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Controversies in medicine: the role of calcium and
vitamin D supplements in adults

lan R Reid, Mark ) Bolland

an element that, as a positively charged ion, is part of the min-

eral component of bone along with phosphate. It also plays
critical roles in intracellular signalling, coagulation and the func-
tion of nerves and muscles; therefore, maintenance of stable extra-
cellular concentrations is a homeostatic priority. Vitamin D is an
organic molecule — structurally related to the steroid hormones
— that acts as a precursor to calcitriol, the principal hormonal
regulator of intestinal calcium absorption. In clinical practice, cal-
cium and vitamin D supplements are often administered together,
but they have distinct actions and different safety profiles, so it is
important to consider the requirements for each separately and
to prescribe each according to need. This review addresses these
questions in adults, based on our previously described literature
search strategies,"” updated to the time of writing,

Calcium and vitamin D are quite distinct entities. Calcium is

Two trials with opposite results

The use of supplements of calcium and vitamin D has been
controversial, particularly in the past two decades, as larger
clinical trials have not supported many doctors’ previous clini-
cal practice. To some extent, the controversy is evidence-based,
since there are compelling studies pointing both to benefit and
absence of benefit from the use of these supplements. This is
best illustrated by a comparison of two of the largest studies:
the Chapuy study3 — in which calcium plus vitamin D, or pla-
cebo, were given to 3000 older women in nursing homes — and
the Women’s Health Initiative (WHI) trial* — in which 36 000
community-dwelling women were similarly randomised. In
the former study, hip fracture risk was reduced by 23% and hip
bone density increased by 7.3% above placebo after 18 months,
whereas the latter found no effect on fracture and a 1.1% ben-
efit to bone density at 9 years. Differences in the study popula-
tions are the likely explanation of these inconsistent outcomes,
since the frail women in the Chapuy study’ had mean baseline
25-hydroxyvitamin D (25(OH)D) levels of 20 nmol/L (standard
deviation, 14 nmol/L), indicating severe deficiency in many
participants. Providing vitamin D to patients who are severely
deficient has dramatic effects on bone densi’cy,5 whereas cal-
cium supplements in people with intakes similar to the Chapuy
study do not affect bone density,® suggesting that the vitamin
D component was the more important element of the interven-
tion. Just as we would not expect antibiotics given to individu-
als without an active infection to have beneficial effects, we
should not expect supplements of calcium and vitamin D to
benefit people who do not have demonstrable deficiency. We
cannot generalise from frail older people to healthy community
dwellers, either in meta-analyses or in our clinical practice.

A problem that both these studies share is the use of a combined
intervention, since it is not possible to determine whether ben-
efits or adverse effects arise from one or other intervention, or
their combination. The RECORD (Randomised Evaluation of
Calcium or Vitamin D) investigators carried out a study of cal-
cium and vitamin D supplements using a factorial design.” Their

e Vitamin D is made in the skin when exposed to sunlight, so de-
ficiency is usually the result of low sunlight exposure (eg, in frail
older people and in individuals who are veiled).

e Calcium and/or vitamin D supplements have been used for the
prevention and treatment of osteoporosis. The major trials in
community-dwelling individuals have not demonstrated fracture
prevention with either calcium, vitamin D, or their combination,
but the results of a large study in vitamin D-deficient nursing
home residents indicated a reduced fracture incidence.

o Trials show that vitamin D increases bone density when winter
25-hydroxyvitamin D levels are below 25-30 nmol/L. However,
assay expense and variability suggest that supplements are bet-
ter targeted based on clinical status to frail older people and pos-
sibly to people with dark skin living at higher latitudes. A daily
dose of 400-800 units (10-20 pg) is usually adequate.

o Parenteral antiresorptive drugs can cause hypocalcaemia in se-
vere vitamin D deficiency (< 25 nmol/L), which should therefore be
corrected before treatment.

e (Clinical trials have not demonstrated benefits of vitamin D on
non-skeletal endpoints.

o Calcium supplements in healthy individuals are not needed, nor
are they required in most people receiving treatment for osteo-
porosis, where they have not been shown to affect treatment
efficacy.

o Calcium supplements cause constipation, bloating and kidney
stones, and some evidence suggests they may cause a small in-
crease in the risk of myocardial infarction.

e Low dose vitamin D is safe, but high doses result in more falls
and fractures. Current evidence does not support the use of these

\ supplements in healthy community-dwelling adults.

pragmatic trial, designed to assess efficacy as used in clinical
practice, demonstrated that calcium, vitamin D, or their combi-
nation did not have any beneficial effects on fracture incidence
in a community-dwelling population (Box 1).

Defining calcium and vitamin D deficiency

There is no consensus as to what constitutes calcium deficiency. At
present, recommended intakes in older adults are 700 mg/day in
the United Kingdom, 800 mg/day in China and 1300 mg/day in
the United States, Australia and New Zealand. The World Health
Organization recommends at least 400-500 mg / day.® For some dec-
ades, calcium requirement has been defined from calcium balance
studies, with the finding that intakes of 1500 mg in postmenopau-
sal women or 1000 mg in premenopausal women could completely
abrogate negative calcium balance.” However, bone density stud-
ies show that bone loss continues in postmenopausal women ir-
respective of their calcium intake over the range of 300-2000 mg/
day (Box 2)."” Communities with high intakes of dairy products
have assumed that these high calcium intakes are desirable, but it
should be noted that bone health is not in any way inferior in Asian
and African communities where calcium intakes have traditionally
been below 300 mg/day. Nevertheless, in children with calcium
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1 Cumulative rates of all fractures and of hip fractures by
treatment group in the RECORD (Randomised Evaluation of
Calcium or Vitamin D) trial*
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*The study recruited 5292 people aged = 70 years (85% women) with a recent low trauma
fracture, and randomly assigned them to vitamin D (800 IU/day), calcium (1 g/day), their
combination, or to placebo. Source: RECORD Trial Group’ (used with permission). 4

intakes of about 100 mg/day, failure of skeletal mineralisation and
rickets may develop,”'' so there is a minimum dietary requirement
for calcium. Based on these imperfect data, we consider that cal-
cium intakes of more than 500 mg/day are compatible with good
skeletal health in adults of all ages, and intakes of more than 250—
300 mg/day may be adequate for many individuals.

The definition of vitamin D deficiency is also controversial.
Observational studies demonstrate inverse relationships be-
tween morbidity and mortality on one hand, and circulating
25(0OH)D on the other. Many have assumed that vitamin D lev-
els are causal in these relationships and have defined vitamin
D deficiency accordingly, but recent clinical trial evidence has
not supported that interpretation.'>'* Therefore, it is more likely
that ill health from any cause results in low circulating levels of
25(0OH)D, due to reduced time spent outdoors, reduced physical
activity, and possibly the effects of obesity and inflammation
on circulating levels of 25(OH)D and its binding protein.

To understand the levels of 25(OH)D necessary for optimal
bone health, we recently carried out a randomised controlled
trial of vitamin D supplementation with bone density as the
endpoint, which pre-specified analysis in relation to baseline
25(OH)D levels. The results of this trial indicated that in in-
dividuals with baseline 25(OH)D levels greater than 30 nmo-
1/L, there was no benefit to bone density, whereas below these
levels, changes of more than 2% were evident over 2 years
(Box 3)."* We have since confirmed this finding in an indepen-
dent clinical trial cohort from Scotland."” It should be noted
that in both these studies, 25(OH)D levels were measured by
mass spectrometry in late winter and would be expected to be
10-20 nmol/L higher in summer. Thus, based on bone density
changes in response to vitamin D supplementation, a seasonal
25(0OH)D nadir of 30 nmol/L appears to define a threshold
below which vitamin D supplementation may produce clini-
cally relevant benefits. It is important to note that measuring
25(0OH)D is difficult, with poor assay precision, differences in
calibration between available assays, variations with season,
and after acute inflammatory responses. Therefore, a single
threshold to define vitamin D deficiency is unlikely to be valid
in every clinical situation.

2 Absolute change in total body bone mineral content (BMC)
over 5 years in healthy postmenopausal women, as a function
of each woman’s average calcium intake assessed at baseline
and at year 5*
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*The lines show the regression (with 95% Cls) for this relationship (P=0.53). Source: Reid
et al' (used with permission). ¢

These considerations are key to the question of when vitamin D
levels should be measured. Expenditure on 25(OH)D assays has
been climbing rapidly in many countries, without demonstrable
clinical benefit, and often far outstripping costs of supplemen-
tation.' Screening measurements of 25(OH)D in community-
dwelling adults are not supported by the US Preventive Services
Task Force.'” As a result, funders have imposed restrictions in
some jurisdictions. In our practice, it is more cost-effective to
provide vitamin D supplements based on clinical risk factors
alone, although elsewhere, cycles of test—prescribe-retest are
undertaken, resulting in billions of dollars being spent world-
wide on often unreliable 25(OH)D assays. The same debate
occurs during pregnancy, where current Australian recommen-
dations are to measure 25(0OH)D onlgl when there are specific
risk factors for vitamin D deficiency."” This is a more affordable
policy across the whole adult population, although whether
supplementation without testing or testing followed by supple-
mentation is the better course requires further analysis.

Efficacy of calcium supplements

Biochemistry

In the first few hours after administration, calcium supplements
of 500-1000 mg increase serum calcium towards the upper end
of the normal range, suppress markers of bone resorption, and
suppress parathyroid hormone."” These changes in serum cal-
cium last for at least 8 hours, but are no longer detectable at 24
hours. While long term effects on bone resorption may be tran-
sient, parathyroid hormone and bone formation markers show a
sustained reduction of 10-20%.”

Bone density

The effects of calcium supplementation on bone density have been
comprehensively reviewed in a 2015 meta-analysis,” which shows
that the introduction of calcium supplements has positive effects
on bone density of about 1% at one year. However, there is no in-
crease in the treatment effect over time (Box 4). In conjunction with
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3 Changes in bone mineral density (BMD) from baseline to 2 years in the vitamin D and placebo groups of the ViDA (Vitamin D
Assessment) study, grouped according to baseline serum 25-hydroxyvitamin D (25(0OH)D) concentrations*
Baseline 25(0OH)D < 30 nmol/L Baseline 25(0OH)D > 30 nmol/L
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P=0.035 neck hip body P=0.19 neck hip body
P=0.047 P=0.35 P=0.93 P=0.079 P=0.008 P=0.94
* Data are presented in mean (95% Cl). P values for between-groups comparisons are shown. Source: Reid et al'* (used with permission). #

the biochemical findings referred to above, this suggests a one-off
increase in bone density resulting from a reduction in numbers of
osteoclasts at the bone surface, but no long term change in bone
balance, consistent with the observational data presented in Box 2.
Such small one-off changes in bone density would not be expected
to influence fracture rates. In the meta-analysis,(’ increases in bone
density were similar in trials of dietary calcium and supplements,
whether or not calcium was given alone or with vitamin D, and
independent of calcium dose (= 1000 mg/day v < 1000 mg/day;
< 500 mg/day v > 500 mg/day), and of baseline dietary calcium
intake (< 800 mg/day v > 800 mg/day).’

Fractures

Most observational studies do not show a relationship between
calcium intake and fracture risk.” Of the clinical trials, only the
Chapuy study demonstrated clear benefit. In trials judged to
have a low risk of bias (four studies, n = 44 505), there is no effect
on risk of fracture at any site.” Low compliance has been invoked
as an explanation for these negative results, but is also a limita-
tion to calcium use in clinical practice.

Similar results were found in a meta-analysis of 33 randomised
trials involving 51 145 community-dwelling participants. Calcium
(relative risk [RR], 1.53; 95% CI, 0.97-2.42), vitamin D (RR, 1.21;
95% CI, 0.99-1.47), or their combination (RR, 1.09; 95% CI, 0.85—
1.39) did not have an impact on risk of hip fracture compared
with placebo or no treatment.”! Results were similarly negative
for non-vertebral, vertebral and total fractures. Subgroup analy-
ses showed that these results were consistent regardless of the
calcium or vitamin D dose, sex, fracture history, dietary calcium
intake, and baseline serum 25(OH)D concentration.

N
470 | The National Osteoporosis Foundation in the US has also pro-
./ duced a meta-analysis of eight studies of calcium with vitamin

D including 30 970 participants™ which reported a 15% reduc-
tion in total fractures and a 30% reduction in hip fractures.
Numerical errors in their data have been pointed out,”** and
their conclusions were heavily dependent on use of a post hoc
subgroup analysis of the WHI, which found a rate ratio of hip
fracture of 0.6, whereas that in the primary publication was 0.88,"
or 1.20 in patients not receiving oestrogen.”

It is sometimes stated that treatments for osteoporosis have only
been shown to be effective when administered with calcium
and vitamin D. While many studies have administered calcium
and vitamin D to both the treatment and placebo groups, prin-
cipally to allay concerns that patients with osteoporosis were
being left untreated, the addition of calcium to alendronate
does not increase its effects on bone density,ZE’ and both oestro-
gen””* and bisphosphonates”*’ prevent fractures without co-
administration of calcium.

Efficacy of vitamin D supplements

Biochemistry

The biochemical response to vitamin D supplements is strongly
dependent on the baseline levels of 25(OH)D. When these are
very low, supplementation results in substantial increases in
25(OH)D, correction of secondary hyperparathyroidism, nor-
malisation of serum calcium and phosphate, and reduction in
bone turnover, although there is sometimes a transient rise in
bone formation markers ini’cially.15 In groups without overt vi-
tamin D deficiency, there are dose-related increases in serum
25(CH)D, but little other biochemical change, and, in most cases,
no significant change in intestinal calcium absorption.'”*"** It is
noteworthy that the dose response for serum 25(OH)D is not lin-
ear — there are substantial increases in 25(OH)D when starting
from low levels, but a marked plateauing of that effect at higher



should be guided by the more rigorous and compre-
4 Random effects meta-analysis of effect of calcium supplements on percent- hensive analyses previously discussed !
age change in total hip bone mineral density, by duration of follow-up*
Weighted mean difference (95%CIl) Weight(%) Non-skeletal effects
Prince 1995 —t— 1.8 (0.4-3.2) 12 L . . .
Riggs 1998 — 1.2 (0.5-1.9) 16 The association of low vitamin D levels with a num-
Peacock 2000 —=— 1.2 (0.4-1.9) 16 ber of conditions and with mortality led to the hy-
Tyear  Harwood 2004 LB 47(33-60) 12 pothesis that vitamin D supplementation might have
Hitz 2007 — 0.0(-1.5t01.5) 1 beneficial effects on non-skeletal health. There are a
Reid 2008 - 0.5 (0.2-0.8) 18 : : :
Zhu 2008 —— 1'3 (0'4 2'2) e number of trials underway at present addressing this
Total :l 1.4 (0.6-2.3) P=0.001 qgestlgn, but the recent Pubhcatlons from bqth the
.. Vitamin D Assessment (ViDA) study and the Vitamin
022222 1332 . 7.3 (3.3-11.3) 2 D and Omega-3 Trial (VITAL) provide no support for
Peacock 2000 — 1.6 (0.4-2.8) 10 the suggestions that vitamin D supplements reduce
2 years Jackson 2006 - E 1.2(0.2-2.2) 12 the risk of cardiovascular events or cancer,” con-
Reid 2006 - 0.6(0.3-0.9) 21 sistent with earlier trial results.'> The fact that these
Reid 2008 - 1-2(08-156) 20 opulations were vitamin D replete leaves open the
Chailurkit 2010 - 0.8 (0.4-1.1) 20 pop P P
Total —— 21 (15-2.7) 17 question of the efficacy of supplements in individuals
Moo 1968 - 1.3 (0.8-1.8) P<0.001 with a demonstrable deficiency.
]
Peacgik 2000 —8— 1.6 (0.5-2.7) 14 There has been much work addressing the possible
- Jackson 2006 - 2.3 (1.0-3.6) 13 benefits of vitamin D supplements on muscle func-
= years Reid 2006 - 0.8 (0.4-1.2) 21 tion, particularly on falls. The literature has been
Zhu 2008 —— 1.6(1.2102.0) 21 contradictory, but the most recent meta-analysis pro-
Karkkainen 2010 . 15(-0.2103.2) 10 vides no support for benefit in this regard.! Vitamin
Total T_‘_ 0.0 (-0.5t0 0.5) 21 D 1 ¢ to i le st th
¢ 1.2 (0.5-1.9) P=0.001 supplements appear to improve muscle strength,
more so in patients in institutions and with baseline
*There is a significant positive treatment effect at each time point, but no evidence of greater effects in 25(OH)D levels below 30 nmol/L, but high dose sup-
longer trials. Figure based on data presented in Tai etal.® @ plementation may be deleterious.*’ Conﬁrming the

intakes,">* suggesting that counter-regulatory processes pre-

vent increases in 25(OH)D to potentially unsafe levels.

Bone density

Meta-analyses of all studies of the effect of vitamin D supple-
ments on bone density show no clinically significant benefit.**
However, as noted above, two recent studies have found that
individuals with baseline late winter 25(OH)D levels below
30 nmol/L derive a significant benefit from vitamin D supple-
mentation (Box 3)./#%

Fractures

A recent meta-analysis of these data found that vitamin D had
no effect on total fracture (36 trials; n = 44 790; RR, 1.00; 95% CI,
0.93-1.07) or hip fracture (20 trials; n = 36 655; RR, 1.11; 95% CI,
0.97-1.26),' consistent with the findings of the meta-analysis dis-
cussed above.”" Earlier, less comprehensive meta-analyses have
reached various conclusions. The DIPART (Vitamin D Individual
Patient Analysis of Randomised Trials) individual patient meta-
analysis (seven trials; n = 68 500) found no effect on fractures for
studies of vitamin D alone, but for calcium with vitamin D, total
fractures were reduced (hazard ratio, 0.92; 95% CI, 0.86—0.99).35
However, the finding with calcium plus vitamin D depended on
anon-blinded, cluster randomised study, involving 9605 patients,
with only two clusters per intervention, which would not usu-
ally qualify for inclusion in such a meta-analysis.” A 2012 study
pooled 12 trials involving 33 277 participants in an analysis that
estimated actual vitamin D intake in the treatment groups (cal-
culated as the assigned treatment dose plus any additional sup-
plement dose with adjustment for adherence) and compared this
with the pooled, unadjusted control groups.”” Thus, this effec-
tively became a selective, compliers analysis, with the recognised
biases that it entails. We therefore conclude that clinical practice

lack of effect of vitamin D on muscle function, even
in situations of moderate deficiency, recent studies in young men
and women with baseline 25(OH)D levels of about 20 nmol/L
have not shown any effects on muscle strength after supplemen-
tation to about 75 nmol/L.*"*

Safety

Calcium

Calcium supplements are frequently associated with gastroin-
testinal symptoms, particularly constipation, and they have also
been reported to double the risk of hospital admissions related
to abdominal symptoms.*’ In the WHI study, calcium and vita-
min D increased the risk of renal calculi by 17%." There is evi-
dence that calcium supplements increase the risk of myocardial
infarction and, possibly, stroke,** although this remains subject
to controversy. This evidence is complemented by trials in neph-
rology patients given calcium, and by a recent Mendelian ran-
domisation study showing that small increases in circulating
calcium concentrations within the normal range are associated
with increased risks of vascular disease and death.*’

Vitamin D

Unlike calcium supplements, vitamin D supplements seldom
cause symptomatic adverse effects. Most studies have assessed
the safety of vitamin D supplements by documenting their ef-
fects on serum or urine calcium, which are usually minimal
unless doses escalate above several thousand units a day.®
However, there is evidence that vitamin D doses of 4000 IU/day,
60 000 IU/month, or 300 000-500 000 IU/year increase the risk
of falls**’ and/or fractures.””*’ The threshold for bone benefits
of vitamin D (25(OH)D > 30 nmol/L) is met with doses of 400—
1000 IU/day; therefore, the use of higher doses is not appropri-
ate. At these lower levels, vitamin D supplements have no known
adverse effects and can be widely endorsed for individuals at
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risk of deficiency. Supplement doses greater than 2000 IU/day
should only be used in exceptional circumstances and with ap-
propriate monitoring.

Determining when to prescribe supplements

There are some medical conditions, such as osteomalacia, for
which calcium and vitamin D supplements are central to man-
agement. Their use as adjunctive therapy in osteoporosis has been
the convention, but as discussed above, there is little evidence
that this alters outcomes. However, some therapies for osteopo-
rosis can cause hypocalcaemia, such as the use of zoledronate or
denosumab in patients with vitamin D deficiency. Therefore, the
use of supplements of vitamin D in patients at risk of vitamin D
deficiency who need potent antiresorptives is appropriate. While
zoledronate is contraindicated in renal impairment, denosumab
is used in this context but carries a risk of hypocalcaemia, which
is often mitigated with calcium supplements. Romosozumab in-
hibits bone resorption and stimulates bone formation, resulting
in rapid increases in bone density. This combination of effects
creates a risk of hypocalcaemia, and also a need for an increased
supply of calcium to mineralise the substantial amount of new
bone being made. Calcium supplements in this context are cur-
rently accepted practice, and the safety and efficacy of romo-
sozumab have not been demonstrated without them.

Clinically significant vitamin D deficiency (ie, nadir 25(OH)
D < 30 nmol/L) is common among individuals with minimal
sunlight exposure, such as frail older people and those who are
veiled, as well as in people from Africa, the Middle East and
South Asia living at high latitudes. Supplementation of frail
older people is widely advised, and also frequently provided for
immigrant communities, particularly children, including those
being breastfed. Vitamin D supplementation sufficient to raise
25(0OH)D levels above 40-50 nmol/L is advisable; 400—-800 units
per day is usually adequate, unless there is some coexistent med-
ical problem, such as malabsorption. Supplementation should be
continued for as long as the cause of vitamin D deficiency (eg,
low sunlight exposure) is present.

1 Bolland MJ, Grey A, Avenell A. Effects of vitamin 8 Heaney RP, Recker RR, Saville PD. Menopausal
changes in calcium balance performance. / Lab
Clin Med1978; 92: 953-963.

D supplementation on musculoskeletal health:
a systematic review, meta-analysis, and trial

The use of calcium supplements in individuals without specific
bone pathology does not have a sound evidence base, and the
safety concerns suggest that the net effect could be negative.
Similarly, the use of vitamin D as a general tonic in individu-
als who do not have risk factors for deficiency lacks an evidence
base, although it does not have the safety concerns that hold for
calcium. Consistent with this view, the US Preventive Services
Task Force does not support the use of either calcium or vita-
min D supplements in otherwise healthy community-dwelling
adults.” This is in broad agreement with the recommendations
of the International Osteoporosis Foundation which state that
“supplementation with calcium alone for fracture reduction is
not supported by the literature” but that “calcium supplementa-
tion, with concomitant vitamin D supplementation, is supported
for patients at high risk of calcium and vitamin D insuffi-
ciency”.” This brings us back to the two trials described above:
supplements have value in overtly deficient individuals, but not
across the healthy older population. Based on the consistency of
the data, we believe that a recommendation not to provide sup-
plements routinely to healthy older individuals can be judged
to be evidence-based, as defined by the GRADE methodology,”
and no longer a matter of controversy.

Conclusion

In summary, small doses of vitamin D have a place in the pre-
vention of osteomalacia in individuals with specific risk factors.
Calcium supplements have very little place in contemporary
medical practice.
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