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INTRODUCTION 

Ageing is a common phenomenon that happens with 

every human worldwide, and with aging, a gradual loss 

of bone mass occurs resulting in osteoporosis.1 

Osteoporosis is a chronic metabolic bone disease 

characterized by low bone density and microarchitectural 

deterioration of bone tissue with a consequent elevation 

in bone fragility.2 Since bone loss remains asymptomatic 

and early osteoporosis is not usually diagnosed, 

osteoporosis is often considered a „silent disease‟; it does 

not become clinically evident until fractures occur. 

Advancement of age is associated with loss of bone 

density and rates of fracture increase markedly with age, 

giving rise to significant disability and some deaths.3 

Osteoporosis is the most common systemic skeletal 

disease in humans, representing a major public health 

problem. Just like hypertension is considered a risk factor 

for stroke, osteoporosis is for fracture.3 It affects an 

enormous number of people, of both sexes and all races, 

and its prevalence will increase as the population ages. It 
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was estimated that, globally, the number of patients with 

osteoporotic hip fractures is over 200 million.4 According 

to WHO, osteoporosis is three times more common in 

women than in men.3 In Europe and the United States, 

30% women are reported to be osteoporotic, and a 

prediction was made that 40% post-menopausal women 

and 30% men will experience an osteoporotic fracture in 

near future of their lives.5-7 

Osteoporosis can be classified as either primary or 

secondary by considering the factors affecting bone 

metabolism. In primary osteoporosis, loss of bone mass 

occurs in both males and females due to the normal aging 

process. Bone loss in secondary osteoporosis may result 

from different types of medications, nutritional 

deficiencies and chronic medical conditions.8 

Although the causes of osteoporosis are multifactorial, 

the most significant are decrease in bone mass, structural 

deterioration, and enhanced frequency of falls.3 It is 

widely recommended to use calcium plus vitamin D 

supplementation for the management of osteoporosis and 

subsequent fractures; however, recent data shows some 

inconsistencies in findings. Whereas some studies show 

that calcium along with vitamin D supplementation 

minimize the risk of fractures, others argued the 

statement showing no effect. In recent years, a growing 

body of scholars have risen a concern that calcium 

supplementation may be harmful, so some healthcare 

providers are unwilling to use calcium supplements.9 On 

the other hand, a number of evidences suggest the role of 

vitamin D to uphold bone health, and healthcare 

providers are amplifying their research to assess vitamin 

D status among the population. However, all of these 

statements are suggestive, many questions are yet to be 

answered. Hence, the present review was undertaken to 

provide a better understanding about recent development 

in osteoporosis research, and whether calcium and 

vitamin D supplementation together can really benefit 

individuals with osteoporosis and at risk of becoming 

osteoporotic. 

METHODS 

Search strategy  

A literature search of the electronic databases of PubMed, 

Cochrane Library, and EMBASE was carried out from 

their inception until December 2018. The Medical 

Subject Headings (MeSH) terms were “calcium,” 

“vitamin D,” and “osteoporosis.” The reference lists of 

full articles were also reviewed. Only English language 

articles were included. The search strategy can be found 

in Supplemental file 1. 

Study selection criteria 

We only included the randomized controlled trials 

conducted on humans that met the following criteria: 

Participants 

Both healthy individual with no known disorders of bone 

metabolism or vitamin D deficiency, or primary 

osteoporotic participants. 

Intervention 

Both vitamin D (oral or intramuscular vitamin D2 or 

vitamin D3 at any dose and frequency), and calcium (oral 

calcium salt preparations at any dose and frequency). 

Outcome 

Non-vertebral fractures, proximal humerus fracture 

(PHF) and hip fractures, BMD, or incidence of fall. 

Studies were excluded if there were enrollment of 

pregnant women, assessment of the efficacy of only 

calcium supplementation or only Vit D supplementation 

on osteoporosis; no treatment, placebo, or lower- or 

higher-dose vitamin D or calcium regimens as control; 

short-term (<1 month) treatment; no outcomes of interest 

for our study. 

Data extraction and quality assessment 

Two reviewers independently investigated titles, 

abstracts, and full-text articles, and extracted qualitative 

and quantitative information from eligible articles, 

including author and year of study, geographic study 

location, subjects, treatment modality, duration of follow-

up, exposure metric units, number of incidents, and 

inferences based on analytical comparisons. Any 

disagreements between them were resolved by consensus. 

For each included study, one reviewer extracted 

information about study design, subjects, intervention, 

and outcomes, and a second reviewer evaluated about 

completeness and accuracy of the study. 

RESULTS 

A total of 568 studies were initially searched in this 

study. Of these, 43 full articles were shortlisted for 

eligibility assessment. Among the 43 articles, 10 studies 

were excluded due to irrelevant intervention and 9 studies 

because the outcomes were not of interest to our study. 

Finally, 23 eligible articles were included in this study. 

The results have been shown in Figure 1. 

In the present review, 23 randomized controlled trials 

(RCTs) were included to ascertain the association 

between supplementation of calcium and vitamin D on 

osteoporosis. The interventions lasted from 3 months to 7 

years enrolling a minimum of 11 subjects to 36,282 

subjects. Participants received calcium with a daily dose 

of 300-3000 mg and vitamin D 400 IU/day to  14300 

IU/day.  
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Figure 1: Selection of eligible studies. 

 

Among the included studies, two studies revealed that 

oral Ca and vitamin D therapy in primary osteoporosis 

decrease bone resorption. Another eight studies 

concluded that dietary supplementation with calcium and 

vitamin D moderately reduces the incidence of non-

vertebral fractures, PHF, and hip fractures. 

Supplementation of both calcium and vitamin D has been 

found to be beneficial for increasing BMD and improving 

overall bone health in the eight RCTs. However, no 

significant osteogenic response was found in the five 

RCTs after supplementation with both calcium and 

vitamin D (Table 1). 

DISCUSSION 

It is now well recognized that vitamin D promotes 

calcium absorption in the gastrointestinal tract and assist 

in maintaining adequate serum calcium concentrations to 

enable proper mineralization of the bone. Vitamin D is 

indispensable for bone growth and bone remodeling by 

osteoblasts and osteoclasts. 1,25-dihydroxychole-

calciferol, the active form of vitamin D metabolite opens 

up calcium channels in the gut which can further 

stimulate the formation of calcium binding protein in the 

intestinal cell, and thereby increases the absorption of 

calcium from the gut.10 In this way, optimal 

circumstances for bone mineralization are created. 

Mineralization in itself is a passive process in the present 

of the sufficient calcium and vitamin D. In the vitamin D 

deficiency, the 1,25-dihydroxycholecalciferol 

concentration may drop and less calcium will be available 

for bone mineralization resulting in the decreased bone 

loss and finally led to osteoporosis.10 Thus, synergistic 

action of calcium and vitamin D is crucial for the bone 

health, particularly to reduce osteoporosis and associated 

risk of bone fracture.  

Identification of strategies to reduce osteoporosis and 

related fracture risk is imperative, given that osteoporosis 

and low bone mass is attributed to disability and impaired 

quality of life of an estimated 53.6 million Americans 

aged  50 years in 2010.6 The estimation of the total cost 

associated with osteoporosis is complex and difficult 

since it includes the costs of acute hospital care, loss of 

working days for the affected and the family carers, long-

term care and medication. However, it is reported that 

more than two million fractures associated to 

osteoporosis occur each year in the United States 

accounting for more than 19 billion US dollar in annual 

healthcare costs.11 It has been shown in many surveys 

that many people do not consume recommended amounts 

of calcium and vitamin D.12,13 Both nutrients are 

substantial for optimal skeletal health throughout the 

lifecycle: calcium is the dominant mineral in bone, and 

vitamin D is important for the efficient absorption of 

calcium and for adequate functioning of bone cells. 
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Table 1: Effects of dietary and supplementary calcium (Ca) and vitamin D (vit D) on osteoporosis. 

Authors, 

year (ref) 

Study 

location 
Subject Treatment Duration Findings 

Jowsey et al
14

 USA 

11 patients (1 M, 10 F) 

with progressive 

osteoporosis 

Variable doses of sodium fluoride (30-90 

mg/day) and Ca (300-1500 

mg/day)+50,000 IU of Vit D twice weekly 

12 to 17 months 

Significant increase in bone formation (%) 10.5 vs 

3.0; p 0.0005, and decrease in bone resorption (%) 

10.7 vs 12.6; p 0.05 

Riggs et al
15

  USA 

18 patients (1 M, 17 F) 

with primary 

osteoporosis 

Group A: 2.0-2.5 g/day Ca+400 IU/day of 

Vit D 

Group B: 1.5-2.0 g/day Ca+50,000 units of 

Vit D twice weekly 

Group A: 3-4 

months 

Group B: 3-4 

months and 12 

months 

Group A: Significant decrease (p 0.01) in bone-

resorbing surfaces 

Group B: Significant decrease (p 0.01) in bone 

forming and bone-resorbing surfaces for both short 

and long term 

Inkovaara et 

al
16

 
Finland 

327 (57 M, 270 F) 

mean age 79.5 y 

Combinations of Ca carbonate 3 g, Vit D3 

1000 IU, methandienone 2.5 mg and/or 

placebos daily 

9 months 

Methandienone reduced osteoporotic activity and 

increased the muscular mass most effectively 

Ca carbonate had the poorest effect 

Chapuy et al
17

 France 
3270 F  

mean age 84 y 

Ca 1200 mg/day+Vit D 800 IU/day vs 

placebo 
18 months 

Significant decrease in the incidence of non-

vertebral fractures: 66 vs 97 (p=0.015), and the 

incidence of hip fractures: 21 vs 37 (p=0.043) than in 

the placebo group. 

Eriksson et al
18

 Sweden 

22 F (middle-aged) 

with post-menopausal 

osteoporosis 

Treatment group: 0.5 mg calcitonin thrice a 

week subcutaneously + 0.5  g/day 

calcitriol orally + 0.5 g/day Ca orally. 

Control group: 0.5 g/day Ca orally. 

2 y 

Insignificant reduction of the BMD of the distal 

radius and no significant increase in the BMD of the 

lumbar spine in either group. 

Hughes et al
19

 USA 
389 (176 M, 213 F)  

aged  65 y 

Ca 500 mg/day+Vit D3 700 IU/day vs 

placebo 
36 months 

Lower incidence of non-vertebral fracture among the 

Ca-Vit D group as compared to the placebo group 

5.9% vs 12.9 % (RR: 0.5, 95% CI=0.2-0.9; p=0.02). 

Baeksgaard et 

al
20

 
Denmark 

240 F  

aged 58-67 y 
1000 mg/day Ca+14  g/day Vit D3 vs. 

placebo 
2 y 

Increase in lumbar spine BMD among the treatment 

group at both 1 (p 0.01) and 2y (p 0.05) compared 

with the placebo. 

Krieg et al
21

 Switzerland 
248 F 

aged 62-98 y 

440 IU of Vit D3+500 mg Ca twice daily 

vs. control 
2 y 

Increase in 25-hydroxyvitamin D by 123% (p 0.01), 

a decrease in PTH by 18% (p 0.05) and an increase 

in BUA by 1.6% in treatment group. 

Ringe et al
22

 Germany 

85 patients (55 M, 30 

F) on glucocorticoid 

induced osteoporosis 

therapy 

Group A: 1  g/day alfacalcidol+500 

mg/day Ca 

Group B: 1000 IU/day Vit D3+500 mg/day 

Ca 

3 y 

Decrease in 25-hydroxy vitamin D by 51% 

(p 0.01), an increase in PTH by 51% (p 0.01) and 

a decrease in BUA by 2.3% in the control (p 0.01) 

No significant change of the lumber spine density 

and back pain in the vit D3 group after treatment. 

Pfeifer et al
23

 Germany 

148 F (mean age 74 y) 

with 25-

hydroxycholecalciferol 

level  50 nmol/L 

Ca-Vit D group: 1200 mg of Ca+800 IU of 

Vit D  

Ca mono group: 1200 mg/day of Ca 

1 y 

Incidence of at least one fall: 28% in Ca-mono group 

vs 16% in Ca-Vit D group (p=0.0373) 

Mean number of falls: 0.45 in the calcium mono and 

0.24 in the Ca-Vit D group (p=0.0346). 
Continued. 
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Authors, 

year (ref) 

Study 

location 
Subject Treatment Duration Findings 

Son and 

Chun
24

 
Korea 

69 F with osteopenia 

aged  65 y 

Ca group (1000 mg/day) Alphacalcidol 

group (0.5 μg/day) and Placebo 
10 months 

Significant increase in Ward‟s triangle BMD in the 

both Ca-supplemented and alphacalcidol group 

(p 0.05). 

Chapuy et al
25

 France 
583 F 

mean age 85.2 y 

Ca-Vit D3 fixed combination group: Ca 

1200 mg/day+Vit D3 800 IU/day, Ca-Vit 

D3 Separate combination group: Ca 1200 

mg/day+Vit D 800 IU/day and placebo 

24 months 

The risk ratio for hip fracture in placebo group 

compared with those in the both treatment group: 

1.69 (95% CI=0.96-3). 

Bischoff et al
26

 Switzerland 
122 F 

mean age 85.3 y 

Ca+Vit Dgroup:1200 mg/day Ca+800 

IU/day cholecalciferol, Ca group: 1200 

mg/day Ca 

12 weeks 
About 45% reduction of falls in the Ca+Vit D group 

as compared to Ca group (p 0.01). 

Doetsch et al
27

 Denmark 

30 F 

mean age 78 y  

with non-displaced 

PHF 

800 IU/day Vit D3+1000 mg/day Ca vs. 

placebo 

 

12 weeks 

BMD levels after 12 weeks were significantly higher 

among the active group compared with the placebo 

(p=0.02). 

Harwood et 

al
28

 
England 

150 F  

with hip fracture 

Treatment group 1: single injection of 

300,000 units of Vit D2, Treatment group 

2: injected Vit D2+1 g/day oral Ca, 

Treatment group 3: 800 units/day oral Vit 

D3 + 1 g/day Ca, Placebo 

1 y 

Neck of femur BMD, trochanter BMD and total hip 

was 2.7%, 3.2% and 3.5% greater respectively than 

the placebo. 

Relative risk of fall in the supplemented groups was 

0.31 (95% CI=0.08-1.14; p=0.11) compared with 

placebo. 

Larsen et al
29

 Denmark 
9605 (M 3834, F 5771) 

aged  66 y 

Ca+Vit D group: 1000 mg/day Ca+400 IU 

of Vit D, Environmental and health 

Program group, both intervention group 

and control group 

3 y 
16% reduction in fracture incidence rate (RR: 0.84, 

CI=0.72-0.98; p 0.025) among the Vit D-Ca group. 

Meier et al
30

 Germany 

55 (19 M, 36 F) 

healthy adults 

aged 33-78 y 

Oral Vit D3 500 IU/day + Ca 500 mg/day 

vs. placebo 
2 y 

Significant increase in bone loss among the controls 

as compared to treatment group (lumbar spine, 

p 0.03; femoral neck, p .05). 

Grant et al
31

 England 

5292 (811 M, 4481 F) 

aged  70 y with low- 

trauma-fracture 

Group 1: 1000 mg/day Ca, Group 2: 800 

IU/day Vit D3, Group 3: Ca 1000 

mg/day+800 IU/day Vit D3 and Placebo 

62 months 

No significant difference of incidence of new, low-

trauma fractures between the participants allocated 

Ca and those who were not HR: 0.94 [95% CI=0.81-

1.09]; between group Vit D3 and those who were not 

HR: 1.02 [95% CI= 0.88-1.19]; or between group of 

combination treatment and those assigned placebo 

HR: 1.01 [95% CI=0.75-1.36] 

Porthouse et 

al
32

 
England 

3314 F with one or 

more risk factors for 

hip fracture 

mean age 77 y 

Ca 1000 mg/day+Vit D 800 

IU/day+information leaflet on dietary Ca 

intake and prevention of falls vs. leaflet 

only (control group) 

25 months 

Clinical fracture rates were lower than expected in 

both groups but did not significantly differ for all 

clinical fractures (in supplemented group OR for 

fracture 1.01, 95% CI=0.71-1.43 and OR for hip 

fracture 0.75, 95% CI=0.31-1.78).  

Continued. 
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Authors, 

year (ref) 

Study 

location 
Subject Treatment Duration Findings 

Jackson et al
33

 USA 

36,282 post-

menopausal women 

aged 50-79 y 

1000 mg/day Ca+400 IU/day Vit D3 vs. 

Placebo 
7 y 

1.06% higher hip bone density in the Ca+Vit D 

group than in the placebo group (p<0.01); In the Ca 

+ Vit D group, for hip fracture HR: 0.88 (95% 

CI=0.72-1.08), for clinical spine fracture HR: 0.90 

(0.74-1.10), and for total fractures HR: 0.96 (0.91-

1.02) 

Bolton-Smith 

et al
34

 
Scotland 

244 F 

 aged  60 y 

Group 1: Placebo, Group 2: 200  g/day Vit 

K1, 3. Group 3: 400 IU/day Vit D3+1000 

mg/day Ca, Group 4: 200  g/day Vit 

K1,+400 IU/day Vit D3+1000 mg/day Ca 

2 y 

Significant increase in BMD of 0.8%/y (p 0.01) and 

in BMC (p 0.01) at the ultra-distal radius in the 

combined Vit K and Vit D plus Ca group 

Kukuljan et 

al
35

 
Australia 

180 M  

aged 50-79 y 

Group 1: Exercise+fortified milk (1,000 

mg/day Ca and 800 IU/day Vit D3), Group 

2: Exercise, Group 3: Fortified milk (1,000 

mg/day Ca and 800 IU/day Vit D3), Group 

4: Control 

12 months 

About 1.4-1.5% increase in lumbar spine BMD in all 

treatment groups than controls (all p 0.01) 

No main effects of fortified milk at any skeletal site 

Salovaara et 

al
36

 
Finland 

3432 F 

aged 65-71 y 

800 IU of D3 and 1000 mg of Ca as calcium 

carbonate vs. control 
3 y 

Non-significant decreased in the risk of any fracture 

and any non-vertebral fracture among treatment 

group by 17% (HR: 0.83, 95% CI 61-1.12) and by 

13% (HR: 0.87, 95% CI=0.63-1.19), respectively 

Note: BMD: Bone mineral density, BUA: Broad band ultrasound attenuation, CI: Confidence interval, F: Female, HR: Hazard ratio, IU: International unit, M: Male, PTH: Parathyroid hormone, 

RR: Relative risk, y: Years.
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In the present review, an attempt has been made to 

provide comprehensive detail of the association of 

calcium and vitamin D supplementation on osteoporosis. 

From the above studies, it can be revealed that use of 

calcium and vitamin D supplementation may have a 

wide-ranging opportunity relating to the management and 

treatment of osteoporosis. There are a number of 

evidences which identified that combined supple-

mentation of calcium and vitamin D treatment is 

significant in the reduction of osteoporosis but some 

studies are also found to be controversial. However, 

further comprehensive research is required to investigate 

the associations between supplementation of calcium and 

vitamin D and identify the mechanisms behind the 

reduction of osteoporosis. 

CONCLUSION  

Osteoporosis and bone loss with an increased risk of 

fracture is a matter to worry for patients and health care 

providers. With the increment of age, the long-term 

upshots of osteoporosis including pain, disability, 

dependency and institutionalized care will become more 

prevalent with enormous medical and heavy personnel 

burden on both the patient‟s and nation‟s economy. 

Osteoporosis can be prevented through an early diagnosis 

before fractures occur and assessment of BMD, and a 

preliminary treatment regimen will also be beneficial. 

Also, efforts to avert osteoporosis and bone loss should 

commence with appropriate education about a healthy 

lifestyle, including optimal calcium and vitamin D intake, 

and exercise from adolescence. This education should 

continue throughout life, with special attention at the time 

of elevated bone loss such as the menopause transition.  

The present study reviews calcium and vitamin D, the 

cornerstones of bone health. Even though the dietary 

sources of both nutrients are available, most people do 

not get adequate amounts for maintaining proper bone 

health. Additionally, vitamin D synthesis from the skin 

has been restricted by the profound consciousness of the 

harmful effects of sunlight. Luckily, supplements are 

attainable which can supply the body with the necessary 

amounts for proper bone health.  

It is widely recognized that there are genetic, 

environmental, lifestyle and dietary determinants of risk 

of osteoporosis, as well as interactions between them. In 

the present review, combined calcium and vitamin D 

supplementation has been found to be significantly 

associated with reduced total bone and hip fractures, 

improved overall bone health and BMD in most of the 

studies. But, some RCTs also found no significant 

positive effect of calcium and vitamin D supplementation 

on overall bone health. However, due to these 

inconsistencies of the findings, making any consensus 

about the effect of supplementation of calcium and 

vitamin D on osteoporosis is still very crucial. Therefore, 

to get a better understanding of this area of knowledge, 

further research should be carried out on fundamental 

aspects of bone biology, taking into account progress in 

molecular genetics, and factors influencing the 

acquisition of bone mass during growth and bone loss 

during adult life to generate uncontroversial evidence. 
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