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Abstract

Background: During skeletal growth in young females, bone mass is accrued up
until the third decade of life. Suboptimal peak bone mass substantially increases
the risk of osteoporosis in later life. Thus, strategies aimed at optimizing peak
bone mass in younger, premenopausal females are crucial in its prevention.

Aim: This study was carried out to evaluate some biochemical markers related to
bone health for Yemeni women of childbearing age, in Ibb governorate.

Method: A total of 81 non-pregnant women, whose ages ranged from (16-43)
years old (mean £ SD = 28.08 + 6.60), were collected during June-July, 2022; and
examined for serum Vitamin D3 (Vit D3) by Immuno-chemiluminescence, and for
serum Calcium (Ca) and Alkaline phosphatase (ALP) by spectrophotometer.
About 74.68% of the enrolled subjects were married, and 50.62% of them were
lactating. About 37.66% of the enrolled subjects were not used to expose to
sunlight, 41.56% of them are used to expose to sunlight for 5-15 minutes, 14.29%
of them are used to expose to sunlight for 15-30 minutes, and only 6.49% of them
are used to expose to sunlight for 60 minutes and more/daily.

Results: The results showed a moderately decreased mean levels of serum Vit D3
(13.39 £ 8.02 ng/ml), while the normal range is (30-100 ng/ml). Mean levels of
serum Ca was slightly decreased (8.348 = 0.83 mg/dl), while the normal range is
(8.5 - 10.5 mg/dl). Mean levels of serum ALP was slightly high (170.5 £ 69.59
U/L), while the normal range is (38 - 154 U/L), and Vit Dz levels showed a
significant negative correlation with ALP (r = -0.241, P = 0.030). ALP was
significantly higher in the married women as compared to the non-married women
(P = 0.006), and in the lactating women as compared to the non-lactating women
(P = 0.000). Exposure to sunlight showed no effect on any one of the biochemical
parameters. Marital state and lactating state showed a significant negative effect
on ALP level (P =0.05, and P = 0.001, respectively).

Conclusion: Yemeni women of childbearing age in Ibb governorate have slight
deficiency in serum Ca, and a moderate deficiency in Vit D3, and a slight elevation

in ALP which is negatively correlated significantly with Vit Ds. This suggests a

VI



suboptimal bone mass formation in them, particularly in married and in nursing

one.
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Chapter 1 Introduction and Literature Review

1. Introduction and literature review

Bone is a dynamic tissue in a constant state of remodeling. In healthy adults,
bone resorption is tightly coupled with bone formation. Bone turnover in younger
premenopausal women reflects both modeling and remodeling, compared with
older women where bone turnover is predominantly a reflection of the latter
(Callegari et al., 2017).A variety of factors affect bone health, including genetics,
nutrition, physical activity, hormones, and vitamin D levels(Dennison et al., 2014;
Seeman 2002; Song et al., 2011; and Cheema et al., 1989). The use of bone
turnover markers in clinical practice and research in younger people is limited by
the lack of normative data and understanding of common causes of variation in
bone turnover marker values in this demographic. To appropriately interpret bone
turnover markers, robust reference intervals specific to age, development and sex
are necessary (Callegari et al., 2016). The present study evaluates some available

bone markers in females of reproductive age in Ibb governorate.
1.1 Bone formation physiology
1.1.1 Bone and its relation to extracellular Calcium

Bone is composed of a tough organic matrix that is greatly strengthened by
deposits of calcium salts. Average compact bone contains by weight about 30 per
cent matrix and 70 per cent salts. Newly formed bone may have a considerably
higher percentage of matrix in relation to salts. The organic matrix of bone is 90 to
95 per cent collagen fibers, and the remainder is a homogeneous gelatinous
medium called ground substance. The collagen fibers extend primarily along the
lines of tensional force and give bone its powerful tensile strength. The ground
substance is composed of extracellular fluid plus proteoglycans, especially
chondroitin sulfate and hyaluronic acid. The precise function of each of these is not
known, although they do help to control the deposition of calcium salts. The

crystalline salts deposited in the organic matrix of bone are composed principally
2
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of calcium and phosphate. The formula for the major crystalline salt, known as
hydroxyapatite, is the following: Caio (PO4)s(OH).. Each collagen fiber of compact
bone is composed of repeating periodic segments every 640 angstroms along its
length; hydroxyapatite crystals lie adjacent to each segment of the fiber, bound
tightly to it. This intimate bonding prevents “shear” in the bone; that is, it prevents
the crystals and collagen fibers from slipping out of place, which is essential in
providing strength to the bone. In addition, the segments of adjacent collagen
fibers overlap one another, also causing hydroxyapatite crystals to be overlapped
like bricks keyed to one another in a brick wall (Guyton & Hall, 2007).

1.1.2 Mechanism of bone calcification

The initial stage in bone production is the secretion of collagen molecules (called
collagen monomers) and ground substance (mainly proteoglycans) by osteoblasts.
The collagen monomers polymerize rapidly to form collagen fibers, the resultant
tissue becomes osteoid, a cartilage-like material differing from cartilage in that
calcium salts readily precipitate in it. As the osteoid is formed, some of the
osteoblasts become entrapped in the osteoid and become quiescent. At this stage
they are called osteocytes. Within a few days after the osteoid is formed, calcium
salts begin to precipitate on the surfaces of the collagen fibers. The precipitates
first appear at intervals along each collagen fiber, forming minute need that rapidly
multiply and grow over a period of days and weeks into the finished product,
hydroxyapatite crystals. The initial calcium salts to be deposited are not
hydroxyapatite crystals but amorphous compounds (no crystalline), a mixture of
salts such as CaHPO,4- 2H,0, Caz(PO,),: 3H,0, and others. Then by a process of
substitution and addition of atoms, or reabsorption and reprecipitation, these salts
are converted into the hydroxyapatite crystals over a period of weeks or months. A
few per cent may remain permanently in the amorphous form. This is important

because these amorphous salts can be absorbed rapidly when there is need for extra
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calcium in the extracellular fluid. The mechanism that causes calcium salts to be
deposited in osteoid is not fully understood. One theory holds that at the time of
formation, the collagen fibers are specially constituted in advance for causing
precipitation of calcium salts. The osteoblasts supposedly also secrete a substance
into the osteoid to neutralize an inhibitor (believed to be pyrophosphate) that
normally prevents hydroxyapatite crystallization. Once the pyrophosphate has been
neutralized, the natural affinity of the collagen fibers for calcium salts causes the
precipitation (Guyton & Hall, 2007).

1.1.3 Deposition and absorption of bone remodeling of bone
1.1.3.1 Deposition of bone by the osteoblasts

Bone is continually being deposited by osteoblasts, and it is continually being
absorbed where osteoclasts are active (Figure 1.1). Osteoblasts are found on the
outer surfaces of the bones and in the bone cavities. A small amount of osteoplastic
activity occurs continually in all living bones (on about 4 per cent of all surfaces at
any given time in an adult), so that at least some new bone is being formed

constantly.
1.1.3.2 Absorption of bone functions of the osteoclasts

Bone is also being continually absorbed in the presence of osteoclasts, which are
large phagocytic, multinucleated cells (as many as 50 nuclei), derivatives of
monocytes or monocyte-like cells formed in the bone marrow. The osteoclasts are
normally active on less than 1 per cent of the bone surfaces of an adult. Later in the
chapter we see that PTH controls the bone absorptive activity of osteoclasts.
Histologically, bone absorption occurs immediately adjacent to the osteoclasts. The
mechanism of this absorption is believed to be the following: The osteoclasts send
out villus-like projections toward the bone, forming a so-called ruffled border

adjacent to the bone. The villi secrete two types of substances: (1) proteolytic
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enzymes, released from the lysosomes of the osteoclasts, and (2) several acids,
including citric acid and lactic acid, released from the mitochondria and secretory
vesicles. The enzymes digest or dissolve the organic matrix of the bone, and the
acids cause solution of the bone salts. The osteoplastic cells also imbibe by
phagocytosis minute particles of bone matrix and crystals, eventually also
dissolution these and releasing the products into the blood. Bone Deposition and
Absorption Are Normally in Equilibrium. Normally, except in growing bones, the
rates of bone deposition and absorption are equal to each other, so that the total
mass of bone remains constant. Osteoclasts usually exist in small but concentrated
masses, and once a mass of osteoclasts begins to develop, it usually eats away at
the bone for about 3 weeks, creating a tunnel that ranges in diameter from 0.2 to 1
millimeter and is several millimeters long. At the end of this time, the osteoclasts
disappear and the tunnel is invaded by osteoblasts instead; then new bone begins to
develop. Bone deposition then continues for several months, the new bone being
laid down in successive layers of con-centric circles (lamellae) on the inner
surfaces of the cavity until the tunnel is filled. Deposition of new bone ceases when
the bone begins to encroach on the blood vessels supplying the area. The canal
through which these vessels run, called the have risen canal, is all that remains of
the original cavity. Each new area of bone deposited in this way is called an

osteon, as shown in Figure 1.2(Guyton & Hall, 2007).
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Figure 1.1: Bone structure (Guyton and Hall, 2007)
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1.1.3.3 Bones turnover in women

The use of bone turnover markers in clinical practice and research in younger
people is limited by the lack of normative data and understanding of common
causes of variation in bone turnover marker values in this demographic. To
appropriately interpret bone turnover markers, robust reference intervals specific to

age, development and sex are necessary (Callegari et al., 2016).

(Glover et al., 2008), mentioned that one turnover is elevated until skeletal
maturity is reached, usually in the 3rd decade of life. Women over 45 years of age
have fewer ovulatory cycles and a high biological variability of Bone turnover
markers (BTMSs) as bone turnover is increased in premenopausal women prior to
the loss of estrogen in younger females at the end of puberty, high bone turnover is
present due to bone modeling, but subsides as bone growth halts and newly formed
osteoid undergoes primary and secondary mineralization (Eastell, 2005).During
skeletal growth in young females, bone mass is accrued up until the third decade of
life (Teegarden et al., 1995; Hansen, 1994). Suboptimal peak bone mass
substantially increases the risk of osteoporosis (and related fracture) in later life.
Thus, strategies aimed at optimizing peak bone mass in younger, premenopausal

females are crucial in its prevention (Hansen et al., 1991).

Oboh et al., (2021), concluded that women who breastfed for > 6 months had
significantly reduced Bone mass density (BMD). However, compared to women
that breastfed for a < 4 months there was no significant change in BMD .Also, six
weeks after delivery (clinically the postpartum phase) and beyond, lactation
demands more calcium and is supplied to the infant through breastmilk (Salari and
Abdollahi , 2014). About 200 mg/day of calcium is mobilized into breastmilk
during lactation (Sawo et al., 2013).
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1.1.3.4 Bones Biomarkers

Bone biomarkers are produced from the bone remodeling process included bone
formation biomarkers, bone resorption biomarkers and regulators of bone turnover.
Various biomarkers are now available for specific and sensitive assessment of the
rate for bone formation and bone resorption. For example, the bone formation
biomarkers are total alkaline phosphatase (ALP), bone-specific alkaline
phosphatase (BALP), osteocalcin (OC), precollege type 1 N-terminal propertied
(PAINP) and precollege type 1 C-terminal propertied (P1CP). The bone resorption
biomarkers are hydroxyproline (HYP), hydroxylysine (HYL), deoxypyridinoline
(DPD), pyridinoline (PYD), bone sialoprotein (BSP), osteopontin (OP), tartrate-
resistant acid phosphatase 5b (TRAP 5b), carboxy-terminal crosslinkedtelopeptide
of type 1 collagen (CTX-1), amino-terminal crosslinkedtelopeptide of type 1
collagen (NTX-1) and cathepsin K (CTSK). The regulators of bone turnover are
precept or activator of NF-kB ligand (RANKL), osteoprotegerin (OPG), dickkopf-
1 (DDK-1) and sclerostin. These biomarkers are useful to provide the early
assessment of osteoporosis when the BMD measurement of DXA does not offer

enough information to make the diagnosis (Tsung-Rong and Chih-Hwa, 2017).
1.2 Vitamin D

Vitamin D comprises a group of fat-soluble compounds that are essential for
maintaining the mineral balance in the body. The vitamin D form synthesized in
humans is called ‘cholecalciferol’ (vitamin D3). As cholecalciferol synthesized in
the skin by the action of ultraviolet light (UV-B), vitamin D does not fit the
classical definition of a vitamin; nevertheless, it is recognized as an essential
dietary nutrient (Engel, 2010).

Vitamin D has two sources, cholecalciferol (Vitamin D3) and ergocalciferol
(Vitamin D2). Cholecalciferol is derived from 7-dehydrocholesterol by the action

of sun (UV) rays and is the main source of Vitamin D (Guyton et al., 2007 and
8



Chapter 1 Introduction and Literature Review

Acikgoz et al., 2013). Ergocalciferol, which we call Vitamin D2, is derived from
foods. Since they have similar metabolisms, they are both called D vitamins
(Guyton et al., 2007 and O’Riordan and Bijvoet, 2014). Dietary uptake of vitamin
D2 is limited. Vitamin D in foods is mostly found in fatty fish species such as
salmon (salmon fish), mackerel, tuna fish, sardine and also in nutrients such as egg
yolk, milk, broccoli, green onion, parsley water terrace. But no food contains
vitamin D until it supplies the daily vitamin D requirement. In the breast milk there
Is vitamin D of 10-60 IU/L (Holick, 2007 and Atas et al., 2008). In America and
some European countries, milk, yogurt, orange juice, and cereals are enriched with
Vitamin D (Baysal, 2012 andErsoy, 2017). Dietary or endogenously synthesized
Vitamin D2 or D3 is stored in fat cells and circulated if necessary (Holick,
2007and Ozgelik et al., 2012).

Vitamin D obtained from sun exposure, foods, and supplements is biologically

inert and must undergo two hydroxylation's in the body for activation. The first
hydroxylation, which occurs in the liver, converts vitamin D to 25-hydroxyvitamin
D [25(OH)D], also known as “calcidiol.” The second hydroxylation occurs
primarily in the kidney and forms the physiologically active 1,25-
dihydroxyvitamin D [1,25(OH)2D], also known as “calcitriol” (Institute of
Medicine, 2010). Parathyroid hormone is involved in the mechanism of the
conversion of 25 (OH) D to 1.25(0OH)2D. In the absence of this hormone,
1.25(0OH)2D cannot occur (Agikgoz et al., 2013 and WHO, 2006).

Although vitamin D status may be influenced by environmental factors such as
sun exposure and diet, variation in the genes encoding the vitamin D 25-
hydroxylase enzyme C YP2R1, the vitamin D binding protein (DBP) and the
vitamin D receptor (VDR) have also been reported to associate with risk of vitamin
D deficiency (Wang

1.2.1 Biological effects and physiology of vitamin Din the body

9
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Vitamin D is an important vitamin and its deficiency in our lives in terms of our
health cause many health problems. Inadequate sunlight intake, such as long-term
stay in indoor environments such as home and office, clothing style, use of sun
protection creams with high protection factor, and seasonal changes cause Vitamin
D insufficiency to occurs more frequently (Ogiis et al., 2014).Studies conducted in
different countries show that Vitamin D deficiency is a worldwide problem and
this is a major health problem (Mithal et al., 2009 and Kurt et al., 2011).The main
task of Vitamin D is to provide the mineral balance in our bodies. It regulates the
metabolism and absorption of minerals and determines serum calcium and
phosphorus levels. The target organs that vitamin D affects are the kidneys, small
intestines, and bone. In these organs, the effect is caused by the active form of
calcitriol. Vitamin D deficiency causes rickets disease in children and osteoporosis
in adults (Wranicz and Szostak, 2014 and Geng et al., 2015). Vitamin D deficiency
causes a decrease in the efficiency of intestinal calcium absorption and results in a
decrease in ionized calcium. The calcium sensor in the parathyroid glands
Immediately recognizes the decrease causing the parathyroid glands to increase the
production and secretion of parathyroid hormone (PTH) ( Holick, 2007 and Dusso
et al., 2005). PTH maintains serum calcium levels by increasing tubular
reabsorption of calcium in the kidneys. Through its receptor on osteoblasts, PTH
stimulates the formation of osteoclasts, which in turn dissolves the bone matrix and
mineral to release the calcium into the extracellular space (Holick, 2007). This
process, known as secondary hyperparathyroidism, can precipitate and exacerbate
both osteopenia and osteoporosis, increasing risk of fracture. PTH also causes
phosphorus loss in the urine resulting in a low-normal serum phosphorus level
(Holick, 2007 and Bischoff et al., 2006).

Vitamin D promotes calcium absorption in the gut and maintains adequate serum

calcium and phosphate concentrations to enable normal bone mineralization and to

10
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prevent hypocalcemictetany (involuntary contraction of muscles, leading to cramps
and spasms). It is also needed for bone growth and bone remodeling by osteoblasts
and osteoclasts (Institute of Medicine, 2010 and Jones et al., 2014).

However, frequent use of tanning beds, which provide artificial UV radiation, can
lead to 25(OH)D levels well above 375-500 nmol/L (150-200 ng/mL) (Singh et
al., 2014 and Perez et al., 2007).

The combination of high intakes of calcium (about 2,100 mg/day from food and
supplements) with moderate amounts of vitamin D (about 19 mcg [765 IU]/day
from food and supplements) increased the risk of kidney stones by 17% over 7
years among 36,282 postmenopausal women who were randomly assigned to take
1,000 mg/day calcium and 10 mcg (400 IU)/day vitamin D or a placebo (Jackson et
al., 2006). However, other, shorter (from 24 weeks to 5 years) clinical trials of
vitamin D supplementation alone or with calcium in adults found greater risks of
Hypercalcemia and hypercalciuria, but not of kidney stones (Malihi et al., 2019
and Malihiet al., 2016).

1.2.2 Vitamin D deficiency

Recently, scientific researches show that vitamin D has different effects besides
the known classical effects. The active form of Vitamin D, the cholecalciferol
(Vitamin D3) receptor, has been found in many tissues and cells of the human
body. Many important diseases such as cancer, autoimmune diseases, and diabetes
mellitus (DM) have been suggested to be related to Vitamin D (Holick, 2007).
Vitamin D deficiency, especially seen in Western populations, can lead to serious
health problems. Vitamin D is a group of steroids that are hormones and hormone
precursors because they can be synthesized in the appropriate biological conditions
which is one of the vitamins that are soluble in fat (Champe et al., 2005 and Fidan
et al., 2014). Mortality due to fragile fractures due to insufficient 25(OH)D,

11
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especially hip fracture, is common (Gallagher and Sai, 2010and Kuroda et al.,
2009).

In the study of Khalfa and his colleagues, (2019), on females of different age
groups, they found that all females of all age groups suffered from hypovitaminosis
D3 due to bone disorders. However, they reported that females that were single had
lower vitamin D3 levels as well as lower serum calcium levels compared to
married females, and they attributed that to their lacking sexual activity and inter
hormonal play. Nevertheless, pregnancy and lactating in married females were
demonstrated to contribute to vitamin D deficiency (Oboh et al., 2021). Marriage is
often considered to have a health-protective effect and studies have found an
association between being married and lower rates of chronic illness, fewer
physical limitations, and less disability. However, early marriage (often defined as
marriage at 20 years of age or younger) is associated with greater psychosocial
distress, lower educational attainment, and poorer long-term marital success. All
those factors associated with lower bone strength and bone density (Miller-
Martinez et al., 2014).

Despite an abundance of sunshine, studies from the Middle East show that there
Is a high prevalence of vitamin D deficiency in women of childbearing age, mainly
attributed to cultural avoidance of sunlight, traditional dress styles that cover most
of the body while outdoors, and inadequate vitamin D intake 4. (Dawodu et al.,
1998 and Gannagé et al ., 2000). Because the vitamin D status of the mother
during pregnancy is important in determining the vitamin D status of the infant at
birth, the strong relationship between maternal and cord blood vitamin D status
(Hollis and Wagner, 2004) and vitamin D deficiency during pregnancy should be
of concern, especially if the mother is planning to exclusively breastfeed.

12
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The results of the study of Shaheen et al, (2012) on adult females showed that
out of 110 samples, 26 had mild (23%), 61 had moderate (55%) and 21 had severe

(19.1%) vitamin D deficiencies.

Likewise, in the study of Junaid et al., (2015), they found that risk of vitamin D
deficiency was independently associated with illiteracy; in the women of child-
bearing age in Lahore Pakistan. They also found that (73 %) of participants were
vitamin D deficient. Also, the risk of vitamin D deficiency was independently
associated with < 30 min sun exposure per day. However, no correlation was found
between the different biochemical tests and the time of exposure to the sunlight in
our study . In addition, study of Junaid and his colleagues, (2015), showed that
vitamin D deficiency was associated with decreased sunlight exposure, but they
did not demonstrate any association between veiling (wearing Nekab) and risk of

vitamin D deficiency.

Moreover, Kiranet al., (2014), found a positive correlation between sun light
exposure and Vitamin D status in males but not in females; in their study on the
healthy adults above the age of 20 living in Potheri village of Kancheepuram

district, Tamilnadu, India.
1.3 Calcium

Calcium, the most abundant mineral in the body, is found in some foods, added to
others, present in some medicines (such as antacids), and available as a dietary
supplement. Calcium makes up much of the structure of bones and teeth and
allows normal bodily movement by keeping tissue rigid, strong, and flexible
(Institute of Medicine, 2011).

1.3.1 Biological effects and physiology of calcium in the body

Extracellular fluid calcium concentration normally is regulated very precisely,

seldom rising or falling more than a few per cent from the normal value of about
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9.4 mg/dl, which is equivalent to 2.4 mmol calcium per liter. This precise control is
essential, because calcium plays a key role in many physiologic processes,
including contraction of skeletal, cardiac, and smooth muscles; blood clotting; and
transmission of nerve impulses, to name just a few. Excitable cells, such as
neurons, are very sensitive to changes in calcium ion concentrations, and increases
in calcium ion concentration above normal (Hypercalcemia) cause progressive
depression of the nervous system; conversely, decreases in calcium con-centration
(hypocalcaemia) cause the nervous system to become more excited. An important
feature of extracellular calcium regulation is that only about 0.1 per cent of the
total body calcium is in the extracellular fluid, about 1 per cent is in the cells, and
the rest is stored in bones. Therefore, the bones can serve as large reservoirs,
releasing calcium when extracellular fluid concentration decreases and storing

excess calcium (Guyton and Hall, 2007).

The small ionized pool of calcium has a role in the circulatory system,
extracellular fluid, and various tissues mediates blood vessel contraction and
dilation, muscle function, blood clotting, nerve transmission, and hormonal
secretion (Institute of Medicine, 2011 and Heaney et al., 2010). Calcium from
foods and dietary supplements is absorbed by both active transport and by passive
diffusion across the intestinal mucosa (Institute of Medicine, 2011 and Weaver and
Heaney, 2014). Active transport is responsible for most absorption when calcium
intakes are lower, and passive diffusion accounts for an increasing proportion of
calcium absorption as intakes rise (Institute of Medicine, 2011 and Weaverand
Heaney,2014).

Almost all calcium in the body is stored in the bones, and the body uses the bones
as a reservoir for, and source of, calcium to maintain calcium homeostasis
(Institute of Medicine, 2011). More than 99% of calcium in the body is in the form
of calcium hydroxyapatite, an inorganic matrix of calcium and phosphate that is
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stored in the bones and teeth (Institute of Medicine, 2011, Weaver, 2020,
WawrzyniakamdSuliburska, 2021). An inverse relationship exists between calcium
intake and absorption. Absorption of calcium from food is about 45% at intakes of
200 mg/day but only 15% when intakes are higher than 2,000 mg/day (Fairweather
and Teucher, 2002).

1.3.2 Calcium deficiency

Calcium deficiency can reduce bone strength and lead to osteoporosis, which is
characterized by fragile bones and an increased risk of falling. Calcium deficiency
can also cause rickets in children and other bone disorders in adults, although these
disorders are more commonly caused by vitamin D deficiency. In children with
rickets, the growth cartilage does not mineralize normally, which can lead to
irreversible changes in the skeletal structure. Another effect of chronic calcium
deficiency is osteomalacia, or defective bone mineralization and bone softening,

which can occur in adults and children (Institute of Medicine, 2011).

For rickets and osteomalacia, the requirements for calcium and vitamin D appear
to be interrelated in that the lower the serum vitamin D level (measured as 25-
hydroxyvitamin D [25(OH)D]), the more calcium is needed to prevent these
diseases (Sempos et al., 2021). Hypocalcaemia (serum calcium level less than 8.5
mg/dL [2.12 mmol/L] or an ionized calcium level below 4.61 mg/dL [1.15
mmol/L]) is usually a result of a vitamin D or magnesium deficiency, impaired
parathyroid hormone (PTH) production leading to hyperparathyroidism, impaired
bone resorption of calcium, critical illness, or use of certain medications (e.g.,
bisphosphonates, cisplatin, or proton pump inhibitors) (Fong and Khan, 2012 and
Bove and Mannstadt, 2018). The most common symptom is increased
neuromuscular irritability, including perioral numbness, tingling in the hands and

feet, and muscle spasms (Bove and Mannstadt , 2018).
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1.3.3 Hypercalcemia

Hyperkalemia (serum levels greater than 10.5 mg/dL [2.63 mmol/L]) and
hypercalciuria (urinary calcium levels higher than 250 mg/day in women and 275
mg/day in men) are rare in healthy people and usually result from cancer, primary
hyperparathyroidism, and other conditions (Institute of Medicine, 2011 and
Weaver et al., 2020). Severe signs and symptoms can include renal calcification or
Injury, brain calcification, neurologic symptoms (e.g., depression and bipolar
disorder), cataracts, congestive heart failure, paresthesia, seizures, and, in rare

cases, coma (Fong and Khan, 2012 and Pepe et al., 2020).
1.4 Alkaline phosphatase

Alkaline phosphatases are a group of isoenzymes, located on the outer layer of
the cell membrane; they catalyze the hydrolysis of organic phosphate esters present
in the extracellular space. Zinc and magnesium are important co-factors of this

enzyme.
1.4.1 Biological effects and physiology of alkaline phosphatase in the body

Alkaline phosphatases are classified as tissue-specific and tissue nonspecific
types. Alkaline phosphatases found in the intestine, placenta, and germinal tissue
are tissue-specific. This means they are found only in the tissues where they are
expressed in physiological conditions. They may also contribute to the circulating
pool of serum alkaline phosphatase under specific situations when there is
increased stimulation of their production. The tissue-nonspecific alkaline
phosphatases form most of the fraction circulating in serum and, therefore, is of
clinical interest. A single gene encodes it and is expressed in the liver, bone, and
kidneys. Intestinal alkaline phosphatase is coded by a separate gene, which is
different from the gene that codes for placental alkaline phosphatase and the Regan

iIsoenzymes (produced in excess amounts in Hodgkin lymphoma). All tissue-
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nonspecific alkaline phosphatases have the same amino acid sequence but different
carbohydrate and lipid side chains; posttranslational modifications confer their
unique physicochemical properties (Castells et al., 2018 and Cristoferi et al.,
2018).

Although alkaline phosphatases are present in different body tissues and have
different physiochemical properties, they are true isoenzymes because they
catalyze the same reaction. In the liver, alkaline phosphatase is cytosolic and
present in the canalicular membrane of the hepatocyte. Alkaline phosphatase is
present in decreasing concentrations in the placenta, ileal mucosa, kidney, bone,
and liver. The majority of alkaline phosphatase in serum (more than 80%) is
released from liver and bone, and in small amounts from the intestine. Even though
alkaline phosphatases are present in many tissues throughout the body, their
precise physiological function remains largely unknown (Pinart et al., 2020 and
Doelen et al., 2019).

Serum alkaline phosphatase levels will vary with age in normal individuals.
Levels are high during childhood and puberty due to bone growth and
development. The decrease in level in the 15 to 50 year age group is slightly higher
in men than in women. These levels rise again in old age (significant difference in
gender distribution). The reasons for these normal variations are not known.
Research has shown a positive correlation with body weight and smoking, and
there is an inverse correlation with height (Azpiazu et al., 2019; Brichacek and
Brown, 2019; Heinrich et al., 2018).

In individuals with blood groups O and B, serum alkaline phosphatase levels
increase after consuming a fatty meal, due to contribution from the intestinal tract.
As this elevation can persist for up to 12 hours in the serum, the recommendation
Is to check the serum enzyme levels in a fasting state (Matsushita et al., 2013).

1.4.2 High alkaline phosphatase blood levels
17
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The liver is the source in most patients with elevated enzyme levels. Increased
osteoblast activity seen in disorders of the bone or normally during periods of
growth is the next likely contributor. Alkaline phosphatase behaves like any other
serum protein. It has a half-life of 7 days, and clearance from serum is independent
of bile duct patency or functional cap a governorate of the liver. However, the site
of degradation of alkaline phosphatase is not known. Serum alkaline phosphatase
levels may remain elevated for up to 1 week after the resolution of biliary
obstruction. The influx of placental alkaline phosphatase in the late third trimester

contributes to the rise in pregnant women (Masrour and Mahjoub, 2012)

The mechanism of the increase in alkaline phosphatase in hepatobiliary disorders
has been a matter of debate. Research has convincingly shown that it is due to
increased enzyme synthesis and not to reduced hepatobiliary excretion of the
enzyme. Increased hepatic enzyme activity demonstrably parallels the rise in serum
alkaline phosphatase activity; this occurs primarily due to increased translation of
the mMRNA of alkaline phosphatase (mediated by the rising bile acid concentration)
and increased secretion of alkaline phosphatase into serum via canalicular leakage
into the hepatic sinusoid. The mechanism that precipitates its release into the
circulation has not been elucidated. Studies report that vesicles containing alkaline
phosphatase, and many such enzymes bound to the sinusoidal membranes, are
found in the serum of patients with cholestasis. Because alkaline phosphatase is
newly synthesized in response to biliary obstruction, its serum level may be normal
in the early phase of acute biliary obstruction even when the serum
aminotransferases are already at their peak (Masrour and Mahjoub, 2012 and Pike
et al., 2013).

Bellastellaet al, (2021), found a significant negative correlation between serum
vitamin D and ALP; in healthy individuals of both sexes, particularly in females,

and at different age groups (> 18 < 40 and in people > 40 < 65). In the study of
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Shaheen et al., (2012) on adult females, all of the patients in the three groups of
vitamin D deficiencies (mild, moderate and sever) had alkaline phosphatase within
normal limits and the total mean value of the enzyme was 135.97 + 68.141 U/L, but
the inter group comparison showed highest values of alkaline phosphatase in the

moderate vitamin D deficiency group.

To our knowledge, studies on bone markers in the young Yemeni women are
lacking. This study will investigate some available bone related biochemical
markers in Yemeni women of reproductive age, in Ibb governorate, considering the

marital and lactating states of them.

19



Chapter 2

Objectives



Chapter 2 obiectives

2. Objectives

2.1 General Objective

The general objective of this study is to Evaluate Some Bone Health
Related Biochemical Markers (serum vitamin D, Alkaline Phosphatase,

Calcium) in Yemeni Women of Reproductive Age, in Ibb Governorate.
2.2 Specific Objectives

= To estimate the biochemical markers in the married and non-married,
Yemeni women of reproductive age, in Ibb governorate.

» To investigate the biochemical markersin the lactating and non-
lactating, Yemeni women of reproductive age, in Ibb governorate.

= To examine the correlations between the different biochemical
parameters with each other.

= To study the correlations between the different biochemical parameters
and other factors such as age, number of children, exposure to the sun

and the education level.
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3. Method and Materials:
3.1 Type of study:

This study is a cross-sectional one.

3.2 Study area, population and sample size:

The study was conducted on 81 non-pregnant women of reproductive
age (range: 18-43 years),from different areas in Ibb governorate, from
June — July, 2022. Samples were tested for serum alkaline phosphatase
and calcium in the laboratories of Al-Thowra hospital. Vitamin D test

was performed in the laboratories of Al-Noor hospital, Ibb governorate.

3.3 Inclusion Criteria:
= Being women of child-bearing age.
= Resident in Ibb governorate.

= Free from physiological conditions (e.g. pregnancy), or systemic
diseases that may affect the studied parameters (e.g. fractures,

hepatic diseases, etc.).
3. Exclusion Criteria:
= Being women of post-menopausal age.
= Not resident in Ibb governorate.
= Pregnant women

= Evidence of the presence of systemic diseases that may affect the

studied parameters (e.g. fractures, hepatic diseases, etc.).
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3.5 Ethical considerations:

All participants gave an informed consent to use their information
and blood. The proposal of the study was approved by the dean of the
college of medical sciences, The International Malaysian University, Ibb

governorate ".

3.6 Data collection:
3.6.1 Questionnaire:

Face to face interviews were used to collect data from enrolled
subjects. All of the volunteers in the study who agreed to participate in this
study were asked to complete a personal data and questionnaire which was
designed to meet the study needs. It included issues about and socio-
geographic parameters: personal information like name, age, gender, address,
and marital status, number of children, pregnancy and lactation. In addition, it
included other information about exposure to sunlight, bone diseases and
drugs received. Most questions were yes or no question which offers a

dichotomous choice.
3.6.2 Sampling and sample collection:

Blood samples were collected by withdrawing 3ml of venous blood
into new plastic tubes with a tight -fitting lid. The tubes were left at room
temperature until coagulation was complete. Then, they were centrifuged for
10 min. at 3000 rpm. Serum was separated and frozen in Eppendorf's tubes at

—20C until being examined for the biochemical tests.
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3.6.3 Biochemical analysis:

For the biochemical tests (Serum ALP, Ca, vitamin D), all reagents,
calibrators, controls and samples were brought to room temperature prior
to starting the test run. A spectrophotometer (Copra BTS-350 , Bio
systems ,Spain) was used to measure the absorbance of the ALP and Ca
tests for each sample. Vitamin D was tested by reagent produced by
(Roche Diagnostics, Germany) on an instrument of Immune -

chemiluminescence technique (COBAS e411, Hitachi, Japan).

3.6.3.1 Serum calcium measuring:

- Procedure

1. Reagents and samples were brought to room temperature.

2. Into labeled test tubes, it was pipetted:

CAL.
TUBES Blank Sample Standard
Woarking reagent 1.0 mL 1.0 mL 1.0 mL
Sample - 10 pL -
CAL Standard — 10 pL

3. The tubes were mixed and let stand for 5 minutes at room temperature.

4. The absorbance (A) of the samples and the standard was read in the

spectrophotometer at660 nm against the reagent blank.
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- Calculations:

A Sam ple

¥ C standard = mg/dL total calcium

A Standard (standard conc. = 10 mg/dL)

- Reference values in adult female serum

8.5-10.5 mg/dL

3.6.3.2 Alkaline phosphate

- Procedure

Working reagent, samples and controls were brought to room

temperature (25°C).

A pill was taken from the first reagent container (R1) and dissolved in
a 15 ml of (R2) which was pulled from the second container, and they

were mixed in an empty container.

The spectrophotometer was set to 0 absorbance with distilled water at
404 nm.

1 ml of the readily prepared reagent was pipetted into a new test tube.
20 ul of serum was added into to the same tube, and mixed gently.

Mixture was poured to a cuvette. Then, cuvette was inserted into the

cell holder and stopwatch was started.

= Cuvette was incubated for 1 minute and initial absorbance reading

was recorded.

» The absorbance readings were repeated exactly after 1, 2 and

3minutes.

= The differences between absorbance were calculated.
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= The mean of the results was calculated to obtain the average change

in absorbance per minute (A A/min).
- Calculations:
U/L = AA/min x 2745 (37°C)

- Reference values in adult non-pregnant, none post-menopausal female

serum

38-154 U/L (25°C))

3.6.3.3 Vitamin D

- Intended use

This assay is intended for the quantitative determination of total 25
hydroxyvitamin D in human serum. This assay is to be used as an aid in the
assessment of vitamin D sufficiency. The electrochemiluminescence binding

assay is intended for use on Elecsys and COBAS e immunoassay analyzers.

» 3rd incubation: After addition of streptavidin coated micro particles
and 25 hydroxyvitamin D labeled with biotin, unbound ruthenylated
labeled vitamin D binding proteins become occupied. A complex
consisting of the ruthenylated vitamin D binding protein and the
biotinylated 25 hydroxyvitamin D is formed and becomes bound to the

solid phase via interaction of biotin and streptavidin.

Their action mixture is aspirated into the measuring cell where the micro
particles are magnetically captured onto the surface of the electrode.
Unbound substances are then removed with ProCell/ProCell M. Application
of a voltage to the electrode then induces chemiluminescent emission which

Is measured by a photomultiplier.
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Results are determined via a calibration curve which is instrument-
specifically generated by 2 point calibration and a master curve provided via

the reagent barcode or e barcode.
- Procedure

1. Reagent cartridge was put in the reagent tray of the COBAS e 411

instrument.

2. Scan button was pressed to identify the information from the barcode

of the reagent.

3. Sample were put in the in the sample tray of the COBAS e 411

instrument.

4. Data related to the test (hame and number of patient, and sample

position) were inserted, and register button was pressed.
5. Start button was pressed, and the analysis was initiated.

6. The result were appeared in the display after 27 minutes and recorded.
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3.7 Data analysis:

Data were analyzed using the Statistical Package for Social Sciences
program (SPSS-IBM, version 20) and were introduced in columns and tables
patterns. Means £ SD, percentages and ranges were collected. T-test was used
to compare the differences between the means of the continuous parameters
of each two groups (married vs. non-married, and lactating vs. lactating).
Pearson correlation test was used to study the relationship between any two
continuous parameters in each one of the two groups. Spearman correlation
test was used to study the relationship between the categorical parameters and
the continuous parameters. Kruskal-Wallis test was used to study the effect
of the categorical variables on the continuous variables. Mann-Whitney test
was used to study the effect of the nominal variables on the parametric

variables.

Statistical significance was determined at a level of P <0.05.
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3.8 Material and reagent:
3.8.1 Material:

Glass test tubes, Plain tubes, Automated COBAS E411 immunoassay
analyzers(Roche Diagnostics, Germany),spectrophotometer (Copra BTS-
350,Biosystems, Spain ), centrifuge (ROTOFIX 32 A , China), syringes
,Eppendorf's tubes, cotton, micro- pipettes, cuvette and general laboratory

equipment.
3.8.2 Reagents:

» Calcium commercially available kit (supereact, Spain).

=  ALP commercially available kit (supereact, Spain).

= Vitamin D3 commercially available kit (Reagent of elecsys and
COBAS E411 immunoassay analyzers, Roche Diagnostics, Germany)

= Working reagents of automated COBAS E411 immunoassay
analyzers, Roche Diagnostics, Germany (Wash solution, Pro-cell,

Clean-cell, cups, tips)

= Other covenantal laboratory reagents.
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4 Results:

This research which performed to study some biochemical biomarkers
related to bones health in females of reproductive age (mean +SD = 28.08
+6.60 years, Range: between 16 and 43 years) in Ibb governorate. The total
number of enrolled subjects in this study was 81 women. The geographic
parameters show that most of enrolled women are married (74.68%) (as
shown in figure 4.1), and from all the participants; nursing (lactating)
females are 50.62% (figure 4.2).
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Figure (4.1): Percent of marital state in the women subjects
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Figure 4.2:Percent in lactating and non-lactating women subjects
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As presented in figure 4.3, study level of the female subjects in this study
showed a wide variation between them. About 36.23% of them are
graduated, 28.99% had completed their secondary education, 26.09% had
completed their primary study, 7.25% are illiterate and only 1.45% are
post-graduated.

study level
M litrate
H Primary
O secondary
M Graduste
[ Poatgracuste

Figure (4.3): Percent of the study level in the women subjects

For number of children of the study population, figure 4.4 showed that
most (31.65%) of the volunteer females in this study have no babies (most
of them are single females). However, 12.66% of the subjects have 1 baby,
15.19% have 2 babies, 12.66% have 3 babies, 12.66% have 4 babies,
7.59% have 5 babies, 3.79% have 6 babys,2.53% have 7 babies, and 1.26%
have 8 babies (figure 4.4).
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Figure 4.4:Percent of number of children in the women subjects

For the time of exposure to sun light per day by the subjects, 37.66% of
them are not exposed to the direct sunlight daily. However, 41.56% of them
are exposed to the direct sunlight for 5-15 minutes daily, and 14.29% of
them are exposed to the direct sunlight for 15-30 minutes daily, and the
minority of them (6.49%) are exposed to the direct sunlight for 60 minutes

and more daily (figure 4.5).
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Figure 4.5: Percent of the time of daily exposing to the direct sunlight in the women subjects

Table 4.1 shows the biochemical parameters of the participants in this
study. Mean serum vitamin D3 level in the subjects is 13.39 ng/ml; which is
within the moderate deficiency, while the optimum value is ranged from
25-80 ng/ml. Mean serum Calcium level is 8.48 mg/dl; which is slightly
lower than the lower limit of the normal range (8.5-10.5 mg/dl), however,
mean serum alkaline phosphatase level is 170.5 U/L; which is fairly higher
than the normal range (38-154 U/L).
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Table 4.1: Some bone related biomarkers in the women subjects

Minimum  Maximum Mean Std. Deviation
Vitamin D3 (ng/ml) 3.00 47.95 13.39 8.02
S. Calcium (mg/dl) 6.30 11.70 8.48 0.83
Alk. Phosphatase (U/L) 100.00 540.00 170.50 69.59

The Pearson's correlation test between the parametric variables shows only
significant negative correlation (P< 0.05) between Vitamin D3 levels
(ng/ml) and Alk. Phosphatase levels (U/L) as seen in table 4.2 and in figure
4.6.

However, Spearman's correlation shows no significant relationship between

the parametric and the non-parametric variables.

Table 4.2: Correlation between the different bone related biochemical parameters in the women
subjects

Age Children AlK. phosphatase S. Calcium
r P-value r P-value r P-value r P-value
Vitamin D3 | -0.055 0.630 -0.186 0.101 -0.241 | 0.030* | 0.018 | 0.872
S. Calcium -0.169 0.137 -0.184 0.192 0.009 0.938 - -
Alk. -0.132 0.247 0.164 0.149 - - - -
Phosphatase
*:P<0.05
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Figure 4.6: Correlation between vitamin D3 and alkaline phosphatase in the subjects

To study the differences between the married women and non- married
women in their biochemical parameters, unpaired t-test was performed. The
results show a significantly higher (P < 0.01) mean of Alk. Phosphatase
(U/L) levels in the married women as compared to the non-married women
(table 4.3).
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Table 4.3: A comparison between the bone related biomarkers in the married and non-married

women
Single (MeantSEM) | Married (Mean+SEM) | t-test | P-value
(n =20) (n=59)
Vitamin D3 16.03+2.14 12.73+0.95 1.401 0.173
S. Calcium 8.61+0.20 8.45+0.10 0.696 0.492
Alk. Phosphatase 143.80+8.13 180.40+9.94 -2.850 | 0.006**

**P<0.01

To study the differences between the lactating women and non-lactating
women in their biochemical parameters, unpaired t-test was performed. The
results show a significantly higher (P< 0.001) mean of Alk. Phosphatase
(U/L) levels in the lactating women as compared to the non-married

women (table 4.4).

Table 4.4: A comparison between the bone related biomarkers in the lactating and non-lactating

women.

Non-lactating women Lactating women t-test P-value
(MeantSEM) (MeantSEM)
(n =40) (n=141)
Vitamin D3 14.83+1.55 11.97+0.86 1.607 0.113
S. Calcium 8.53+0.71 8.42+0.147 0.558 0.579
Alk. 142.12+5.25 189.19+13.08 -3.976 | 0.000***
Phosphatase
***: P <0.001
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Table 4.5 shows the relationship between some non-parametric variables
related to the study and the performed biochemical tests. Kruskal- Wallis
test shows no significant effects of the different periods of time of exposure
to the sunlight on each one of the biochemical tests. In the contrary, Mann-
Whiteny test shows that marital state and lactating state have a significant
effect on mean serum Alk. Phosphatase levels, in which mean serum Alk.
phosphatase levels are significantly higher in the married and in the

lactating subjects (P < 0.05, and P <0.001, respectively).

Table 4.5: The relationship between some non-parametric variables and the bone related
biochemical markers in the subjects

Vitamin D3 Calcium Alk. Phosphatase
P-value P-value P-value
Exposure to 0.132 0.226 0.326
sunlight®
Marital state® 0.169 0.852 0.018*
Lactating® 0.395 0.974 0.00%**

(a): Kruskal- Wallis test
(b): Mann- Whiteny test
* P<0.05

**x: P <(0.01
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5. Discussion

The use of bone turnover markers in clinical practice and research in
younger people is limited by the lack of normative data and
understanding of common causes of variation in bone turnover marker
values in this demographic. To appropriately interpret bone turnover
markers, robust reference intervals specific to age, development and sex
are necessary (Callegari et al., 2016). The present study evaluates some

available bone markers females of reproductive age in Ibb governorate.

In the present study which included eighty one women of childbearing
age (mean £ SD = 28.08 + 6.60; range = 16-43 years), the percent of
married women was 74.68% while the percent of single women was
25.32%. In contrast, in the study of Khalfa and his colleagues, (2019), on
females of different age groups, they found that all females of all age
groups suffered from hypovitaminosis D3 due to bone disorders.
However, they reported that females that were single had lower vitamin
D3 levels as well as lower serum calcium levels compared to married
females, and they attributed that to their lacking sexual activity and inter
hormonal play. Nevertheless, pregnancy and lactating in married
females were demonstrated to contribute to vitamin D deficiency (Oboh
et al., 2021). Marriage is often considered to have a health-protective
effect and studies have found an association between being married and
lower rates of chronic illness, fewer physical limitations, and less
disability. However, early marriage (often defined as marriage at 20
years of age or younger) is associated with greater psychosocial distress,
lower educational attainment, and poorer long-term marital success. All
those factors associated with lower bone strength and bone density
(Miller-Martinez et al., 2014). Glover et al., (2008), mentioned that one
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turnover is elevated until skeletal maturity is reached, usually in the 3rd
decade of life. Women over 45 years of age have fewer ovulatory cycles
and a high biological variability of Bone turnover markers (BTMs) as
bone turnover is increased in premenopausal women prior to the loss of
estrogen in younger females at the end of puberty, high bone turnover is
present due to bone modeling, but subsides as bone growth halts and
newly formed osteoid undergoes primary and secondary mineralization
(Eastell, 2005). During skeletal growth in young females, bone mass is
accrued up until the third decade of life (Teegarden et al., 1995; Hansen,
1994). Suboptimal peak bone mass substantially increases the risk of
osteoporosis (and related fracture) in later life. Thus, strategies aimed at
optimizing peak bone mass in younger, premenopausal females are

crucial in its prevention (Hansen et al, 1991).

On the other hand, the percent of lactating women in our study was
50.62% and the percent of non-lactating women was 49.38%, and
31.65% of involved women in our study have no children as 25.32% of
them were non-married. Oboh et al., (2021), concluded that women who
breastfed for > 6 months had significantly reduced Bone mass density
(BMD). However, compared to women that breastfed for a < 4 months
there was no significant change in BMD. Also, six weeks after delivery
(clinically the postpartum phase) and beyond, lactation demands more
calcium and is supplied to the infant through breastmilk (Salari and
Abdollahi, 2014). About 200 mg/day of calcium is mobilized into
breastmilk during lactation (Sawo et al, 2013).

Also, as shown in the figure (4.3) for the classification of subjects
according to the educational level, the result showed that most subjects

are graduated (36.23%), and 28.99% have completed their secondary
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school, and 26.09% have completed their primary school, and only
1.45% are post-graduated. In accordance, in the study of Junaid et al.,
(2015), they found that risk of vitamin D deficiency was independently
associated with illiteracy; in the women of child-bearing age in Lahore

Pakistan.

Furthermore, in this study, mean serum calcium (8.348 £+ 0.83 mg/dl)
is lower than the normal range (8.5 - 10.5 mg/dl), and serum level of
vitamin D show a moderate deficiency (mean £ SD = 13.3918.2 ng/ml),
while the normal range is between 30 and 100 ng/ml. Similarly, in the
study of Junaid et al., (2015), in the women of child-bearing age in
Lahore Pakistan, they found that (73 %) of participants were vitamin D
deficient. Likewise, the results of the study of Shaheen et al, (2012) on
adult females showed that out of 110 samples, 26 had mild (23%), 61

had moderate (55%) and 21 had severe (19.1%) vitamin D deficiencies.

Moreover, in the present study, about 37.66% of the subjects are never
exposed to the sunlight daily, and most of them (41.56%) are exposed to
sunlight for only 5-15 minutes. Likewise, Junaid et al., (2015), found that
risk of vitamin D deficiency was independently associated with < 30 min
sun exposure per day; in the women of child-bearing age in Lahore
Pakistan. However, no correlation was found between the different
biochemical tests and the time of exposure to the sunlight in our study.
In similar, Kiran et al., (2014), found a positive correlation between sun
light exposure and Vitamin D status in males but not in females; in their
study on the healthy adults above the age of 20 living in Potheri village
of Kancheepuram district, Tamilnadu, India.

Vitamin D is a secosteroid synthesized in the skin when exposed to
sun light. Sun light is the major source of this vitamin in the body.
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Vitamin D is collective term given to Vitamin D3 (Cholecalciferol) and
Vitamin D, (ergocalciferol). Cholecalciferol is synthesized from the skin
when exposed to UV radiation. Ergocalciferol is obtained from fungi.
Although vitamin D status may be influenced by environmental factors
such as sun exposure and diet, variation in the genes encoding the
vitamin D 25-hydroxylase enzyme C YP2R1, the vitamin D binding
protein (DBP) and the vitamin D receptor (VDR) have also been
reported to associate with risk of vitamin D deficiency (Wang et al.,
2010; McGrath et al., 2010). Also, Junaid et al., (2015), showed that
vitamin D deficiency was associated with decreased sunlight exposure,
they did not demonstrate any association between veiling (wearing
Nekab) and risk of vitamin D deficiency; this finding is consistent with
that from a recent study in Bangladesh which was performed by Islam et
al., (1996), who reported that vitamin D deficiency was common among
women in that setting irrespective of veiling. The relative contribution of
environmental vs. genetic determinants of risk of vitamin D deficiency

has not previously been described in Yemeni women.

In addition, serum ALP in the conducted study is slightly higher
(mean+SD = 170.5+69.59 U/L) than the normal range (38-154 U/L).
Besides, serum ALP in our study is negatively correlated with serum
vitamin D levels (P <0.05) but not with serum Ca levels. This is in
agreement with the results of a recently published study which was
carried out by Bellastella et al., (2021), who found a significant negative
correlation between serum vitamin D and ALP; in healthy individuals of
both sexes, particularly in females, and at different age groups (> 18 <
40 and in people > 40 < 65). In the study of Shaheen et al., (2012) on
adult females, all of the patients in the three groups of vitamin D
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deficiencies (mild, moderate and sever) had alkaline phosphatase within
normal limits and the total mean value of the enzyme was 135.97 *
68.141 U/L. But in parallel to our study, the inter group comparison
showed highest values of alkaline phosphatase in the moderate vitamin

D deficiency group.

Alkaline phosphatase (ALP) is an enzyme found in several tissues
throughout the body. It can originate from the liver, bone, intestines, or
kidneys, but bone ALP and liver ALP constitute about 95% of the total
ALP activity in human serum. Elevated levels of ALP in the blood are
most commonly caused by liver disease or bone disorders. ALP levels
will rise in the serum following increased production by osteoblasts in a
state of high bone turnover. Throughout life, bone continuously
remodels itself through bone resorption and replacement (Bellastella et
al., 2021).

In this study, phosphate, estrogen, parathyroid hormone, several bone
markers, genetic factors, socio-geographic, anthropometric, physiologic
and life style factors were not investigated. However, the reduced budget
and the unavailability of most of the needed reagents are the cause.
Further studies including them should be conducted to study their inter-

correlation with the bone health in the Yemeni women.
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Chapter 6 Conclusion and recommendations

6. Conclusion and Recommendations:

6.1 Conclusion:

Yemeni women of childbearing age who are resident in Ibb governorate
have slight deficiency in serum Ca, and a moderate deficiency in Vit Ds,
and a slight elevation in ALP, which is negatively correlated significantly
with Vit Ds. This suggests a suboptimal bone mass formation in them,

particularly in married and in nursing one.
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6.2 Recommendations
It is recommended that:

1. Yemeni women expose their bodies to sunlight for more time or use

external vitamin D supplement.

2. Perform in health educational lectures in the schools and universities,
and in the television and social media that focus on the importance of
exposure to sunlight and that highlight the sources of food rich in

vitamin D and Calcium, particularly in pregnancy and lactation.

3. 3-Conducting further studies with large sample size that study socio-
geographic, anthropometric, physiologic and life style factors that

are related to the bone health in the Yemeni women.

4. 4-Carrying out further studies including further biochemical bone
markers and genetic factors that are related to the bone health in the

Yemeni women.
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