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Abstract
Background: Determinants of vitamin D status are of growing interest as vitamin D is now
recognized to play an important role in overall health and decreases the risk of diseases such
as osteoporosis, cancer, and cardiovascular disease. Understanding modifiable determinants of
vitamin D status is necessary to increase the possibilities of improving vitamin D deficiency.
Aim: The aim of this study is to determine the frequency of deficiency and insufficiency of
vitamin D in a sample of apparently healthy children aged 12-36 months in relation to
anthropometric measurements and other modifiable determinants.
Methodology: A cross-sectional study with concurrent measurement of dietary, lifestyle and
anthropometric exposures as well as 25(OH)D level was performed, in which 126 children
between 12 and 36 months of age were studied at their first visit to Ard El Insan (AEI) clinics
in Gaza and Khanyounis cities between April and May 2013.
Results: The prevalence of vitamin D deficiency and insufficiency was 37.3% and 21.4%
respectively. The risk of having lower vitamin D levels was 8.6 times more in children
exposed to sunlight less than 15 minutes/day when compared with children exposed to
sunlight for durations more than 15 minutes/day, (OR=8.587, 95% CI=3.178-23.206).
Overweight children were significantly more likely to have lower vitamin D levels
(OR=12.253, 95% CI=1.383-108.589) than underweight to normal weight children. Children
with dietary vitamin D intake less than 250 IU per day were 8 times more likely to have lower
vitamin D levels compared to those with daily vitamin D intake ≥250 IU (OR=8.317, 95%
CI=2.344-29.513). The likelihood of lower vitamin D status in children who participated in
indoor activities and watched T.V. for more than 8 hours per day was significantly higher
(OR=10.398, 95% CI=1.783-60.632) relative to children who participated in indoor activities
for shorter durations.
Conclusion: Subclinical vitamin D deficiency is commonly undiagnosed and is an
unrecognized epidemic among children in the Gaza Strip. Given the results of this study,
overweight, indoor activities, poor dietary intake of vitamin D and behaviors that decrease
skin exposure to direct UVB radiation were associated with the vitamin D deficient state and
increased the odds for vitamin D deficiency in this group of children. Therefore it may be
beneficial to require a higher oral intake of vitamin D for vulnerable groups.
Keywords: Vitamin D, Determinants, Anthropometric measurements, Gaza Strip, Children.
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ﻣﻠﺨﺺ ﺍﻟﺪﺭﺍﺳﺔ
ﻤﻘدﻤﺔ :ﻴﺘزاﻴد اﻻﻫﺘﻤﺎم ﺒﺎﻟﻌواﻤﻝ اﻟﻤؤﺜرة ﻋﻠﻰ ﻤﻌـدﻝ ﻓﻴﺘـﺎﻤﻴن )د( ﺤﻴـث أﻨـﻪ ﻴﻠﻌـب دو ار ﻫﺎﻤـﺎ ﻓـﻲ اﻟﺤﻔـﺎظ ﻋﻠـﻰ اﻟﺼـﺤﺔ اﻟﻌﺎﻤـﺔ،
إﻀﺎﻓﺔ اﻟﻰ ﺘﻘﻠﻴﻝ ﻤﺨـﺎطر اﻹﺼـﺎﺒﺔ ﺒـﺄﻤراض ﻤﺜـﻝ ﻫﺸﺎﺸـﺔ اﻟﻌظـﺎم ،اﻟﺴـرطﺎن ،واﻷﻤـراض اﻟﻘﻠﺒﻴـﺔ اﻟوﻋﺎﺌﻴـﺔ .ﻟـذﻟك ﻓـﺈن ﻓﻬـم ﻤﺜـﻝ
أﻤر ﻀرورﻴﺎ ﻟزﻴﺎدة اﻤﻛﺎﻨﻴﺎت ﺘﺤﺴﻴن ﻤﺴﺘوﻴﺎت ﻓﻴﺘﺎﻤﻴن )د( ﻓﻲ اﻟﺠﺴم.
ﻫذﻩ اﻟﻌواﻤﻝ ﻴﻌد ا
اﻟﻬدف :ﺇﻥ اﻟﻬدف ﻤن ﻫذﻩ اﻟدراﺴﺔ ﻫو ﺘﺤدﻴد ﻤﻌـدﻝ اﻨﺘﺸـﺎر ﻨﻘـص وﻋـدم ﻛﻔﺎﻴـﺔ ﻓﻴﺘـﺎﻤﻴن )د( ﻓـﻲ ﻋﻴﻨـﺔ ﻤـن اﻷطﻔـﺎﻝ اﻷﺼـﺤﺎء
اﻟذﻴن ﺘﺘراوح أﻋﻤﺎرﻫم ﺒﻴن  36-12ﺸﻬ ار ﺒﺎﻟﻨﺴﺒﺔ ﻟﻠﻘﻴﺎﺴﺎت اﻟﺠﺴدﻴﺔ وﻏﻴرﻫﺎ ﻤن اﻟﻌواﻤﻝ اﻟﻘﺎﺒﻠﺔ ﻟﻠﺘﻌدﻴﻝ.
اﻟﻤﻨﻬﺠﻴــﺔ :أﺠرﻴـت ﻫــذﻩ اﻟد ارﺴـﺔ اﻟﻤﻘطﻌﻴــﺔ ﻋﻠــﻰ  126طﻔـﻼ ﺘﺘـراوح اﻋﻤــﺎرﻫم ﺒـﻴن  12و  36ﺸــﻬ ار ﺨــﻼﻝ زﻴـﺎرﺘﻬم اﻷوﻟــﻰ إﻟــﻰ
ﻋﻴــﺎدات ﺠﻤﻌﻴــﺔ أرض اﻹﻨﺴــﺎن ﻓــﻲ ﻤــدﻴﻨﺘﻲ ﻏـزة و ﺨــﺎﻨﻴوﻨس ﺒــﻴن أﺒرﻴــﻝ وﻤــﺎﻴو  ،2013ﺤﻴــث ﺘﻤـت د ارﺴــﺔ اﻟﻌــﺎدات اﻟﻐذاﺌﻴــﺔ,
ﻨﻤط اﻟﺤﻴﺎة ,اﻟﻤﻘﺎﻴﻴس اﻟﺠﺴدﻴﺔ وﻛذﻟك ﻤﺴﺘوى  25(OH)Dﻓﻲ اﻟﺠﺴم.
اﻟﻨﺘﺎﺌﺞ :ﺨﻠﺼـت اﻟد ارﺴـﺔ اﻟـﻰ ان ﻤﻌـدﻝ اﻨﺘﺸـﺎر ﻨﻘـص وﻋـدم ﻛﻔﺎﻴـﺔ ﻓﻴﺘـﺎﻤﻴن )د( ﻛﺎﻨـﺎ  ٪37.3و  ٪21.4ﻋﻠـﻰ اﻟﺘـواﻟﻲ .ﺤﻴـث
ﻛﺎن اﻷطﻔﺎﻝ اﻟذﻴن ﻴﺘﻌرﻀون ﻷﺸﻌﺔ اﻟﺸﻤس ﻟﻔﺘرات زﻤﻨﻴﺔ أﻗﻝ ﻤن  15دﻗﻴﻘﺔ ﻓﻲ اﻟﻴوم اﻛﺜر ﻋرﻀﺔ ﻟﻤﺴـﺘوﻴﺎت ﻤﻨﺨﻔﻀـﺔ ﻤـن
ﻓﻴﺘــﺎﻤﻴن )د( ﺒـ ـ  8.6ﻤ ـرات ﻤﻘﺎرﻨــﺔ ﻤــﻊ اﻷطﻔــﺎﻝ اﻟــذﻴن ﻴﺘﻌرﻀــون ﻷﺸــﻌﺔ اﻟﺸــﻤس ﻟﻔﺘ ـرة زﻤﻨﻴــﺔ أﻛﺜــر ﻤــن  15دﻗﻴﻘــﺔ ﻴوﻤﻴــﺎ،
) .(OR=8.587, 95% CI=3.178-23.206أﻤـﺎ اﻷطﻔـﺎﻝ اﻟـذﻴن ﻴﻌـﺎﻨون ﻤـن زﻴـﺎدة اﻟـوزن ﻓﻘـد ﻛﺎﻨـت ﻤﺴـﺘوﻴﺎت ﻓﻴﺘـﺎﻤﻴن)د(
ﻟدﻴﻬم أﻛﺜر اﻨﺨﻔﺎﻀﺎ ﻤن اﻷطﻔﺎﻝ ذوي اﻟوزن اﻟطﺒﻴﻌـﻲ ) .(OR=12.253, 95% CI=1.383-108.589وﺒﺎﻟﻨﺴـﺒﺔ ﻟﻸطﻔـﺎﻝ
اﻟــذﻴن ﻴﺘﻨــﺎوﻟون ﻛﻤﻴــﺎت أﻗــﻝ ﻤــن  250وﺤــدة دوﻟﻴــﺔ ﻤــن اﻟﻤﺼــﺎدر اﻟﻐذاﺌﻴــﺔ ﻟﻔﻴﺘــﺎﻤﻴن )د( ﻓﻛــﺎﻨوا ﺘﻘرﻴﺒــﺎ  8ﻤـرات أﻛﺜــر ﻋرﻀــﻪ
ﻻﻨﺨﻔــﺎض ﻤﺴــﺘوﻴﺎت ﻓﻴﺘــﺎﻤﻴن )د( ﻤــن اﻷطﻔــﺎﻝ اﻟــذﻴن ﻴﺘﻨــﺎوﻟون  250وﺤــدة دوﻟﻴــﺔ او اﻛﺜــر ﻴوﻤﻴــﺎ(OR=8.317, 95% ،
) .CI=2.344-29.513ﺒﻴﻨﻤﺎ ﻛﺎن اﻷطﻔﺎﻝ اﻻﻛﺜر ﻤﺸﺎرﻛﺔ ﻓﻲ اﻷﻨﺸطﺔ اﻟﻤﻨزﻟﻴـﺔ ﻛﻤﺸـﺎﻫدة اﻟﺘﻠﻔـﺎز ﻟﻤـدة  8ﺴـﺎﻋﺎت أو أﻛﺜـر،
ﻴﻌﺎﻨون ﻤن ﻤﺴﺘوﻴﺎت ﻓﻴﺘﺎﻤﻴن )د( اﻛﺜر اﻨﺨﻔﺎﻀـﺎ ﺒ ـ  10ﻤـرات ﺘﻘرﺒﻴـﺎ ﻤـن ﻨظـراﺌﻬم اﻟـذﻴن ﻴﻘﻀـون ﻓﺘـرات زﻤﻨﻴـﺔ اﻗـﻝ ﻓـﻲ اﻟﻤﻨـزﻝ
).(OR=10.398, 95% CI=1.783-60.632
اﻻﺴﺘﻨﺘﺎج :ﻨﻘص ﻓﻴﺘﺎﻤﻴن )د( دون اﻟﺴرﻴري ﻴﻤر دون ﺘﺸﺨﻴص ﻏﺎﻟﺒﺎ ،ﺤﻴث ﻴﻤﻛن اﻋﺘﺒﺎرﻩ وﺒﺎءا ﺒﻴن اﻷطﻔﺎﻝ ﻓﻲ ﻗطـﺎع ﻏـزة.
وﺒﺎﻟﻨظر إﻟﻰ ﻨﺘﺎﺌﺞ ﻫذﻩ اﻟدراﺴﺔ ،ﻓﺈن زﻴﺎدة اﻟوزن ،طوﻝ ﻓﺘرة اﻟﺒﻘﺎء ﻓﻲ اﻟﻤﻨزﻝ و اﻨﺨﻔﺎض اﻟﻤـدﺨوﻝ اﻟﻐـذاﺌﻲ ﻤـن ﻓﻴﺘـﺎﻤﻴن )د(،
إﻀﺎﻓﺔ اﻟﻰ اﻟﺴـﻠوﻛﻴﺎت اﻟﺘـﻲ ﺘﻘﻠـﻝ ﻤـن ﺘﻌـرض اﻟﺠﻠـد ﻟﻸﺸـﻌﺔ ﻓـوق اﻟﺒﻨﻔﺴـﺠﻴﺔ اﻗﺘرﻨـت ﺠﻤﻴﻌﻬـﺎ ﺒﺎرﺘﻔـﺎع اﺤﺘﻤـﺎﻝ اﻻﺼـﺎﺒﺔ ﺒـﻨﻘص
ﻤﺴﺘوى ﻓﻴﺘﺎﻤﻴن )د( ﻓﻲ ﻫذﻩ اﻟﻤﺠﻤوﻋﺔ ﻤن اﻷطﻔﺎﻝ .وﻟـذﻟك ﻗـد ﻴﻛـون ﻤـن اﻟﻤﻔﻴـد ﺘﻨـﺎوﻝ ﺠرﻋـﺎت إﻀـﺎﻓﻴﺔ ﻤـن ﻓﻴﺘـﺎﻤﻴن )د( ﻋـن
طرﻴق اﻟﻔم ﻟﻠﻔﺌﺎت اﻟﻤﻌرﻀﺔ ﻟﻠﺨطر.
اﻟﻛﻠﻤﺎت اﻟرﺌﻴﺴﻴﺔ :ﻓﻴﺘﺎﻤﻴن )د( ،اﻟﻌواﻤﻝ اﻟﻤؤﺜرة ،اﻟﻤﻘﺎﻴﻴس اﻟﺠﺴدﻴﺔ ،ﻗطﺎع ﻏزة ،أطﻔﺎﻝ.
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Chapter I
Introduction
1.1 Overview
Vitamin D deﬁciency and insufficiency are still very common, especially in high-risk groups
such as young children (Holick, 2007; Lips, 2010). The prevalence of suboptimal vitamin D
status is difficult to assess as controversy currently exists with regard to the interpretive
criteria for 25-hydroxyvitamin D [25(OH)D] level across the lifecycle and among subgroups
(Hollis, 2005). Limitations in assays and lack of methodological standards have also made it
difficult to reach a consensus pertaining to vitamin D status cut-offs. The presence of
signs/symptoms that characterize skeletal disease states (i.e. rickets and osteomalacia) have
been used to define vitamin D deficiency, typically occurring at circulating 25(OH)D
concentrations of < 30 nmol/l (Institute of Medicine, 2010).
New research has demonstrated that serum vitamin D concentrations previously considered in
the normal range are not sufficient for optimal health, thereby increasing the risk of bone
disease. In their consensus report for dietary reference intakes for calcium and vitamin D, the
Institute of Medicine recognizes concentrations of serum 25(OH)D ≤50 nmol/l as “inadequate
for bone and overall health in healthy individuals.” Furthermore, concentrations of serum
25(OH)D <30 nmol/l are associated with vitamin D deficiency, rickets in infants and children,
and osteomalacia in adults (Institute of Medicine, 2010).
The role of vitamin D for skeletal development and maintenance of normal serum calcium
levels is well established (Behrman, et al., 2000). It plays a role in decreasing the risk of agerelated osteoporosis (Holick, 2006a) and in its severest form, vitamin D deficiency in
childhood results in rickets (Holick, 2006b). However, the functions of vitamin D are now
recognized to extend beyond skeletal health. Emerging research has demonstrated vitamin D
to play a role in decreasing the risk of some types of cancer, type 1 and type 2 diabetes
mellitus, multiple sclerosis, infectious diseases, cardiovascular disease, myocardial
dysfunction, and hypertension in middle to older-aged women (Holick, 2007; Wang, et al.,
2008; Van Horn, et al., 2011).
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Understanding modifiable determinants of vitamin D status are important for managing
vitamin D deficiency at the individual level and for addressing vitamin D deficiency at the
population level (Shalini, 2012). There is a lack of prevalence studies on vitamin D deficiency
and/or insufficiency in the Palestinian population, especially among children under 3 years of
age. In addition, while efforts have focused on understanding the vitamin D status of breastfed
infants in the first year of life, little is known about risk factors for vitamin D deficiency in
older infants and children as they transition from breast or formula feeding to a diet containing
solid foods.
Therefore, the aim of this study was to determine the frequency of deficiency and
insufficiency of vitamin D in a sample of apparently healthy children aged 12-36 months in
relation to anthropometric measurements and other modifiable determinants.
1.2 Objectives
1. To assess the prevalence of vitamin D deficiency and insufficiency among children
aged 12-36 months.
2. To reveal the association between serum vitamin D levels and anthropometric
measurements in children aged 12-36 months.
3. To identify the risk factors of vitamin D deficiency among children aged 12-36
months.
4. To estimate the role of diet in determination of serum vitamin D level.
1.3 Significance of the Study
By establishing an association between serum vitamin D levels and modifiable determinants,
in particular of anthropometric variables in children aged 12-36 months, this study aims to
identify an easy- to-obtain and objective measure with which to target children who may be at
greater risk for vitamin D deficiency.
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1.4 Research context
1.4.1 Geography and climate
The Gaza Strip is located in the Middle East (at 31°25′N 34°20′E), on the eastern coast of the
Mediterranean Sea, to the north of Egypt and the west southern edge of Palestine. It is
approximately 41 kilometers long, and between 6 and 12 kilometers wide, with a total area of
365 square kilometers (Appendix 1).
The Gaza Strip has a temperate climate, with mild winters and dry, hot summers subject to
drought. Average rainfall is about 300 mm. The terrain is flat or rolling, with dunes near the
coast. The highest point is Abu ‘Awdah (Joz Abu ‘Auda), at 105 meters above sea level. There
are no permanent water bodies in the Gaza Strip, though large-scale sewage ponds and sewage
flowing through Wadi Gaza have become de facto hydraulic features (UNEP, 2009).
1.4.2 Population
In 1948, the Gaza Strip had a population of less than 100,000 people. By 2007, approximately
1.4 million Palestinians lived in the Gaza Strip, of whom almost one million were UNregistered refugees (UNEP, 2009). The current population is estimated to be in excess of 1.7
million of which 864 thousand males and 837 thousand females, distributed across five
Governorates. Gaza City, which is the biggest governorate, has about 588,000 inhabitants. The
two other main governorates are Khanyounis (population 330,000) and Rafah (population
210,000) in the south of the Gaza Strip. The majority of people live in refugee camps (UNEP,
2009; PCBS, 2013).
The population of the Gaza Strip is a young population; the percentage of individuals aged (014) constituted 43.4% of the total population and the elderly population aged (65 years and
over) constituted 2.4% at mid 2013 (PCBS, 2013).
1.4.3 Economy
Israeli security controls imposed since the end of the second intifada have degraded economic
conditions in the Gaza Strip. Israeli imposed border closures, which became more restrictive
after HAMAS seized control of the territory in June 2007, have resulted in high
3

unemployment, elevated poverty rates, and sharp contraction of the private sector that had
relied primarily on export markets. The population of the Gaza Strip is mainly reliant on
government spending and humanitarian assistance.
1.4.4 Unemployment
According to PCBS (2013) the results of labor force survey revealed that the labor force
participation rate in the 1st quarter of 2013 in the Gaza strip is 40.5% (Persons aged 15 years
and above). The females participation rate in labor force is very low compared to males
participation rate in the 1st quarter of 2013 which is 15.4%, against 65.0% for males. The
results showed that more than one fourth of participants in the labor force were unemployed in
the 1st quarter of 2013 at 31.0% in Gaza Strip. Unemployment rate reached 35.3% among
females compared to 21.2% among males. The highest percentage of unemployed was
recorded in Khanyounis and Rafah governorate with 33.9% followed by North Gaza (32.3%),
while the lowest percentage of unemployed was in Gaza governorate (27.4%).
1.4.5 Poverty
The relative poverty line and the deep poverty line according to consumption patterns (for
reference household consisted of 2 adults and 3 children) in Palestine in 2011 were 2,293
NIS, and 1,832 NIS respectively. The poverty rate among individuals in the Gaza Strip was
38.8% while 21.1% of the individuals were suffering from deep poverty in 2010 according to
consumption patterns (PCBS, 2013).
1.4.6 Education
The 2012 data revealed that the percentage of individuals (15 years and over) who completed
university education (A bachelor degree and above) was 13.4, while the percentage of
individuals who did not complete any stage of education reached 8.5%. Illiteracy rate among
individuals aged 15 years and over in the Gaza Strip was 3.6% in 2012, illiteracy gap is
significantly noticed among males and females at 1.7% and 5.5% respectively (PCBS, 2013).
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1.4.7 Health services
The five main health providers of health services in the Gaza strip are Ministry of Health
(MoH), United Nations Relief and Work Agency (UNRWA), Non-governmental
Organizations (NGOs), Palestinian Military Medical Services (PMMS) and Private for profit
sector. MOH bears the heaviest burden, as it has the responsibility (MoH, 2013).
MoH provides primary, secondary and tertiary health services and purchase the unavailable
tertiary health services from domestic and abroad providers. UNRWA provides primary care
services, only for refugee and purchase secondary care services for the hardship cases. NGOs
provide primary, secondary and some tertiary services. Private for-profit sector provides the
three level of care though a variety of specialized hospitals and investigation centers (WHO,
2006a).
In the Gaza strip there are 30 hospitals operated by the government and non-government
sectors with 14 beds per 10,000 of populations. Besides there are 147 primary health care
centers (PHC) run by four main providers: Government sector operates 54 PHC centers,
UNRWA operates 20 PHC centers scattered in eight refugee camps. The NGOs sector
operates 66 PHC centers and general clinics where Palestinian Medical Military Services
PMMS operate 7 PHC centers and clinics (MoH, 2013).
One of the major NGO involved in nutrition rehabilitation in the Gaza Strip is Ard El Insan
Palestinian Benevolent Association (AEI). It runs tow nutrition rehabilitation centers in Gaza
and Khanyounis cities and is the main referral body for MoH clinics that detect child
malnutrition.
Recognizing the interdependence of nutrition with health and other sectors, AEI undertakes a
variety of preventive and curative health care activities, as well as work aimed at improving
the nutrition and food situation of the Palestinian people, especially during stress periods, via
two community health and nutrition rehabilitation centers in Gaza and Khanyounis cities (AlWahaidi, 2003).

5

1.4.8 Nutritional status
1.4.8.1 Nutritional indicators
Currently 10.4% children under the age of five suffer from chronic malnutrition, It is should
be noted that the percentage was 7.5% in 2000. In 2010, 3.5% of children aged under five
years in the Gaza Strip were underweight, the rates of underweight children were 4.6% in Deir
Al- Balah, 4.4% in North Gaza and 4.4% in Rafah governorate, There was an increase in
stunting in 2011 (11.7%) compared to 2000 (8.3%) (PCBS, 2013).
Fortunately, severe acute malnutrition is not common in the Gaza Strip. Non Government
Organizations (NGOs) provide nutrition rehabilitation for mildly and moderately underweight
children as well as more serious cases although the effectiveness of these programmes is not
clear (MoH, 2005).
1.4.8.2 Breastfeeding
Exclusive and prolonged breast feeding is widely promoted by all PHC providers. The MoH
has responded to the low rate of exclusive breastfeeding by forming a Breastfeeding
Committee. The objectives of the committee are to raise public awareness, to lobby for the
endorsement and implementation of the International Code on Breast Milk Substitutes (MoH,
2005). In 2010, 96.2% of children were breastfed. Nonetheless, the rate of exclusive breast
feeding of children in the 0-5 months age group remains low at 27.8% (PCBS, 2013).
1.4.8.3 Micronutrient deficiencies
With slight variations among studies, there is a consistency in the literature that anemia
represents a chronic major public health problem in the Gaza Strip. In 2010, 25.6% of children
aged 6-59 months had anemia, Deir Al-Balah governorate reported the highest rate of anemia
of 41.4%, followed by Gaza (31.3%) and Khanyounis (21.8%) governorates (PCBS, 2013).
Other serious micronutrient deficiencies such as Vitamin A represent a public health problem
as well with more than 75% of children are either suffering from Vitamin A deficiency or at
the border level (MARAM, 2004). Additionally, the prevalence of Vitamin D deficiency

6

associated with rickets is rapidly increasing. The same applies to Zink and Iodine although not
adequately investigated (NECC, 2011).
Micronutrient deficiencies are prevented through iron and vitamins A and D supplements.
MoH and UNRWA clinics are following different protocols on supplementation and the
effectiveness and coverage of these programmes requires much closer examination in view of
the high levels of anemia, vitamin A deficiency and, possibly rickets (MoH, 2005).
Vitamin A/D supplementation is in place for the infants aged 2-12 months for more than 12
years (AEI, 2006). MoH clinics have been providing vitamin A/D supplements in the form of
drops and these should be administered to infants up to 12 months on a daily basis contrary to
the UNRWA policy of not giving A&D to all infants under one year (MoH, 2005).
1.5 Operational definitions
1.5.1 Breastfeeding
Infant receives only breast milk including breast milk that has been expressed or from a wet
nurse. This definition may include exclusive and predominant breastfeeding (WHO, 2008).
1.5.2 Exclusive breastfeeding
Infant receives only breast milk (including milk expressed or from a wet nurse) and no other
food or drink, not even water for 6 months of life, but allows the infant to receive oral
rehydration salts (ORS), drops and syrups (vitamins, minerals and medicines) (WHO, 2008).
1.5.3 Predominant breastfeeding
The infant's predominant source of nourishment is breast milk (including milk expressed or
from a wet nurse as the predominant source of nourishment). However, the infant may also
receive certain liquids (water and water-based drinks, fruit juice) ritual fluids and ORS, drops
or syrups (vitamins, minerals and medicines) (WHO, 2008).
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1.5.4 Formula
Artificial milks for babies made out of a variety of products, including sugar, animal milks,
soybean, and vegetable oils. They are usually in powder form, to mix with water (DHSSPS,
2013).
1.5.5 Housing Density
Housing density or Housing crowding is measured by the number of individuals per single
room (PCBS, 2013). According to PCBS calculation, houses with three persons or above per
room are considered as over-crowded houses and need extra rooms to relieve crowding.
1.5.6 Vitamin A/D
Vitamin A and D drops, given to children from birth until one year age at Maternal Child
Health (MCH) clinics of the Ministry of Health. It is not provided at UNRWA clinics (PCBS,
2007).
1.5.7 Estimated Average Requirement (EAR)
The average daily nutrient intake level estimated to meet the nutrient requirements of half the
healthy individuals in a group (Institute of Medicine, 2010).
1.5.8 Recommended Dietary Allowance (RDA)
The average daily dietary intake level sufficient to meet the nutrient requirements of nearly all
(97-98 %) healthy individuals in a group (Institute of Medicine, 2010).
1.5.9 Adequate Intake (AI)
Established when evidence is insufficient to develop an RDA and is set at a level assumed to
ensure nutritional adequacy (Institute of Medicine, 2010).
1.5.10 Tolerable Upper Intake Level (UL)
The highest level of daily nutrient intake that is likely to pose no risk of adverse health effects
to almost all individuals in the general population (Institute of Medicine, 2010).
8

1.5.11 Ultraviolet radiation (UV)
UV radiation is part of the electromagnetic spectrum emitted by the sun. Whereas UVC rays
(wavelengths of 100-280 nm) are absorbed by the atmospheric ozone, most radiation in the
UVA range (315-400 nm) and about 10% of the UVB rays (280-315 nm) reach the Earth’s
surface. Both UVA and UVB are of major importance to human health (WHO, 2003).
1.5.12 Ultraviolet radiation A (UVA)
The relatively long-wavelength UVA accounts for approximately 95% of the UV radiation
reaching the Earth's surface. It can penetrate into the deeper layers of the skin and is
responsible for the immediate tanning effect. Furthermore, it also contributes to skin ageing
and wrinkling (WHO, 2003).
1.5.13 Ultraviolet radiation B (UVB)
Medium-wavelength UVB is very biologically active but cannot penetrate beyond the
superficial skin layers. It is responsible for delayed tanning and burning; in addition to these
short-term effects it enhances skin ageing and significantly promotes the development of skin
cancer. Most solar UVB is filtered by the atmosphere (WHO, 2003).
1.5.14 Solar Zenith Angle (SZA)
The SZA is the angle between the local vertical (zenith) and a line from the observer to the
sun. Smaller SZAs (which occur when the sun is high in the sky) result in more intense UV
radiation (Tsiaras & Weinstock, 2011).
1.5.15 Sun Protection Factor (SPF)
The SPF value of a sunscreen is defined as the ratio of the energy required to produce a
minimal erythema dose (skin reddening or minimal sunburn) through the sunscreen compared
to the energy required to produce the same reaction in the absence of the sunscreen (Farmer &
Naylor, 1996).
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Chapter II
Review of Literature
2.1 Vitamin D
2.1.1 Vitamin D biosynthesis and metabolism
Vitamin D is a generic term for vitamin D2 (ergocalciferol), vitamin D3 (cholecalciferol), and
their metabolites (Gibson, 2005). Both vitamin D2 and D3 are metabolized in a similar fashion
(Thacher & Clarke, 2011). The biosynthesis of cholecalciferol occurs in the skin upon
exposure to ultraviolet B (UVB) radiation from sunlight. In the epidermis and dermis, UVB
rays react with 7-dehydrocholesterol (7-DHC) in the plasma membrane of the skin cell to form
precholecalciferol (previtamin D3), which is rapidly converted to vitamin D3 (Holick, 2006a).
Under prolonged UVB exposure both previtamin D3 and vitamin D3 can be converted to
several biologically inactive photoproducts which may also be converted back when the
concentrations of previtamin D3 decreases. Thus, excessive sun exposure does not result in
vitamin D intoxication (Bikle, 2009).
Once vitamin D3 is formed, it travels into the extracellular space where vitamin D binding
protein (VDBP) transports it into the dermal capillary bed. Vitamin D3 is then transported to
the liver where it is hydroxylated to 25(OH)D or calcidiol (Shils, et al., 2006). Although
biologically inactive, it is the major circulating form of vitamin D and is used as a determinant
of vitamin D adequacy (Shils, et al., 2006; Thacher & Clarke, 2011).
Calcidiol is then converted to 1,25-dihydroxyvitamin D [1,25(OH)2D] or calcitriol, the
biologically active form of vitamin D. This conversion takes place under the influence of 1αhydroxylase in the proximal renal tubule of the kidney and is tightly regulated by several
factors including serum phosphorous and parathyroid hormone (PTH) levels (Tsiaras &
Weinstock, 2011). Once this conversion takes place, calcitriol acts on various organs of the
body including the intestine, bone, kidney, and parathyroid glands (Tissandié, et al., 2006).
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The biosynthesis of ergocalciferol is similar to that of cholecalciferol. Ergosterol, a form of
vitamin D present in plants and a precursor to ergocalciferol, undergoes the same
hydroxylation reactions in the liver and kidney (Thacher & Clarke, 2011). Vitamin D
metabolism is described in Figure 2.1.

Figure 2.1: Vitamin D metabolism (adapted from Bringhurst, et al., 2006, by Siemens
Healthcare Diagnostics).
2.1.2 Reference intakes for vitamin D
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).
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The DRIs are a family of nutrient reference values, including Estimated Average Requirement
(EAR), Recommended Dietary Allowance (RDA), Adequate Intake (AI) and Tolerable Upper
Intake Level (UL) that are intended to serve as a guide for good nutrition and to provide the
basis for the development of nutrient guidelines for the general public and health professionals
(Institute of Medicine, 2010).
More recently, on November 30, 2010, the IOM released new DRIs for calcium and vitamin
D. The new values are based on much more information and higher-quality studies than were
available when the values for these nutrients were first set in 1997.
In Table 2.1 DRI values for vitamin D were established as EARs and RDAs for all life stage
groups except infants up to 12 months of age for which an AI was specified. These reference
values assume minimal sun exposure (Institute of Medicine, 2010).
Table 2.1: Vitamin D dietary reference intakes by life stage (amount/day)

Life Stage Group

EAR

RDA

UL

Infants 0 to 6 months

*

*

1,000 IU (25 µg)

Infants 6 to 12 months

*

*

1,500 IU (38 µg)

1–3 years old

400 IU (10 µg)

600 IU (15 µg)

2,500 IU (63 µg)

4–8 years old

400 IU (10 µg)

600 IU (15 µg)

3,000 IU (75 µg)

9–18 years old

400 IU (10 µg)

600 IU (15 µg)

4,000 IU (100 µg)

19–50 years old

400 IU (10 µg)

600 IU (15 µg)

4,000 IU (100 µg)

51–70 years old

400 IU (10 µg)

600 IU (15 µg)

4,000 IU (100 µg)

>70 years old

400 IU (10 µg)

800 IU (20 µg)

4,000 IU (100 µg)

14–50 years old,
pregnant/lactating

400 IU (10 µg)

600 IU (15 µg)

4,000 IU (100 µg)

* For infants, Adequate Intake is 400 IU (10 µg) /day for 0 to 6 months of age and 400 IU (10
µg) /day for 6 to 12 months of age.
Adapted from Institute of Medicine, 2010.
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2.1.3 Sources of vitamin D
Vitamin D is obtained through cutaneous synthesis after exposure to sunlight, through diet,
and through dietary supplements (Shalini, 2012). Cutaneous synthesis of vitamin D3 occurs
after exposure to ultraviolet radiation in wavelengths between 290 and 315 nm (Tsiaras &
Weinstock, 2011). Twenty minutes of sun exposure in this wavelength range during the
summer months can produce the equivalent of up to 20,000 International Units (IU) of vitamin
D3 (Holick, 2007a; Thacher & Clarke, 2011).
Few foods naturally contain or are fortified with vitamin D (Holick, 2007a). Vitamin D2 is
manufactured through the ultraviolet irradiation of ergosterol from yeast and is found in some
plant foods (Thacher & Clarke, 2011). This form is used to fortify certain foods such as cereal,
milk, and orange juice (Holick, 2007a). Vitamin D3 is manufactured through the irradiation of
7-DHC from lanolin and is found in animal sources such as oily fish, egg yolk, and liver
(Holick, 2007a; Thacher & Clarke, 2011). Both vitamin D2 and vitamin D3 can be used for
supplementation (Thacher & Clarke, 2011). Selected sources of vitamin D2 and vitamin D3 are
found in Table 2.2.
2.1.4 Determination of vitamin D status
Although 1,25(OH)2D is the biologically active form of vitamin D, it is not used to determine
vitamin D status due to its short half-life and low circulating levels. Serum concentration of
25(OH)D may be considered the best and most practical indicator of the vitamin D status. It
reflects both vitamin D produced cutaneously and that obtained from food and supplements
and has a fairly long circulating half-life of 15 days (Prentice, et al., 2008).
Currently, there is no consensus on the classification of vitamin D status by serum 25(OH)D
concentration (Dawson-Hughes, et al., 2005; Holick, 2007a; Holick, 2009). Vitamin D
deficiency is defined by most experts as a 25(OH)D level of ≤20 ng/ml (50 nmol/l), a level of
25(OH)D of 21 to 30 ng/ml (51 to 75 nmol/l) can be considered to indicate a relative
insufficiency of vitamin D, and a level of >30 ng/ml can be considered to indicate sufficient
vitamin D (Holick, 2009). Vitamin D intoxication typically does not occur until 25(OH)D
concentrations are >150 ng/ml (375 nmol/l) (Holick & Chen, 2008).
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Table 2.2: Selected sources of vitamin D2 and vitamin D3 *

Source

Approximate vitamin D content**

Exposure to sunlight ‡

3000 IU

Salmon (canned)

300–600 IU per 3.5 oz

Sardines (canned)

300 IU per 3.5 oz

Tuna (canned)

230 IU per 3.6 oz

Egg yolk

20 IU

Breast milk †

20 IU per Liter

Infant formulas

100 IU per 8 oz

Yogurt, plain (whole milk)

2 IU per 4 oz

Butter

40 IU per 3.6 oz

Cheese, cheddar

24 IU per 3.6 oz

Cheese, feta

16 IU per 3.6 oz

Liver, beef (cooked)

42 IU per 3.6 oz

Meat, beef (cooked)

6 IU per 3.6 oz

Chicken breast (cooked)

10 IU per 3.6 oz

Shiitake mushrooms (Sun-dried)

1600 IU per 3.6 oz

Cod liver oil

400 IU per teaspoon

Adol® drops (vitamin A/D)

200 IU per drop

Oral D® ampoule

15000 I.U. per ampoule

Multivitamin

400 IU per tablespoon

* IU denotes international unit, which equals 25 ng.
** Primarily vitamin D3, except egg yolk (D2 or D3).
‡ An average of 5 to 10 minutes of exposure of the arms and legs to direct sunlight.
† In vitamin D sufficient lactating women.
Adapted from Holick, 2007a; Bordelon, et al., 2009; USDA, 2013.
There are several assay methodologies used to measure 25(OH)D in the serum. However, their
comparability is uncertain (Snellman, et al., 2010). High-pressure liquid chromatography
(HPLC) was considered the “gold standard” for vitamin D status assessment, however, now it
is not often used routinely (Lensmeyer, et al., 2006; Holick, 2009). Radioimmunoassay (RIA)
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for 25(OH)D measurements became one of the most common methods for routine 25(OH)D
evaluation (Carter, et al., 2004; Holick, 2009; Cavalier, et al., 2010). Other common methods
are liquid chromatography-tandem mass spectrometry, chemiluminescent immunoassays
(CLIA), enzyme-linked immunosorbent assay (ELISA), competitive protein binding assays,
and automated chemiluninescence protein-binding assays (Carter, et al., 2004). Classification
of vitamin D status by serum 25(OH)D concentration is given in Table 2.3.
Table 2.3: Classification of vitamin d status by serum 25-hydroxyvitamin D

Classification

ng/ml*

nmol/l

Deficient

≤20

≤50

Insufficient

21-30

51-75

Sufficient

>30

>75

Intoxication

>150

>375

* Multiply by 2.496 to convert ng/ml to nmol/l
2.1.5 Factors influencing vitamin D status
Regardless of the exact levels of 25(OH)D regarded as optimal, it is evident that vitamin D
status is low in many sectors of the population. A number of factors may contribute to the
development of low vitamin D status. Little sun exposure or sun avoidance together with low
vitamin D intake are definitely the main reasons (Holick, 2007a; Binkley, et al., 2010; Diffey,
2010). However, in certain circumstances other factors may be equally important. Impaired
vitamin D absorption from the intestine may result in vitamin D deficiency, even under
adequate vitamin D supplementation (Chandra, et al., 2007). The same applies for persons
with excess body weight, but due to other reasons than malabsorption (Lagunova, et al., 2009;
Jorde, et al., 2010). Older persons, individuals with dark skin, and persons with severe chronic
diseases and kidney failure are also at risk of vitamin D deficiency (Holick, 2007a; Binkley, et
al., 2010; Souberbielle, et al., 2010).
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2.1.5.1 Season, latitude and time of day
The Solar Zenith Angle (SZA), established by time of day, season, and latitude, influences the
intensity of UVB radiation (Tsiaras & Weinstock, 2011). Oblique SZAs increase the path of
UVB radiation through the ozone layer allowing increased ozone absorption of UVB photons
(Holick, 2004a). As a result, fewer UVB photons strike the skin leading to inefficient
conversion of 7-DHC to vitamin D3 (Holick, 2004a; Kimlin, 2008; Tsiaras & Weinstock,
2011). In general, incident UVB radiation levels reach a maximum at mid-day in the summer
(Webb & Engelsen, 2008). At latitudes above 37º N and below 37º S, a very little vitamin D3
synthesis occurs during the winter months because the number of UVB photons striking the
earth and skin is extremely decreased. However, latitudes closer to the equator provide more
opportunity for vitamin D3 synthesis throughout the year (Holick, 2004a).
2.1.5.2 Atmospheric conditions
UVB can be absorbed, scattered, or reflected by many additional substances as it travels
through the earth’s atmosphere, including oxygen and nitrogen, aerosols, water vapor,
particulate pollutants and cloud matter (kimlin, 2008). For example, black carbon particulates
generated by the combustion of fossil fuels and biomass reduce surface radiation by up to 5%
in a typical urban environment (Highwood & kinnersley, 2006). Even in the absence of
significant pollution, columns of water vapor within thick cloud cover can reduce surface
UVB radiation to 1% of clear-sky levels, causing vitamin D3 synthesis to cease, even at the
equator (Engelsen, et al., 2005).
2.1.5.3 Sun exposure
Duration and frequency of skin exposure to sunlight has a significant impact on vitamin D
status. Sun exposure can be affected by personal factors, such as wearing clothing (for
religious/cultural or climatic reasons), sunscreen use and frequency of outdoor activity or
being confined indoors (Logan, 2011). Since glass and most plastics absorb UVB radiation,
sunlight exposure through windows or plexiglass does not result in cutaneous production of
vitamin D (Holick, 2005).
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2.1.5.3.1 Clothing
The amount of vitamin D produced in the skin is proportional to the area of uncovered skin
exposed to UVB radiation (Holick, et al., 2007). Clothing may interfere with UVB exposure
and decrease the photosynthesis of vitamin D3 in the skin (Tsiaras & Weinstock, 2011).
Fabric quality such as fiber, color, and presence of dyes influence the transmission of UVB
through clothing. In a comparative study, Davis, et al. (1997) measured UVB transmission
through 28 different types of fabric. Results indicated that lightweight fibers such as cotton
and linen allowed more UVB transmission than heavier fibers such as wool and polyester.
Certain dress styles also have the ability to impede photosynthesis of vitamin D3 in the skin.
Several studies have suggested that women who wear veils or clothing that covers the entire
body as part of religious and cultural practice are at obvious risk of low vitamin D status
(Mishal, 2001; Al-Turki, et al., 2008; Mithal, et al., 2009).
2.1.5.3.2 Sunscreen
Sunscreen agents interfere with UVB-7-DHC interactions by absorbing UVB radiation before
it enters the skin (Holick, 2004a; Tsiaras & Weinstock, 2011). Sunscreens with a sun
protection factor (SPF) of 8 have the ability to reduce cutaneous synthesis of vitamin D3 by
>95% and with SPF15 reduces the capacity by >99% (Webb & Engelsen, 2006). The
application of sunscreen also prevents sun burning, wrinkles, and melanoma (Matsuoka, et al.,
1987; Kanavy & Gerstenblith, 2011). Therefore, regular sunscreen application, avoidance of
UVB exposure, and other sun protective measures are highly encouraged despite the potential
of these practices to decrease vitamin D3 synthesis in the skin (Kanavy & Gerstenblith, 2011).
2.1.5.4 Skin pigmentation
Melanin is a natural substance produced by melanocytes in the skin through the action of αmelanocyte-stimulating hormone in response to ultraviolet radiation (Kanavy & Gerstenblith,
2011; Tsiaras & Weinstock, 2011). It is often referred to as “natural sunscreen” because of its
tendency to compete with 7-DHC for UVB photons (Holick, 2004; Shils, et al., 2006; Bens,
2008). Generally there are six skin types based on melanin content (Table 2.4). A person with
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skin type V or VI requires 5-10 times the exposure to sunlight to produce the same amount of
vitamin D3 in their skin as does a person with skin type II or III (Holick, 2008).
Table 2.4: General characteristics of skin types (Fitzpatrick’s skin phototypes)
Skin
type

Reaction to
UV radiation

Color

Reaction to sunlight

Type I

Caucasian; blonde or red
hair, freckles, fair skin, blue
eyes

Always burns easily, never
tans; very fair skin tone

Very
sensitive

Type II

Caucasian; blonde or red
hair, freckles, fair skin, blue
or green eyes

Usually burns easily, tans
minimally with difficulty; fair
skin tone

Very
sensitive

Type III

Darker Caucasian,
light Asian

Burns moderately, tans
moderately and uniformly; fair
to medium skin tone

Sensitive

Type IV

Mediterranean, Asian,
Hispanic

Burns minimally, always tans
well; medium skin tone

Moderately
sensitive

Type V

Middle Eastern, Latin, lightskinned black, Indian

Rarely burns, tans very easily;
olive or dark skin tone

Minimally
sensitive

Type VI

Dark-skinned black

Never burns, tans profusely;
deeply pigmented or very dark
skin tone

Least
sensitive

Adapted from Webb, 2006.
2.1.5.5 Vitamin D intake
Vitamin D may be obtained from food that naturally contains vitamin D, dietary products
fortified with vitamin D and a variety of supplements (Holick, 2003; Lehmann & Meurer,
2010). Since just few foods contain vitamin D in significant quantities, it might be very
difficult to obtain adequate amounts of vitamin D only from food. Thus, diet and supplements
become the most important sources when the production in skin by ultraviolet radiation is
insufficient, such as during wintertime at northern latitudes (Holvik, et al., 2008).
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2.1.5.6 Age
The nutritional vitamin D status of the human fetus and neonate is dependent on the vitamin D
stores of the mother; thus, if the mother has vitamin D deficiency, her fetus will experience
depleted vitamin D exposure throughout the developmental period (Hollis & Wagner, 2004).
Further, because there is very little vitamin D in human milk, infants are at high risk of
developing vitamin D deficiency and rickets if they are not given a vitamin D supplement
(Kreiter, et al., 2000).
The cutaneous production of vitamin D3 declines with age due to decreased concentrations of
7-DHC in the skin (Mithal, et al., 2009; Tsiaras & Weinstock, 2011) as much as 75% by the
age of 70 years (Holick, 2004b). Low serum 25(OH)D concentrations among older adults is
common regardless of season (Rucker, et al., 2002) and can be further exacerbated by
confined living conditions and decreased dietary intake (Holick, 2006a; Mithal, et al., 2009). It
has always been assumed that young and middle-aged adults are not at risk of vitamin D
deficiency because of their outdoor activities and dietary intake. However, young and middleage adults who very seldom spend any time outdoors or always wear sun protection outdoors
are also at high risk of vitamin D deficiency (Holick, 2004b).
2.1.5.7 Body Composition
Accumulating evidence suggests there is a potential link between obesity and vitamin D
insufficiency among many populations worldwide (Martini & Wood, 2006). In fact,
insufficient vitamin D can stunt growth and foster weight gain during puberty, according to
Kremer, et al. (2009) vitamin D insufficiency was found to cause higher body mass and
shorter stature in girls at the peak of their growing spurt.
In 2000 Wortsman and colleagues noted that the increase in serum vitamin D3 following a
standardized dose of UVB was under half that in obese, compared to non-obese participants,
and there was a similar trend in the response of serum vitamin D2 to its oral supplementation.
In another study, Arunabh, et al. (2003) found percent body fat to be a stronger independent
correlate of 25(OH)D levels than body mass index after the effects of race, season, age and
vitamin D intake were adjusted for.
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Review of the literature reveals studies specifically aimed at the pediatric population that also
indicate a significant inverse relationship between obesity and vitamin D status.
Recently, a study of the association of vitamin D concentrations with adiposity indices among
preadolescent children in Korea, Lee, et al. (2013) found that 25(OH)D concentrations were
inversely associated

with

adiposity indices

(BMI,

waist

circumference,

mid-arm

circumference, body fat mass, percent body fat, and triceps skinfold thickness). The study also
suggests that adequate vitamin D intake in growing children is crucial to maintain an optimal
vitamin D level to prevent obesity later in life. Another study of Colombian children (5-12
years) demonstrated that low serum 25(OH)D level was associated with a significant increase
in adiposity, measured by changes in BMI, skinfold thickness, and waist circumference,
during a follow-up period of approximately 3 years. Lack of vitamin D also correlated with
slower growth of height among girls, however, the same was not true in the case of boys
(Gilbert-Diamond, et al., 2010).
In 2010, Dong et al. examined the prevalence of vitamin D insufficiency/deficiency and
potential influences in a cross sectional study of 559 subjects between the ages of 14-18 years
old. Anthropometric data were recorded for all subjects and serum vitamin D concentrations
were used to assess status. The most significant finding this study revealed was significant
inverse relationships between vitamin D status and BMI percentile, waist circumference, total
fat mass and proportion of body fat.
Further review of the literature revealed a study conducted by Alemzadeh et al. on 127 obese
(>95th BMI percentile for age) subjects between the ages 6 to 18 years old in Wisconsin in
2008. In this study the group with vitamin D insufficiency/deficiency had higher BMI and
higher fat mass than the vitamin D sufficient group.
Other study (Sioen, et al., 2012) found that parameters of whole-body obesity (deﬁned by the
BMI), parameters of subcutaneous fat (Skinfold thickness) as well as parameters of abdominal
fat (waist circumference) independently inﬂuenced vitamin D status in young Belgian children
(4–11 years old). Additionally, different anthropometric variables have been shown to
signiﬁcantly inﬂuence vitamin D status. Recently, Rodríguez – Rodríguez, et al. (2010)

20

suggested that the amount of visceral and not subcutaneous fat determines the serum level of
vitamin D in children (9–13 years old).
A number of hypotheses for suboptimal levels of vitamin D in obesity have been proposed.
Obesity has been associated with diminished bioavailability of vitamin D due to the
sequestration of vitamin D in larger amounts of adipose tissue (Holick, 2007a; Tsiaras &
Weinstock, 2011). However, it is also possible that lower 25(OH)D in obesity may result from
feedback inhibition from higher circulating 1,25(OH)2D (Bell, et al., 1985), although higher
levels of 1,25(OH)2D in obesity have not always been established (Parikh, et al., 2004), dietary
deficiency (Aasheim, et al., 2008) or simply from less UVB exposure, which is indispensable
for the cutaneous synthesis of vitamin D3 (Wortsman, 2000).
Moreover, inadequate vitamin D status could also be a risk factor for childhood obesity.
Vitamin D affects lipolysis (Zemel, et al., 2000; Xue, et al., 2001) and adipogenesis (Kong &
Li, 2006; Wood, 2008) in human adipocytes through its role in regulating intracellular calcium
concentrations.
2.1.5.8 Medication Use
Medication use has the ability to interfere with the catabolism and bioavailability of vitamin
D.

It has been suggested that certain medications such as glucocorticoids, antiretroviral

therapy, antirejection drugs and anticonvulsant therapy have the capacity to increase
catabolism of 25(OH)D and 1,25(OH)2D into biologically inactive, water-soluble calcitroic
acid (Holick, 2007). Bile-acid binding medications such as cholestyramine and colestipol,
often used in the treatment of hypercholesterolemia, have the capacity to impair vitamin D
absorption (Holick 2007; Tsiaras & Weinstock, 2011).
2.1.5.9 Malabsorption
Vitamin D is a fat-soluble vitamin and following oral consumption, it has to be incorporated
into bile-salt micellar solutions and absorbed into the proximal small intestine (Tsiaras &
Weinstock, 2011). Therefore, intestinal absorption of this vitamin may be impaired in
individuals with fat malabsorption syndromes and various gastrointestinal disorders (Lo, et al.,
1985; Mawer, 1997; Shils, et al., 2005; Bikle, 2007). Vitamin D insufficiency has been
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observed in post-gastrectomy, celiac disease, inflammatory bowel syndromes such as Crohn’s
disease and ulcerative colitis, pancreatic insufficiency, bariatric surgery (Bikle, 2007),
Whipple’s disease, and cystic fibrosis (Shils, et al., 2005).
2.1.6 Prevalence of vitamin D deficiency
Vitamin D deficiency is often underreported (Holick, 2006a). Results from recent metaanalysis on 394 cross-sectional studies with 32,266 subjects included from all over the world,
found approximately over 80% of people world-wide, have a low vitamin D status (based on a
cut-off level of 75 nmol/l for serum 25(OH)D concentrations) (Hagenau, et al., 2009). As it
might be expected, Caucasians had higher 25(OH)D concentrations compared with nonCaucasians. The study also reported, significantly lower serum 25(OH)D in children (<15
years) and older persons (>75 years) than in adults (15-75 years) (Hagenau, et al., 2009).
Depending on latitude, season, age and ethnical origin prevalence of vitamin D deficiency
varies largely worldwide, being highest in non-western developing countries (Norsang, 2009;
Mithal, 2009).
The Middle East, despite its abundant sunshine, registers some of the lowest levels of vitamin
D in the world (Fuleihan, 2009). This is in large part explained by limited sun exposure due to
cultural practices, skin pigmentation and prolonged breastfeeding without vitamin D
supplementation (Baroncelli, et al., 2008).
Neonates born to mothers with low vitamin D levels have lower cord vitamin D levels, and
may be at the risk for rickets and other complications (Kimball & Fuleihan, 2008). Studies
from Saudi Arabia, Kuwait, United Arab Emirates, and Iran reveal that 10–60% of mothers
and 40-80% of their neonates had undetectable low vitamin D levels (0-25 nmol/l) at delivery
(Bassir, et al., 2001; Molla, et al., 2005; Ainy, et al., 2006).
Vitamin D deficiency does not spare the pediatric age, in fact children are one of the
vulnerable groups for vitamin D deficiency. Mushtaha (2006) examined the biochemical
changes associated with nutritional rickets in children up to 3 years old in the Gaza Strip. In
this case-control study 80 rachitic and 87 healthy children were enrolled, mean 25(OH)D
levels were 17.4 nmol/l and 56.1 nmol/l, respectively.
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In a study of 98 rachitic and 58 healthy children aged 6-48 months recruited from university
and community outpatient hospitals in Egypt and Turkey, 71% of rachitic patients and 42% of
controls had 25(OH)D levels <37.5 nmol/l (Baroncelli, et al., 2008).
The proportion of subjects with 25(OH)D levels below specific cut-offs varied. It was 16.5%
for 25(OH)D levels <37.5 nmol/l in a study of healthy Jordanians aged 1-6 years living in
Amman (Jazar, et al., 2011); and between 4% and 14% for a cut-off between 12.5 and 25
nmol/l in 935 healthy children aged 4-72 months selected randomly from the Jeddah area of
Saudi Arabia (Bahijri, 2001); and was 19% for a cut-off less than 37.5 nmol/l in children less
than 5 years old in Israel (Oren, et al., 2010).
Young adults are also potentially at high risk for vitamin D deficiency. For example, a large
proportion of adolescent girls, up to 70% in Iran (Moussavi, et al., 2005) and 80% in Saudi
Arabia (Siddiqui & Kamfar, 2007), had 25(OH)D levels below 25 nmol/l. The reported
proportions were 32% in Lebanese girls and between 9% and 12% in Lebanese adolescent
boys (Fuleihan, et al., 2001; 2006).
Several risk factors are associated with low vitamin D levels in the Middle East. Diarrhea and
maternal vitamin D status were risk factors for low vitamin D levels in infants (Bahijri, 2001;
Dawodu, et al., 2001). Gender, physical activity, clothing style, season, and socioeconomic
status were independent risk factors for low 25(OH)D levels in older children (Fuleihan, et al.,
2001; Moussavi, et al., 2005; Dahifar, et al., 2006; Siddiqui & Kamfar, 2007; Bener, et al.,
2009).
2.1.7 Biological functions of vitamin D
One of the major biological functions of vitamin D is to maintain intracellular and
extracellular calcium concentrations within a physiologically acceptable range (Shils, et al.,
2006). Once 1,25(OH)2D, the biologically active vitamin D metabolite, binds to the nuclear
vitamin D receptor (VDR), intestinal absorption of both calcium and phosphorous is triggered.
In a low vitamin D state, the small intestine can absorb approximately 10% to 15% of dietary
calcium, which is inadequate not only for bone health but also for most metabolic functions
and neuromuscular activity. The body responds by increasing the production and release of
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PTH into the circulation (Holick, 2006a). PTH then functions in normalizing the circulating
levels of calcium by increasing the amount reabsorbed in the renal tubules, mobilizing calcium
from the bone, and stimulating renal production of 1,25(OH)2D (Holick, 2006a; DawsonHughes, 2008).
Vitamin D has various effects on bone cells. In keeping with its principal physiologic function
in maintaining serum calcium levels within an acceptable physiologic range for cellular
activity, it enhances the mobilization of calcium and phosphorus from bone indirectly by
influencing osteoclast (cells that resorb bone) maturation (Shils, et al., 2006). During times of
low intestinal calcium absorption, both calcium and phosphorous are pulled from the bone by
the interaction of 1,25(OH)2D with its VDR in the osteoblast (cells that form bone).
1,25(OH)2D enhances the expression of receptor activator of nuclear factor- Kappa B ligand
(RANKL) on the cell surface of the osteoblast (Holick, 2006c; Shils, et al., 2006; Holick,
2007b). RANKL binds to its receptor, receptor activator of nuclear factor- Kappa B (RANK),
on the cell surface of the immature osteoclast thereby initiating osteoclastogenesis (osteoclast
maturation). The mature osteoclasts release hydrochloric acid and collagenases to dissolve
bone mineral and matrix (Holick, 2006a; Shils, et al., 2006). As a result, calcium and
phosphorous are pulled from the bone and deposited into the extracellular space (Shils, et al.,
2006).
In addition to intestine and bone, a wide range of other tissues and cells that are influenced by
vitamin D. Five biological systems have vitamin D receptors and are responsive to
1,25(OH)2D (Norman, 2008). These systems include immune, pancreas, cardiovascular,
muscle and brain; and control of cell cycle. The biological effects of 1,25(OH)2D are diverse.
For example, as recently noted, 1,25(OH)2D inhibits PTH secretion and promotes insulin
secretion, inhibits adaptive immunity and promotes innate immunity, and inhibits cell
proliferation and stimulates their differentiation (Bikle, 2009).
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2.2 Anthropometric measurements
2.2.1 Overview of anthropometry
Childhood growth depends on nutritional, health, and environmental conditions. Changes in
any of these influence how well a child grows and develops. Historically, pediatric health care
providers have used height, weight and head circumference measurements to assess changes in
growth and development.
The word “anthropometry” is derived from the Greek word “anthropo” meaning “human” and
the Greek word “metron” meaning “measure” (Ulijaszek, 1994). Anthropometry is the study
of the measurement of the human body in terms of the dimensions of bone, muscle and
adipose tissue. It is a widely used, inexpensive and non-invasive measure of the general
nutritional status of an individual or a population group.
2.2.2 Uses of anthropometry
Anthropometry provides a simple and practical way of describing the overall nutritional status
of the population groups. Anthropometry’s usefulness stems from its close correlation with the
multiple dimensions of individual health and development and their socio-economic and
environmental determinants (Beaton, et al., 1990). Information on energy and nutrient intakes
from food consumption studies will help in the etiologic interpretation of deviant
anthropometry and the planning of appropriate dietary interventions for targeted groups (FAO,
2004).
Anthropometric studies can help identify nutritional problems such as undernutrition and
overnutrition and pinpoint groups with specific nutritional and health needs to be addressed in
policy development and programming (de Onis & Blossner, 2003). Anthropometric indicators
can define the extent of the problems and can be used as one criterion in ranking areas and
population groups by need, in this way allowing the targeting of appropriate interventions and
informing decisions on resource allocation (Beaton, et al., 1990). Where interventions are
expected to influence nutrition directly or indirectly, anthropometric measures may be used to
evaluate progress and the outcome of an intervention.
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The application of anthropometric measurements in the assessment of child growth, and
investigations of the relation between malnutrition and mortality are well documented
(Beaton, et al., 1990; Pelletier, et al., 1993; WHO, 1995; Isabel, et al., 2003; McDonald, et al.,
2013). Increasingly, attention is being directed to the use of anthropometry in the assessment
of overweight, obesity and body fat distribution and the risk of chronic diseases (Seidell, et al.,
2001).
While anthropometry measures may help to indicate the existence and extent of nutritional
problems, and also serve as markers of risk of ill-health, the information does not, by itself,
identify specific causes of nutritional problems or the underlying factors that explain the
association between anthropometric status and subsequent risk of morbidity and mortality
(Beaton, et al., 1990). This is the major limitation of anthropometry as changes in body
measurements may be sensitive to several factors including energy and nutrient intakes,
infection, activity levels, altitude, stress and genetic background (de Onis, 2000). The findings
of anthropometric studies, however, can help to increase awareness of nutrition problems and
can provide useful starting points for the investigation of these problems. Repeated surveys
using similar statistically selected representative samples can be used to assess trends over
time and the relationship of such trends to socio-economic conditions and dietary and other
lifestyle habits (Beaton, et al., 1990).
2.2.3 Anthropometric measurements, indices and indicators
2.2.3.1 Measurements
The field of anthropometry encompasses a variety of human body measurements. Weight,
stature (standing height), recumbent length, skinfold thicknesses, circumferences (head, waist,
limb, etc.), limb lengths, and breadths (shoulder, wrist, etc.) are examples of anthropometric
measures (NCHS, 2011).
2.2.3.2 Indices
Anthropometric indices are based on combinations of body measurements. These indices are
essential for the interpretation of measurements, as the value for body weight alone, for
example, has no meaning unless it is related to an individual’s age or height (WHO, 1995).
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In children the three most commonly used anthropometric indices are weight-for-height
(WFH), height-for-age (HFA) and weight-for-age (WFA). Other indices such as mid-upper
arm circumference (MUAC)-for-age, head circumference-for-age and body mass index (BMI)for-age might be used in assessing the nutritional status of children.
2.2.3.2.1 Weight-for-height (WFH)
WFH measures body weight relative to height; low weight-for-height helps to identify
children suffering from current or acute undernutrition or wasting and is useful when exact
ages are difficult to determine. High weight-for-height or overweight indicates an excess
weight gain relative to height, or an insufficient gain in height relative to weight (WHO,
1995).Weight-for-length (in children under 2 years of age) or weight-for-height (in children
over 2 years of age) is appropriate for examining short-term effects such as seasonal changes
in food supply or short-term nutritional stress brought about by illness (Cogill, 2003).
2.2.3.2.2 Height-for-age (HFA)
HFA reflects cumulative linear growth; low height-for-age index identifies past undernutrition
or chronic malnutrition. It cannot measure short term changes in malnutrition. For children
below 2 years of age, the term is length-for-age; above 2 years of age, the index is referred to
as height-for-age. A deficit in length-for-age or height-for-age is referred to as stunting
(Cogill, 2003).
2.2.3.2.3 Weight-for-age (WFA)
WFA reflects body mass relative to age; low weight-for-age, or underweight, indicates
insufficient weight gain relative to age or weight loss, while high weight-for-age indicates an
excess gain of weight relative to height (overweight). The advantage of this index is that it
reflects both past (chronic) and/or present (acute) undernutrition (although it is unable to
distinguish between the two) (Cogill, 2003).
2.2.3.2.4 Body mass index (BMI)-for-age
BMI is defined as body weight in kilograms divided by height in meters squared (wt/ht2).
BMI-for-age is an anthropometric index of weight and height combined with age. It can be
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used in place of weight-for-stature to identify children who are underweight, overweight, and
obese. BMI-for-age has been recommended as a screening test for excess adiposity in children
and adolescents (Flegal, et al., 2010).
2.2.3.2.5 Mid-upper arm circumference (MUAC)-for-age
MUAC is a measure of the diameter of the upper arm, and gauges both fat reserves and muscle
mass. It is primarily used for children, but can also be applied to pregnant women to assess
nutritional status. Measurement is simple and requires minimal equipment; therefore it has
been proposed as an alternative index of nutritional status, in particular in situation where data
on height, weight, and age are difficult to collect. MUAC-for-age is used for rapid screening
of acute malnutrition from the 3-59 month age range (Cogill, 2003).
2.2.3.2.6 Head circumference-for-age
Head circumference is critical during infancy and can be charted up to 36 months of age. Head
circumference-for-age measurements reflect brain size and abnormal head growth may
indicate a medical or developmental problem (Sniderman, 2010).
2.2.3.3 Indicators
The term “indicator” relates to the use or application of indices. An indicator is often derived
from indices, with the imposition of a cut-off point to estimate population prevalence (Beaton,
et al., 1990). Cut-off points can also be used to characterize changes and trends within the
population and identify persons at higher risk of adverse outcomes.
Anthropometric indicators are constructed by comparing relevant measures with those of
comparable individuals (in terms of age and sex) in the reference data. There are three ways of
expressing these comparisons:
a) Z-score (standard deviation score): the difference between the value for an individual
and the median value of the reference population for the same age or height, divided by
the standard deviation of the reference population.
b) Percent of median: ratio of a measured or observed value in the individual to the median
value of the reference data for the same sex and age or height.
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c) Percentile: rank position of an individual on a given reference distribution, stated in
terms of what percentage of the group the individual equals or exceeds.
The preferred and most common way of expressing anthropometric indices is in the form of Zscores (WHO, 1995).
In April 2006, the WHO released new global child growth standards for infants and children
up to the age of 5 years. Similar to the 2000 Centers for Disease Control and Prevention
(CDC) growth reference (Kuczmarski, et al., 2000; 2002), these growth charts describe
weight-for-age, length (or height)-for-age, weight-for-length (or height), and BMI-for-age.
WHO growth curves include BMI-for-age starting at birth, and CDC growth curves include
BMI-for-age beginning at age 2 years. CDC and WHO growth charts also include a curve for
head circumference-for-age; CDC provides values for children aged <36 months, and WHO
charts include a head circumference curve for those aged <60 months. Table 2.5 shows the
nutritional status cut-off points based on WHO 2006 growth standards.
2.3 Dietary assessment
2.3.1 Dietary assessment methods
Dietary assessment is used to evaluate food consumption and nutrient intake in individuals or
groups of people. Dietary assessment methods are available for national, household and
individual levels. Two types of methods are used to measure the food consumption of
individuals. The first type consists of recalls or records, designed to measure the quantity of
every food (including beverages) consumed in one day. Using this method, estimates of the
usual intakes of individuals can be obtained by increasing the number of measurement days.
The second type includes the dietary history and food frequency questionnaire. They both
obtain retrospective information on the pattern of food use during a longer time period, in
addition to estimation of the usual intake of individuals (Wu, 2008).
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Table 2.5: Nutritional status cut-off points based on WHO 2006 standards

Indicator

Index

Moderate

Severe

<-2 and ≥-3 z-score

<-3 z-score

Stunting reflects chronic malnutrition
Inadequate length or
height* relative to age

HFA

Underweight reflects both chronic malnutrition and acute malnutrition
Inadequate weight relative
to age

WFA

<-2 and ≥-3 z-score

<-3 z-score

WFH

<-2 and ≥-3 z-score

<-3 z-score

MUAC
(6–59 months)

<125 mm and ≥115 mm

<115 mm

MUAC-for-age
(3–59 months)

<-2 and ≥-3 z-score

<-3 z-score

Overweight

Obese

>+2 and ≤+3 z-score

>+3 z-score

Microcephaly

Macrocephaly

Wasting reflects acute malnutrition
Inadequate weight relative
to length or height*
Inadequate muscle tissue
and fat stores in the body

Overnutrition
Excessive fat accumulation
that presents a risk to
health

WFH
BMI-for-age

Abnormal head growth

Head
Developmental problems
Circumference<-2 z-score
>+2 z-score
for-age
* Children under 2 years are measured lying down (length) and children 2-5 years are
measured standing up (height).
Adapted from WHO, 2006b.
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2.3.2 Selection of appropriate methods
The selection of a dietary assessment method depends on the purpose for which it is needed.
To determine the mean nutrient intake of a group, a single 24-hour recall or a 1-day food
record can be used for measuring the food intake of each subject in the group (Gibson, 2005).
To calculate the population percentage ‘at risk’ of inadequate nutrient intakes, repeated 24hour recalls, or replicate weighed or estimated 1-day food records are the methods to estimate
the usual intakes of the subjects (Gibson, 2005).
To find the correlation with biomarkers, large numbers of measurement days for each
individual are required, using 24-hour recalls or estimated or weighed food records (Gibson,
2005). A semi-quantitative food frequency questionnaire or a dietary history can be used too.
When the study objective is ranking individuals within a group and for the purpose of linking
dietary intakes with risk of chronic disease, the preferred approach is to obtain multiple
observations on each individual (Gibson, 2005). Repeated 24- hour recalls, food records, or a
semi-quantitative food frequency questionnaire may also be used in this case.
2.3.3 Food Frequency Questionnaire (FFQ)
The FFQ is a method of dietary assessment that attempts to provide better estimates of usual
intake (Barrett-Connor, 1991). It is based on grouping foods into categories and uses the
frequency of consumption of listed foods as an index of diet pattern. The frequency of
consumption of the listed foods will vary depending on whether the FFQ is collecting
information on short- or long-term intake. Common terminology of consumption frequency
includes “times per day,” “times per week,” and “times per month” (Roberge, et al., 1984). In
addition, the FFQ may also attempt to collect information regarding portion size, such as the
quantitative FFQ or the semi-quantitative FFQ (Bountziouka & Panagiotakos, 2010).
The FFQ was devised to serve as a self-administered method of dietary assessment. Initially,
FFQs were very short, with a limited number of food items that were selected to test a single
hypothesis or diet-disease relationship (Barrett-Connor, 1991). More recently, longer
variations of the FFQ have emerged and are commonly used in large epidemiological studies
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to test several hypotheses (Henríquez-Sánchez, et al., 2009; Bountziouka & Panagiotakos,
2010). In addition, it is not uncommon for the FFQ to be administered by a trained interviewer
(Barrett-Connor, 1991).
There are several advantages associated with the use of FFQs to assess dietary intake. First,
the FFQ often serves as an inexpensive method of dietary assessment, especially when selfadministered (interviewer-administered FFQs are more costly due to interviewer training
expenses). Costs are further reduced if the data collected is scanned directly into a computer
thereby eliminating the need for manual data entry. Second, because FFQs collect intake
information for the preceding year, they are more representative of usual intake than a short
diet record or 24-hour recall. This reduces the chance of misclassifying subjects into
categories of nutritional status and ultimately increases the accuracy of information concerning
diet-disease relationships (Barrett-Connor, 1991). Finally, if self-administered, the risk of
interviewer or measurement bias is decreased (Henríquez-Sánchez, et al., 2009).
The FFQ is considered to be the dominant nutrition assessment tool, especially in large
epidemiological studies (Wakai, 2009). However, it is not without limitations. Even a very
short, non-quantitative, self-administered FFQ requires a certain degree of literacy. Very short
FFQs that list a limited number of foods will only be able to address one or two very specific
hypotheses. The need to list specific foods also tends to make the FFQ a very culturally
specific nutrition assessment tool. Limiting the number of foods will also increase the chances
of excluding certain dietary habits. Because the FFQ usually collects information for the
preceding year, it is subject to variations in seasonality and recall. Finally, self-administered
FFQs are at best semi-quantitative because fixed or subjective definitions of portion size (such
as small, medium, and large) are subject to individual interpretation (Barrett-Connor, 1991).
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Chapter III
Methodology
3.1 Study setting
The study was conducted in AEI clinics in Gaza and Khanyounis cities as the children were
referred from all over the Gaza Strip.
3.2 Study population
The study population was children between 12 and 36 months of age at their first visit to AEI
clinics in Gaza and Khanyounis cities between April and May 2013.
3.3 Sample size
Using the reported prevalence of vitamin D deficiency in children from the surrounding
regions as the basis on which to calculate the required sample size, a total sample size of 124
children was deemed as being sufficient to estimate the prevalence of vitamin D deficiency
based on 20% estimated prevalence, within a maximum acceptable error of 7% and 95%
confidence. For non response expectations, the sample size was increased to 126 children.
3.4 Eligibility criteria
3.4.1 Inclusion criteria
Children between 12 and 36 months of age were included. This age was chosen to capture the
nutritional effects of the transition from breast or formula feeding to solid foods and their
relationship to low vitamin D levels.
3.4.2 Exclusion criteria
Children with chronic illness, clinical signs of rickets or presented with severe acute illness at
the time of enrolment were excluded. Children on medications or supplements known or
suspected to affect vitamin D level or bone development were also excluded. These include
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anti-seizure medications, systemic corticosteroids and anti-neoplastic medications. Children
were screened at the time of enrolment for exclusions.
3.5 Study design
A cross-sectional study with concurrent measurement of dietary, lifestyle and anthropometric
exposures as well as 25(OH)D level was performed.
3.6 Data collection
Numerous descriptor variables were collected by the researcher and trained research assistants
to explore dietary, environmental, behavioral and anthropometric influences on vitamin D
status using a standardized data collection instruments.
3.6.1 Interview questionnaire
Data on factors that might influence vitamin D status were collected using a standardized 38item Arabic questionnaire (Appendix 2) completed by each child’s parent. The questionnaire
used was based on a review of the published literature. Information on the following variables
was collected: Socio-demographic characteristics of the study participants, feeding patterns,
vitamin D supplementation and lifestyle factors such as duration and monthly frequency of
outdoor physical activity. Exposure to sunlight was addressed in 5 questions with respect to
house sunlit, average time spent in the sun, frequency of sunlight exposure, area of the body
usually exposed to the sun (face, hands, arms, legs), and whether exposure to sun light was
directly or through glass.
Skin pigmentation was quantified by using the Fitzpatrick scale which is a validated skin
pigmentation classification system (Jimbow, et al., 1991) that has been used for quantification
of skin pigmentation in young children (Gordon, et al., 2008; Maguire, et al., 2011).
Vitamin D intake was assessed using FFQ specially developed for this purpose. It consisted of
12 items of specific foods with 9 response options ranging from ‘never’ to ‘2+ per day’ for the
frequency of consumption. The serving sizes were based on household measures (e.g. cups,
spoons) and natural units (e.g. 1 slice). Average daily intake of vitamin D was calculated by
expressing the response to the food item as a portion of daily use, which was then multiplied
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by the amounts of the specified portion sizes and by the vitamin D content of the food using
Microsoft Excel application package version 2010.
3.6.1.1 Pilot Study
The initial questionnaire was submitted to a panel of experts including, dietitians, pediatricians
and health professionals, who evaluated the appropriateness, relevance, accuracy, and
formulation of each question. The adequacy and clarity of the questionnaire was also assessed
in a pilot study conducted with 20 subjects. The pilot study was performed to check for clarity
and readability of individual questionnaire items and the adequacy of this tool in assessing
vitamin D determinants, thereby contributing to the face validity of the questionnaire.
Problems raised by the health professionals were noted, and suitable changes were made
accordingly. Unclear and dubious questions were excluded.
3.6.1.2 Questionnaire reliability
The internal consistency (reliability) of questionnaire results was evaluated using Cronbach α
test with a value of 0.742. Nunnally (1978) recommended that instruments used in basic
research have reliability of about 0.70 or better.
3.6.2 Anthropometric measurements
Well-trained nurses collected the anthropometric measurements of weight, height, arm and
head circumferences using standard procedures. The scales and stadiometers used at all sites
were calibrated using the same calibration scheme which included duplicate measurements on
the first 4 children seen each day and weekly calibration of scales using kilogram weights.
Every effort was undertaken to ensure that data is collected in an identical fashion across all
sites. WHO-Anthro software (version 3.2.2) was used to calculate the anthropometric indices
Z-scores which were compared to WHO 2006 nutritional status cut-off points (Table 2.5) to
generate anthropometric indicators of child’s nutritional status.
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3.6.2.1 Weight measurements
Weight was measured to the nearest "100 g" using a mechanical beam medical scale (Detecto
459, 2381, USA), with the subject in lightweight clothes and without shoes.
3.6.2.2 Height measurements
Height was measured to the nearest 0.1 cm for children 24 months and older who are able to
stand unassisted using a wall mounted stadiometer (Seca 213, Germany), with the subject in
standing position without shoes and the head in the Frankfort horizontal plane.
3.6.2.3 Length measurements
Length was measured to the nearest 0.1 cm for children below 24 months and those who
cannot stand erect without assistance using infant measuring mat (Seca 210, Germany), with
the subject lying down on his back without shoes, the head in the Frankfort horizontal plane
and both legs outstretched.
3.6.2.4 MUAC measurements
MUAC was measured to the nearest 0.1 cm using arm circumference “insertion” tape at a level
midway between the lateral projection of the acromion process at the shoulder and the
olecranon process of the ulna (at the point of the elbow), with the elbow flexed to 90° and the
arm hanging loosely and comfortably at the side.
3.6.2.5 Head circumference measurements
Head circumference was measured to the nearest 0.1 cm using head circumference “insertion”
tape, with the lower edge of the tape just above the eyebrows and ears, and around the biggest
part of the back of the head.
3.6.3 Physical examination
A physical examination and full medical history for each of the subjects were conducted by
pediatricians in whom clinical signs of rickets, history of bone fractures and dental problems
were assessed.
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3.6.4 Blood analysis
Blood samples were collected by venipuncture, 2 ml were drawn into vacutainer plain tubes
and left to coagulate at room temperature, then centrifugation was done at 3000 rpm for 15
minutes to get blood serum. Serum specimens were placed in sealed plain tubes then
transported on ice packs in coolers to University College of Science and Technology
laboratories in Khanyounis and stored at -20ºC until analysis.
The serum 25(OH)D levels were measured by enzyme-linked immunosorbent assay (ELISA)
method with the 25(OH)D ELISA kit purchased from DRG International Incorporation, USA.
3.6.4.1 Assay procedure
3.6.4.1.1 Principle of the test
The test is a competitive protein binding assay for the measurement of 25(OH)D. It is based on
the competition of 25(OH)D present in the sample with 25(OH)D tracer, for the binding
pocket of vitamin D binding protein (VDBP). Since all circulating 25(OH)D is bound to
VDBP in vivo, samples have to be precipitated with precipitation reagent to extract the
analyte. In the first incubation step, sample, calibrator, control, the VDBP and the VDBPAntibody are added to the solid phase. 25(OH)D present in the sample then competes with the
tracer, coated on the well for the specific binding site of the binding protein and the VDBP
Antibody is bound to the vitamin binding protein. Hence, with increasing concentrations of
25(OH)D in the sample, the amount of binding protein, immobilized to the well via the tracer,
is reduced. After a washing step to remove unbound components, the quantitation of VDBP is
achieved by incubation with a host specific peroxidase labeled antibody using
tetramethylbenzidine (TMB) as enzyme substrate. An acidic stopping solution is then added to
stop the reaction. The color converts to yellow. The intensity of the yellow color is indirectly
proportional to the concentration of 25(OH)D in the sample.
3.6.4.1.2 Reagents


ELISA wash concentrate 10x



Assay buffer, ready to use
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VDBP, lyophilized



Precipitation Reagent, ready to use



Anti-VDBP antibody, ready to use



Standards and non specific binding control, assay buffer only (NSB), ready to use (0,
6.4, 16, 40, 100, 250 nmol/l)



Controls, ready to use



Peroxidase labeled conjugate, ready to use



TMB substrate



ELISA stop solution, ready to use

3.6.4.1.3 Extraction procedure
Sample, Calibrators, NSB and Controls preparation:


Add 50 µl sample, calibrator control and NSB into plastic or glass tubes.



Add 400 µl of precipitation reagent, to sample, calibrator control and NSB. Mix
thoroughly on a Vortex mixer. Incubate for 30 min at -20 °C.



Centrifuge for 10 min at 3000 x g at 4 °C. The supernatant contains the extracted
25(OH)D and must be assayed immediately.

3.6.4.1.4 Test Procedure
1. Mark the positions of standards/sample/ control on a protocol sheet.
2. Put the microtiter plate and the precipitated standards/sample/ control on a cool block
or ice.
3. Add 20 µl of standards/sample/ control into respective well.
4. Add 100 µl VDBP into each well, except the NSB.
5. Add 100 µl assay buffer to the NSB wells.
6. Add 100 µl anti-VDBP antibody into each well.
7. Cover the plate tightly and incubate for 3 hours at 8 - 10 °C in the dark.
8. Aspirate and wash the wells 5x with 250 µL of diluted wash buffer, remove remaining
wash buffer by hitting the plate against paper towel after the last wash.
9. Add 200 µl conjugate into each well.
10. Cover the plate tightly and incubate for 1 hour at 8 - 10 °C in the dark.
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11. Aspirate and wash the wells 5x with 250 µL of diluted wash buffer, remove remaining
wash buffer by hitting the plate against paper towel after the last wash.
12. Add 200 µl of substrate into each well.
13. Incubate for 20 - 30 minutes at room temperature (18-26°C) in the dark.
14. Add 50 µl of stop solution into each well, shake well.
15. Determine the absorption with an ELISA reader at 450 nm against 620 nm (or 690 nm)
as a reference. If no reference wave length is available, read only at 450 nm.
3.6.4.1.5 Results
A dose response curve of the absorbance unit vs. concentration is generated using the results
obtained from the calibrators. Concentrations of 25(OH)D, present in the specimen samples,
are determined directly from this curve (Figure 3.1).

Figure 3.1: 25(OH)D typical calibration curve
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3.7 Statistical analysis
Statistical analysis was performed using SPSS version 18.0 (SPSS Inc., Chicago, IL, USA).
Using cutoff values proposed by Holick (2009), serum 25(OH)D was divided into three
categories: 1=≤50 nmol/l (deficient); 2=51-75 nmol/l (insufficient); 3=>75 nmol/l (sufficient).
Fisher’s exact and Chi-square tests were used to identify associations between demographic,
lifestyle, dietary, clinical and anthropometric characteristics among categories of vitamin D
status. Variables associated with low vitamin D at p values <0.05 were incorporated into a
multi-variable logistic regression model. For the purpose of this analysis, the cut-off for
25(OH)D ≤75nmol/l was used as the binary outcome. Statistical significance was set at p value
<0.05 in all analyses.
3.8 Ethical and administrative considerations
The study was conducted according to the guidelines laid down in the Helsinki Declaration of
the World Medical Association. The project protocol was approved by the ethical committee
of Palestinian health research council (Helsinki ethical committee) (Appendix 3) and AEI
association (Appendix 4). Parents of all participating children consented to participate in the
study.
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Chapter IV
Results
4.1 Characteristics of the study sample
4.1.1 Socio-demographic characteristics
After applying exclusion criteria such as presence of a chronic disease and use of vitamin D
supplements during the previous 3 months, the final sample consisted of 126 participants who
had dietary interview and serum 25(OH)D data. Of those 41.3% (n=52) were male and 58.7%
(n=74) were female. Children were distributed across age groups: 12-17 (49.2%, n=62); 18-23
(26.2%, n=33); 24-29 (17.5%, n=22); 30-36 (7.1%, n=9).
The largest percent of the population (39.7%, n=50) were from Khanyounis, followed by
19.0% (n=24) from North, 17.5% (n=22) from Gaza, 12.7% (n=16) from Rafah and the
remaining 11.1% (n=14) were from the Middle governorates and this sample was selected
from AEI clinics as the children were referred.
The majority of the participants (71.4%, n=90) were living in apartments, and 28.6% (n=36)
were living in an independent houses with a courtyard. The average housing density was 2.7
(±1.33 SD) persons per room and 42.1% (n=53) of the participants had a housing density of 3
or more persons per room.
The analysis of the educational status of target children’s parents revealed that 1.6% (n=2) of
the mothers and 14.3% (n=18) of the fathers had 6 years of education or less, with one mother
only (.8%) and three fathers (2.4%) were illiterates. 75.4% (n=95) of the mothers and 56.3%
(n=71) of the fathers had 7-12 years of education, and for more than 12 years of education the
percent of the mothers was 22.2% (n=28) and for the fathers it was 27.0% (n=34).
In contrast to the prevalence (97.6 %, n=123) of mothers unemployment, 65.1% (n=82) of the
fathers were employed with a mean monthly income of 837 (±596 SD) shekels, which makes
about 74.6% (n=94) of the children poor with a daily income less than 2 dollars per capita.
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Unweighted values and weighted percentages of socio-demographic characteristics of the
study sample are presented in Table 4.1.
Table 4.1a: Socio-demographic characteristics of the study sample

Characteristic

n

%

Male

52

41.3%

Female

74

58.7%

12-17

62

49.2%

18-23

33

26.2%

24-29

22

17.5%

30-36

9

7.1%

North

24

19.0%

Gaza

22

17.5%

Middle

14

11.1%

Khanyounis

50

39.7%

Rafah

16

12.7%

Apartment

90

71.4%

Independent house with a courtyard

36

28.6%

˂3

73

57.9%

≥3

53

42.1%

Gender

Age in months

Place of residence

Nature of residency

Housing density
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Table 4.1b: Socio-demographic characteristics of the study sample

Characteristic

n

%

Illiterate

1

0.8%

1-6 years

2

1.6%

7-12 years

95

75.4%

>12 years

28

22.2%

Illiterate

3

2.4%

1-6 years

18

14.3%

7-12 years

71

56.3%

>12 years

34

27.0%

3

2.4%

123

97.6%

Employed

82

65.1%

Unemployed

44

34.9%

≤1000 NIS

93

73.8%

>1000 NIS

33

26.2%

Poor(<2$/day)

94

74.6%

Not poor(≥2$/day)

32

25.4%

Mother's education

Father’s education

Mother’s work status
Employed
Unemployed
Father’s work status

Average monthly income

Poverty
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4.1.2 Sunlight exposure patterns
The entry of sunlight into the house was variable, 29.4% (n=37) of the interviewed mothers
reported more than 2 hours a day, 24.6% (n=31) from 1 to 2 hours daily, 31.7 % (n=40) less
than an hour a day and the remaining 14.3% (n=18) reported no sunlight entry at all.
The average sunlight exposure of the children varied greatly in terms of frequency and
duration. The frequency of sunlight exposure, explained in Figure 4.1, ranged from daily
exposure (42.9%, n=54) to three times a month or less (17.5%, n=22). In terms of duration,
29.4% (n=37) of the children exposed to sunlight for less than 5 minutes a day, 28.6% (n=36)
from 5 to 15 minutes a day, 27.8% (n=35) from 15-30 minutes a day and 14.3% (n=18) had
sun exposure for more than 30 minutes a day. Of the study sample only 7.1% (n=8) had their
arms and legs exposed to sunlight compared to 79.5% (n=89) with facial exposure only. Table
4.2 explains the characteristics of participants’ sunlight exposure.

Figure 4.1: Frequency of sunlight exposure
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Table 4.2: Patterns of sunlight exposure

Characteristic

n

%

Never

18

14.3%

Less than 1 hour

40

31.7%

1 hour – 2 hours

31

24.6%

More than 2 hours

37

29.4%

≤3 per month

22

17.5%

Once a week

13

10.3%

Every other day

37

29.4%

Daily

54

42.9%

<5 Minutes/Day

37

29.4%

5-15 Minutes/Day

36

28.6%

16-30 Minutes/Day

35

27.8%

>30 minutes/Day

18

14.3%

Direct

22

19.6%

Through glass

90

80.4%

Face and hands

89

79.5%

Arms

15

13.4%

8

7.1%

Entry of sunlight into the house

Frequency of sunlight exposure

Average time of sunlight exposure

Type of sunlight

Areas of the body usually exposed to sunlight

Arms and legs
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4.1.3 Life style
Life style patterns were measured by 3 parameters, duration of outdoor physical activity,
monthly frequency of outdoor physical activity and intensity of indoor activities and watching
TV. Table 4.3 illustrates the characteristics of participants’ Life style.
Table 4.3: Life style patterns of study sample

Characteristic

n

%

<15 minutes

30

23.8%

≥15 -30 minutes

36

28.6%

>30-60 minutes

29

23.0%

>60 minutes

31

24.6%

1-5

34

27.0%

6-10

21

16.7%

11-15

22

17.5%

16-20

14

11.1%

21-25

18

14.3%

26-31

17

13.5%

<4 hours/day

41

32.5%

4-8 hours/day

59

46.8%

>8 hours/day

26

20.6%

Duration of outdoor physical activity

Monthly frequency of outdoor physical activity

Intensity of indoor activities and watching TV
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4.1.4 Vitamin D supplementation
Approximately 69% (n=87) of the mothers reported their children received vitamin D
supplement at some time in their lives, of which 79.3% (n=69) received it on a daily basis.
Table 4.4 explains vitamin D intake from supplementation.
Table 4.4: Vitamin D supplement use

Characteristic

n

%

Yes

87

69.0%

No

39

31.0%

≤5 months

21

24.1%

6 months

39

44.8%

≥7 months

27

31.0%

69

79.3%

3-5 times a week

9

10.3%

Once a week

6

6.9%

2-3 times per month

3

3.4%

Vitamin D supplement use

Childs age when received vitamin D supplements

Frequency of vitamin D supplement use
Daily

4.1.5 Feeding patterns and dietary habits
Table 4.5 illustrates that 71.4% (n=90) of the participants were exclusively breastfed for some
period, of those 70% (n=63) had exclusive breastfeeding for a duration of six months or more.
According to type of milk feeding during infancy, children were categorized in to 3 groups,
those who received breast and formula milk were 61.1% (n=77), 29.4% (n=37) received only
breast milk, and the minority (9.5%, n=12) had an exclusive formula milk.
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Table 4.5: Breastfeeding patterns of the study sample

Characteristic

n

%

Yes

90

71.4%

No

36

28.6%

<6 months

27

30.0%

≥6 months

63

70.0%

Breast milk

37

29.4%

Formula milk

12

9.5%

Breast and formula milk

77

61.1%

Exclusive breastfeeding

Duration of exclusive breastfeeding

Type of milk feeding during infancy

Daily vitamin D intake from diet was fairly distributed across quartiles: ˂69 IU (25.4%,
n=32); 69-129 IU (25.4%, n=32); 130-250 IU (26.2%, n=33); >250 IU (23.0%, n=29). Sources
of vitamin D intake were categorized from the FFQ as dairy products and non-dairy products
(Table 4.6). Intakes of some major vitamin D foods were presented in table 4.7 and Figure 4.2.
Table 4.6: Vitamin D intake of the study population (IU/d & % of total intake)

Vitamin D intake (IU/d)
Average vitamin D intake
Dairy products
Non-dairy products
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Mean ± SD

% of
total intake

147 ± 102

100

114.27 ± 90.59

77.73

32.64 ± 90.5

22.20

Table 4.7: Dietary sources of vitamin D intake (IU/d & % of total intake)

Mean ± SD

% of
total intake

109.68 ± 32.96

74.61

14.51 ± 11.86

9.87

Canned tuna

7.14 ± 14.84

4.84

Canned sardines

7.71 ± 14.64

5.24

Liver

2.78 ± 3.73

1.89

Breast Milk

2.24 ± 4.07

1.52

1.07 ± 1.2

0.72

Cheese, Feta

0.77 ± 1.04

0.52

Cheese, Cheddar

0.55 ± 1.03

0.37

Poultry

0.44 ± 0.41

0.30

Red meat

0.12 ± 0.22

0.08

Major food sources (IU/d)
Fortified milk
Whole egg

Yogurt

Figure 4.2: Dietary sources of vitamin D (% of total intake)
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4.1.6 Anthropometric indicators
4.1.6.1 Weight-for-height
Measurements of children weight-for-height revealed that 73.8% (n=93) of the participants
had normal weight-for-height compared to 2.4% (n=3) children were wasted and 23.8%
(n=30) were overweight.
4.1.6.2 BMI-for-age
According to BMI-for-age measurements children were categorized into 3 groups,
underweight (1.6%, n=2), Normal BMI-for-age (82.5%, n=104) and Overweight (15.9%,
n=20).
4.1.6.3 Weight-for-Age
6.3% (n=8) of the children were underweight in terms of weight-for-age indicator, 80.2%
(n=101) had normal weight-for-age and 13.5% (n=17) were overweight.
4.1.6.4 Length/height-for-age
15.9% (n=20) of the children were stunted compared to 84.1% (n=106) children with normal
length/height-for-age.
4.1.6.5 MUAC-for-Age
Measurements of MUAC-for-age indicates that the percent of wasting was 1.6% (n=2) while
for overweight it was 25.4% (n=32) and for normal MUAC-for-age the percent was 73.0%
(n=92).
4.1.6.6 Head Circumference-for-Age
6.3% (n=8) of the children had small head circumference (microcephaly) compared to 4.8%
(n=6) with large head circumference (macrocephaly) and the remaining (88.9%, n=112) had
normal head circumference.
Anthropometric indicators of the study sample are summarized in Table 4.8 and Figure 4.3.
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Table 4.8: Anthropometric indicators of study participants

Characteristic

n

%

Wasting

3

2.4%

Normal

93

73.8%

Overweight

30

23.8%

2

1.6%

104

82.5%

20

15.9%

8

6.3%

101

80.2%

17

13.5%

Stunting

20

15.9%

Normal

106

84.1%

Wasting

2

1.6%

Normal

92

73.0%

Overweight

32

25.4%

8

6.3%

112

88.9%

6

4.8%

Weight-for-height

BMI-for-age
Underweight
Normal
Overweight
Weight-for-Age
Underweight
Normal
Overweight
Length/height-for-age

MUAC-for-Age

Head circumference-for-age
Microcephaly
Normal
Macrocephaly
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Weight-for-height

BMI-for-age

Weight-for-Age

Length/height-for-age

MUAC-for-Age

Head Circumference-for-age

Figure 4.3: Pie charts for children’s anthropometric indicators
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4.1.7 Physical examination
Upon physical examination 53.2% (n=67) of the children showed dental problems (defects in
tooth structure, increased chance of cavities, poor enamel, and delayed formation of teeth),
and only 1.6% (n=2) suffered from history of bone fractures. Among the subjects, 61.9%
(n=78) had dark skin pigmentation compared to 38.1% (n=48) with light skin as quantified by
Fitzpatrick scale. Table 4.9 summarizes clinical findings of the study sample.
Table 4.9: Summary of clinical findings of the study sample

Characteristic

n

%

2

1.6%

124

98.4%

Yes

67

53.2%

No

59

46.8%

Light skin

48

38.1%

Dark skin

78

61.9%

History of bone fractures
Yes
No
Dental problems

Skin pigmentation

4.1.8 Blood analysis
In this study, 58.7% (n=74) of the population had either deficient (≤50 nmol/l) or insufficient
(51-75 nmol/l) concentrations of serum 25(OH)D. The prevalence of vitamin D deficiency,
insufficiency, and sufficiency are presented in Table 4.10 and Figure 4.4.
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Table 4.10: Vitamin D status of the study participants

Characteristic

n

%

Deficiency

47

37.3%

Insufficiency

27

21.4%

Sufficiency

52

41.3%

Serum vitamin D concentration (nmol/l)

Figure 4.4: Vitamin D status of the study participants

54

4.2 Distribution of vitamin D status in the study sample
In order to investigate any possible association between serum vitamin D status and the study
variables, Chi square and Fisher's exact tests were used as the assumption of a test is satisfied,
where the chi square requires that more than 25% of cells should include more than 5
expected observations.
4.2.1 Vitamin D status of the study sample according to socio-demographic
characteristics
As can be seen by the frequencies cross tabulated in Table 4.11, there was a significant
relationship between vitamin D status and gender χ2 (3, N=126) =7.627, P=0.022 (Figure 4.5).
A significant relationship also was found between vitamin D status and age (Fisher's exact
test, P=0.014) in which vitamin D deficiency was highest among children between 18 and 23
months of age (60.6%, n=20) (Figure 4.6). It was also higher in children living in apartments
than those living in an independent house with an open yard around χ2 (2, N=126) =11.858,
P=0.003 (Figure 4.7). No significant associations with other socio-demographic variables
were detected.

Figure 4.5: Vitamin D status according to gender
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Table 4.11a: Distribution of vitamin D status according to socio-demographic variables
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Male

21

(40.4)

5

(9.6)

26

(50.0)

Female

26

(35.1)

22

(29.7)

26

(35.1)

12-17

17

(27.4)

11

(17.7)

34

(54.8)

18-23

20

(60.6)

7

(21.2)

6

(18.2)

24-29

7

(31.8)

6

(27.3)

9

(40.9)

30-36

3

(33.3)

3

(33.3)

3

(33.3)

North

7

(29.2)

7

(29.2)

10

(41.7)

Gaza

9

(40.9)

2

(9.1)

11

(50.0)

Middle

5

(35.7)

2

(14.3)

7

(50.0)

Khanyounis

18

(36.0)

13

(26.0)

19

(38.0)

Rafah

8

(50.0)

3

(18.8)

5

(31.3)

Apartment

42

(46.7)

16

(17.8)

32

(35.6)

A house with a
courtyard

5

(13.9)

11

(30.6)

20

(55.6)

˂3

28

(38.4)

15

(20.5)

30

(41.1)

≥3

19

(35.8)

12

(22.6)

22

(41.5)

Test
value

P
value

7.627#

0.022*

Gender

Age in months
15.265@ 0.014*

Place of residence
5.519#

0.701

Nature of residency
11.858# 0.003*

Housing Density

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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0.116#

0.944

Figure 4.6: Vitamin D status according to age

Figure 4.7: Vitamin D status according to nature of residency
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Table 4.11b: Distribution of vitamin D status according to socio-demographic variables
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Illiterate

0

(0.0)

0

(0.0)

1

(100.0)

1-6 years

1

(50.0)

1

(50.0)

0

(0.0)

7-12 years

35

(36.8)

21

(22.1)

39

(41.1)

>12 years

11

(39.3)

5

(17.9)

12

(42.9)

Illiterate

0

(0.0)

2

(66.7)

1

(33.3)

1-6 years

7

(38.9)

5

(27.8)

6

(33.3)

7-12 years

29

(40.8)

15

(21.1)

27

(38.0)

>12 years

11

(32.4)

5

(14.7)

18

(52.9)

Employed

0

(0.0)

0

(0.0)

3

(100.0)

Unemployed

47

(38.2)

27

(22.0)

49

(39.8)

Employed

32

(39.0)

15

(18.3)

35

(42.7)

Unemployed

15

(34.1)

12

(27.3)

17

(38.6)

Test
value

P
value

3.752@

0.848

6.329@

0.351

2.966@

0.233

1.378#

0.502

2.336#

0.311

0.740#

0.691

Mother's education

Father’s education

Mother’s work status

Father’s work status

Average monthly income
≤1000 NIS

35

(37.6)

17

(18.3)

41

(44.1)

>1000 NIS

12

(36.4)

10

(30.3)

11

(33.3)

Poor

37

(39.4)

19

(20.2)

38

(40.4)

Not poor

10

(31.3)

8

(25.0)

14

(43.8)

Poverty

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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4.2.2 Vitamin D status of the study sample according to sun exposure patterns
Table 4.12 demonstrates the distribution of vitamin D status according to sunlight exposure
patterns of the study participants. Concerning the average daily hours their houses being sunlit,
higher prevalence of vitamin D deficiency (66.7%, n=12) was reported in children whose
houses had no sunlight entry at all compared to 16.2% (n=6) with more than two hours a day
of sunlight entry, the relation between these variables was significant χ2 (6, N=126) =22.614,
P=0.001.

Figure 4.8: Vitamin D status according to average time of sunlight exposure
Distribution of vitamin D deficiency and insufficiency among children was increased with
decreasing exposure frequency to sunlight χ2 (6, N=126) =23.900, P=0.001. In addition to a
highly significant relationship was found between duration of daily sunlight exposure and
vitamin D deficiency and insufficiency χ2 (6, N=126) =53.681, P <0.001 (Figure 4.8).
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Table 4.12a: Distribution of vitamin D status according to sun exposure patterns
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Test
value

P
value

Entry of sunlight into the house (hours)
Never

12

(66.7)

2

(11.1)

4

(22.2)

˂1

22

(55.0)

6

(15.0)

12

(30.0)

1– 2

7

(22.6)

7

(22.6)

17

(54.8)

>2

6

(16.2)

12

(32.4)

19

(51.4)

22.614# 0.001*

Frequency of sun exposure
≤3 per month

15

(68.2)

4

(18.2)

3

(13.6)

Once a week

8

(61.5)

2

(15.4)

3

(23.1)

Every other day

15

(40.5)

8

(21.6)

14

(37.8)

Daily

9

(16.7)

13

(24.1)

32

(59.3)

23.900# 0.001*

Average sunlight exposure time (minutes/day)
<5

28

(75.7)

6

(16.2)

3

(8.1)

5-15

11

(30.6)

14

(38.9)

11

(30.6)

16-30

7

(20.0)

5

(14.3)

23

(65.7)

>30

1

(5.6)

2

(11.1)

15

(83.3)

53.681# 0.000*

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
Vitamin D sufficiency was higher in children exposed to a direct sunlight compared to those
who exposed to sunlight through glass, although no significant relation was detected χ2 (2,
N=126) =5.814, P >0.05. The same applies to the relation between vitamin D sufficiency and
the body areas usually exposed to sunlight.
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Table 4.12b: Distribution of vitamin D status according to sun exposure patterns
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Direct

3

(13.6)

6

(27.3)

13

(59.1)

Through glass

37

(41.1)

17

(18.9)

36

(40.0)

Test
value

P
value

5.814#

0.055

0.788@

0.975

Type of sunlight

Areas of the body usually exposed to the sunlight
Face and hands

33

(37.1)

18

(20.2)

38

(42.7)

Arms

5

(33.3)

3

(20.0)

7

(46.7)

Arms and legs

2

(25.0)

2

(25.0)

4

(50.0)

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
4.2.3 Vitamin D status of the study sample according to life style
Table 4.13 and Figure 4.9 reveal that vitamin D deficiency and insufficiency for the children
who spent less than 15 minutes at outdoor physical activities were significantly higher than
those for children who spent more than 60 minutes or less, χ2 (6, N=126) =23.041, P=0.001.
The frequency of outdoor physical activity showed a highly significant relationship with
vitamin D status (Fisher's exact test, P <0.001). As demonstrated in Table 4.13 the children
with the lowest monthly frequency of outdoor physical activity (1-5) had the highest vitamin
D deficiency (82.4%, n=28). Indoor activities and watching TV are also shown in Table 4.13
and it was reported that vitamin D status was significantly lower for children who participated
in indoor activities and watched T.V. for extensive amounts of time (>8 hours) than children
who spent less time participating in indoor activities and watched less TV (˂8 hours), χ2 (4,
N=126) =57.068, P <0.001 (Figure 4.10).
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Table 4.13: Distribution of vitamin D status according to life style
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Test
value

P
value

Duration of outdoor physical activity (minutes)
<15

23

(56.1)

10

(24.4)

8

(19.5)

15 -30

13

(37.1)

8

(22.9)

14

(40.0)

31-60

9

(31.0)

7

(24.1)

13

(44.8)

>60

2

(9.5)

2

(9.5)

17

(81.0)

23.041# 0.001*

Monthly frequency of outdoor physical activity
1-5

28

(82.4)

3

(8.8)

3

(8.8)

6-10

12

(57.1)

5

(23.8)

4

(19.0)

11-15

4

(18.2)

9

(40.9)

9

(40.9)

16-20

1

(7.1)

4

(28.6)

9

(64.3)

21-25

1

(5.6)

4

(22.2)

13

(72.2)

26-31

1

(5.9)

2

(11.8)

14

(82.4)

66.836@ 0.000*

Intensity of indoor activities and watching TV (hours/day)
<4

2

(4.9)

5

(12.2)

34

(82.9)

4-8

23

(40.4)

18

(31.6)

16

(28.1)

>8

22

(78.6)

4

(14.3)

2

(7.1)

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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57.068# 0.000*

Figure 4.9: Vitamin D status according to duration of outdoor physical activity

Figure 4.10: Vitamin D status according to duration of indoor activities
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4.2.4 Vitamin D status of the study sample according to vitamin D supplementation
Vitamin D status did not differ by neither use nor frequency of vitamin D supplements, χ2 (2,
N=126) =3.141, P >0.05; (Fisher's exact test, P >0.05) respectively as shown in Table 4.14.
Table 4.14: Distribution of vitamin D status according to use of vitamin D supplements
Serum vitamin D status, n (%)

Characteristic

Deficiency

Insufficiency

Sufficiency

Test
value

P
value

3.141#

0.208

1.770@

0.982

Vitamin D supplements use
Yes

29

(33.3)

22

(25.3)

36

(41.4)

No

18

(46.2)

5

(12.8)

16

(41.0)

Frequency of vitamin D supplements use
2-3 per month

1

(33.3)

0

(0.0)

2

(66.7)

1 per week

2

(33.3)

1

(16.7)

3

(50.0)

3-5 per week

3

(33.3)

2

(22.2)

4

(44.4)

Daily

23

(33.3)

19

(27.5)

27

(39.1)

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
4.2.5 Vitamin D status of the study sample according to feeding patterns and dietary
habits
As shown in Table 4.15 and Figure 4.11, the sample included 37 respondents who had
exclusive breast milk, 12 had exclusive formula milk and 77 received breast and formula milk.
These frequencies were significantly different, χ2 (4, N=126) =9.952, P=0.035. Neither
exclusive breastfeeding nor its duration was significantly associated with vitamin D status.
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Table 4.15: Distribution of vitamin D status according to feeding patterns
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Test
value

P
value

1.751#

0.417

0.932#

0.628

9.952@

0.035*

Exclusive breastfeeding
Yes

33

(36.7)

17

(18.9)

40

(44.4)

No

14

(38.9)

10

(27.8)

12

(33.3)

Duration (in months) of exclusive breastfeeding
<6

9

(33.3)

4

(14.8)

14

(51.9)

≥6

24

(38.1)

13

(20.6)

26

(41.3)

Type of milk feeding during infancy
Breast milk

20

(54.1)

7

(18.9)

10

(27.0)

Formula milk

1

(8.3)

4

(33.3)

7

(58.3)

Breast and
formula milk

26

(33.8)

16

(20.8)

35

(45.5)

Average daily vitamin D intake (IU)
<69

24

(75.0)

5

(15.6)

3

(9.4)

69-129

13

(40.6)

11

(34.4)

8

(25.0)

130-250

9

(27.3)

6

(18.2)

18

(54.5)

>250

1

(3.4)

5

(17.2)

23

(79.3)

<2

37

(55.2)

15

(22.4)

15

(22.4)

≥2

10

(16.9)

12

(20.3)

37

(62.7)

47.010# 0.000*

Daily milk servings

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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24.743# 0.000*

Table 4.15 also shows that participants who were in the lowest quartile of vitamin D intake
from diet (<69 IU/day) significantly had the highest vitamin D deficiency (75.0%, n=24)
compared to those who were in the highest quartile of vitamin D intake from diet (3.4%, n=1),
χ2 (6, N=126) =47.010, P <0.001 (Figure 4.12). Children who did not consume milk at all and
those who consumed less than 2 servings of milk per day had significantly lower vitamin D
status than those who consumed 2 servings of milk or more per day, χ2 (2, N=126) =24.743, P
<0.001 (Figure 4.13).

Figure 4.11: Vitamin D status according to type of milk feeding during infancy
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Figure 4.12: Vitamin D status according to intake from food sources (IU/d)

Figure 4.13: Vitamin D status according to daily milk servings
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4.2.6 Vitamin D status of the study sample according to physical examination
Upon clinical examination the prevalence of vitamin D deficiency and insufficiency were
higher among participants who had a history of bone fractures and dental problems although
there was no significant difference between the two groups. It is noteworthy that no significant
association was seen between skin pigmentation and serum vitamin D status.
Table 4.16: Distribution of vitamin D status according to physical examination
Serum vitamin D status, n (%)
Characteristic
Deficiency

Insufficiency

Sufficiency

Test
value

P
value

2.032@

0.343

3.054#

0.217

0.589#

0.745

History of bone fractures
Yes

1

(50.0)

1

(50.0)

0

(0.0)

No

46

(37.1)

26

(21.0)

52

(41.9)

Yes

27

(40.3)

17

(25.4)

23

(34.3)

No

20

(33.9)

10

(16.9)

29

(49.2)

Light skin

17

(35.4)

12

(25.0)

19

(39.6)

Dark skin

30

(38.5)

15

(19.2)

33

(42.3)

Dental problems

Skin pigmentation

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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4.2.7 Vitamin D status of the study sample according to anthropometric indicators
The prevalence of vitamin D deficiency, insufficiency, and sufficiency according to
anthropometric indicators are presented in Table 4.17. Vitamin D deficiency significantly
increased with BMI-for-age. In normal BMI-for-age children, the prevalence of vitamin D
deficiency was 28.8% (n=30), while in overweight children the prevalence was 85.0% (n=17),
(Fisher's exact test, P <0.001) (Figure 4.14). Similar associations were reported with MUACfor-age (Fisher's exact test, P=0.002) and other indices using weight to assess size and growth
such as weight-for-height (Fisher's exact test, P=0.002) (Figure 4.15) and weight-for-age
(Fisher's exact test, P <0.001).
Table 4.17a: Distribution of vitamin D status according to anthropometric indicators
Serum vitamin D status, n (%)

Characteristic

Deficiency

Insufficiency

Sufficiency

Wasting

0

(0.0)

0

(0.0)

3

(100)

Normal

28

(30.1)

21

(22.6)

44

(47.3)

Overweight

19

(63.3)

6

(20.0)

5

(16.7)

Underweight

0

(0.0)

0

(0.0)

2

(100)

Normal

30

(28.8)

25

(24.0)

49

(47.1)

Overweight

17

(85.0)

2

(10.0)

1

(5.0)

Underweight

5

(62.5)

0

(0.0)

3

(37.5)

Normal

28

(27.7)

25

(24.8)

48

(47.5)

Overweight

14

(82.4)

2

(11.8)

1

(5.9)

Test
value

P
value

Weight-for-height
14.891@ 0.002*

BMI-for-age
24.117@ 0.000*

Weight-for-age

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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21.199@ 0.000*

Figure 4.14: Vitamin D status according to BMI-for-age

Figure 4.15: Vitamin D status according to weight-for-height
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Vitamin D deficiency was also highest among nutritionally stunted children (90.0%, n=18)
and the relationship was statistically significant, χ2 (2, N=126) =28.960, P <0.001 (Figure
4.16). In its relation to head circumference-for-age, vitamin D deficiency was higher in
children with small and large head circumference-for-age (62.5%, n=5 and 50.0%, n=3
respectively) than those with normal head circumference-for-age, but no significant
association was detected.
Table 4.17b: Distribution of vitamin D status according to anthropometric indicators
Serum vitamin D status, n (%)

Characteristic

Deficiency

Insufficiency

Sufficiency

Wasting

0

(0.0)

0

(0.0)

2

(10)

Normal

28

(30.4)

19

(20.7)

45

(48.9)

Overweight

19

(59.4)

8

(25.0)

5

(15.6)

Stunting

18

(90.0)

2

(10.0)

0

(0.0)

Normal

29

(27.4)

25

(23.6)

52

(49.1)

Test
value

P
value

MUAC-for-Age
14.444@ 0.002*

Length/height-for-age
28.960# 0.000*

Head circumference-for-age
Microcephaly

5

(62.5)

2

(25.0)

1

(12.5)

Normal

39

(34.8)

24

(21.4)

49

(43.8)

Macrocephaly

3

(50.0)

1

(16.7)

2

(33.3)

# Chi square test.
@ Fisher's exact test.
* Significant correlation at the 0.05 level.
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3.967@

0.395

Figure 4.16: Vitamin D status according to length/height-for-age

4.3 Multivariate analysis of predictors for vitamin D deficiency and insufficiency
Multiple logistic regression analysis was performed on a number of predictors that might
independently be associated with development of vitamin D deficiency and insufficiency.
After adjustment for age and gender, a highly significant association was found between
duration of sunlight exposure and lower vitamin D levels. The risk of having lower vitamin D
levels was 8.587 times more in children exposed to sunlight less than 15 minutes/day when
compared with children exposed to sunlight more than15 minutes/day, (OR=8.587, 95%
CI=3.178-23.206). The odds of lower vitamin D levels increased as BMI-for-age increased.
Overweight children were significantly more likely to have lower vitamin D levels
(OR=12.253, 95% CI=1.383-108.589) than underweight to normal weight children. Children
with vitamin D intake from food sources less than 250 IU per day were 8 times more likely to
have lower vitamin D levels compared to those with daily vitamin D intake ≥250 IU
(OR=8.317, 95% CI=2.344-29.513). The likelihood of lower vitamin D status in children who
participated in indoor activities and watched T.V. for more than 8 hours per day was
significantly higher (OR=10.398, 95% CI=1.783-60.632) relative to children who spent less
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time in indoor activities and watched less TV (Table 4.18 and Figure 4.17).
Table 4.18: Multivariate analysis of predictors for vitamin D deficiency and insufficiency
using stepwise logistic regression

Adjusted OR (95% CI)

P
value

Overweight

12.253

(1.383-108.589)

0.024

Dietary vitamin D intake

8.317

(2.344-29.513)

0.001

Sunlight exposure

8.587

(3.178-23.206)

0.000

Indoor activities

10.398

(1.783-60.632)

0.009

Characteristic

120
P= 0.024
100

OR (95% CI)

80
P= 0.009
60
40

P= 0.001
P= 0.000

20
12.2

8.5

8.3

10.3

0
Overweight

Dietary vit D
intake

Sunlight exposure Indoor activities

Figure 4.17: Multivariate analysis of predictors for vitamin D deficiency and
insufficiency using stepwise logistic regression
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Chapter V
Discussion
There has been a consensus that most children should be able to produce sufficient amounts of
vitamin D by brief exposure to sunlight and that only children living in northern or southern
latitudes may require supplementation with vitamin D (Oliveri, et al., 1993; Weaver, et al.,
1999; Fuleihan, et al., 2006). Review of recent literature on vitamin D deficiency leads to
different conclusions. Several studies have shown that this problem is not limited to sundeprived areas of the world but is also common in sunny regions such as Middle Eastern
countries like Jordan (Jazar, et al., 2011), Egypt, Turkey (Baroncelli, et al., 2008), Lebanon
(Fuleihan, et al., 2001), Saudi Arabia (Bahijri, 2001) and Israel (Oren, et al., 2010).
In Palestine, similar to other Middle Eastern countries, there are no governmental regulations
mandating vitamin D fortification of food products. The main source of vitamin D is,
therefore, through skin synthesis in response to sun exposure. Information about vitamin D
status in healthy toddlers from a sunny country like Palestine is scarce. Furthermore, its
association with nutrition, lifestyle and anthropometry has not been objectively studied.
Hence, the current study was planned to assess the same in apparently healthy toddlers in the
Gaza Strip.
In accordance, this study found that 58.7% of the study subjects living in Gaza Strip, a sunny
Mediterranean region, had suboptimal vitamin D serum levels and 21.4% were vitamin D
deficient. The mean vitamin D level for the entire study population (67.14±35.615 nmol/l) was
found to be in the range considered to be insufficient (51-75 nmol/l) for maintenance of
optimal health.
5.1 Socio-demographic characteristics of the study sample
5.1.1 Gender and age groups
A marked gender difference in vitamin D status was observed in this study, as the prevalence
of vitamin D sufficiency was significantly higher in males than females. This is attributed to
the fact that females in this study spent much more time participating in daily indoor activities
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than males who spent longer time playing outside the house, allowing them an exposure time
of more than an hour a day. This result was similar to that reported by Bahijri (2001) and
contradictory to that reported by Jazar, et al. (2011) who found that there were no significant
differences in serum vitamin D between boys and girls, possibly because they had similar
duration of outdoor physical activity.
Age was a strong predictor of vitamin D status, with older children having significantly
increased risk of vitamin D deficiency. The age-related differences in vitamin D status could
be attributed to differences in the vitamin D intake and sun exposure patterns of different age
groups. Diet seemed to be the major source of vitamin D in children aged 12-17 months and as
the children grow older they seem to become more dependent on sunlight to provide them with
vitamin D, but diet might be important in certain groups not exposed to sunlight as in the
young females mentioned above.
The incidence of vitamin D deficiency was highest among the group aged 18-23 months. The
reason for this might be, in part, due to decreased dietary vitamin D intake as result of
transitioning to low vitamin D containing solid foods besides a relatively lower time spent on
outdoor physical activity compared to older groups of age.
The decrease in percentage of children with low serum 25(OH)D in the groups aged 24-29 and
30-36 months despite the decreased dietary vitamin D intake indicates the increased
dependence of the body on endogenous synthesis of the vitamin after exposure to sunlight.
Bahijri (2001) and Jazar, et al. (2011) assured in their studies that the mean value of serum
vitamin D decreases as the child grows older, the reason for that is the higher dietary vitamin
D intake in younger children as they are more likely to consume larger amounts of vitamin D
fortified milk.
5.1.2 Residence characteristics
No significant effect of place of residence on children’s vitamin D status were found in this
study, it makes sense as in the Gaza Strip there are no major geographical and socioeconomical differences between the five governorates.
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The most prominent characteristic of the residence that found to significantly affect vitamin D
status of the children was the nature of residency and it’s relation to sunlight entry into it. The
distribution of vitamin D deficiency was higher among children living in houses with lower
sunlight entry as compared to those living in houses with much more time of sunlit. Also
children who lived in apartments compared with those who lived in independent houses with
courtyards had lower vitamin D concentrations. Similarly Mushtaha (2006) found a strong
relation between living in flats and chances to have rickets in children up to 3 years old in the
Gaza Strip.
House type and sunlight entry were significantly related in this study as approximately 64% of
the independent houses with courtyards had an average sunlight entry of more than 2 hours a
day compared to only 15.6% of the apartments. So moving to cities and urban areas to live in
apartments may increase the risk of vitamin D deficiency among children. This could be due
to the idea that urbanization may lead to more congested living, less space and external
courtyard (Fitzpatrick, et al., 2000).
Similar vitamin D concentrations were detected among children who lived in crowded
households compared with those who did not. This result was not supported by El Hayek, et
al. (2010) who found that children lived in crowded households compared with those who did
not had lower vitamin D concentrations as crowding may be related to food security among
many populations. In this study the situation is different since many children of crowded
households tend to spent much more time playing outside the house making them exposed to
more sunlight.
5.1.3 Education and occupation of children parents
The result that almost none of the parents of the study population were illiterate reflects a well
educated community. Literacy and education currently have higher standards in Palestine than
they have in several Arab countries (Giacaman, et al., 2009). Review of the literature reveals
that there is no consensus on the effect of parental education especially maternal education on
vitamin D status of the children. Several studies have suggested a strong positive effect of the
mothers’ educational level on the child vitamin D status (Mushtaha, 2006; Weng, et al., 2007).
However the findings of this study are in accordance with Gilbert-Diamond, et al. (2010) who
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found that there is no relation between maternal education and serum vitamin D levels of the
children.
About 35% of the fathers and almost all the mothers of the study population were found to be
unemployed reflecting an unemployment crisis in the Gaza Strip. Such crisis resulted from the
continuous siege on the economic conditions in the Gaza Strip, resulting in approximately
three-fourths of the study children living in poverty with a household income less than 1000
NIS/month, a finding higher than that reported by Abdeljwad and Humeid (2008) and El
Mahalawi (2010) possibly because the current study had oversampled low-income individuals
as all of the children were selected from AEI association. However, such income is considered
relatively low in the light of the sharp prices increase in the Gaza Strip, and families may face
difficulties in meeting the recommended dietary intakes of vitamin D. On the other hand, the
fact that most of the Palestinian community receives nutritional assistance (mainly vitamin D
fortified milk) from NGOs especially UNRWA, besides food sources of vitamin D are far
inferior to sunlight which is the main source, represents a plausible explanation for not finding
any significant association between family income and vitamin D status of the participated
children.
Those findings are in accordance with a study from Jordon which revealed that the variations
of vitamin D deficiency as a result of socioeconomic status became insignificant after
considering sun exposure or breastfeeding practice, and the studied socioeconomic status
indicators include education level of mother, family size, residency type, and residency place
(Abdul-Razzak, et al., 2011).
5.2 Sun exposure patterns of the study sample
When stratified by frequency of sun exposure, the highest prevalence of vitamin D deficiency
was found among participants with sun exposure less than 3 times per month (68.2%),
followed by participants with weekly sun exposure (61.5%), and participants who exposed to
sun every other day (40.5%). Participants with daily sun exposure had the lowest prevalence
rate of vitamin D deficiency (16.7%). However, the same relationship was not apparent in
vitamin D insufficient children. When stratified by duration of sunlight exposure, study
subjects who exposed to sunlight for longer duration of time had adequate level of vitamin D
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and lower prevalence of both vitamin D deficiency and insufficiency than those who exposed
to sunlight for shorter duration of time. In addition, multivariate logistic regression showed a
significant association between vitamin D deficiency and duration of sunlight exposure. These
associations were dose-response in nature suggesting an increase in vitamin D production in
the skin with increased sunlight exposure and agree with the findings of ElizondoMontemayor (2010) who found that independently of ingestion vitamin D rich food, >90% of
the vitamin D requirement for most people, especially children, comes from casual exposure to
sunlight.
The prevalence of vitamin D deficiency, but not insufficiency, decreased as the skin area
exposed to sunlight increased. The same applies to direct sunlight exposure in which children
who exposed to direct sunlight had lower prevalence of vitamin D deficiency compared to
those exposed to sunlight through windows glass. Although these findings were not
statistically significant, they reflect the fact that the more skin exposed to direct sunlight the
more vitamin D is produced as glass absorbs UVB radiation, thus sunlight exposure through
windows does not result in cutaneous production of vitamin D (Holick, 2005).
In the current study, skin pigmentation was not identified as a risk factor for deficiency.
Instead, it was prevalent across light as well as dark skin pigmentation. These data differ from
other studies of infants and young children, in which dark skin pigmentation was usually
associated with higher risk of vitamin D deficiency (Ziegler, et al., 2006; Ward, et al., 2007;
Weng, et al., 2007). However, a study from Jordon, in which 58.5% of the study subjects had
brownish skin and 41.5% had white skin, did not detect any significant difference in vitamin D
levels according to the skin color (Abdul-Razzak, et al., 2011).
The only possible explanation is light skinned toddlers were more protected from the sun to
avoid tanning as the lighter skin tone is much more desirable in the oriental culture (Talakoub
& Wesley, 2009) so cutaneous vitamin D synthesis may have been decreased in light skinned
participants compared to those with darker skin tone. Resulting in overall equal amounts of
cutaneous vitamin D synthesis as a person with darker skin pigmentation requires 5-10 times
the exposure to sunlight to produce the same amount of vitamin D as does a person with
lighter skin pigmentation, although this explanation is speculative and was not formally
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assessed by this study. Concerns about safety could have also contributed less sun exposure in
this study sample.
5.3 Life style factors of the study sample
Another possible determinant of low vitamin D status in this study could be less time spent on
outdoor physical activity and greater indulgence in indoor activities like watching television,
computer gaming and other recreational activities. This study demonstrates that the prevalence
of vitamin D deficiency and insufficiency were significantly higher among children who
participated in indoor physical activities and spent extensive time watching T.V. than children
who spent much less time in indoor physical activities and watched less T.V. In addition, the
multivariate analysis model showed that, even after adjustment for other confounders, longer
participation in indoor activities was significantly associated with the risk of having lower
serum vitamin D levels.
However, a highly significant association was found between outdoor activities and vitamin D
status in which the prevalence of vitamin D deficiency and insufficiency was higher among
children with lower duration and frequency of outdoor activities. These variables may be a
proxy measure for sun exposure which was positively associated with vitamin D status. This
coincides with the findings of Jazar, et al. (2011) who assured that the main source of vitamin
D is that produced by the action of solar ultraviolet B (UVB) radiation acting on 7-DHC in the
skin.
5.4 Vitamin D supplementation of the study sample
In this study, approximately 69% of the mothers reported their children received vitamin D
supplements. This finding is probably related to preventive measures in primary health care
conducted by the Ministry of Health, as vitamin D supplements are distributed to newborns
throughout their infancy at no financial cost. Furthermore, families and physicians tend to use
multivitamins more frequently in younger age groups.
Children who used vitamin supplements had lower prevalence of vitamin D deficiency
(33.3%) compared to 46.2% for those who did not use vitamin D containing supplements;
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however, the difference was not signiﬁcant, simply because the children were excluded if they
had received supplements containing vitamin D within the prior 3 months to the study.
5.5 Feeding patterns and dietary habits of the study sample
Approximately 71% of the study children were exclusively breastfed of which 70% for
duration of 6 months and more, such percentage reflects the enormous efforts the Ministry of
Health had put in promoting breastfeeding and encouraging exclusive breastfeeding for the
first six months after birth as recommended by the WHO’s expert consultation group on
breastfeeding.
Such promotion may have led to a belief that the exclusive breastfed infants are in need of no
further supplements, evidence from many parts of the world suggests that exclusively
breastfed infants are at higher risk of vitamin D deficiency during infancy (Misra, et al., 2008;
Fewtrell, et al., 2011). Thus, the American Academy of Pediatrics (AAP), based on evidence
gathered mainly from West, recommended vitamin D supplementation of 400 IU for
exclusively breastfed infants and infants receiving <1L of formula/day, the timing to start
supplementation was revised from “within the first two months” to “soon after birth”.
Vitamin D supplementation was shown to be effective in enhancing vitamin D levels among
breastfed infants as approximately two thirds of the exclusively breastfed children received
vitamin D supplements, and was able to bridge the gap between breastfed and formula fed
infants in terms of vitamin D levels.
Regarding the type of milk feeding during infancy, the prevalence of vitamin D deficiency was
significantly higher among the children who had exclusive breast milk or those who had
mixed feeding (breast and formula milk) as compared with those who were exclusively
formula-fed. The results of the present study are in agreement with those proposing that
25(OH)D levels are influenced by the type of feeding during infancy. These studies have
shown that breast milk typically contains about 25 IU or less of vitamin D per liter, which
when taken alone is insufficient for the prevention hypovitaminosis D. On the other hand, all
infant formulas have a minimum vitamin D concentration of 40 IU/100 ml. Thus, if an infant
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is taking at least 1000 ml per day of formula, he or she will receive the recommended daily
vitamin D intake (Balasubramanian & Ganesh, 2008).
Abdul-Razzak, et al. (2011) found that infants who received only breast milk tended to have
vitamin D deficiency more likely than those who received formula milk by approximately
three folds for infants less than one year old. A study from Korea (Kim, et al., 2010) followed
infants who were breastfed and formula-fed from birth, the differences between breastfed and
formula-fed groups were statistically significant. The magnitude of variation between group
was reduced by the time of 12 months, however, the breastfed infants were still significantly
lower in terms of both mean 25(OH)D levels, and prevalence of vitamin D deficiency and
insufficiency.
In this study, intake of vitamin D from food was low and more than 3/4 study participants
consumed ≤250 IU/day. In order to meet the RDA, children in the highest end of this quartile
of intake would either have to spend a considerable amount of time outdoors (if conditions
were not optimum for maximal UVB absorption) or consume an additional 400 IU of vitamin
D per day from food sources (equivalent to four 8 oz cups of milk). As expected, a higher
prevalence rate of deficiency was observed in participants who fell into the lowest quartile of
vitamin D intake from food sources. These associations, in general, were expected and
confirm the results of other studies (Chan, 2010; Maguire, 2011). What is interesting is that
participants with daily intake less than 250 IU from food sources were 8.317 times more likely
to be deficient (OR=8.317, 95% CI=2.344-29.513) when compared to their referent group.
The major contributor to total vitamin D intake was milk, besides it, no one food contributed
to the total vitamin D intake by >10%. For instance, the contribution of eggs was 9.87%, and
the contributions of sardines and tuna were 5.24 and 4.84%, respectively.
However, in the present analysis using the FFQ, children who consumed excellent and good
traditional sources of vitamin D did not have a better vitamin D status, most likely ascribed to
the low or occasional consumption of those foods. Also, children who did not consume milk at
all and those who consumed ˂2 servings of milk had signiﬁcantly lower vitamin D status than
those who consumed ≥2 servings of milk per day. The current finding that milk intake was a
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significant moderator of low vitamin D is consistent with Roth, et al. (2005) who found that
vitamin D fortified milk is likely the major dietary source of vitamin D for young children.
5.6 Physical examination of the study sample
None of the children in this cohort had clinical signs of rickets on physical examination. Thus,
these toddlers had a subclinical deficiency that could make detection of this issue particularly
problematic in routine clinical practice, as a child’s vitamin D status is not typically evaluated
as part of routine care.
The major finding upon physical examination was the presence of dental problems such as
delayed eruption of the child teeth, enamel defects and extensive decay. More than one half of
the study children suffered from dental problems which were found to be higher in children
with lower vitamin D status. Only two children had a history of bone fractures which made it
difficult to compare vitamin status with those without bone fractures history.
5.7 Anthropometric indicators of the study sample
Body composition is another important determinant of vitamin D status. In the present study,
the prevalence of vitamin D deficiency was significantly higher in overweight children than in
those who were normal-weight, underweight and even wasted children, which was
independent of lifestyle variables, because no significant difference in the reported
consumption of any of the foods assessed, outdoor or indoor activities and screen-time
between both groups was detected. Significant multivariate association between low serum
25(OH)D status and BMI-for-age was detected, as overweight children were 12 times more
likely to have lower vitamin D levels (OR=12.253, 95% CI=1.383-108.589) than underweight
to normal weight children.
The reported inverse association between BMI and vitamin D is consistent with that reported
for adults, adolescents and toddlers (Wortsman, et al., 2000; Gordon, et al., 2004; Bischof, et
al., 2006; Gordon, et al., 2008; Jazar et al., 2011). It has been proposed that increased
adiposity may decrease vitamin D bioavailability because of deposition of this fat soluble
vitamin in fatty tissues (Wortsman, et al., 2000; Bischof, et al., 2006). Moreover, inadequate
vitamin D status could also be a risk factor for childhood obesity, since it affects lipolysis
82

(Zemel, et al., 2000; Xue, et al., 2001) and adipogenesis (Kong & Li, 2006; Wood, 2008) in
human adipocytes. Interestingly, Gordon, et al. (2008) reported a lack of association between
BMI and 25(OH)D in young infants which underscores the difference between infants and
older children.
These findings might represent an important public health issue because of the increasing
epidemic of childhood obesity and consequently of possible vitamin D deficiency. In this
study, it is worth noting that the parameters of whole-body obesity (deﬁned by the BMI) were
best associated with serum 25(OH)D deficiency. Because BMI has for many years been the
hallmark for determining obesity. However, attention should be paid to other obesity markers
for correlation with vitamin D deficiency.
Vitamin D status was found to be higher in children with normal stature than those who were
nutritionally stunted. Previous studies reported a clear association between vitamin D
deﬁciency rickets and linear-growth retardation even though the relation between vitamin D
and linear growth is less clear in children who do not have clinical manifestations of
deﬁciency (Soliman, et al., 2008). The current results also suggest that vitamin D status may
be positively associated with linear growth in the absence of clinical rickets in children.
Gilbert-Diamond and colleges (2010) reported that vitamin D status might have been related to
linear growth in girls, despite the absence of signiﬁcant interaction with sex. Some (Hatun, et
al., 2005; Kremer, et al., 2009), but not all (Razzaghy-Azar & Shakiba, 2010), cross sectional
studies of apparently healthy adolescent girls and young women reported signiﬁcant, positive
associations between serum 25(OH)D concentrations and height. These studies were limited
by potential reverse causation and confounding by age and other characteristics. A calcium
intervention trial in 69 children showed that baseline vitamin D status was signiﬁcantly and
positively associated with height gain in healthy pubertal children in unadjusted analyses
(Tylavsky, et al., 2006).
Head circumference-for-age measurements reflect brain size and abnormal head growth may
indicate medical problems such as rickets in larger head circumference or developmental
problem in smaller head circumference. In this study head circumference-for-age was not
found to vary with vitamin D status, possibly because of the limited number of children with
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abnormal head circumference as a result of exclusion of children presented with clinical
symptoms of rickets.
5.8 Strengths and limitations
Although there are data from children with vitamin D deficient rickets (Mushtaha, 2006;
Zuaiter, 2011) there is a paucity of data on subclinical vitamin D deficiency in Palestinian
young children, so the present study is unique because it is of the ﬁrst addressing this issue in
young children in Palestine, it focused on a population of healthy children. The sampling of
children 1-3 years of age allowed capturing the nutritional effects of the transition from
exclusive breast or formula feeding to solid foods. The availability of various anthropometric
parameters measured in a standardized way also one of the strengths of the present study. It
does, however, have a number of limitations. First, cross-sectional designs can identify
associations but cannot determine causality. Second, the study sample was enriched with
subgroups known to be at higher risk for vitamin D deficiency, including low income children.
Third, it is possible that the incidence of vitamin D deficiency was underestimated in this
study due to seasonal variations. In addition, dietary intake of vitamin D estimated by FFQ
may be over- or underreported due to subjects’ inability to recall intakes accurately.
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Chapter VI
Conclusion and Recommendations
6.1 Conclusion
In conclusion, subclinical vitamin D deficiency is commonly undiagnosed and is an
unrecognized epidemic among children the Gaza Strip. Given the results of this study, and
bearing in mind that symptoms of vitamin D deficiency are very subtle and often go
undetected, as well as the increasing prevalence of obesity in children, vitamin D
deficiency/insufficiency might be an important public health problem due not only to its effect
on the growing skeleton, but because hypovitaminosis D affects other organ systems
adversely.
Vitamin D deficiency and insufficiency were highly prevalent in children aged 12-36 months
in the Gaza Strip. The results of this study demonstrate that overweight, indoor activities, poor
dietary intake of vitamin D, and behaviors that decrease skin exposure to direct UVB radiation
were associated with the vitamin D deficient state and increased the odds for vitamin D
deficiency in this group of children. Milk intake was a significant moderator of vitamin D
status as children who consumed ≥2 servings of milk per day did had signiﬁcantly higher
vitamin D status than those who consumed ˂2 servings of milk and those who did not
consume milk at all. The current results also suggest that vitamin D deficiency may be
associated with linear growth retardation in the absence of clinical rickets in children.
6.2 Recommendations
1. Even though direct exposure of the skin to UVB radiation from sunlight is the main
source of vitamin D in this country, it may be beneficial to require a higher oral intake
of vitamin D from food sources specifically for high risk groups.
2. Because the 25(OH)D assay is costly and may not always be available, children at risk
of vitamin D deficiency should be aggressively treated to prevent rickets.
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3. Supplementation with 400 IU of vitamin D for infants and children who do not ingest
at least1L of vitamin D fortified milk daily.
4. Risks associated with exposure to UV Radiation (such as skin cancer) need to be
balanced against the risks associated with deficient cutaneous vitamin D synthesis
(rickets, immune system effects, and certain cancers), particularly if dietary intake of
vitamin D is insufficient.
5. Recommendations for fortification of commonly used foods with vitamin D are
necessary in keeping with various cultural norms of food intake and geography
6. For children, being outdoors for short periods of time (15-30 minutes) at least two or
three times per week without sun protection will provide them with their vitamin D
requirement.
7. Health education programmes to improve nutritional knowledge of vitamin D among
parents and practitioners and the importance of sunlight exposure in the prevention of
vitamin D deficiency.
8. Education and training to improve knowledge of public health professionals about
vitamin D deficiency among vulnerable groups are needed.
9. Intervention to improve access of families with infants to food sources rich in vitamin
D precursors and to improve compliance with nutritional advice.
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Appendices
Appendix I: The Gaza Strip map
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Appendix II: Interview questionnaire
The aim of this questionnaire is to collect general information on the children taking part in
this study. All information you give is strictly confidential. No one outside of the study will
have access to this information. Thank you for participating in this research study. We
appreciate the time you are giving.

Record of the interview
1

Serial number

2

Date of the interview

3

Do you agree to collect a blood sample from your
child?
1- Yes
2- No

/

/

Socio-demographic information
4

Your child’s name.

5

Your child’s gender:
1- Male
2- Female

6

Your child’s date of birth.

7

Child’s age in months.

8

9

..................................................................

/

/
months

Where do you live?
1- North
2- Gaza
3- Middle
4- Khanyounis
5- Rafah
What type of house do you live in?
1- Basement
2- Apartment
3- An independent house with an courtyard
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10 How many rooms are there in your house?
11

How many persons (including yourself) are living in
your household?

12 How many years of education the mother had?

years

13 How many years of education the father had?

years

Is the mother currently employed?
1- Yes
14
2- No
Is the father currently employed?
1- Yes
15
2- No
What is your family’s average monthly income (in
16
shekels)?

Sunlight exposure
What is the color of your child’s eyes?
1- Light blue, grey, or green
2- Blue, grey, or green
3- Blue
17
4- Dark brown
5- Brownish black
6- Black
What is the color of your child’s hair?
1- Sandy red
2- Blond
3- Chestnut/dark blond
18
4- Dark brown
5- Black
6- Black
What is the color of your child’s skin in the nonexposed areas?
1- Ivory white, very fair skin tone.
2- White, fair skin tone.
19
3- White, fair to medium skin tone.
4- Beige, medium skin tone.
5- Moderate brown, olive or dark skin tone.
6- Dark brown or black, very dark skin tone.
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NIS

20

21

22

23

24

25

26

What happens when your child stays in sun too long?
1- Painful redness, blistering, peeling.
2- Blistering followed by peeling.
3- Burns sometimes followed by peeling.
4- Burns minimally.
5- Rare burns.
6- Never had burns.
To what degree does your child turn brown?
1- Hardly or not at all
2- Minimally with difficulty
3- Moderately and uniformly
4- Always tans well
5- Tan very easily
6- Turn dark brown quickly
How much time the direct sunlight enters the house?
1- Never
2- ˂1 hour
3- 1 hour-2 hours
4- >2 hours
How often does your child exposed to sunlight?
1- 3 times a month or less
2- Once a week
3- 3-5 times per week
4- Daily
How much time does your child spend exposed to
sunlight each time?
1- ˂5 minutes
2- 5-15 Minutes
3- 16-30 Minutes
4 - >30 minutes
Does your child exposed to sunlight
1- directly? or
2- through glass?
What area of the body is usually exposed to sunlight?
1- Face and hands
2- Arms
3- Arms and legs
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Lifestyle
How much time does your child spend in outdoor
physical activity?
1- <15 minutes
27
2- 15-30 minutes
3- 31-60 minutes
4- >60 minutes
28

How many times per month does your child spend of
outdoor physical activity?

times/month

How much time does your child spend in indoor
activities such as watching TV?
29
1- <4 hours/day
2- 3-7 hours/day
3- >8 hours/day

Vitamin D supplementation
Did your child receive vitamin D supplements?
1- Yes
30
2- No (SKIP TO QUESTION 34)
31

At what age did your child receive vitamin D
supplements?

months

How often did you give your child vitamin D
supplements?
1- 2-3 times per month
32
2- Once a week
3- 3-5 times per week
4- Daily
33

How long (in months) did your child receive vitamin
D supplements?

months

Feeding patterns and dietary habits
Has your child ever been exclusively breastfed?
1- Yes
34
2- No (SKIP TO QUESTION 36)
35

How long (in months) did your child exclusively
breastfed?

months

36

At what age (in months) did you stop breastfeeding
your child?

months
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What type of milk did your child receive during
infancy?
1- Breast milk
37
2- Formula milk
3- Breast and formula milk

Types of
Food or
Drink

Never

#

2+ Per
day
1+ Per
day
5-6 Per
week
3-4 Per
week
2 Per
week
1 Per
week
2-3 Per
month
1 per
month

38 How often your child eats or drinks the following foods?
Medium
serving

1

Breast Milk

½ cup(125ml)
5-10 min.
breastfeeding

2

Milk,
powdered

½ cup(125ml)

3

Yogurt

½ cup(125g,
1container)

4

Cheese, Feta

1 tablespoon

5

Cheese,
Cheddar

1 cube, 1”
(1 slice)

6

Butter

1 teaspoon

7

Whole egg

1 medium egg

8

Red meat

30g (1 slice,
2 tablespoons
minced)

9

Poultry

30g (½
drumstick)

10

Canned
sardines

1 fish

11

Canned tuna

1 tablespoon

Liver

30g (1 slice,
1 tablespoon
Liver pate)

12
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Child’s
Serving Size
S

M

L

Anthropometric measurements
1

Child’s weight

2

Child’s length/height

3

Child’s Mid Upper Arm Circumference (MUAC)

.

cm

4

Child’s Head Circumference

.

cm

.

Kg

.

cm

Physical examination
1

2

3

History of bone fractures
1- Yes
2- No
Dental problems (defects in tooth structure, increased
chance of cavities, poor enamel, and delayed
formation of teeth).
1- Yes
2- No
Child’s skin type:
1- 1-3 Light skin
2- 4-6 Dark skin

Blood analysis
1

25(OH)vitamin D

.
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nmol/l

Appendix III: Approval of the Palestinian health research council (Helsinki Ethical
Committee)
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Appendix IV: Approval of AEI association
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