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Abstract 
The commonest secondary cause of osteoporosis is glucocorticoid-induced 

osteoporosis (GIO) which is also the commonest cause of iatrogenic osteoporosis. 

Chronic glucocorticoids (GCs) treatment may cause fractures in 30-50% of patients. 

Fracture risk is increased specially among those using oral glucocorticoids. On long-

term glucocorticoids therapy, deterioration of cortical bone progressively detected and 

long bones became increasingly fragile. Any patient with chronic glucocorticoid 

therapy should be suspected to suffer from GIO. Patients on glucocorticoids should 

receive supplementation with calcium. These deleterious influences are the result of 

suppression of bone formation that occurs with an early but temporal rise in the 

process of bone resorption. Numbers of osteoclast rapidly rise, and accompanied by 

inactivation of osteoblast with the decline of bone formation, these changes cause the 

fastest bone loss during the initial phase of the disease. Glucocorticoids cause 

inhibition of osteoblasts replication and function and accelerate their apoptosis. 

Calcium is fundamental for bone, and assuring sufficient calcium intake is important. 

It is said that when children and adolescents ingest large amount of calcium could 

result in a decrease in the danger of developing osteoporosis when they got old, 

however, some researches propose that solitary use of calcium supplementation might 

not be enough for lowering the danger for fractures. Conflicting results were reported 

about the effects of the use of supplemental calcium on the bone mineral content in 

those taking glucocorticoids therapy. Whereas, calcium supplementations were used 

in most bone protective treatment trials and therefore should be used as an adjunct to 

GIO therapy.  

 

Introduction  
Glucocorticoids (GCs) are vastly 

utilized for the therapy of different 

pathological conditions. However, 

chronic utilization of GCs possesses 

harmful effects on the skeleton, with a 

resultant reduction in the mass of bone 

and a rise in the hazard of fracture. It is 

reviewed that chronic glucocorticoids 

treatment may cause fractures in about 

30-50% of patients. The commonest 

secondary cause of osteoporosis is 

Glucocorticoid-induced osteoporosis 

(GIO) [1]. 

GCs lead to a reduction of bone mass 

in 2 phases. First, a fast reduction in 

the mass of bone starts in the early 3 to 
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6 months of GCs therapy, with a 6% to 

12% decrease of bone mass in the first 

year of GCs therapy. Second, chronic 

utilization of GCs might lead to a 3% 

decrease in the mass of bone yearly. 

The hazard of fracture is already raised 

before a marked decline in the mass of 

bone happens. Therefore, it is very 

important to identify high-risk patients 

for the fracture to prevent these 

fractures resulting from GIO [2]. 

Nowadays, a fracture-risk assessment 

tool (FRAX) is used for fracture risk 

estimation [3]. 

Patients using prednisolone or any 

other glucocorticoid in a dose of ≥2.5 

mg daily for a period of ≥3 months are 

advised to use sufficient calcium and 

vitamin D during GCs therapy. All 

patients on long-term GC therapy 

should have annual bone mineral 

density (BMD) testing, vertebral X-

ray, and fracture risk estimation 

utilizing FRAX [1]. 

Regarding the management strategies 

of osteoporosis, they include multiple 

aspects. General measures include 

smoking cessation, weight-bearing 

exercises, and ensuring a sufficient 

intake of calcium and vitamin D [4]. 

Osteoporosis therapy aims mainly to 

decrease the hazard of fracture. Each 

of calcium and medications is essential 

for achieving the mentioned goal. 

There is strong evidence supporting the 

beneficial effects of supplemental 

calcium on the skeleton and the hazard 

of fracture, especially when there is 

regular supplementation of calcium 

[5]. 

 

Epidemiology of glucocorticoid-

induced osteoporosis (GIO) 

Chronic oral glucocorticoid treatment 

is accompanied by rapid loss of bone 

and a rise in fracture risk which occurs 

within 3–6 months of therapy initiation 

and is also dose-dependent. The risk of 

fracture stays elevated during the 

duration of glucocorticoid treatment, 

but decrease after stoppage of 

treatment, although whether it returns 

to the baseline levels was unclear. 

Particularly vertebral fractures are 

characteristic of GIO, although the risk 

of other fractures, such as hip fractures, 

is also raised [6]. 

The effects of intravenous and inhaled 

glucocorticoids on the fracture risk are 

less well reported. Some researches 

reported that high doses of 

glucocorticoids taken by inhalation 

might be associated with a rise in 

fracture risk, although concurrent use 

of glucocorticoids orally is usually a 

confounding factor. Whereas, in a 

large case-control study, no rise in 

fracture risk was reported with the use 

of other forms of topical steroids [7]. 

 

Pathophysiology glucocorticoid-

induced osteoporosis (GIO) 

Direct Effects of glucocorticoids on 

Bone 

Decreased bone formation is 

characteristic of GIO and is 

accompanied by an additional rise in 

bone resorption which occurs at an 

earlier time and is temporal [6].  

Molecular mechanisms involved in the 

occurrence of GIO have been 

discussed in many studies, that include 

impaired differentiation of osteoblasts, 

increased apoptosis of osteocytes and 

osteoblasts, and prolonged lifespan of 

osteoclasts. Increased apoptosis of 

osteoblasts leads to a decline in the 

formation of bone, and it has been 

suggested that the apoptosis of 

osteocytes leads to an impaired 

response to bone damage and 

disruption of the osteocyte-canalicular 

network [8], that might lead to a redu-

ction in bone strength. Additionally, 

osteoblasts apoptosis was discovered to 

be related to activation of glycogen 

synthase kinase 3β (GSK 3β), that is 

involved in the Wnt signaling (Wing-

less-related integration site) pathway 

[9]. The Wnt signaling pathway has a 
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significant role in the metabolism of 

bone and in the process of osteobl-

astogenesis. It has been recorded that 

GCs suppress the Wnt signaling 

pathway by enhancing the production 

of inhibitors of the Wnt pathway, such 

as sclerostin [10]. In this way, GCs 

induce suppression of differentiation of 

osteoblast. Additionally, glucocortico-

ids result in impairment of osteoblast 

function [11]. 

Also, GCs were found to induce bone 

marrow stromal cells, which are the 

precursor cells of osteoblasts, to 

differentiate into adipocytes instead of 

becoming osteoblasts. In contrast to 

increasing the apoptosis of both 

osteoblasts and osteocytes, GCs 

decrease the apoptosis of osteoclasts 

and prolong their lifespan [12]. 

Indirect Effects of glucocorticoids on 

Bone 

GCs cause impairment of 

metabolism of bone through 

suppression of absorption of calcium 

through the digestive tract and also by 

suppression of reabsorption of calcium 

through the kidney, that might result in 

hypocalcemia and thus, later on, can 

lead to hyperparathyroidism [13]. 

Additionally, GCs also affect bone 

mineralization via transrepression of 

the matrix proteins, collagen I, and 

osteocalcin. Furthermore, GCs have 

deleterious effects on muscle mass and 

strength leading to muscle atrophy 

[14]. This GCs-induced muscle 

atrophy is associated with narrower 

bones with thinner bone cortices and 

reduced bending strength and impaired 

body balance, that in turn raises the 

risk for falls and bone fractures [12]. 

Effect of calcium on bone health 

Calcium is referred to as the 

most plentiful mineral in human 

bodies. It is available in a certain food, 

as dietary supplements, and exists in 

certain drugs (including antacids). 

Below 1% of the calcium in the blood 

is required to attain important 

functions such as vasoconstriction and 

vasodilatation [15]. The rest of calcium 

in the body i.e. 99 %, is present in a 

stored form in our bone and also teeth 

and here calcium exists for supporting 

their construction and function. Bone is 

considered a dynamic tissue that 

undergoes continual remodeling, with 

persistent resorption and deposition of 

calcium in the newly formed matrix. 

Balance among both processes; bone 

resorption and deposition modifies 

according to age. The bone formation 

overrides bone resorption in the times 

of growth as in childhood period and 

adolescence, whereas in the periods of 

early and middle adulthood both 

processes occur approximately to the 

same level. While in older ages, 

particularly in postmenopausal 

females, bone resorption overrides 

bone formation, resulting in loss of 

bone which in turn increases the risk 

for osteoporosis with time [16]. 

Calcium is important for bone, and so 

guaranteeing enough calcium intake is 

essential. Adults aged over nineteen 

years old should take 1 gram (gm)/day. 

While females aged over fifty-one 

years, and all males aged ≥ 71 years 

should take 1.2 gm calcium daily. If 

the dietary intake is not adequate, 

calcium supplementation should be 

taken into consideration. Vitamin D 

plays an important role, as it is 

essential for the absorption of calcium 

from intestine. Dietary sources for 

calcium are saltwater fish, fortified 

foods, and liver. Whereas, the active 

form of vitamin D, is not obtained 

from food but from sun exposure, so 

regular and moderate exposure to 

sunrays is advised [15]. 

 

Role of calcium supplementation 

Great amounts of calcium intake 

in food and/or calcium supplements 

can markedly cause an improvement of 

bone mineral density in women in the 

postmenopausal period, while, certain 
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researches suppose that the single use 

of supplemental calcium might not be 

enough to decrease the hazard of 

fracture and that co-supplementation 

with vitamin D is also required. 

Calcium, when supplemented with 

vitamin D, decreases the hazard of 

fracture and rises the survival in 

elderly persons [17]. Additionally, 

ingestion of a great amount of calcium 

by the children and adolescents could 

result in a decrease in the hazard of 

osteoporosis in elderly persons and in 

postmenopausal women [18]. 

Conflicting results about the impacts of 

calcium on BMD in those taking GCs 

therapy have been reported. However, 

calcium supplementations were used in 

most regimens of bone protective 

treatment and therefore should be used 

as adjunct therapy [6]. 

The advised intake of calcium in 

patients taking glucocorticoids therapy 

is about 1–1.5 gm daily [19]. 

Regarding calcium preparations, 

calcium carbonate is the commonest 

used one. Whereas, calcium citrate is 

preferred in persons using the proton 

pump inhibitors and in those with 

achlorhydria. Regarding 

cholecalciferol, doses of 1000–2000 

units daily are advised [20]. 

supplemental calcium has exhibited to 

impair the rate of loss of bone in 

patients taking glucocorticoids therapy 

although its effect on decreasing the 

risk of fracture was not reported [4]. 

Bolland et al. [21] performed meta-

analyses of researches of different 

intake of calcium, involving estimation 

of fracture at the end of each study. 

They recorded that the advantages of 

supplemental calcium on the resistance 

to fracture are much fewer among 

older peoples. In another 26 

researches, supplemental calcium, with 

or without vitamin D, markedly 

decreased the hazard for whole body 

fractures and also vertebral fractures. 

Whereas, there are other 4 researches 

that exhibited no advantage of calcium 

supplementation on the fracture risk at 

any site in the body [21].  

Also, another meta-analysis 

focusing on the impact of supplemental 

calcium on the BMD reported that 

supplemental calcium resulted in a 

little, early, and also non-advanced 

improvement in BMD that did not lead 

to a marked decrease in the risk for 

fracture [22].  

Additionally, American peoples have 

among the highest intake of calcium 

worldwide, but also they have one of 

the highest incidences of osteoporosis. 

So, it is supposed that the role of 

calcium in increasing bone strength is 

still unclear [23]. Dairy products are 

the best source of calcium as they are 

not only the most bioavailable source 

but are also are high energy food 

source [24]. Dietary source for calcium 

is better than supplemental calcium, 

owing to the reduced risks of adverse 

effects, especially the cardiovascular 

effects and kidney stones. Patients 

should have knowledge about the 

potential side effects of supplemental 

calcium. Dietary calcium consumption, 

such as dairy products, however, does 

not seem to increase the danger for 

cardiovascular effects or kidney stones 

as seen in cases of using supplemental 

calcium [23]. 

Additionally, there is research reported 

that calcium supplements are 

ineffective when utilized as the 

primary defense against osteoporosis 

and fractures, and have been found to 

result in little improvement to BMD, 

even when calcium is supplemented 

with vitamin D [21]. 
 

Conclusion 
We should be aware that using GCs 

treatment can result in side effects on 

bone. Therefore, caution with the use 

of GCs is recommended. The dose 

used should be at the minimum 

possible amount and be in the shortest 
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duration of GCs treatment. Alternate 

day regimens are advised whenever 

prolonged therapy is planned, to 

maintain responsiveness of the 

hypothalamic-pituitary-adrenal axis. 

Long-acting and highly potent GCs 

(e.g. dexamethasone) are unsuitable for 

chronic GCs use. Additionally, 

protective measures should be adopted 

whenever possible to avoid the risk of 

GIO. During GCs therapy regular 

monitoring is needed to detect these 

adverse effects as soon as possible. 

Also it is concluded that calcium 

supplementation leads to a slight but 

not an apparent increase in bone mass 

in osteoporotic models supposing that 

calcium             supplementation has 

only a minor role in the modern 

medical therapy of osteoporosis. 
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