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ABSTRACT
Over 200 million people suffer from osteoporosis worldwide, which occurs when bone tissues become
structurally deteriorated and bone mass becomes fragile, resulting in an increased risk of fracture. This
review aims to describe the underlying risk factors and provide guidance on changes in lifestyle for
those at risk of developing osteoporosis. It highlights risk factors such as age, sex, genetic background,
and other under lying illnesses (factors that are generally “non-modifiable”). Furthermore, it focuses on
factors that are dependent on lifestyle and (local) habits (factors that are “modifiable”), such as diet,
sunlight exposure, exercise, and medication. Clearly, osteoporosis is a multifactorial disease and
multiple of these risk factors can occur simultaneously. Currently, the data available differ greatly
between regions and some areas might be affected more seriously than others. This review suggests
that this might be due to differing healthcare training systems and suboptimal awareness of
osteoporosis. Importantly, osteoporosis and resulting bone fractures represent a significant economic
burden for both individuals and the wider society. Therefore, improved awareness of the disease may
influence personal habits, reduce suffering, and alleviate the burden on healthcare expenditure.
Keywords: osteoporosis, vitamin D, geographic variations, sun exposure, risk factors, genetic background

http://dx.doi.org/
10.5339/jlghs.2016.2
Submitted: 20 August 2015
Accepted: 24 January 2016
ª 2016 Vijayakumar, Büsselberg,
licensee HBKU Press. This is an
open access article distributed
under the terms of the Creative
Commons Attribution license CC BY
4.0, which permits unrestricted use,
distribution and reproduction in any
medium, provided the original work
is properly cited.

Cite this article as: Vijayakumar R, Büsselberg D. Osteoporosis: An under-recognized public health
problem, Journal of Local and Global Health Science 2016:2 http://dx.doi.org/10.5339/
jlghs.2016.2

Page 2 of 13
Vijayakumar, Büsselberg. Journal of Local and Global Health Science 2016:2

1. OSTEOPOROSIS: A GLOBAL PUBLIC HEALTH PROBLEM
Osteoporosis is recognized as a serious public health problem, with about 200 million people being
affected worldwide. In the USA, about 10 million patients have been diagnosed with osteoporosis and
another 34 million with a low bone mass, placing them at an increased risk of osteoporosis.1
Osteoporosis is the cause of approximately 1.5 million fractures every year; among them, the most
common are hip, spine, and wrist fractures. Globally, the economic burden of osteoporosis parallels
expenditures for osteoporotic fractures.2
Bone loss and hip fracture was originally described by Sir Astley Cooper in 1822 3, and the term
“osteoporosis” was introduced by German and French physicians in the 19th century when the
histology of osteoporotic bone was investigated.4
The Consensus Development Conference5 characterized osteoporosis as a “systemic skeletal
disorder characterized by low bone mass and micro architectural deterioration of bone tissue, with
a consequent increase in bone fragility and susceptibility to fracture”. Today, osteoporosis is
defined by the National Osteoporosis Foundation (NOF) as “a disease characterized by low bone
mass and structural deterioration of bone tissue, leading to bone fragility and an increased risk of
fracture”.1
Osteoporosis occurs due to an imbalance of bone remodeling, leading to a reduction in bone
strength. Bones become fragile due to a disruption of the structure, resulting in an increased risk of
fracture. Generally, bone loss develops over a prolonged time and its pathogenesis can occur without
warning symptoms. The pathogenesis of osteoporosis is an aberration in normal bone turnover,
involving an imbalance between the processes of bone resorption and bone formation.6 Osteogenesis
occurs rapidly during growth and leads to denser, longer, and heavier bones, resulting in skeletal
growth. Bone density in adults is a reflection of modifiable conditions at puberty, with the highest bone
mass being attained at 30 years of age. Thus, this benchmark age is considered to be an important
predictor for the subsequent development of osteoporosis.
Currently, osteoporosis is a significant human and economic burden and will become even more
significant in an aging society, giving rise to the decline in bone mass and an increased risk of fracture.
Overall, hip fracture, one of the most serious outcomes of osteoporosis, is most frequent as life
expectancy increases at a rate of 1–3% each year globally, and this is more pronounced in
postmenopausal women.
Osteoporosis-related diagnosis, treatment and research have increased in Western countries;
however, less attention is given to this issue in the Middle East and African countries. While
osteoporosis has become a worldwide challenge, only a few countries within this region have
accessible osteoporosis guidelines.
2. EPIDEMIOLOGY
The prevalence of osteoporosis has not yet been adequately documented in several parts of the world
(e.g., South America, Australia, or China). In different parts of the world, the normal serum content of 25hydroxyvitamin D (25(OH)D) among women with osteoporosis is 50 –80 nmol/l (20 –32 ng/ml). Serum
25(OH)D levels of postmenopausal women with osteoporosis undergoing medical care have been
studied in 18 countries. The mean serum 25(OH)D levels have been reported to be 26.8 ng/ml, with a
range as low as 7 ng/ml up to 243 ng/ml. It is evident that while regional values differ greatly, serum
levels have been found to be highest in Latin America (29.6 ng/ml) and lowest in the Middle East (20.4
ng/ml). Overall, 64% of the women have been found to have serum levels , 30 ng/ml, which is the
normal level for serum 25(OH)D).
The following sections summarize the available information for specific regions and countries (while
some information of specific regions is given in previous sections).
2.1. USA and Europe
In the USA and Europe, approximately 30% of postmenopausal women have been found to have
osteoporosis. At least 40% of women and 15 –30% of men have sustained fragility fractures in their
lifetime.7 Hadji et al.8 determined the prevalence and incidence of osteoporosis and the frequency of
osteoporotic fractures in a selected population of insurees, and extrapolated their findings to the
overall German population. The prevalence of osteoporosis among individuals aged 50 years and
above was 14%, with a sex-specific prevalence of 24% in women and 6% in men. This implies that
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6.3 million people in Germany have osteoporosis and 2.1% of those will have an osteoporotic fracture
within a year. Meanwhile, 85% will develop osteoporosis and 52% of the affected individuals will have
sustained fractures (many being multiple). Overall, osteoporosis is still a common health problem
in Germany.

2.2. Asia
In Japan, the number of people with osteoporosis is estimated to be 15 million, but only 20% are
currently undergoing treatment.9 A recent survey conducted in 2007 found that the incident rates of hip
fractures were 5.1 cases in 10,000 men and 18.1 in 10,000 women, while the number of patients was
approximately 130,000, of which 60,000 experienced functional decline. This indicates a 2.8-fold
increase when compared with an initial survey conducted in 1987, which could be attributed to an
increase in the elderly population. Data on the prevalence and incidence of vertebral fracture in Japan
are vague compared with those of hip fracture. The prevalence rate of vertebral fracture was
comparable with those in Caucasian populations (or was even higher), with approximately 30% in
women aged 70 years and 40% in those aged 80 years.
In India, hip fractures are common, and, surprisingly, men are more commonly affected than women.
Nordin10 analyzed 119 hip fracture cases and found that hip fractures occurred in almost all ages, but
peaked between the ages of 30 –39 and 50–70 years. Gupta et al.11 analyzed 425 hip fracture cases in
the Indian population. They reported the mean age of the occurrence of fracture as 49 years in men and
57 years in women. This finding was supported by a more recent study that examined 1393 hip fracture
patients from different hospitals in Delhi, showing that fractures were common in both sexes and these
fractures occurred mostly between 60–70 years of age.12

2.3. Middle East and Africa
In the Middle East and Africa, the highest incidence of rickets has been recorded.13,14 Although these
regions have ample sunshine throughout the year, sun exposure is limited partially due to the cultural
practice of covering the whole body with clothes (parda), darker skin color, and prolonged
breastfeeding without taking vitamin D supplements.15,16,17 All these factors can indirectly contribute to
vitamin D deficiency.18
However, concrete data from this region are scarce, largely due to the unavailability of methods (e.g.,
dual-energy absorptiometry) to measure bone mineral density (BMD), which can make the diagnosis of
osteoporosis difficult for even well-trained primary healthcare professionals. The Middle East and
Africa Regional Audit (released during the 1st Middle East and Africa Osteoporosis meeting) is a
landmark report of the data collected from 17 countries in the Middle East and Africa by the
International Osteoporosis Foundation.19 It investigated the epidemiology, costs, and burden in
individual countries as well as collectively across the region. The report concluded that osteoporosis
is a serious problem throughout the regions of the Middle East and Africa.19 From the available
evidence, it is clear that the Middle East and Africa have very high incidences of osteoporotic fractures,
with rates of fragility fracture incidence expected to quadruple in several countries. The report
suggested that by 2020, 25% of the population will be over the age of 50 years, which will increase to
40% by 2050.20 High prevalence for hypovitaminosis D has also been reported in the Middle East and
Africa. Although the data from the Middle East (as summarized in Table 1) showed variations, overall,
they clearly showed a widespread deficiency of vitamin D in men and women, albeit less pronounced
in males.
In Lebanon, the incidence of vitamin D deficiency in school children and young individuals has been
found to be high. A survey conducted in 251 Lebanese postmenopausal osteoporotic women has
shown that vitamin D inadequacy was 84.9%. The level of 25(OH)D was negatively correlated with BMI
and positively correlated with educational level.37 Interestingly, no significant correlation with regard to
age, season, sun exposure, or vitamin D-rich food consumption was observed in that study. However,
the level of 25(OH)D was found to be strongly correlated with vitamin D supplement intake. The Muslim
community had lower 25(OH)D levels compared with their Christian counterparts. They also had high
BMI, low educational level, and low vitamin D supplement intake, and followed more frequently a dress
code covering their arms. However, in Christians, the predictors were inadequate vitamin D
supplements, high BMI, and low educational level.
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Table 1. Percentage of vitamin D deficiency in different regions of the Middle East.
Serial no.

Country/region

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Saudi Arabia (adolescent girls)
Saudi Arabia (mothers)
Saudi Arabia (neonates at delivery)
Iran
Iran
Iran
Lebanon (adolescent boys)
Lebanon (adolescent girls)
Israel (adults)
Lebanon (adults)
Jordan (adults)
Iran (adults)
Lebanon (men)
Lebanon (elderly women)
Israel (elderly women with hip fracture)
Jordan
Kuwait (mothers)
Kuwait (neonates at delivery)
UAE (mothers)
UAE (neonates at delivery)
Tunisia
Lebanon (women)
Saudi Arabia
Emirates
Iran

Sex

F
F
F
M
F
M
F
F
F
F
M
F
F
F
F
F
F
F
F
F
F

Percentage of vitamin D deficiency
(,25 nmol/l)

80
10 –60
40 –80
70
35
60– 65
12
32
60– 65
60– 65
60– 65
60– 65
37
56
80
60– 65
10 –60
40 –80
10 –60
40 –80
48
35
35
35
35

Reference
19,21
22
22
23
23
24
25
26
27
28,29
24
30
30
31
24,29
32
32
33
33
34
26
35
36
23

3. RISK FACTORS
The following sections describe the risk factors that contribute to low bone mass and osteoporosis. We
further divided these sections into “non-modifiable risk factors” (age, sex, concurrent illness, genetic
background, and regional factors), which can be applied to any individual but are difficult (or
impossible) to change, and “modifiable risk factors” (vitamin D status, medication (e.g., glucocorticoids
or anti-epileptic drugs) and lifestyle (e.g., physical activity, diet, smoking habits, alcohol, and/or
caffeine consumption), which are subject to change (Figure 1).
3.1. Non-modifiable risk factors
3.1.1. Lifespan
Classically, bone resorption exceeds formation after 30 years of age, with an average bone loss of 0.7%
per year. Given the increase in life expectancy, it is expected that by 2050, a quarter of the world
population will be over the age of 50 years, with a rise of 40% since 2005.38 Thus, there is an increase in
personal, social, and economic burden. As bone mass declines, the risk of fracture increases. Fractures in
the elderly mostly result from a combination of falls and osteoporosis. Fall rates have been found to be
higher in women than in men from Western communities and lower in East Asian populations. A
meta-analysis conducted using statistically homogeneous datasets, extrapolated to the USA, has implied
that low-impact falls can cause approximately 0.53 million osteoporotic fractures annually among the
elderly in the USA.39 A French study has estimated the present and future burden of postmenopausal
osteoporosis in women (above 50 years), and observed that the number of postmenopausal osteoporotic
women will increase from 3.0 million to 3.4 million between 2010 and 2020. The model predicted that the
overall number of osteoporotic fractures will increase from 204,234 fractures in 2010 to 241,261 in 2020.40
While these numbers are alarming, the IOF report38 showed that solid epidemiological research on
osteoporosis and fractures is scarce. Currently, the incidence of osteoporosis is highest in North America
and Europe; however, it is expected to increase in developing countries compared with developing
regions of the world as the elderly population grows at a higher rate.3
3.1.2. Sex
Women suffer from osteoporosis mainly due to the effects of menopause. Bone loss and/or
fractures are attributed to causes such as estrogen deficiency, glucocorticoid exposure, or
hyperparathyroidism.41 In postmenopausal women, an acceleration of bone loss has been observed,
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ModifiableFactors
Environmentalfactors
Lifestylefactors

Non-ModifiableFactors

Age
Sex
Ethnicity
BodyBuild
Geneticfactors
Figure 1. Factors influencing osteoporosis.

which is more common for those who attain menopause before the age of 45 years. The rate of bone
loss remains elevated for up to 40 years after cessation of ovarian function, leading to continuous bone
loss.42 Studies have suggested that oral contraceptives, late menarche, and hormone replacement
therapy are protective against the loss of bone density.43 Over the past decades, male osteoporosis
has also gained much attention, raising public health.1 As in women, osteoporosis in males is
associated with hormonal status and primary hypogonadism. Abnormal bone development plays an
important role in osteoporosis of men with idiopathic hypogonadotropic hypogonadism.44 Male
hypogonadism causes both cortical and trabecular osteoporosis. In such people, a major risk factor for
the development of osteoporosis is the reduction in plasma 1,25-dihydroxyvitamin D (1,25(OH)2D)
levels, leading to malabsorption of calcium and reduced bone formation.45
3.1.3. Genetic factors
Recently, the effects of genetic traits that influence hormonal and environmental factors on
susceptibility to osteoporosis development have been described,46 which are discussed in the
following sections.
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3.1.3.1. Vitamin D receptor gene polymorphism: Polymorphisms are generally mutations that
occur due to DNA damage and can grow in frequency over time and familial generations.
Polymorphisms of the vitamin D receptor (VDR) gene are important for changes in the genetic
regulation of bone mass. However, their specific roles within various ethnic (sub-) populations are
not entirely clear. The VDR Bsml polymorphism affects BMD variation and levels of circulating
osteocalcin.47 A number of epidemiological studies have been performed to evaluate the association
between the VDR BsmI polymorphism and its susceptibility to osteoporosis. It has been
hypothesized that VDR genotypes are an important determinant of BMD, as a population of related
osteoporotic individuals (mother –daughter or sister –sister relationship) exhibited a high prevalence
of the BB, tt, or AA VDR polymorphic genotypes.47,48 Ethnic variations in polymorphisms of VDR were
also identified; however, the number of studies conducted in ethnic populations were fewer than
those conducted in Caucasians. Allele frequency differences between ethnic groups most likely
resulted from evolutionary processes, altering the “genetic behavior” of a population. The hereditary
component of bone density has been mostly described as polymorphism of alleles within the
vitamin D receptor gene. A study conducted by Mitra et al.49 in postmenopausal Indian women
confirmed that VDR gene polymorphisms were associated with BMD and influence determinants of
bone metabolism.
The interaction between parathyroid hormone (PTH) levels and VDR gene polymorphisms is evident,
which has been shown to be directly related to variations of BMD at the spine and the forearm in
vitamin D-deficient Asian Indians.50 In Indian women, polymorphisms of the estrogen receptor gene
have also been shown to be associated with BMD, resulting in age-related bone loss.51

3.1.4. Intrauterine and early postnatal programming
At an early stage of development, environmental factors increase the risk of developing
osteoporosis. Structural and functional changes initiated during that time have been shown to
persist lifelong.52 During intrauterine growth, cell number of any particular organ can be
permanently reduced by nutritional deprivation (e.g., “rickets”). A significant correlation has been
found between the weight of a child at 1 year and the bone mineral content at 21 years, which is
independent of BMI, diet, or lifestyle. This observation reveals that bone mass in adulthood
depends on the weight at infancy.53 This conclusion was supported by a Swedish study that
investigated this correlation in 15-year-old children.54 Furthermore, it has been suggested that this
correlation might even persist over the entire lifetime of an individual, as described for 189 women
and 224 men (age 63–73 years).55

3.1.5. Concurrent illness
Many chronic diseases have been identified as contributors to bone loss, including endocrine diseases
(e.g., hyperthyroidism), rheumatological conditions (e.g., rheumatoid arthritis or systemic lupus),
chronic lung diseases, gastrointestinal conditions associated with malabsorption (e.g., celiac disease
or inflammatory bowel disease), neurological diseases (e.g., Parkinson’s disease, multiple sclerosis, or
spinal cord injury), oncological diseases (e.g., multiple myeloma), and organ transplantation. Bone loss
due to any of these diseases could be either related to multiple factors (e.g., use of medication, lack of
nutrition, or reduced physical exercise) or directly to a disease (e.g., bone cancer has a high metabolic
activity and increases the rate of bone loss by 3-fold due to both a shortening of the lifespan of
osteoblasts and a prolongation of the lifespan of osteoclasts6).
Interestingly, a secondary effect of one initial fracture is that it can increase the risk of a new fracture
by 86%.56 Likewise, patients with a history of vertebral fracture have a 2.3-fold risk of future hip fracture
and a 1.4-fold risk of distal forearm fracture.57
Intestinal failure occurs as a result of specific nutrient deficiencies. Serum levels of fat-soluble
vitamins and bone density in outpatients with intestinal failure were studied by Ellegard et al. 58. In that
study, 106 outpatients with intestinal failure were assessed during routine visits and 78 patients
underwent DXA scan for bone density, and the analysis revealed that 88% had low bone density.
Moreover, the overall prevalence of vitamin D deficiency was found to be 67%. The authors concluded
that vitamin D deficiency and osteoporosis are prevalent in patients with intestinal failure, which
should be adequately treated.
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Table 2. Synthesis of vitamin D as described by Holick et al.59
In the skin, 7-dehydrocholesterol is converted to vitamin D3 in the presence of UV light
In the liver, vitamin D3 is metabolized to 25(OH)D3, the primary circulating form of vitamin D component
In the kidney, 25(OH)D3 is converted to the active hormone 1a,25(OH)2D3 and the inactive hormone 24R,25(OH)2D3
and is transported to distal target organs
1,25(OH)2D3 is bound to a nuclear receptor, plasma membrane receptor, or both at the target organs for the
generation of appropriate biological responses
Plasma vitamin D-binding protein carries vitamin D3 and its metabolites to the target organs

3.2. Modifiable factors
3.2.1. Vitamin D
Vitamin D regulates the absorption of calcium (Ca2þ) and thus is important for bone health. There are
two important types of vitamin D: Vitamin D2 (synthesized by plants) and vitamin D3 (cholecalciferol;
present in egg yolk, fish oil, and a number of plants). Vitamin D is produced in the skin when UV light is
absorbed by the precursor molecule 7-dehydrocholesterol.

3.2.1.1. Synthesis: Vitamin D3 is synthesized endogenously in the mammalian skin exposed to UVA/B
light. The mechanisms and sequence of chemical reactions involved in this process were elucidated by
Holick.59 The production of vitamin D begins with the synthesis of the sterol provitamin D3 molecule
7-dehydrocholesterol (Table 2). In most vertebrates, including humans, it is produced in large
quantities and incorporated into plasma membrane lipid bilayers of cells in the dermis and epidermis,
when the skin is exposed to sunlight. This molecule absorbs UVB radiation (290 –315 nm) and the
absorbed energy promotes the formation of chemical bonds within the 7-dehydrocholesterol molecule,
resulting in the production of previtamin D3. In the skin, previtamin D3 undergoes rapid, thermally
induced transformation to vitamin D3. The liver metabolizes vitamin D3 to 25(OH)D (abbreviated
25(OH)D3) and the kidney finally produces 1a,25-dihydroxyvitamin D3 (1a,25(OH)2D3) and/or 24R,
25-dihydroxyvitamin D3 (24R,25(OH)2D3).
The main regulatory factors are as follows:
1) the steroid hormone 1a,25(OH)2D3, which downregulates its own production;
2) PTH, which stimulates the renal production of 1,25(OH)2D3;
3) fetal growth factor 23; and
4) serum concentrations of calcium and phosphate, which are modulated according to the calcium
and other endocrine needs of the organism.60
The activity of 25(OH)D-1a-hydroxylase is dependent on the nutritional status of vitamin
D. When the concentration of 1a,25(OH)2D3 is low, there is enhanced production of 1a,25(OH)2D3 in
the kidney. However, when its concentration is high, the production of 1a,25(OH)2D3 decreases in
the kidney.

3.2.1.2. Vitamin D deficiency: Vitamin D deficiency reduces calcium uptake and leads to
osteomalacia, a condition characterized by insufficient mineralization of the newly formed bone
matrix, the osteoid. The symptoms of vitamin D deficiency are reduced muscle strength and weakness
that are common among the elderly due to the decreased ability to synthesize the provitamin
25(OH)D3.61

3.2.1.2.1. Nutritional factors: Calcium and vitamin D An adequate vitamin D status combined
with a sufficient intake of calcium is a requirement for good bone architecture and strength. Good
dietary sources of vitamin D are milk, yogurt, margarine, cereals, fish (e.g., catfish, sardines, salmon,
tuna), egg yolk, and mushroom. However, it can be difficult to obtain enough vitamin D and calcium
unless the diet incorporates dairy products and fish that are rich in these minerals. Although the
nutritional aspects related to bone development and subsequent bone loss are well established, they
require further attention in an aging population (see Section 2.1). As with osteoporosis, vitamin D
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deficiency is frequently observed in the elderly, particularly in those who are chronically ill, housebound, and/or poorly nourished.
Alcohol consumption Consumption of alcohol increases the risk of osteoporosis by inhibiting
osteoblast function and reducing bone formation, therefore resulting in more hip fractures. Nutritional
deprivation of alcoholics also contributes to the specific toxic effects of alcohol on bone among other
organ systems.
Tobacco consumption Smokers generally weigh less than non-smokers. The inhaled toxins reduce
osteoblast function, lead to an earlier menopause, and result in reduced production and accelerated
degradation of estrogen.62
Use of statins In vitro studies have shown the beneficial effects of statins on bone formation;
however, most of the clinical trials have not confirmed these findings.63 Some investigators have
highlighted the positive impact of statins on bone turnover; however, there are no conclusive data to
recommend the use of statins either as a treatment or as the prevention of osteoporosis. Therefore,
more longitudinal studies in different ethnicities with large sample sizes are needed.64
3.2.1.2.2. Sun-exposure: Skin pigmentation, seasonal variations, and regional habits: In all
vertebrates, including humans, most of the daily vitamin D requirement is met from brief exposure to
sunlight. Despite sufficient sunshine in most regions, vitamin D deficiency remains a common problem
due to poor dietary habits, unfavorable weather conditions (less outdoor activities), and cultural
practices that limit sunlight exposure.20,65
Skin pigmentation (melanin) reduces the skin’s ability to synthesize vitamin D from sun exposure;
thus, the efficiency for the photosynthesis of pre-cholecalciferol is decreased.66,67,68 As a result, people
with darker skin need 5 to 10 times more sun exposure to synthesize the same amount of vitamin D
as people with lighter skin.69 When the skin is aging, there is a decrease in its thickness and a
marked decrease in the epidermal concentration of the vitamin D precursor 7-dehydrocholesterol.61,70
It has been found that serum PTH level increases with age, and may contribute to bone loss in
postmenopausal women due to declining renal function, calcium absorption efficiency, and serum
25-hydroxyvitamin D (25(OH)D) levels.71 A correlation between serum PTH and serum 25(OH)D3 levels
has been reported in the bone.72 Serum PTH shows an inverse seasonal variation with highest values at
the end of winter and lowest values at the end of summer when serum 25(OH)D3 level is at its
maximum.73,74 During winter, in some parts of the world, outdoor activities are restricted and
clothing limits sunlight exposure. Generally, vitamin D synthesis depends on latitude,65 with less UV
radiation from the sun reaching the earth surface closer to the poles. Therefore, it is not surprising that
women in non-equatorial countries exhibit lower serum 25(OH)D levels in winter than during the
summer months.75
Currently, a major health concern is skin damage following long-term exposure to sunlight, resulting
in sunburn, and the risk of developing skin cancer (e.g., melanoma). Topical “sunscreen” agents with a
high sun protection factor are used for protection; although there are benefits of using these agents in
the prevention of skin damage, they also inhibit the production of pre-cholecalciferol.76,77 Generally,
moderate exposure to sunlight will not increase the risk of skin cancer.69 Interestingly, vitamin D levels
do not increase when exposed to moderate sunlight and UVB rays are mostly absorbed by clothing,
particularly cotton, wool, or polyester fabrics.78
Overall, skin pigmentation, aging, and topical application of a sunscreen reduce the cutaneous
production of cholecalciferol, which is also affected by latitude, season and time of day, and ozone
content in the air.65
3.3. Combination of multiple factors
Studies have reported large geographic variations around the globe, pointing to a higher incidence of
hip fracture in industrialized countries compared with developing countries. As mentioned previously,
the population might be affected by this outcome at any age, which is particularly prevalent among
elderly women. While life expectancy rises, the percentage of the elderly in any population will rise (see
Sections 2.1 and 2.2). This is especially true for developing countries that have a relatively young
population. Based on this information, it has been estimated that by 2050, half of hip fractures will
occur in Asia and the Middle East.19
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The multiple factors discussed here may occur simultaneously, and their effects may add to the
severity of osteoporosis. For example, elderly people are less exposed to sunlight as they tend to stay
more indoors and may have inadequate dietary intake. Therefore, depending on the aforementioned
factors, the reasons for vitamin D deficiency can be numerous, compounding the problem in the elderly
and/or vulnerable.

4. PREVENTION AND TREATMENT
Osteoporosis remains a poorly diagnosed and under-treated disease, and is often ignored even when
the problem is severe. Despite the burden of fragility fractures, public awareness and training for
healthcare professionals are suboptimal in many countries. The result is premature death, immense
personal suffering, loss of productivity, and subsequent dependence on family members.
Screening of the elderly for vitamin D deficiency is easy, and supplement treatment will reduce the
incidence of fractures. As the use of supplements could potentially be as expensive as medical
treatment of fractures, epidemiological research is needed to identify individuals at high risk, thereby
allowing careful allocation of expensive treatments to individuals who are most in need.
The diagnosis of osteoporosis and guidelines for the treatment of osteoporosis are based on bone
mass in postmenopausal women and do not generally apply to pre-menopausal women. Overall, there
are numerous guidelines and recommendations regarding the evaluation and management of
osteoporosis in the population; however, some countries have failed to adopt those guidelines. In
addition, any individual can reduce the risk of developing osteoporosis by undertaking some changes
in their daily lifestyle,5 as described below (see Figure 2).

EXAMPLES OF THINGS TO DO

EXAMPLES OF THINGS TO AVOID

1. Ensure a nutritious diet.

1. Smoking

2. Eat adequate calcium-rich foods like

2. Excess alcohol

milk products, wheat, leafy greens, oats,

3. Excess salt & caffeine

nuts, fruit like figs, dates, raisins, etc.
4. Falls to reduce fractures
3. Exercise for at least 30 min like
walking, running, weightlifting, stair
climbing, tennis, volleyball, jumping,

5. Frequent use of sunscreen lotions
6. Covering face and arms

etc.
7. Under-nutrition
4. Concept of “safe zone” for UV
exposure, which can be practiced every

8. Excess medication

day at least 15 to 20 min.
5. Check your bone density

Figure 2. Fact box showing “Things To Do” and “Things To Avoid” to reduce the occurrence of osteoporosis.

. Calcium- and vitamin D-rich diet. Milk and other dairy products (e.g., cottage cheese, yogurt, or
hard cheese) and green vegetables (e.g., kale and broccoli) are the main dietary sources of
calcium. One of the primary sources of dietary vitamin D is milk products and eggs. Mushrooms
also contain significantly high amount of vitamin D.
. Supplements of calcium and vitamin D. Experts have recommended at least 1000 mg calcium
and 600 IU vitamin D per day (total diet plus supplement) for pre-menopausal women and
younger men. Postmenopausal women and men aged . 70 years should consume 1200 mg
calcium and 800 IU vitamin D per day (total diet plus supplement).
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. Exercise. A moderate-intensity physical activity for at least 30 min three times per week is
helpful. Weight-bearing exercises such as brisk walking, jogging, tennis, golf, and netball are
particularly good for bone health.79 As bone adapts to the loads that are applied, increased
mechanical load associated with exercise leads to an increase in bone density, particularly
during childhood. The best benefit to bone health is the exercise that is associated with high
impact force and the weight-bearing exercise that is associated with increased peak bone mass.
For example, gymnasts have greater bone density than runners. Moreover, jumping, in the form
of rope jumping and jumping off from a platform, appears to be an efficient way to improve peak
bone mass.
. Avoid smoking. Various substances in the cigarette smoke can cause reduced bone growth and
thus reduced bone mass.
. Avoid falls (especially among the elderly). The risk of fracture can be lowered by preventing
frequent falls.
. Consult a physician before taking medications. Medications such as glucocorticoids can cause
bone thinning.
. Consult a physician before possible hormone replacement therapy. Occasionally,
hormone therapy is administered to pre-menopausal women with abnormal concentrations
of estrogen. In other cases, PTH administration is used to treat osteoporosis. Overall, a
variety of supplements improve bone health and reduce the incidence of fractures. It is
advisable to monitor the bone response to the treatment of osteoporosis by bone mass
density testing.
Furthermore, “Osteoporosis-Forums” help to increase the knowledge and understanding in order to
support its prevention, diagnosis, and treatment and to increase general awareness. Forums could
focus on the screening of people for risk factors such as those with fragility fractures, steroid use, heavy
smokers, and postmenopausal and elderly men and women. Women should be advised to undertake
regular bone health check-up.
Overall, osteoporosis develops slowly over years without any noticeable symptoms. As no cure is yet
known for the disease, only the symptoms can be managed and prevention is key. As with any lifestylerelated disease, the development of osteoporosis depends largely on the choices made as well as on
socio-economic and environmental factors. Awareness will help understand the underlying factors,
hopefully resulting in lifestyle changes to reduce the occurrence of osteoporosis.
5. CONCLUSION
According to the IOF President Professor Kanis, “Despite the severity of the problem, osteoporosis is
being dangerously ignored as it competes with other diseases for scarce healthcare resources and
recognition. Notwithstanding the burden of fragility fractures, osteoporosis remains greatly under
diagnosed and under treated, and both health professional training and public awareness is
suboptimal in most countries in the region. The result is premature death for many hip fracture
sufferers, immense personal suffering, lost productivity and long-term dependence on family
members”.19 A deeper understanding of the different changing variations will help policy makers and
healthcare providers to develop strategies that will reduce the burden of osteoporosis, especially in
developing countries and in countries with a dramatic change in their population structure. Although
significant gaps in knowledge still exist and more research is required to improve the treatment of
established osteoporosis, better availability of information can support healthcare professionals in
their critical role in guiding individuals to make the right choices to reduce the risk.
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