a highly prevalent condition 

worldwide and a frequent cause a fracture.  However, besides considering well-known non-

changeable risk factors for the development of Osteoporosis, such as age, sex, and hereditary 

predisposition, efforts at prevention have focused increasingly on other modifiable factors, such 

as drinking water, smoking and caffeine consumption, as well as general nutrition. 

The overall aim of this study was to identify the relation between calcium and magnesium 

concentrations (softness) in drinking water and osteoporosis. In addition, the study aim to assess 

the impact of lifestyle, socioeconomic factors on the relationship between water softness and 

osteoporosis among adult patients in the Gaza Strip. 

The design of the study was observational, analytical, case-control one.  A structured face to face 

interviews were done with 104 newly diagnosed osteoporosis as cases and 102 subjects without 

osteoporosis as controls.  The presence of osteoporosis was determined by DEXA scan.  

Moreover, drinking water samples were obtained for all subjects for measurements of calcium, 

magnesium, fluoride and sodium. The relationship between risk factors and osteoporosis disease 

were identified statistically by using chi-square and logistic regression analyses. 

The study showed that osteoporosis prevalent were higher among females than males, where 

females represented 81.6% of cases. The results of the study also reported an increase of 

prevalence of osteoporosis with increasing age in both sexes. In the bivariate analysis, several 

variables showed statistically significant association with osteoporosis (gender, physical activity, 

residency, family history, women health, men health, source of drinking water, source of cooking 

water, PH, Ca, Mg).   By using the multivariate analysis, residency, family history and 

magnesium in drinking water were determinant factors for osteoporosis.  However, physical 

activity was inversely associated with risk of osteoporosis. 

In conclusion, this study indicated that drinking water, lifestyle and socioeconomic factors may 

play an important role in the etiology of osteoporosis.  Moreover, most of these factors have been 

shown to play an important role in the etiology of other chronic diseases. Thus, preventive 

strategies are needed to improve drinking water that can have a powerful effect on a series of 

pathologic conditions that represent a major source of morbidity in our society. 

KEY WORDS: Osteoporosis; Socioeconomic factors; Lifestyle; Calcium; Magnesium. 
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  ملخص الرسالة

 فلسطين  -في  قطاع غزة سنة  50-20في الفئة  تأثير مياه الشرب المحالة على مرض هشاشة العظام 

 يسببو  من أكثر الحاالت المرضية الواسعة االنتشار في  العالم .العامة خطير على الصحةمرض هشاشة العظام  يعتبر 

الجنس واالستعداد الوراثي من أهم العوامل المعروفة الخطرة الغير قابلة للتغيير التي يعتبر السن و  بشكل متكرر، لكسورا

بشكل متزايد  بمرض هشاشة العظاموتتركز الجهود المبذولة حاليا لتجنب اإلصابة  حدوث هشاشة العظامتلعب دورا في 

والتدخين واستهالك الكافيين  مياه الشربير التي قد تكون سببا لهذا المرض  مثل على التحكم بالعوامل القابلة للتغي

 والتغذية بشكل عام.

مرض هشاشة العظام. وكذلك في مياه الشرب و  تحديد العالقة بين تركيز الكالسيوم والماغنيسيومهدفت هذه الدراسة إلى 

 المرضى  البالغين في قطاع غزة.بين  نمط الحياةو تقييم العوامل االجتماعية واالقتصادية، 

حيث تم  ،تحليلية أجريت على حاالت مرضية في وجود مجموعة ضابطة غير مصابةوصفية تعتبر هذه الدراسة  دراسة 

 المجموعةمن   اثنانالت المرضية باإلضافة إلى مائة و الحا من أربعةجمع البيانات من خالل مقابلة شخصية مع مائة و 

. كما DEXAلقياس كثافة العظم يسمى  من خالل استخدام جهاز بمرض هشاشة العظام الضابطة. تم تشخيص اإلصابة 

ومنها الكالسيوم بعض المتغيرات الكيميائية  لقياس وذلك   من جميع أفراد المجموعتين أخذ عينات من مياه الشرب تم

مرض و لعالقة بين عوامل الخطورة المختلفة التي شملتها الدراسة هذا وقد تم تقييم ا والفلور والصوديوم. والماغنيسيوم

 ( و تحليل االنحدار المتعدد.Chi-squareإحصائيا  باستخدام اختبار مربع كاي ) هشاشة العظام

. عينة٪ من ال81.6 اإلناث أكثر انتشارا بين اإلناث مقارنة بالذكور، حيث مثلت هشاشة العظامالدراسة أن مرض  ظهرتأ

، التحليل الثنائيوباستخدام   أن  نتائج  الدراسة سجلت أيضا أن نسبة المرض تزداد مع تقدم العمر في كال الجنسين.كما 

منها: الجنس، النشاط البدني،  والعديد من عوامل الدراسة مرض هشاشة العظاموجدت عالقة ذات داللة إحصائية بين 

، مياه الشرب، مياه الطبخ، الكالسيوم لصحيحي، وضع الرجال اوضع السيدات الصمكان اإلقامة، التاريخ العائلي، 

.  وعند استخدام تحليل االنحدار المتعدد أظهرت النتائج  وجود عالقة م الهيدروجيني في مياه الشرب(والماغنيسيوم والرق

انخفاض الماغنيسيوم في مياه و  تاريخ العائلة،و  مكان اإلقامةوكل من:  هشاشة العظامطرديه ذات داللة إحصائية بين 
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والنشاط  هشاشة العظام، بينما أظهرت نتائج التحليل السابق وجود عالقة عكسية ذات داللة إحصائية بين مرض الشرب

 .البدني

هاما في  يمكن أن تلعب دورا صاديةوالعوامل االجتماعية واالقت نمط الحياةمياه الشرب و أن  خلصت هذه الدراسة إلى

  اض مزمنة أخرى.كما أن  معظم هذه العوامل الخطرة  تلعب دورا هاما في التسبب بأمر هشاشة العظام، التسبب بمرض 

مجموعة من لتي يمكن أن يكون لها تأثير على امياه الشرب وقائية لتحسين  ةولهذا وجد أن هناك حاجة إلى استراتيجي

 مسببات األمراض التي تمثل مصدرا رئيسيا للمرض في مجتمعنا.

 .الماغنيسيوم ؛الكالسيوم؛ مياه الشرب؛ العوامل االجتماعية االقتصادية؛ نمط الحياة؛ هشاشة العظام:  لمات الرئيسيةالك
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Chapter one 

Introduction 

1.1 Mini review 

Osteoporosis is considered as a serious public health concern. Currently, it is estimated that over 

200 million people worldwide suffer from osteoporosis (Fazil, et al, 2015).   

Calcium is the most abundant mineral found in the body and most of it is found in our bones.  It 

is one of the most important minerals involved in the treatment and prevention of osteoporosis. 

Adequate amounts of calcium in your water and diet can help reduce bone loss by 30 - 50 

percent.  Lack of calcium induces a deficiency in the bone reservoirs with consequent brittleness 

of the bones and an increased risk of osteoporosis (Rylander, 2008). 

There is an inverse association between calcium in drinking water and hip fracture risk in men 

(Dahl, 2015). 

Increasing the concentration of magnesium in drinking water could be an important protective 

measure against osteoporotic fractures in the population.  Between 12 and 20 % of those who 

suffer a hip fracture do not survive the 6 months after the fracture.  At least half of those who do 

survive require help in performing daily living activities and 15 to 25 % will need to enter a 

long-term care facility.  The number of recorded osteoporosis cases in the Gaza Strip was 

136,396 in 2004, the prevalence was reached 10.3/100,000 of population (US Census Bureau, 

2004). 

1.2 Problem Statement 

Water is an important life component which must be clean and safe as well as available for 

human being drinking and other purposes.  It was declared by the General Assembly of United 

Nations that access to clean water is a human being rights (UNNC, 2010). 

According to Al-Najar, et al. (2005) the groundwater demand in the Gaza Strip is growing 

rapidly. This is due to the population growth and the willing of farmers to cultivate the deprived 

land as a strategy toward poverty alleviation. The water high salinity, undesirable tastes and 

https://scholar.google.com/citations?user=SHo3IF4AAAAJ&hl=en&oi=sra
http://jn.nutrition.org/search?author1=Ragnar+Rylander&sortspec=date&submit=Submit
javascript:void(0);
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other contaminants are motives to find new resources such as desalination and quality 

improvement technologies. 

There is insufficient of concern with research about the benefits of minerals in water and their 

association for the prevention of osteoporosis in the Gaza Strip.  Adequate calcium can be found 

in specific sources of water; physicians can recommend mineral water as a calcium supplement, 

calcium concentration in water is clinically relevant for patients with osteoporosis for reasons 

besides that of adequate calcium intake (Morr, et al. 2006). 

Up to the researcher knowledge there is lack or absence in studies about osteoporosis and its 

relation or association with source of drinking water, accordingly this study can be considered as 

one of the most important studied to bridge the gap in this area, and its results could be used as 

baseline data for future research in Palestine.  

1.3 Objectives 

 

1.3.1 General Objective 

The main objective of this study is to identify the relation between calcium and magnesium 

concentrations (softness) in drinking water and osteoporosis in patients from 20-50 years old.  

1.3.2 Specific Objectives 

1. To make sure that the concentrations of calcium and magnesium in drinking water found            

in appropriate amounts and suitable for human use. 

2. To identify the possible association between the risk of osteoporosis and calcium and 

magnesium concentration in drinking water. 

3. To assess the influence of socio-economic and demographic factors on the relationship of 

dependent and independent variables. 

4. To show to what extent life style can affect the occurrence of osteoporosis; and 

To come out with suitable recommendations for policy makers to regulate a public health policy 

to increase surveillance and limiting the growth of the disease. 
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1.4 Research questions 

 

Based on the above, we have several research questions related to the subject and can be shown 

as follows: 

1. How much concentration of calcium and magnesium in drinking water? 

2. Is there any relationship between desalinated water and osteoporosis in the Gaza Strip? 

3. What is the influence of socioeconomic inequalities on the relationship of desalinated 

water and osteoporosis in the Gaza Strip? 

4. To what extant life style can affect the occurrence of osteoporosis? 

5. Are there any specific recommendations or guidelines that will increase surveillance and 

minimize the effect of desalinated water on bone density? 

1.5  Scientific definition 

1.5.1 Desalination: 

It is a process that removes minerals from saline water.  More generally, desalination refers to 

the removal of salts and minerals from a target substance (The American Heritage Science 

Dictionary, 2007). 

1.5.2 Osteoporosis: 

 A systemic skeletal disease characterized by low bone mass and micro architectural 

deterioration of bone tissue with a resultant increase in fragility and risk of fracture (Consensus 

development conference, 1993, Hania, 2008). 

1.5.3 Water quality:  

 Refers to the chemical, physical, biological, and radiological characteristics of water.  It is a 

measure of the condition of water relative to the requirements of one or more biotic species and 

or to any human need or purpose (Midhun, et al. 2016). 

https://en.wikipedia.org/wiki/Water
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1.5.3.1 Turbidity:  

Turbidity is a measure of the particulate matter in the water. It affects the choice of clarification 

methods and can dictate whether or not there is a need for pretreatment upstream of some other 

processes (EPA, 2012). 

1.5.3.2 Hardness:   

The level of hardness can dictate treatment concepts that should be applied. A high level of 

hardness tends to favor softening over clarification only and can affect a range of treatment 

processes.  Like alkalinity, it also can affect the choice of corrosion control methods. 

1.5.3.3 Total dissolved solids (TDS):  

This measure of salt and mineral content can affect treatment needs as well as the acceptability 

of a source of supply (EPA, 2012). 

1.5 Background of the study 

 

The Gaza Strip (Fig1.1) is a narrow Strip of land on the eastern coast of the Mediterranean Sea, 

situated in the middle east at latitudes (31°16’ and 31°45’N) and longitudes (34°20’ and 

34°25’E) bordered by the Mediterranean Sea in the west and the Negev desert and Egyptian 

Sinai headland in the south with a total area of 365 km2 (Aish, 2013). 
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Fig. (1.1) Location Map of Gaza Strip 

1.7 Existing desalination plants in the Gaza Strip 

The first desalination plant (RO brackish water) in the Gaza Strip was built in 1991 at the center 

of Deir El-Balah with a capacity of 45 m3/h by the EMS, a subsidiary of the Israeli " Mekorot " 

water company (EL Sheikh, et al. 2003).  Later, many large and small scale desalination plants 

were built and functioned to provide drinkable water for the population of the Gaza strip who has 

limited water resources and depends generally on groundwater, where the salinity degrees mostly 

are high TDS (2,200 mg/l) and sometime above this value (Abu-Habib et al. 2012).  According 

to (Al-Agha et al. 2005) in the past two decades 6 brackish water facilities and one seawater 

desalination plant were established in the Gaza strip. The product desalinated water from these 

plants represents nearly 4% of the total water consumption by the population. More than 90% of 

this population depends on the desalinated water for drinking purpose (Mogheir, et al. 2013).  In 

addition, a number of small private RO desalination facilities are constructed and operated in all 

governorates of the Gaza Strip. 

Almost, there are seven public desalination plants situated all over the Gaza Strip operated by the 

Coastal Municipal Water Utilities (CMWU), the operational water body in the Gaza Strip 

(CMWU, 2009).  These plants provide drinking water for the population in the middle and 

southern parts of the Gaza strip all of them are brackish water.  In addition, these plants are 
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linked directly to the municipal water networks while private plants have distribution tanks and 

collecting points where people have to collect the water on their own.  It was reported by (PWA) 

that more than 80 small RO private facilities and stations are functioning and providing clean 

drinking water for the residents of the Gaza Strip at acceptable cost. Though, only 37 of these 

plants are registered and conduct regular monitoring as recommended by PWA (Mogheir, et al. 

2013).   

Baalousha (2006) in his paper suggested that studies on the environmental impact of desalination 

should be carried out in order to take the proper measures to protect the environment.  Also, he 

suggested that effluents brines from the desalination plants are not properly discharged and the 

quality of desalinated water is not monitored. 

 

1.8 Orthopedic services in Gaza Strip 

Orthopedic Screening activity was found in MOH that represented by X-Ray (hospitals and 

primary health care centers), 464,597 X-Ray was done in MOH hospitals, that represent (88.1%) 

from all health care provider in Gaza Strip, 25,080 (30.6 %) of X-Ray services was conducted in 

PHC in MOH, 42.9% of X-Ray services was conducted in UNRWA centers.  There are no 

screening services in MOH for osteoporosis, DEXA scan not available in governmental health 

services in Gaza Strip, it is found only in private sector. There were nearly 1,400 cases of hip 

fracture was documented in MOH hospitals in 2015. The ministry of health in Gaza Strip have 

63 orthopedic doctor work in their hospitals. 

1.9   Public Health Laboratory 

Public health laboratory in Ministry of Health (MOH) is conducted annual chemical and 

microbial analyses to ensure the safety of the Palestinian public's intake of food, drinking water 

and medicines.  The laboratory holds a quality label (ISO), IEC 17025 since 2000.  Laboratory 

includes five departments (Department of Chemistry, Department of Microbiology, Department 

of Pharmacology, Department of Toxic, Department of Quality). 
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The MOH laboratory procedures which used for water samples analysis follow the American 

Standard Methods for the Examination of Water and Wastewater (APHA, 1999).  Chemistry 

water department is considered as an important department in MOH public health lab., it is 

analyses drinking water in all Gaza Strip governorate such as drinking wells with coordinate with 

environmental health department and municipalities and water authority twice in a year.  The 

sample type was: (drinking wells, agriculture wells and sea water and desalinated drinking water 

plants, waste water treated plants, treated water for laboratory, treated water for hospitals and 

kidney departments, research samples, tested wells, water network. 

Physical Analysis include:  Color, Turbidity, PH, E.C and T.D.S.  Chemical Analysis include: 

Nitrite, Nitrate, Ammonia, Chloride, sulphate, Alkalinity, Hardness, Calcium, Magnesium, 

Fluoride, Sodium and Potassium. 

 

1.10 Scope and Limitations of the Study  

Since there were no such previous studies being conducted in the Gaza Strip concerning the 

association of Calcium and Magnesium concentration of Drinking water and the occurrence of 

osteoporosis.  Thus, this study is considered as the first study that is attempted to examine the 

relation between the concentrations of calcium and magnesium in water and their effects in 

osteoporosis in the Gaza Strip. 

1.11 The structure of thesis 

The thesis is organized into different chapters that range from chapter 1 to 6 and index. 

Chapter one: A general Introduction and quick overview of desalinated drinking water and 

osteoporosis.  It also describes the justification, objectives of the research, research question and 

the structure of the thesis.  Chapter two:  literature review, which discuss the quality of 

desalinated drinking water and osteoporosis disease.  On the other hand, it discusses the effects 

of models that have been used in the previous studies and will display the results of previous 

studies for the same subject.  Chapter three:  Discuses Methodology of research and describe the 

statistical methods.   Chapter four: Results and Discussion, display and analyze research findings 
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on desalinated drinking water and osteoporosis, and illustrates the effects of desalinated drinking 

water on the health of population, especially osteoporosis disease and explore the discussion of 

the study results compare to the literatures.  Chapter five: Gives the conclusion and 

recommendations of the research work described in this thesis and outline future work in the 

direction of a similar research.  Finally, References and Annexes, which shows the questionnaire 

and approvals for this study. 
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Chapter two 

Literature Review 

 

2.1 Introduction 

This chapter is presents the theoretical and empirical part of this thesis and it’s divided into 

different sections.  It begins with conceptual framework which discusses the main domains 

affecting osteoporosis among adult age.  It contains definition of osteoporosis and symptoms, 

followed by risk factors that affects osteoporosis. 

Followed by expressing the link between drinking water and osteoporosis.  In addition to brief 

glance about drinking water sources, water quality and quantity in Gaza Strip.  Existing 

desalination plants in Gaza Strip.  The last section discusses the influence of socio economic 

factors and osteoporosis. 

2.2 Conceptual Framework 

There are main domains affecting osteoporosis among adult including dependent which is 

(Osteoporosis) and independent variables (water, previous history, socioeconomic status and life 

style) as the following: 

 

Fig. (2.1) Conceptual Framework of the study (designed by the researcher) 
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2.3 Definition of Osteoporosis 

A systemic skeletal disease characterized by low bone mass and micro architectural deterioration 

of bone tissue with a resultant increase in fragility and risk of fracture (Consensus development 

conference1993, Hania 2008). 

 

 

Fig. (2.2) Normal Bone vs. Osteoporotic Bone 

2.4 Osteoporosis Symptoms 

The osteoporosis condition can operate silently for decades, because osteoporosis doesn't cause 

symptoms unless bone fractures.  Some osteoporosis fractures may escape detection until years 

later.  Therefore, patients may not be aware of their osteoporosis until they suffer a painful 

fracture. Then the symptoms are related to the location of the fractures (Carolyn, 2007). 

2.5 Interpretation of BMD results 

The amount of bone mineral can be measured using radiological methods, most often dual 

energy x-ray absorption (DXA), and is frequently expressed as bone mineral density (BMD 

g/cm2).  An individual’s BMD is expressed relative to a reference population (young adults) in 

standard deviation units, called t- scores. An individual with a t-score between -1.0 to -2.5 has 

osteopenia, whereas an individual with a t- score ≤ -2.5 is osteoporotic. The risk of fracture 

increases linearly with decreasing BMD, approximately one standard deviation decrease in hip 

BMD is equivalent to 2.5 times increased risk of hip fracture (Ren, 2014). 
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Fig. (2.3) WHO classification of BMD using DEXA scan 

 

2.6 Common bone mineral density tests 

2.6.1 Dual Energy X-ray Absorptiometry (DEXA) 

The diagnosis and management of osteoporosis have been improved by the development of 

new quantitative methods of skeletal assessment and by the availability of an increasing 

number of therapeutic options, respectively.  A number of imaging methods exist and all have 

advantages and disadvantages.  Dual-energy X-ray absorptiometry (DXA) is the most widely 

available and commonly utilized method for clinical diagnosis of osteoporosis and will 

remain so for the foreseeable future (Adams, 2013). 

 

 

 

 

 

 

 

 

 

 

 

Fig.  (2.4) DEXA scan device 
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2.7 Established risk factors 

Established risk factors for osteoporosis and fractures are: higher age and female gender, taller 

stature (only hip fracture), Scandinavian (Caucasian) ethnicity, early menopause, genetic factors 

(e.g. mother suffered a hip fracture), being prone to falling, being underweight, losing weight, 

little sun exposure, being physically inactive, high alcohol consumption, and smoking. A low 

dietary intake of Vitamin D and calcium and possibly other nutritional factors could increase the 

risk. 

Additionally, there are conditions (e.g. Celiac disease and Crohns disease) that may cause 

malabsorption of necessary dietary factors, leading to increased risk. Other inflammatory 

conditions outside the gut (e.g. rheumatoid arthritis), and medications taken to alleviate these 

conditions (e.g. cortisone) are of significance (Norwegian Directorate of Health, 2006). 

2.7.1   Risk factors of osteoporosis that cannot be changed or influenced: 

2.7.1.1 Being female 

Women are at greater risk of osteoporosis as they have smaller bones and hence lower total bone 

mass.  Additionally, women lose bone more quickly following the menopause, and typically live 

longer.  Osteoporosis is less common in men but is still a significant problem.  The rate of bone 

loss in men is less than that in women.  Osteoporosis a” silent thief” The disease steals your 

bone’s strength.  

2.7.1.2 Advancing age 

It is well known that bone mass density decreases with age.  Age related bone mass loss is 

ascribed to several factors.  Non-enzymatic glycation has been proposed as a new potential factor 

in the loss of bone during aging.  Peak bone mass is negatively associated with the risk of 

osteoporosis, and a large percentage of peak bone mass is accumulated during childhood and 

adolescence.  

2.7.1.3 Menopause 

Menopause, a natural process, signals the end of a woman’s menstrual cycle and is defined as 

having occurred after the cessation of menses for one full year. The age range for natural 
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menopause is 40-58 years with the median age being 51.3 years.  Estrogen deficiency and the 

subsequent effect on bone deterioration that occurs with natural and surgically induced 

menopausal women validates the threat of an increased risk for an osteoporotic fracture (Nichols, 

2016). 

2.7.1.4 Family history of osteoporosis 

Family history of osteoporosis is an independent risk factor for osteoporosis and this risk 

increases if two or more first degree relatives gave a positive history. 

2.7.1.5 Amenorrhea 

This condition typically affects athlete’s women who do endurance activities or ballet dancers 

with low body weight and intense exercising.  Exercise-related reproductive dysfunction may 

have consequences for growth velocity and peak bone mass acquisition.  

  

2.7.1.6 Nulliparity, pregnancy and lactation 

Extended breast-feeding period per child > 1 year is the highest risk factor for osteoporosis 

independent of first breast-feeding age. However, high parity has a protective effect (Okyaya, 

2013).    During pregnancy, intestinal calcium absorption doubles in order to meet the fetal 

demand for calcium, but if maternal intake of calcium is insufficient to meet the combined needs 

of the mother and baby, the maternal skeleton will undergo resorption during the third trimester.  

Nulliparity represents a risk factor for osteoporosis, while multiparity represents a protective 

factor (Bonte, 2013).   

2.7.2 Risk factors of osteoporosis that can be changed or influenced 

2.7.2.1 Diet  

2.7.2.1.1 Protein 

Thus, dietary protein is essential for bone formation because amino acids are needed for 

synthesizing intracellular and extracellular bone proteins.  Protein composes approximately 50% 

of bone volume and 30% of bone mass. The DRI for protein is 46 g/d for female adolescents 

(Dietary Reference Intakes, 2010).  Protein from animal sources in particular can cause increased 



 

14 
 

levels of calcium excretion, thus influencing calcium homeostasis and could lead to further 

chronic metabolic acidosis and osteoporosis (Heaney & Layman, 2008).   

2.7.2.1.2 Cola drinks 

By the 21st century, the volume of soda consumption was twice as much as milk consumption. 

This caused a critical decrease in calcium storage causing the bones to become brittle and 

susceptible to fractures.  The increase of consuming cola drinks decreased the calcium absorption 

in the intestines. “Exercise during the teen-age years helped this population reach maximum 

bone strength”, (Healthy Bones at Every Age, 2013, p. 4).   

2.7.2.1.3 Caffeine 

Generally, caffeine intakes do not usually surpass safe levels of consumption among any age.  

According to the NHANES 2007-2010 report caffeine consumption was the highest in females 

among the ages of 19-30 with a mean daily caffeine intake of 134.9 mg/day among caffeine-

containing energy products users in addition to traditional caffeine sources like coffee, tea and 

sodas (Bailey et al., 2014). 

2.7.2.1.4 Sodium 

Sodium plays an important role in maintenance of fluid balance, nerve transmission, and muscle 

contractions and although does not have a direct role on bone health it thought to negatively 

affect bone health by increasing urinary calcium excretion with excessive sodium intake 

(Gropper & Smith, 2013; Angelo, 2012).  

2.7.2.1.5 Low dietary calcium intake 

Thus, long-term calcium intake deficiency leads to negative bone mineral balance (Weaver, 

2016).  Calcium intake is an important variable that greatly contributes to bone health.  Bones absorb 

calcium in order to become both stronger and larger. Consuming an adequate amount of calcium 

promotes bone formation and maintains suitable bone health.  Frequent consumption of milk during 

childhood and adolescence elicited increases in BMD later in life.  

 



 

15 
 

 

 

 

2.7.2.2 Smoking 

Smoking is an important risk factor for developing osteoporosis, female and male current 

smokers were more likely to report a number of risk-factors suggesting that increasing the risk 

for osteoporosis development (Kleisiaris, 2015).   

2.7.2.3 Lack of exposure to sunlight 

Sun exposure is a rich source of Vitamin D.  According to the National Osteoporosis Society 

(2010) sun exposure of 2 to 3 hours per week during the day (10am-3pm) is adequate to maintain 

the desired levels of Vitamin D in the body.   Inadequate sun exposure was a significant risk 

factor for osteoporosis among our participants.  

2.7.2.4 Lack of exercise 

While optimal nutrient and energy intakes are essential for bone health, exercise is also critical 

for building healthy and strong bone.  Physical activity is one of the modifiable environmental 

factors that influences bone health.  It accounts for approximately 17% of the variation in BMD. 

  Physical activity increases bone accretion during growth, thus reducing the risk of osteoporosis 

(Boreham & McKay, 2011). 

2.8 Drinking water sources in the Gaza Strip  

Groundwater aquifer is considered to be the primary water supply source for the human being 

use in the Gaza strip (domestic, industrial and agricultural purposes). This source has been 

confronted decline in both quality and quantity for various reasons including: low rainfall, 

increased in the urban areas which led to a decrease in the recharge quantity of the aquifer, also 

increasing the population will shrink the groundwater aquifer and led to seawater intrusion in 

some areas as a result in pressure differences between the groundwater rise and seawater level 

(PWA, 2012). 

The aquifer in Gaza Strip is highly permeable with transmissivity of about 1000 m2/day and an 

average porosity of 25%.  The depth to water ranges between 70 meters in the highly-elevated 
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area in the east and 5 meters in the low land are.  An average of 160 Mm3/y is pumped from the 

groundwater aquifer and is distributed over domestic and agricultural water wells.  A water 

balance was developed to determine the impact of all the integrated aquifer management 

program activities.  New water resources account for nearly 25% of the balance.  New resources 

include additional water purchase from Mekorot, small SWRO desalination facilities and 

regional SWRO plant (PWA, 2012). 

 In the Gaza Strip, there are five sources being used for drinking water, these are: 

▪ 130 Domestic water wells produce 70 Mm3/y. 

▪ More than 4000 agricultural water wells produce 90 Mm3/y. 

▪ Water is purchased from an Israeli company “Mekorot” (5 Mm3/y). 

▪ Four BWRO plants produce 0.4 Mm3/y. 

▪ The Middle Area SWRO plant produces 0.2 Mm3/y. 

 

2.9 Drinking water quality and quantity in the Gaza Strip 

The Palestinian people have suffered tremendously over the last 67 years and they continue to 

suffer today from shortages, deprivation, and loss of livelihood resources (UNDP, 2012). The 

rapidly increasing Gaza’s 1.82 million residents depend on the coastal aquifer to supply them 

with water but overuse and contaminants seeping into the ground, in addition to restriction on 

using the Palestinian water rights by the Israeli authorities, are threatening this vital resource 

(PWA, 2015).  

Gaza coastal aquifer (GCA) has been faced a deterioration ranging from quality problems to 

quantity due to expected shortage of water supplies not only for agricultural and industrial usage 

but also for drinking, scarcity, insufficiency, pollution and high salinity.  98% of Gaza’s are 

connected to the municipal water network but supply is in complicated intermittent schemes and 

the quality is failing, making its drinkability questionable (UNICEF, 2010; PWA, 2014). As a 

consequence, up to 90% of the ground water (GW) in the Gaza Strip (GS) is currently not safe 

for drinking purposes without adequate treatment (Alastal et al., 2015).  PWA in a recent study 

for groundwater evaluation (2014) reports that out of 211 wells under monitoring and taking in 

consideration the combined concentrations of both chloride and nitrate, it's clear that 3.8% of the 

domestic water is only matching with WHO drinking limit, while the remaining 96.2% is 

exceeding the limit (PWA, 2015). 
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With more water to exist extracted (pumping) of groundwater than annually natural recharge 

rates; sea water and brackish water surrounding aquifers break into this freshwater source raising 

the salinity level in some areas beyond WHO guidelines for safe drinking water as a result in 

pressure differences between the groundwater elevation and sea water level (Aish, 2010; 

CMWU, 2010; UNRWA, 2012).  

Furthermore, it is reported that based on the current water and sanitation situation, the Gaza 

water (GW) in the Gaza Strip (GS) could become unusable as early as 2016, and moreover, the 

damage of the GW in the GS would become irreversible by 2020 (UNCT, 2012). Another study 

(Abbas et al., 2013) found that no groundwater in Gaza Strip meets all WHO drinking water 

standards. The concentrations of many chemical parameters, particularly nitrate (NO3-) and 

chloride (Cl-), have reached dangerous levels in many locations within the GS.  PWA status 

report stated that 24.6% of them have chloride concentration less than 250 while the remaining 

(75.4%) exceeds the WHO chloride level.   Almost 90% of the groundwater wells of the Gaza 

Strip have nitrate concentrations two to eight times higher than the WHO guideline values 

(PWA, 2015).  

The concentrations of other physicochemical parameters such as TDS, EC, Ca2+ and Mg2+, 

were also above recommended WHO standards (Alastal et al., 2015).   According to PWA last 

evaluation report, more than 50% of the groundwater quality database showed TDS of more than 

2,000 mg/l. The level of fluoride in the Gaza’s drinking water range between 0.8– 3.8 ppm. It 

also found that there was an increase in the incidence of fluoride poisoning in areas where 

increased concentrations of fluoride have been recorded.  Most of the cations Magnesium 

(Mg2+), Sodium (Na+) and Potassium (K+) show concentrations higher than the WHO guideline 

values (30); (200) and (10) mg/l, respectively.  Fortunately, the pH in the Gaza aquifer is 

matching the WHO and PWA guideline values. According to produced GIS maps, and 

considering the accepted range of pH from 6.5 to 8.5, the pH quality records are in good 

condition (PWA, 2015).  Additionally, traces of metal pollution such as lead have been found in 

several wells in the Gaza Strip (Abbas et al., 2013).  

Due to the contamination, the municipal water from the tap is not suitable for drinking or 

cooking, which means people have to purchase water from private vendors despite being 
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connected to a water network.  Many residents in Gaza cannot afford to continuously buy extra 

water due to the high unemployment and poverty rates, and therefore obliged to drinking the 

contaminated water (Nettnin, 2005; UNICEF, 2012).  In many cases, the quality of water from 

private vendors has also been reported unsafe because the PWA does not have the capacity to 

control and regulate all private vendors (GVC and PHG, 2009; El-Tabash, 2014). 

Aish (2010) in his study investigated the chemical and bacteriological water qualities of different 

small scale of (RO) desalination business units in the Gaza Strip.  The study results were 

compared with World Health Organization (WHO) standards.  It was concluded that all chemical 

analyses of RO produced water are within the allowable limits.   

Hilles and Al-Najar (2011) have evaluated the small-scale brackish water desalination plants in 

the Gaza Strip for highlighting their environmental impacts.  The water samples from inlet and 

outlet of 43 local desalination plants were collected and analyzed for physical and chemical 

variables assessment.  They observed some variations in the chemical parameters which are due 

to the variations of inlet water and instability of desalination efficiency.  They have suggested 

establishing an urgent water monitoring program for desalination plants in the Gaza Strip.  In the 

meantime, more studies on the environmental impacts of desalination should be carried out in 

order to come across with the proper measures to protect the environment and the human health. 

Abu Mayla and Abu Amr (2010) evaluated the chemical and microbiological parameters of the 

drinking water in the Gaza Strip. 

The groundwater quality in the Gaza Strip is mostly monitored through all municipal wells and 

some of agricultural wells which are distributed all over the area.  The main quality problem is 

the increase in salinity and nitrate content (PWA, 2007). 

2.10 Previous studies 

The previous studies are subdivided into three main areas.  The first one focuses on osteoporosis 

and its relationship with socioeconomic characteristics (education, occupation, poverty and 

income) as well as the intermediate factors and aspects of health behavior and – awareness that 

are at play.  The second focuses more in detail on the influence of socio-economic characteristics 
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and the intermediate factors on bone problem. Third part focuses on the association between 

osteoporosis and drinking water. 

Rude and Gruber, 2004 conducted their research which aimed to review animal and human 

evidence of the association of Mg deficiency with osteoporosis and explore possible mechanisms 

by which this occur.  Not only absorbability is in question.  Many studies have documented that 

water calcium can be easily used by the body:  In an evaluation of calcium ingested from water 

and hip bone mineral density in French women aged 75 years or older, an increase in calcium of 

100 mg/day from drinking-water was found to be associated with a 0.5% increase in femoral 

bone density); similar results were obtained in an experiment with mineral water in menopausal 

women in Italy; lower bone resorption and osteoporosis were observed in women after drinking 

calcium rich water. The already mentioned Spanish study found a lower incidence of fractures in 

small school children of the areas supplied with harder water. 

Yiming et al. 2001, conducted their research which aimed to investigate the exposure of fluoride 

in drinking water and the prevalence of bone fracture in six rural areas of china, a total of 8,266 

male and female over 50 years of age were divided into 6 groups by the fluoride concentrations 

in drinking water, The prevalence of bone fracture and water fluoride level appeared a U-shaped 

relationship, the highest prevalence of hip fracture was in the group with higher water fluoride 

(4.32-7.97 mg/L) exposure.   

Qiu et al., 2015 conducted their research which aimed to elucidate the skeletal effects of multi-

generational bottled water drinking in female rats, their main finding showed that long-term 

drinking of low mineral water may disturb bone metabolism and biochemical properties and 

therefore weaken biomechanical bone properties in females. Drinking tap water, which contains 

adequate minerals, was found to be better for bone health.  

Dahl 2013, recently reported that drinking water with a pH <7.0 increased the risk of forearm 

fractures in a population-based cohort from Norway compared with municipal drinking water 

with a pH ≥7.0. 
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Brennan et al., 2015 conducted their research which aimed to investigate sex- and age-specific 

associations between income and fractures at the hip, humerus, spine and forearm in adults aged ≥ 50 

years.  Their main finding showed that men with the highest income compared with men with the lowest 

income had an increased fracture risk at all skeletal sites. These associations were attenuated in women. 

For men, these effect sizes seem large enough to warrant public health concern. 

Navarro et al., 2013 conducted their research which aimed to evaluate the associations between 

poverty, bone density, fragility fractures and metabolic syndrome in a population of southern 

European postmenopausal women. Also, to assess the potential role of Vitamin D and 

parathyroid hormone (PTH) levels in these associations. Their main finding revealed that Low 

socio-economic status was associated with 25-OHD insufficiency, higher values of PTH, higher 

body weight and body mass index (BMI), lower values of BMD at the lumbar spine and a higher 

prevalence of fragility fractures, both vertebral and non-vertebral.  Poverty was also associated 

with higher prevalence of metabolic syndrome, but this association was driven mainly by the 

higher BMI and not by poverty itself.  Both Vitamin D insufficiency and elevated PTH were 

consistently related to poverty and osteoporotic fractures. Poor postmenopausal women in 

southern Europe have a high prevalence of metabolic syndrome and osteoporotic fractures. 

Poverty was associated with higher BMI and metabolic syndrome on the one hand and, on the 

other, with 25OHD insufficiency, higher PTH levels and osteoporosis. 25OHD insufficiency 

and/or secondary hyperparathyroidism do not have a significant influence on the presence of 

metabolic syndrome in this population. 

Brennan et al., 2013 conducted their research which aimed to examine associations between 

income and bone mineral density (BMD) in 51,327 women aged ≥50 years from Manitoba, 

Canada. Their main finding revealed that lower income was associated with lower BMD, 

independent of clinical risk factors.  

Pluskiewicz et al., 2014 conducted their research which aimed to study the influence of 

education, marital status, occupation, and the place of living (residence) on skeletal status, 

fracture prevalence, and the course and effectiveness of osteoporotic therapy. The multivariate 

model allowed us to verify that only place of living and type of occupation had a significant 
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influence on densitometry results.  They concluded that the results of the epidemiological study 

demonstrate that both skeletal status and use of anti-osteoporotic medications were partially 

modified by analyzed social factors, whereas fracture prevalence was generally independent 

from those factors. These data suggest that education, marital status, place of living, and type of 

occupation may have impacts on implementation of osteoporosis-preventing health programs. 

 Ong et al., 2015 conducted their research which aimed to understand the relationship between 

socioeconomic status (SES), fractures in those that attend an outpatient fracture clinic and a 

diagnosis of osteoporosis.  The result reported that there is no relationship between SES, fracture 

types and a diagnosis of osteoporosis in those that present to the fracture clinic.  SES should not 

be used to risk stratify patients for further bone health management after fractures. Those living 

in the most deprived areas are less likely to attend their bone density scan and efforts need to be 

made to improve attendance in this group. 

 Lyles et al., 2014 they conducted a cross-sectional study of adults aged 50 or older in 2007–

2008 NHANES, examining two predictors of SES: income and food insecurity, their main 

finding showed there was a higher risk of osteoporosis in low-income (OR; 95% CI: 1.90;1.07–

3.37) and food-insecure populations (3.48;1.43–8.48).  There was a stronger association with 

food insecurity among women (4.91;2.40–10.0) than men (0.46;0.07–3.01), so Income and food 

insecurity may have significant implications not just for immediate nutritional outcomes, but also 

for conditions such as osteoporosis that develop over the lifespan. 

Etemadifar et al., 2013 they conducted their research which aimed to assess possible 

relationships of knowledge and related factors with educational level and osteoporosis related 

life habits.   The sample collection was done in outpatient clinics in three university hospitals in 

Isfahan, Iran, they evaluated osteoporosis-related life habits, including exercise, smoking and 

intake of calcium and vitamin D supplements and so on. They used the Osteoporosis Knowledge 

Assessment Tool to measure osteoporosis knowledge of women.  They concluded that Iranian 

women with a higher education level have significantly better knowledge about osteoporosis 

than women with a lower educational level but they do not use this knowledge in their life.  

http://www.sciencedirect.com/science/article/pii/S0020138314004860
https://muse.jhu.edu/results?section1=author&search1=Courtney%20R.%20Lyles
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Mesa et al., 2014 they conducted their research to evaluate the associations of maternal smoking 

during pregnancy with offspring bone health at 18 years old, and the role of birth weight and 

contemporaneous height, weight and body mass index (BMI) in this association.  Their main 

finding revealed that each additional cigarette smoked during pregnancy was associated with a 

lower BMC by −4.20 g in males (95% CI −8.37; −0.05), but not in females [−2.22 g (95% CI 

−5.49; 1.04)]; weaker inverse associations were observed for BMD.   This inverse association 

was explained by the influence of maternal smoking on birth weight and contemporaneous 

anthropometry, particularly height.  A 1 kg higher birth weight was associated with a higher 

BMC by around 144 g in males and by around 186 g in females, and also with a higher BMD by 

around 0.019 g/cm2 in males and by around 0.018 g/cm2 in females, respectively. 

Aker et al., 2013 they conducted their research which aimed to assess the 10-year probability of 

MOF and HF among a selected sample of Palestinian people.  A sample of 100 subjects was 

studied, Dual energy X-ray absorptiometry was performed to measure bone mineral density 

(BMD) which was then inserted into FRAX Palestine online WHO tool to calculate the 10-year 

probability of MOF and HF.  The median age of participants was 61.5 years and the majority 

(79%) were females. About one fifth of the sample (21%) had vertebral osteoporosis and 5% had 

hip osteoporosis. The median (interquartile range) 10-year probability of MOF and HF based on 

BMD were 3.7 (2.43-6.18%), and 0.30 (0.10-0.68%) respectively. 

A recent survey conducted in Lebanon to determine risk factors for osteoporosis in the Lebanese 

female population found that back pain, low physical activity, family history of osteoporosis or 

HF, loss of height, early menopause, heavy smoking (>20 cigarettes per day), thin and small 

build, history of rheumatoid or thyroid disease, previous administration of corticosteroids and 

chronic alcohol consumption were associated with increased MOF (HKHM, 2000). 

Akpoborie et al., 2012 conducted their research in Warri, Nigeria, they have been screened five 

brands of popular packaged water produced for coliform, physical and selected chemical 

characteristics, including cadmium, chromium and lead for the objective of determining 

potability using appropriate methods, Sachets and bottled water samples were collected from 

production plants, wholesale outlets and street hawkers.  The main finding showed that the 
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prolonged consumption of demineralized water has been shown from elsewhere to result in 

micronutrient deficiencies, especially in calcium and magnesium that have been associated with 

high incidence of ailments including, dieresis, hypertension and coronary heart disease among 

others.  

Bischoff-Ferrari et al., 2011 conducted their research to assess the association of milk intake with 

risk of hip fracture based on a meta-analysis of cohort studies in middle-aged or older men and 

women.  Their main finding revealed that in their meta-analysis of cohort studies, there was no 

overall association between milk intake and hip fracture risk in women but that more data are 

needed in men. 

Lee et al., 2013, conducted their research, they analyzed data from the Korea National Health 

and Nutrition Examination Survey (KNHANES) 2008 to 2010. The incidence of osteoporosis 

and its related fractures are expected to increase significantly in the rapidly aging Korean 

population.  The adjusted prevalence of osteoporosis was 7.8% in men versus 37.0% in women. 

No significant difference was observed in the prevalence of osteopenia between genders (men, 

47.0%; women, 48.7%).  The prevalence of osteoporosis in men in their 50s was 4.0%, in their 

60s was 7.2%, in their 70s was 15.1%, and in their 80s was 26.7%.  The onset age of 

osteoporosis differed between genders. Osteoporosis in the femoral neck began at 55 years in the 

women and at 60 years in the men.  The prevalence of osteoporosis in Korea was significantly 

high. In addition, the age-related changes in the prevalence of osteoporosis differed according to 

gender and skeletal site. 

On the other hand, the effect of high calcium on the risk of osteoporotic fractures in the absence 

of vitamin D is under debate, and may depend on the fracture site Calcium is needed not only for 

bone growth but also for muscles and nerves to function properly. If calcium is in short supply, 

the body will take the calcium from the bones (Carmona, 2004). 

The quality of water whether used for drinking, domestic purposes, food production or 

recreational purposes has an important impact on health. Water of poor quality can cause disease 

outbreaks and it can contribute to background rates of disease manifesting themselves on 
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different time scales. Initiatives to manage the safety of water do not only support public health, 

but often promote socioeconomic development as well (WHO, 2013). 

Dahl et al., 2015 conducted their research which aimed to investigate the association between 

calcium in drinking water and hip fracture and whether other water minerals modified this 

association within Norway, their main finding showed that there was an inverse association 

between calcium in drinking water and hip fracture risk in men, a low calcium in drinking water, 

a high level was associated with a 15% lower hip fracture risk in men.  The association was 

stronger when the copper concentration in the water was high.   

Dahl et al., 2013 conducted their research which aimed to investigate the variation of hip fracture 

incidence and degree of urbanization, this variation may reflect a difference in underlying 

environmental factors, perhaps variations in the concentration of calcium and magnesium in 

municipal drinking water.  The highest tertile of urbanization degree (city), compared to the 

lowest (rural), was related to a 23 and 24% increase in hip fracture risk in men and women, 

respectively.  

Over the past decade, the consumption of bottled water has increased consistently because of the 

perceived risks of tap water, the perceived safety of bottled water, the preferred taste and the 

convenience of drinking bottled water.  

There are different types of bottled water: purified water, artificial mineralized water, spring 

water and sparkling water. 

 Purified water has very low total hardness (TH) and total dissolved solids (TDS) because it is 

produced by distillation, deionization, reverse osmosis, or other suitable processes (IBWA).  To 

increase the total hardness and improve the taste of bottled purified water, producers add some 

minerals to bottled purified water, which is sold in markets as bottled artificial mineralized 

water. Another highly consumed bottled water is natural water, which is minimally processed 

water that usually maintains the characteristics of the water source (IBWA). Because bottled 

water has become a main type of drinking water, second only to tap water, bottled water’s health 
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impacts need to be assessed. However, there are few reports about the multi-generational long-

term health effects of these types of water in human and animal. 

The effect of water total hardness on cardiovascular disease, alcoholic liver disease and the bone 

were reported. Total hardness primarily includes Ca+2 and Mg+2, while Sr+2, Fe+2 and Mn+2 also 

usually contribute to an insignificant degree.  Bone is the main reservoir for minerals and plays 

an important role in regulating mineral homeostasis. Bicarbonate and magnesium from drinking 

water could affect bone health by lowering bone resorption. The lack of calcium induces a 

deficiency in the bone reservoirs resulting in bone brittleness and an increased risk of fractures 

(osteoporosis). Increased bone mineral density and reduced urinary calcium excretion were 

observed following the administration of potassium citrate. High sodium intake is associated 

with high calcium excretion, and causes reduction in the activity of biomarkers of bone 

formation and resorption, and higher rate of bone mineral loss in postmenopausal women. The 

acid-base conditions in the body can also influence mineral homeostasis.  And one study showed 

that drinking lower pH water increased the risk of forearm fractures. Two other studies revealed 

that natural mineral water represents a substantial alkaline load and may influence calcium 

homeostasis and bone remodeling. 

Although the influence of water hardness, TDS, mineral elements and pH on bone health have 

been reported individually, no experimental studies have assessed the effects of drinking bottled 

low mineral water, for which all these parameters are low, on bone health.  And in term of the 

effects of drinking water on human health mostly need long term observation, the aim of the 

current study was to observe the effect of multi-generational drinking bottled low mineral water 

on bone health of female which being charged by pregnancies, lactations and menopause during 

their lifetime, were susceptible on bone loss, in order to understand and the potential hazard 

effects of low mineral water on sensitive populations. 
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Chapter three 

 Methodology 

 
 

3.1 Research design: 

A descriptive, analytical, case-control study was conducted among adults in Gaza Strip 

Governorate.  This design was selected, because it is practical, relatively simple, requires few 

subjects and logistics, easy and less expensive (Levin, 2006).  This research followed the 

descriptive method to achieve the desired purposes and can study such a subject by providing 

accurate information.  A case-control study is designed to help determine if an exposure is 

associated with an outcome.  In theory, the case-control study can be described simply. First, 

identify the cases (a group known to have the outcome) and the controls (a group known to be 

free of the outcome).  Then, look back in time to learn which subjects in each group had the 

exposure (s), comparing the frequency of the exposure in the case group to the control group. 

3.1.1  Case-control design: 

This is a case-control study to explore the risk factors that help in increasing prevalence of 

osteoporosis in Gaza strip.  In this study face to face interviews were performed.  

3.1.1.1  Inclusion criteria  

A:  Case: A group known to have osteoporosis (DEXA t-score ≤ -2.5) 

We selected the participants as a case who has following criteria:  

- Adult males or females who were diagnosed as osteoporosis by DEXA. 

- They aged from 20 - 50 years old. 

- They live in Gaza Strip Governorate. 

B:  Control: A group were known to be clinically free from osteoporosis (DEXA t-score 

above -1). 
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3.1.1.2 Exclusion criteria (for cases and controls) 

• Subjects who suffered from chronic disease such as cancer, asthma and crohn's disease.  

• Post menopause women 

• Irregular menstruation 

• Estrogen disorders 

• Patients with liver diseases 

• Patients with renal insufficiency 

• Patients with hemophilia. 

3.2  Study population 

The target population in this study consisted of adult males and females who were complaining 

of osteoporosis disease in Gaza Strip Governorates aged from 20 - 50 years. 

3.3   Setting of the study 

The study was conducted at Palestinian-German Diagnostic Center in Gaza city which is the 

largest and only specialize diagnostic center in Gaza Strip.  The adult client who done DEXA 

scan in the center within the research criteria were the focus of our study. 

3.4 Sampling method 

Purposive sampling, one of the most common sampling strategies, groups participants according 

to preselected criteria relevant to a particular research question. All newly diagnosed 

Osteoporosis patients, aged between 20-50 years, and visited the Palestinian-German 

Diagnostic center during six consecutive months in this specialized center. Control subjects 

were the same number of adult males and females who were free from Osteoporosis according to 

the DEXA scan report, they were chosen by accidental non-probability sampling method. 

3.5  Sample size 

Purposive sampling, one of the most common sampling strategies, groups participants according 

to preselected criteria relevant to a particular research, all diagnosed as osteoporosis patients, 

aged between 20-50 years.  The number of the sample size was calculated using Epi info 7 
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epidemiologic software. The required sample size was 138 participant at 95 % confidence 

interval and 80% power, case to control ratio of 1:1. 

Control subjects were adult males and females who were free from osteoporosis according to the 

DEXA report.  According to the eligibility criteria, the actual total sample size was 206 subjects 

(104 cases and 102 controls).  Five cases (four female and one male) refused to participate in the 

study. These cases were replaced in the following month. The response rate of cases was 96.5%. 

There were 17 cases were excluded from the research (13 were old age, two have tumor and two 

have irregular menstruation).  This research study consisted of case-control design using face to 

face interview (questionnaire).  The main axes in the questionnaire were around drinking water 

sources, water usage and life style and health behaviors.  Additionally, drinking water sampling 

from the target group was taken and analyzed.  

 

 

Fig. (3.1) The distribution of study population in the Gaza Strip 
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3.6  Data Collection: Before starting the data collection, approval was received from all 

participants, Pilot testing was done prior to the start of the main study.  Pilot study was 

conducted in the latest ten days of January, 2016.  The aim of the pilot study was to check the 

reliability and validity of the questionnaire as well as to evaluate the possible outcome.  We also 

wanted to have an idea of the obstacles we were going to face during the data collection, such as 

the accessibility of the participants, in order to minimize the non-response rate in the main study.  

The pilot study was done on 20 participants (10 cases and 10 controls), representing 10% of the 

main study.  The pilot study was conducted in the Gaza governorate, because it is the biggest 

governorate and the most representative for the sample (including refugees, non-refugees, low 

and high socioeconomic level).  The researcher carried out the pilot study during ten days.  

According to the results of our pilot study, some questions of our questionnaire were formulated 

more accurately. We also added 7 new questions which yielded important supplementary 

information for our study, such as the weight, length, family number, age at first delivery and life 

style related questions.  The data collection for the main study lasted from the first of February, 

2016 to the end of July, 2016.  Data was collected by the researcher herself.  The tools used for 

data collection were interview questionnaire, DEXA evaluation, GPS and water analysis. 

3.6.1  Interview questionnaire  

Face to face interviews for all cases and controls were carried out by the researcher herself. All 

of the questions included in the questionnaire were closed end questions. In addition to the 

attached explanatory form, the interviewer answered all questions and inquires that were asked 

by the subjects and explained to each participant the importance, aim and purpose of the study. 

The questionnaire consisted of the following five parts: 

• Demographic and socio-economic status  

This part included information about age, address, marital status, educational level, 

occupation, monthly income and so on. 

• Therapeutic and medical history  

This part included information about family osteoporosis history, personal chronic 

diseases history and chronic drugs uses history. 

• Lifestyle of the subjects 
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This part was divided into three sections. The first section included data about smoking. 

The second one included questions about physical activity. The third section included a 

food frequency questionnaire, which was used to cover the most common foods that may 

have a negative or positive relation with osteoporosis formation such as milk, fruits and 

vegetables, tea, coca cola, coffee, etc.   

3.6.2 Anthropometric measurements of subjects  

This part included information about of each height and weight.  Standard techniques were 

adopted for obtaining anthropometric measurements for each case and control. 

3.6.3 Water analysis   

The water samples were collected from the drinking water of a participants, the volumes we used 

in this experiment are (500 ml).  The samples analyses for PH, EC, hardness, Ca, Mg, F and Na 

were made at the Sabha clinical center in the (MOH). The MOH laboratory procedures which 

used for water samples analysis follow the American Standard Methods for the Examination of 

Water and Wastewater (APHA, standard method analysis 20th edition, 1999). 

3.6.3.1 PH 

 The value pH is measured on a scale that runs from 0 to 14. A measurement below 7 means acid 

is present and a measurement above 7 is basic. 

3.6.3.2  Electrical conductivity (EC) 

 Electrical conductivity in water is affected by the presence of inorganic dissolved solids. Before 

reading the conductivity of water sample the temperature was adjusted at 25° degrees Celsius 

then the conductivity reading was recorded and its unit which used in this thesis is (μs/cm). 

3.6.3.3  Total dissolved solids (TDS) 

TDS stands for total dissolved solids, and represents the total concentration of dissolved 

substances in water. TDS concentrations during this study were calculated by calculation and the 

equation used is given as following: 

TDS (mg/l) = 0.62 x EC. 
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3.6.3.4   Hardness 

EDTA titration method was used to measure total hardness in water samples. 25-50 ml of the 

sample was taken. 1-2 ml buffer was added to give a pH of 10.0-10.1. Then 1-2 drops of 

indicator solution was added and titrated with EDTA titrant which changing color from reddish 

tinge to blue. A sample volume that requires less than 15 mL EDTA titrant was selected and 

titration was completed within 5 min after buffer addition. The EDTA titrant should be first 

standardized against standard calcium solution. The values of hardness were calculated using the 

following equation: 

Total Hardness (EDTA), mg CaCO3 /L = A x B x
1000

ml sample
 

where: A = ml EDTA titrated for sample 

B = mg CaCO3 equivalent to 1.00 ml EDTA titrant. 

3.6.3.5   Calcium 

Calcium occurs in water naturally. Calcium is an important determinant of water hardness, and it 

also functions as a pH stabilizer, because of its buffering qualities. Calcium also gives water a 

better taste.  For measuring calcium concentration in water EDTA titration method was used 

(APHA, 1999). The equation used for calcium level calculation is given as bellow: 

mg Ca / L =A x B x 400.8/ mL sample          

where: 

A = mL titrant for sample 

B = mL of standard calcium solution taken for titration/ mL EDTA titrant. 

3.6.3.6   Magnesium 

Magnesium is the eighth most abundant natural element.  It makes up 2.5 percent of the Earth's 

crust and is commonly found in such minerals as magnesite, dolomite, olivine, serpentine and 

talc. (WHO, 2008).  (The level of magnesium in water was calculated using the following 

equation: 

mg Mg/L = [total hardness − calcium hardness (as mg CaCO3/L)] × 0.243  
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3.6.3.7   Fluoride 

The method used during this study to measure fluoride concentration in the water samples is 

called SPANDS Spectrophotometric.  In this procedure the fluoride reacts with certain zirconium 

dyes to form a colorless complex and another dye. Then the dye becomes progressively lighter as 

fluoride concentration increases. The produced absorbance is measured at 570 nm. The 

calibration curve using absorbance values for known standards is prepared. Finally fluoride 

values for the samples were recorded. The details of this method may be found in APHA (1999). 

Ultraviolet spectrophotometer (company: labomed– model: spectro uv. - vis.auto2602) was used 

to determine fluoride in the water samples.  

3.7  Content validity of the questionnaire 

Content validity was conducted before data collection by submitting the questionnaire, the title 

and the objectives of the study to a panel of experts including researchers, health professionals 

and experts in water quality. They evaluated relevance, clarity and completeness of each item as 

well as the suitability of the tool for measuring the study objectives. According to the feedback 

obtained, the questionnaire was modified. Further items were added according to the issues 

raised during the proposal discussion and the final modification was made after the pilot study. 

3.8 Data analysis 

Data analysis was performed using SPSS (1968) (Hong Kong Headquarters, 2009), version 23. 

Descriptive statistics (Frequencies and cross tabulation) were used to describe the main features 

of the data and to study the firsthand relationship between the variables.  The relationship 

between risk factors and osteoporosis disease were identified statistically by using chi-square.  

Logistic regression (for binary outcome) was used to assess the association between independent 

factors and dichotomous dependent variable (osteoporosis or not osteoporosis).  The odds ratio 

(OR) was calculated for the most variables. A significant result means that the P-value for the 

ordinal level measure is less than 0.05 and the confidence interval (CI) is 95%.  For the statistical 

analysis of our data, several applications of descriptive and inferential analysis were used.  To 
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investigate the change of water quality (minerals), we used the GIS arc map to illustrate the 

distribution of water quality also to predict the distribution of the water minerals in Gaza strip.  

3.9  Research Ethical and administrative consideration 

The study respected the ethical principles of health researches.  

• The researcher obtained formal letters of approval from Faculty of Water and 

Environment graduate committee of Al-Azhar University – Gaza.   

• Another official approval letter from Helsinki committee was obtained to conduct the 

study and to make the necessary analysis.  

• Also, the researcher obtained an administrative approval for the study from the 

Ministry of Health.  

• Moreover, a consent form was obtained from each subject involved in the study after 

showing them an explanatory letter that includes information about the researcher, the 

purpose of the study and the tests and measurements of the study. It also includes a 

clear invitation to each respondent in the study, statement about the right to refuse 

answering any question given in the questionnaire and confidentiality of the 

information that will be given to the research team. 

3.10 Limitation of the study 

The researcher faced many obstacles before the initiation of the study and considered the 

following points as limitations were faced during conducting the study: 

• Limited scientific resources such as reports, books and journals. 

• Lack of fund, high cost of water tests and other materials that were used in the study. 

• The frequent electricity cutoff. 

• Limitation of time. 

• The difficulty of the patient’s address; some patients live at the buffer zone; 

• Difficulty of the data sources.  

It was difficult to obtain suitable controls, who were eligible to participate in the study 

and meet the selected criteria as they should undergo DEXA. 
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Chapter Four 

Results and Discussion 

4. Results 

 

4.1 Demographic and socio-economic characteristics  

The finding of this study highlights distribution of the study population by residential area, 

gender, age, parity, educational level, occupational status and monthly income, which considered 

as the main demographic and socioeconomic factors that may associated with osteoporosis. 

4.1.1 Residential area 

The highest percentage of cases was from Gaza City, followed by Mid Zone, Khanyounes, 

Rafah, North governorate respectively. The same percentages for controls were also selected 

(figure 4.1). 

 

Fig. (4.1) Distribution of the study population by residential area 

 

  

3.9

50

23.5

8.8
13.7

1.9

52.9

21.2 20.2

3.8

0

10

20

30

40

50

60

70

80

90

100

North Gaza Mid Zone Khanyounes Rafah

Case Control



 

35 
 

4.1.2 Gender  

The majority of the participants were females, which constituted 81.6% (53.6% cases and 46.4%) 

control and male constituted 18.4% of total participants (36.8% cases and 63.2% male) (Fig. 4.2) 

 

Fig. (4.2) Distribution of the study population by gender 

4.1.3  Age 

The mean age of the participants was 42.04 (± 9.28) years for cases and 41.00 (± 7.97) years for 

controls.  The age of population ranged from 23 to 50 years and were divided into three groups.  The 

highest percentage among cases was noticed among the age group 41-50 years followed by the age 

group 31-40 years.  The lowest percentage was recorded in the age group 23-30 years (figure 4.3).   

 

 

 

Fig. (4.3) Distribution of the study population by age groups 
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Table (4.1) Demographic and socio-economic characteristics of the study population 

Item 
Frequency 

Chi-square OR P-value 
cases % controls % 

Gender 

Male 14 13.5 24 23.5 

3.45 1.98 0.046* Female 90 86.5 78 76.5 

Total 104 100 102 100 

Age 

23-30 15 14.4 12 11.8 

3.25 1.12 0.196 
31-40 23 22.1 34 33.3 

41-50 66 63.5 56 54.9 

Total 104 100 102 100 

Residency  

City 61 58.7 81 79.4 

10.98 0.226 0.004* 
Camp 33 31.7 18 17.6 

Village 10 9.6 3 2.9 

Total 104 100 102 100 

House type 

Asbestos 6 5.8 3 2.9 

1.18 0.557 0.55 

Cement 96 92.3 96 94.1 

Metal sheet 2 1.9 3 2.9 

Total 104 100 102 100 

Marital status  

Single 21 20.2 14 13.7 

1.53 1.59 0.15 Married 83 79.8 88 86.3 

Total 104 100 102 100 

Educational level 

Less than secondary 23 22.1 26 25.5 

0.35 1.071 0.84 
Secondary 33 31.7 30 29.4 

Diploma and above  48 46.2 46 45.1 

Total 104 100 102 100 

Occupational status 

 Employed  37 35.6 36 35.3 

0.002 1.01 0.54  Unemployed 67 64.4 66 64.7 

Total 104 100 102 100 
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Monthly income in NIS 

≤ 1800 56 53.8 53 52 

0.07 0.93 0.45 > 1800 48 46.2 49 48 

Total 104 100 102 100 

Female marital status 

Married 77 85.6 72 92.3 

1.89 2.03 0.13 Non-married  13 14.4 6 7.7 

Total 90 100 78 100 
 

P-value: P- value of chi-square test (χ 2), P-value > 0.05: Statistically insignificant, *: P-value < 0.05 (Statistically 

Significant), OR: odds ratio. 

4.1.4  Residency 

Regarding to residency, study population classified into three groups as shown in the table (4.1). 

79.4% of controls versus (Vs.) 58.7% of the case were lived in city, while 31.7% of the cases Vs. 

17.6% of the controls were live in camp and 9.6% of the cases Vs. 2.9% were live in village.  The 

finding also observed a significant association (P < 0.004) between osteoporosis and residency. 

4.1.5  House type 

Regarding to house type, study population classified into three groups as shown in the table (4.1). 

2.9% of controls Vs. 5.8% of the case were lived in asbestos house, while 92.3% of the cases Vs. 

94.1% of the controls were live in cement houses and 1.9% of the cases Vs. 2.9% were live in metal 

sheet.  The finding also observed no significant association (P < 0.55) between osteoporosis and 

house type. 

4.2  Marital status 

Regarding the marital status, the married participants were 79.8% among cases compared to 86.3% 

among controls. The risk of having osteoporosis among married participants was 1.6 times higher 

than among non-married participants [OR = 1.59 with 95% CI (0.76-3.33)].  According to female 

marital status, the married female participants were 51.5% among cases compared to 48.5% among 

controls.  
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4.3  Educational level    

The above table illustrates that, 22.1% of cases Vs. 25.5% controls less than secondary (low 

educational level).  The results reflected not statistically significant association between 

osteoporosis and low educational level (P < 0.84). 

4.4  Occupational status  

Regarding to the occupation status, the unemployed participants were 64.4% among the cases 

compared to 64.7% among the controls.  The finding also showed unemployed participants were 

1.01 times more likely to have osteoporosis than employed participants [OR = 1.01 with 95% CI 

(0.57-1.79)].  This reflected not statistically significant association between unemployment and the 

occurrence of osteoporosis (P = 0.54). 

4.5  Family members 

The mean (± SD) of family members of the participants was 7.5 (± 2.96). According to the mean, 

the participants were classified into two groups. The results showed that, 37.2% of the cases Vs. 

33.7% of the controls were members of families that consisted of more than eight members.  There 

was no a statistically significant association between high family members and the development of 

osteoporosis (P = 0.37). 

4.6  Monthly income  

The above table also reveals that, 53.8% of the cases Vs. 52% of the controls had monthly income 

less than 1800 New Israeli Shekel (NIS). There was no a statistically significant association between 

low monthly income and development of osteoporosis (P = 0.448). 
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Table (4.2) Life style characteristics of the study population 

 

P-value: P- value of chi-square test (χ 2), P-value > 0.05: Statistically insignificant, *: P-value < 0.05 (Statistically 

Significant), OR: odds ratio.  

4.7 Life style: 

The risk for osteoporosis concerning unhealthy life style, the person who practice unhealthy life 

style are at risk four time to osteoporosis more than persons who practice healthy life style but this 

trend had not statistical significant (p= 0.071), (OR= 4.1).  

4.7.1  Physical activity 

Regarding to physical activity, study population classified into four groups.  Only 47.1% of controls 

Vs. 63.5% of the case were physically inactive, while 9.6% of the cases Vs. 9.8% of the controls 

Item 
Frequency   

Chi-square OR P-value 
Cases % Controls % 

Physical activity 

Yes 38 36.5 54 52.9 

5.61 0.51 0.013* No 66 63.5 48 47.1 

Total 104 100 102 100 

Current smoking 

No 97 93.3 95 93.1 

0.001 0.98 0.59 Yes 7 6.7 7 6.9 

Total 104 100 102 100 

Current smoking for male only 

No 11 78.6 17 70.8 

0.27 0.66 0.45 Yes 3 21.4 7 29.2 

Total 14 100 24 100 

Passive smoking 

No 55 52.9 43 42.2 

2.38 0.65 0.08 Yes 49 47.1 59 57.8 

Total 104 100 102 100 

BMI 

Normal and 

over weight 
67 64.4 62 60.8 

0.291 0.856 0.346 
Obese 37 35.6 40 39.2 

Total 104 100 102 100 
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were moderately inactive. Moreover, 7.7% of the case Vs. 12.7% of the controls were moderately 

active and 19.2% of the cases Vs. 30.4% were physically active. The finding also observed an 

inverse significant association (P < 0.05) between osteoporosis and physically active lifestyle.  

 

 

 

 

 

 

 

Fig. (4.4) Distribution of Physical activity of participants 
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positive but not statistically significant association between current smoking and the osteoporosis (P 

= 0.59). 

4.7.2.1  Current smoking for males   

The findings also showed that, 21.4% of the male cases were found to be smokers compared to 
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higher than among non-smoker male participants [OR = 0.66 with 95% CI (0.140-3.12)]. Moreover, 

there was a positive but not statistically significant association between current smoking and 

osteoporosis among males (P = 0.45).  
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0.649 with 95% CI (0.375-1.13)]. The result also showed no statistical significance association 

between passive smoking and osteoporosis (P = 0.080). This means that there was an increasing risk 

to the occurrence of osteoporosis among people exposed to passive smoking. 

4.7.2.3 Body mass index  

According to the Centers for Disease Control and Prevention (CDC) criteria, the standard weight 

status categories associated with BMI ranges for adults are underweight when BMI < 18.5, normal 

when BMI range between 18.5- 24.9, overweight when BMI range between 25-29.9 and obese 

when BMI range ≥ 30 (CDC, 2009). Table (4.2) reveals that participants were classified into two 

groups according to BMI. The results showed that 35.6% of the cases Vs. 39.2% of the controls 

were obese. The risk of having osteoporosis among participants who were obese were 0.85 times 

higher than among participants who were normal or overweight [OR = 0.856 with 95% CI (0.48 - 

1.50)].  There was no significant association between obesity and the development of osteoporosis 

(P = 0.346). 

4.7.2.4 Dietary habits (Daily intake) 

4.7.2.4.1 Unhealthy food: 

There was no statistically significant association between consumption of negative food (Tea, cola, 

Salty food, coffee and sugar) and occurrence of osteoporosis (P = 0.128).  

4.7.2.4.2 Healthy food: 

There was no statistically significant association between consumption of positive food (milk and 

dairy products, eggs, meat, chickens, fish, Legumes, vegetables, Fruits, Grains and starches, Candy, 

fruit juice, Vegetable oils, Animal and margarines, Fried food, bread, Nuts) and occurrence of 

osteoporosis (P = 0.393). 
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4.8 Reproductive status  

Table (4.3) Reproductive status of the study population 
 

 

 

 P-value: P- value of chi-square test (χ 2), P-value > 0.05: Statistically insignificant, *: P-value < 0.05 (Statistically 

Significant), OR: odds ratio.  

Regarding the female pregnancy status, 97.4% of the married female cases were pregnant before 

(gravid) compared to 97.2% of the married female controls.  There is no statistically significant 

association between osteoporosis and pregnancy (P = 0.66). 

4.8.1 Number of pregnancies   

According to table (4.3), the mean of the number of pregnancies was 5.9 (± 2.97).   According to the 

mean, the females were classified into two groups. The findings showed that married female cases 

presented 53.5% of the female who were pregnant more than 7 times before. The findings also 

showed that, female participants who were pregnant more than 7 times were 1.37 times more likely 

to have osteoporosis than who were pregnant ≤ 7 times [OR = 1.37 with 95% CI (2.28-15.04)].  This 

Item 
Frequency   

Chi-square OR P-value 
Cases % Controls % 

Female pregnancy status for married females 

Not pregnant before 2 2.6 2 2.8 

0.007 1.09 0.66 pregnant before 75 97.4 69 97.2 

Total 77 100 71 100 

Number of pregnancies 

Pregnancies ≤ 7 times 40 46.5 50 54.3 

1.09 1.37 0.19 Pregnancies > 7 times 46 53.5 42 45.7 

Total  86 100 92 100 

Family kind ship 

Relation 50 56.8 49 52.1 

0.4 0.83 0.31 No relation 38 43.2 45 47.9 

Total 88 100 94 100 

Family members 

≤8 members 54 62.8 61 66.3 

0.24 1.17 0.37 >8 members  32 37.2 31 33.7 

Total 86 100 92 100 
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reflects a positive and no statistically significant association between osteoporosis and number 

pregnancies (P = 0.19). 
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4.9 History of illness 

Table (4.4) History of illness of the study population 

Item 
Frequency 

Chi-square OR P-value 
Cases % Controls % 

Female suffering from health problems 

No Disease  13 12.5 41 40.2 

33.775 0.134 0.001* 

One disease 32 30.8 40 39.2 

Two diseases 33 31.7 10 9.8 

3 and more disease 26 25 11 10.8 

Total 104 100 102 100 

Male suffering from health problems 

No Disease  18 17.3 45 44.1 

28.601 0.143 0.001* 

One disease 42 40.4 44 43.1 

Two diseases 30 28.8 8 7.8 

3 and more disease 14 13.5 5 4.9 

Total 104 100 102 100 

Family history 

No 81 77.9 93 91.2 

6.934 2.93 0.007* Yes 23 22.1 9 8.8 

Total 104 100 102 100 

P-value: P- value of chi-square test (χ 2), P-value > 0.05: Statistically insignificant, *: P-value < 0.05 (Statistically 

Significant), OR: odds ratio.  

4.9.1 Female suffering from health Problems: 

Regarding to health problems, study population classified into four groups as shown in the (table 

4.4). 40.2% of controls Vs. 12.5% of the case were had no diseases, while 30.8% of the cases Vs. 

39.2% of the controls were had one disease, 31.7% of the cases Vs. 9.8% of the controls were had 

two diseases and 25% of the cases Vs. 10.8% control were had three and more disease.  The finding 

also observed a significant association (P < 0.001) between osteoporosis and female health 

problems.  

  4.9.2    Male suffering from health Problems 

Regarding to health problems, study population classified into four groups as shown in the (table 

4.4). 44.1% of controls Vs. 17.3% of the case were had no diseases, while 40.4% of the cases Vs. 
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43.1% of the controls were had one disease, 28.8% of the cases Vs. 7.8% of the controls were had 

two diseases and 13.5% of the cases Vs. 4.9% control were had three and more disease.  The finding 

also observed a significant association (P < 0.001) between osteoporosis and female health 

problems.  

4.9.3 Family history of osteoporosis disease 

Regarding to family history of osteoporosis, the findings reported a positive family history in 22.1% 

of the cases compared to 8.8% of the controls. The risk of having osteoporosis among participants 

who had a positive family history of osteoporosis was 2.9 times higher than among participants who 

hadn't [OR = 2.9 with 95% CI (1.28-6.70)]. The finding also showed a positive and statistically 

significant association between family history of osteoporosis and the occurrence of osteoporosis (P 

= 0.007). 

4.9.4 Chronic disease: 

After compute 7 chronic disease (Diabetes, Asthma, Hypertension, Cardiac disease, Renal disease, 

Thyroid disease, others) in a domain we did not find any statistical significant between this domain 

and occurrence of the osteoporosis (p = 0.397).  We found that there were a statistical significant for 

cortisone dosage and family history with osteoporosis respectively (p =0.003, p = 0.007).  

 

Expose to sun 
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4.10  Environmental Factors 

Table (4.5) Environmental factors of the study population 

P-value: P- value of chi-square test (χ 2), P-value > 0.05: Statistically insignificant, *: P-value < 0.05 (Statistically 

Significant), OR: odds ratio.  

 

4.10.1 Expose to sun 

No 22 21.2 14 13.7 

1.97 0.59 0.111 Yes 82 78.8 88 86.3 

Total 104 100 102 100 

Source of drinking water 

Municipals water 9 8.7 25 24.5 

9.4 3.4 0.002* Desalinated water 95 91.3 77 75.5 

Total 104 100 102 100 

Length of drinking water 

0-10 41 39.4 48 47.1 

1.22 1.366 0.17 11-16 63 60.6 54 52.9 

Total 104 100 102 100 

Quantity of daily drinking water 

Below 3 Liters 94 90.4 95 93.1 

0.597 1.02 0.74 
More than 3 liters 5 4.8 3 2.9 

Don’t know 5 4.8 4 3.9 

Total 104 100 102 100 

Cooking water 

Municipals water 9 8.7 25 24.5 

5.001 2.005 0.018* Desalinated water 95 91.3 77 75.5 

Total 104 100 102 100 

Validity of municipal water for drinking and food preparation 

No 83 79.8 84 82.4 

0.59 1.17 0.75 
Yes 12 11.5 12 11.8 

Don’t know 9 8.7 6 5.9 

Total 104 100 102 100 

Control of water salinity 

No 81 77.9 82 80.4 

0.196 1.16 0.39 Yes 23 23 20 19.6 

Total 104 100 102 100 
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The findings also showed that, 78.8% of cases were exposed to sun compared to 86.3% of controls. 

The risk of having osteoporosis among participants who not expose to sun was 0.59 times higher 

than among participants who expose to sun [OR = 0.59 with 95% CI (0.28-1.24)]. Moreover, there 

was a positive but not statistically significant association between expose to sun and osteoporosis (P 

= 0.11). 

4.10.2   Source of drinking water 

 According to above table, the cases who had drank a desalinated water were 91.3% Vs. 75.5% of 

the controls.  The risk of having osteoporosis among participants who drank desalinated water were 

3.4 times higher than among participants who drank municipals water [OR = 3.4 with 95% CI (1.51-

7.77)]. There was a positive and statistically significant association between drinking desalinated 

water and occurrence of osteoporosis (P = 0.002). 

4.10.3 Length of drinking water: 

The above table, also shows that the cases who had drank a desalinated water above 10 years were 

60.6% Vs. 52.9% of the controls. The risk of having osteoporosis among participants who drank 

desalinated water above 10 years were 1.4 times higher than among participants who drank 

desalinated water below than 10 years [OR = 1.36 with 95% CI (0.79-2.38)].  There was no 

statistically significant association between drinking desalinated water and occurrence of 

osteoporosis (P = 0.17). 

4.10.4 Quantity of daily drinking water  

As well, around 90.4% cases and 93.1% of control (who are not diseased with osteoporosis) drink 

below 3 liters per day, while 4.8 % cases and 2.9% control drink more than three liters per day and 

4.8% cases and 3.9% control don’t know the quantity of daily drinking water, and there were no 

significant differences in the quantity of daily drinking water according to case and control (P 

=0.74).  

4.10.5 Cooking water 

The above table, also shows that the cases who used a desalinated water for cooking were 91.3% Vs. 

75.5% of the controls. The risk of having osteoporosis among participants who used a desalinated 

water for cooking were twice times higher than among participants who used a desalinated water for 
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cooking [OR = 2.005 with 95% CI (1.08-3.70)]. There was statistically significant association 

between cooking by desalinated water and occurrence of osteoporosis (P = 0.018). 

4.11 Water analysis 

 

Table (4.6) Comparison of physicochemical water quality with WHO and PWA drinking water guidelines 

Parameters Minimum Maximum Median Average 
Standard 

deviation 
WHO PWA 

pH 4.23 9.90 6.52 6.60 0.86 6.5-8.5 6.5-8.5 

EC 31.00 1224.00 155 189.53 148.38 2250 2250 

TDS(mg/l) 11.00 759.00 95 115.66 91.56 1000 1500 

Ca 2+ (mg/l) 2.00 1461.00 2 
33.06 105.96 

100 100-200 

Mg 2+ (mg/l) .00 43.00 2 3.97 5.86 60 150 

F (mg/l) .00 22.00 0.1 3.75 3.23 1.5 1.5 

K + (mg/l) .10 .90 0.4 0.11 0.07 5 12 

Na + (mg/l) .00 26.00 24 1.00 2.14 200 200 

 

The above table show that the concentration of Ca, Mg and fluoride were below recommended 

WHO and PWA standards, the desalination of water lead to removal of salts and minerals from 

water and it  cause health consequences. 

  



 

49 
 

Table (4.7) Comparison of drinking water quality of the study population 

Items Case Control NO. Mean 
Std. 

Deviation 
t Sig. 

PH 
Control 102 6.4 0.5 

-.165 .869 
Case 104 6.4 0.5 

EC 
Control 102 175.0 131.1 

-1.392 .166 
Case 104 203.8 163.0 

TDS 
Control 102 108.5 81.2 

-1.391 .166 
Case 104 126.3 101.1 

Caco3 
Control 102 37.2 143.1 

.750 .454 
Case 103 26.2 43.3 

Ca 
Control 102 4.4 5.8 

.487 .627 
Case 103 3.9 8.5 

Mg 
Control 102 4.0 3.1 

1.200 .231 
Case 103 3.3 5.2 

F 
Control 102 0.1 0.1 

.296 .768 
Case 104 0.1 0.1 

K 
Control 80 0.6 0.9 

-.532 .595 
Case 90 0.7 1.2 

Na 
Control 101 25.3 19.3 

-1.622 .106 
Case 104 29.3 16.1 

The above table, shows that there are trend in Ca and Mg and no statistical significant differences 

between water analysis and osteoporosis because there were no presence of Ca and Mg in case and 

control generally.  The incidence of osteoporosis could be cause by socioeconomic and life style 

factors.  
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Table (4.8) Logistic Regression of risk factors of osteoporosis among study population 

Variables Wald P value P* value OR CI 

Gender 0.003 0.063 0.960 0.975 (0.958 - 4.086) 

Physical activity 

 

5.594 0.018 0.018 2.365 (0.293 - 0.893) 

Residency 8.102 0.001 0.017 0.226 - 

Family history 4.464 0.008 0.035 0.341 (1.28 – 6.70) 

Women health condition 4.199 0.001 0.241 0.134 - 

Men health condition 0.217 0.001 0.975 0.143 - 

Source of cooking water 1.850 0.025 0.174 0.561 (1.08 – 3.70) 

Source of drinking water 1.791 0.002 0.181 0.480 (1.51 – 7.77) 

PH 0.121 0.077 0.727 0.930  

Ca 0.285 0.116 0.593 1.020  

Mg 8.656 0.001 0.003 0.800  

 

P-value: P-value of logistic regression, P-value > 0.05: Statistically insignificant, *: P-value < 0.05(Statistically         

significant), OR:  adjusted odds ratio. 

4.12 Logistic Regression  

In table 4.8, all risk factors were entered together to model their association with osteoporosis 

among adults in Gaza Strip. When the variables were tested without adjustment to confounding 

factors, there was statistically significance association between osteoporosis occurrence and (gender, 

physical activity, residency, family history, source of drinking water, source of cooking water, 

female health condition and male health conditions, PH, Mg and Ca). After adjustment to each other 

in logistic regression, the significance association of (sex, female medical conditions, male medical 

conditions, source of drinking water, source of cooking water, PH and Ca) with osteoporosis was 

absent (P= 0.960, 0.241, 0.975, 0.181, 0.174, 0.727 and 0.593) respectively, Ca is still have a trend 

to be important in osteoporosis occurrence, but the significance association of (physical activity, 

residency, family history and Mg) with osteoporosis have remained (P = 0.018, 0.017, 0.035 and 

0.003) respectively.  
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  Discussion 

The current thesis provides some of the first insight into the field of drinking water quality and bone 

health in populations.  We studied socioeconomic, lifestyle and some biochemical determinants in 

relation to osteoporosis in lower risk of hip fracture was found in men and women with a higher 

drinking water concentration of magnesium.  

4.13 Demographic and socio-economic characteristics  

The findings of this study highlights gender, age, parity, educational level, occupational status and 

monthly income, which considered as the main demographic and socio-economic factors that may 

associated with osteoporosis. 

4.13.1 Demographic characteristics 

 The present study reported high prevalence of osteoporosis among females than males (86.5% vs. 

13.5%).  This finding observed in the present study coincides with majority of the studies that 

reported women at higher risk than men of developing osteoporosis.  Women are at greater risk of 

osteoporosis as they have smaller bones and hence lower total bone mass.  Additionally, women lose 

bone more quickly following the menopause, and typically live longer.  Osteoporosis is less 

common in men but is still a significant problem.  The rate of bone loss in men is less than that in 

women. In the Framingham osteoporosis study, percent bone loss for women was 0.86% to 1.21% at 

different sites and for men; 0.04 to 0.90 %.  In French women aged 75 years or older, an increase in 

calcium of 100 mg/day from drinking-water was found to be associated with a 0.5% increase in 

femoral bone density (Sengupta 2013); similar results were obtained in an experiment with mineral 

water in menopausal women in Italy (Qiu Zhiqun, et al., 2015); lower bone resorption and 

osteoporosis were observed in women after drinking calcium rich water (Guillemant, 2000).  The 

association between periodontitis and osteoporosis was significant among women (Tzu-Hsien, et al., 

2015). 

Iranian women with a higher education level have significantly better knowledge about osteoporosis 

than women with a lower educational level but they do not use this knowledge in their life 

(Etemadifar et al., 2013). 
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Prolonged breast-feeding may have a deleterious long-term effect on BMD and may contribute to 

increased risk of osteoporosis later in life (Tsvetova et al., 2014).  Extended breast-feeding period 

per child > 1 year is the highest risk factor for osteoporosis independent of first breast-feeding age. 

However, high parity has a protective effect (Okyaya, 2013). 

Regarding low monthly income, the finding of this study was consistent with the studies that 

reported no association between osteoporosis and socioeconomic status including monthly income 

measure (Brennan et al., 2015).  Both increasing income and higher educational level were associated 

with reduced risk of hip fracture (Harvey et al., 2015).  Income and food insecurity may have 

significant implications not just for immediate nutritional outcomes, but also for conditions such as 

osteoporosis that develop over the lifespan. (Lyles, 2014). 

4.13.2 Socio-economic characteristics 

Socioeconomic standing is associated with a constellation of habits, activities, dietary preferences, 

and exposures, some of which may be amenable to change.  This study highlights the influence of 

socio-economic determinants on osteoporosis. 

There were no statistically significance association between osteoporosis and low monthly income 

 Ong et al., 2014, reported that there is no relationship between SES, fracture types and a diagnosis 

of osteoporosis in those that present to the fracture clinic.   

4.13.2.1   Residency 

The study reported high prevalence of osteoporosis among cases were lived in city.  Type of 

residential area may influence incidence of osteoporosis.  Several studies report differences between 

urban and rural residence in the prevalence of osteoporosis, as Melton et al (1999).  Showed that 

overall fracture rates were 15% greater among residents in the central city of Rochester than in the 

rural portion of Olmsted County. 

Conversely, Filip and Zagorski (2001) reports no significant difference in mean bone mineral 

density (BMD) between urban and rural populations. Thus, the association between area of 

residence and osteoporosis still remains unclear. 

 

 

http://www.sciencedirect.com/science/article/pii/S0378512213003538
http://www.sciencedirect.com/science/article/pii/S0378512213003538
http://www.sciencedirect.com/science/article/pii/S037851221300008X
http://www.sciencedirect.com/science/article/pii/S037851221300008X
http://www.sciencedirect.com/science/article/pii/S0020138314004860
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4.13.3 Health behaviors 

Behavioral factors like dietary calcium intake, cigarette smoking, low level of physical activity and 

stress which are the main health behaviors that may affect osteoporosis (Y. Du L, et al. 2017). 

4.13.4 Smoking 

Smoking is known to cause change in 1, 25- dihydroxy Vitamin D and estrogen further exacerbating 

its negative effects on bone health (Angelo, 2012).  In addition, women who smoke have a greater 

risk of developing osteoporosis due to menopausal changes associated ageing (Gropper & Smith 

2013). However, cessation of smoking is known to partially reverse bone loss associated with 

smoking, and can provide many benefits to an individual’s overall health status (Angelo, 2012; 

Wong et al., 2007). 

4.13.5 Physical activity 

Regarding physical activity, the present study observed an inverse statistically significant 

association between occurrence of osteoporosis and increased physical activity when tested it 

separately using chi-square test.  A recent survey conducted in Lebanon to determine risk factors for 

osteoporosis in the Lebanese female population found that back pain, low physical activity, family 

history of osteoporosis or HF, loss of height, early menopause, heavy smoking (>20 cigarettes per 

day), thin and small build, history of rheumatoid or thyroid disease, previous administration of 

corticosteroids and chronic alcohol consumption were associated with increased MOF (HKHM, 

2000).  Physical activity increases bone accretion during growth, thus reducing the risk of 

osteoporosis (Boreham & McKay, 2011). 

4.13.6 Family history 

Prevalence of a positive history in sisters is similar to the prevalence reported for mothers. (Snelling, 

et al., 2000).  Due to the genetic contribution in bone, family history is a major risk factor of 

osteoporosis (Iqbal, 2000). 

 

4.13.7 Water 

A relatively high concentration of cadmium, lead, and aluminum measured in drinking water 

increased the risk of hip fractures, but the associations depended on gender, age, and urbanization 
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degree. This study could help in elucidating the complex effects on bone health by risk factors found 

in the environment (Dahl, 2014). 

When used for cooking, soft water was found to cause substantial losses of all essential elements 

from food (vegetables, meat, cereals). Such losses may reach up to 60 % for magnesium and 

calcium or even more for some other microelements (e.g., copper 66 %, manganese 70 %, cobalt 86 

%). In contrast, when hard water is used for cooking, the loss of these elements is much lower, and 

in some cases, an even higher calcium content was reported in food as a result of cooking.  Since 

most nutrients are ingested with food, the use of low-mineral water for cooking and processing food 

may cause a marked deficiency in total intake of some essential elements that was much higher than 

expected with the use of such water for drinking only (WHO, 2003).  Our study findings also agreed 

with Dahl, 2013 the risk of forearm fracture was found to be higher when the water was slightly 

acidic (pH<7).  

   4.13.8 Diet 

Food is the principal source of both calcium and magnesium.  Dairy products are the richest sources 

of dietary calcium, contributing over 50% of the total calcium in many diets. Some plant foods, 

including legumes, green leafy vegetables and broccoli, can also contribute to dietary calcium, but 

the content is lower than in dairy products, and the bioavailability of calcium in plant foods can be 

low if the concentration of oxalate or phytate is high. Dietary sources of magnesium are more 

varied; dairy products, vegetables, grain, fruits and nuts are important contributors. 

   4.13.9 Unhealthy food intake 

Excess sodium intake may increase calcium excretion and decrease BMD.  Studies show that a high 

intake of protein from animal sources may have a negative effect on bone, mainly by increasing 

calcium excretion (Gropper & Smith, 2013).   On the other hand, protein is necessary for bone 

formation, and may also increase calcium absorption from the intestine, reducing its own acidifying 

effect.  Intake of colas has been studied and found to be associated with a lower BMD at the hip in 

women (Heaney and Rafferty 2001) concluded that the displacement of milk and other nutrients 

necessary for good bone health may be more important than the intake of phosphoric in itself, but 

the association with impaired bone health has been found only for beverages containing phosphoric 

acid, and not for other soft drinks. 



 

55 
 

In a Norwegian cross-sectional study, an index reflecting frequent intake of soft drinks and rare 

intake of fruit and vegetables was inversely related to distal forearm bone mineral density. 

Most studies on magnesium and bone have considered only BMD, and it is still uncertain what 

influence magnesium could have on osteoporotic fractures.  Although magnesium deficiency is 

more common than excess, research indicates that both too low and too high magnesium intake may 

be harmful to bone health (Dahl, 2013).  

4.13.10 Healthy food intake 

Fruits and vegetables have also been found to reduce acid load, which could counteract the negative 

effect of a high protein diet and act positively on BMD.   
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Chapter Five 

Conclusion and Recommendations 

5.1 Conclusion  

This study indicated that some minerals in water alterations, lifestyle, socioeconomic factors play an 

important role in the etiology of osteoporosis.  On the other hand, the results of this study could 

improve the understanding of osteoporosis etiology in our country.  Furthermore, most of these 

factors have been shown to play an important role in the etiology of other chronic diseases. This 

study could help in developing policy and determine an essential requirement for comprehensive 

care, and nutritional intervention which, could lead to development of better preventive and 

therapeutic strategies for dealing with this disease. 

Osteoporosis more prevalent among females than males.  Of the prevalence of osteoporosis with 

increasing age in both sexes. Parity, low educational level and unemployment were independent risk 

factors with the occurrence of osteoporosis. 

Our results suggest that increasing the concentration of magnesium in drinking water could be an 

important protective measure against osteoporotic fractures in the population.  Also, ensuring that 

the water is free of possible disease-causing organisms may be of benefit to bone health. 

PH of the drinking water seems to be inversely associated with forearm fracture, with a higher risk 

of fracture at slightly acidic PH-levels.  However, this association may not be directly due to the 

acidity as such, but rather to the variation in concentrations of microorganisms and/or metals in 

drinking water at different levels of PH. 

 Magnesium in drinking water has a possible protective effect on hip fracture risk, but the role of 

calcium is less clear. The increasing risk of osteoporosis in the cities could not be explained by 

variations in calcium and magnesium in the water.  Although not explaining the entire geographic 

variation in osteoporosis, results presented in the current thesis shows that certain components in 

drinking water could potentially increase, or reduce, the risk of chronic diseases like osteoporosis.  

Of particular interest to public health is the possibility of magnesium in drinking water to protect 

against hip fractures.  There are no studies on the relations between drinking water and osteoporosis, 

therefore the current thesis needs to be considered exploratory and our results hypotheses-

generating.  
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5.2 Recommendations 

5.2.1 Study recommendations 

There were a number of recommendations for health care policy and health care providers, 

community and for future research.  

Because there are no previous recommendations concerning source of drinking water, 

socioeconomic inequalities in occurrence of osteoporosis in the Gaza Strip, we comment on general 

recommendations that could improve health seeking behavior and minimize socioeconomic 

inequalities in order to minimize the prevalence of osteoporosis. In this section, the findings of this 

study are used to offer corrective strategies to health care planners and water authority and 

policymakers to improve the level of awareness concerning the relationship between source of 

drinking water, knowledge, attitude and practice and occurrence of osteoporosis in the Gaza Strip.  

A number of recommendations will be formulated for health care providers.  Also, some important 

points for future research are identified. 

5.2.2 Policy maker 

❖ Increasing the concentration of magnesium in drinking water to protect population against 

osteoporosis.   

❖  Screening with BMD for all community because of (include the lack of availability of 

machines, variable access, expense, and poor sensitivity (detection rate for future fractures) 

when specificity is high. 

❖ Raise pH by adding dolomite flour that contains calcium and magnesium, instead of using 

calcium carbonate that does not contain magnesium. 

❖ Improve the socioeconomic position in the family live under poverty line. 

❖ Improve the water quality.  

❖ Taking immediate action in introducing a better method for water quality tests. 

❖ It is important to strengthen cooperation between all parties that are working in the water 

sector in Palestine, such as the Palestinian Water Authority, Coastal Municipalities Water 

Utility, Environmental Quality Authority, Ministry of Health, Ministry of Agriculture, 

Municipalities, and the water legislation research institution “the water research center “. 
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Also, local and international NGO’s working in water field should be subject to close 

monitoring and regulation. 

❖ Low content of minerals concern may be applicable for Gaza. This requires to consider the 

guidelines for desalination water treatment, specifying the minimum content of the relevant 

elements such as calcium, magnesium and TDS. 

5.2.3 Health care provider 

❖  Develop better information on global intakes of magnesium (by country) and population-

specific intake requirements. 

❖ Determine the bioavailability of calcium and magnesium from various types of drinking-

water in the contexts of the usual diets of people in both healthy and vulnerable population 

groups.   

❖ Identify vulnerable subgroups for which low intakes of calcium and magnesium present the 

greatest health risks.   

❖ Determine the effects of marginal magnesium intakes on risk factors for chronic disease.   

❖ Improve the scientific basis for estimating human magnesium requirements and assessing 

magnesium status.   

❖ Educational programs concerning the benefits of drinking mineral water could be 

integrated in educational system. 

❖ To improve the health behavior and health awareness level of the community, the 

government should focus on the promotion of healthy diet, safe drinking water, exercise 

and provide public education about ways to prevent osteoporosis. 

5.2.5   Future research 

❖ Future studies will therefore aim towards strengthening the biological link between water       

components and bone health. 

❖ Conduct well designed epidemiological studies to elucidate the health implications of 

waterborne calcium and magnesium.  

❖ More focusing on the health behavior which depends on the osteoporosis disease. 

❖ Re-examine both older and recent hypotheses that water low in total dissolved solids or 

acidic water increases excretion of some nutrients from the organism. 
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Annexes 

Annex 1:  Prevalence of osteoporosis:  worldwide prevalence rate for osteoporosis (US 

Census Bureau, 2004). 

Country/Region Extrapolated Prevalence Population Estimated Used 

Osteoporosis in North America (Extrapolated Statistics) 

USA 30,229,233 293,655,405 

Canada 3,346,398 32,507,874 

Osteoporosis in Europe (Extrapolated Statistics) 

Austria 841,519 8,174,762 

Britain (United Kingdom) 6,204,337 60,270,708 

France 6,220,139 60,424,213 

Germany 8,484,886 82,424,609 

Italy 5,976,505 58,057,477 

Poland 3,976,241 38,626,349 

Osteoporosis in Asia (Extrapolated Statistics) 

Japan 13,107,809 127,333,002 

Pakistan 16,387,858 159,196,336 

North Korea 2,336,512 22,697,553 

South Korea 4,965,240 48,233,760 

Osteoporosis in Eastern Europe (Extrapolated Statistics) 

Russia 14,820,859 143,974,059 

Osteoporosis in Australasia and Southern Pacific (Extrapolated Statistics) 

Australia 2,049,882 19,913,144 

Osteoporosis in the Middle East (Extrapolated Statistics) 

Afghanistan 2,935,231 28,513,677 

Egypt 7,835,617 76,117,421 

Gaza strip 136,396 1,324,991 

Iran 6,948,859 67,503,205 

Iraq  2,612,100 25,374,691 

Israel 638,133 6,199,008 

Jordan 577,623 5,611,202 
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Kuwait 232,394 2,257,549 

Lebanon 388,831 3,777,218 

Libya 579,722 5,631,585 

Saudi Arabia 2,655,464 25,795,938 

Syria 1,854,678 18,016,874 

Turkey 7,092,021 68,893,918 

United Arab Emirates 259,814 2,523,915 

West Bank 237,918 2,311,204 

Yemen 2,061,383 20,024,867 

Sudan 4,029,957 39,148,162 

South Africa 4,575,577 44,448,470 
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Annex 3: Questionnaire 

 



 

73 
 



 

74 
 



 

75 
 



 

76 
 



 

77 
 



 

78 
 



 

79 
 

 



 

80 
 

Annex 4: Water chemistry report 
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Annex 5: Palestinian health research council approval 
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Annex 6: Ministry of health approval 

 

 


