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Abstract

Vitamin D is derived through the action of solar ultraviolet B radiation on skin
and from a limited number of natural food sources, fortified foods and
supplements. It is well known that vitamin D plays an active role for calcium and
phosphorus absorption but there is also growing evidence of an association
between vitamin D insufficiency and various chronic diseases. Middle Eastern
populations are known to be at risk of vitamin D deficiency due to a diet low in
vitamin D and low sunshine exposure. Obesity is also a risk factor since vitamin
D is sequestered in body fat. This thesis examined dietary intake of vitamin D,

obesity and other risk factors for deficiency in Middle Eastern people in the UK.

A questionnaire based survey was undertaken with 242 Middle Eastern
respondents. A total of 85% of the sample was estimated to have a vitamin D
intake <5 pg/d. Other risk factors for vitamin D insufficiency included covering
skin from sunlight (84% females); low use of supplements (18.5%) and being
overweight or obese (49% males and 44% females). Vitamin D intake was
lowest in those with primary (1.8 pg/d) and secondary school (2.1 pg/d)
education compared to higher education (3.6 pg/d). The survey was followed by
dietary assessment of 28 Iraqi adults using repeat 24 hour recalls. The results
concurred with the survey: mean intake of vitamin D was (3.2+4.4 ug/d) and

78.5% were overweight or obese.

Finally, overweight participants were recruited to observe the effect of fat loss
on vitamin D status. Serum 25(OH)D concentrations was measured in Middle

Eastern (n=12) and Caucasian adults (n=24). Firstly seasonal changes were



observed between October and January (with no weight loss). Then participants
were advised on weight reduction to observe the effect of fat loss on serum
25(0OH)D. Vitamin D deficiency (<25 nmol/l) was observed in 67% of the Middle
Eastern group in October increasing to 92% in January. Of the 36 participants,
only 17 lost 21kg of fat mass between January and April. No difference was
found in serum 25(OH)D between those that lost fat mass and those that did not,
and no correlation was found between the amount of fat lost and change in
25(0OH)D. In the total sample, there was a negative association between serum
25(0OH)D and waist circumference and waist-hip ratio, but no correlation was
found between 25(OH)D and fat mass, thus indicating a relationship with

visceral fat stores rather than total fat mass.
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CHAPTER 1: Introduction

1.1 Background
Vitamin D deficiency is common in Middle Eastern regions despite abundant

sunshine (12- 42°N) (El-Hajj Fuleihan 2009). Additionally, it has been found
that immigrants from the Middle East to other countries world-wide are at risk of
vitamin D deficiency (Glerup et al. 2000, Holvik et al. 2004, Erkal et al. 2006,
Hobbs et al. 2009, Madar et al. 2009, Brock et al. 2010a, Pinelli et al. 2010).
Limited data are available from the UK about vitamin D status among Middle
Eastern people and about risk factors such as: dietary intake, lifestyle, and
obesity in this group. Thus, this thesis will examine risk factors for vitamin D
deficiency in Middle Eastern people using a self-completion survey and repeat
24 hour dietary recalls. As overweight and obesity were found to be common in
the participants of these preliminary investigations, an experimental phase is
then presented which examined the relationship between body fatness and
vitamin D status, and the effect of weight reduction on vitamin D status. The rest

of this chapter introduces the aims and objectives of each chapter in this thesis.

Chapter 2: A review of literature
This chapter is a review of the literature concerned with vitamin D. The first

three sections include a definition of vitamin D, vitamin D synthesis and sources,
and current recommendations for vitamin D intake. Metabolism and functions of
vitamin D are summarized, and links between vitamin D and chronic diseases
including obesity are briefly discussed. The determination of vitamin D status
from plasma is reviewed and the effect of seasonal variation and extent of
hypovitominosis is discussed in different groups. Finally, vitamin D toxicity and

an overall conclusion are summarized.



Chapter 3. vitamin D intake and other risk factors for vitamin D

insufficiency in Middle Eastern people living in the UK: A comparison of
cultural and ethnic groups

In this chapter a “Food and Health Questionnaire” was designed to obtain
information about factors that can affect vitamin D status such as eating habits,
sunlight exposure, Body Mass Index (BMI) and demographic characteristics.
Participants included Middle Eastern students, refugees and immigrants living in
the United Kingdom. Questionnaires were administered via interview or posted
to the participants. Two hundred and forty two volunteers (n=167 males) were
included.

3.1 Aims

The aim of this chapter is to compare factors affecting vitamin D status and
estimated dietary intake of vitamin D between different cultural and ethnic
groups from the Middle East now living in the UK.

3.2 Objectives
The objectives of this chapter are to:

e Assess dietary intake of vitamin D, and detect any possible lower intakes in

the sample.
e Explore the relationship between lifestyle and vitamin D intake.

e Establish the prevalence of overweight and obesity.



Chapter 4. Dietary intake of vitamin D and calcium in Middle Eastern
people living in the UK
In this chapter twenty eight Iraqi adults (n=16 males) were recruited from

University of Plymouth. Dietary intake was estimated 3 times using a 24 hour
dietary recall. Portion size was estimated using household measures and the
Photographic Atlas of Food Portion Sizes (Nelson et al. 1997a). Energy and
macronutrients estimations were calculated using CompEat nutritional analysis
programme. Weight and height were measured to calculate Body Mass Index
(BMI). Under-reporting of energy intake was calculated and compared to
estimated BMR using the Goldberg equation.

4.1 Aims
The aim of chapter 4 is to obtain an estimate of energy and macronutrient

intake of Middle Eastern people living in the UK

4.2 Objectives
The objectives of chapter 4 are to:

e Obtain a record of all food/drink participants consumed within proceeding 24

hours
e Assess dietary intake of calcium and vitamin D

e Calculate BMI and relate to nutrient intake



Chapter 5: The relation between body fatness and vitamin D status of

Middle Eastern people and Caucasians living in the South West of the UK
This chapter is an experimental study to further investigate the relationship

between vitamin D status and body fat. Twelve Middle Eastern (n=6 males) and
21 Caucasian (n=3 males) volunteers were recruited from University of
Plymouth. The entire study sample had a high percentage of body fat; >20% for
males and >30% for females. The effect of seasonal variation of serum vitamin
D was measured over 3 months (October-January) and then participants were

advised on weight reduction for 3 months (January-March/April).

51 Aims
The aims of this chapter are to:

e Examine the effect of seasonal variation over a 3 month period of reduced
daily sunlight (October-January) on serum 25(OH)D concentrations in
Middle Eastern people in south west of the UK compared to Caucasian
group.

e Present the relationship between vitamin D status and body fatness

e Assess the effect of moderate loss of body fat induced by diet and increased

physical activity on serum 25(OH)D concentrations and insulin levels.

5.2 Objectives
The objectives of chapter 5 are to:

e Assess vitamin D status [serum 25(OH)D concentrations] and compare it

between Middle Eastern and Caucasian subjects.

e Investigate seasonal variation on vitamin D status in Middle Eastern and
Caucasian subjects.

o Explore the relation between body fatness and vitamin D status.

e Assess the effect of fat loss by diet and exercise on vitamin D status and

insulin levels in Middle Eastern and Caucasian participants.



Chapter 6: Dietary sources of vitamin D and dietary assessment

methods
In this chapter the most important dietary sources of vitamin D were identified

from the food records of Middle Eastern subjects (n=28 and n=12) in chapters

4 and 5, respectively. The validity of the food questionnaire (chapter 3) for

estimating vitamin D intake in Middle East adults was assessed by comparison

to the use of three 24 hour recalls (chapter 4) and a 3 day diet diary (chapter 5).

6.1 Aims

The aims of this chapter are to:

e |dentify the most important dietary sources of vitamin D assessed using
three 24 hour dietary recalls (chapter 4) and using a 3 day food diary
(chapter 5).

e Evaluate the FFQ with 31 items for rapid assessment of vitamin D intake in
Middle Eastern adults living in the UK (used in chapter3).

6.2 Objectives

The objectives of chapter 6 are to:

e Collect detailed information from 24 hour dietary recalls (analysed by
CompkEat) in chapter 4 and food diary (analysed by Dietplan6) in chapter 5
on foods consumed by Middle Eastern subjects to indicate the most

important dietary sources of vitamin D.

e Compare the assessment of vitamin D intake by using the FFQ to

assessment by 24 hour dietary recall and food diary.



CHAPTER 2: Literature Review

2.1 Vitamin D
Vitamin D (calciferol) is a fat soluble nutrient. It is found in natural dietary

sources, fortified foods and supplements and it can be obtained from the action
of sunlight on the skin. Vitamin D is not strictly a vitamin; it is technically a
hormone when produced by the body and it is technically a vitamin when
supplied by the diet (Grodner et al. 2012). Regardless of this, it is an essential
substance that plays an active role in maintaining good health primarily for
calcium and phosphorus absorption (Barasi 1997). There are two chemical
forms of vitamin D; vitamin D, (Ergocalciferol), which is synthesized when
ergosterol (provitamin) in plants is irradiated by UV light (Lutz and Przytulski,
2001) and vitamin D3 (Cholecalciferol), which is formed through the action of UV
light on 7-dehydrocholesterol (provitamin) in the skin (Holick 2005). Vitamin D3
is the form most commonly found in natural dietary sources, in contrast to
vitamin D, (Brody 1999). Both forms of vitamin D have equal effectiveness for
humans and are used for food fortification and for supplements (Holick 2005,
WHO and FAO 2006).

2.2 Metabolism and functions of vitamin D

Once vitamin D (either D, or D3) is absorbed from the diet in the gut or made in
the skin, the vitamin is stored in the body fat (Bates et al. 1997) or it enters the
circulation and is bound to the group-specific protein, known as vitamin D-
binding protein (DBP), for transport in the blood to the liver (Holick 2005). The
liver converts the vitamin to 25-hydroxyvitamin D [25(OH)D], also called
calcidiol by enzyme action and then the kidney alters 25(OH)D to 1,25-
dihydroxyvitamin D [1,25(OH), D] (calcitriol) which is the biologically active form

of vitamin D (DeLuca 2004) . This production of 1,25 (OH), D is controlled via



parathyroid hormone (PTH) (Figure 2.1). Vitamin D plays a major role for
calcium and phosphorus absorption, bone growth, muscle function (DelLuca

2004).

e

'/“’* Y o \ mgg

L:(\‘\t

\ ,'f>—~<
(‘
Liver {7 Intestine
P, Ca® and :|25-OI fase l
f.
other ;af{ors 24-OHase 9
LT 25(0H]D,ﬁ
/) +
\< /~~,~‘ \}_)5(0’4)203
Parathyroid > PTH Kidney (Y [Excretion
glands \
/ 10£.24.25{OH),D,

lo-OHase

Dietary sources

24-OHase of vitamin D
Intestine T
Increases microenvironment
abserption 3 i N = Inhibits proliferation
of Ca** Bone Immune cells «» Induces differentiation
and P, Increases bone Induces « Inhibits angiogenesis

differentiation

mineralization

Nature Reviews | Cancer

Figure 2.1 Vitamin D metabolism (Deeb et al. 2007)



2.3 Vitamin D synthesis and sources

2.3.1 Sunlight
During exposure to sunlight, vitamin D3 is synthesised through the action of

solar ultraviolet B photons [UVB radiation (290-315 nanometres in wavelength)]
on 7-dehydrocholesterol in the skin leading to its transformation to pre vitamin
D3, which is rapidly converted to vitamin D3 (Holick 2011). Whereas, plants

exposed to UV light convert ergosterol (provitamin) to vitamin D, (Brody 1999).

Most humans obtain most of their vitamin D from casual exposure to sunlight
(Holick 1994). Several factors influence the cutaneous production of vitamin D,
these include: geographic latitude, season (which effects cloud cover), time of
day, smog (air pollution), sunscreen use, skin colour (darker skin pigmentation
reduces the effect of UV on the skin), mobility and aging (ability of older adults
or people with disabilities to get outdoors and aging may decrease the amount
of vitamin D formed in skin from sunlight exposure) and cultural clothing

customs that hide the body (Bates et al. 1997, Grodner et al. 2012).

2.3.2 Natural dietary sources
Vitamin D is not found in plant materials (e.g. vegetables, fruits, or grains)

(DeLuca 2004) and it is present naturally in few sources of animal-related foods
such as: egg yolks, liver, oily fish (salmon, mackerel, herring and sardines) and
cod liver oil (Holick 2004, Grodner et al. 2012). The vitamin D content in fish
varies widely even within species. Interestingly, research has shown that
farmed salmon, contained about one quarter of the vitamin D found in wild

salmon (Lu et al. 2007).

2.3.3 Fortified foods
When sunlight exposure is scarce, oral intake of vitamin D, either dietary or

supplementary becomes essential in order to maintain sufficient 25(OH)D.
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However, since natural dietary sources of vitamin D are limited, fortification with
vitamin D of certain food stuffs has been accepted as a strategy to improve
serum 25(OH)D concentrations. Milk and other dairy products are a good
vehicle for vitamin D fortification, because they contain calcium and phosphorus,
which need vitamin D for absorption (Grodner et al. 2012) . On the other hand,
many individuals are vegetarians and others may have lactose intolerance,
therefore additional foods may need to be fortified with vitamin D such as:
breakfast cereals, orange juice (Tangpricha et al. 2003) and bread (Natri et al.

2006).

In the UK, margarine, some breakfast cereals, some processed milk and some
powdered milk are fortified with vitamin D (Food Standards Agency 2003),
whereas in the US almost all fluid milks, 75% of ready-to-eat breakfast cereals,
slightly more than half of all milk substitutes, approximately one-fourth of
yogurts, and 8-14% of cheeses, juices, and spreads are fortified with vitamin D

(Yetley 2008).

2.3.4 Supplements
Vitamin D is present in a range of licensed medicines and food supplements

(including fish oil products and calcium supplements), at levels up to 12.5 ug
dose (Food Standards Agency 2003). Moreover, there are a variety of
multivitamins that contain 10 pg which are available as capsules and tablets
(Holick 2005) or as an oil preparation that contains 100.000 IU/ml (Holick 2006).
All forms of supplements are thought to provide the same levels of

bioavailability (Dowd and Stafford 2008).



2.4 Recommendations for vitamin D intake

2.4.1 Dietary recommendations for vitamin D
Vitamin D was originally measured in International Units (IU), which is the older

quantitative unit of biological activity for vitamin D before the pure compound
was isolated; an IU is equal to 0.025 pg of cholecalciferol (Mann and Truswell

1998).

A daily intake of 5ug of vitamin D is recommended by FAO and WHO (2002) for
healthy adults aged 50 y and younger, while 10 and 15 pg were recommended
for the age groups 50-65 and >65 vy, respectively for those without predominant
exposure to sunlight. The UK has no dietary recommendation for vitamin D;
unless pregnant, lactating or have no sunlight exposure and then 10 p/d

recommended (Department of Health 1991).

2.4.2 Recommended sunlight exposure
Various durations of exposure to sunlight have been recommended because of

the differences in the degree of sunlight in various countries and the individual
and racial variances in production of vitamin D. It has been suggested that light
skinned adults can obtain 5 pug of vitamin D by exposing their hands, arms, and
face to sunlight for 15 minutes twice a week (Lutz, 2001 .354), whereas the
elderly should have 30 minutes of daily sunlight on the face and legs at a
latitude of 37°N. However, 1-2 h may be necessary in the north of Britain
(Eastwood 2003). Dark skinned adults require 5-10 times the exposure that a

white person requires to synthesize the same amount of vitamin D (Holick 2011).

10



2.5 Vitamin D linked to chronic diseases
Recent studies have revealed that vitamin D has a role in: regulating the

immune system, regulating the blood pressure, protects against cardiovascular

heart disease, and controls cancer cell growth (Figure 2.2).

Sunlight -UVB (290-315 nm)

oon W

Pro vitamin Ds ; Vitamin D
(7-dehydrocholesterol)

Dietary intake

Liver

-

Prostate Gland, (
Breast, Colon

: 25(0OH)D

Immune Cells

|

2
Q
-]
D)
<

-

1, 25(0OH) ,.D
1, 25(0OH) ,.D
v _ Calcium, Muscle,
Regulation on Bone Health & Regulation
_ Immune Function of Blood Pressure,
Regulation of (Diabetes type 1 and Insulin Production
. Cell Growﬂl_ autoimmune disease (Heart disease and diabetes
(Cancer prevention) prevention) prevention)

- /

Figure 2.2 Schematic representation of the metabolism and the multitude of other
potential physiological actions of vitamin D. Adapted from (Holick 2006)

11



2.5.1 Body fat and obesity
There is an inverse relationship between serum 25(OH)D concentrations with

fat mass, and percentage of body fat (Valifia-Toth et al. 2010) and BMI
(Buffington et al. 1993, Wortsman et al. 2000, Arunabh et al. 2003, Snijder et al.
2005, Bischof et al. 2006, Carlin et al. 2006, Truesdell et al. 2011) (See chapter
5).

Since serum 25(OH)D is negatively related to body fat and BMI, it has been
suggested that BMI should be taken into consideration when determining
vitamin D requirements; this is due to excessive storage of vitamin D in the

adipose tissue.

Bischof and others (2006) found that, serum 25(OH)D concentrations negatively
correlated to BMI in 483 subjects (age 48.2+16.0 y). Additionally, the
prevalence of vitamin D deficiency (serum 25(OH)D concentrations <22.0
nmol/l) increased from 8.8% in subjects with BMI<30 kg/m? to 15% in subjects

with BMI>30 kg/m?.

Another research group (Lee et al. 2009b) indicated that, efficacy of vitamin D
supplementation is dependent on BMI and the overweight and obese subjects
with hypovitaminosis D might require higher doses of vitamin D to achieve
vitamin D repletion compared with individuals with normal body weight; in a
study that recruited 95 subjects with vitamin D deficiency (serum 25(OH)D
concentrations <15 nmol/l). The subjects received 250 pg/d of oral vitamin D
supplement (cholecalciferol) for 1 week. The results indicated that, serum
25(0OH)D concentrations correlated negatively with BMI. Moreover, Jorde and
others (2010) included 93 adults in an intervention study; the subjects received

1000 pg/week vitamin D supplement (cholecalciferol) for 12 months. The results

12



indicated that, serum 25(OH)D concentrations correlated negatively with BMI
both at baseline and after 12 months.

Forsythe and other researchers conducted two studies about the response of
vitamin D supplements and body composition (weight, BMI, waist
circumferences, fat mass and fat free mass, etc.) in healthy adults. In the first
study (2009), a total of 237 volunteers (age 20-40 y) were randomised to
receive 5, 10 or 15 pg cholecalciferol or placebo daily for 22 weeks during the
winter months (October-March); fat mass was significantly associated with the
serum 25(OH)D concentrations response to supplementation in males.
However, no such association was found in females. In the second study
(2012), a total of 110 young Irish adults (age 20-40 y) and 102 older Irish adults
(age 264 y) received a daily dose of 15 ug cholecalciferol or placebo during
October. The results indicated that, BMI associated negatively with the change
in serum 25(OH)D concentrations in older adults. However, no such
associations were found in younger adults.

2.5.2 Immune system

e Metabolic syndrome and diabetes mellitus

Many studies have shown an inverse association between 25(OH)D and the
metabolic syndrome (Ford et al. 2005, Botella-Carretero et al. 2007, Hypp6nen
et al. 2008, Lee et al. 2009a, Pinelli et al. 2010, Kayaniyil et al. 2011).

A total of 83,779 healthy female nurses (age 30-55 y), living in 11 US states
have recruited in a large prospective study. The results suggested a potential
beneficial role for vitamin D intake in reducing the risk of type 2 diabetes
mellitus (Pittas et al. 2006). Also, Knekt and others (2008) demonstrated that,
the high serum 25(OH)D concentrations provide protection against type 2

diabetes.

13



Additionally, Mattila and colleagues (2007) found a significant inverse
relationship between serum 25(OH)D concentrations and the risk of type 2
diabetes mellitus in 4097 adults (age 40-69 y) in Finland. While McGill and
other researchers (2008) found an inverse association between serum 25(OH)D
concentrations and markers of typel diabetes mellitus in 250 adults (age >18 y)
with BMI 28-50 kg/m? in New Zealand. Moreover, it has been found that a low
serum 25(OH)D concentrations is associated with a high risk of diabetes
mellitus and the concentration is inversely associated with insulin resistance in

overweight or obese 5787 Korean adults (age >20 y) (Choi et al. 2011).

e Other autoimmune diseases

It has been found that high serum 25(OH)D concentrations are associated with
a lower risk of multiple sclerosis and has a protective effect on risk of
developing the disease (Munger et al. 2004, Soilu-Hanninen et al. 2008). In
addition, another study indicated a high prevalence of vitamin D deficiency in
multiple sclerosis patients (Yildiza et al. 2011). Also new studies established a
link between low serum 25(OH)D concentrations and human immunodeficiency
virus with the risk of severe disease, acquired immune deficiency syndrome,
and high mortality (Dao et al. 2011, Giusti et al. 2011, Vescini et al. 2011, Viard

et al. 2011).

2.5.3 Hypertension and cardiovascular disease
A scientific link between low serum 25(OH)D concentrations and incidence of

hypertension has been established following several recent studies confirming
the relationship (Forman et al. 2007, Barnard and Colén-Emeric 2010, Al Mheid

et al. 2011, Burgaz et al. 2011).

Intervention trials indicate that vitamin D may protect against risk of heart

diseases, as it has been found that low 25(OH)D is associated with incident
14



cardiovascular disease (Giovannucci et al. 2008, Wang et al. 2008, Kilkkinen et

al. 2009, Anderson et al. 2010, Barnard and Colon-Emeric 2010).

The role of sufficient vitamin D in prevention of hypertension and cardiovascular
heart disease is that 1,25(OH).D is one of the most potent hormones to down
regulate the blood pressure hormone renin in the kidney. Though, the exact

mechanism of this role is not fully understood. (Li et al. 2002).

2.5.4 Cancer
There is strong evidence indicating a relationship linking vitamin D Deficiency to

risk of some cancers. It has been found that vitamin D intake has a protective
effect on risk of developing colorectal cancer (La Vecchia et al. 1997, Gorham
et al. 2005), and another study indicated that low 25(OH)D may increase risk of

breast cancer in a UK Caucasian population (Lowe et al. 2005).

In 2006 a study conducted by Skinner and others pointed that higher intakes of
vitamin D were associated with lower risks for pancreatic cancer. In addition, Li
and others (2007) indicated that suboptimal 25(OH)D may play an important
role in preventing prostate cancer progression. The explanation of this is that
25(0OH)D is used by the prostate cells to make 1,25(OH),D, which helps
regulate prostate cell proliferation and thus decreases the risk of prostate cells
to becoming malignant (Feldman et al. 2000, Chen and Holick 2003, Holick

2004b).

A new study by Thomas and others (2011) found that lower 25(OH)D appeared
related to a progressive stage of hematological disease (leukemia) and poor
response to therapy. Moreover, Lappe and other researchers (2007)
demonstrated that improving 25(OH)D substantially reduces all-cancer risk in

postmenopausal women.
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The role of vitamin D in cancer prevention has been explained by Holick (2005);
VDR exists in most tissues in the body and 1,25(0OH),D is a potent inhibitor of
both normal and cancer cell growth (Feldman et al. 2000, Chen and Holick 2003,
Holick 2003, 2004b). It is proposed that the increased renal production of
1,25(0OH),D could in some way regulate cancer cell growth and therefore

mitigate the cancer’s activity.

2.6 Determination of vitamin D status

2.6.1 Evaluation of dietary intake of vitamin D
Dietary intake assessment is part of the process of determining nutritional

status. The assessment may reveal the likelihood of developing nutrient

deficiencies (caused by an adequate intake of a nutrient) or excesses.

Nutritional assessment evaluates the dietary intake of the foods each person

eats to determine the quantities of nutrients consumed as compared with the

recommended (Grodner et al. 2012). Methods for measuring food intake may
include:

e Description weighted and estimated records: in this method, subjects
can be taught to describe and give an estimate of food weighed before
eating and then to record any leftover.

e Diet histories: in this method, subjects are asked to remember accurately
the frequency and quantities of food eaten at a previous time. The diet
history, like the questionnaire, is a repeatable and relatively valid method. It
covers significant periods and so compensates for the possible
misrepresentations due to week-to-week variations in diet. This is particular
importance for vitamin D. A diet history consists of:

e Cross-check food frequency list

e 24 hdietary recall

16



e 3-day food diary

e Detailed interview to measure amounts and frequency of a wide variety of

foods (Eastwood 2003).

After the collection of food consumption data, it can be analysed through
several computer dietary analysis software packages to convert food to nutrient
intake and compare this with the recommended. When this analysis is
performed on a sample of subjects representative of the bigger population, the
estimation of nutrient intake can be the indicator of the nutritional status of the

population (Grodner et al. 2012).

2.6.2 Assessment of vitamin D status
A deficiency is accurately diagnosed by measuring the concentration of a

specific form of vitamin D, which is serum 25(OH)D concentration as the best

indicator or barometer of vitamin D status in blood (DeLuca 2004).

The deficiency cut-off for vitamin D status (serum 25(OH)D concentrations) is
set to be <25 nmol/l as a sufficient concentration to prevent the severe
hypovitaminosis D which leads to soft bone tissue (rickets in children and
osteomalacia in adults), but not in relation to other health outcomes (Mavroeidi
et al. 2010). Additionally, even less severe forms of hypovitaminosis D have
short- and long-term health implications, and therefore, concentrations of =75
nmol/l were identified as necessary for optimum bone health (Dawson-Hughes
et al. 2005). Table 2.1 below shows vitamin D related diseases and serum
25(OH)D concentrations.

This cut-off was based on a threshold required for a range of functional

outcomes, including maximal suppression of circulating parathyroid hormone,
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greatest calcium absorption, and highest bone mineral density (Hyppdnen and
Power 2007).

Table 2.1 Vitamin D-related bone disease and 25(OH)D

Bone disease 25(0OH)D (nmoll/l)
Rickets / Osteomalacia 0-25
Osteoporosis 25-75
Normal 75-150

Adopted from (Heaney 2004)

2.7 Vitamin D and seasonal variation
Solar radiation is weaker and hours of sunlight are shorter in winter compared

with summer and in high latitudes compared with low latitudes (Levis et al.
2005). Thus, seasonal variation has a major effect on 25(OH)D among
individuals living in Europe compared with regions closer to the equator and
there is a significant seasonal variation, with a higher 25(OH)D concentrations
at the end of summer and lower concentrations at the end of winter (Tjellesen
and Christiansen 1983, Vanderschueren et al. 1991, Aguado et al. 2000). In
contrast, people living in sunny regions are also at risk of low 25(OH)D, as a
result of covering up with clothing and the increased use of sunscreens and the
filtering of UV waves in automobile glass, because of the widespread sensitivity
to skin cancer and sun exposure (Horani et al. 2011).
2.8 Vitamin D deficiency and insufficiency

Vitamin D deficiency occurs among individuals who consume inadequate
intakes of vitamin D, and when there is limited exposure to sunlight. Sometimes
vitamin D deficient diets are associated with vegetarians and persons with milk
allergy and lactose intolerance (Biser-Rohrbaugh and Hadley-Miller 2001).
Patients who suffer from chronic intestinal malabsorption syndromes are more
likely to develop vitamin D deficiency because the small intestine is unable to

absorb this vitamin (Holick 2006) also parathyroid, liver and kidney disease can
18



negatively affect vitamin D status (Kalman 2006). In addition, several other
factors can affect vitamin D status such as: obesity (Wortsman et al. 2000),
chronic alcoholism, genetics, drugs, and gender differences (Collins and
Norman 1991). The classical consequences of severe vitamin D deficiency are:
rickets among infants, young children and adolescents (Chesney 2003),
osteomalacia among adults (Eastwood 2003) and osteoporosis, which is
present in older adults, postmenopausal women, persons who have difficulty
walking or exercising and patients on long-term steroid therapy (LeBoff et al.

1999).

2.8.1 Hypovitaminosis D: A global issue
Vitamin D deficiency and insufficiency are globally still very common especially

in risk groups such as young children, pregnant women, elderly and immigrants
(Lips 2010). This nutritional deficiency has been recognized as a frequent
problem in studies of different age groups in different countries. In addition,
numerous data have shown marked seasonal differences as winter seasons
may reduce the quality of sunlight of the appropriate wavelength for cutaneous
synthesis of vitamin D. Table 2.2 shows the variation in serum 25(OH)D

concentrations between different countries.
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Table 2.2 Prevalence of hypovitaminosis D among adults around the world

Reference Study Country & Time Age(y) 25(0OH)D nmol/l BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Gloth et al. 244 subjects USA - 265 30 - Homebound elderly
(1995) persons were likely to
suffer from vitamin D
deficiency
Chapuy etal. 1569 subjects France Nov.- April - 14% had - A high prevalence of
1997 Twenty cities < 30 nmol/l vitamin D insufficiency
43-51°N in the general adult
French population
Lamberg- 126 males Finland Feb.-Mar. 37.0+4.0 45.0+35.0 26.0x4.0 Vitamin D deficiency
Allardt et al. 202 females  Helsinki- 1998 38.0+3.0 47.0£34.0 24.0+4.0 was common in the
(2001) Vantaa & normal adult population
Turku-Loimaa in Finland
area 60°N
Rucker et al. 60 males Canada Winter 63.8+11.9 57.3+21.3 26.7+3.9 A high prevalence of
(2002) 128 females Calgary Spring 64.3+12.7 62.9+28.8 27.346.5 vitamin D insufficiency
Summer 71.6+23.6 in study sample
Fall 52.9 +17.2
A high prevalence of
Kudlacek etal. 400 males Austria Dec.-April  50.0+9-6 52.2+33.2 26-4+3-5 hypovitaminosis D
(2003) 648 females 44-5+9.8 24.4+4.5 in study sample
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Table 2.2 Prevalence of hypovitaminosis D among adults around the world

Reference Study Country & Time Age (y) 25(0OH)D nmol/l BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Oliveri et al. 113 males Argentina North 51.7+18.5 A high prevalence of
(2004) 226 females sevencities ~ Aug.-Oct.  71.3+5.2 Mid 44.7+20.5 - hypovitaminosis D in
261-551°S South 35.4+14.0 the sample
Meddeb etal. 389 subjects Tunisia Jan.-Mar.  Range 47.6% had - The prevalence of
(2005) 20-60 <37.5 nmol/l hypovitaminosis D was
increasing with age, and
it was highly in females,
multiparty, menopause
and wearing the vell
Levis et al. 212 subjects USA Mar. Males 62.3+21.8 - A high prevalence of
(2005) Miami 54.61£13.1 Females 56.0£20.5 hypovitaminosis D in
Sep. Males 77.5 + 27.5 the sample
Females 62.5 £23.5
Dietary, supplementary
Burgaz et al. 116 females Sweden Jan.-Mar.  Range 69.0+£23.0 25.3+4.1 intake of vitamin D, and
(2007) 60°N 61-86 taking a sun vacation
were predictors for
25(0OH)D during winter
Hintzpeter etal. 1763 males  Germany Oct.1997 Range 45.2 A high prevalence of
(2007) 2267females to 18-79 - vitamin D deficiency in
Mar. 1999 44.7 the sample
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Table 2.2 Prevalence of hypovitaminosis D among adults around the world

Reference Study Country & Time Age(y) 25(0OH)D nmol/l BMI (kg/m?) Comments
population Latitude Mean +SD  Mean £SD Mean +SD
Binkley et al. 63 males USA Mar. 24.0£0.7 51% had 23.6x0.4 High amounts of sun
(2007) 30 females  Honolulu <79 nmol/l exposure do not ensure
Hawaii what is currently
21°N accepted as vitamin D
adequacy
Vander Meietal. 1669 Australia - <60 - Vitamin D insufficiency
(2007) subjects Southeast- 67.0 was common over a
Queensland 27°S wide latitude range in
Geelong 38°S 75.5 Australia. Season
Tasmania 43°S 51.1 appears to be more
important than latitude
Vitamin D deficiency
Orwoll et al. (2009) 1606 USA Mar. 2000 73.8+5.9 62.6+19.7 - was common in older
males Apr.2002 males and especially in
obese, sedentary and
living at higher latitudes
in the USA
Garcia and Elite Spain Aprii 2009  25.0+4.3  47.8+21.8 23.7+1.2 Professional basketball
Guisado (2011) basketball Barcelona Mar. 2010 players were at higher
players 41°N risk of hypovitaminosis
21 males D after wintertime
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Table 2.2 Prevalence of hypovitaminosis D among adults around the world

Reference Study Country & Time Age (y) 25(0OH)D nmol/l BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Horanietal. 151 subjects USA - - 19.2% had - A high prevalence of
(2011) California <74.9 nmol/l hypovitaminosis D in
Orange County the sample
Nanri et al. Workplace A*  Japan July 44.8+10.8 69.9+12.7 24.3+3.5 Vitamin D deficiency
(2011) 100 males Northeast 40.5+9.8 65.6+11.0 20.7+2.8 was common in
61 females Kyushu, Japanese workers
Workplace B®  33.4-33.5°N Nov. 44.3+10.8 57.2+18.0 44.3+10.8  during seasons with
212 males 41.2+10.8 48.4+15.0 41.2+10.8  limited sunlight
156 females
Moy (2011) 158 male Malaysia - 48.5+5.2 56.2+18.9 >80% were Low 25(OH)D was
222 female Kuala Lumpur 36.2+13.4 overweight associated with obesity,
or obese lifestyle and clothing
style especially among
females
Pablo et al. 40 males Argentina Summer - winter - Seasonal variation in
(2011) 42 females Buenos winter 50% males 25(0OH)D was observed
Aires 42.6% females

had <49.9 nmol/l

with significantly higher
concentrations in
summer in both gender

* Occupation (office work, %) 93.0 males, 55.7 females
s Occupation (office work, %) 87.3 males, 71.2 females
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2.8.2 Hypovitaminosis D in the UK
Various studies have revealed that vitamin D deficiency is a serious problem for

people living in the UK. This is because of several reasons including limited
exposure to sunlight with the western lifestyle, as most work indoors during
daylight hours and take little exercise outside combined with low dietary intake
of vitamin D. Vitamin D fortification is required for few foods in the UK e.g.
margarine, but milk is generally not fortified. Whereas in the United States and
Canada fortified milk provides most of the vitamin D in diet (Calvo et al. 2005).
Moreover, in the UK there is low skin synthesis of vitamin D in a cloudy climate
(Engelsen et al. 2005) and during winter, since vitamin D cannot be synthesised
between October and April in the UK, it is assumed that winter requirements are

met from the store accumulated the previous summer (Macdonald et al. 2008).

The dietary habits of Somali people living in Liverpool were investigated with
respect to food items containing vitamin D. The recruitment included 15 males
and 45 females; with mean age 42 y (range 18-81y) and 10 children; 3 males
and 7 females; with mean age 10 y (range 6-17y). The results indicated an
infrequent intake of foods rich in vitamin D and this probably contributed to bone
and muscle pain which was self-reported by 62.1% along with regular visit to
the doctors for osteomalacia (confirmed by patient records), in 36% of the

sample (Maxwell et al. 2006).

Hypponen and Power (2007) determined the prevalence of hypovitaminosis D
in the white British population. Serum 25(OH)D concentrations were measured
in 7437 Caucasians who were born in England, Scotland, or Wales during the
same week of March 1958. The results showed a high prevalence of

hypovitaminosis D during winter and spring, when serum 25(OH)D
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concentrations <25, <40, and <75 nmol/l were found in 15.5%, 46.6%, and 87.1%

participants, respectively.

Roy and others (2007) found a high prevalence of low serum 25(OH)D
concentrations among young UK South Asian (Pakistani origin) females living in
Greater Manchester. The sample included 78 women; with mean age 29.2 y
(range 18-36). The results showed that the majority of the subjects (94%) had

mean 25(0OH)D <37.4 nmol/l, and 6% had mean 25(OH)D <12.5 nmol/I.

In a study performed by Macdonald and others (2008) to investigate vitamin D
status, 3113 Caucasian postmenopausal women (aged 54.8 y) were recruited.
Serum 25(0OH)D concentrations were 59.2 nmol/l and 49.2 nmol/l in autumn and

spring, respectively.

Hirani and colleagues (2008) assessed serum 25(OH)D concentrations of
1160 subjects aged =65 y living in private households in England. The
prevalence of vitamin D deficiency [25(OH)D <25 nmol/l] was 12% in males and
20% in females. Moreover, 57% of males and 62% of females were vitamin D
insufficient, when a higher threshold of <50 nmol/l serum 25(OH)D

concentrations was used to define vitamin D insufficiency.

Another study conducted by Hirani and others (2009), investigated the
association of predictors of 25(OH)D in two UK surveys: the National Diet and
Nutrition Survey (NDNS) and the Low Income Diet and Nutrition Survey
(LIDNS). A valid serum 25(0OH)D sample was obtained in 1297 and 792
participants from the NDNS and LIDNS, respectively. The researchers found
that the NDNS participants who were not receiving benefits (n=1054) had a
mean 25(0OH)D of 50.1 nmol/l, which was higher than among NDNS patrticipants

receiving benefits (n=243) who had a mean serum 25(OH)D concentrations of
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43.0 nmol/l and the LIDNS sample mean serum 25(OH)D concentrations were
46.5 nmol/l. Additionally, the season of taking blood, skin colour, dietary vitamin

D and supplement intakes were significant predictors for all three samples.

A longitudinal study was conducted to compare the seasonal variation of serum
25(0OH)D concentrations in postmenopausal women residing in Aberdeen (338
Caucasian females; mean age 61.7 y) and Surrey (138 Caucasian and 35 Asian;
with mean age of 61.4 and 59.9 y, respectively). Mean serum 25(OH)D
concentrations in summer/autumn were 53.3 nmol/l among Aberdeen
Caucasian, 60.4 nmol/l among Surrey Caucasian and 25.8 nmol/l among Surrey
Asia samples. In winter/spring the mean serum 25(OH)D concentrations were
40.4, 43.6 and 23.2 nmol/l, among Aberdeen Caucasian, Surrey Caucasian and

Surrey Asia samples, respectively (Mavroeidi et al. 2010).

2.8.3 Hypovitaminosis D in Middle East regions
The Middle East is a region with abundant sunshine (12-42°N). However,

numerous studies had demonstrated low serum 25(OH)D concentrations across
all age groups (El-Hajj Fuleihan 2009), as a result of low vitamin D intake, and
inadequate sunlight exposure due to conservative dress (Table 2.3).

Although the Arab Gulf countries have experienced a significant improvement in
economic and health status, vitamin D deficiency is still prevalent among
women and children, especially breastfed infants whose mothers have low
vitamin D stores and who lack exposure to sunlight (Serenius et al. 1984, Molla

et al. 2000, Dawodu et al. 2003, El-Desouki 2003).
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study Country & Time Age(y) 25(OH)D nmol/l  BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Sedrani Young Saudi Arabia Apr. Range - A high prevalence of low
etal. (1983) 26 males Riyadh May 18-26 21+7.7 vitamin D status and it
33 females 24°N Jun. 28.7+10 was due to avoid sunlight
exposure (dress style),
Elderly low dietary intake of
13 males 62+13 9.0£3.2 - vitamin D
11 females
El-Sonbaty Females Kuwait - Range 14.5+5 - A high prevalence of
and Abdul 50 veiled Kuwait city 14-45 30.0+8.2 vitamin D deficiency and
Ghaffar 22 non-veiled 21°N osteomalacia among
(1996) veiled Kuwaiti females
Range A prevalence of vitamin D
Fuleihanand 465 females Lebanon Aug.-Oct. Range 28+35 22.7-32.6 deficiency was due to
Deeb (1999) Nabi-Shit 15-60 dress style and low
33.5°N dietary intake of foods
fortified with vitamin D
Ghannam 321 females Saudi Arabia - 35.4+11.3 24.5+17.2 26.515.2 A high prevalence of
et al. (1999) Riyadh vitamin D deficiency in

healthy Saudi females
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study population Country & Time Age (y) 25(OH)D nmol/l BMI (kg/m?) Comments
Latitude Mean +SD Mean +SD Mean +SD
Gannagé-Yared 99 males Lebanon Jan. -Apr. 41.3%55 35.7+18.6 26.4%3.2 Low 25(OH)D in veiled
et al. (2000) 217 females Beirut 39.445.6 19.0+14.4 25.7+4.5 females in rural. Rural
Bekaa valley males had the highest
25(0OH)D despite their
low vitamin D intake
Guzel et al. Females Turkey - 15.7+£6.13 82.6+39.9 -
(2001) 30 veiled 134.5+68.1 Veiled females had low
30 western style 25(0OH)D
Mishal (2001) 22 males Jordan Summer Range Summer: Dress styles covering
124 females Amman Winter 18-45 Males: 43.815.2 - the whole body, totally
31°N Females or nearly totally, had
Western Style: adverse effects on
36.716.1 ) serum 25(OH)D
Head scarf: concentrations
28.3x4.5
Veil: 24.3+5.8
Winter
Males: 34.7+4.2
Females
Western Style:
30.9+4.6
Head scarf:
24.4+3.9
Veil: 22.7+3.0
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study Country & Time Age (y) 25(OH)D nmol/l BMI (kg/m?) Comments
Population Latitude Mean +SD Mean +SD Mean +SD
Ghazi et al. (2004) 490 males Iran Summer  Range Summer - Serum 25(0OH)D for
682 females Tehran Winter 3-69 Males males during winter
137.3167.4 were lower than
Females summer. In females
72.4+72.4 - there was no significant
in the concentrations of
Winter the seasons and this
Males 59.9+44.9 can be attributed to
Females patterns of the
34.9134.9 traditional clothing and
lifestyle
Hashemipour et al. 715 males Iran - Range Range Range A high prevalence of
(2004) 495 females Tehran 20-64 12.5-150.0 26.44- vitamin D deficiency in
27.66 Tehran. In young and
middle aged females
were significantly lower
than the older group
Atli et al. (2005) Males:
87 old age home  Turkey - 75.5+7.3 93.8£72.1 Vitamin D deficiency
24 own home Ankara 72.61£5.0 157.7£107.3 - was due to low
40°N exposure to sunlight
Females: and dress style
138 old age home 75.0£7.0 61.9+74.1 -
171 in own home 72.4+4.7 103.0+£97.3
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study population Country & Time  Age (y) 25(0OH)D nmol/l BMI (kg/m?) Comments
Latitude Mean +SD Mean +SD Mean +SD
Arabi et al. Home-dwelling Lebanon - 74.11£5.08 28.2 27.2+3.9 A high prevalence of
(2006) ambulatory Beirut 73.445.2 24.0 30.5+6.5 hypovitaminosis D in
157 males 33.5°N this study sample
286 females
Saadi et al. Females United Arab - Vitamin D deficiency
(2006) 175 premenopausal ~ Emirates 37.5+9.5 24.3+10.4 29.2+6.3 was highly prevalent in
Al Ain study sample and
84 postmenopausal 58.3+8.9 27.3+11.2 30.9+5.4 appears largely
attributable to
insufficient sunlight
exposure
Heshmat et al. 5232 subjects Iran - Range 43.5% Males - A high prevalence of
(2008) Tehran 20-69 37.1% Females had vitamin D deficiency
Tabriz 12.5< 25(0OH)D =< 25 and it is more evident in
Mashhad Tehran, capital of Iran
Shiraz
Booshehr
Hosseinpanah  Free-living females Iran Range - 3% of the sample had
et al. (2008) 245 postmenopausal  Tehran - 40-80 73.0 £62.3 25(0OH)D <25 nmol/l

and 37.6% had
25(0OH)D between 25
and 50 nmol/l
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study population Country & Time Age (y) 25(OH)D nmol/l BMI (kg/m?) Comments
Latitude Mean +SD Mean +SD Mean +SD
Moradzadeh 5329 subjects Iran - Range 72.1% males - A high prevalence of
et al. (2008) 20-69 75.1% females vitamin D deficiency in
were vitamin D Iran
deficient
AlElq et al. Males Saudi Feb.-May  Range 10% deficient - The prevalence of
(2009) 100 age 25-35  Arabia 28.2+4.5 18% insufficient vitamin D deficiency
Eastern 12% deficient among healthy Saudi
100 age =50 Province 59.4£15.6 25% insufficient males is between 28%
to 37%
Niafar etal.  Females Iran Jan.-Apr. 63.41+4.64 Range 28.1+5.1 Low 25(OH)D among
(2009) 300 postmenopausal Tabriz 4-144 postmenopausal
women in north-west
Iran
Elsammak 89 males Saudi Dec.-Mar.  30.0+8.5 25.4+11.7 27.1 A high prevalence of
etal. (2010) 52 females Arabia 31.047.2 24.7+11.2 26.0 vitamin D deficiency
Eastern- among Saudi Arabs
region
Hamilton etal. Athletes Qatar - - 91% had - Vitamin D deficiency
(2010) 93 male Doha 25(0OH)D< 50 was very common

among healthy Middle
Eastern male athletes
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study Country & Time Age (y) 25(0OH)D nmol/l  BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Hekimsoy 119 males Turkey End of 45.1+17.5 49.9+ 38.7 - Vitamin D deficiency was
etal.(2010) 272 females Manisa winter 45.1+17.2 38.0+28.8 likely due to traditional
38.36°N dress in rural areas
rural, urban, allowing less sunlight
semi urban exposure to the skin
Mahdy Health care Qatar Jan. 2007 - Overall 29.2 - A high prevalence of
etal.(2010) professionals Doha Jan. 2008 Males 34.1 vitamin D deficiency
340 healthy Females 25.7 among health care
volunteers professionals in Qatar
Al Anouti University United Arab  Oct. 2009 Vitamin D deficiency is a
etal.(2011) students Emirates Apr. 2010 major public health
70 males Abu Dhabi 21.0+4.6 27.3+15.7 23.7+4.2  burden among young
208 females 20.8+4.0 24.2 +14.9 23.2+5.0 Emirati adults, because
of sun deprivation in a
sun-blessed country.
Elsammak 87 males Saudi Arabia  Dec. 2008 30.0+£8.5 25.2+11.5 27.2+2.3 A high prevalence of a
etal.(2011) 52 females Dammam Mar. 2009 31.0+7.2 24.7+11.2 26.2+2.4  vitamin D deficiency in

this sample despite >
65% of subjects having
adequate exposure to
sunlight and > 90%
reporting adequate intake
of dairy products
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Table 2.3 Prevalence of hypovitaminosis D among adults in the Middle East

Reference Study Country & Time Age (y) 25(0OH)D nmol/l BMI (kg/m?) Comments
population Latitude Mean +SD Mean +SD Mean +SD
Kaykhaei 993 subjects Iran 85.2% deficient A high prevalence of a
et al.(2011) Zahedan - - - vitamin D deficiency in
9.5% the population of
insufficient Zahedan, a sunny area in
southeast Iran
Mallah 99 males Jordan Nov. 29.0+9.7 44.5+10 25.5+3.5 Low 25(OH)D in females
etal.(2011) Amman wearing head scarf or veil
201 females were high and (76%) of
)
13.3% 22.545.2 40.0£8.3 21.3+3.0 mal'eza”d (Zof/") WleStem
western style style dressed females
had 25(OH)D below the
46.7% head 33.9+14.9 31.316.3 24.9+4.5 recommended
scarf
7.3% veil 39.3£15.3 28.5+£3.8 27.1+4.6
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2.8.4 Hypovitaminosis D among Middle Eastern immigrant groups
Hypovitaminosis D had been observed in numerous studies among Middle

Eastern immigrant groups in several countries. The studies indicated that
factors other than latitude i