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            Calcium and Vitamin D  

    Bess     Dawson-Hughes             

       Calcium is required for the bone formation phase of bone 
remodeling. Typically, about 5 nmol (200 mg) of calcium 
is removed from the adult skeleton and replaced each 
day. To supply this amount, one would need to consume 
about 600 mg of calcium, since calcium is not very effi -
ciently absorbed. Calcium also affects bone mass through 
its impact on the remodeling rate. An inadequate intake 
of calcium results in reduced calcium absorption, a lower 
circulating ionized calcium concentration, and an 
increased secretion of parathyroid hormone (PTH), a 
potent bone-resorbing agent. A high remodeling rate 
leads to bone loss; it is also an independent risk factor 
for fracture. Dietary calcium at suffi ciently high levels, 
usually 1,000 mg per day or more, lowers the bone remod-
eling rate by about 10% to 20% in older men and women 
and the degree of suppression appears to be dose related 
 [1] . The reduction in remodeling rate accounts for the 
increase in BMD that occurs in the fi rst 12 to 18 months 
of treatment with calcium. 

 With aging there is a decline in calcium absorption 
effi ciency in men and women. This may be related to 
loss of intestinal vitamin D receptors or resistance of 
these receptors to the action of 1,25-dihydroxyvitamin 
D. Diet composition, season, and race also infl uence 
calcium absorption effi ciency. 

 Vitamin D is acquired from the diet and from skin 
synthesis, upon exposure to ultraviolet B rays. The best 
clinical indicator of vitamin D status is the serum 
25-hydroxyvitamin D (25OHD) level. Serum 25OHD 
levels are lower in individuals using sunscreens and in 
those with more pigmented skin. Season is an important 

determinant of vitamin D levels. In much of the temper-
ate zone, skin synthesis of vitamin D does not occur 
during the winter. Consequently, 25OHD levels fall in 
the winter and early spring. Serum PTH levels vary 
inversely with 25OHD levels. These cyclic changes are 
not benign. Bone loss is greater in the winter/spring 
when 25OHD levels are lowest (and PTH levels are 
highest) than in the summer/fall when 25OHD levels are 
highest (and PTH levels are lowest). 

 Serum 25OHD levels decline with aging for several 
reasons. There is less effi cient skin synthesis of vitamin 
D with aging as a result of an age-related decline in the 
amount of 7-dehydrocholesterol, the precursor to vitamin 
D, in the epidermal layer of skin  [2] . Also, older individu-
als as a group spend less time out-of-doors. There does 
not appear to be an impairment in the intestinal absorp-
tion of vitamin D with aging  [3] .  

  IMPACT ON BONE MINERAL DENSITY 

 Calcium and vitamin D support bone growth in children 
and adolescents and lower rates of bone loss in adults and 
the elderly. However, the association of calcium with 
bone mass appears to be infl uenced by vitamin D status. 
In men and women age 20 years and older in National 
Health and Nutrition Evaluation Survey III (NHANES 
III), higher calcium intake was associated with higher 
femoral neck bone mineral density (BMD) at 25OHD 
levels below 50 nmol/l (or 20 ng/ml) but not at higher 
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randomized placebo-controlled vitamin D intervention 
trials revealed that the effect of supplementation was 
dose dependent. Higher dose trials (700–1,000 IU/day) 
showed a risk reduction, whereas lower dose trials did 
not  [19] . The magnitude of the risk reduction in the 
higher dose trials averaged 19%, or, when recalculated, 
34%  [20] . A higher dose of 2,000 IU per day, when com-
pared with 800 IU per day, showed no fall risk reduction 
in elderly acute hip fracture patients  [21] , suggesting that 
800 IU per day is adequate for this outcome. The serum 
25OHD level needed to reduce falls was estimated to be 
at least 60 nmol/l (or 24 ng/ml)  [19] . The impact of vitamin 
D on falls is likely to be mediated by its effect on muscle 
strength and balance.  

  IMPACT ON FRACTURE RATES 

 Several small studies have examined the impact of supple-
mental calcium on fracture rates. The Shea meta-analysis 
of these studies (13) found that calcium alone (versus 
placebo) tended to lower risk of vertebral fractures [RR 
0.77 (CI 0.54–1.09)] but not nonvertebral fractures [RR 
0.86 (CI 0.43–1.72)]. The studies in this analysis ranged 
from 18 months to 4 years in duration. A more recent 
meta-analysis reached similar conclusions, citing a trend 
toward a modest reduction in risk of nonvertebral fracture 
[RR 0.92 (95% CI: 0.81, 1.05)] and no signifi cant effect on 
hip fracture risk [RR 1.64 (95% CI: 1.02, 2.64)]  [22] . 

 The effect of supplemental vitamin D on fracture inci-
dence has been examined in several randomized controlled 
trials with varying results. A recent meta-analysis of these 
trials revealed that the response to supplementation was 
dose dependent. The trials using received doses  > 400 IU/
day per day were positive for nonvertebral fractures [RR 
0.80 (0.72–0.89)] and hip fractures [RR 0.82 (0.69–0.97)], 
whereas those using received doses of less than 400 IU per 
day were null  [23] . Received dose is the product of admin-
istered dose and percentage adherence. Serum 25OHD 
levels were measured in most of these trials and among 
these, a group mean value of approximately 75 nmol/l (or 
30 ng/ml) was needed to lower hip fracture risk  [23] . The 
reduced risk of fracture likely results from effects of 
vitamin D on muscle, balance, fall risk, and bone metabo-
lism. In many of the higher dose vitamin D trials, calcium 
was given along with vitamin D; based on this and other 
evidence, it is reasonable to replete both calcium and 
vitamin D. Several other meta-analyses have reached dif-
ferent conclusions, at least in part because different spe-
cifi c questions were posed and different selection criteria 
for study inclusion were applied  [24, 25] .  

  ROLE IN PHARMACOTHERAPY 

 In recent randomized controlled trials testing the anti-
fracture effi cacy of the antiresorptive therapies alendro-

25OHD levels  [4] . A meta-analysis of 15 trials found that 
calcium alone in adults caused positive mean percentage 
BMD changes from a baseline of 1.7% at the lumbar 
spine, 1.6% at the hip, and 1.9% at the distal radius  [5] . 
In one trial, the effects of calcium from food (milk 
powder) and supplement sources on changes in BMD in 
older postmenopausal women were compared and found 
to be similar  [6] . 

 Higher serum 25OHD levels have been associated with 
higher BMD of the hip in young and older adult men 
and women in NHANES III  [4] . This association was 
present across the full range of 25OHD values. Supple-
mentation with vitamin D also reduces rates of bone loss 
in older adults  [7] . In order to sustain the reduced turn-
over rate and higher bone mass induced by increased 
calcium and vitamin D intakes, the higher intakes need 
to be maintained.  

  IMPACT ON MUSCLE STRENGTH, BALANCE, 
AND FALLING 

 In NHANES III women age 60 and older, higher 25OHD 
levels were associated with improved lower extremity 
function (faster walking and sit-to-stand speeds)  [8] . Simi-
larly, in 1,234 elderly men and women living in the 
Netherlands, concentrations of 25(OH)D below 50 nmol/L 
(or 20 ng/ml) were associated with reduced physical per-
formance  [9] . Results of vitamin D intervention studies 
have been more variable. In a meta-analysis of 17 trials, 
Stockton and colleagues found that supplemental vitamin 
D had no signifi cant effect on lower extremity muscle 
strength except in individuals with low starting serum 
25OHD levels, less than 25 nmol/L (or 10 ng/ml)  [10] . The 
mechanism(s) by which vitamin D infl uences muscle 
performance and strength are not well established but are 
likely to involve the nuclear vitamin D receptors known 
to be present in muscle. Supplementation with 1,000 IU 
of vitamin D 2  daily over a 2-year period, when compared 
with placebo, signifi cantly increased the diameter of fast 
twitch type II muscle fi bers in older women who had had 
a recent stroke  [11] . 

 Vitamin D appears to have a favorable effect on balance 
in older adults. Sway, a measure of balance, is assessed 
with the subject standing on a force plate that measures 
the maximum displacement in the anteroposterior and 
medial-lateral directions, the average speed of displace-
ment, and other parameters  [12] . In adults age 60 years 
and older, the amplitude of sway in the medial–lateral 
direction was a strong predictor of falling more than once 
per year  [13] . In two independent randomized controlled 
trials, 800 IU of vitamin D 3  plus 1,000 mg of calcium per 
day, compared with calcium alone, reduced sway by up 
to 28% over periods of 2 and 12 months  [14, 15] . The 
mechanisms by which vitamin D affects balance have 
not been defi ned. 

 Vitamin D is recommended by several organizations to 
lower the risk of falling  [16–18] . A meta-analysis of eight 
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25OHD levels will need an intake of 20 to 25 mcg (800 
to 1000 IU) per day to maintain a serum 25OHD level of 
75 nmol/L (30 ng/ml). Individuals at increased risk for 
low serum 25OHD levels, such as those with limited 
regular skin production of vitamin D (related dark skin, 
little time out of doors, sunscreen use, protective cloth-
ing, high latitude), obesity, malabsorption, and other 
conditions that limit absorption or alter vitamin D 
metabolism will need more than 800 to 1,000 IU to main-
tain a 25OHD level of 75 nmol/l (or 30 ng/ml). The 
increase in 25OHD with supplementation is inversely 
related to the starting level. At low starting levels, 1 mcg 
(40 IU) of vitamin D will increase serum 25OHD by 
1.2 nmol/L (or 0.48 ng/ml); at a higher starting level of 
70 nmol/L (28 ng/ml), the increase from this dose would 
be only about 0.7 nmol/L (or 0.28 ng/ml)  [30, 31] . Vitamin 
D is available in two forms: the plant-derived ergocalcif-
erol (D 2 ) and animal-derived cholecalciferol (D 3 ). For 
years these forms were considered to be equipotent in 
humans but recent evidence indicates that vitamin D 3  
increases serum 25OHD levels more effi ciently than 
vitamin D 2   [32] . Moreover, vitamin D 2  is not accurately 
measured in all 25OHD assays  [33] . For these reasons, 
vitamin D 3 , when available, is the preferred form for 
clinical use.  

  SAFETY 

 Recent reports have raised the issue of potential risk 
associated with excessive calcium supplement use. 
Bolland and colleagues reported that calcium supplement 
use without coadministered vitamin D increased risk of 
myocardial infarction  [34] . However, increased risk was 
not observed in another earlier meta-analysis  [35] . A 
detailed report from the Women ’ s Health Initiative 
revealed a 17% increase in renal stones in the women 
treated with calcium and vitamin D as compared to the 
women treated with placebo  [36] . Individuals with high 
calcium intake from food sources do not share this risk 
and may in fact have reduced risk of nephrolithiasis  [37] . 
All things considered, it would seem prudent to obtain 
calcium from food sources to the greatest extent possible 
and to use supplements only as needed to bring total 
intake up to recommended levels. The IOM and others 
have identifi ed no risk associated with serum 25OHD 
levels up through 125 nmol/l (or 50 ng/ml)  [26] . 

 The safe upper limits for calcium set by the IOM are: 
ages 1–8 years, 2,500 mg; 9–18 years, 3,000 mg; 19–50 
years, 2,500 mg; older than 50 years, 2,000 mg per day 
 [26] . The IOM has placed the safe upper limit for vitamin 
D at: ages 1–3 years, 2,500 IU; ages 4–8 years, 3,000 IU; 
and ages older than 8 years, 4,000 IU per day  [26] . 

 In conclusion, adequate intakes of calcium and vitamin 
D are essential preventative measures and essential com-
ponents of any therapeutic regimen for osteoporosis. 
Many men and women will need supplements to meet 
the intake requirements. There is no known advantage 

nate, risedronate, raloxifene, and calcitonin, and the 
anabolic drug, PTH 1-34, calcium and vitamin D have 
been given to both the control and intervention groups. 
This allows one to defi ne the impact of these drugs in 
calcium- and vitamin D-replete patients and to conclude 
that any effi cacy of the drugs is beyond that associated 
with calcium and vitamin D alone. However, one cannot 
conclude that these drugs would have the same effi cacy 
in calcium- and vitamin D-defi cient patients.  

  INTAKE REQUIREMENTS 

 Calcium intake recommendations vary enormously 
worldwide. Recommendations by the Institute of Medi-
cine (IOM) of the U.S. National Academy of Sciences are 
among the highest. The IOM recommended intakes of 
calcium are: ages 1–3 years, 500 mg; 4–8 years,  mg; 9–18 
years, 1,100 mg; 19–50 years, 800 mg; 51–70 years, 800 mg 
for men and 1,000 mg for women; older than 70 years, 
1,000 mg per day  [26] . Lower calcium intakes would 
likely be adequate for populations with lower intakes of 
salt and protein, two diet components that promote 
calcium excretion in the urine. 

 Among females in the U.S., fewer than 1 in 4 meet the 
calcium requirement through their diets; when calcium 
from supplement and food sources is considered, about 
half of U.S. females meet the requirement  [26] . Among 
males, calcium intake from food is somewhat higher and 
from supplements somewhat lower than among females, 
with the result that, considering combined calcium 
sources, about half of U.S. males meet the calcium 
requirement  [26] . Calcium from calcium carbonate, the 
most commonly used supplement, is better absorbed 
when taken with a meal  [27, 28] . Absorption from all 
supplements is more effi cient in doses up to 500 mg than 
from higher doses  [29] . Thus, individuals requiring more 
than 500 mg per day from supplements should take it in 
divided doses. 

 The vitamin D intake recommendations of the IOM 
are: for males and females age 1–70 years, 1.5 mcg (600 IU), 
and for ages older than 70 years, 2 mcg (800 IU) per day 
 [26] . For older adults these recommendations are based 
on BMD and fracture risk. The IOM concluded that “a 
25OHD level of 40 nmol/l was consistent with the 
intended nature of an average requirement, in that it 
refl ects the desired level for a population median—it 
meets needs for approximately half of the population” 
 [26] . The IOM recommends a level of 50 nmol/l to meet 
the need of 97.5% of the population  [26] . There is lack 
of consensus in the professional community about 
whether the target group mean 25OHD level should be 
40, 50, 75 nmol/l or another number. Several organiza-
tions recommend 75 nmol/l as the target  [16–18] . 

 A vitamin D intake of 800 IU (15 mcg) per day is not 
adequate to bring more than about half of the elderly 
population to 25OHD levels of 75 nmol/L (or 30 ng/ml). 
Older men and women who are at average risk for low 
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but there is potential risk in exceeding current calcium 
intake recommendations, particularly with use of sup-
plements. Currently, the most common target serum 
25OHD levels for musculoskeletal health are 50 nmol/l 
(20 ng/ml), recommended by the IOM, and 75 nmol/l 
(30 ng/ml), recommended by many specialty groups and 
others. There is a consensus that both of these target 
levels are safe. Additional research is needed to fully 
defi ne the musculoskeletal and other health effects of 
different doses of vitamin D and serum 25OHD levels.  
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