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Abstract
Nutritional rickets is a disorder of growing children due to defective mineralization of
newly formed bone matrix because of vitamin D deficiency.
Vitamin D is made available to the body by photosynthesis in the skin (endogenous vitamin
D from ultra violet ray exposure) and from dietary intake (exogenous vitamin D from
dietary or specific supplementation). Vitamin D deficiency remains the major cause of
rickets among young infants in most countries, because breast milk is low in vitamin D and
its metabolites and social and religious customs climatic conditions often prevent adequate
ultraviolet light exposure, Without vitamin D supplementation for the baby, prolonged
exclusive breastfeeding, lack of sunlight exposure inappropriate dietary intake and poor
housing would contribute to the development of rickets.
The present study was undertaken to understand the nutritional status and its role in
increasing rickets in Palestinian children under three years old in the Gaza Strip to
determine to identify the nutritional determinants contributing to the development of
nutritional rickets in children less than three years old, identify the role of the
socioeconomic factors in development of nutritional rickets and to raise recommendations
for policy makers to regulate a public health policy to increase surveillance and limiting
the growth of the disease.
A case-control study was conducted from July 2009 to October 2010, 200 children aged
from 6 to 36 months participated in the study, 100 were rachitic children (the case group),
and the other 100 were healthy children (the controls group) using several parameters,
anthropometric measurements, such as height, weight, head circumference, body mass
index BMI, height for age (Stunting), height for weight (wasting) and laboratory analysis,
like serum albumin, serum calcium, serum phosphate and serum alkaline phosphatase.

To assess their dietary intake, food frequency questionnaires FFQ were taken for the
children from their mothers or care-giver.
The present study showed that 53% of the rachitic children were poor, 59% were males,
And 41% were females, the mean height for rachitic children was 79.85cm less than the
mean height of controls which was 82.7cm, the mean weight for cases group was 10.82kg
lower than that of controls 11.66kg, with higher mean for head circumference for the
cases group 47.53cm than of controls 45.9cm, most of diseased children had normal serum
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calcium level, serum albumin, hypophosphatemia, and high levels of alkaline phosphatase.
Prolonged exclusive breastfeeding and lack of sun exposure were having strong evidence
on the development of the disease, cases group were not taking sufficient amounts of food
contains high amount of calcium and vitamin D and they were malnourished, also taking of
calcium and vitamin D supplementation during pregnancy and breastfeeding had an
important effect on mothers and their infants.
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انتقييم انتغذوي نألطفال انفهسطينينن األقم من ثالث سنواث انمصاببين بانكساح في
قطاع غزة
مهخص اندراست
يزض انكظبح ػُذ االطفبل ْٕ :ػببرة ػٍ يزض ٚصٛب انؼظبو َخٛجت خهم ف ٙحزطٛب يؼبدٌ انؼظبو
يثم انكبنظٕٛو ,انفظفٕر َٔقض فٛخبي ٍٛد يًب ٚخظبب ف ٙاَحُبءاث ٔحشْٕبث شكهٛت ببنؼظبو كًب حصبخ
نُٛت ْشت ٔطٓهت انكظز.
ٚخٕفز فٛخبي ٍٛد نهجظى بطزٚقخ ,ٍٛاألٔنٗ ػُذيب ٚخؼزض انجظى الشؼت انشًض انًؼخذنت بحٛث ٚصُغ
داخهٛب ببنجظى ٔانثبَٛت بٕاططت حُبٔل األغذٚت انغُٛت بفٛخبي ٍٛدٔ ,حكًٍ أًْٛخّ بأٌ َقصّ ْٕ انظبب
االطبط ٙفَ ٙشٕء يزض انكظبح.
يٍ انؼٕايم انخ ٙحشٚذ َظبت انخؼزض نهًزض ْٕ سٚبدة فخزة انزظبػت انطبٛؼٛت انخبنصت نهًٕنٕد ػٍ
 6أشٓز يغ حأخٛز انبذء ببألغذٚت انخكًٛهٛت يغ ػذو انخؼزض ألشؼت انشًض ٔانؼٕايم االقخصبدٚت ٔ
االجخًبػٛت انظٛئت نهطفم ٔاألو.
ٔقذ حًج ْذِ انذراطت ف ٙقطبع غشة نخقٛٛى انحبنت انخغذٔٚت نألطفبل انًصبب ٍٛببنكظبح يٍ ػًز  6انٙ
 36شٓز ٔأجزٚج ػهٗ  200طفم 100 ,طفم كبَٕا يصبب ٍٛببنكظبح ٔ 100غٛز يصبب ٍٛبب٘
يزض.
ٔخهصج انذراطت ان ٙاٌ يخٕطط انطٕل ػُذ االطفبل انًصبب ٍٛببنكظبح كبٌ 79.8طى أقم يٍ يخٕطط
انطٕل ػُذ االطفبل غٛز انًصبب82.7 ٍٛطى ,كًب اٌ يخٕطط انٕسٌ ػُذ األطفبل انًصبب ٍٛاٚعب كبٌ
أقم  10.8كجى يٍ األطفبل انغٛز يصبب 11.6 ٍٛكجى ٔ ,يحٛط انزأص ػُذ االطفبل انًصبب ٍٛكبٌ
أػهٗ يٍ انغٛز يصبب ٍٛبحٛث كبٌ  45.9طى ػُذ األطفبل انغٛز يصبب ٍٛبه ٍٛانؼظبو ٔ 47.53طى
ػُذ األطفبل انًصبب.ٍٛ
كًب أشبرث انذراطت ان ٙاٌ يؼظى اطفبل انبحث انًصبب ٍٛببنكظبح كبٌ نذٓٚى يظخٕٖ طبٛؼ ٙحقزٚبب يٍ
انكبنظٕٛو ببنذو يغ يظخٕٖ يُخفط يٍ انفٕطفبث ٔٚؼبٌَٕ يٍ طٕء انخغذٚت ٔقهت حُبٔل األغذٚت انغُٛت
بفٛخبي ٍٛد ٔانكبنظٕٛو ف ٙظم انحبنت األقخصبدٚت انظٛئت ٔيؼبَبة االيٓبث يٍ االو انظٓز ٔانؼظبو ٔػذو
حُبٔنٍٓ أل٘ يٍ أقزاص انكبنظٕٛو أٔ فٛخبي ٍٛد اثُبء انحًم أ انزظبػت.
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CHAPTER ONE

INTRODUCTION
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INTRODUCTION
Nutritional rickets in infancy and early childhood due to vitamin D deficiency continues to
be a problem that has significant effects on children morbidity. Over recent years a wealth
of evidence has accumulated documenting that rickets remains a primary problem in
developing countries (Gessner et al., 1997)
Locally, according to Palestinian Ministry of Health (MOH) records rickets is common and
steady trickle of new cases is still recorded. Although local unframed study has shown
high prevalence of rickets (12.5%) in Gaza (Abu Awwad, 2000), there is some controversy
among health care professionals not only regarding the magnitude of the problem but also
regarding the seriousness of the problem. This could be due to the fact that rickets is still
considered rare in Gaza where sunlight abundant and most patients will eventually recover
spontaneously. Therefore as a part of efforts aiming to provide an adequate database for
the control and prevention of rickets in Gaza, the author has conducted the study to explore
the nutritional determinants contributing in the development of nutritional rickets.

Need for the study
By the seventh decade of the 20th century, rickets was preventable by adequate supply of
children diet with vitamin D (vitamin D fortification). Since that, rickets was considered
so rare particularly in industrialized countries. In recent years rickets cases reappeared in
an increasing number (World Bank Report, 1999). A small study by United Nations Relief
and Works Agency (UNRWA) in 1996, found a prevalence rate of 3% (Terre Des Homes,
1997). A survey undertaken by the Government and UNRWA in 1997 found a prevalence
rate for rickets 12.5% of those children who were examined (MOH, 2004).
That is clearly indicated that there is a considerable nutritional public problem. The
intention of the study is to assess the nutritional status of the rachitic children and to
determine the nutritional factors contributing in development of nutritional rickets. The
importance of early recognition of such contributing determinants is to control or prevent
subsequent bone damage and features and complications of late onset respiratory distress
and delayed growth (Kover et al., 1982). Moreover it results in deformities of the long
bone, with severe bowing; also rickets interfere with the usual shape and size of the body
and inhibit the natural growth (Quasem, 1992).
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Goal
To understand the nutritional status and its role in increasing rickets in Palestinian children
under three years old in the Gaza Strip.

Objectives
1- To clarify nutritional status of children with rickets.
2- To identify the nutritional determinants contributing to the development of
nutritional rickets in children less than three years old.
3- To identify the role of the socioeconomic factors in development of nutritional
rickets
4- To raise recommendations for policy makers to reduce the development of the
disease.

Problem Statement
According to the Palestinian Ministry of Health (MOH) records rickets is common and a
steady trickle of new cases is still recorded (MOH, 2004). The prevalence of clinical
rickets among Palestinian children in The Gaza Strip aged between 6-36 months is 4.1
percent (WHO, 2006).
According to Ministry of Health annual reports there were 308, 444, and 325 new reported
cases of rickets during 2002, 2003 and 2004 respectively in the Gaza Strip.
It seems, therefore, that nutritional rickets is not returning, but has always continued to be
with us. It is increasing in frequency again, partly because it is being recognized in its
different manifestations but mainly because vitamin D and calcium supplementation is no
longer regarded as essential for „„at risk‟‟ individuals. Unfortunately, this is not
diminishing in sunshine countries so the time has come to mount a national campaign to
promote awareness of the risks of nutritional rickets, particularly among susceptible
populations (Arch Dis Child, 2004).
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Justification
According to knowledge of the researcher, no information describing the current situation
of rickets in the Gaza Strip is available since 2004. A little information is available about
nutritional rickets and the risk factors associated with it in the Gaza Strip. The peak age at
which rickets is most prevalent in children is 13-18 month (Salimpour, 1975; Molla, et al.,
2000).
Rickets causes softening of the bones, which can be cured by treatment. However, until
treated, the bones are more prone to fractures. If is untreated for a long time, there is a
possibility that bone deformities and contracted pelvis problems that might need surgery
(Holick, 2004).
The risk of getting osteoporosis may be increased. This is because vitamin D is thought to
help in preventing some conditions such as diabetes (type I), heart disease and cancer. If
severe, low calcium can lead to muscle spasms (cramps), seizures or breathing difficulties
(Elidrissy et al., 1984; Al Jurayyan et al., 2002).

Background to the study
Geography
The Gaza Strip is located in the Middle East, to the north of Egypt, the west southern edge
of Palestine, and the Mediterranean Sea run along the west side of the Gaza Strip. Its area
comprise of 362 square kilometers. Gaza Strip is 46 kilometers long, from Beit Hanon in
the north to Rafah in the south. Its width reaches 5-12 kilometers and an altitude of 0-40
meters above the sea level. It has a subtropical climate with four-distinct seasons (MOH,
1998).
The Gaza Strip is administratively divided into five Governorates: North, Gaza, Mid-zone,
Khanyounis and Rafah, these provinces, there are four towns, eight refugees‟ camps and
fourteen villages.
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Demography
Population in Palestine
In 2008, the Palestinian Central Bureau of Statistics (PCBS) estimated the number of
Palestinian population as 3,761,646, 62.3% in the West Bank and 37.7% in the Gaza Strip.
The highest rate of population (14.7%) of the total population is in Hebron governorate,
followed by Gaza governorate (13.2%), and Al-Quds governorate (9.6%). Finally the
lowest rate (1.1%) of population is in Jericho.
The number of people aged 0-14 years in the Gaza Strip totals 670,738 or 48.3% of the
Gaza Strip total population. The rest of the population whose age is 65 years and over
totals 36,793 of the Gaza Strip population or about 2.7% of the total the Gaza Strip
population (PCBS, 2008).

Refugees (Number, statistics & problems)
The total number of registered refugees in West Bank and the Gaza Strip was 754,263&
1,059,584, respectively (UNRWA, 2008). In the Gaza Strip, refugee camps are distributed
all over and characterized by over crowdedness, high level of unemployment, inadequate
infrastructure including widespread use of open sewers, limited supplies of portable water,
and unsatisfactory drainage system that make flooding common (UNRWA, 1999).
UNRWA's task is providing services to the refugees and it works to maintain the quality
and efficiency of basic education, health and social services, while seeking ways to better
promote human development and self-reliance (UNRWA, 2005). UNRWA health care
system is complex for a variety of reasons. It is spread across five diverse areas of the near
East – The Israeli-occupied territory of the West Bank and the Gaza Strip, Jordan,
Lebanon, and Syria. It functions in urban centers like Damascus and Amman, as well as in
camps, small towns and remote country areas (UNRWA, 1992).

Environmental overview
In the Gaza Strip, level of environmental sanitation represents a high risk to the whole
population especially children. Environmental health problems in Palestine resemble the
major environmental health problems in the Middle Eastern region including water quality
and quantity, waste water disposal, solid waste management, pesticide misuse, food
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hygiene and safety, air and sea pollution (MOH, 1998). In the Gaza Strip, contamination of
the environment by sewage and waste water constitutes a major threat to health (UNRWA,
1999). The Gaza Strip still suffers from the discharge of waste water, which floods in
many occasions and constitutes a public health problem. This situation facilitates the
transmission of micro-organisms and parasites that are present with high prevalence in the
Palestinian community especially among children. The situation of parasitic infections in
the Gaza Strip is still a problem and there is for many reasons like a defect in health status
due to crowdness, bad hygienic habits, and poor health education (Al-Hindi et al., 2008). In
the Gaza Strip, there is inadequate supply of water. Increasing salinity and in some areas,
nitrate concentration exceeding international standards by more than 20 times, make much
of the water unfit both for human and agriculture use (UNRWA, 1992).

Socio-economic and political overview
The Gaza Strip is suffering from an economic crisis (UNDP, 2005). Most of the economic
deterioration in recent years is due to the military siege and isolation of the population.
Since the start of the second intifada, the income per capita has declined sharply and
consistently by 12% in 2000, by 19% in 2001, 31% in 2002, 40% in 2003 in comparison to
1996 and 40% less than in 1999, and the number of families falling below the poverty line
was estimated at 33% in 1998 and 65% by July 2001 (Kanoaa, 2009). In 2004, the World
Bank estimated that 47% of the population were below the poverty line (65% in Gaza), up
form 20% in 1999, placing over 1,700,000 Palestinian below poverty line (UNRWA,
2006). The new report from UNDP indicated that the majority of the Gazan population
(65%) lives below the poverty line, and more than half of them, 37%, live in extreme
poverty. Poverty rate of 65% means that out of estimated 1,416,543 Palestinians in the
Gaza Strip, about 920,750 live in poverty. Of those 524,120 live in extreme hardship
(UNDP, 2009). Now the situation for 1.5 million Palestinians in the Gaza Strip is getting
worse and this situation in Gaza is man-made, completely avoidable and with the necessary
political will, can also be reversed. The number of people living in absolute poverty in
Gaza has increased sharply. Today, 80% of families in Gaza currently depend on
humanitarian aid. This decline exposes unprecedented levels of poverty and the inability of
a large majority of the population to afford basic food. As a result, food aid increased
dramatically to meet the needs of this increasingly impoverished population. In 2008, there
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were over 1.1 million people, some three-quarters of Gaza's population dependent on food
aid (UNISPAL, 2009)

Health status and health services
Health services offered to the Palestinian community by four main sectors, MOH,
UNRWA, NGOs and the private sector.
MOH provides health services for people with health insurance and free for children less
than three years old; it addresses the most common problems in the community by
providing curative services, preventive and rehabilitative programs to maximize health and
wellbeing (MOH, 2001). UNRWA has been offering health services free of charge to all
refugees and play distinguished role in the program of vaccination in cooperation with
MOH in addition to curative services, antenatal and postnatal care and other specialized
illnesses, assistance with secondary health care and environmental health program in
refugee camps were also considered (UNRWA, 2009).

7

CHAPTER TWO

REVIEW OF THE LITERATURE

8

Review of the literature
Malnutrition as a global health problem
Malnutrition is a state of nutrition in which deficiency or excess or imbalance of energy,
protein, and other nutrients cause measurable adverse effects on tissue/ body function
(shape, size, composition and function) with clinical outcome. Both under and over
nutrition have adverse physiological and clinical effects. Adverse physiological and
clinical effects of under nutrition includes impaired immune system, reduced muscle
strength and fatigue, inactivity and impaired wound healing, growth failure which lead to
stunting and delayed sexual maturity, muscle mass reduction, in addition to other psychosocial functional impairment (Gibney et al., 2006).
Through the developing world, one out of every four children-roughly 146 million children
under the age of five is underweight (UNICEF, 2007). Under nutrition is the major factor
that is responsible for 50% of mortality rate below age of 5 years in developing countries,
28% of children aged 6-59 months are not getting a complete supplement with vitamin A
in 2005 (UNICEF, 2007). Child under nutrition is most severe in south Asia, and to lesser
extent, sub-Saharan Africa. In south Asia, between 40%-60% of women are underweight,
approximately 45% of children were born with low birth weight in 2005, the highest
incidence of under-weight birth in the world. In sub Saharan Africa, where one in every
six women and around one third of children under the age of five are underweight,
increasing gender equality would have smaller but still significant benefits for children's
nutritional status. It would reduce the incidence of underweight children under three from
30% to 27.2%, and ensure that a further 1.7 million children are adequately nourished
(UNICEF, 2007).

Nutritional status in Palestine
It is clear that the majority of health problems in Palestine are nutrition related. Therefore,
nutrition issues have become one of the priorities of the MOH. Despite the lack of reliable
information about the nutrition and health, there is a consensus among the health
professionals that, there are prevalent dietary related illnesses in the Palestinian community
(MOH 2001).
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Food and feeding habits in the Palestinian culture need to be revised and faulty ones should
be corrected. The characteristic features of food availability and dietary patterns in
Palestine have an influence on the special socio-political setting that has prevailed in the
area. This setting has historically been characterized by external aggression and
consecutive occupations by several population groups for millennia. In addition, three of
the world main religions have their origin here and are still all represented in the area. The
creation of Israeli in 1948, forced Palestinian immigration and the following IsraeliPalestinian armed conflict gave rise to the refugee problem, both external and internal to
Palestine itself. The Palestinian economy is marked by captive markets, which among
other things imply restrictions on exports and imports, as well as opportunities to establish
business ventures. Fragmentation of Palestinian land, unemployment, poverty, frequent
and prolonged border closures all these factors represent a serious threat to food security
and affect the nutritional status among Palestinians at the household and national level
(MOH, 2001(
In the Gaza Strip, there are few separate sectors working in the field of nutrition with
limited work on child and maternal nutrition. These sectors lack cooperation among each
other and with MOH. There is no official base-line data on nutritional status and there is a
lack of assessment studies for many age groups (MOH, 2003(.

The Nutritional status of Palestinian children in the Gaza Strip
In the Gaza Strip there is little available data regarding nutrition. Few assessment studies
targeted children under five years and mother of reproductive age were done. Giacaman,
(1988) reported a rate of 41% of malnutrition in a sample of 209 children. The rate of
malnutrition in that study was higher in females than in males (females 52% and males
32%). This was explained by the researcher to be cultural related factors that stress a
preference for baby boys as opposed to baby girls. Furthermore, he observed a positive
relationship between age and malnutrition (malnutrition increased with age and was
concentrated mainly around the weaning period). Through a study conducted by Terre Des
Homes in 1995 to assess the nutritional status of Gaza children under five years old, it was
found that 15.1% of the children were underweight, wasting was found in 5.7% of the
sample (weight for height), stunting was found in 14.2% (height for age). A significant
association was found between nutritional status and education, sanitation, size of the
family, number of meals per day, feeding practices and the socioeconomic status of the
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family (Kumar, 1995). Parvanta and their colleagues (1999) showed that the prevalence
of stunting among the elementary school children in the Gaza Strip was 5.5%, and
overweight 1.8%. In 2002, nutrition survey was carried out through technical and financial
cooperation between Palestinian Central Bureau of Statistics (PCBS), Ministry of Health
(MOH), institute of public health at Bir Zeit University and United Nation Children's
Funds (UNICEF) on the hemoglobin levels, state of nutrition, and growth parameter for
children aged 6-59 months. The survey revealed that a small percentage of children were
thin (2.9%) or wasted (2.0%), while 10.6% were stunted in the Gaza Strip. PCBS, in
cooperation with the Pan-Arab Project for Family Health (PAPFAM), UNICEF and United
Nations Population Funds (UNFPA), conducted the first Palestinian health survey in 2006,
were the target population consisted of all Palestinian households that usually reside in the
Palestinian territories indicated that mothers of all children born during the past five years,
97.5% were breastfed and the mean duration of breastfeeding was 13 months of children
aged from 0 to 5 years old and 26.5% of them were exclusively breast-fed. The data
analysis also revealed that 10% of children under five in the Palestinian territories suffered
from stunting; this percentage is higher in the Gaza Strip (13.2%) compared to the West
Bank (7.9%) and the highest percentage was found in the north governorate (29.6%)
(PCBS, 2007). In 1999, cross sectional descriptive study targeted children less than five
years in the southern province of Palestine in order to figure out the health profile of these
children and revealed that about 18% of the male children were mildly underweight and
about 2% were moderately underweight. In addition, 6.9% of children were either
moderately or severely short (Ziara, 1999). Skeik, 2003 reported that stunting was more
prevalent in North governorate than in the Gaza city (18.5%, 14.4% respectively)
Micronutrient deficiencies, which are a significant cause of malnutrition, are associated
with ill health among populations. Deficiencies in vitamin A, iodine, and iron are known
to be prevalent and associated with a range of mild to severe effects. Laboratory basedstudy to establish national baseline information on nutritional status relative to vitamin A
was done in the Gaza Strip and West Bank and targeted 1127 children aged 12 to 59
months, the results showed that 22% of children were found to have low vitamin-A plasma
levels<200microgram/L (Maram project, 2004). In Palestine, iodine deficiency is more
concentrated in villages (29.7%) than in cities (12.6%) or in camps (12.3%), (MOH, 2007).
The prevalence of rickets among Palestinian children 6-36 months old in the Gaza Strip
was 4.1% where the higher percentage was recorded in Khanyounis reached 7.6% (WHO,
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2006). The prevalence of rickets among Palestinian children was 12.5% with variation
among governmental (18.6%) and UNRWA clinics (MOH, 1997).
In a case- controlled study, the biochemical changes associated with nutritional rickets in
children up to three years old in the Gaza Strip showed that rickets were more prevalent
among children who were delayed in having complementary feeding, less sun light
exposure, and living in flats (Mushtaha, 2006(.
In 2008, a rapid assessment survey for assessing the nutritional status of children aged 6-59
months in three governorates of the Gaza Strip were done by Terre Des Homes and
supported by UNICEF and revealed that 10.3% of the study sample were stunted, 2.5%
underweight and 2.4% wasted. The same study concluded that a current economic crisis in
the Gaza Strip has resulted in severe impacts on child's nutrition in the Gaza Strip
(Abdeljawad et al., 2008).

Evaluation of the nutritional status
Nutritional status evaluation is abroad topic, and to be of clinical importance the ideal
method should be able to predict whether the individual would have increased morbidity
and mortality in the absence of nutritional support. In short, can it predict the occurrence of
Nutrition- Associated Complications (NAC) and thus predict outcome? Unfortunately,
disease and nutrition interact so that disease in turn may cause secondary malnutrition, or
malnutrition may adversely influence the underlying disease. Thus, patient's outcome, are
multifactorial and any attempt to formulate the influence of malnutrition based on
outcomes of single parameters or simple models will fail to consider the many interacting
factors (Gibney et al., 2006(.
Nutritional status evaluation has five steps, screening, nutritional assessment, interpretation
of assessment, intervention (treatment plan) and follow- up plan. There are three different
levels of nutritional assessment, an in-depth assessment performed as part of complete
physical examination, mid- level assessment performed in specialty clinics, and a miniassessment performed in the community, the choice of assessment depends on the expertise
and amount of time available, the age of the child, and the problem (Ekval et al., 2005).
The basic methods used in clinical nutritional assessment to identify the individual patient's
needs may be greed in four types of activities, often called the A,B,C, D approach, which is
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Anthropometrics that can be divided into two main categories: the assessment of growth
that includes the evaluation of head circumference, weight, height, BMI, and others, the
second category includes assessment of body composition that involve detection of body
components loss or gain (Sue et al., 1993; Gibney et al., 2006). Biochemical tests, are also
used for studying the nutritional status like measuring of plasma protein, serum albumin,
hemoglobin, prealbumin and transferring, calcium, phosphorus, alkaline phosphatase and
vitamin D. Clinical observations, dietary and personal histories are also used for
nutritional assessment (Sue et al., 1993).

Indicators of child malnutrition
Variation in physical growth of the children is a result of environmental, genetic, poor
quality of food, insufficient food intake, and repeated infectious diseases, or frequently
combination of previous factors show their way to malnutrition (De Onis et al., 1997).

Stunting
Stunting, an indicator of chronic under nutrition, refer to height for age below -2SD or Cutoff value (Z-score) <3rd percentile (Gibney et al., 2004). Stunting is largely irreversible
beyond the second to third year of a child's life and a number of adverse outcomes are
associated with stunting including increased morbidity and mortality (MOH, 2005). In the
Gaza Strip, stunting is strongly correlated to poverty, unemployment, complication during
pregnancy that deliver low birth weight infants (LBW) (indicator of maternal under
nutrition), babies who in turn more likely to be stunted in the future (MOH, 2005).
A significant statistical relationship was found between rickets and stunting, in a study was
carried in Mongolia, this study found that rachitic children are more susceptible to stunting
( Darnton et al., 1998).

Thinness
Thinness is the situation of having a less than adequate weight-for-age. Thin children have
a weight for age <2 SD below the international standard or <5th percentile (Gibney et al.,
2004). Thinness is associated with poverty. Recurrent infections play an important role in
promoting thinness, and there is a strong relationship between infections, and malnutrition
(Abu Awwad, 2000) , Aspects involved in the etiology of Thinness include interactions
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between social, demographic, genetic, endocrinal, infectious, social and nutritional
conditions (Gibney et al., 2004).

Overweight and obesity
Overweight is the situation of having high BMI for age +1 SD≤BMI<+2 SD. In obesity,
the BMI for age is ≥+2 SD (WHO, 2006). Obesity and overweight (high body mass)
results from imbalance between energy intake and energy expenditure (Gibney et al.,
2004). Different factors are suggested to be involved in the development of high body mass
e.g genetic, social, behavioral, and cultural, all these factors influence each other in
different ways (Osman et al., 2004).
A study in the American Journal of Clinical Nutrition found that people with a lot of body
fat have bones that are 8 or 9 percent weaker than people with normal body fat levels
(Brown, 2005).

Infant feeding
Two types of infant feeding will be discussed, the first is breast feeding and the second is
the complementary feeding.

Breast feeding
Breast milk is the most natural source of nourishment and security for the baby, no product
at this time tested as breast milk. It is known that breast milk is safe, contain hygienic
source of energy, nutrients and it contains disease-fighting substances and vitamins that
support the body‟s natural immune system (WHO, 2002). Research in developed and
developing countries of the world including middle class population provides strong
evidence that human milk feeding decreases the incidence and/or severity of a wide range
of infectious diseases including bacterial meningitis, diarrhea, respiratory tract infection,
otitis media, urinary tract, and late onset sepsis in infants (http://www.IBFAN.org).
Early initiation of breast feeding has important role in this protection; as it is associated
with marked reduction of the rate of diarrhea through the first 6 months of life, possibly
because of the salutary effect of human colostrum's (John et al., 1999). Studies suggest
decreased rate of overweight and obesity in older children compared with individuals who
were not breast fed and encourage a normal weight gain for the baby (Gwen, 2004).
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The World Health Organization (WHO) estimates that the death of 1.5 million babies
could be prevented each year if women breast feed their infants exclusively for about 6
months and continue breastfeeding until infants were 2 years old (Anna, 1998).
Based on the previous benefits and other scientific evidence, the World Health Assembly
and UNICEF recommends that babies feed exclusively on breast milk until they are about
six months old and continue breast feeding with adequate complementary food for 2 years
(http://www.IBFAN.org). Exclusive breast feeding (EBF) provides all the fluid and
nutrients a healthy infant needs to satisfy growth and development. No extra fluids or
nutrients are needed (WHO, 2002). According to WHO, the terms that are used to describe
the practice of breastfeeding could be defined as follows:
1. Exclusive breastfeeding: only breast milk, no other liquid or solid from any other
source enters the infant‟s mouth.
2. Almost exclusive: Allows occasional tastes of other liquids, traditional foods,
vitamins, medicines, etc.
3. Full breastfeeding: Includes exclusive and almost exclusive.
4. Full breast milk feeding (or fully breast milk fed); the infant receives expressed
breast milk in addition to breastfeeding.
5. Partial: Mixed feeding, designated at high, medium, or low. Methods for
classification include percentage of calories from breastfeeding, percentage of feeds
that are breastfeeds, etc. Any feeding of expressed breast milk would fall under this
category.
6. Token: Minimal, occasional breastfeeds (for comfort or with less than 10 percent of
nutrition thereby provided) (Mirriam, 2000).
However prolonged exclusive breastfeeding is considered as risk factors for development
of rickets (Abu Awwad, 2000 & Mushtaha, 2006)

Complementary feeding
Complementary feeding is the introduction of foods other than breast milk or infant
formula into the infant's diet. The primary role of complementary feeding is to increase
dietary diversity, not to reduce breast milk intake. Although complementary feeding is
generally thought of a mechanism for increasing the nutrient density of the diet, it serves a
number of other developmental functions (Gibney et al., 2006). According to
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WHO/UNICEF recommendation, complementary feeding should be started at six months
with continued breast feeding to two year (WHO, 2002). There has been much
controversy over the optimum time at which to introduce food, other than breast milk into
the infant‟s diet. Introducing them too early will undesirably increase renal solute load,
increase the risk of infection, compromise the maintenance of lactation amenorrhea, and
possibly expose the infant to dietary antigen. On the other hand, leaving complementary
feeding too late may impair growth because the nutrients density of liquid diet is low
(Gibney et al., 2006).

Weaning
Weaning is the term usually used to describe the process of cessation of breastfeeding after
a period of successful breastfeeding. This usually involves the addition of food to the
infant's diet and/or the replacement of breast milk in the infant diet with another type of
milk (formula or whole milk). Maternal physiology, infant nutritional needs, infant
development especially the development of biting and chewing, and cultural issues all play
a role in the timing of weaning (Lawrence et al., 2005). Weaning is also a time of
emotional transition for the mother. This can include feelings of accomplishment, sadness
that breastfeeding is ending, and the sadness and happiness that the infant is no longer a
baby and is becoming a child.
There is no typical age at which human infants are weaned, for this varies from country to
country and among the social classes of a nation. Most commonly, weaning is a gradual
process, with a gradual increase in the proportion of solid food supplied to the infant
together with breast milk, human milk continues to provide nutrients in the second half of
the first year, durind the period of complementary feeding, after six months
complementary feeding is needed to meet about 12% of vitamin A, 25% to 50% of Copper,
50% to 75% of Thiamine, Niacin and manganese and up to 98% of Iron and Zinc, so the
importance of weaning and starting complementary feeding emerged from taking the daily
dietary intake for the child from all the nutrients which one of them vitamin D and Calcium
to enhance the growth of the child (Gibson & Holtz, 2000).
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Definition of rickets
Rickets describes disorders in which mineralization of the organic matrix of the skeleton is
defective (Kran & Holic, 1992).
Rickets is an ossification defect of growing bone encountered after the period of growth
(Behrman et al., 1996).

Physiological and functional aspects of vitamin D metabolism
Vitamin D is made available to the body both by intestinal absorption (exogenous vitamin
D from dietary or specific supplementation) and by photosynthesis in the skin (endogenous
vitamin D from ultraviolet ray exposure) (Deluca, 1986). The role of 1,25-(OH)2 D in
bone mineralization is thought to be primarily associated with its ability to increase
intestinal calcium and phosphorus absorption, by stimulating bone calcium mobilization,
and by increasing renal reabsorption of calcium in the distal tubule (Holic, 1994). These
functions on both kidneys, not the intestine, require the parathyroid hormone to results,
serum calcium and phosphorus concentration are elevated to supersaturating levels
required for mineralization of bone to prevent rickets (Holic, 1994). However, it is now
recognized that when vitamin D is made in the skin or ingested in the diet, it is biologically
inert and requires two consecutive hydroxylation, first in the liver to 25(OH)D and then in
the kidney to 1,25(OH)2D (Holic, 1994). Once formed, it is transported to its major target
tissues (the small intestine and bone) where it interact with a specific receptor; Vitamin D
receptor. Which in turn, combines with an accessory protein results in enhancing the
efficiency of the intestine to absorb dietary calcium and phosphorus and for mobilizing
osteocalstic stem cells to the mature cells in order to increase calcium and phosphorus
resorption from the bone, vitamin D is stable in food cooking, storage and processing, its
receptors are found in wide variety of the body cells, and the half-life of it is few hours
(Holic, 1994).
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Diagnosis of rickets
Diagnosis of rickets is based on different method:
1. Physical examination:
In which the pediatrician examined the child and noted the clinical signs and
symptoms of rickets like (legs deformity, rosary chest, thickened wrists and ankles,
deformed skull, late-closing fontanels (Kruse, 1995).
2. Radiological findings:
Typical X-ray findings of the wrist or/and tibia was requested from the pediatrician
and this was a complement for his diagnosis of rickets, this was found in the health
record of the child (Kruse, 1995).
3. Biochemical findings:
Serum alkaline phosphatase was the most clearly related to the severity of rickets
when compared with other biochemical factors, calcium and phosphorus (Ca & P).
Radiological evidence of rickets was found in 10% of children with low level of
serum alkaline phosphatase (ALP) and in 50% of children with moderate level
serum ALP and in 100% of children with high level of serum ALP. In the same
area of study, Glass et al, (1982) demonstrated variations in plasma alkaline
phosphatase activity with gestational age. The study revealed significant
differences between term and preterm infants and no significant differences were
noted in plasma phosphate values, also a significant correlation was found between
raised plasma alkaline phosphatase activity and radiological bone changes.
Therefore, the author concludes that alkaline phosphatase is of great value as a
sensitive and early indicator of rickets of prematurity (Kover et al., 1982).
The disorder is biochemically characterized by elevated serum alkaline phosphatase
activity, normal or decreased serum level of calcium and phosphorus, secondary
hyperparathyroidism and decrease 25-OHD serum concentrations (Kruse, 1995).
Other reports concluded that serum ALP activity measurements are of limited
value in predicting the degree of bone disease especially in premature infants,
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since there was no significant correlation between serum ALP activity and bone
disease (Evans et al., 1989). Some infants with no evidence of demineralization
had very high ALP activity and others with moderate or severe radiographic
changes had low ALP activity (Evans et al., 1989).

Deleterious effect of rickets
Rickets is an end-stage disease occurring after many months of sustained vitamin D
deficiency and changes in the X –ray occur late in the disease. Therefore, the early
detection and treatment of rickets may have important implications especially in premature
infants (Glass et al., 1982).
Rickets was one of five contributing factors to a high case of fatality rate in Yemeni
children under 5 years old hospitalized with severe acute lower respiratory tract infection
(Banajeh, 1998). A Chinese research group of pneumonia in Maternal and Child Health
(MCH) indicated that pneumonia is the first cause of death in Chinese children, this study
investigated the associated risk factors of death and rickets was one of the major risk
factors that could increase mortality. Other factors were congenital malformation,
malnutrition, low birth weight and scleroderma (Kanoaa, 2009).
Ahmed et al. (1995) demonstrated that 96 infants over three years period presented with
seizures. Serum calcium was low in all infants. Therefore, hypocalcaemia was considered
to be the cause of convulsions in 67.7% of infants, after exclusion of other causes of
convulsion by appropriate investigations. Although, none of the children had any clinical
evidence of rickets, the authors claimed that vitamin D deficiency is the only cause of
hypocalcaemia and subsequent rickets. Train, (1995) said that well-nourished infants may
not have obvious bony deformities of rickets but may present with the symptoms of
hypocalcaemia.
Lulseged, (1990) demonstrated that 131 rachitic child admitted to the hospital. Over a ten
year period, mortality was much higher in rachitic children than in healthy children.
Associated findings were anemia, protein-energy malnutrition, infectious disease, and
congestive heart failure. It is therefore likely that vitamin D deficiency may contribute to
disease morbidity (Lulseged, 1990; Elzouki, 1989).
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Nutritional deficiency of vitamin D is considered to be a rare cause of hypocalcaemia and
tetany (Hettiarachch et al., 2006). Train et al, (1995) describe two infants presented with
stidor and intermittent sudden airway obstruction due to laryngospam. Both infants had
sever hypocalcaemia due to nutritional deficiency of vitamin D. The author claim that, if
the infants are exclusively breasted end their mothers are not given dietary supplement of
vitamin D then the infants may develop rickets, become severely hypocalcaemia and
present with acute respiratory symptoms.
Juskeliene et al, (1996) demonstrated a significant association between trunk symmetry
and previous rickets. These findings indicate the need for preventive measures to decrease
the incidence of rickets during infancy and childhood period. Moreover, it results in
deformities of the long bones, with sever bowing of the legs, and also inhibit the natural
growth in relation to age (Quasem, 1992).
Yener et al, (1995) found that most of rachitic children were suffered more frequently from
infection episodes than the healthy group. The results suggest that vitamin D plays an
important role in the impaired functions of T lymphocyte due to 1.25 (OH) 2D3
deficiency-mediated modulation of the immune system which may lead to frequent
infection.

Prevalence of rickets in The Gaza Strip
A survey undertaken by UNRWA in 1996 for 300 children less than 18 months, found a
prevalence rate of 3% (Terre Des Hommes, 1997). In 1997 the Palestinian Ministry of
Health (MOH) in cooperation with UNRWA conducted a survey in Gaza, the survey found
an overall prevalence of 12.5%, with variations among the governmental MCH 18.6% and
the UNRWA MCH 9.7%. While the World Bank Report 1998 reported that 400 cases of
rickets were found in Gaza during the last three years among children under two years of
age (World Bank Report, 1998).
Whatever the debate is about the methodology and results of two unframed surveys
conducted in Gaza in a very short time, both surveys shows that rickets problem in the
region is considerable one. Since evidence from health clinics suggests that the prevalence
of rickets may be increasing in Gaza Provinces (World Bank Report, 1998).
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A nutritional survey to assess the nutritional status of children under 5 years of age
conducted by Terre Des Home‟s in 1995, the study revealed 15.1% of the sample children
were underweight (weight for age), wasting (weight for height) was found in 5.7% of the
sample and stunting (height for age) was found in 14.2% of the children (Kumar, 1995).
Another survey to assess the nutritional status of Palestinian refugees in The Gaza Strip
was conducted by UNRWA in collaboration with the Center for Disease Control and
prevention in 1998. The study revealed that, over half of the preschool children were
anemic, the prevalence of stunting (height for age) 13%, and wasting (weight for height)
1.4% (Kanoaa, 2009).
However, the finding of the two surveys indicates that malnutrition still exists.
Additionally, a local characteristics relating to malnutrition include, high birth rate, young
population, more growth in demand than in food supply and early marriage of girls and no
pause between pregnancies cause poor maternal and child health, including mortality
(Wharton, 1992).

Global picture of contributing factors and the rickets prevalence
Nutritional rickets in infancy and early childhood due to vitamin D and calcium deficiency
continue to be a worldwide problem certainly in developing countries. Although its
occurrence is probably higher in many tropical and subtropical countries, children in
northern climates in developed countries may also be at risk (Gessner et al., 1997).
The pathogenesis of nutritional rickets is not well understood, while the etiologies include
deficiencies of vitamin D, calcium or phosphate (Klein & Simmons, 1993).
Vitamin D deficiency is still seen today in certain areas of the world, for example the
Middle East, were women receive insufficient sun light due to the wearing of veils and
clothing which cover much of the skin, consume unfortified food, and then nurse their
infants (Taha et al., 1984). Rickets is also seen in countries where sunlight is abundant or
through the year, possibly due to lack of dietary intake of vitamin D, and lack of exposure
to direct sun light resulting from confinement indoors during the day (Lubani et al., 1989).
It is also reported in the emergent Asian community in the United Kingdom, perhaps due
to lack of exposure to ultraviolet light in combination with a high phytate die, which bind
calcium in the intestinal lumen (Roberston, 1981).
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A cross sectional study on a sample of 860 Turkish children 3-36 months aged, conducted
by Baser and Cakmackei, (1994) to determine the morbidity of vitamin D deficiency
rickets. The overall prevalence of the diseases was 9.8%, it was higher in the children 3-6
months group (23%) rarely exposed to sunlight without fish in their diet and born to a
mother under 18 years old.
The situation is acute in under developed countries such as Africa and Asia or developing
countries particularly in Arab countries. Variables such as poor socio-economic status,
indicate inadequate dietary intake the both mothers and children, prematurity and limited
sun exposure may lead to the high prevalence of rickets (El-Hag et al., 1995).
Twenty-two consecutive patients with rickets were studied in Banghazi, Libya. All were
less than 2 years old. Rickets was associated with traditional cultural habits that limited
sun shine exposure of the mothers and their infants, and with breastfeeding. Serum
concentration of the vitamin D metabolites 25-OHD, 1, 25-dihydroxyvitamin D, 24,25dihydroxyvitamin D and other parameters of mineral metabolism were typical of vitamin D
deficiency disease (Elzouki et al., 1989).
Twenty-nine patients with nutritional rickets were studied in a one year period. The
majority of patients were below 2 years of old (MOH, 2005). Nutritional rickets was found
to be resulted from a combination of factors including premature delivery, non-exposure to
sun light, nutritional marasmus and inappropriate dietary intake (Nyakundi et al., 1994).
A case-control study on rickets was performed on 156 cases and 207 controls admitted to
Birla pediatric wards, Yekatit 12 hospital. The following factors were significantly
(p<0.05) associated with diagnosis of rickets in these variables: male gender, being a twin,
abnormal birth weight, malnutrition, higher birth order, higher number of siblings, having a
caretaker who is not the mother, lower education of the caretaker, exposure to sunshine
(Chali, 1998).
A number of risk factors associated with rickets development among Gaza children were
identified. These include socio-demographic, obstetric, extended breastfeeding, maternal
nutrition, lack of sun exposure, maternal and child health disorders and mothers and
children who did not take vitamin D supplementation (Abu Awwad, 2000).
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Another study in the Gaza Strip was conducted in 2006 on the biochemical changes
associated with nutritional rickets in children up to three years old, in this study a number
of risk factors associated with rickets were discussed like sun exposure, exclusive breastfeeding, socio-economic characteristics and biochemical factors like vitamin D, calcium,
phosphorus and hemoglobin laboratory analysis (Mushtaha, 2006).

Effect of clothing
Clothing absorbs most of ultraviolet radiation. Therefore, the covering of the skin with any
type of clothing will prevent the cutaneous production of cholecalciferol (Matsuoka et al.,
1992). Thus, culture and religion such as Muslims are more prone to develop vitamin D
deficiency (Sedrani et al., 1990).
Studies in several Middle Eastern countries show a relationship between vitamin D
deficiency and peoples clothing and living conditions. In 1996, a hospital-based study in
Kuwait reported significantly lower vitamin D levels as measured by low serum 25-OHD
levels in veiled women, the study suggest that young, unmarried women are particularly at
risk because they cover themselves more than older women (El-Sonpaty et al., 1996).
Additionally in a hospital-based study in Kuwait reported high prevalence of rickets among
children less than two years aged, despite of abundant sunlight due to insufficient dietary
intake of vitamin D, plus children were wrapped up for a long period of time, and kept
indoors (Lubani et al., 1989). Elzouki et al, (1989) explained that social and cultural habits
that deprive mothers and infants of sun shine exposure and dietary intake of vitamin D are
widespread throughout the world and are a major cause of nutritional rickets.
Vitamin D deficiency in Middle East countries is due to the low dietary intake of vitamin
D, plus life styles that avoid sunshine throughout the region people live in dark houses,
infants are rabid wrapped for long period of time, and many women were thick, dark
veiled. Women of reproductive age and children are the most vulnerable to vitamin D
deficiency that causes rickets in children and osteomalacia in women (World Bank Report,
1998).
In Saudi Arabia, a survey in 1992 showed lower serum 25-OHD levels in urban areas than
in ruler areas, lower levels were among occupants of mud or brick houses than tents, and
lowest level in female adolescents and preschool children (Sedrani, 1990).
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Babies born to mothers with low vitamin D levels are at high risk for rickets. Studies in
the same area reported that rickets among children was associated with traditional, cultural
habits that limit sunshine exposure of the mothers and their infants. The study revealed
that mothers of infants with rickets had low serum 25-OHD levels (Elidrissy et al., 1984).
Thus infants begin life with low levels of vitamin D and prolonged breast feeding by
mothers with low vitamin D put the infants at higher risk. Because most probably milk is
their main source of vitamin D, infants with rickets have weak muscles and poor suck,
have trouble with breast milk intake and are often malnourished (Elidrissy et al., 1984).
Underwood and Margetts, (1987) conducted a study to assess the prevalence of rickets in
rural Yemen, the overall prevalence among children under five years of age was 27%, the
study demonstrated several factors that contribute to the very high rate of rickets.
However, lack of exposure to sunlight as a consuming of particular cultural practices that
restrict the young child access to sunlight was likely to be the most important. This
explains why the condition was most common during the first years of the life and has
been disappeared by the fifth year.
Pettifor et al., (1996) conducted a study to assess the effect of season and latitude on
vitamin D formation by sun light and to cities in South Africa, Cape Town and
Johannesburg. The author concluded that seasonal variation in serum vitamin D level was
probably a consequent of the clothing worn and the time spent out of doors during winter.

Diet and seasonal variables
In a study conducted to assess the prevalence of rickets in infants on vegetarian diets in late
summer, Dagnelie et al., (1990) reported that physical symptoms of rickets was presented
in 28% of the vegetarian group. Those infants had lower average of plasma 25-OHD
concentration than the macrobiotic infants without clinical symptoms. Follow up of
subsample of the same group of macrobiotic infants in the winter revealed that physical
symptoms of rickets were presents in 55% of the infants. The increase in rickets
prevalence in this study was attributed to a variety of dietary and environmental factors
such as minimal ultraviolet radiation.
Researchers examined the effects of sunlight and seasonal variation in the etiology of
rickets concluded that sunlight is very important contributing factor in the etiology of
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rickets. Furthermore winter sunshine fails to promote pre-vitamin D3 synthesis in a
considerable amount (Ladizesky et al., 1995; Oliveri, 1993).
Several studies found that the conversion of 7-dehydrocholecalciferol to precholecalciferol
was greatest in June and July. There was gradual decline in the efficiency of conversion of
7-dehydrocholecalciferol to precholecalciferol after August and by October. By November
however, there was no detectable production of precholecalciferol in human skin. Indeed,
between the months of November and February, exposure to sunlight on cloudless days for
5 hours did not result in any significant production of precholecalciferol (Holic et al.,
1994). So the results provide evidence that seasonal change had dramatic effect on the
cutaneous production of cholicalciferol. However, Pettifor et al., 1996 concluded that
seasonal variation in serum vitamin D level was probably a consequence of the clothing
worn and the time spent out of doors during winter rather than ultraviolet radiation
reaching in the air. Garabedian and Ben-Makhabi, (1989) explained that vitamin D
deficiency rickets in France and Algeria results from environmental factors. Although
systematic administration of vitamin D supplements greatly reduce the prevalence of the
disease, clinical and biological signs of disease still found in children during the winter and
populations vulnerable for economic, cultural and religious reasons.

The effect of prematurity
Multifunctional vitamin D deficiency has been implicated as one important factor of bone
disease in low birth weight infants. Premature infants are especially prone to disturbances
in vitamin D metabolism (Evans et al., 1989). Evans et al., (1989) showed that even when
fed fortified formulas, preterm infants failed to achieve satisfactory plasma 25-(OH)D
concentration. The vitamin D requirement of a very low birth weight infants probably
depends on vitamin D status at birth, calcium absorption may be impaired because of
inadequate levels of vitamin D (1,25(OH)2D) supply, however, if vitamin D (1,25(OH)2D)
levels are adequate, increase vitamin D supplements with concomitantly increased serum
25-(OH)D levels may not result in increased calcium absorption or improved
mineralization.
Chen, (1994) confirmed that the prevalence of rickets in preterm infants were more than
full term infants. Preterm infants‟ was 9.4% versus 5.2% respectively. Also birth weight
was inversely related to prevalence of rickets, 15.8 in less than 2500 gram group, 7.1% in
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the 2500-2999 gram group, and an average prevalence of 4.5% in the less than 3000 gram
group.
Metabolic bone disease is recognized with increasing frequency in preterm infants of low
birth weight. This entity is being recognized in premature infants surviving the neonatal
period. Neonatal rickets is being increasingly recognized as a significant cause of
morbidity and has a reported incidence in 55% of infants with a birth weight of less than
1000 gram group and in 23% of infants weighing less than 1500 gram group (Backstorm et
al., 1996).

Maternal vitamin D and breastfeeding
The biological advantages of breast milk over artificial milk have been established by
numerous studies, but human milk from a vitamin D sufficient mothers provide a marginal
amount of vitamin D, so infants exclusively fed human milk from a vitamin D deficient
women are at significant risk for vitamin D deficiency rickets. The final conclusion of
Hillman‟s study was consistent with other studies in many countries, that the maternal
vitamin D deficiency is a main cause of nutritional rickets (Hillman, 1990; Musaiger, 1996;
Ahmed, 1995).
Some researchers said that breast fed infants do not develop rickets, and reported a
significant amount of water soluble vitamin D sulfate in breast milk and concluded that this
form of vitamin D is protective against rickets (Ludkawala, 1977). However, other
investigator found that vitamin D sulfate has only 1-5% of the biological activity of
cholecalciferol (Reeve et al., 1981). The total sterol content of human milk is only 25-50
U/L, which is insufficient to protect breast-fed infants against rickets (Hollis et al., 1981;
Reeve et al., 1982).
The fetal serum concentration of 25-OHD level is nearly related to the 25-OHD
concentration of the mother because of the placental transfer, also the concentration of
vitamin D in the breast milk is dependent on the mother‟s vitamin status (Hollis et al.,
1981; Geer et al., 1987; Markestad et al., 1983).
Breast-fed infants without supplemented vitamin D don‟t show evidence of vitamin D
deficiency during the first 6 months of life (Geer et al., 1987). In this study mothers who
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received supplemental vitamin D during pregnancy, their infants had optimal stores of
vitamin D at birth (all infants had total 25OHD and 1,25(OH)2D serum concentrations in
the normal range). The study shows that this prenatal stores, combined with the infants
small intake of vitamin D from human milk and exposure to ultraviolet light, which then
become adequate for their needs (Geer et al., 1987).
Roberts et al., (1981) compared bone mineralization between un-supplemented breast-fed
infants and control group receiving vitamin D supplemented feeding, no differences were
found between the two groups. A similar study by Geer et al., (1982) demonstrated an
early decrease in bone mineral content in breast fed infants, compared with a vitamin D
supplemented infants.

The influence of dietary intake
Vitamin D is a fat-soluble vitamin that is naturally present in very few foods, added to
others, and available as a dietary supplement. It is also produced endogenously when
ultraviolet rays from sunlight strike the skin and trigger vitamin D synthesis. Vitamin D
obtained from sun exposure, food, and supplements is biologically inert and must undergo
two hydroxylations in the body for activation; vitamin D has other roles in the body,
including modulation of cell growth, neuromuscular and immune function, and reduction
of inflammation. Many genes encoding proteins that regulate cell proliferation,
differentiation, and apoptosis are modulated in part by vitamin D (Institute of Medicine,
2010).
Table 1 Serum 25-Hydroxyvitamin D [25(OH)D] Concentrations and Health*
nmol/L ng/mL*
<30

<12

30–50

12–20

≥50

≥20

>125

>50

Health status
Associated with vitamin D deficiency, leading to rickets in infants and
children and osteomalacia in adults
Generally considered inadequate for bone and overall health in healthy
individuals
Generally considered adequate for bone and overall health in healthy
individuals
Emerging evidence links potential adverse effects to such high levels,
particularly >150 nmol/L (>60 ng/mL)

* Serum concentrations of 25(OH)D are reported in both nanomoles per liter (nmol/L) and
nanograms per milliliter (ng/mL), (Institute of Medicine, 2010).
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Reference Intakes
Intake reference values for vitamin D and other nutrients are provided in the Dietary
Reference Intakes (DRIs) developed by the Food and Nutrition Board, at the Institute of
Medicine of The National Academies (Institute of Medicine, 2010).

DRI is the general term for a set of reference values used to plan and assess nutrient intakes
of healthy people. These values, which vary by age and gender, include:


Recommended Dietary Allowance (RDA): average daily level of intake sufficient
to meet the nutrient requirements of nearly all (97%–98%) healthy people.



Adequate Intake (AI): established when evidence is insufficient to develop an RDA
and is set at a level assumed to ensure nutritional adequacy.
Tolerable Upper Intake Level (UL): maximum daily intake unlikely to cause adverse
health effects (Institute of Medicine, 2010).

RDAs for vitamin D are listed in both International Units, and micrograms (mcg); the
biological activity of 40 IU is equal to 1 mcg (Table 2). Even though sunlight may be a
major source of vitamin D for some, the vitamin D, RDAs are set on the basis of minimal
sun exposure (Institute of Medicine, 2010).
Table 2 Recommended Dietary Allowances (RDAs) for Vitamin D

Age

Male

Female

Pregnancy Lactation

0–12 months*

400 IU
400 IU
(10 mcg) (10 mcg)
1–13 years
600 IU
600 IU
(15 mcg) (15 mcg)
14–18 years
600 IU
600 IU
600 IU
600 IU
(15 mcg) (15 mcg) (15 mcg)
(15 mcg)
19–50 years
600 IU
600 IU
600 IU
600 IU
(15 mcg) (15 mcg) (15 mcg)
(15 mcg)
51–70 years
600 IU
600 IU
(15 mcg) (15 mcg)
>70 years
800 IU
800 IU
(20 mcg) (20 mcg)
* Adequate Intake (AI), (Institute of Medicine, 2010).
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Sources of Vitamin D
Very few foods in nature contain vitamin D. The flesh of fatty fish (such as salmon, tuna,
and mackerel) and fish liver oils are among the best sources (Institute of Medicine, 2010).
Small amounts of vitamin D are found in beef liver, cheese, and egg yolks. Vitamin D in
these foods is primarily in the form of vitamin D3 and its metabolite 25(OH)D3. Some
mushrooms provide vitamin D2 in variable amounts (Institute of Medicine, 2010).
Mushrooms with enhanced levels of vitamin D2 from being exposed to ultraviolet light
under controlled conditions are also available.
Fortified foods provide most of the vitamin D in the American diet. For example, almost
all of the United States milk supply is voluntarily fortified with 100 IU/cup. (In Canada,
milk is fortified by law with 35–40 IU/100 mL, as is margarine at ≥530 IU/100 g.) In the
1930s, a milk fortification program was implemented in the United States to combat
rickets, then a major public health problem (Institute of Medicine, 2010).
Other dairy products made from milk, such as cheese and ice cream, are generally not
fortified. Ready-to-eat breakfast cereals often contain added vitamin D, as do some brands
of orange juice, yogurt, margarine and other food products.
Both the United States and Canada mandate the fortification of infant formula with vitamin
D: 40–100 IU/100 kcal in the United States and 40–80 IU/100 kcal in Canada (Institute of
Medicine, 2010).
Table 3 Selected Food Sources of Vitamin D
IUs per
serving*
1,360
447
388
154
115-124

Food

Percent
DV**
340
112
97
39
29-31

Cod liver oil, 1 tablespoon
Salmon (sockeye), cooked, 3 ounces
Mackerel, cooked, 3 ounces
Tuna fish, canned in water, drained, 3 ounces
Milk, nonfat, reduced fat, and whole, vitamin D-fortified, 1
cup
Orange juice fortified with vitamin D, 1 cup (check product
100
labels, as amount of added vitamin D varies)
Yogurt, fortified with 20% of the DV for vitamin D, 6 ounces
80
(more heavily fortified yogurts provide more of the DV)
Margarine, fortified, 1 tablespoon
60
Liver, beef, cooked, 3.5 ounces
49
Sardines, canned in oil, drained, 2 sardines
46
Egg, 1 large (vitamin D is found in yolk)
41
Cheese, Swiss, 1 ounce
6
* IUs = International Units.
**: Vitamin D Volume: DV** 1 nmol/L = 0.4 ng/mL, (Institute of Medicine, 2010).
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25
20
15
12
12
10
2

The dietary intake of vitamin D and the availability of dietary calcium are important
nutritional factors which effect both vegetarian and non-vegetarian groups (Reddy &
Sanders, 1994).
A high prevalence of nutritional rickets has been noted in children reared on vegetarian
diets. It seems that high phytate content of the macrobiotic diet is a contributing factor in
the development of nutritional rickets (Dagnele et al., 1990).
Nutritional rickets has been recognized a problem in Asian children since 1960, this study
found that 30% of Asian children had clinical rickets compared with 4% of white children
(Holmes et al., 1973).
Lawson and Thomas, (1999) who report the findings of a study on Bangladeshi, Indian and
Pakistani origin in England showed high prevalence (20-34%) of suboptimal plasma
vitamin 25-OHD concentration although all children in the study had not been diagnosed
with rickets.
Children who had received total vegetarian diet are considered to be at high risk of
developing not only nutritional rickets, but also other serious deficiencies and growth
retardation (Thacher et al., 1999; Reddy et al., 1994). Therefore nutritional requirements
during infancy and early childhood period should be fulfilled in order to nutritional and
micronutrient deficiencies.

Calcium and phosphorus
There are three nutritional deficiencies associated with development of nutritional rickets;
vitamin D deficiency, calcium deficiency and phosphorus deficiency (Pivinick et al.,
1995).
A study on nutritional rickets in Nigerian children, the results revealed no significant
differences between the cases and control groups in regard to (25-OHD), but all rachitic
children had low serum calcium. The study revealed that nutritional rickets in Nigerian
children was related to calcium deficiency (Okonofua et al., 1992). Another study also was
conducted in Nigeria suggested that rickets in Nigerian children is due to vitamin D
deficiency, calcium deficiency, and possibly end organ resistance all play contributory
roles (Oginni et al., 1996).
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A study conducted on Cairo‟s children hospital to determine the etiology of rickets, the
study revealed that in rachitic children the nutrient intake of calcium and vitamin D were
lower than the recommended allowance (Lawson & Thomas, 1999). About 70% of the
children with active rickets had no evidence of vitamin D deficiency the previous study
suggest that, rickets in Bangladesh is related to calcium deficiency due to high phytate diet
(Fischer et al., 1999).
Pfitzner et al., (1998) demonstrated that no one of his study sample had a 25hydroxyvitamin D less than 10 ng/ml (definition of vitamin D deficiency), despite clinical
evidence of rickets. The 25-hydroxyvitamin D levels were not significantly different
between the two groups of children in this study (with or without clinical rickets). The
result of this study consistent with Fischer, (1999) who found 70% of rachitic children
showed no evidence of vitamin D deficiency.
The cause of rickets in 8% of Egyptian and 5% of Turkish patients showing a vitamin D
sufficiency with a suboptimal calcium intake and in only one Turkish patient with vitamin
D sufficiency and adequate calcium intake was not clearly defined. This may suggest that
additional factors, including genetic factors, may have a key role in the pathogenesis of the
disease in some patients (Pivnick et al., 1995).

Drug factor
Disturbance of phosphorus-calcium metabolism are well-known and well-documented side
effects of anti convulsant drugs (e.g phenytoin and phenobarbital) since the first
description in 1967 (Stogman, 1983).
In a study conducted to evaluate the effects of anticonvulsant drugs on vitamin D3. The
researchers found that certain anticonvulsant agents (e.g phenytoin) inhibit the 25hydroxylase activity of vitamin D3 in the liver microsomes and mitochondria. Thereby,
they conclude that the inhibition of vitamin D3 by these anticonvulsant drugs predispose to
rickets (Tomita et al., 1991).
In the same area of study Morijiri and Sato, (1981) argues that the administrations of
anticonvulsant agents depress the serum 25-hydroxyvitamin D (25-OHD) level, but this
was not the major factor in the development of nutritional rickets. Since vitamin D intake
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seemed to be about the average in the target group and serum level of vitamin D was not
maintained by supplementation, unless the children were exposed to sun light, thereby they
concluded that these drugs may exacerbate the situation, but were not the only factor in the
development of the disease, because none of the outpatients showed clinical evidence of
nutritional rickets when biochemical and radiological examinations were performed,
thereafter, they suggest also that a suboptimal vitamin D intake and lack of sunlight
exposure were often combined causative factors.
Researchers also found that aluminum-containing anti-acid drugs have a role in the
pathogenesis of phospho-calsium metabolism disorder. Pivnick et al., (1995) found two
infants presented with growth failure and rickets due to phosphate depletion from
prolonged administration of an aluminum-containing anti-acid that bind phosphate, so they
suggest that the skeleton was so under mineralized because of prolonged phosphate
deficiency. In another case report by Shetty et al., (1998) described an infant with
phosphate depletion due to aluminum and magnesium hydroxide gel therapy; long term
therapy can result in phosphate depletion because dietary phosphate is sequestered in the
gut by aluminum hydroxide and pass out through the stool, thus, resulted in
hypophosphatemia and then radiological evidence of rickets.

Genetic factor
In a future attempt to study the role of genetics in vitamin D deficiency rickets, El Kholy et
al., (1992) investigated 400 rachitic infants, aged 6 months to two years for sex differences
and ABO typing, to examine the role of genetics on vitamin D deficiency, the study shows
significance association between sex (male predominance), blood group and rickets. The
study gives support for the belief that there is a genetic factor of the pathogeneses of
nutritional rickets. Moreover other study postulates another biochemical point at which
deficiency of enzyme activity will lead to disturbance of calcium and phosphorus
metabolism and rickets. They demonstrate a probable genetic defect of the 25hydroxylation step of the vitamin D activation (conversion of 25-OH-D), fulfilling the
predication that each step of the vitamin D pathway would be vulnerable to mutant change
(Casella et al., 1994).
Although social and nutritional factors may explain the high prevalence of rickets in the
Middle East, additional genetic factors like race (vitamin D deficiency is more prevalent in
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blacks), interacting with various degrees of vitamin D deficiency, and/or calcium
insufficiency may increase predisposition in some children. An Egyptian study reported
some differences in palmer dermatoglyphics between rachitic infants and controls
(Chesney, 1998).
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Subjects and Methods
Study design
A case-control study was conducted; it is low cost, less time consuming and used to
investigate results for rare conditions (Mushtaha, 2006).

Target population
The target population is the rachitic children from Ard El Insan Clinics in the Gaza Strip.

Sample size
A case-control study was done on 100 randomly selected rachitic children from the
medical health records, from May 2009 to December 2009. The controls were also
selected through random community sample. The sufficient sample was 70 cases of
rachitic children. For no-response expectations, the sample size was increased to 100
children. The controls were also 100 children.

Sampling
Cases are rachitic children 6 – 36 months without a history of metabolic or genetic
diseases at their first examination who were referred to Ard El Insan Clinic in Gaza Strip
between May 2009 to December 2009, and whom diagnosis was confirmed by radiography
and few biochemical tests. Control children were selected from brothers, sisters and
neighbors of the rachitic children of the same age group and live in the same conditions.
Their medical history and physical examination confirmed that they don‟t have rickets.
Any child with abnormal physical finding suggesting rickets was dropped and referred to
the clinic.
The sample of children was selected according to the inclusion and exclusion criteria
which include the following:

Inclusion criteria
1. Children diagnosed with nutritional rickets.
2. Children from 6 to 36 months.
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Exclusion criteria
1. Children with rickets of non-nutritional origin
2. Children older than three years old.
3. Children with fat malabsorption.
4. Children with liver disease.
5. Children with renal insufficiency.

Ethical consideration:
The research obtained the necessary approval to conduct the study from Helsinki
committee in Gaza Strip (Annex 1). Parents of the selected child were given a full
explanation about the purpose of the study and assurance about the confidentiality of the
information and the participation was completely optional.

Data collection
1. Health records
Health record of each rachitic child was reviewed to note all signs and symptoms of the
disease, as the pediatrician clinical diagnosis was written.
2. Questionnaire
The first is the questionnaire interviews which were conducted by the researcher herself.
At the end of each interview, the researcher looked over the filled questionnaire to check
adequate completion of all information and to monitor the flow of serial numbers of the
questionnaire.
The second is blood analysis of both cases and control children whom their parents agreed
to take blood samples from their children.
Questionnaire design and interview
All the children who were randomly selected for the study sample were interviewed using
a standard questionnaire (Annex 2) administered to the child‟s mother or caregiver using
face to face interview. Most questions were one of two types: the yes/no which offers a
dichotomous choice and the multiple choice questions, which offers several fixed
alternatives.
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The questionnaire includes five main areas
 The socio-economic status and demographic information: such as age, citizenship,
house ownership, governorate, birth date, income, housing conditions.
 Child medical history: such as hospitalization, food intolerance, sunlight exposure,
clinical signs and symptoms of rickets and period of breastfeeding.
 The family medical history: if the mother had bone pain, ever took calcium tablets,
if any of the family members was diagnosed with rickets other than the participated
child, if any of the family members had any chronic disease.
 The anthropometric measurements: child‟s weight, height, head circumference
were measured. Child weight was measured by balance scale to the nearest 100
gram. The scale was checked for accuracy every time before measurement, since
considerable error in weight may result from an unbalanced scale. The child‟s
height was measured on a single infant measuring board with tape fixed along its
side. Head circumference was measured by an elastic meter.
 Breast feeding and the daily usual diet: if the child is breast-fed or not, the period of
breastfeeding, at any age the mother began using formula or complementary food,
and at which age she began to use them for the child, lastly the food frequency table
for the child to determine all types of foods which are consumed.
3. Physical examination
Physical examination was performed by a specialized physician, who has a long experience
in the field and the clinical features of rickets were written in the child medical file. The
physical examination is important for rickets diagnosis.
4. Laboratory findings
Serum analysis was performed for all the rachitic children and the controls to assess serum
concentration of the following determinants (calcium, phosphorus, albumin and alkaline
phosphatase).

Pilot study
Pilot study was done prior to the beginning of data collection to know the reliability and
validity, also to assure the clarity of the questionnaire and evaluate the outcomes.

37

Statistical analysis
The collected data was entered to the computer by statistical package for social science for
data cleaning and analysis (Windows version 18, SPSS, Chicago, IL, USA).

Data analysis was carried out as follows
1. A questionnaire interview.
2. Choosing data entry mode.
3. Data cleaning.
4. Defining and recoding of certain variables.
5. Cross tabulation and advanced statistical analysis.
The statistical relationships between nutritional rickets and variables were assessed using 2
tests, chi-square and t-test. P-values were calculated for the ordinal level measures
(P<0.05).
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Results
This chapter presents the results of the statistical analysis of data that was collected
through a structured questionnaire. Data analysis was performed using SPSS, version 18.0
computer software. Descriptive statistics presented the demographical characteristics and
socio-economic status of the participants as well as the food frequency questionnaire,
which included the most common foods consumed by the child. The statistical method of
two independent student's t-test was used to compare the differences between the means of
body weight, height, BMI, head circumference, serum albumin, calcium, phosphorus and
alkaline phosphatase that were obtained from the surveyed children both cases and control
after their caregiver agreement.

Socio-demographic description of the study sample
The study sample consist of (200) children, 50% of them were rachitic children (the cases
group) and 50% were healthy non rachitic children (the control group).
About 15.5% of the study participants were from Gaza North, 42.5% were from Gaza city,
18% were from the Midzone, 14.5 were from Khanyounis and about 9.5% were from
Rafah and this sample was selected from Ard El Insan association as the children was
referred.
The table 4 shows that 53% of the rachitic children were citizens and about 47% of them
were refugees.
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Table 4 Socio-demographic variability of the study participants

Variable

Case

Control

Total

No (%)

No (%)

No (%)

> 0.05

Governorate
North

11 (11)

20 (20)

31 (15.5)

Gaza

52 (52)

33 (33)

85 (42.5)

Midzone

14 (14)

22 (22)

36 (18)

Khanyounis

15 (15)

14 (14)

29 (14.5)

Rafah

8 (8)

11 (11)

19 (9.5)

Total

100 (100)

100 (100)

200 (100)

> 0.05

Citizenship
Refugee

47 (47)

41 (41)

88 (44)

Citizen

53 (53)

59 (59)

112 (56)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Mother education*
Primary

5 (5)

0 (0)

5 (2.5)

Preparatory

33 (33)

54 (54)

87 (43.5)

Secondary

54 (54)

39 (39)

93 (46.5)

Univer.higher

8 (8)

7 (7)

15 (7.5)

Illiterate

0 (0)

0 (0)

0 (0)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Father education*
Primary

16 (30)

0 (0)

16 ((8)

Preparatory

30 (30)

25 (25)

55 (27.5)

Secondary

42 (42)

48 (48)

90 (45)

Univer.higher

11 (11)

27 (27)

38 (19)

1 (1)

0 (0)

1 (0.5)

100 (100)

100 (100)

200 (100)

Illiterate
Total

P-value

*Statistically significant (p-value <0.05).
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52%

60%
50%

33%

40%

30%
20%

22%

20%

15%14%

14%

11%

10%

Control

11%

8%

0%
North

Gaza

Midzone

Khanyounis

Rafah

Figure 1 Distribution of the study participants according to their governorate.
Figure 1 illustrates that the majority of the study population was from Gaza city about 52%
of the cases, and 22% of the controls.

59%
60%
50%

53%
47%
41%

40%
Case
30%

Control

20%
10%
0%

Refugee

Citizen

Figure 2 the percentage of citizens and refugees in the study participants.
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The figure shows that about 47% of the cases were refugees in the other hand 53% of them
were citizens, the controls 41% of them were refugees and 59% were citizens, and as
clearly appeared that the percentage of rachitic children who are citizens is higher than the
refugees‟ percentage.

House holding characteristics of the study participants
Table 5 shows that the working status of the fathers, about 63% of the fathers were not
working in the cases group and 58% of the control‟s fathers were working, nearly 92% ,
72% in cases and control groups respectively of the study population families their
monthly income were < 2000 New Israeli Shakel.
Regarding the crowding index which is calculated by dividing the family members per the
number of the rooms in the house, about 48% of the study participants the crowding index
was from 2 to 5, a percentage of 53% of the rachitic children were have this crowding
index and about 19% had more than five members in the room.
The present study shows that about two third of the children were poor and their daily
income < 2 dollars per capita.
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Table 5 Household characteristics of the study participants

Variable

Case

Control

Total

No (%)

No (%)

No (%)

< 0.05

Working status*
Yes

37 (37)

58(58)

95 (47.5)

No

63 (63)

42 (42)

105 (52.5)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Monthly income (NIS)*
≤2000

92 (92)

72 (72)

164 (82)

>2000

8 (8)

28 (28)

36 (18)

Total

100 (100)

100 (100)

200 (100)

< 0.05

Crowding index*
<2

28 (28%)

54 (54%)

82 (41%)

2-5

53 (53)

43 (43)

96 (48%)

>5

19 (19)

3 (3)

22 (11%)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Monthly income/capita*
Poor (<2 $/day)

85 (85)

54 (54)

139 (69.5)

Not poor (≥2 $/day)

15 (15)

46 (46)

61 (30.5)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Family Aid*
Yes

47 (47)

8 (8)

55 (27.5)

No

53 (53)

92 (92)

145 (72.5)

100 (100)

100 (100)

Total

P-value

*Statistically significant (p-value <0.05).
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200
(100)

Figure 3 The prevalence of poverty in the study participants
As in the previous figure a high percentage of poverty is spread in the cases families about
85% of them their daily income was less than 2$/day and referred as poor, a small
percentage of them 15% were classified as not poor and in a comparison with the control
group about 54% of them were poor and 46% were not poor.

General characteristic of the study participants
The following table shows the general characteristics of the study participants, 50% of the
children were 6-18 months, 50% were above 18 months. The male rachitic children were
about 59% and the females were 41%. The percentage of the first rachitic child in the
surveyed families was about 63%. A significant statistically relationship is appeared in
the variable birth weight which shows that 15% of the rachitic children were born with
LBW, 74% were born with a normal weight and about 11% were born overweight.
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Table 6 General characteristics of the study participants

Variable

Case

Control

Total

No (%)

No (%)

No (%)

> 0.05

Gender
Male

59 (59)

53 (53)

112 (56)

Female

41 (41)

47 (47)

88 (44)

100 (100)

100 (100)

200 (100)

Total

> 0.05

Age
6-18 months

50 (50)

36 (36)

86 (43)

>18 months

50 (50)

64 (64)

114 (57)

100 (100)

100 (100)

200 (100)

Total

< 0.05

Birth weight*
<2500 gram

P-value

15 (15)

5 (5)

20 (10)

74 (75)

76 (76)

150 (75)

11 (11)

19 (19)

30 (15)

100 (100)

100 (100)

200 (100)

(LBW)
2500-3500
gram (Normal)
>3500 gram
(High)
Total

< 0.05

Child order*
1

63 (63)

91 (91)

154 (77)

2

33 (33)

9 (9)

42 (21)

3

4 (4)

0 (0)

4 (2)

100 (100)

100 (100)

200 (100)

Total

*Statistically significant (p-value <0.05).
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20%
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Figure 4 Distribution of the study participants according to gender
As shown in the figure about 59% of the cases were males and 41% of them were females,
and in the control group 53% of them were males and 47% were females.

Anthropometric measurements of the study population
The mean of the rachitic children height was 79.85 cm (±5.94 SD), and for the control
children was 82.78 cm (±5.99 SD), the mean weight of the rachitic children was 10.82 kg
(±2.04 SD) and for control children was 11.66 kg (±0.94 SD). Regarding the BMI of the
cases the mean was 16.8 (±1.60 SD) in the other hand the mean control was 17.14(±1.78
SD). Head circumference of the rachitic children was 47.53 cm (±2.16 SD) and for the
controls was 45.94 cm (±2.52 SD). These measurements were all statistically significant
(P<0.05), whereas BMI was not (P>0.05).
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Table 7 t-test comparing the means of children anthropometric measures among cases
and controls

Variable

Case-

No.

Mean

SD

T

Case

100

79.85

5.94

-3.47

Control

100

82.78

5.99

-3.47

Case

100

10.82

2.04

-3.73

Control

100

11.66

0.94

-3.73

Case

100

16.8

1.60

-1.26

Control

100

17.14

1.78

-1.26

Head

Case

100

47.53

2.16

4.78

circumference*

Control

100

45.94

2.52

4.78

Height*
Weight*
BMI

Control

P-value
.001

.000

.207

.000

*Statistically significant (p-value <0.05).

Child medical history
Concerning the child medical history, 35.5% of the study participants had complained from
urinary tract infection 42% from them were rachitic children compared with 29% from
controls.
Further, the table also shows that 79.5% of the study participants had complained from
respiratory tract infection and 83% from cases. In addition more than 50% of the
participated children had vomiting and diarrhea 58% from both groups.
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Table 8 Child medical history

Variable

Case

Control

Total

No (%)

No (%)

No (%)

< 0.05

History of UTI*
Yes

42 (42)

29 (29)

71 (35.5)

No

58 (58)

71 (71)

129 (64.5)

100 (100)

100 (100)

200 (100)

Total

>0.05

History of RTI
Yes

83 (83)

76 (76)

159 (79.5)

No

17 (17)

24 (24)

41 (20.5)

100 (100)

100 (100)

200 (100)

Total

>0.05

History of diarrhea and vomiting
Yes

58 (58)

58 (58)

116 (58)

No

42 (42)

42 (42)

84 (42)

100 (100)

100 (100)

200 (100)

Total

P-value

*Statistically significant (p-value <0.05).
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Figure 5 Distributions of the clinical signs of rickets in diagnosed children
This figure shows the percentages of legs deformities in rachitic children which was the
major sign that reinforced the parents to take the child to the hospital, all the children had
legs deformities 100%, about 97% of them were having hand deformities, 87% of them
had chest deformities and about 73% of the children had head deformities, also history of
fractures in this group had been taken, about 1% of them had a fracture in his life and 3%
were having contractions and spasms.

Child food intolerance:
Table 9 shows that 22% of the children had food intolerance and 78% of them hadn‟t any
food intolerance, 2% of the rachitic children were having lactose intolerance and about 6%
of the cases were having gluten intolerance and 5% from the controls were also
complaining gluten intolerance, in the other hand 14% of the rachitic children were having
other food intolerance.
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Table 9 Child food intolerance

Variable

Case

Control

Total

No (%)

No (%)

No (%)

< 0.05

Child food intolerance*
Yes

22 (22)

9 (9)

31 (15.5)

No

78 (78)

91 (91)

169 (84.5)

100 (100)

100 (100)

200 (100)

Total

> 0.05

Types of food intolerance
Lactose

P-value

2 (2)

0 (0)

2 (1)

6 (6)

5 (5)

11 (5.5)

14 (14)

4 (4)

18 (9)

intolerance
Gluten
intolerance
Other food
intolerance
Total

22 (22)

9 (9)

31(15.5)

*Statistically significant (p-value <0.05).

Family history of the child and its relation to rickets
This study shows 15% of the study participants were having other rachitic child in their
families, and in the same time 24% of the rachitic children were having a history of rickets
with another child in their families, a significant relationship is found in liver and heart
disease in relation to the study participants.
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Table 10 The relationship between family medical history among cases and controls

variable

Case

Control

Total

No (%)

No (%)

No (%)

Rickets in family members*
24 (24)
Yes

< 0.05
6 (6)

30 (15)

No

76 (76)

94 (94)

170 (85)

Total

100 (100)

100 (100)

200 (100)

Family history of renal disease
10 (10)
Yes

> 0.05
4 (4)

14 (7)

No

90 (90)

96 (96)

186 (93)

Total

100 (100)

100 (100)

200 (100)

Family history of liver disease*
12 (12)
Yes

< 0.05
3 (3)

15 (15)

No

88 (88)

97 (97)

185 (92.5)

Total

100 (100)

100 (100)

200 (100)

Family history of heart disease*
9 (9)
Yes

P-value

< 0.05
1 (1)

10 (5)

No

91 (91)

99 (99)

190 (95)

Total

100 (100)

100 (100)

200 (100)

*Statistically significant (p-value <0.05).

History of bone pain and calcium intake among mothers
The following table 11 shows 62% of the rachitic children mothers were suffering bone
pain, and in case of this pain about 75% of these mothers were not taking calcium tablets,
in the other hand about 76% of the mothers of controls were taking calcium tablets.
Both of bone pain and calcium intake shows statistically significance (p-value <0.05).
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Table 11 Bone pain and calcium intake

Disease
Bone pain*
Yes

Case

Control

Total

No (%)

No (%)

No (%)

P-value
< 0.05

62 (62)

9 (9)

71 (35.5)

No

38 (38)

91 (91)

129 (64.5)

Total

100 (100)

100 (100)

200 (100)
< 0.05

Calcium intake*
Yes

25 (25)

76 (76)

101 (50.5)

No

75 (75)

24 (24)

99 (49.5)

Total

100 (100)

100 (100)

200 (100)

*Statistically significant (p-value <0.05).

Figure 6 The prevalence of bone pain in the mothers
This figure shows about two third of mother of the rachitic children were complaining
from bone pain 62%, this percentage is very high if compared with 91% of mothers in the
control group were not complaining any signs of bone pain.
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Calcium Intake
76%

80%

75%

70%
60%
50%
40%
30%

Case

25%

24%

Control

20%
10%
0%

Yes

No

Figure 7 The prevalence of calcium intake in mothers:
Only 25% of the mothers in the cases group were taking calcium supplement and 75%
were not, in the control group, 76% of the mothers were taking calcium and a small
percentage of 24% were not taking any calcium supplements.

Relationship between breastfeeding and rickets
Exclusive breast feeding is a concerning factor in the infant life and the following table 12
shows that about 70% of the rachitic children were exclusively breastfed for a period of
less than 6 months and this means that only 70% of these children were not taking anything
except breast milk, and about 25% of them were breastfed for a longer period which was
extended from 6 months to 18 months, which is the most sensitive period for rickets. For
some reasons 5% of these children their mothers had continued their breastfeeding for
more than 18 months.
20% of the cases children were started complementary feeding in the period between 3 to 6
months, and 73% of them began in the period 7 to 10 months. A small percentage 7% of
the cases started after the age of 10 months. The children from the control group are
different, 83% of them started complementary feeding in the age 3 to 6 months, and only
17% of them started in the age between 7 to 10 months.
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Table 12 Children who were breastfed and had taken complementary feeding

Case
No (%)
Exclusive breast feeding*
70 (70)
<6 months

Control
No (%)

Total
No (%)

83 (83)

153 (76.5)

6-18 months

25(25)

17 (17)

42 (21)

>18 months

5 (5)

0 (0)

5 (2.5)

Total

100 (100)

100 (100)

200 (100)

Variable

Complementary feeding*
100 (100)
Yes

P-value
< 0.05

< 0.05
100 (100)

200 (100)

No

0 (0)

0 (0)

0 (0)

Total

100 (100)

100 (100)

200 (100)
< 0.05

Complementary feeding (start age)*
20 (20)
3-7 months

83(83)

37(18.5)

>7-10 months

73(73)

17(17)

156 (78)

>10 months

7 (7)

0 (0)

7 (3.5)

Total

100 (100)

100 (100)

200 (100)

*Statistically significant (p-value <0.05).

3-7 months
>7-10 months

>10 months

Figure 8 Age of starting complementary feeding
As shown in the previous figure 83% of the children from the control group had started
complementary feeding in the age 3 to 7 months, and only 20% of the rachitic children, in
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the age of more than 7 to 10 months 73% of the rachitic children had started the
complementary feeding and with them 17% of the controls.

Sun exposure and rickets
A significant relationship appears between rickets and sun exposure which is seen in the
percentage of 43.5% of the study participants and 50% of the rachitic children were
exposed to sun light every other day, also 17% of the study participants and 23% of the
rachitic children were exposed rarely to sunlight as their parents said.
Table 13 Sun exposure and rickets

Case

Control

Total

No (%)

No (%)

No (%)

Sun exposure*
Daily

27 (27)

42 (42)

69 (34.5)

Every other

50 (50)

47 (47)

97 (43.5)

Rarely

23 (23)

11 (11)

34 (17)

Total

100 (100)

100 (100)

200 (100)

Variable

P-value
< 0.05

day

*Statistically significant (p-value <0.05).

100%
90%
80%
70%

60%

50%
42%

50%
40%
30%

47%

Case

Control

27%

23%
11%

20%
10%
0%

Daily

Ever other day

Rarely

Figure 9 Distribution of the study population in relation to sun exposure
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A small percentage of the cases group was exposed to the sunlight in a daily pattern 27%
but 42% of the controls were daily exposed to sunlight.
50% of the rachitic children were exposed to sun light every other day and 23% of them
were not exposed directly to the sunlight.

Laboratory analysis for study participants
This will discuss the classification of serum levels of the biochemical determinants
(calcium, phosphorus, alkaline phosphatase, and albumin) and the comparison between
their means.

Classification of the serum levels of calcium, phosphorus, alkaline
phosphatase, and albumin
The following table 14 shows clearly that 57% of the rachitic children were having low
albumin level < 3.6 g/dl, in the other hand about 85% of the study participants were having
normal calcium level in their blood, and only about 21% of the rachitic children who were
having low calcium level in the blood, the percentage of 86.5% of the study participants
was in the normal range of phosphorus blood level.
There are two different levels of normal blood level of alkaline phosphatase according to
gender, in the male group the normal level of alkaline phosphatase is (159-522U/L) and
about 28 child had high alkaline phosphatase levels, compared with 40 female child who
were having high levels of alkaline phosphatase according to the female normal range of
alkaline phosphates in females which is (126-294 U/L).
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Table 14 laboratory analysis for study population

Variable

Case
No (%)

Control
No (%)

Albumin*
57 (57)
Low (<3.6 g/dl)
Normal (3.6-4.7
43 (43)
g/dl)
0 (0)
High (>4.7 g/dl)
100 (100)
Total
Calcium*
21 (21)
Low (<8.9 mg/dl)
Normal (8.9-12
79 (79)
mg/dl)
0 (0)
High (>12 mg/dl)
100
(100)
Total
Phosphorus*
6 (6)
Low (<3.8 mg/dl)
Normal (3.8-5.5
82 (82)
mg/dl)
12 (12)
High (>5.5 mg/dl)
100
(100)
Total
Alkaline phosphatase for males*
0 (0)
Low (<159 U/L)
Normal (15931 (31)
522U/L)
28 (28)
High (>522 U/L)
59 (59)
Total
Alkaline phosphatase for females*
0 (0)
Low (<126 U/L)
Normal (126-294
1 (1)
U/L )
40 (40)
High (>294 U/L)
41 (41)
Total
*Statistically significant (p-value <0.05).
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0 (0)

Total
No (%)
< 0.05
57 (28.5)

61 (61)

104 (52)

39 (39)
100 (100)
9 (9)

39 (19)
200 (100)
< 0.05
30 (15)

91 (91)

170 (85)

0 (0)
100 (100)
4 (4)

0 (0)
200 (100)
< 0.05
10 (5)

91 (91)

173 (86.5)

5 (5)
100 (100)
0 (0)

17 (8.5)
200 (100)
< 0.05
0 (0)

50 (50)

81(40.5)

3 (3)
53 (53)
0 (0)

31 (16.5)
112 (66)
< 0.05
0 (0)

20 (20)

21 (10.5)

27 (27)
47(47)

67(33.5)
88 (44)

Comparison of means for serum calcium, albumin, phosphorus and
alkaline phosphatase in relation to rickets
The following table 115 shows that the mean of serum calcium in both cases and controls
is normal 9.248 mg/dl and 9.673 mg/dl respectively and as clearly notable the mean
calcium level of the control group is higher than the other group, with a statistically
significant relationship (p-value <0.05). The mean serum level of albumin in the rachitic
children was less than those of the control group and also with a statistically significant
relationship (p-value <0.05).
Regarding the mean of serum phosphorus in both groups, it was 4.937 mg/dl and 5.759
mg/dl in cases and control groups respectively and this shows that the control group have
higher phosphorus level than the cases group and this also is statistically significant (pvalue <0.05).
A statistically significant relationship (p-value <0.05) is found in alkaline phosphatase
serum levels, and clearly appeared in the table that the mean serum level of ALP in rachitic
children is higher 508.83 U/L, than those in control group 465.15 U/L.
Table 15 Comparison of means for serum calcium, albumin, phosphorus and alkaline
phosphatase among study participants

Variable

CaseControl

No.

Mean

SD

t

P-value

Blood

Case

100

9.248

.378

-6.234

.000

calcium*

Control

100

9.673

.566

-6.234

.000

Blood

Case

100

3.566

.469

-16.956

.000

albumin*

Control

100

4.602

.391

-16.956

.000

Blood

Case

100

4.937

.623

2.199

.029

phosphorus*

Control

100

5.759

.513

2.199

.029

Alkaline

Case

100

508.83

199.561

2.159

.032

phosphatase*

Control

100

465.15

33.434

2.159

.033

*Statistically significant (p-value <0.05).
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Dietary habits
The findings revealed that dietary habit of the control group was statistically better than the
cases group especially consuming food of animal origin.

Food frequency of animal products
This table 16 clarifies the relationship between the child food intake and rickets and as
shown in the table about 60% only of the children with rickets were eating eggs more than
three times per week and about 96% of the children in the other group (control group).
Also about 66% of the rachitic children were taking meat and meat products less than three
times per week, in the other hand 57% of the non-rachitic children were having meat and
meat products more than three times per a week.
The percentage of 71% and 70% of children with rickets were had eaten chicken and fish
respectively less than three times per a week, and this is shown with statistically
significance (p-value<0.05).
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Table 16 Food frequency pattern of animal source according to study population

FFQ variables

case

Control

N= 100 (%)

N= 100 (%)

< 0.05

Milk*
≥3 times / week
<3 times / week
Never/ rarely
Yougort*
≥3 times / week
<3 times / week
Never/ rarely
Cheese*
≥3 times / week
<3 times / week
Never/ rarely
Egg *
≥3 times / week
<3 times / week
Never/ rarely
Meat and meat products*
≥3 times / week
<3 times / week
Never/ rarely
Chicken *
≥3 times / week
<3 times / week
Never/ rarely
Fish*
≥3 times / week
<3 times / week
Never/ rarely
Liver*
≥3 times / week
<3 times / week
Never/ rarely

p-value

88 (88)
12 (12)
0 (0)

100 (100)
0 (0)
0 (0)
< 0.05

97 (97)
3 (3)
0 (0)

100 (100)
0 (0)
0 (0)
< 0.05

94 (94)
6 (6)
0 (0)

97 (97)
3 (3)
0 (0)
< 0.05

60 (60)
28 (28)
12 (12)

96 (96)
4 (4)
0 (0)
< 0.05

19 (19)
66 (66)
15 (15)

57(57)
42 (42)
1 (1)
< 0.05

24 (24)
71 (71)
5 (5)

48 (48)
52 (52)
0 (0)
< 0.05

11 (11)
70 (70)
19 (19)

18 (18)
69 (69)
13 (13)
< 0.05

13 (13)
65 (65)
22 (22)

*Statistically significant (p-value <0.05).
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29 (29)
59 (59)
12 (12)

Food frequency of non-animal sources
As table 17 indicates that a percentage of the cases and control groups were following
different dietary habit concern non animal products. It was observed that, main statistical
differences between the cases and the controls occurred in consuming legumes, nuts, fruits,
and sesame products. The controls consumed nuts and fruits products more frequently
than the cases but their consumption from legumes was more than those of controls due to
their low socio-economic status and their less consumption from meats, chicken and fish.
These differences were statistical significant (P<0.05), whereas both groups consumed
vegetables, olive oil, family food and sweets nearly close (P>0.05).
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Table 17 Food frequency pattern of non-animal source according to study population

FFQ variables

case

control

N= 100 (%)

N= 100 (%)

Legumes *
≥3 times / week
<3 times / week
Never/ rarely
Fruits*
≥3 times / week
<3 times / week
Never/ rarely
Vegetables
≥3 times / week
<3 times / week
Never/ rarely
Sesame and sesame products*
≥3 times / week
<3 times / week
Never/ rarely
Olive oil
≥3 times / week
<3 times / week
Never/ rarely
Family food
≥3 times / week
<3 times / week
Never/ rarely
Sweets
≥3 times / week
<3 times / week
Never/ rarely
Nuts*
≥3 times / week
<3 times / week
Never/ rarely

p-value
< 0.05

61 (61)
38 (38)
1(1)

41(41)
54 (54)
5 (5)
< 0.05

66 (66)
32 (32)
2 (2)

77 (77)
23 (23)
0 (0)
> 0.05

31 (31)
52 (52)
17 (17)

25 (25)
71 (71)
4 (4)
< 0.05

9 (9)
62 (62)
29 (29)

0 (0)
72 (72)
28 (28)
> 0.05

41 (41)
42 (42)
17 (17)

45 (45)
51 (51)
4 (4)
> 0.05

96 (96)
3 (3)
1 (1)

100 (100)
0 (0)
0 (0)
> 0.05

84 (84)
15 (15)
1 (1)

90 (90)
10 (10)
0 (0)
< 0.05

13 (13)
65 (65)
22 (22)

*Statistically significant (p-value <0.05).
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29 (29)
59 (59)
12 (12)

CHAPTER FIVE

DISCUSSION
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DISCUSSION
As part of a case control study of risk factors, the study considers socio-demographic
conditions, maternal-infant feeding patterns and child health disorders variables as well as
sunlight exposure status and breast feeding.
This study was conducted in the Gaza Strip to assess the nutrition status of the children
with rickets. However, it can be concluded that the results were matched with other similar
studies in some findings and contradicted others.

Socio-demographic variables
The results of this study identify great variability across levels of basic socioeconomic
variables. The most striking factor that the majority of the rachitic children was from Gaza
City, and those children were citizens. The rest observations are not surprising except that
most fathers and mothers of the rachitic children were not having university degree,
lacking of the basic health information could contribute not only to rickets but also to other
different health related behaviors and problems (Abed, 1992).

Housing & housing size
This study identifies significant positive association between rickets and family size.
Moreover the conclusion to be derived from the results is that, the traditional positive
association between rickets and household size continue to be very pronounced in the
Palestinian community and characterizes not only rickets but also other health disorders.
The evidence provided by this study is strongly suggesting the relationship between
housing conditions and rickets. The data generated by the present study is consistent with
what cited in the Palestinian national health plan (MOH, 1997) and clearly point to the
existence of poor housing quality. The quality of housing condition and home facilities
may influence respiratory diseases, gastroenteritis and parasitic disease.
Consistently, the requirement of a definite amount of air space will prevent some of the
worst evils of overcrowding (Serenius et al., 1994). However it is very interesting infants
who live in a crowding index from 2-4, family members per room were more affected than
who were 2 or less members per room. The only explanation is that, increasing of the
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family members in the house has led to more congested living, less space, external
courtyard are rare luxury, and there is no space to expose to sunlight and have a clean
surrounding area and good quality of the house.
Most of the rachitic children were poor and their daily income was less than two dollars
per day and this is associated with rickets with a strong statistically significant relationship,
although a previous study revealed high prevalence of vitamin D deficiency among nursing
mothers without fish and meat in their diet (Ahmed et al., 1995), the present study revealed
the association between poor family income and the child health, in order that poor
families cannot meet the daily food intake for the child which should be rich in calcium,
phosphorus, and vitamin D, and their sources due to its perceived high prices.

The birth weight & the order of the child
The evidence provided by this study strongly suggests that rickets was much more
prevalent among those with birth weight less than 2500 gm. This result is in accordance
with other studies (Chen, 1994; El- Hag; Karrar, 1995). LBW infants seem unable to
maintain serum 25-hydroxycholecalciferol levels and are more prone for rickets
development due to disorder in vitamin D metabolism (Hillman, 1975) and rabid postnatal
growth demands a large amount of calcium (Glass, 1982).
In general the distribution of rickets among children who were the first child was 63% and
the second child was 33%, the percentage of 63% is high which indicates that a lot of
mothers have low stores of calcium and vitamin D regarding the unhealthy western diet
which is deficient in vitamins and minerals, the more woman had pregnancy, the more
effect on vitamin D deficiency which led to nutritional rickets (Molla et al., 2000; Ahmad
et al., 1995; Dratva et al., 2006).
In addition association between obstetric factors and vitamin D deficiency rickets was
reported (Beser et al., 1994). In view of the findings mother may not have enough time to
replete her nutritional status particularly vitamin D and calcium so baby of such mother
has little of vitamin D store in the liver, breast milk provided little more and then rickets
occurred (Wharton, 1992) ).
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Weight, height and head circumference of study participants
The present study results shows that the mean values of height and weight of the rachitic
children at diagnosis were significantly lower than the controls. Moreover head
circumference of the rachitic children was significantly more than that of control.
The mean height of the cases was 79.85 cm which is less than the mean of controls 82.78,
the author referred that to leg deformities of the cases that make them shorter than the
controls, also many of the rachitic children were malnourished. The mean weight of the
rachitic children was 10.82 kg on the other hand the mean weight of the controls was 11.66
kg which is higher than the weight of cases, these results is coincide with the results of
Mushtaha, (2006) and Abu Awwad, (2000) findings, both of these studies showed that the
mean weight of the control children was higher than the mean weight of cases. The mean
of the head circumference also in the cases was different that of the controls, it was higher
in the cases 47.53 cm compared to those of controls 45.94 cm and this is normal due to the
deformity in the head which is clinically being a sign in rickets.
Weight is the most important and most reliable index used to check a child‟s physical
development and nutritional condition. Height reflects a person‟s bone growth rate.
Changes in height are only observed over a long period of time. If the height increases
slowly or stops, this may indicate chronic malnutrition or illness. If the head
circumference is too big, it may indicate hydrocephalus or rickets and if the head
circumference is too small, it may indicate delayed mental development (Hu, 2005).
It is important to note that the rickets patient demonstrates clinical features of malnutrition,
for example weight and height were lower in rachitic children.

Child medical history
Among the cases of rickets and their controls, were similar regarding to diarrhea and
vomiting, but cases were not likely than controls to report a history of respiratory tract
infections (RTI) about 83% of the cases complained form RTI and 42% had a history of
urinary tract infections (UTI) results from previous studies indicating that rickets was one
of the major contributing factors that could increase morbidity (Banajeh, 1998; Yener,
1995; Lulseged, 1990, Elzouki, 1989).
A percentage of 2% of the rachitic children were lactose intolerance vitamin D helps the
body control calcium and phosphate levels. If the blood levels of these minerals become
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too low, the body may produce hormones that cause calcium and phosphate to be released
from the bones, this leads to weak and soft bones (more resorption).
Vitamin D is absorbed from food or produced by the skin when exposed to sunlight. Lack
of vitamin D production by the skin may occur in children who are lactose intolerance.
Not getting enough calcium and phosphorous in your diet can also lead to rickets by a lack
of these minerals in diet.
A significant relationship is found in the variable gluten intolerance which is appeared in
the percentage 6% of the cases, It has been found than celiac disease decrease the serum
calcium, and the serum inorganic phosphorus either normal or subnormal. Thus, the blood
presents the picture of low calcium rickets also, celiac disease decrease the absorption of
fat soluble vitamin which cause decreasing vitamin D absorption.

Family history
This study shows that 24% of the rachitic children were having another family member
with a history of rickets and about 10% of them had a family member with renal disease.
These findings were consistent with Abu Awwad, (2000) findings who found that 12.5% of
the rachitic children were having a family history of rickets.
These results demonstrate that a considerable percent of rachitic children were diagnosed
due to family history of rickets, and about 63% of the rachitic children were the first child,
this observation merely reflects the fact that, there are some maternal factors which
associated with rickets like maternal illiteracy or low education, early marriage, inadequate
nutrition during pregnancy due to fast food and increase intake of western diet. Illustrative
evidence showed that the nutritive conditions of the mother during pregnancy frequently
affect not only her own health but also the wellbeing of her child. Thus considerable
proportions of infants are at high risk of developing nutritional rickets. The study
demonstrated that children with rickets are more susceptible to many health problem like
infections, poor weight gain and epilepsy as well as problems in growth and developmental
processes like walking and teething, these findings of this study are broadly consistent with
Abu Awwad study (Abu Awwad, 2000).
All of the children were selected from Ard El Insan, at the beginning they were diagnosed
by the pediatrician as a rickets patients, then for each child a health record is done by the
nurse , this file contained all the measurements for the child, the clinical diagnosis from the
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doctor and the clinical sign and symptoms of rickets appeared on the child, all the selected
children for this study were suffering from deformities in legs (bow legs), about 97% of
the cases were diagnosed with hand deformities, 87% of them had deformities in chest
(rosary chest) and head deformities was 73%, also in this study the author found that 1% of
the cases had a history of fracture and 3% with a history of contractions. Abu Awwad
(2000) found that the mean age of rickets, was from 13 to 19 months as the majority of the
children were diagnosed in this age, and the results of the study indicated that, children
who are too young to walk would not develop the limb deformities, so their mothers will
not seek medical care early, Kover, (1982) demonstrated that early detection of the disease
remarkably influence the consequences.

Maternal variables
Although a previous study revealed high prevalence of vitamin D deficiency among
nursing mothers without fish and meat in their diet (Ahmed et al., 1995). Abu Awwad,
(2000) revealed that there is no association between fish and meat consumption during the
concerned pregnancy and rickets among children, on the other hand Mushtaha, (2006)
showed significant difference between mothers of cases and mothers of controls and their
counterparts of the rachitic children with regard to eggs, fish, milk, fruits and vegetables
consumptions, this study showed that mothers of rachitic children were not eating such
food stuff. This study shows that mothers of rachitic children were suffering bone pain,
about 62% on the other hand 91% of the controls mothers‟ were not. About 25% of the
cases‟ mothers were not taking calcium supplementation instead of their bone pain and
about 75% of the control‟s mothers were taking calcium supplementation during
pregnancy. In the view of these findings the author referred this difference to the economic
status and the level of education which suggest that launching of health education and
promotion programs is necessary, because less educated mothers will have a higher chance
to get an infant with rickets and health education will be a factor with an important role in
preventing rickets, association between obstetric factors and vitamin D deficiency leads to
nutritional rickets (Beser et al., 1994). Mothers who not have enough time to replete their
stores of vitamin D and calcium, and breastfeed with breast milk which provides little
vitamin D, their babies are more exposed to have a baby with little vitamin D stores in the
liver, then nutritional rickets exposed (Wharton, 1992).
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The vitamin D stores of the new born infant is largely depend on the vitamin D stores of
the mother, and if the mother has a deficiency in vitamin D, the infant will be deficient in
vitamin D due to the decrease in the maternal-fetal transfer of serum 25-OHD which will
decrease the concentration of the vitamin in the first 8 weeks of the infant life (Pehlivan et
al., 2003). Therefore efforts to meet these challenges, must be guided by knowledge that a
wide variety of maternal variables contribute to the occurrence of rickets, which require
different kinds of programs to bring them under control, all these aims will be enhanced by
increasing health awareness and programs.

Breastfeeding and infant feeding patterns
A percentage of 76.5% of the total study participants which mean that more than two third
of the selected children were breastfed. The overall percent of the rachitic children who
exclusively breastfed was 70% from birth to 6 months, after this age there was 25%
percent of rachitic children continued breastfeeding for 18 months. Rachitic children were
breastfed for longer period than other children who were the controls. However exclusive
breastfeeding for longer period was significantly associated to rickets and this has general
agreement with these previously studies (El-Hag and Karrar, 1995; Hillman, 1990;
Musaiger, 1996; Ahmed 1995). Although there is similarity in the findings of this study
results and other previous results, but this must be carefully taken, because other important
factors were not controlled like economic, cultural, and socio-demographic factors. An
explanation to the prolonged breastfeeding was referred to the low family income and
poverty, about 85% of the cases their daily income per capita was less than 2 $ per day,
and about 47% of them were not taking any type of family aid, this was a strong factor
pushing the mother to prolong breastfeeding for her child as possible as she could. Other
factor was Quran exhortation to breastfeeding until the age of two years and due to the
deteriorated education level of the parents in this study there was strong evidence from
them that the breastfeeding should be prolonged as possible. The author claimed that the
deficiency of calcium and vitamin D stores in the mother due to many associated factors
like the western diet, low economic status, lack of sunlight exposure and others, were the
main predisposing factors to nutritional rickets in the children.
Most of the control children their mothers started complementary feeding in the age from 3
to 7 months 83% of them, but only 20% of the cases mothers started the complementary
feeding in this age, the rest of the children were started after the age from 7 to 10 months
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about 73%, and about 17% from the controls. This is a complement with other studies
referred that the mean age for starting complementary feeding in rachitic children was
higher than those of controls, Abu Awwad, (2000) found the mean age for starting
complementary feeding in children was 5 months, but in rachitic children was 6 months.
Another study was done in the Gaza Strip, Mushtaha, (2006) found that prolonged
breastfeeding is a risk factor for rickets specially exclusively breastfed for a period beyond
6 months without vitamin D supplementation, then when starting complementary feeding,
consuming diets, low in calcium and vitamin.

Sun exposure
Many studies found that lack of sunlight increases the risk of nutritional rickets (Lubani,
1989; Elzouki, 1989; Elidresy, 1984). Other studies found associations between sun light
and rickets (Underwood. 1987; Holic, 1994; Oliver, 1993). In this study the author found
that there is a significant relationship between lack of sun exposure and rickets, and the
disease is higher in the children who were not exposed to sun light. However many factors
in health related behavior for good and ill are result in decrease in vitamin D production in
the skin. Lack of sun exposure in the surrounding community was from fear of the
sunstroke, as Abu Awwad, (2000) suggested in his study. Mushtaha, (2006) found that
clothing has an important role in development of the disease, statistically significant
relationship was found between children who were fully dressed and who were exposing
certain areas of their bodies to the sun light, the partially dressed children were less likely
to get rickets.
Several studies reported an apparent interaction between clothing and rickets (Elidrisy,
1984; Matsuoka, 1992; Sedrani, 1990; El-Sonbati, 1996) these studies showed negative
association between rickets and heavy clothes.
This study shows that there is a statistically significant relationship between sun light
exposure and rickets, about 73% of the cases were either exposed to sun light day after
other day, or not exposed at all, only about 27% of them were exposing in a daily pattern
due to the advice from the doctors to expose the child to sun light. On the other hand about
42% of the non-rachitic children were exposed to sun light in a daily pattern. This explains
the importance of exposure to sun light to decrease the development of the disease.
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Modernization and living in dark over-crowded houses lead to a very poor vitamin D
status, so the author suggests that the health care providers should provide health education
and promotion about the importance of sun light exposure and the exact timing for this
exposing, to increase the benefits from this light and provide some directions which
encourage exposure to sun light.

Dietary habits and food frequency
Dietary habits and the nutritional status of Palestinian mothers and children and
adolescents, eating behaviors characterized by missing meals (particularly breakfast),
snacking, consumption of fast foods, unconventional meals, consumption of soft drinks,
likes and dislikes, high energy intakes and dieting (Abu Nada, 2010)
Poor or inappropriate dietary habits increase the risk and/or incidence of chronic disease
among adolescents and children. Of greatest concern is the increasing rate of malnutrition
diseases due to the increase in fast food intake and low socio-economic status in the Gaza
Strip.
Abu Nada, (2010) study suggested that the adolescents eat more plant food source of fruit,
vegetable, legume and sweets and less of animal food source of milk, egg and meat and
this will for sure affect their stores for calcium as if they will be pregnant women in the
future they will be fragile and their breast milk will be deficient in calcium and vitamin D.
Two studies were carried one in Egypt and the other in Turkey, on nutritional rickets, the
results of them varied because rickets in Egypt was referred not to living conditions or
maternal clothing during pregnancy, and paradoxically maternal education was higher in
cases than controls, suggesting that it is not a social disease. Malnutrition was not a
primary cause of rickets in both countries. The mean dietary calcium intake was lower in
patients than in controls in Egypt, and in the absence of reliable indicators of nutritional
adequacy for calcium sources this estimates a state of calcium deficiency and will
complicated by the fact that the RDIs for calcium vary with age and the physiological state
of the mother and her child and this agreed with the study in Nigeria in which the Nigerian
children were also deficient in calcium. On the other hand the study which was carried in
Turkey showed that the Turkish children were deficient in vitamin D not in calcium, and
this contradicted with the two previous studies (Giampiero et al., 2008).

72

This study findings agreed with the previous Egyptian and Nigerian studies, which found
that the Gaza children were deficient of calcium, and their mother‟s diet were deficient in
calcium too.
Although the social and nutritional factors may explain the high prevalence of rickets in
the Middle East, additional genetic factors interacting with various degrees of vitamin D
deficiency, and /or calcium insufficiency may increase the predisposition in some children
(Giampiero et al., 2008).
The author found that rachitic children were taking less amounts of food which contains
calcium and vitamin D than those of control, a statistically significant relationships were
found in the intake of milk, yogurt, cheese, eggs, meat, fish, and liver which all were being
taken in low amounts by rachitic children less than 3 times per week.
In non-animal sources the intake from fruits and nuts were also lower in the cases group
than in the controls. The author referred this to the low socio-economic status of the cases
families and the age of the children who were less than three years so their teeth still not
complete and can't eat nuts, most health education programs conducted by health providers
were not reaching the majority of the target group, and only small percent of this study
population received health education by health providers.
Vitamin D supplementation and direct sun light exposure decreases the chances of getting
the disease. Therefore, measures need to be directed towards increasing and improving the
efficacy of vitamin D supplementation for both mothers and infants and health education
programs to encourage people to improve the quality of their buildings and increase their
exposure to sun lights.
This study shows that rachitic children were remarkably more affected with respiratory
infections which agreed with Abu Awwad, (2000) study and more affected with urinary
tract infections, also the findings indicates that the frequency distributions of many child
health problems such as poor growth, poor weight and height and developmental processes
are found clearly in the cases group. Therefore early detection of the disease is valuable to
prevent subsequent complications.

73

Biochemical changes
A significant statistically relationship is found in serum albumin, the findings of this study
shows that about 57% of the rachitic children were having low serum albumin less than 3.6
g/dl, what shows a case of malnutrition in this group of children, and this is referred to
many factors from them, late diagnosis of the child, low education level of the mother, low
socio-economic status, and poor nutrition either obesity (free fatty acids increase binding
of calcium to albumin causing a reduction in ionized calcium), or undernourished children.
A percentage of 28% of the rachitic children had high serum alkaline phosphates from
males group and 40% of the females group were high in the serum concentration of
alkaline phosphatise and this agreed with previous studies (Rajakumar, 2003; MOH, 2005;
Feldman, 1990; Mushtaha, 2006). The concentration of serum phosphate in rachitic
children was normal in 82% of the cases and low in 6% of them, in most cases of
nutritional rickets hypophosphatemia is found and this is a complement with previous
studies (Hettiarachch, et al., 2006), nutritional rickets is associated with phosphorus
deficiency ( MOH, 2005). Most of rachitic children had a normal serum concentration of
calcium about 79% and only 21% of them were with low serum calcium levels, studies
showed that in case of rickets and high alkaline phoshatese levels of serum parathyroid
hormone increased which increase resorption of calcium from the bones and increase
reabsorption of calcium from the renal tubules of the kidney (John et al., 1999; Elzouki, et
al., 1989).
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CHAPTER SIX

Conclusion and Recommendations
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Conclusion
This is a case-control study which was conducted in the Gaza Strip to understand the
nutritional status of the mothers and children under three years old diagnosed with rickets,
many nutritional determinants were contributing to the development of nutritional rickets
in the Palestinian community and these determinants are:

1- Maternal nutritional determinates
 Slightly more than two thirds of rachitic mothers were suffering bone pain, while
mothers of normal children are rarely suffering from bone pain.
 About a quarter of women of rachitic children were taking calcium supplements
while three quarters of the mothers of healthy children were taking calcium
supplements.
 Poor dieting of the mother either in the preparatory state in adolescence or in
pregnancy is strongly associated with the disease, also fear of obesity in
adolescence and mothers
 These determinants are the inadequacy of diet during adolescence, pregnancy and
lactation, reproductive age, poor health of the mother, all these factors replenish
mother stores of calcium and vitamin D.
 Child order and number of pregnancies may have a role in the development of
nutritional rickets, but also, western diet and fast food, lack of vitamin D
supplementation, and avoidance the exposure to sun lights all these factors were
associated with vitamin D deficiency and development of the disease in their
children.

2-Child nutritional determinants
 Most rachitic children were fragile and had many health problems like respiratory
infections, urinary tract infections, poor weight, and poor height.
 The latency in starting complementary feeding with lack of fortified food or
vitamin D supplementation, also lack of high quality of food stuff (meat, fish, eggs,
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fortified cereals, olive oil, milk and milk products, nuts) are associated with the
development of the disease.
 Rachitic children were prolonged exclusive breastfed with starting complementary
feeding later than healthy children which increase their susceptibility to the disease.
 The height, weight, and BMI for the rachitic children were lower than those of
controls and the only variable head circumference was higher than it of controls.
 Many of rachitic children were suffering one type of food intolerance.

House hold determinants
 Low level of education was associated with increase the development of the
disease, a small percentage of parents of rachitic children were educated.
 Low socio-economic status of the families of rachitic children was strongly
associated with increase the development of the disease most of the families their
monthly income was less than 2000 NIS.
 Two third of the children with rickets were poor and their daily income per capita
was less than 2 dollars.
 Poverty reinforces poor dieting for the mother and the child, also will prevent or
delay the referral to a pediatrician who will ask for many laboratory tests and x-rays
for diagnosis of the disease, as well as difficulty in bringing any drugs or
supplementations for treatment.
 About half of the rachitic children families were taking aids from another
associations or community members.

Environmental determinants
 Lack of sun exposure in infancy with increase clothing was associated with
increasing rickets in children.
 Instead of our shiny Arabic area, rickets still in development as the study showed.
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Recommendations
Increasing prevalence of nutritional rickets in the Middle East, in case of abundance sun
lights, and health education and promotion is a problem which should attract the attention
of policy makers to have solutions or decreasing the development of the disease.
Several recommendations are proposed from the author to eradicate the development of the
disease:


Implementation of a continuous education program in the health care centers and
clinics to increase awareness of the importance of good and healthy dieting during
adolescence as a preparing stage for pregnancy and breastfeeding, and
understanding of the major health consequences for micronutrients deficiencies.



Implement a national program in the clinics for vitamin D supplementations for
both mothers and children and a specific follow up program for distribution and
utilization of vitamin D supplementation.



Increase health education and promotion for the importance of healthy sun
exposure, proper infant clothing, quality of housing conditions, and traditional
habits of short pregnancy interval.



Increase community awareness of the fortified food like fortified cereals, milk and
biscuits for their children, as well as increasing mother awareness of the
development milestones of rickets and the importance of continual follow up.



Further researches are needed to determine the prevalence of calcium and vitamin
D deficiency among mothers and adolescents to evaluate and predict the future of
the disease development.
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Annex (1) Helsinki Approval:
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Annex(2): The Questionnaire of Rickets

إعزجبَخ
انٕػغ انزغزٔ٘ نألؿفبل انزٚ ٍٚؼبٌَٕ يٍ ن ٍٛانؼظبو ف ٙلـبع غضح
ٔانز ٍٚرمم أػًبسْى ػٍ صالس عُٕاد (يٍ  6إنٗ  36شٓش)
سعبنخ رؼشٚفٛخ
اعً ...........ٙألٕو ثذساعخ ثحضٛخ رزؼهك ثبنٕػغ انزغزٔ٘ نألؿفبل ف ٙيحبفظبد
غضح ٔ انز ٍٚرمم أػًبسْى ػٍ خًظ عُٕاد (يٍ  6إنٗ  36شٓش) ٔ ٚمٕ و ثبإلششاف ػهٗ
انذساعخ ثشَبيظ انزغزٚخ االكهُٛٛك ّٛثغبيؼخ األصْش حٛش رٓذف انذساعخ إنٗ انٕلٕف ػهٗ
انٕػغ انزغزٔ٘ نٓؤالء األؿفبل إػبفخ إنٗ انزؼشف ػهٗ انُٕاح ٙانًؼشفٛخ ٔ يًبسعبد
األيٓبد راد انظهخ ثًٕػٕع انجحش.

انًشبسكخ فْ ٙزا االعزجٛبٌ رـٕػٛخ .أشكش يشبسكزك الٌ إعبثبرك عٕف رهؼت دٔسا
يًٓب ثبنُغجخ ن .ٙأسعٕ يغبػذر ٙف ٙاالعبثّ ػهٗ ثؼغ األعئهخ ػٍ أعشرك ٔػٍ غزاء
انـفم .كًب عألٕو ثمٛبط ٔصٌ ٔ ؿٕل ٔ يحٛؾ رساع انـفم ٔعحت نؼُٛخ دو يٍ انـفم.
عٛغزغشق رؼجئخ ْزا االعزجٛبٌ َحٕ خًغخ ػشش دلٛمخ.انًؼهٕيبد اليؼـبح طٔف رجمٗ
ؿ ٙانكزًبٌ ٔنٍ ٚـهغ ػهٓٛب أحذ ثبعزضُبء فشٚك انجحش.
 انًجحٕصخ ٔافمذ ػهٗ يمبثهزٓب
 انًجحٕصخ نى رٕافك ػهٗ يمبثهزٓب

رؼهًٛبد نًغشٚخ انًمبثهخ:

1
2
3
4

 رأكذ٘ يٍ ػًش انـفم (يٍ  6إنٗ  36شٓش) لجم انجذء ف ٙإعشاء انًمبثهخ. رأكذ٘ يٍ لٕاػذ اعزضُبء أٔ اَـجبق انششٔؽ ػهٗ انـفم لٛذ انجحش. ٚغغم ػًش انـفم رًبيبً كًب ْٕ ثبألشٓش ٔ األٚبو. لٕي ٙثزؼجئخ اإلعزجبَخ حغت رغهغم األعئهخ كًب ْ ٙيذسعخ ف ٙاأللغبو انًخزهفخنالعزجبَخ.
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انمغى األٔل:
انًؼهٕيبد االلزظبدٚخ ,انذًٕٚغشافٛخٔ ,انزغزٔٚخ انًزؼهمخ ثبنـفم
عغم انًمبثهخ
انشلى انًزغهغم نالعزجٛبٌ

1

 -1شًبل غضح

 -2غضح

2

انى حبفظخ:
اعى انًُـمخ ...........................................................................................................................
ػُٕاٌ انجٛذ ............................................................................................................................

3

ربسٚخ انًمبثهخ نزؼجئخ اإلعزجبَخ

4

َزبئظ انًمبثهخ.1 :يٕافك  .2غٛش يٕافك  .3اَغحجذ,

5

اعى يغش٘/ح انًمبثهخ

1

اعى انـفم

2

عُظ انـفم

3

ربسٚخ يٛالد انـفم

4

يذح انحًم ثبنـفم ثبألعبثٛغ

5

ٔصٌ انـفم ػُذ انٕالدح ثبنغشاو

2

1
/
1

/
3

2

انمغى األٔل :يؼهٕيبد دًٕٚغشافٛخ ٔ انزبسٚخ انظح ٔ ٙانزغزٔ٘ رٔ انظهخ

6

 -1ركش

7
8

انًٕاؿُّ .1 :العئ  .2غٛشالعئ

9

ػذد أفشاد األعشح داخم انًُضل

10

ػذد انغشف ثبنًُضل

11

رشرٛت انـفم ث ٍٛاألحٛبء يٍ أخٕرّ ف ٙاألعشح

13
14
15
16
17
18
19

1
/

/
أعجٕع
عشاو

ػًش انـفم ٕٚو انًمبثهخ ثبألشٓش
سلى انٓبرف/انغٕال

12

 -2أَضٗ

2

شٓش

ٕٚو

1

انًشحهخ انذساعٛخ نألو:
 -3صبَٕ٘
 -2إػذاد٘
 - 1اثزذائٙ
 -5دساعبد ػهٛب  -6غٛش يزؼهًخ
 - 4عبيؼٙ
انًشحهخ انذساعٛخ نألة:
 -3صبَٕ٘
 -2إػذاد٘
 - 1اثزذائٙ
 -5دساعبد ػهٛب -6غٛش يزؼهى
 -4عبيؼٙ
ػًم سة األعشح (األة):
 -2ال ٚؼًم
ٚ -1ؼًم
يزٕعؾ دخم األعشح ف ٙانشٓش  ...............شٛمم
 -2سفؼذ اإلعبثخ
 -1ال أػشف
يذٖ كفبٚخ دخم األعشح انشٓش٘ ٔرٕفٛشِ الحزٛبعبد انـفم
ٔانؼبئهخ(يٍ َبحٛخ رغزٔ:)ّٚ
 -2ال ٕٚفش
ٕٚ - 1فش
انًغبػذاد انز ٙرزهمبْب األعشح:
 -2ال رزهمٗ يغبػذاد
 - 1رزهمٗ يغبػذاد
َٕع انًغبػذح انز ٙرزهمبْب األعشح
 -3ػُٛٛخ (غٛشغزائٛخ)
 -2غزائٛخ
 - 1يبنٛخ
يؼذل ركشاس انًغبػذح انز ٙرزهمبْباألعشح ْٕ يشح كم:
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2

1

2

1

2

1

2

1

2

1

2

3

1

2

3

 - 1أعجٕعً
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يهكٛخ انًُضل:

 -2شٓشً
 -1يغزأعش

 -3أكضش يٍ شٓش
 -2يهك نألعشح

2

1

انفحٕطبد االكهُٛٛكٛخ نهـفم يٍ لجم انـجٛت:

21

عجك ٔاٌ ػبَٗ انـفم يٍ عٕء انزغزٚخ:
(ْضالَ ,حٕل ,ػؼف عغً ,ٙاَخفبع ٔصٌ ,إنخ).
 -2ال نى ٚغجك ٔاٌ ػبَٗ انـفم
َ - 1ؼى عجك ٔاٌ ػبَٗ
ْم رؼبَ ٙانـفم يٍ رشِٕ ف ٙػظًخ انٛذ
 -2ال
َ - 1ؼى
ْم ٚؼبَ ٙانـفم يٍ رمٕط انغبلٍٛ
 -2ال
َ - 1ؼى
ْم ٚؼبَ ٙانـفم يٍ رشِٕ ثبنغًغًخ أ رمٕط ثبنغجّٓ
 -2ال
َ - 1ؼى
ْم ٚؼبَ ٙانـفم يٍ رشِٕ ثؼظبو انمفض انظذس٘
 -2ال
َ - 1ؼى
ْم ػبَٗ انـفم يٍ كغٕس
 -2ال
َ - 1ؼى
ْم ػبَٗ انـفم يٍ رشُغبد
 -2ال
َ - 1ؼى
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1

2

1

2

1

2

1

2

1

2

1

2

1

2

انزبسٚخ انًشػ ٙنهـفم :

َٕع انًشع
type of illness

22

ػذد يشاد االطبثّ ثبنًشع
No. of infection
episodes

أيشاع يزؼهمخ ثبنزٓبة انغٓبص
(انزٓبثبد فUTI ٙانجٕنٙ
انغٓبص انجٕن ٙرزغهٗ ف ٙسائحخ
انجٕل ٔنَّٕ ثمغ حٕل األػؼبء
انزُبعهٛخ ,انزجٕل االاساد٘,
انخ)
أيشاع يزؼهمخ ثبنزٓبة انغٓبص
(يضم انضكبوRTI ,انزُفغٙ
انششح ,انخ )
أيشاع يزؼهمخ ثبنزٓبة انغٓبص
(َضنّ يؼٕGIT ,ّٚانٓؼًٙ
اعٓبل ,لئ ...انخ)
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انز ٙاعزًش خالنٓب انًذح
انًشع
Duration of illness

ْم اعزذػٗ يشػّ دخٕل
hospitalizationانًشفٗ؟
 -2ال
َؼى 1-

الربسٚخ انـج ٙنهؼبئهخ
ْم ػبَذ االو يٍ االو انؼظبو اصُبء انحًم

1

 -2ال
َ - 1ؼى
ْم رُبٔنذ االو الشاص انكبنغٕٛو اصُبء انحًم

1

 -2ال
َ - 1ؼى
ْم ػبَ ٙاحذ افشاد االعشح يٍ غٛش انـفم انًظبة يٍ ن ٍٛانؼظبو
23

1

 -2ال
َ - 1ؼى
ْم ػبَٗ احذ افشاد االعشح يٍ ايشاع انكجذ

1

 - 1حغبعٛخ انال كزٕص  -2حغبعٛخ انغهٕر -3 ٍٛإَاع خش٘
ْم رؼشػ ٍٛؿفهك نهشًظ
-3

 -2لهٛال

2
3

.
انمغى انضبنشَ :ظبو انغزاء ٔانًكًالد انغزائٛخ

4
5

إدخبل األو نألغزٚخ انزكًٛهٛخ نهـفم:
َ - 1ؼى أدخهذ أغز ّٚركًٛهٛخ

6

ػًش انـفم ػُذ ثذاٚخ اعزخذاو األغزٚخ انزكًٛهٛخ نهـفم:

 -2ال نى رذخم أغز ّٚركًٛهٛخ
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2

3

3

ال

.

انؼًش (ثبالشٓش) انز ٙاخز انـفم ف ّٛانحهٛت انظُبػٙ

2

2

.

انًذح (ثبألشٓش) انز ٙأخذ انـفم فٓٛب سػبػخ ؿجٛؼٛخ ثحزخ (خبنظخ):
ٔ ْم ال ٚضال ؿفهك ٚزهمٗ سػبػخ ؿجٛؼٛخ ؟
 -2ال
َ - 1ؼى
انًذح يٍ ػًش انـفم انزُٚ ٙجغ ٙخالنٓب اعزًشاس انشػبػخ انـجٛؼٛخ:
(ثبألشٓش)
ْم اعزخذيذ االو انحهٛت انظُبػٙ
 -2ال
َ - 1ؼى

3

2

1

1

3

2

1

 -2ال
َ - 1ؼى
ْم ٚؼبَ ٙانـفم حغبعٛخ يٍ إَاع انـؼبو

2

2

1

 -2ال
َ - 1ؼى
ْم ػبَٗ احذ افشاد االعشح يٍ ايشاع انمهت ٔانششاٍٛٚ

1

2

1

 -2ال
َ - 1ؼى
ْم ػبَٗ احذ افشاد االعشح يٍ ايشاع انكهٗ

ٕٚ - 1يٛب

2

كٛهٕعشاو
عُزًٛزشا

يٍ فؼهك /ايهئ ٙانغذٔل انزبن ٙ؟

يشح ٕٚيٛب أٔ أكضش

َٕع انـؼبو

يٍ 5-3
يشاد
أعجٕػٛب

أسص يـحٌٕ
أغزٚخ أؿفبل عبْضح
فٕاكّ (ؿبصعخ /يؼهجخ)
خؼشٔاد(ؿبصعخ /يـجٕخخ)
لحى(ؿبصط /يغًذ /يؼهت)
دعبط(ؿبصط /يغًذ /يؼهت)
عًك(ؿبصط /يغًذ /يؼهت)
7

كجذ (ؿبصط /يغًذ)
ثٛغ
حهٛت
االعجبٌ (انغجُخ انظفشاء ٔانجٛؼبء)
انهجٍ
صٚذ انضٚزٌٕ
ؿؼبو األعشح
عًغى ٔيشزمبرّ
حهٕٚبد أ عكبكش أ شٕكٕالرّ
ثمٕنٛبد (ػذط /فٕل/
نٕثٛبء/فبطٕنٛبء)..
َشٕٚبد (خجض /أسص /يؼكشَٔخ ....إنخ )
ػظٛش فٕاكّ
انًششٔثبد انغبصٚخ
الؿفم ٚزُبٔل انشب٘:
َ - 1ؼى

-2

ال

ػذد اليشاد ف ٙانٕٛو انزٚ ٙزُبٔل الؿفم فٓٛب انشب٘:
10

ٚزُبٔل الؿفم انشب٘ يغ انٕعجبد انغزائٛخ
 -2ال
َ - 1ؼى

11

رؼـ ٙاألو الؿفم فٛزبي ٍٛأ ٔ د:
 -2أػـ ّٛأحٛبَب
 - 1أػـ ّٛدائًبً

 -3ال أػـ ّٛيـهمب

12

رؼـ ٙاألو الؿفم ششاة انحذٚذ:
 -2أػـ ّٛأحٛبَب
 - 1أػـ ّٛدائًبً

 -3ال أػـ ّٛيـهمب

13

رؼـ ٙاألو الؿفم ششاة يزؼذد الفٛزبي:ٍٛ
 .1أػـ ّٛدائًبً

.2أػـ ّٛأحٛبَب
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يـهك
ا
 .3ال أػـّٛ

يشح
أعجٕػٛب

يشح كم
أعجٕػٍٛ
أٔ أكضش

ال ٚزُبٔل
ثزبرب

يالحظبد
يالحظبد حٕل انًجحٕصخ ٔؿفهٓب:
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

يالحظبد حٕل ثؼغ األعئهخ
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

أٚخ يالحظبد أخشٖ:
………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………

………………………………………………………………………………………………………………………………………………………………………………………………………………………………………
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Annex (3): Map of the Gaza Strip

Source: http://www.infoplease.com/atlas/country/gazastrip.html
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