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ABSTRACT 

This study was conducted to determine the effect of ultraviolet radiation on muscle vitality in 

postmenopausal women with vitamin D deficiency. Thirty five postmenopausal women who 

suffering from vitamin D deficiency participated in this study, from the Outpatient Clinic of 

Faculty of Physical Therapy, Cairo University. Their age ranged from (45 to 60) yrs., body mass 

index (BMI) ranged from 25 to 30 kg/m
2
. They were assigned randomly into two groups (A&B). 

Eighteen postmenopausal women of group (A) received ultraviolet (3 sessions per week) in 

addition to regular aerobic exercises with vitamin D supplement (800 IU) daily for 3 months and 

seventeen postmenopausal women in group (B) received regular aerobic exercises with vitamin D 

supplement (800 IU) daily only for 3 months. Assessment of all women in both groups (A&B) 

was carried out before and after the end of the treatment program (3 months) through measuring 

level of serum 25-hydroxyvitamin D, muscle vitality, as well as, quality of life. The results 

showed a statistically highly significant (P < 0.001) increase in serum 25-hydroxyvitamin D and 

quality of life in group (A) than in group (B), there was a statistically highly significant (P < 

0.001) increase of peak torque of knee flexors as well as extensors in group (A) post treatment in 

compare to pre treatment, while there was no significant difference in group (B) post treatment as 

well as between both groups (A&B) pre and post three months of treatment. 

Accordingly, it could be concluded that ultraviolet is an effective, non- invasive, safe, 

easy to apply, simple and successful method for improving concentration of vitamin D and 

quality of life in postmenopausal women. 

Key words: Muscle vitality, Postmenopause, Ultraviolet, Quality of life, aerobic exercises and 

Vitamin D supplement. 
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CHAPTER (I) 

INTRODUCTION 

Menopause (Greek: mene (Month): pausis (Stop), defined as the 

cessation of menstrual period, physiologically it results from the natural 

depletion of ovarian follicular function: a condition that translates into 

permanent amenorrhoea (the permanent cessation of menstrual flow) 

generally associated with aging (Monteleone et al., 2018).  

Menopause is defined as the cessation of menstruation for at least 

one year due to degeneration of ovaries and follicles and changing 

ovarian hormone levels. Decreased ovarian function precedes menopause 

in the climacteric or perimenopausal period along with menstrual cycle 

changes and vasomotor symptoms, typically beginning gradually long 

before menses cease (Avis et al., 2015). 

Concerning the menopausal status, the following definitions were 

used: Premenopausal (women having regular menses and ≥ 12 menses 

during the last 12 months): perimenopausal (irregular menses, less than 

12 menses during the last 12 months) and postmenopausal (no more 

menses in the last 12 months) (Harlow et al., 2012). 

As women enter the transition phase of menopause, there will be 

significant changes in their gonadal hormones. There will be an increase 

in follicular stimulating hormone (FSH) and a decline in estrogen relative 

to premenopause. Many women develop many somatic and psychological 

symptom cluster called postmenopausal syndrome (Davis et al., 2015).  

 The signs and symptoms of menopause are characterized by onset 

of irregular menses, hot flushes and night sweats. Menopause is known to 

be associated with changes in biopsychosocial changes, e.g. mood 



swings, anxiety, sexual dysfunction, stress, forgetfulness and sleep 

disturbances. During menopause estrogen levels decline, leading on sleep 

impairment, depressive disorders, cognitive decline and various physical 

ailments like osteoporosis, vaginal atrophy and sexual dysfunction 

(Freeman et al., 2011). 

Aging is associated with a natural decline in physiological 

functions, including a loss of bone mass density (BMD), muscle mass and 

strength called sacropenia. Overall, the decline in muscle mass averages 

0, 4 to 0, 8 kg per decade, starts at the age of 20 years old results in 

functional impairment, the need for assistance in the performance of daily 

activities and an increased risk of falling and nonvertebral fractures. 

Therefore, the preservation of muscle strength in the postmenopausal 

women is of major importance (Nowson et al., 2012).  

Postmenopausal women are prone to develop vitamin D deficiency 

because of various risk factors: increasing age, decreased dietary intake, 

diminished sunlight exposure, wintertime, nursing home environment, 

reduced skin thickness, a decrease in the capacity of the skin to 

synthesize vitamin D, impaired intestinal absorption, and impaired 

hydroxylation in the liver and kidneys (Beaudart et al., 2014). 

 Vitamin D deficiency is a widespread and global problem. To 

determine vitamin D status, Serum 25-dihydroxyvitamin D {25(OH)D} is 

measured in the blood. Insufficient vitamin D levels are at 20 ng/mL to 

29 ng/mL, levels below 20 ng/mL are defined a deficiency (Callegari et 

al., 2015). 

Vitamin D deficiency is usually asymptomatic, but  

postmenopausal women may present with generalized muscle weakness. 

Muscle weakness and pain are prominent features of vitamin D 

deficiency that respond to replacement. 25(OH)D levels correlate with 



muscle strength in healthy individuals and predict the risk of functional 

decline and sarcopenia in postmenopausal women.  There is a positive 

correlation between serum levels of 25OHD and myostatin, a negative 

regulator of muscle mass in postmenopausal women (Szulc et al., 2012). 

Muscle weakness due to vitamin D deficiency is predominantly of 

the proximal muscle groups and is manifested by a feeling of heaviness in 

the legs, tiring easily, and difficulty in mounting stairs and rising from a 

chair. Muscle atrophy particularly of type II fibers has been described 

histopathologically (Christensen et al., 2013). 

The biologically active form of vitamin D, 1,25(OH)2D, binds to its 

cognate receptor: the vitamin D receptor (VDR). VDR is a member of the 

nuclear receptor superfamily that regulates expression of many genes 

including those involved in calcium (Ca
2+

) /phosphate homeostasis and 

cellular proliferation and differentiation. The 1,25(OH)2D-VDR complex 

also exerts rapid, non-genomic effects on intracellular signaling and Ca
2+

 

flux (Girgis et al., 2014). 

VDR is expressed in skeletal muscle and modulates the uptake of 

vitamin D in this tissue. Upon entry into muscle, vitamin D alters Ca
2+

 

flux by mechanisms involving protein kinase C and rapid inositol 

triphosphate (IP3)-dependent Ca
2+

 shifts from the sarcoplasmic reticulum 

to the cytosol, thereby potentially influencing muscle contraction and 

relaxation, with direct repercussions on the functional capacity of 

postmenopausal women. Vitamin D treatment of cultured muscle cells 

leads to doubling in the size of differentiated myotubes (Abboud et al., 

2013) 

Molecular mechanisms of action of 1,25-dihydroxyvitamin D3 

(1,25(OH)2D) and other vitamin D metabolites include genomic and non-

genomic effects. Genomic effects on the classical target organs bone, 



skeletal muscle, parathyroid glands, intestine and kidney. These effects of 

1,25(OH)2D facilitate the calcification of bone matrix and include an 

increased absorption of Ca
2+

 and phosphate from the intestine, and 

increased reabsorption of Ca
2+

 in the kidney (Pfeifer et al., 2002).  

In the meantime, vitamin D receptors have been demonstrated in 

most ‘non-classical’ target tissues of the body including smooth muscle, 

heart muscle, thyroid, cells of the immune system, brain, liver, lung, 

colon, gonads, prostate, skin and others. Genomic effects are initiated by 

binding of 1,25(OH)2D to its nuclear receptor, which results in changes in 

the gene transcription of mRNA and subsequent de novo protein 

synthesis (Wang & DeLuca, 2011). 

  Non-genomic effects of vitamin D are rapid and mediated through 

a membrane-bound VDR. The binding to the receptor initiates a cascade 

leading to the formation of a second messenger (cAMP, diacylglycerol, 

inositol triphosphate, arachidonic acid) or phosphorylation of intracellular 

proteins (Girgis et al., 2013).  

Ultraviolet is electromagnetic energy which falls between visible 

rays and x-rays and have wavelength between 10 nm and 400 nm. It is 

divided in to: UVA: Wavelength 315-400 nm, UVB: Wavelength 280-

315 nm, UVC: Wavelength below 280 nm (De Gruijl, 2011). 

  In the skin, under influence of type-B ultraviolet exposure, 7-

dehydrocholesterol is photo converted to previtamin D3, which is 

converted to vitamin D3 (cholecalciferol). In the serum, bound to a 

vitamin D binding protein (DBP), vitamin D3 is transported to the liver, 

where it is hydroxylated to 25(OH)D3. In the kidneys, 25(OH)D3 is 

further metabolized to 1,25-dihydroxyvitamin D3 [1,25(OH)D3], the 

biologically active form of vitamin D (Deluca, 2014). 



It has been understood for many years that, exposure to artificial 

ultraviolet exposure or artificial sun light is curative for vitamin D 

deficiencies (Svobodova et al., 2012). 

Purpose of the study:       

The aim of this study is to determine the effect of ultraviolet 

exposure on muscle vitality in postmenopausal women with vitamin D 

deficiency.  
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CHAPTER (II) 

REVIEW OF LITERATURE 

 Menopause  

Menopause, also known as the climacteric, is the time in most 

women’s lives when menstrual periods stop permanently, and they are no 

longer able to bear children. Menopause typically occurs between 49 and 

52 years of age. The mean age of the menopause in Egyptian females is 

46.7(Chattha et al., 2008).  

Menopause as having occurred when a woman has not had any 

vaginal bleeding for a year, it may also be defined by a decrease 

in hormone production by the ovaries (Takahashi & Johnson, 2015).  

Premenopause is a term used to mean the years leading up to the 

last period, when the levels of reproductive hormones are becoming more 

variable and lower, and the effects of hormone withdrawal are 

present. Premenopause starts some time before the monthly cycles 

become noticeably irregular in timing (Harlow et al., 2012). 

The term perimenopause, which literally means around the 

menopause, refers to the menopause transition years, a time 

before and after the date of the final episode of flow, typically begins 

between 40 and 50 years of age (average 47.5). This transition can last for 

four to eight year ending 12 months after the last menstrual period 

(McNamara et al., 2015). 

During perimenopause, estrogen levels average about 20–30% 

higher than during premenopause, often with wide fluctuations. These 

fluctuations cause many of the physical changes during perimenopause as 

well as menopause. Some of these changes are hot flashes, night sweats, 

difficulty sleeping, vaginal dryness or atrophy, incontinence, 

https://en.wikipedia.org/wiki/Menstrual_period
https://en.wikipedia.org/wiki/Fertile
https://en.wikipedia.org/wiki/Hormone
https://en.wikipedia.org/wiki/Ovaries
https://en.wikipedia.org/wiki/Estrogen
https://en.wikipedia.org/wiki/Hot_flash
https://en.wikipedia.org/wiki/Fecal_incontinence


osteoporosis, and heart disease. During this period, fertility diminishes 

but is not considered to reach zero until the official date of menopause, 

once 12 months have passed after the last appearance of menstrual blood 

(Chichester &Ciranni, 2011). 

Postmenopausal describes women who have not experienced any 

menstrual flow for a minimum of 12 months, or, more accurately, after 

the point when her ovaries become inactive, assuming that they have 

a uterus and are not pregnant or lactating. In women without a uterus, 

menopause or postmenopause can be identified by a blood test showing a 

very high follicular stimulating hormone (FSH) level. Any period-like 

flow during postmenopause, even spotting, must be reported for the 

possibility of endometrial cancer (Davis et al., 2015). 

A woman’s reproductive hormone levels continue to drop and 

fluctuate for some time into postmenopause, so hormone withdrawal 

effects such as hot flashes may take several years to disappear 

(Pinkerton, 2015). 

Etiology of menopause 

The menopausal transition, and postmenopause itself, is a natural 

change, not usually a disease state or a disorder occurs between 49 and 52 

years of age. Known causes of premature ovarian failure include 

autoimmune disorders, thyroid disease, diabetes mellitus, chemotherapy, 

being a carrier of the fragile X syndrome gene, and radiotherapy. 

However, in the majority of spontaneous cases of premature ovarian 

failure, the cause is unknown; it is generally idiopathic (Jack et al., 

2016).  

Women who have a functional disorder affecting the reproductive 

system (e.g., endometriosis, polycystic ovary syndrome, cancer of the 

https://en.wikipedia.org/wiki/Osteoporosis
https://en.wikipedia.org/wiki/Uterus
https://en.wikipedia.org/wiki/Lactation
https://en.wikipedia.org/wiki/Endometrial_cancer
https://en.wikipedia.org/wiki/Autoimmune_disorder
https://en.wikipedia.org/wiki/Thyroid
https://en.wikipedia.org/wiki/Diabetes_mellitus
https://en.wikipedia.org/wiki/Chemotherapy
https://en.wikipedia.org/wiki/Fragile_X_syndrome
https://en.wikipedia.org/wiki/Radiotherapy
https://en.wikipedia.org/wiki/Idiopathic
https://en.wikipedia.org/wiki/Endometriosis
https://en.wikipedia.org/wiki/Polycystic_ovary_syndrome


reproductive organs) can go into menopause at a younger age. The 

functional disorders often significantly speed up the menopausal process 

(Warren et al., 2009).  

An early menopause can be related to higher body mass index 

(BMI), racial and ethnic factors, illnesses, smoking, and the surgical 

removal of the ovaries (bilateral oophorectomy) which is often, but not 

always, done in conjunction with removal of the Fallopian tubes 

(salpingo-oophorectomy) and uterus (hysterectomy), and lead to cessation 

of menses (Monteleone et al., 2018).   

Removal of the uterus without removal of the ovaries 

does not directly cause menopause, although pelvic surgery of this type 

can often precipitate a somewhat earlier menopause, perhaps because of a 

compromised blood supply to the ovaries. At the physiological level, 

menopause happens because of a decrease in the ovaries production of 

the hormones estrogen and progesterone (Davis et al., 2015). 

Rates of premature menopause have been found to be significantly 

higher in fraternal and identical twins; approximately 5% of twins reach 

menopause before the age of 40. The sudden and complete drop in 

hormone levels usually produces extreme withdrawal symptoms such as 

hot flashes, and other symptoms of menopause (Harlow et al., 2012).   

 Signs and symptoms of menopause  

Before menopause, a woman’s periods typically become irregular, 

who means that periods may be longer or shorter in duration or be lighter 

or heavier in the amount of flow or spotting. During this time, women 

often experience hot flashes, these typically last from 30 seconds to ten 

minutes and may be associated with shivering, sweating, and reddening 

of the skin. Hot flashes often stop occurring after a year or two. Other 

https://en.wikipedia.org/wiki/Body_mass_index
https://en.wikipedia.org/wiki/Oophorectomy
https://en.wikipedia.org/wiki/Oophorectomy
https://en.wikipedia.org/wiki/Oophorectomy
https://en.wikipedia.org/wiki/Estrogen
https://en.wikipedia.org/wiki/Progesterone
https://en.wikipedia.org/wiki/Twins
https://en.wikipedia.org/wiki/Hot_flash
https://en.wikipedia.org/wiki/Sweating


symptoms may include vaginal dryness, trouble sleeping, and mood 

changes. The severity of symptoms varies between women. In some 

women, problems that were present like endometriosis or painful 

periods will improve after menopause (Freeman et al., 2011).  

During early menopause transition, the interval between menstrual 

cycles begins to lengthen. Hormone levels begin to fluctuate. Ovulation 

may not occur with each cycle (Hoffman & Barbara, 2012). 

The date of the final menstrual period is usually taken as the point 

when menopause has occurred. Dysfunctional uterine bleeding is often 

experienced by women approaching menopause due to the hormonal 

changes that accompany the menopause transition. Spotting or bleeding 

may simply be related to vaginal atrophy, a benign sore (polyp or lesion), 

or may be a functional endometrial response. In post-menopausal women, 

however, any genital bleeding is an alarming symptom of malignant 

diseases (Hoffman & Barbara, 2012). 

Symptoms that may appear during menopause and continue 

through postmenopause include painful intercourse, vaginal dryness, 

atrophic vaginitis, thinning of the membranes of the vulva, the vagina, 

the cervix, and the outer urinary tract, along with considerable shrinking 

and loss in elasticity of all of the outer and inner genital areas (Avis et al., 

2015). 

Other physical symptoms of menopause include lack of energy, 

joint soreness, stiffness,
 
back pain,

 
breast enlargement,

 
breast pain, heart 

palpitations,
 
headache, dizziness,

 
dry itchy skin,

 
thinning, tingling skin, 

weight gain, urinary incontinence,  urinary urgency,
 
interrupted sleeping 

patterns, heavy night sweats, hot flashes (Monterrosa-Castro et al., 

2013).  

https://en.wikipedia.org/wiki/Vaginal_dryness
https://en.wikipedia.org/wiki/Endometriosis
https://en.wikipedia.org/wiki/Painful_periods
https://en.wikipedia.org/wiki/Painful_periods
https://en.wikipedia.org/wiki/Dysfunctional_uterine_bleeding
https://en.wikipedia.org/wiki/Polyp_(medicine)
https://en.wikipedia.org/wiki/Bleeding
https://en.wikipedia.org/wiki/Dyspareunia
https://en.wikipedia.org/wiki/Vaginal_dryness
https://en.wikipedia.org/wiki/Vaginal_dryness
https://en.wikipedia.org/wiki/Atrophic_vaginitis
https://en.wikipedia.org/wiki/Vulva
https://en.wikipedia.org/wiki/Vagina
https://en.wikipedia.org/wiki/Cervix
https://en.wikipedia.org/wiki/Urinary_tract
https://en.wikipedia.org/wiki/Fatigue_(medical)
https://en.wikipedia.org/wiki/Arthralgia
https://en.wikipedia.org/wiki/Joint_stiffness
https://en.wikipedia.org/wiki/Back_pain
https://en.wikipedia.org/wiki/Mastodynia
https://en.wikipedia.org/wiki/Heart_palpitation
https://en.wikipedia.org/wiki/Heart_palpitation
https://en.wikipedia.org/wiki/Headache
https://en.wikipedia.org/wiki/Dizziness
https://en.wikipedia.org/wiki/Xeroderma
https://en.wikipedia.org/wiki/Itch
https://en.wikipedia.org/wiki/Paresthesia
https://en.wikipedia.org/wiki/Obesity
https://en.wikipedia.org/wiki/Urinary_incontinence
https://en.wikipedia.org/wiki/Urinary_urgency
https://en.wikipedia.org/wiki/Night_sweat
https://en.wikipedia.org/wiki/Hot_flash


Psychological symptoms include anxiety, poor memory, inability 

to concentrate, depressive mood, irritability, mood swings, less interest in 

sexual activity (Llaneza et al., 2012). 

A possible increased risk of atherosclerosis, the risk of acute 

myocardial infarction and other cardiovascular diseases rises sharply after 

menopause, Women who experience menopause before 45 years of age 

have an increased risk of heart disease and death (Muka, 2016). 

Pathogenesis of menopause 

Menopausal symptoms arise from the failure of ovarian function 

owing to the depletion of ovarian follicles. This process involves a series 

of hormonal alterations over a period of years, a period known as 

menopausal transition (perimenopause), beginning with the decline in 

levels of inhibin B, resulting in a decline in their negative feedback action 

on the FSH release from the pituitary gland (Harlow et al., 2012). 

 After menopause, the ovaries are depleted of follicles, oestradiol 

(E2) and inhibin B production falls, as well as, decreases in progesterone 

secretion, ovulation and menstruation no longer occur. The loss of 

ovarian sensitivity to FSH and luteinizing hormone (LH) and the loss of 

negative feedback of E2 and inhibin B on the hypothalamic-pituitary unit 

result in increased production and release of gonadotropin release 

hormone (GnRH), FSH and LH. Increased FSH levels are particularly 

specific to postmenopause (Woods & Mitchell, 2005).  

Modifications of gonadotropins, E2, alterations in the function of 

noradrenergic and serotoninergic pathways, and opioid tone in the 

hypothalamus cause the onset of vasomotor symptoms and consequent 

sleep disruption. Thermoregulatory dysfunction might be a result of a 

maladaptation of the brain to kisspeptin, neurokinin B and dynorphin 

https://en.wikipedia.org/wiki/Anxiety
https://en.wikipedia.org/wiki/Memory_loss
https://en.wikipedia.org/wiki/Irritability
https://en.wikipedia.org/wiki/Mood_swing
https://en.wikipedia.org/wiki/Libido
https://en.wikipedia.org/wiki/Libido
https://en.wikipedia.org/wiki/Atherosclerosis
https://en.wikipedia.org/wiki/Acute_myocardial_infarction
https://en.wikipedia.org/wiki/Acute_myocardial_infarction
https://en.wikipedia.org/wiki/Cardiovascular_disease
https://en.wikipedia.org/wiki/Heart_disease


(KNDy) neuron hypertrophy, which project to the preoptic 

thermoregulatory area (Sutton-Tyrrell et al., 2010).  

Mood, cognitive functions and neuroendocrine activity, which are 

closely related to the impairment of GABAergic, opioid and neurosteroid 

neurotransmitter milieu in the central nervous system (CNS), occur with 

ageing. Failure of the main target of neurosteroids, the GABA-A 

receptor, to adapt to changes in levels of allopregnanolone over the 

course of the menopausal transition might lead to depressive symptoms, 

mood and cognitive dysfunctions (Davis et al., 2015).  

Peripheral levels of estrogen (oestrone (E1), and E2) withdrawal 

affects all the tissue expressing estrogen receptors (ERs), such as the 

epithelial tissues of the bladder trigon, urethra, vaginal mucosa, pelvic 

muscles, and fascia and gastrointestinal mucosa, leading to vulvovaginal 

atrophy and urogenital symptoms, the so called genitourinary syndrome. 

The menopausal condition induces reductions in estrogens and ovarian 

and adrenal steroids (testosterone, androstenedione, 

dehydroepiandrosterone (DHEA) and dehydroepiandrosterone sulfate 

(DHEAS)), which might contribute to the onset of sexual dysfunction 

(Erekson et al., 2016). 

After menopause, estrogen continues to be produced mostly 

by aromatase in fat tissues and is produced in small amounts in many 

other tissues such as ovaries, bone, blood vessels, and the brain where it 

acts locally. The substantial fall in circulating estradiol levels at 

menopause impacts many tissues, from brain to skin (Simpson & Davis, 

2001).  

Increased levels of LDL cholesterol, triglycerides, free fatty acids 

(FFA), cortisol and testosterone, together with the decreased levels of 

HDL cholesterol, sex hormone-binding globulin (SHBG), growth 

https://en.wikipedia.org/wiki/Aromatase


hormone (GH), insulin-like growth factor 1 (IGF1) and the GH:IGF1 

ratio, facilitate the onset of menopausal metabolic syndrome, which is 

characterized by an altered lipid profile, hyperinsulinaemia, increased 

gluconeogenesis, abdominal obesity and overweight with a consequent 

rise in cardiovascular risk (Muka, 2016).  

Loss of estrogen exposure leads to a progressive decline in levels 

of GH and IGF1 and their binding protein insulin-like growth factor-

binding protein 3 (IGFBP3), which reduces muscle mass. The associated 

decline in androgen production is responsible for the onset of decline in 

muscle mass (sarcopenia) (Lowe et al., 2010). 

Circulating E2 levels decline after menopause, and bone resorption 

exceeds bone formation. Loss in bone mass is demonstrated by the rise in 

circulating levels of bone resorption markers, such as N-telopeptide of 

type 1 collagen, C-terminal telopeptide of type 1 collagen and 

pyridinoline crosslinks. In bone, estrogen deficiency also leads to 

immune cell activation, resulting in increased pro-inflammatory cytokine 

levels (Eastell et al., 2016).  

Dihydrotestosterone, the peripherally active form of testosterone, is 

responsible for the gradual involution of scalp hair follicles in androgenic 

alopecia and hair changes. Nitric oxide (NO): transforming growth factor-

β (TGFβ): tumor necrosis factor-α (TNFα) (Piérard-Franchimont & 

Piérard, 2013). 

Diagnosis of menopause 

Ways of assessing the impact on women of some of these 

menopause effects, include the Greene climacteric scale questionnaire, 

the Cervantes scale
 

(Monterrosa-Castro et al., 2012)
 

 and the 

Menopause rating scale (Chedraui et al., 2010). 
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 Menopause and sarcopenia  

It is well established that aging is associated with a decline in 

muscle mass, called sarcopenia. Sarcopenia is clinically defined as 2 

standard deviations below the mean appendicular muscle mass of young 

healthy adults of a reference population. It is related to limited functional 

performance and physical disability. Women are more susceptible to 

present these health problems, as compared to men, because they live 

longer (Fielding et al., 2011). 

 The decrease in muscle strength can play a detrimental role in 

physical function impairments, such as rising from a chair, walking 

speed, climbing stairs and the capacity to recuperate after a loss of 

balance. This muscle loss is primarily due to imbalance between muscle 

protein synthesis and muscle protein breakdown, and the increase of 

catabolic factors such as oxidative stress and inflammation (Ribeiro & 

Kehayias, 2014). 

 In addition, other factors such as menopause-associated decline in 

hormonal levels are thought to be implicated in this process Fig. (1). 

Muscle mass in women tend to decrease gradually after the 3rd decade of 

age, and shows an accelerated decline after the 5th decade, women 

experience a 21% decrease in strength between the age of 25 and 55 

years, and becomes more significant after 65 years of age (Orsatti et al., 

2011).  



 

Fig. (1): Menopause-related changes on muscle mass and its impacts on 

different characteristics that contribute to quality of life (Quoted from Maltais et 

al., 2009). 

It was shown that women aged 65-80 years old have twice the 

amount of non-contractile muscle tissue per unit of muscle cross-

sectional area (CSA) as compared to younger women aged 23 to 57 years 

old. This is supported by the fact that non-contractile tissue, such as 

intramuscular fat, is significantly increased after menopause, women 

store fat in the muscle because they utilize more fat than glycogen as fuel, 

compared with men. Lipoprotein lipase (LPL) is responsible for utilizing 

triglycerides in muscle and plays a crucial role in lipid metabolism and 

lipid transport (Cruz-Jentoft et al., 2010).  



With aging and physical inactivity, there is a decrease in the 

activity of LPL enzymes in muscles, which could lead to an increase in 

intramuscular fat storage in the abdominal region (Brown, 2008). 

There is an atrophy and denervation of type II fibers and a re-

innervation of those fibers with axons from type I motor units that 

coincides with aging, rendering postmenopausal women weaker and 

slower (Girgis et al., 2013).  

Evidence also shows a motor unit firing irregularity that can play a 

part in the diminished capacity of developing strength and power is more 

important than isometric strength for completing activities of daily living 

(Muir & Montero-Odasso, 2011), such as recovering from a loss of 

balance, rising from a chair and climbing steps and that power decreases 

more than isometric strength with aging (Bischoff-Ferrari et al., 2016). 

 Other decreases in muscle characteristics are a loss of torque at 

high velocity (120, 180 and 240°/s) and decreases of isokinetic strength 

of approximately 10 N/year for postmenopausal women (Faulkner et al., 

2007). These losses in isokinetic force and power output can be explained 

mostly by neurological factors. At first, there is a reduction of functional 

motor units, which is especially noticeable around 60 years old (Cruz-

Jentoft et al., 2010).  

Moreover, there is also a drop of Ca
2+

 release by the sarcoplasmic 

reticulum. The drop of Ca
2+

 release explains the reduced capacity of 

forming actin/myosin bridges. Finally, a change in the ability to recruit all 

of the motor units leads to a decrease in force per unit of CSA (Ceglia & 

Harris, 2013). 

 

 



Ultraviolet 

Ultraviolet (UV) light is an electromagnetic radiation with shorter  

wavelength than that of visible light, but longer than X-rays, that is, in the 

range between  10 nm and 310 nm. It is so-named because the spectrum 

consists of electromagnetic waves with frequencies higher than those that 

humans identify as the color violet. It is divided into: UVA (Wavelength 

315-400 nm), UVB (Wavelength 280-315 nm) and UVC (Wavelength 

below 280 nm). Its effects are mainly chemical in contrast to the pure 

heating effect of the infrared radiation (Norval, 2011). 

UV light is found in sunlight and is emitted by electric arcs and 

specialized lights such as mercury lamps and black lights. It can 

cause chemical reactions, and causes many substances to glow 

or fluoresce (Webb& Engelsen 2006). Ultraviolet is responsible for the 

formation of vitamin D in organisms that make this vitamin (including 

humans). The UV spectrum thus has many effects, both beneficial and 

damaging, to human health (Hockberger, 2002). 

UVB exposure induces the production of vitamin D in the skin at a 

rate of up to 1,000 IUs per minute. The majority of positive health effects 

are related to this vitamin (Svobodová et al., 2012). 

Production of ultraviolet exposure  

1. The natural source of exposure is the sun, which emits a broad 

spectrum of UV including UVA, UVB, and UVC. Both UVA and the 

UVB reach the earth from the sun; however, UVC is filtered out by the 

ozone layer.  

2. Therapeutic UV usually produced by the passage of a current 

through an ionized vapor (often mercury vapor), at low pressure or high 

temperatures. Devices commonly used are either: air cooled (using air 
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circulation with fan), or water cooled (using a water jacket surrounding 

the burner with continually circulating water) (Diffey, 2002).  

Physiological effect of ultraviolet exposure (Photo 

biochemical effects) 

Ultraviolet exposure is absorbed by the skin. It penetrates the skin 

to a maximum depth of 2mm, so that all ultraviolet exposure will be 

absorbed by the cells in the epidermis and the superficial dermis.  

The effects produced by the absorption of exposure are primarily 

local, although some general effects occur if larger areas are treated with 

high doses (Hockberger, 2002).  

1- Local effects of exposure:  

Erythema; Is redness of the skin and is the first observable effect of 

exposure. If exposure is absorbed by the skin, the energy released is 

sufficient to cause damage to the cells and intracellular structures. This 

damage depends on the wave length and the amount of UV absorbed. 

Damage to the cells causes the release of histamine like substance from 

the epidermis and superficial dermis. A gradual diffusion of this chemical 

take place until sufficient amount has accumulated around the blood 

vessels in the skin to make dilatation of capillaries. The greater the 

histamine likes substance the stronger and sooner the reaction. In general 

the effectiveness of exposure in provoking erythema increases with 

decreasing the wave length. The erythema reaction has been used to 

classify doses of the exposure given to the patient. There are four visible 

degrees of erythema. It will not be visible for at least 1 hour and will 

reach its maximum in about 24 hours and is called the latent period. 

Description of the degree of erythema in (Coelho et al., 2009), table (1). 

 



        Table (1): Description of the degree of Erythema (E) (Coelho et al., 2009):  

DOSE Latent 

period  
 

Appearance  
 

Disapperance  
 

Skin 

edema  
 

E1 6-12hrs  Slightly Pink  
 

<24 hrs None 

E2 4-6hrs Red 48 hrs None 

E3 1-4 hrs Fiery-red 

and painful  
 

72 hrs None 

E4 >2 hrs angry red 

very painful  
 

Week or more Blister 

Pigmentation (tanning); Of the skin develops within two days of 

irradiation exposure. It occurs as a result of both exposure stimulates 

formation of melanin in the deep region of the epidermis and migration of 

melanin already formed into more superficial layers. The melanin forms 

as umbrella over the nucleus of the cell to protect it from exposure, so 

pigmentation reduces the penetration of exposure Pigmentation is 

strongly stimulated by UVB at about 300 nm and lesser extent by longer 

wave length in UVA. Sunbeds which emit UVA and visible radiation are 

able to induce a tan without erythema (Sivamani et al., 2009).  

Growth (hyperplasia) of epithelial cells (thickening of epidermis); 

Occurs as a result of repairing process following erythema. The cells in 

the basal cell layer of the skin proliferate to replace the cell in the 

epidermis which were damaged or destroyed by the exposure. So, in 

order to have the same effect, the dose must be increased (but not after 

desquamation/ peeling occur). Thickening of the skin is three time than 

before exposure (Suh et al., 2007).  

Desquamation (Peeling); Is the casting off of dead cells from the surface 

of the skin which have been destroyed by the exposure. The extent of the 

desquamation is proportional to the intensity of the erythema. With mild 

degrees of erythema, fine desquamation may be seen only after repeated 



exposure to UVR, when this happens, the resistance of the skin to 

exposure is lowered (Miyamura et al., 2007).  

Antibiotic effect (bactericidal effect); Or destructive effects of the 

exposure manly UVB enhance destruction of viruses, bacteria, and other 

small organisms found on the skin surface (Clydesdale, 2001).  

2- General Effects of exposure:  

Formation (Production) of vitamin D; The skin absorbs UVB exposure 

in the sunlight and converts sterols precursors in the skin, such as 7- 

dehydrocholesterol to vitamin D3 (calciferol, cholecalciferol). Vitamin 

D3 is further converted by the liver and kidneys into the active 

metabolites form 1,25-hydroxyvitamin D3. This metabolites act on the 

intestine to facilitate absorption of Ca
2+

 & phosphorus into the blood 

stream and act on bone to facilitate Ca
2+

 exchange to prevent rickets 

(Cicarma et al., 2010).  

The prophylactic effect; The resistance of the body to infection is 

increased (enhanced), particularly if general irradiation of UVA is given. 

This is thought to be the result of stimulation of the reticulo-endothelial 

system (the cells which ingest bacteria and produce antibodies against 

bacteria and toxins) (MacKie, 2000).  

Variations in response to exposure; There is a wide range of individual 

variation in response to exposure. The absorption of exposure differs 

from one individual to another or even from one area to another in the 

same person. The variations have been attributed to variations in skin 

types (wet skin apparently absorbs exposure to a greater extent than dry 

skin). It is also said to be influenced by the age of the subject 

(Hockberger, 2002).  

Natural protection against exposure; With repeated exposure to 

exposure, the sensitivity of the skin to exposure generally decreases. The 



thickening of the epidermis following exposure is the major factor 

responsible for the development of this protection (Coelho et al., 2009).  

Ageing of the skin (Solar elastosis); Continued exposure to strong 

sunlight can result in appearance of the skin often referred to as 

premature ageing (actinic damage). There is thinning of the epidermis, 

loss of epidermal ridges, loss of melanocytes, and dryness as result of 

poor function of sebaceous and sweat glands, and wrinkling from lack of 

dermal connective tissue (Matsumura & Ananthaswamy, 2004). 

 Immune suppressive effects; exposure appears to trigger 

immunosuppressive effects, both locally and systemically because UV 

destroys Langerhan's cells and stimulate the proliferation of suppressor T 

cells (lymphocytes) that inhibit antibody production and suppress the 

action of other T cells. Immunosuppressive effects may contribute to the 

development of skin cancer, so prolonged exposure of the patient's skin to 

exposure should be avoided (Hanneman et al., 2006). 

 Effect on eyes; The acute effects of expose of eyes to UVC and UVB are 

conjunctivitis and photokeratitis. Conjunctivitis is an inflammation of the 

membrane that lines the insides of the eye lids and covers the cone. 

Photokeratitis (snow blindness) is the inflammation of the cornea that can 

result in severe pain, with more limited evidence for pterygium, cataracts, 

climatic droplet keratopathy and anterior lens capsule changes. Other 

negative effects of exposure include photoaging and sunburn (Norval, 

2011). 

Ultraviolet and muscle vitality 

Long before the discovery of vitamin D, the sun was revered as a 

source of physical strength and vitality. Heliotherapy (sun exposure) was 

prescribed as a cure for weak and flabby muscles. Ultraviolet exposure 

was considered a performance-enhancer, and lead to improvements in 



motor performance, strength, speed, and endurance of postmenopausal 

women (Magdalena Bartoszewska et al., 2010). 

Contraindications of ultraviolet exposure 

 Dermatological conditions; Certain conditions such as acute 

eczema, lupus erythematosis, may be exacerbated by exposure. 

Hypersensitivity to sunlight (Photo allergy); Patient who are known to 

react adversely to even minimal exposure to sunlight should not be 

treated with exposure. Febrile disorders; exposure should not be applied 

to large body areas if the patient has a raised temperature. Recent deep x-

ray therapy; If the area to be treated with exposure has received deep x-

ray therapy within the preceding 6 months, it may be hypersensitive to 

the effect of the exposure (Coelho et al., 2009). 

Menopause and Vitamin D 

Vitamin D deficiency is a frequent clinical condition in 

postmenopausal women and has been found to be associated with reduce 

intensity and duration of exposure to ultraviolet, low dietary vitamin D 

intake. Each of these two sources can provide a sufficient supply, but if 

one of them is reduced the other source can easily become insufficient. 

Other factors lead to vitamin D deficiency such as the geographic 

location, the season, reduce the daily length of time spent outdoors, 

nursing home environment, wintertime and a decrease in the capacity of 

the skin to synthesize vitamin D (Civelek etal., 2014). 

As we age, our skin is less able to synthesize vitamin D from 

sunlight, and our kidneys are less able to process the vitamin into a usable 

form. Combined with a tendency to stay indoors, additionally, vitamin D 

receptor  (VDR) expression in human muscle declines with age, thus 

aging can lead to very low levels of vitamin D, especially those aged 60 



and above, usually need to supplement their intake of vitamin D to get 

enough to protect bone and muscle health (Beaudart et al., 2014). 

In vitamin D insufficiency there is mild hyperparathyroidism, 

suboptimal Ca
2+

 absorption, reduced bone density and perhaps subclinical 

myopathy. The threshold of the serum 25(OH)D concentration that 

separates vitamin D sufficiency for insufficiency can be defined from 

biological effects, in particular the increase in serum PTH secretion and 

the conversion of 1,25(OH)2D from 25(OH)D well documented in 

vitamin D insufficiency, and contributes to bone fragility and probably to 

bone fractures in the elderly through increased bone turnover (Holick, 

2007).  

Vitamin D deficiency leads to osteomalacia. Rickets and 

osteomalacia have been associated with muscle weakness and hypotonia. 

In addition to generalizied weakness, the classic pattern of proximal 

muscles weakness seen in vitamin D deficiency are commonly described, 

including difficulty rising from a seated or squat position, ascending a 

flight of stairs, or lifting objects. Changes in gait, often described as 

waddling or penguin-like in appearance, are possibly a combined result of 

bone pain, muscle pain, and proximal weakness. Electromyographic 

(EMG) changes seen in vitamin D deficient subjects with muscle 

weakness confirm myopathy, but without specific features (Amstrup et 

al., 2011). 

Menopause and quality of life (QoL) 

There is evidence of a worsening QoL after menopause, especially 

in relation to the presence of climacteric symptoms, their frequency and 

intensity, among the climacteric symptoms that affect QoL are poor sleep 

quality, musculoskeletal pain, and mood symptoms, such as anxiety and 

depression. As women age, both sleep disturbances and pain complaints 



tend to increase, the postmenopause stage worldwide show an alarming 

prevalence of musculoskeletal pain and insomnia (Frange et al., 2018).  

The Basics about Vitamin D 

 Sources  

The name vitamin D is a historical misnomer. The active form, 

calcitriol, is a hormone, rather than a vitamin, it is synthesized in humans, 

undergoes autocrine regulation and it interacts with a nuclear receptor. 

Ultraspecificly, it’s a group of fat soluble prohormones, meaning that the 

body turns them into the active hormonal form when it needs to 

(Christian et al., 2013). 

 A vitamin is a substance that an organism needs in order to survive 

and that it cannot manufacture in sufficient quantities endogenously or 

within itself. It must therefore be obtained through the diet. A hormone is 

a chemical produced by a cell or cells in the body that has a physiological 

action on other parts of the body. It’s like a chemical messenger from one 

part of the body, telling another part of the body what to do (Thacher & 

Clarke, 2011). 

         Vitamin D is a steroid hormone. The vitamin D precursor 7-

dehydrocholesterol is a normal intermediary in the cholesterol pathway 

and is present in the skin. UVB exposure induces the conversion of 7-

dehydrocholesterol to provitamin D3. Approximately 80–90% derives 

from sunlight-induced production in the skin. The photoproduction is 

influenced by a variety of factors including  skin pigmentation (dark 

skin), inadequate sun exposure, sun exposure at dawn and dusk, 

insufficient surface area of skin exposed to sun,  cloudy (typically winter) 

outdoors ,northern latitudes,  consistent use of sunscreens or sun block 

lotions, low dietary intake, and age. A small amount of the body's total 

vitamin D is also derived from diet and/or supplements. This may derive 



from plants or fungi containing ergolcalciferol (vitamin D2) or fatty fish 

or cod-liver oil containing vitamin D3 (Verstuyf et al., 2010), table (2). 

Table (2): Major dietary sources of vitamin D (Verstuyf et al., 2010) 

 

For Every 100 g (3.5 ounces) of: 

 

IUs of Vitamin D 

Cod liver oil (w2 teaspoons) 10,00 

Lard (pork fat) 2800 

Atlantic herring (pickled) 680 

Eastern oysters (steamed) 642 

Catfish (steamed/poached) 500 

Skinless sardines (water packed) 480 

Mackerel (canned/drained) 450 

Smoked chinook salmon 320 

Sturgeon roe 232 

Shrimp (canned/drained) 172 

Egg yolk (fresh) 148 (one yolk contains about 24) 

Butter 56 

Lamb liver (braised) 20 

Beef tallow 19 

Pork liver (braised) 12 

Beef liver (fried) 12 

Beef tripe (raw) 12 

Beef kidney (simmered) 12 

Chicken livers (simmered) 12 

Small clams (steamed/cooked 

moist) 

8 

Blue crab (steamed) 4 

Crayfish/crawdads (steamed) 4 

Northern lobster (steamed) 4 

The vitamin D cycle. 

Provitamin D3 spontaneously isomerizes to cholecalciferol (vitamin 

D3). Vitamin D3 is released into circulation and transported by the 

vitamin D-binding protein (VDBP). Vitamin D3 then undergoes two 

successive hydroxylations, the first of which takes place in the liver 

where a hydroxyl group is attached at the carbon-25 atom (C-25) to 



generate 25OHD (25D) A number of 25-hydroxylases have been reported 

including cytochrome P450 CYP27A1 and CYP2R1 (Wikvall, 2001), 

Fig. (2). 

 

Fig. (2): summary of vitamin D cycle (Quoted from Moore et al., 2004).  

CYP2R1 is probably the major enzyme required for 25-

hydroxylation of vitamin D3, at least in humans. A patient with classic 

rickets and low circulating levels of 25D was found to have a 

homozygous mutation of the CYP2R1 gene, implying that other enzymes 

were unable to compensate (Cheng et al., 2004). 

 The second hydroxylation step is regulated by parathyroid 

hormone (PTH) and mediated by the 1-alpha-hydroxylase enzyme 

(encoded by CYP27B1), and occurs predominately in the kidney. This 

second hydroxylation produces the final active metabolite of vitamin D3, 

which is 1,25-dihydroxyvitamin D3 (Shinkyo et al., 2004). 

CYP27B1 mRNA is expressed in a number of vitamin D target 

tissues including kidney, skin, intestine, macrophages, and bone. 

Although its expression is relatively high in skin, the kidney is thought to 



be primarily responsible for circulating levels of 1,25D. This is supported 

by 1,25D deficiency in people with renal failure (Girgis et al., 2013). 

 Entry of 25D into the proximal renal tubular cells requires 

receptor-mediated uptake of VDBP plus 25D at the brush border, 

degradation of VDBP by legumain, and endocytic internalization and 

translocation of 25D to mitochondria (Omdahl et al., 2002). 

 Megalin, a member of the low-density lipoprotein receptor family, 

is required for reabsorption of filtered DBP-bound 25D. It is in the 

mitochondria that 1α- hydroxylation of 25D into its biologically active 

form, 1,25D, occurs. A number of factors contribute to the tight 

regulation of 1α-hydroxylase enzyme expression and activity in the 

kidney. These include Ca
2+

, PTH, calcitonin, (GH), IGF-I, and fibroblast 

growth factor 23 (FGF23) (Kaseda et al., 2011). 

In addition, 1,25D negatively regulates its own synthesis by 

suppressing 1α-hydroxylase expression in kidney and bone. There is also 

evidence to suggest that estrogen, progesterone, and prolactin may 

regulate 1α-hydroxylase activity. In macrophages, regulation of 

CYP27B1 is primarily cytokine mediated (Brenza& DeLuca, 2000). 

The final important enzyme in the vitamin D endocrine system is 

24-hydroxylase (CYP24A1). Found in nearly all cells and highly 

expressed by the kidney, CYP24A1limits the amount of 1,25D in target 

tissues by converting 1,25D to inactive metabolites, including 1,24,25-

(OH)3D and calcitroic acid and by converting 25D to 24,25(OH)2D.  In 

addition to 24-hydroxylation, this multicatalytic enzyme is able to 

catalyze side-chain hydroxylations at the C23 and C26 positions 

(Anderson et al., 2003).  

 



Mechanism of vitamin D action 

1,25D binds to VDR to exert its biological effects was described as 

its protein comprises three distinct regions: an N-terminal dual zinc finger 

domain that binds to DNA (a characteristic feature of the steroid receptor 

family), a C-terminal domain that binds to 1,25D, and an extensive 

unstructured region that links these two functional domains (Norman, 

2006). 

Binding of 1,25D to VDR leads to conformational changes within 

the receptor that allows it to interact with its heterodimeric partner 

retinoid X receptor (RXR). VDR also forms homodimers that bind DNA 

and regulate gene expression. The liganded complex (i.e. 1,25D-VDR-

RXR) binds to vitamin D response elements (VDRE) in the DNA (Smith 

& O’Malley, 2004) 

Classic VDRE are direct repeats of two hexameric core binding 

sites with a three-nucleotide separation. However, numerous nonclassic 

sites have been proven to act as VDRE (Pike & Meyer, 2010).  

The 1,25D-VDR RXR complex is involved in regulation of a 

variety of cellular functions including DNA repair, cell differentiation, 

apoptosis, metabolism, and oxidative stress, as well as regulation of 

VDR, CYP27B1, and CYP24A1, (Bouillon et al., 2008).  

Its effects on Ca
2+

 and mineral homeostasis are well established 

and in brief result from the transcriptional regulation of specific proteins 

within the intestine (calcium-binding proteins, calbindin D28k, and 

epithelial Ca
2+

 channels), bone (osteocalcin, osteopontin, and receptor 

activator of nuclear factor-κ B ligand) and PTH These effects provide 

potential indirect routes for regulation of muscle function in addition to 

direct effects (Christakos et al., 2010). 



Function of vitamin D 

A key function of vitamin D is that it stimulates the absorption of 

Ca
2+

 and phosphorous from food, thereby improving bone mineralization. 

However, absorption of Ca
2+

 is not entirely dependent on vitamin D. Two 

processes are distinguished in the intestines: a vitamin D dependent 

process and a vitamin D independent process. If Ca
2+

 intake is high, 

absorption via the latter process is high in absolute terms and vitamin D 

requirements are low. This vitamin D requirement is therefore inversely 

related to Ca
2+

 intake (Holick et al., 2011). 

VDR occupy some 2776 genomic positions and modulate the 

expression of 229 genes across a range of tissues, thus providing vitamin 

D with the potential to impact on a range of physiological processes, 

because VDR is found in 37 different human tissues, vitamin D is linked 

to a multitude of biological and pathological processes with major effects 

on Ca
2+

 and mineral homeostasis (Holick, 2007), Table (3).  

Table (3): Main functions of vitamin D (Holick, 2007): 

Site Function 

Intestine Production of calbindin (the calcium-

binding protein in the intestine) 

Promotes Ca
2+ and phosphorus 

absorption in the intestine 

Regulates gene transcription and cell 

proliferation in the parathyroid gland 

Bone Role in synthesis of type 1 collagen: 

evidence is equivocal 

Stimulates synthesis of osteocalcin 

Promotes differentiation of osteoclasts 

Muscles Increases amino acid uptake in muscles 

Alters phospholipid metabolism in 

muscles 

Vitamin D deficiency causes myopathy 

Nongenomic effects on muscles 

Increases troponin C in muscles 

Kidney Synthesis of 1,25(OH)D3 

Promotes Ca
2+ and phosphate 

reabsorption 



In the meantime, VDR have been demonstrated in most ‘non-

classical’ target tissues of the body including smooth muscle, heart 

muscle, thyroid, cells of the immune system, brain, liver, lung, colon, 

gonads, prostate, skin and others (Holick, 2004), Fig. (3).    

 

Fig. (3): Effects of vitamin D on various tissues (a) Classical & (b) Non classical 

(Related to human fertility) (Quoted from Agic et al., 2007). 



Role of vitamin D in muscle 

Adequate muscle function and contraction uses genomic and 

nongenomic actions. Genomic actions are mediated by the nuclear VDRs. 

Normocalcemia that facilitated by vitamin D sufficiency, is essential for 

normal muscle contraction. This genomic pathway was found to influence 

muscle cell Ca
2+

 uptake, phosphate transport across the muscle cell 

membrane and phospholipid metabolism to mediate cell proliferation and 

subsequently differentiation into mature muscle fibers (Ceglia, 2009). 

Nongenomic actions are performed via VDRs present on cell 

membranes and are characterized by rapid effects that do not result from 

gene transcription. A proposed mechanism of initiation of these rapid 

effects is the binding of 1,25(OH)2D to another vitamin D-specific 

receptor: a cell surface receptor. Receptor binding activates a network of 

second-messenger pathways (cAMP, diacylglycerol, inositol 

triphosphate(IP3), arachidonic acid) that transmit the signal to the 

cytoplasm or phosphorylation of intracellular proteins. This is also 

believed to direct intracellular Ca
2+

 regulation in muscle cells. Another 

speculated effect of vitamin D in muscle cells includes activation of the 

mitogen-activated protein kinase (MAPK) signaling pathways. In 

humans, MAPK pathways regulate cell processes such as myogenesis, 

cell proliferation, differentiation and apoptosis. In this way, vitamin D is 

believed to stimulate muscle cell proliferation and growth (Ceglia, 2008). 

The actions of vitamin D on muscle are also believed to be effected 

by VDBP.  Vitamin D facilitates the adenosine triphosphate (ATP) 

dependent Ca
2+

 uptake in sarcoplasmic reticulum, increases the 

concentrations of phosphorus Y and ATP in the cell and leads to 

increased protein synthesis. These findings support the manifestation of 



myopathy and generalized weakness seen in hypovitaminosis D and 

rickets (Stewart & Rittweger, 2006).  

Muscle strength appears to be influenced by the genotype of the 

VDR in the muscle cell. With the use of specific restriction 

endonucleases (Hamilton, 2010).  

Vitamin D Normal Levels 

Although 1,25(OH)2D3 is the biologically active form of vitamin 

D. It is not a suitable indicator for vitamin D status, as it has a half-life of 

only a few hours, formation is not directly regulated by vitamin D intake 

and serum levels of 1,25(OH)2D3 may be normal or even elevated in 

even severe cases of vitamin D deficiency. 

  The vitamin D status is mainly assessed by the measurement of 

serum 25(OH)D3 concentration is a good indicator of vitamin D status. 

The half-life is estimated at 10 to 40 days. The test is used due to 

associations between vitamin D, Ca
2+

 and plasma PTH (Holick., 2009).  

Looking at the physiology of the vitamin D cycle, it is surmised 

that serum levels of ≥30 ng/ml: multiply by 2.496 to convert nanograms 

per milliliter to nanomoles per liter) may be considered to be sufficient, 

insufficient vitamin D levels are at 20 ng/mL to 29 ng/mL. It should be 

noted that 97% of the population has levels of 20 ng/ml, the presence of 

insufficient vitamin D levels in such a large proportion of the population 

therefore has significant implications for prevalence of disorders of Ca
2+

, 

phosphorus, bone metabolism and the resultant pathology. Levels below 

20 ng/mL are defined a deficiency. The level at which PTH is suppressed 

and Ca
2+

 absorption is increased, is considered vitamin D deficiency 

(Rashidi et al., 2009). 

 



Vitamin D and sarcopenia 

Human aging involves changes in body structure and function. 

Older women experience a progressive, generalized loss of skeletal 

muscle and a decrease in physical function, with an inherent risk of 

disability, poor quality of life (QoL) and death. Musculoskeletal disorders 

are the most common chronic, disabling conditions, affecting 14 % of 

women aged over 65 years, women aged over 75 years, 30 % report 

chronic musculoskeletal conditions (Rondanelli et al., 2016). 

Sarcopenia is age-related depletion of skeletal muscle mass and 

loss of strength. The etiology and mechanisms of sarcopenia are complex 

and multifactorial. Primary sarcopenia is a consequence of the aging 

process (e.g., reduced neurological function, altered muscle fiber type 

distribution and increased protein turnover). Secondary sarcopenia, 

however, is linked with inactivity is the major cause of poor physiological 

fitness and disease in older age (e.g., bed rest or a sedentary lifestyle), or 

chronic disease (e.g., organ failure, malignancy, inflammation, or 

endocrine disease) (Cruz-Jentoft et al., 2010). 

There is growing evidence that nutritional factors (e.g., an 

inadequate intake of protein, energy, and certain micronutrients 

malabsorption and drug-induced anorexia) contribute to secondary 

sarcopenia. Nutrition can have a positive impact on protein anabolism. 

Increasing the quantity (e.g., in excess of the recommended dietary 

intake) and quality (e.g., essential amino acids, specifically leucine) of 

dietary protein stimulates muscle protein synthesis in the elderly (Cerri 

et al., 2015). 

 Increased intake of vitamin D stimulates gene expression and 

boosts muscle protein synthesis, facilitates neuromuscular function and 

enhances strength and balance. Supplementation attenuated the 



inflammatory state that is associated with decreased muscle strength in 

the postmenopausal women who risk having vitamin D deficiency, as 

seen by the significant drops in C-reactive protein (CRP) concentrations 

and enhanced the anabolic GH, IGF-I hormone axis, with significant 

increases in IGF-I concentrations and a reduction in the indexes of 

malnutrition. Supplementation also boosted various measures of function 

in postmenopausal women and their QoL, particularly its physical 

component, assessed by the physical component of the short form (SF-

36) QoL questionnaire (Ceglia et al., 2013).  

Vitamin D and QoL 

Vitamin D deficiency leads to some clinical conditions. However, 

symptoms and signs may be unnoticed both by women and physicians 

especially at insufficiency levels. It may be misdiagnosed as other 

diseases if unsuspected such as fibromyalgia, chronic pain syndrome, 

myositis and depression. Diagnosis of vitamin D deficiency is crucial 

since it may lead to impairment in QoL even if no specific symptoms are 

present (Ecemis & Atmaca, 2013). 

the QoL in postmenopausal women with vitamin D deficiency and 

insufficiency showed that both physical component score and mental 

component score of SF-36 were affected not only in vitamin D deficient 

but also in vitamin D-insufficient in postmenopausal women. Several 

end-points are considered for determining optimal vitamin D level: 

maximal suppression of PTH, normal BMD, reduced bone loss, reduced 

fracture rate and increased intestinal Ca
2+

 absorption (Dawson-Hughes et 

al., 2005). 

 



Therapeutic efficacy of physical activities in postmenopausal 

women 

In general, the more often a person is physically active, the better 

their physical capability. This is due to adaptations of physiological 

systems, most notably within the neuromuscular system to coordinate 

movements, the cardiopulmonary system to more effectively distribute 

oxygen and nutrients around the body and metabolic processes 

particularly those regulating glucose and fatty acid metabolism, which 

collectively increase overall aerobic power and physical capability (Tak 

et al., 2013). 

Physical activity reduces the risk of developing cardiovascular and 

metabolic disease through better control of blood pressure, cholesterol 

and waist circumference in a dose dependent manner: more activity leads 

to lower risk of cardiovascular and metabolic disease (Earnest et al., 

2013). 

 The metabolic benefits of increasing fatty acid oxidation in 

skeletal muscle, rather than accumulating intramuscular and adipose 

tissue stores around the major organs as well as lowered blood pressure 

helps to reduce the risk of developing type 2 diabetes mellitus and 

cardiovascular disease (Roberts et al., 2013). 

 In the nervous system, regular exercise helps to maintain cognitive 

function and possibly also the numbers of peripheral motor neurons 

controlling leg muscles and overall improves balance and coordination to 

reduce risk of falls (Franco et al., 2014). 

Women who exercise regularly (particularly weight bearing 

activities that include higher impacts) are less likely to suffer a bone 



fracture because their bones are stronger and have higher bone mineral 

density (BMD) (Ireland et al., 2014). 

The intensity of exercise should be modified to appropriately 

match the woman’s exercise experience and physical capability, to be 

most effective, it is important that exercise programs are appropriately 

designed and focus on a range of outcomes, not simply weight loss, as 

improved health and mobility in exercising older women can occur 

independently of changes to (BMI) (Bruce et al., 2008). 

 Achieving (150 min/week moderate-intensity aerobic exercise, 

such as walking or other moderate intensity aerobics-type activities, is 

associated with at least 30 % lower risk of morbidity, mortality and 

functional dependence compared with being inactive (Chou et al., 2014). 

Walking 5–7 days per week was associated with 50–80 % lower risk of 

mobility impairments and increases longevity by around 4 years and 

disability-free life expectancy by around two years. There is also 

evidence that sedentary women will benefit from regular short activity 

periods of as little as 1 minute or 10 minutes bouts to break-up periods of 

sitting or lying (Roh & Park, 2013). 

Combined resistance and endurance training may be more 

beneficial than any other type of exercises for improving functional 

mobility, walking, balance, reducing falls risk and risk of developing 

metabolic and cardiovascular disease among postmenopausal women 

(moderate intensity leg-strengthening exercises and functional training, 

including walking, chair rising, balancing and game-like activities, two to 

three times per week with sessions lasting around 45 min). The 

combination of strength and endurance training improved muscle, 

cardiorespiratory and metabolic health which all contributed to improve 

QoL (Holviala et al. 2012). 



Low and moderate intensity aerobic exercise are generally safe for 

older people, even more intense aerobic activities carry relatively little 

risk and they therefore need not consult a medical practitioner before 

increasing physical activity levels. Nevertheless, as cardiovascular risks, 

such as increased blood pressure, arrhythmia or myocardial infarction are 

concerns when taking up exercise, there is a brief questionnaire to 

determine the need for advice from health professionals. In most cases, 

this is precautionary and a medical practitioner will allow the person to 

proceed with moderate exercise. Training intensity or exercise duration 

should be increased modestly not more than once every 4 weeks 

(Borjesson et al., 2011). 

The optimum dose of vitamin D in postmenopause 

Vitamin D may be obtained in two ways, via the skin under the 

influence of sunlight exposure and through diet. In practice, exposure to 

sunlight provides an estimated average of 7 mg of vitamin D per day over 

the course of the year; this amount is lower for people with a dark skin. A 

healthy diet including margarine, low-fat margarine and frying and 

baking fats provides an estimated 3 mg per day. Current use of vitamin D 

containing supplements is limited (Rosen et al., 2012). 

Postmenopausal women should increase their daily vitamin 

D intake from 15 mg, or 600 IU (fair-skinned postmenopausal 

women who are sufficiently exposed to sunlight), to 20 mg, or 800 IU, 

according to the National Institutes of Health Office of 

Dietary Supplements. The National Osteoporosis Foundation  

recommends even higher daily intakes of 800 to 1,000 IU of 

vitamin D. 



 Institute of Medicine (IOM) reports that vitamin D alone does 

not appear to be effective among postmenopausal women unless habitual 

Ca
2+

 intake is high. 

Consequences of vitamin D deficiency and overdose 

A vitamin D deficiency develops due to insufficient exposure to 

ultraviolet exposure combined with too low intake. Severe vitamin D 

deficiency leads to rickets in children and osteomalacia in adults. In these 

conditions, the bone is weak and painful, as the newly formed bone 

matrix (osteoid) is not mineralized. Lack of vitamin D can also lead to 

loss of bone mass and osteoporosis via secondary hyperparathyroidism 

(an over-active parathyroid gland). This occurs mostly in the elderly. 

Furthermore, severe vitamin D deficiency can lead to muscle weakness 

and muscle cramps (Bischoff-Ferrari, 2012). 

An excess of vitamin D cannot develop through exposure to 

ultraviolet radiation, but it is possible following too high intake. Long-

term exposure to ultraviolet exposure does not lead to vitamin D 

intoxication, as both the previtamin D3 and vitamin D3 will then be 

converted into inactive sterols (Webb et al., 2011). 

Very high vitamin D intake, on the other hand, can lead to toxic 

effects. An overdose initially results in high Ca
2+

 levels in the urine, 

which is associated with an increased risk of kidney stones. At a later 

stage, high Ca
2+

 levels develop in the blood (serum Ca
2+

 concentration > 

2.60 mmol/l). As soon as the kidneys are unable to excrete sufficient 

amounts of this excess Ca
2+

, symptoms of overdose develop, such as 

anorexia, weakness, fatigue, disorientation, vomiting and constipation. In 

the longer term, excess Ca
2+

 storage may occur in soft tissues, particularly 

the kidneys (nephrocalcinosis) and urinary tract, vascular walls, muscles 

and ligaments. A very high annual dose of vitamin D of 7,500 mg 



administered intramuscularly or 12,500 mg administered orally, resulted 

in an elevated risk of falling and bone fractures and may have undesirable 

effects (Sanders et al., 2010). 
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CHAPTER III 

SUBJECTS, MATERIALS AND METHODS 

 

І. Subjects: 

Thirty five postmenopausal women who suffering from vitamin D 

deficiency participated in this study, from the Outpatient Clinic of 

Faculty of Physical Therapy, Cairo University. Their ages ranged from 45 

to 60 years, body mass index (BMI) ranged from 25 to 30 kg/m
2
.They 

didn
'
t participate in any leisure-time physical activity during the last three 

months and having normal bone mineral density (BMD) at spine and/or 

femoral neck. They were medically stable. 

Postmenopausal women with the following criteria were excluded 

from this study:   

- BMD in total spine and/or femoral neck T-score values ≤ -1.5 SD. 

-  Postmenopausal women who have any mental, neurological, 

Vestibular, cardiovascular disorders, metabolic disease or 

musculoskeletal disorders with lower limb deformity. 

- Postmenopausal women whose visual or hearing impairment did 

not allow possibility of interaction during the study. 

- Postmenopausal women who have been received hormonal 

replacement therapy or any drug known to affect the balance or any 

photosensitizing drugs such as, Aspirin, Tetracycline, chlorthiazide 

and psoralen, as these drugs increased sensations towards UV. 

They were randomly distributed into two groups. 

Group (A): consist of 18 postmenopausal women received ultraviolet (3 

sessions per week) in addition to regular aerobic exercises with vitamin D 

supplement (800 IU) daily for 3 months.  



Group (B):  consist of 17 postmenopausal women received regular 

aerobic exercises with vitamin D supplement (800 IU) daily only for 3 

months.  

Before participation into the study, all postmenopausal women 

were given a full explanation about the treatment protocol and informed 

consent form had been signed from each woman in both groups (A&B) 

(Appendix I).  

The duration of this study was 16 months from September 2017 to 

December 2018. 

Assessment of all postmenopausal women in both groups (A&B) 

was carried out before and after the end of the treatment program (3 

months) through assessment of serum 25(OH) D level, muscle strength 

and brief older people’s quality of life (OPQOL-BRIEF) questionnaire. 

П. Instruments: 

a- Evaluative equipment's: 

1-Weight- height scale:  

     Weight-height scale was used to measure body weight and height 

for each postmenopausal woman in both groups (A&B) before the 

treatment. 

2-Kits (stago): 

A solid phase enzyme linked immunosorbent assay (ELISA) Kits, 

tubes and syringes (5 ml) of blood sample was used. The serum 25-

hydroxyvitamin D level was measured before and after treatment for both 

groups (A&B) by using Shimadzu Prominence high-performance liquid 

chromatography (HPLC) by Agilent 1100 Series (Shimadzu Scientific 

Instruments, Kyoto, Japan) was used. ELISA kit allows the simultaneous 

and safe chromatographic determination of 25-OHD on a simple isocratic 



HPLC system with UV detection. By means of efficient protein 

precipitation and selective solid phase extraction, interfering components 

are removed and the analytes are concentrated. The detection limit was 

2.5 ng/ml and the coefficient of variation <7%. Serum 25-hydroxyvitamin 

D was declared to be the best measure of vitamin D status. The US 

Endocrine Society reported a 25-hydroxyvitamin D level <20 ng/ml (<50 

nmol/l) as vitamin D deficiency, a 25-hydroxyvitamin D level between 21 

and 29 ng/ml (between 52.5 and 72.5 nmol/l) as vitamin D insufficiency, 

and a 25-hydroxyvitamin D level > 30 ng/ml (> 75 nmol/l) as the optimal 

level (Romagnoli et al., 2013). 

3- A computerized isokinetic dynamometer: 

Biodex system 3 isokinetic dynamometer (Biodex Medical System, 

Shirley, New York, USA). This machine was suggested for research 

studies measuring muscle strength (Cruz-Jentoft et al., 2010), fig. (4). 

 

 

              Fig. (4): A computerized isokinetic dynamometer 



It was used for all the postmenopausal women in both groups (A & 

B) before starting the study and after the end of treatment to assess 

muscle strength of knee flexors and extensors.  

4- Brief older people’s quality of life (OPQOL-BRIEF) 

questionnaire: 

Measure the quality of life (QoL) in postmenopausal women. 

OPQOL-BRIEF was previously validated on older populations, and 

ethnically diverse population samples (Bowling et al., 2013) 

It was done for all the postmenopausal women in both groups (A & 

B) before starting the study and after the end of treatment to assess the 

QoL of postmenopausal women. 

b- Treatment equipment’s: 

1) –Ultraviolet therapy device:  

         Ultraviolet arc lamp, Fig. (5), it was low-pressure mercury 

discharge tube with a phosphor coating on inside. The particular 

wavelength and the amount of each emitted light was depended on the 

composition of the phosphor used (mixtures of phosphates, borates, and 

silicates). This gives a considerable UVA and UVB output but no UVC. 

Radiation spectrum: 280- 320nm. Type: 4004/2n- verre ѐt quartz was 

used for treating postmenopausal women in the group (A). 

 



 

Fig. (5): Ultraviolet arc lamp 

Safety glasses (goggles) were used for both therapist and 

postmenopausal women to protect their eyes from ultraviolet exposure. 

2- Electronic Treadmill: American motion, fitness 86, HP: 1 AC, speed 

range:0-16 K.M/H. and 6 programes. Fig. (6). 

 

Fig. (6): Electronic treadmill 

It was used to perform walking exercises for postmenopausal 

women in both groups (A& B). 

 

 



Ш. Procedures: 

a- Assessment Procedure: 

1-History-taking: 

By asking about women age, date of last menstrual period, 

symptoms of menopause for each postmenopausal woman in both groups 

(A&B) before treatment (Appendix II). 

2- Body mass index (BMI): 

BMI for each postmenopausal woman in both groups (A&B) was 

calculated through the following equation:  

BMI= Weight (kgs)/ [height (m)]
 2
. 

3- Blood sample: 

 Was taken from anticubital vein of each female before starting of 

the study and then after 3 months to determine the level of vitamin D for 

each woman in both groups (A&B). 

  The blood analysis was done at the Laboratory of Medical 

Biochemistry Department at Kaser El Aini University Hospital 

(Appendix III). 

4- A computerized isokinetic dynamometer: 

For assessing knee flexor as well as extensor muscles, isokinetic 

dynamometric measurements was the same test protocol in all women in 

both groups (A&B). Woman was seated on the isokinetic dynamometric 

bench at 80ºof hip flexion and 90º of knee flexion, with the ankle 

unrestricted. The trunk and legs was stabilized using straps across the 

chest, waist and upper thighs, Fig. (7). Five consecutive concentric 

motions were performed at velocity 60º/s within maximum joint range, 

with a 30-s rest period between velocities (Civelek et al., 2014). The 

highest torque generated in each movement was recorded from strip chart 



recording. The effect of gravity was recorded. The maximum peak torque 

values in newton-meters for each set of repetitions were measured. 

Isokinetic measurement of knee extensor muscle strength is accepted as a 

close reflection of muscle function in everyday activity. 

 

Fig. (7): Assessment of knee flexor and extensor muscles torque (starting 

position) 

5- Quality of life (QoL) assessment: 

QoL for each postmenopausal woman in both groups (A&B) was 

being assessed before participation in the study and after the end of 

treatment (3 months) by using Brief Older People’s Quality of Life 

(OPQOL-BRIEF) Questionnaire. 

The OPQOL-BRIE Questionnaire (Appendix IV) consisted of 13 

statements, with the participant being asked to indicate the extent to 

which she agrees with each statement.  

 OPQOL-Brief scoring: 



Each of the 13 items is scored Strongly agree=1, Agree=2, 

Neither=3, Disagree=4, Strongly disagree=5. The items are summed for a 

total OPQOL-Brief score, then positive items are reverse coded, so that 

higher scores represented higher QoL. 

b- Treatment Procedures: 

- Postmenopausal women in group (A) were treated by ultraviolet (UV) 

through the following technique: 

Before application of UV, the physical therapist determined the 

individual postmenopausal woman's sensitivity to UV by using dose 

response assessment which is graded according to the individual's 

erythema response and is categorized as (Coelho et al., 2009): 

- Suberythemal dose (SED): No change in skin redness occurs in the 

24 hours following UV exposure. 

- Minimal erythemal dose (MED) or E1: The smallest dose 

producing erythema within 8 hours after exposure that disappears 

within 24 hours after exposure. 

- Second-degree erythema (E2): Definite redness with some mild 

desquamation appears within 6 hours after exposure and lasts for 1 

to 3 days. E2=MED X 2.5 

- Third-degree erythema (E3): Intense erythema with edema, 

peeling, and pigmentation appears within 2 hours or less after 

treatment and is like severe sunburn. E3= MED X 5. 

- Fourth-degree erythema (E4): Erythema with severe blistering, 

peeling, and exudation. E4= MED X 10. 

In general, treatment time was selected as a proportion of the MED 

of UV which was determined through following steps: the physical 

therapist asked each postmenopausal woman to wear safety glasses 

(goggles) to protect her eyes from UV. Then, the woman to remove 



washed abdominal area. After explaining the ttt procedures to the woman 

and asking her not to look to the lamp because of possibility of damage 

the eyes. The therapist took a piece of cardboard approximately 4 by 20 

cm and cut three different shape holes 2 by 2 cm in it (Fig. 8). 

 

Fig. (8): Determination of the MED of UV 

Then, placed this cardboard on the abdominal area and draped the 

area around the cardboard, so that the surrounding skin was not exposed 

to the exposure. The lamp set up at 70 cm away from and perpendicular 

to the abdominal area and turned on the lamp. The arc lamp took 5 to10 

minutes warming up to reach full power before turning it toward the 

woman. Once the lamp had reached full power, the UV beam directed 

directly toward the abdominal area and started the timer. The three holes 

were exposed to UV at one time for 30 seconds, then covered 2 holes and 

leave one for 30 seconds then after 30 seconds covered one hole and 

leave the other for another 30 seconds. 

According to this protocol, the first hole was exposed for 90 

seconds, the second for 60 seconds, the third for 30 seconds. Then, the 

woman was asked to record the response of the area for the 24 hours 

following exposure. The part that showed mild reddening of the skin 

within 8 hours that disappeared within 24 hours was treated with the 

MED. In this study the desired dose was minimal erythemal dose (MED) 

or E1. 



After determining the MED for each woman, the session of UV was applied 

as follows:  

   - The postmenopausal woman was instructed
 
to remove clothing from the 

lower abdomen and lay in supine lying position to allow the maximum 

exposure of the part being treated and to avoid undue exposure of other 

parts, Fig. (9). 

 

Fig. (9): Application of ultraviolet exposure 

- A sheet was used to cover the rest of the body which did not need 

exposure. Eyes were protected by goggles to avoid exposure.  

- After that the ultraviolet Arc lamp was adjusted to be in a 

perpendicular position above the lower abdominal area by about 70 

cm. The lamp turned on and the timer was adjusted according to 

the detected MED of each woman.  

- When the treatment time was completed, the lamp was switched 

off and turned away from the postmenopausal woman.  

- Any observable response to the treatment was documented.   

- Treatment sessions were given three sessions per week up to 

complete three months. 

-Aerobic exercise: 

Postmenopausal women in group (A&B) performed treadmill 

exercise, Fig. (10), woman should always warm up before starting 



exercise and stopped if she feels short of breath or any pain, each session 

was performed for 30 minutes and it consists of 5 minutes warming up, 

20 minutes walking at 60% of maximum heart rate (MHR). MHR= 220- 

age, is the upper limit that cardiovascular system can handle during 

physical activity. Finally 5 minutes cooling down, three sessions per 

week for three months (Pescatello, 2014). 

 

                          Fig. (10): Patient performing exercises 

-Vitamin D supplementation: 

All Postmenopausal women in both groups (A&B) were received 

vitamin D supplement (800 IU) daily for three months. 

 111. Statistical analysis: 

The main purpose of this study was to investigate the effect of 

ultraviolet exposure on muscle vitality in postmenopausal women with 

vitamin D deficiency. Statistical analysis was conducted using SPSS for 

windows, version 23 (SPSS, Inc., Chicago, IL). The current test involved 

two independent variables. The first one was the (tested group); between 

subject factors which had two levels (group A received ultraviolet and 

regular aerobic exercises three sessions per week with vitamin D 

supplement (800 IU) daily for three months. And group B received 



regular aerobic exercises with vitamin D supplement (800 IU) daily only 

for three months). The second one was the (measuring periods); within 

subject factor which had two levels (Pre-treatment, Post-treatment). In 

addition, this test involved four tested dependent variables (Vitamin D, 

quality of life, isokinetic peak torque of knee flexors and extensors). Prior 

to final analysis, data were screened for normality assumption, 

homogeneity of variance, and presence of extreme scores. This 

exploration was done as a pre-requisite for parametric calculations of the 

analysis of difference. Vitamin D, quality of life, isokinetic peak torque 

of knee flexors and extensors were normally distributed, as assessed by 

Shapiro-Wilk's test (p > .05). There was homogeneity of variances, as 

assessed by Levene's (p > .05) for almost dependent variables.  There was 

a linear relationship between the dependent variables, as assessed by 

scatterplot, and no evidence of multicollinearity, as assessed by Pearson 

correlation (|r| < 0.9). There were no univariate outliers in the data, as 

assessed by inspection of a boxplot, and no multivariate outliers in the 

data, as assessed by Mahalanobis distance, accordingly, 2x2 Mixed 

MANOVA test was used to compare the tested variables of interest at 

different measuring periods at both groups. With the initial alpha level set 

at 0.05. 
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CHAPTER (IV) 

ANALYSIS OF RESULTS 

1. General Characteristics: 

The current study was conducted on 35 participants. They were 

assigned randomly into two groups. Group (A) consisted of 18 

participants with mean age, body mass, height and body mass index 

(BMI) values of 51.66±5.21 years, 07.1±14.9 kg, 157.22±5.05 cm and 

28.36±1.64Kg/m
2
 respectively. Group (B) consisted of 17 participants 

with mean age, body mass, height and BMI values of 53.29±5.31 years, 

07.72±11.28 kg, 157.7±3.49 cm and 28.84±1.16 Kg/m
2
 respectively. As 

indicated by the independent t test, there were no significant differences 

(p>0.05) in the mean values of age, body mass, height and BMI between 

both tested groups (A&B) Table (4) and Figs. (11, 12, 13&14).  

Table (4): demographic data of participants in both groups (A&B).  

 

Items Group (A) Group (B) Comparison  

S Mean ± SD Mean ± SD t-value P-value 

Age (years) 51.66±5.21 53.29±5.31 -0.92 0.37 NS 

Body mass (kg) 70.1±14.9 71.72±11.28 -0.01 0.99 NS 

Height (cm) 157.22±5.05 157.7±3.49 -0.33 0.75 NS 

 ) BMI(Kg/m
2

 28.36±1.64 28.84±1.16 -0.89 0.38 NS 

*SD: standard deviation, P: probability, S: significance, NS: non-

significant. 

 



 

               Fig. (11): Mean values of age between both groups. 

 

               Fig. (12): Mean values of body mass between both groups. 

 

 

Fig (13): Mean values of height between both groups. 
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               Fig. (14): Mean values of BMI between both groups. 

 

1. 2× 2 mixed design MANOVA 

A. Overall effect 

Statistical analysis using 2x2 mixed design MANOVA indicated 

that there were significant effects of the tested group (the first 

independent variable) on the all tested dependent variables; Vitamin D, 

quality of life and peak torque of knee flexors and extensors at angular 

velocity 60 degrees/sec (F=12.29, P=0.0001*). However, there were 

significant effects of the measuring periods (the second independent 

variable) on the tested dependent variables (F=124.36, P=0.0001*). 

However, the interaction between the two independent variables was 

significant, which indicates that the effect of the tested group (first 

independent variable) on the dependant variables was influenced by the 

measuring periods (second independent variable) (F=35.94, P=0.0001*) 

Table (5). 
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Table (5): The 2x2 mixed design Multivariate Analysis of Variance 

(MANOVA) for all dependent variables at different measuring periods 

between both groups. 

Source of Variation F-value P-value 

Groups  12.29 0.0001* 

Measuring periods 124.36 0.0001* 

Interaction 35.94 0.0001* 

           *Significant at alpha level <0.05. 

B. Multiple pairwise comparison tests (Post hoc tests) 

1. Vitamin D: 

   1-Within groups: 

As presented in table (6) and illustrated in figure (15), within 

group's comparison the mean ± SD values of Vitamin D in the "pre" and 

"post" treatment were 18.5±1.03 ng/mL and 32.77 ±5.34 ng/mL 

respectively in the group (A). Multiple pairwise comparison tests (Post 

hoc tests) revealed that there was significant increase of Vitamin D at 

post treatment in compare to pre-treatment (P-value =0.0001*). While, 

the mean ± SD values of Vitamin D in the "pre" and "post" treatment 

were 18.22 ±1.14 ng/mL and 22.08±2.55 ng/mL respectively in the group 

(B). Multiple pairwise comparison tests (Post hoc tests) revealed that 

there was significant increase of Vitamin D at post treatment in compare 

to pre-treatment (P-value =0.001*). 

2- Between groups: 

Considering the effect of the tested group (first independent 

variable) on Vitamin D, Multiple pairwise comparison tests (Post hoc 

tests) revealed that the mean values of the "pre" treatment between both 

groups showed no significant differences with (P=0.06). As well as, 

multiple pairwise comparison tests (Post hoc tests) revealed that there 

was significant difference of the mean values of the "post" treatment 

between both groups with (p=0.0001*) and this significant increase in 

favour to group A. 



Table (6): Mean ±SD and p values of Vitamin D pre and post- 

treatment at both groups. 

Vitamin D 

ng/mL 

Pre 

treatment 
Post treatment MD 

% of 

change 
p- 

value 
Mean± SD Mean± SD 

Group A 18.5±1.03 32.77 ±5.34 -12.27 59.85 0.0001* 

Group B 18.22 ±1.14 22.08±2.55  -2.86 14.88 0.001* 

MD 1.27 10.68    

p- value 0.06 0.0001*    

*Significant level is set at alpha level <0.05                                                    

SD: standard deviation 

MD: Mean difference                                                                                 

p-value: probability value 

 

 

              Fig. (15): Mean values of Vitamin D pre and post treatment in both 

groups. 

2. Quality of life: 

   1-Within groups: 

As presented in table (7) and illustrated in figure (16), within 

group's comparison the mean ± SD values of Quality of life in the "pre" 
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and "post" treatment were 44.35±4.28 and 57.05 ±5.44 respectively in the 

group (A). Multiple pairwise comparison tests (Post hoc tests) revealed 

that there was significant increase of Quality of life at post treatment in 

compare to pre-treatment (P-value =0.0001*). While, the mean ± SD 

values of Quality of life in the "pre" and "post" treatment were 41.68 

±3.99 and 46.25±5.02 respectively in the group (B). Multiple pairwise 

comparison tests (Post hoc tests) revealed that there was significant 

increase of Quality of life at post treatment in compare to pre-treatment 

(P-value =0.0001*).  

2- Between groups: 

Considering the effect of the tested group (first independent 

variable) on Quality of life, Multiple pairwise comparison tests (Post hoc 

tests) revealed that the mean values of the "pre" treatment between both 

groups showed no significant differences with (P=0.08). As well as, 

multiple pairwise comparison tests (Post hoc tests) revealed that there 

was significant difference of the mean values of the "post" treatment 

between both groups with (p=0.0001*) and this significant increase in 

favour to group A.  

Table (7): Mean ±SD and p values of Quality of life pre and post- 

treatment at both groups.  

Quality of 

life 

Pre 

treatment 
Post treatment MD 

% of 

change 
p- 

value 
Mean± SD Mean± SD 

Group A 44.35±4.28 57.05 ±5.44 -12.7 28.63 0.0001* 

Group B 41.68 ±3.99 46.25±5.02 -4.57 10.96 0.0001* 

MD 2.66 10.81    

p- value 0.08 0.0001*    

*Significant level is set at alpha level <0.05                                                    

SD: standard deviation 

   MD: Mean difference                                                                                 

p-value: probability value 

 



 

Fig. (16): Mean values of Quality of life pre and post treatment in both groups. 

3. Peak torque of knee flexors: 

   1-Within groups: 

As presented in table (8) and illustrated in figure (17), within 

group's comparison the mean ± SD values of Peak torque of knee flexors 

in the "pre" and "post" treatment were 28.7±11.63N.M and 42.7 

±15.05N.M respectively in the group (A). Multiple pairwise comparison 

tests (Post hoc tests) revealed that there was significant increase of Peak 

torque of knee flexors at post treatment in compare to pre-treatment (P-

value =0.001*). While, the mean ± SD values of Peak torque of knee 

flexors in the "pre" and "post" treatment were 35.1 ±10.95N.M and 

39.67±11.5N.M respectively in the group (B). Multiple pairwise 

comparison tests (Post hoc tests) revealed that there was no significant 

difference of Peak torque of knee flexors at post treatment in compare to 

pre-treatment (P-value =0.25).  
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2- Between groups: 

Considering the effect of the tested group (first independent 

variable) on Peak torque of knee flexors, Multiple pairwise comparison 

tests (Post hoc tests) revealed that the mean values of the "pre" treatment 

between both groups showed no significant differences with (P=0.11). As 

well as, multiple pairwise comparison tests (Post hoc tests) revealed that 

there was no significant difference of the mean values of the "post" 

treatment between both groups with (p=0.52).  

Table (8): Mean ±SD and p values of Peak torque of knee flexors pre 

and post- treatment at both groups.  

Peak torque 

of knee 

flexors 

N.M 

Pre 

treatment 
Post treatment 

MD 

% of 

change p- 

value 
Mean± SD Mean± SD 

Group A 28.7±11.63 42.7 ±15.05 -14 48.78 0.001* 

Group B 35.1 ±10.95 39.67±11.5 -4.57 13.01 0.25 

MD -6.4 3.03    

p- value 0.11 0.52    

*Significant level is set at alpha level <0.05                                                    

SD: standard deviation 

   MD: Mean difference                                                                                 

p-value: probability value 

 

  



 

Fig. (17): Mean values of Peak torque of knee flexors pre and post treatment in 

both groups. 

4. Peak torque of knee extensors: 

   1-Within groups: 

As presented in table (9) and illustrated in figure (18), within 

group's comparison the mean ± SD values of Peak torque of knee 

extensors in the "pre" and "post" treatment were 48.28±13.8N.M and 

68.43±27.19N.M respectively in the group (A). Multiple pairwise 

comparison tests (Post hoc tests) revealed that there was significant 

increase of Peak torque of knee extensors at post treatment in compare to 

pre-treatment (P-value =0.001*). While, the mean ± SD values of Peak 

torque of knee extensors in the "pre" and "post" treatment were 

59.98±19.46N.M and 67.27±22.77N.M respectively in the group (B). 

Multiple pairwise comparison tests (Post hoc tests) revealed that there 

was no significant difference of Peak torque of knee extensors at post 

treatment in compare to pre-treatment (P-value =0.25).  
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2- Between groups: 

Considering the effect of the tested group (first independent variable) on 

Peak torque of knee extensors, Multiple pairwise comparison tests (Post 

hoc tests) revealed that the mean values of the "pre" treatment between 

both groups showed no significant differences with (P=0.05). As well as, 

multiple pairwise comparison tests (Post hoc tests) revealed that there 

was no significant difference of the mean values of the "post" treatment 

between both groups with (p=0.896).  

Table (9): Mean ±SD and p values of Peak torque of knee extensors 

pre and post- treatment at both groups.  

Peak torque 

of knee 

extensors 

N.M 

Pre 

treatment 
Post treatment 

MD 

% of 

change p- 

value 
Mean± SD Mean± SD 

Group A 48.28±13.8 68.43 ±27.19 -20.15 41.73 0.001* 

Group B 59.98±19.46 67.27±22.77 -7.29 12.15 0.25 

MD -11.7 1.16    

p- value 0.05 0.896    

*Significant level is set at alpha level <0.05                                                    

SD: standard deviation 

   MD: Mean difference                                                                                 

p-value: probability value 



 

 

Fig. (18): Mean values of Peak torque of knee extensors pre and post treatment 

in both groups. 
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CHAPTER (V) 

DISCUSSION 

 

 Menopause is the permanent cessation of the menstrual cycles 

following the loss of ovarian reproductive function and is a natural 

physiological process related to aging. The postmenopausal period is 

clinically and retrospectively diagnosed with the following amenorrhea 

for more than 12 months (Frange et al., 2018). 

Menopausal transition is associated with a decline in estrogen, 

growth hormone (GH), insulin-like growth factor-binding protein 1 (IGF-

1), and  eoosnieorrmBnieyioieBo (DHEA), a decrease in muscle protein 

synthesis, and an increase in catabolic factors such as inflammation. More 

importantly, low physical activity, low protein intake, vitamin D 

deficiency and elevated oxidative stress are the greatest contributors of 

sarcopenia in postmenopausal women (Maltais et al., 2009). 

Vitamin D deficiency is a frequent clinical condition in 

postmenopausal women and is partly due to reduced sun exposure, low 

dietary vitamin D intake and a decrease in the capacity of the skin to 

synthesize vitamin D in postmenopausal women (MaStaglia et al., 

2011). 

Postmenopausal women with 25OHD levels above 20ng/ml had 

better lower extremity strength and function than those with levels below 

20ng/ml, confirming that 25oHD levels ≥ 20ng/ml are necessary to 

maintain adequate muscle function and strength (Wicherts et al., 2007). 

Exercise, nutrition, hormone replacement and vitamin D 

consumption are considered as important contributors to muscle mass, 

strength and quality of life (QoL) in postmenopausal women (Davidson 

et al. 2009). 



Physical activity reduces the risk of developing cardiovascular and 

metabolic disease through better control of blood pressure, cholesterol 

and waist circumference in a dose dependent manner: more activity leads 

to lower risk of cardiovascular and metabolic disease (Earnest et al., 

2013). 

In the present study thirty five postmenopausal women who 

suffering from vitamin D deficiency participated in this study were 

assigned into two groups (A&B) to determine the effect of ultraviolet on 

muscle vitality in postmenopausal women with vitamin D deficiency. 

Assessment of all postmenopausal women in both groups (A&B) was 

carried out before and after the end of the treatment program (3 months) 

through assessment of, level of serum 25-hydroxyvitamin D {25(OH) D}, 

muscle strength, as well as, QoL. Within groups the results revealed that 

there was a significant increase in (25(OH) D, and QoL) when comparing 

between pre and post treatment results in both groups (A&B), also there 

was a significant increase of peak torque of knee flexors as well as 

extensors in group (A) post treatment in compare to pre-treatment, while 

there was no significant difference in group (B) post treatment. While, 

between groups the results revealed that there was a significant difference 

in (25(OH) D and QoL) in favor to group (A) than group (B) in 

postmenopausal women after three months of treatment when comparing 

the post treatment results in both groups (A&B). 

Regarding to serum 25(OH) D, within groups (A&B) the results 

revealed that there was a significant increase in 25(OH) D when 

comparing between pre and post treatment results in both groups (A&B) 

after the end of treatment. These come in agreement with Civelek et al., 

(2014) who found that Vitamin D deficiency is a frequent clinical 

condition in postmenopausal women and has been found to be associated 



with reduce intensity and duration of exposure to ultraviolet (UV), since 

UV is responsible for formation of vitamin D by 80-90% and other10-

20% by low dietary vitamin D intake. Each of these two sources can 

provide a sufficient supply, but if one of them is reduced the other source 

can easily become insufficient. Also, Christopher Gallagher et al., 

(2012) who reported that a Vitamin D3 supplement, 800 IU/d once daily, 

increased 25-(OH)D levels greater than 50 nmol/L in 97.5% of  

postmenopausal women. This level is associated with significant 

reductions in hip fractures. 

 While between groups, the results revealed that there was a 

significant increase in serum 25(OH) D in favor to group (A) (UV and 

regular aerobic exercises with vitamin D supplement (800 IU) daily) than 

group (B) (regular aerobic exercises with vitamin D supplement (800 IU) 

daily) when comparing the post treatment results in both groups (A&B) 

after the end of treatment. These can be explained by that Vitamin D 

formation is accelerated by ultraviolet exposure. These results proved by 

Cicarma et al., (2010) who stated that the main source of vitamin D in 

the human body is cutaneous synthesis via the effects of exposure on the 

vitamin D precursor, 7 dehydrocholesterol. This mechanism is well 

regulated and accounts for most of vitamin D synthesis in the body. UVB 

induces production of vitamin D in the skin at rates of up to 1,000 IUs per 

minute. Anything that reduces the number of UVB photons penetrating 

the skin or alters the amount of 7-dehydrocholesterol in the skin affects 

production of vitamin D3, thus causing vitamin D deficiency. Vitamin D3 

is further converted by the liver and kidneys into the active metabolites 

form 1,25(OH)2 D3. These metabolites act on the intestine to facilitate 

absorption of Ca
2+

 & phosphorus into the blood stream and act on bone to 

facilitate Ca
2+

 exchange.  

http://en.wikipedia.org/wiki/Vitamin_D


This is also supported by Wortsman et al., (2000) who found 

increase in 25(OH) D levels 24 h after whole-body UV light exposure. 

Regarding to QoL, within groups the results revealed that there was 

a significant increase in QoL when comparing between pre and post 

treatment results in both groups (A&B) after the end of treatment. These 

come in agreement with Rondanelli et al., (2016) who examined the 

impact of vitamin D concurrent with regular, controlled physical activity 

on 77 sarcopenic postmenopausal women. 

These can be explained by that vitamin D supplementation, 

together with gentle physical activity can produce changes in catabolic 

mediators, lowering inflammatory markers such as C-reactive protein 

(CRP) and improving anabolic markers such as IGF-I that contributes to 

increasing production of muscle satellite cells and stimulating production 

of muscle contractile proteins. This shift results in a significant increase 

in fat-free mass (FFM) (+1.7 kg) and muscle strength, proving effective 

in the treatment of sarcopenia, with improvements in physical function 

and QoL in postmenopausal women (Rondanelli et al., 2016). 

Aerobic exercises exhibited significant improvement in QoL in 

postmenopausal women. This improvement is attributable to regular 

physical activity is safe for postmenopausal women and the risks of 

developing major cardiovascular and metabolic diseases, obesity, falls, 

cognitive impairments, osteoporosis and muscular weakness are 

decreased by regularly completing activities ranging from low intensity 

walking through to more vigorous sports and resistance exercises 

(Davidson et al., 2009). 

 The results agree with Weening Dijksterhuis et al.,
 
(2011) who 

led to the recommendations that postmenopausal women should perform 

moderate intensity leg-strengthening exercises and functional training, 



including walking, chair rising, balancing and game-like activities, two to 

three times per week with sessions lasting around 45 min. This is in line 

with the suggestion that combined resistance and endurance training may 

be more beneficial than any of exercise types for improving functional 

mobility, walking, balance, reducing falls risk and risk of developing 

metabolic and cardiovascular disease which all contributed to improve 

QoL among postmenopausal women with moderate deficits or frailty. 

 Also, Mohamed et al., (2015) who stated that regular aerobic 

exercise assisted with soy products appears an effective, safe and 

successful alternative method to improve QoL in postmenopausal 

women.  

While between groups, the results revealed that there was a 

significant increase in favor to group (A) than group (B) when comparing 

the post treatment results in both groups (A&B) after the end of 

treatment. These come in agreement with Sakalli et al., (2012) who 

demonstrated improvements in both physical and mental components of 

short form (SF-36) QoL questionnaire after 4 weeks of vitamin D 

supplementation. In a study of Anand et al., (2011) showed that low 

serum 25-OHD levels were associated with both lower physical activity 

and lower mental component scores of QoL in 124 women with a mean 

age of 62 year. 

These can be explained by that low serum 25-OHD levels lead to 

secondary hyperparathyroidism which may further worsen bone health 

and muscle function and lead to osteomalacia, decrease bone 

mineralization, and increased cortical bone loss, that has been linked to 

the pathogenesis of osteoporosis and increased risk of vertebral and 

nonvertebral fractures. Also, Increased PTH results in protein catabolism 

and decrease in the number of type 2 fibers in muscles, increases the 



production of interleukin-6 which may in turn decrease muscle strength 

and physical performance that impair QoL (Adams & Hewison, 2010). 

Regarding to muscle strength, within groups the results revealed 

that there was a significant increase of peak torque of knee flexors as well 

as extensors when comparing between pre and post treatment results in 

group (A), while there was no significant difference in group (B) post 

treatment. These come in agreement with Janssen et al., (2004), who 

found a significant beneficial effect of vitamin D supplementation with 

physical activity with a gain of 1.7kg in FFM. Supplementation 

significantly improved relative skeletal muscle mass and muscle strength 

and in fact, 68% of elderly sarcopenic became nonsarcopenic. 

Also, Beaudart et al., (2014), Flicker et al., (2005), who found in 

a recent meta-analysis of the results of 30 randomized, double-blind, 

placebo-controlled clinical trials indicated that daily supplementation 

with 800 IU of vitamin D3 increased skeletal muscle strength on average 

by 21%. This gain in muscle strength has been suggested as the 

mechanism behind a reduction in falls of 23–53%, in addition to a 

reduction in fractures elderly sarcopenic given vitamin D. 

These results are in agreement with the study by Raguso et al., 

(2006), who proved that physical activity is important, but not sufficient 

to achieve a significant result and does not seem to prevent loss of muscle 

mass in sarcopenic elderly. 

While between groups, the results revealed that there was no 

significant difference between both groups (A&B) when comparing the 

post treatment results in both groups (A&B) after the end of treatment. 

These come in agreement with Civelek et al., (2014), Annweiler et al., 

(2009) who find no relationship between vitamin D levels and weakness. 

A systematic review conducted in 2003 concluded that vitamin D alone 



cannot be recommended for use in clinical practice where the primary 

aim is to improve muscle strength or physical function or reduce the risk 

of falling in elderly people (Latham et al., 2003). 

In contrast to our results Wicherts et al., (2007), Houston et al., 

(2007) who proved that vitamin D deficiency contributes to muscle 

weakness. 

Accordingly, it can be concluded that ultraviolet and regular 

aerobic exercises with vitamin D supplementation are more effective for 

improving serum 25(OH) D and QoL without adverse side effects. As 

postmenopausal women require long-term pharmacological treatment, 

which is usually effective but has negative side effects such as tiredness, 

digestive system problems (feel sickness, constipation or diarrhea, loss 

appetite or may have increased appetite that lead to weight gain). Also, 

hair thinning, muscle and bones changes (joint pain, bone thinning can 

lead to osteoporosis and bone fracture) headache, memory problems, 

mood swings and depression, blood clots and breast discomfort. So, that 

ultraviolet therapy is considered appropriate and complementary method 

to reduce medical dose and its side effects in treatment of 

postmenopausal women having vitamin D deficiency. 

 

 

 

 

 

 

 

 



 

 

 

 

 

 

 

Chapter VI 

Summary, Conclusion and Recommendations 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



CHAPTER (VI) 

SUMMARY and CONCLUSION 

There is strong evidence of a worsening quality of life (QoL) after 

menopause, especially in relation to the presence of climacteric 

symptoms, with their frequency and intensity. Among the climacteric 

symptoms that affect QoL are insomnia (INS) and musculoskeletal 

disorders (Frange et al., 2018). 

Vitamin D deficiency is increasing worldwide. Ultraviolet (UV) 

rays are supposed to provide humans over 80% of our vitamin D 

requirement: the rest is received through diet and supplements. In 

addition to enhancing Ca
2+

 absorption from the intestine and 

mineralization of the osteoid tissue, vitamin D has many other 

physiological effects, including neuromodulation, improving muscle 

strength and coordination, insulin release, immunity and prevention of 

infections and curtailing cancer (Wimalawansa, 2011). 

Diagnosis of vitamin D deficiency is crucial since it may lead to 

impairment in QoL as it leads to some clinical conditions that symptoms 

and signs may be misdiagnosed as other diseases if unsuspected such as 

fibromyalgia, chronic pain syndrome, myositis and depression (Ecemis & 

Atmaca 2013).  

This study was conducted to determine the effect of ultraviolet 

exposure on muscle vitality in postmenopausal women with vitamin D 

deficiency. Thirty five postmenopausal women who suffering from 

vitamin D deficiency participated in this study, from the outpatient clinic 

of faculty of physical therapy, Cairo University. Their age ranged from 

(45 to 60) yrs., body mass index (BMI) ranged from 25 to 30 kg/m
2
. They 

were assigned into two groups (A&B). Group (A): Postmenopausal 



women received ultraviolet exposure in addition to regular aerobic 

exercises 3 sessions per week with vitamin D supplement (800 IU) daily 

for 3 months. Group (B): Postmenopausal women received regular 

aerobic exercises with vitamin D supplement (800 IU) daily only for 3 

months.  

Assessment of all women in both groups (A&B) was carried out 

before and after the end of the treatment program (3 months) through 

measuring level of serum 25-hydroxyvitamin D, muscle vitality, as well 

as, QoL.  

The results of the present study revealed that: 

At the end of the study, the results revealed that there was a 

significant increase in (serum 25(OH) D and QoL) in favor to group (A) 

than in group (B) in postmenopausal women after three months of the 

treatment when comparing the post treatment results in both groups 

(A&B). There was a significant increase of peak torque of knee flexors as 

well as extensors in group (A) post treatment in compare to pre-treatment. 

So, it could be concluded that ultraviolet combined with regular 

aerobic exercises with vitamin D supplement (800 IU) daily are more 

effective than regular aerobic exercises with vitamin D supplement (800 

IU) daily alone for improving concentration of serum 25(OH) D and QoL 

in postmenopausal women.  

Also, ultraviolet is a new additional method in dealing with 

postmenopausal women. This new method exhibits a great advantage 

(responsible for the formation of vitamin D with its pivotal role in bone 

mineralization, Ca
2+

 homeostasis, and its related disorders. Also, vitamin 

D may play a role in muscle strength, among other physiological and 

pathophysiological processes such as pathogenesis of psoriasis, certain 

cancers, multiple sclerosis (MS), diabetes, and blood pressure. So vitamin 

http://en.wikipedia.org/wiki/Vitamin_D


D has a crucial role in improving QoL in postmenopausal women) and 

has few negative side effects. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Recommendations 

 

At the end of this work, the obtained results have indicated the 

need to suggest the following recommendations:- 

 

1-The findings of this study encourage the use of ultraviolet as an 

effective method for improving quality of life in postmenopausal women. 

 

2-The periodical evaluation of the vitamin D should be encouraged for 

early detection of postmenopausal vitamin D deficiency. 

 

3- Other studies are needed to compare between ultraviolet and medical 

treatment like calcium supplementation and hormone replacement 

therapy in postmenopausal women. 

 

4- This study can be conducted on a greater numbers and for longer 

treatment course to postmenopausal women who would follow the 

same regimen of treatment with the hope that they will get better 

and more significant results. 

 

5- Follow up may be needed for the postmenopausal women after the 

course of treatment for the hope that the improvement rate may be 

higher than the rate gained during this study. 
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Appendix (I) 

 
Informed consent form 

 
 

            I am freely and voluntarily consenting to participate in this 

research study (Effect of Ultraviolet on muscles vitality in 

postmenopausal women with vitamin D deficiency) under the 

supervision of the researcher/Dina Mahmoud Aleshmawy Mohamed 

Abd-Elfatah. A full description of the study procedure had been 

explained to me and I understand that I may withdraw my consent and 

discontinue participation in this research study at any time without 

prejudice to me. 

 

Signature: ……………….. 

                                                         Date:    /      / 

 

 

 إقرار
 

الموقعة أدناه بأننى موافقة بحرية وتطوع  /..……………………………أقر أنا السيدة 

)تأثير األشعة فوق البنفسجية على حيوية العضالت لدى على المشاركة فى برنامج البحث

دينا  /شراف الباحثة إتحت  السيدات الالتى تعانين من نقص فيتامين )د( بعد انقطاع الطمث(

وقد تم شرح خطوات البحث لى بالتفصيل مع التأكيد على  عبد الفتاح دمحمود العشماوي محم

نه يحق  لى االنسحاب من المشاركة فى هذه الدراسة البحثية فى أى وقت أشاء دون أدنى أ

 .مسئولية

 

 ..…………………التوقيع :

 /          /      التاريخ:                                                                            

 



Appendix (II) 

Recording data sheet 

I) Personal History  

Patient serial number : 

Name                        : 

Age                           : 

Occupation               : 

Address                    : 

Marital status           : 

Telephone No.         : 

Special habits           : 

(II) Diagnosis 

(III) Present history 

(IV) Menstrual history  

Date of last menstrual period  

(V) Evaluation: 

 

Variables 

Group (A) Group (B) 

Before ttt After ttt Before ttt After ttt 

Weight (kg)     

Height (cm)     

BMI (kg/m
2
)     

Serum25- 

hydroxyvitaminD 

(ng/ ml) 

    

Quality of life     

Peak torque of 

knee 

flexors(N.M) 

    



Peak torque of 

knee 

extensors(N.M) 

    

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Appendix (III) 

 Measurement of serum 25-hydroxyvitamin D  

Principle of the test: 

The DRG 25-OH Vitamin D total ELISA Kit is a solid phase 

enzyme linked immunosorbent assay (ELISA), based on the principle of 

competitive binding. In the first step, samples have to be pretreated in 

separate vials with denaturation buffer to extract the analytic, since most 

circulating 25-OH Vit D is bound to VDBP in vivo. After neutralization, 

biotinylated 25-OH Vitamin D (enzyme conjugate) and peroxidase 

labeled streptavidin- (enzyme complex) are added. After careful mixing, 

the solution is transferred to the wells of the microtiter plate. Endogenous 

25-OH Vitamin D of a sample competes with a 25-OH Vitamin-D3-biotin 

conjugate for binding to the VDBG that is immobilized on the plate. 

Binding of 25-OH Vitamin Dbiotin is detected by peroxidase-labeled 

streptavidin. Incubation is followed by a washing step to remove unbound 

components. The color reaction is started by addition enzyme substrate 

and stopped after a defined time. The color intensity is inversely 

proportional to the concentration of 25-OH Vitamin D in the sample. 

Reagents: 

1. Microtiterwells, 12 x 8 (break apart) strips, 96 wells; Wells coated 

with Vitamin D binding protein (VDBG). 

2. Standard (Standard 0-5), 6 vials, 1 mL, ready to use; Concentrations: 

0 – 4 – 10 – 25 – 60 – 130 ng/ml. Conversion: 1 ng/mL = 2.5 nmol/L. 

The standards are calibrated against the NIST Standard Reference 

Material (SRM) 2972; Contain non-mercury preservative. 

3. Control low & high, 2 vials, 1 mL each, ready to use; for control 



values and ranges please refer to vial label or QC-Datasheet. Contain 

non-mercury preservative. 

4. Denaturation buffer, 1 vial, 10 mL, ready to use 

5. Neutralization buffer, 1 vial, 25 mL, ready to use, Contains non-

mercury preservative. 

6. Enzyme conjugate, 1 vial, 7 mL, ready to use, vitamin D3 conjugated 

to biotin; Contains non-mercury preservative. 

7. Enzyme complex, 1 vial, 7 mL, ready to use, streptavidin-Peroxidase 

Conjugate. Contains non-mercury preservative. 

8. Substrate solution, 1 vial, 25 mL, ready to use, Tetramethylbenzidine 

(TMB). 

9. Stop solution, 1 vial, 14 mL, ready to use, contains 0.5 M H2SO4, 

Avoid contact with the stop solution. It may cause skin irritations and 

burns. 

10. Wash solution, 1 vial, 30 mL (40X concentrated). 

11. Cover foil, 1 sheet of adhesive cover foil. 

Note: Additional Standard 0 for sample dilution is available upon request. 

Materials required but not provided: 

 Vials for the Vitamin D release step (e.g. rack with 96 vials, 0.65 mL 

each, 5 pieces; REF 781565-5 

 Single vials (e.g. single vials, 0.65 mL each, 1000 pieces (REF: EIA    

5396-VIALS) 

 Incubator 37 °C (98.6 °F) 

 A microtiter plate calibrated reader (450 ± 10 nm) 

 Calibrated variable precision micropipettes. 

 A bsorbent paper. 

 Distilled or deionized water 



 Timer 

 Semi logarithmic or linear graph paper or software for data reduction 

Specimen collection and preparation: 

• Serum or plasma (EDTA-, heparin- or citrate plasma) can be used in this 

assay. 

• Do not use hemolytic, icteric or lipaemic specimens. 

• Please note: Samples containing sodium azide should not be used in the 

assay. 

Specimen collection 

Serum: 

• Collect blood by venipuncture (e.g. Sarstedt Monovette for serum), 

allow to clot, and separate serum by centrifugation at room temperature . 

• Do not centrifuge before complete clotting has occurred. Anticoagulant 

may require increased clotting time. 

Plasma: 

• Whole blood should be collected into centrifuge tubes containing anti-

coagulant (e.g. Sarstedt Monovette with the appropriate plasma 

preparation) and centrifuged immediately after collection. 

Specimen storage and preparation 

• Specimens should be capped and may be stored for up to 3 days at 2 °C 

to 8 °C prior to assaying. 

• Specimens held for a longer time (up to two months) should be frozen 

only once at -20 °C prior to assay. Thawed samples should be inverted 

several times prior to testing. 

Specimen dilution 

• If in an initial assay, a specimen is found to contain more than the 

highest standard, the specimens can be diluted with Standard 0 and 



reassayed as described in Assay Procedure. For the calculation of the 

concentrations this dilution factor has to be taken into account. 

 Assay procedure: 

General remarks 

 All reagents and specimens must be allowed to come to room 

temperature before use. All reagents must be mixed without foaming. 

 Once the test has been started, all steps should be completed without 

interruption. 

 Use new disposal plastic pipette tips for each standard, control or 

sample in order to avoid cross contamination. 

 Absorbance is a function of the incubation time and temperature. 

Before starting the assay, it is recommended that all reagents are ready, 

caps removed, all needed wells secured in holder, etc. This will ensure 

equal elapsed time for each pipetting step without interruption. 

 As a general rule the enzymatic reaction is linearly proportional to time 

and temperature. 

Calculation of results: 

1. Calculate the average absorbance values for each set of standards, 

controls and samples. 

2. Using semi-logarithmic or linear graph paper, construct a standard 

curve by plotting the mean absorbance obtained from each standard 

against its concentration with absorbance value on the vertical (Y) axis 

and concentration on the horizontal (X) axis. 

3. Using the mean absorbance value for each sample determine the 

corresponding concentration from the standard curve. 

4. Automated method: The results in the IFU have been calculated 

automatically using a 4 PL (4 Parameter Logistics) curve fit. 4 Parameter 

Logistics is the preferred method. Other data reduction functions may 



give slightly different results. 

5. The concentration of the samples can be read directly from this 

standard curve. Samples with concentrations higher than that of the 

highest standard have to be further diluted or reported as > 130 ng/ml. For 

the calculation of the concentrations this dilution factor has to be taken 

into account. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Appendix IV 

Brief Older People’s Quality of Life (OPQOL-BRIEF) 

Questionnaire. 

 



 



 

 

 (IV رقم ملحق ترجمة ) 

 استبيان جودة الحياة المختصر:

 

 :نود أن نسألك عن نوعية حياتك

 :جودة الحياة بصفة عامة

التفكير في كل من األشياء الجيدة والسيئة التي تشكل نوعية حياتك ، كيف تقيم جودة عند  -7

 حياتك ككل؟

 جًدا سىء       سيء        ال بأس به          جيد        جيد جًدا      ككل هو: نوعية حياتك

 

 

 استبيان مختصرعن جودة الحياة 

ك أو يصف يرجى وضع عالمة في خانة واحدة في كل صف. يرجى تحديد الرد الذي يصف -2

 . ال توجد اجابات صحيحة أو خاطئة.ئكآرا

 اعارض    أعارض بشدة                                                                        بشدة     أوافق    الأوافق وال أعارض أوافق                                                              

 أنا أستمتع بحياتي بشكل عام 7

 مالحظات:

،. لم يتم تسجيل هذا العنصر عن جودة الحياة بصفة عامةد بندا ، مع بند واح 71على  جودة الحياة المختصر يحتوي استبيان

 (.5سيء جدا ) ( إلى7؛ تم ترميزها بأنها جيدة جًدا )األستبيانالفردي مع 

 

 :(OPQOL)استبيان جودة الحياة المختصرل نقاط يسجت

ال ،  4ال أوافق = ،  1=  أوافق وال أعارض، ال 2، أوافق =  7أوافق بشدة =  71التم تسجيل كل عنصر من العناصر 

 . 5أوافق بشدة=

 
  
                                               

    
   



 أنا أتطلع إلى األشياء 2 

 ة جيدة بما فيه الكفاية للخروجأنا بصح 1

 عائلتي ، األصدقاء أو الجيران -4

 سوف يساعدني إذا لزم األمر

لدي أنشطة اجتماعية أو ترفيهية / 5  

 هوايات أستمتع بها

 أحاول أن أبقى متورطًا في األشياء 6

 يأنا بصحة جيدة بما يكفي ل 0

 ألعتمد على نفسي

 ما أقوم بهبيمكنني إرضاء نفسي  8

 أشعر باألمان حيث أعيش 9

 منزلي في شعر بالسعادة والرضاأ 77

 صنعأأنا آخذ الحياة كما أتت و 77

 أفضل األشياء

 أنا محظوظ مقارنةً بمعظم الناس 72

 لدي ما يكفي من المال لدفع ثمن 71

 فواتير المنزليةال

 

 

 

 مساعدتك شكرا لك على

 

 

 

 
  

                   
  

          
    

          



 

 

 

 

 

 

 

 

 

 

 

 

 

 

Arabic Summary 
 

 

 



 الملخص العربي

 مقدمة:

 تلك نقطاع الطمث من بينإبعد ما ة فترةالحيا جودةهناك أدلة قوية على تدهور 

نقص  هناك تزايد في في جميع أنحاء العالم ضطرابات العضالت والعظام.إاألعراض األرق  و

 و ٪ من متطلبات فيتامين )د( 87أكثر من  لإلنسان . توفر األشعة فوق البنفسجيةفيتامين )د(

يعمل  (د)أن فيتامين  من خالل النظام الغذائي والمكمالت الغذائية. باإلضافة إلى  متبقيال يستكمل

يد من اآلثار األنسجة العظمية ، فإن له العد صالبةتعزيز امتصاص الكالسيوم من األمعاء وعلى 

 إطالق األنسولين ، ،فيما بينها وة العضالت والتنسيقتحسين ق ، بما في ذلكالفسيولوجية األخرى

 .، والحد من السرطانوىالمناعة والوقاية من العدتقوية 

يعتبر تشخيص نقص فيتامين )د( أمًرا بالغ األهمية ألنه يؤدي إلى بعض الحاالت لذا 

ها مثل السريرية التي قد تشخص أعراضها وعالماتها على أنها أمراض أخرى إذا لم يتم اكتشاف

ؤثر تقد  والتي بدورها واالكتئاب تالمزمن ، التهاب العضال، متالزمة األلم األلم العضلي الليفي

 نقطاع الطمثإعلى جودة الحياة لدى السيدات بعد 

 هدف البحث:

ستخدام األشعة فوق البنفسجية إراسة هو معرفة أيهما أكثر فاعلية إن الهدف من هذه الد

رينات ممارسة تممعاً أم  وحدة يوميا 877ت فيتامين )د( مع مكمال هوائيةرينات ممارسة تمو

لدى السيدات الالتى  حيوية العضالتفقط على  وحدة يوميا 877مع مكمالت فيتامين )د(  هوائية

ممن سيدة  15. وقد أجريت هذه الدراسة على نقطاع الطمثإفيتامين )د( بعد عانين من نقص ت

بكلية وقد تم اختيارهن من العيادة الخارجية  .نقطاع الطمثإعد ب )د( تعانين من نقص فيتامين 

عاماً وكتلة الجسم ما  67الى  45. وتراوحت أعمارهن ما بين جامعة القاهرة -العالج الطبيعي

كجم ⁄  م 17الى   25 بين
2
. 

 )أ، ب(: مجموعتينوقد تم تقسيم السيدات المشاركات في الدراسة إلى 

 مجموعة الدراسة )أ(:

المشاركة في برنامج  األشعة فوق البنفسجية باإلضافة إلىتلقت سيدة  78 ضمت

لمدة وحدة يوميا  877)د( مكمالت فيتامين مع بمعدل ثالث جلسات أسبوعياً  ات الهوائيةالتمرين

  .ثالثة أشهر



 

 المجموعة الضابطة )ب(:

 877)د( مكمالت فيتامين مع ات الهوائيةبرنامج التمرينتبعت نفس إسيدة  70ضمت 

 في المجموعة )أ(. كما وحدة يوميا

العالج )ثالثة أشهر( نتهاء فترة إوتم تقييم جميع الحاالت في كلتا المجموعتين )أ، ب( قبل وبعد 

 :قياس وذلك من خالل

 نسبة فيتامين د فى الدم -

 قياس قوة العضالت -

 قياس جودة الحياة -

 .)أ، ب( عما يلي:وأسفرت النتائج اإلحصائية لكلتا المجموعتين 

عند جودةالحياة  ،في الدم (د)نسبة فيتامين  أن هناك زيادة ذات داللة إحصائية عالية في كل من •

 .مقارنة نتائج ماقبل بنتائج مابعد العالج للمجموعتين )أ، ب(

  هناك زيادة ذات داللة إحصائية عالية في قياس قوة العضالت عند مقارنة نتائج ماقبل

 .)أ(العالج للمجموعة بنتائج مابعد 

 وقد أسفرت المقارنة اإلحصائية لكلتا المجموعتين: 

 في الدم وجودة الحياة  (د )أن هناك زيادة ذات داللة احصائية عالية في كل من نسبة فيتامين

 . نتهاء فترة العالجإبعد في المجموعة )أ( مقارنة بالمجموعة )ب( 

 ومما سبق يتضح أن:

مع مكمالت  هوائيةرينات ممارسة تم باإلضافة إلىستخدام األشعة فوق البنفسجية إ

األشعة فقط، أيضا   مع مكمالت فيتامين )د( هوائيةرينات ممارسة تم أكثر فاعلية من فيتامين )د(

 )د(نسبة فيتامين ستخدام، بسيطة وناجحة لتحسينإلفوق البنفسجية وسيلة فًعالة، آمنة، سهلة ا

 .نقطاع الطمثإبعد  )د(جودة الحياة لدى السيدات الالتي تعانين من نقص فيتامين باإلضافة الى 

 

 

 

 

 

 



 

 التوصيات

 من النتائج التى تم الحصول عليها من هذه الدراسة يمكن أن يوصى باآلتى:

 

جودة الحياة ستخدام األشعة فوق البنفسجية كوسيلة فعالة لتحسين اهذه الدراسة تشجع  أن نتائج-7

 .نقطاع الطمثإلدى السيدات بعد 

 

لدى السيدات  ينبغي تشجيع التقييم الدوري لفيتامين )د( للكشف المبكر عن نقص فيتامين )د( -2

 .نقطاع الطثإبعد 

 

 إجراء دراسات بحثية أخرى للمقارنة بين تأثير األشعة فوق البنفسجية ودواء عالجى -1

 .نقطاع الطمثإ، العالج بالهرمونات البديلة للسيدات بعد  الكالسيومك

 

من نقص  فيتامين د بعد عمل دراسة بحثية أخرى على عدد أكبر من السيدات الآلتى تعانين  -4

ستخدام نفس البرنامج العالجي من أجل تحقيق نتائج إولفترة عالجية أطول بنقطاع الطمث إ

 ة.أفضل وذات داللة إحصائية أكثر إيجابي

  

أعلى  يكون معدل التحسننتهاء البرنامج العالجى أمالً في أن إيفضل متابعة المريضات بعد  -5

  من التى تم الحصول عليها أثناء الدراسة. 

 
 

 

 

 

 



 محمود العشماوى محمد عبد الفتاح  دينا

عانين من نقص لدى السيدات الالتى ت حيوية العضالتتأثير األشعة فوق البنفسجية على 

 .دتحت إشراف: اح، دينا محمود العشماوى محمد عبدالفت  ⁄نقطاع الطمث إفيتامين )د( بعد 

كلية العالج  -جامعة القاهرة , محمد حسن مصطفى .د, أمل محمد يوسف .د ,فهيمة متولي عقيل

رسالة  صفحة , 111حوالي  -2119سنة  -للنساء والتوليد طبيعىالعالج القسم  -الطبيعى

 .دكتوراة

 المستخلص

لدى  العضالتتأثير األشعة فوق البنفسجية على حيوية  يهدف هذا البحث إلى دراسة

الدراسة على  . وقد أجريت هذهنقطاع الطمثإفيتامين )د( بعد عانين من نقص السيدات الالتى ت

ختيارهن من العيادة إ. وقد تم نقطاع الطمثإبعد  )د( ممن تعانين من نقص فيتامين  سيدة 15

عاماً  67الى  45. وتراوحت أعمارهن ما بين جامعة القاهرة -بكلية العالج الطبيعيالخارجية 

مكجم ⁄   17الى   25 وكتلة الجسم ما بين
2
 

 
وقد تم تقسيم السيدات المشاركات في الدراسة إلى  

المشاركة في  باإلضافة إلى)أ( األشعة فوق البنفسجية  تلقت المجموعة :مجموعتين )أ، ب(

وحدة يوميا  877)د( مكمالت فيتامين مع بمعدل ثالث جلسات أسبوعياً  ات الهوائيةبرنامج التمرين

)د( مكمالت فيتامين مع ات الهوائيةالتمرين برنامجتبعت المجموعة )ب(  نفس إو لمدة ثالثة أشهر

في كلتا المجموعتين )أ، ب(  الحاالتجميع تم تقييم و .في المجموعة )أ( كما  وحدة يوميا 877

قياس فيتامين د فى الدم، قياس نسبة  العالج )ثالثة أشهر( وذلك من خاللنتهاء فترة إقبل وبعد 

حصائية إداللة زيادة ذات  النتائج ظهرت. ولقد أفضالَ عن قياس جودة الحياة  ،قوة العضالت

المجموعة ب مقارنةفي المجموعة )أ(  وجودة الحياةفي الدم  (د)فيتامين  نسبة في كل من عالية

عند )أ( عالية في المجموعة داللة احصائية زيادة ذات قياس قوة العضالت أظهر، أيضا  )ب(

العالج في  بعدبنتائج ما قبلعند مقارنة نتائج ما،بينما العالج بعدبنتائج ما قبلمقارنة نتائج ما

داللة إحصائية بعد  اليس له فروقباإلضافة الي كلتا المجموعتين فقد اظهرا  )ب(المجموعة 

، آمنة، سهلة فًعالةوسيلة  األشعة فوق البنفسجيةيتضح أن ما سبق وم انتهاء فترة العالج.

الحياة لدى السيدات الالتي وجودة   في الدم )د(نسبة فيتامين تحسين ستخدام، بسيطة وناجحة لالا

 .نقطاع الطمثإبعد  )د(تعانين من نقص فيتامين 

 

 اترينتم -جودة الحياة -فوق البنفسجية ألشعةا -نقطاع الطمثإ-كلمات الدالة: حيوية العضالتال

 .مكمالت فيتامين )د( -هوائية

 

 



تأثير األشعة فوق البنفسجية على حيوية العضالت لدى السيدات الالتى 

 نقطاع الطمثإتعانين من نقص فيتامين )د( بعد 
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