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 Abstract 
 A low calcium intake aggravates the consequences of vitamin D defi ciency. This suggests an interaction between vitamin 
D and calcium intake, which is the subject of this review. The active vitamin D metabolite, 1,25-dihydroxyvitamin D 
(1,25(OH) 2 D) binds to the vitamin D receptor (VDR) in the intestinal cell and stimulates the active calcium transport 
from the intestine to the circulation. Vitamin D is not needed for the paracellular transport of calcium, which depends on 
the calcium gradient. Active calcium absorption decreases when the serum 25-hydroxyvitamin D (25(OH)D) concentration 
is  �    20 nmol/L. Studies in the VDR null mouse have demonstrated that bone mineralisation can be restored without vita-
min D by a diet very high in calcium and lactose. Both calcium and vitamin D metabolites can decrease the secretion of 
parathyroid hormone (PTH) through the calcium sensing receptor and the VDR respectively. With an increasing serum 
25(OH)D concentration up to 100 nmol/L or higher serum PTH is still decreasing. A high calcium intake increases the 
half life of 25(OH)D. In patients with primary or secondary hyperparathyroidism, the half life of 25(OH)D is shorter. 
Similar interactions between calcium intake and vitamin D status have been shown in rat experiments, generally indicating 
that a high calcium intake is good for the vitamin D economy. Clinical trials with vitamin D and/or calcium to decrease 
fracture incidence generally have shown that trials with vitamin D and calcium had better results than calcium or vitamin 
D alone. The effects of these trials also depend on baseline calcium intake, baseline vitamin D status, age and residence. 
Trials in institutionalized persons had better results than in independently living elderly. These results confi rm that an 
interaction exists between calcium and vitamin D.   

  Introduction 

 Since the early 20 th  century it is known that vitamin 
D facilitates the absorption of calcium and can cure 
rickets. A predisposing factor for rickets is a low 
calcium intake. This suggests that there is an 
interaction between vitamin D and calcium. One 
may ask the following questions:  

1.   Can calcium compensate for vitamin D 
defi ciency?   

2.  Can vitamin D compensate for low calcium 
intake?  

3.   Do calcium and vitamin D have additive 
effects?   

 The active interplay between calcium and vitamin 
D is needed to prevent skeletal disease. Clinical 
rickets or osteomalacia occurs more easily when 
vitamin D defi ciency is coupled to low calcium intake 
or low calcium absorption. This occurs for example 
in coeliac disease. While rickets may occur in the 
growing skeleton after a few months, it usually takes 
a long time, several years for osteomalacia to develop 

in the adult skeleton. Vitamin D defi ciency and low 
dietary calcium intake both may cause secondary 
hyperparathyroidism leading to bone resorption and 
contributing to the pathogenesis of osteoporosis [1]. 
In this review vitamin D dependent and vitamin D 
independent calcium absorption will be discussed. 
Subsequently, the skeletal disease in the vitamin D 
receptor knock-out mouse will be presented. 
Secondary hyperparathyroidism can be suppressed 
by calcium and by the active vitamin D metabolite, 
1,25-dihydroxyvitamin D. A vitamin D threshold 
has been sought for calcium absorption, for para-
thyroid hormone secretion, for bone mineral den-
sity and bone turnover and for physical performance. 
The calcium intake may be a determinant for the 
turnover of vitamin D metabolites and high calcium 
intake may have a vitamin D sparing effect. These 
subjects will be discussed in this review paper. The 
interaction between vitamin D and calcium can also 
be deducted from clinical trials with vitamin D 
without or with calcium to prevent osteoporotic 
fractures.   
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 Calcium absorption 

 The active vitamin D metabolite, 1,25-dihydroxyvi-
tamin D (1,25(OH) 2 D) stimulates the active calcium 
transport through the intestinal wall. The active 
metabolite binds to the vitamin D receptor in the 
intestinal epithelial cell, subsequently the calcium 
binding protein CaBP-9K is synthesized and the 
calcium channels TRPV6 and TRPV5 are activated. 
Calcium can enter the cell from the intestinal lumen 
and is transported through the cell by the calcium 
binding protein and transferred to the interstitium 
by an ATP mechanism [2]. This active transport 
mechanism has a maximum. Besides the active 
transport, paracellular transport takes place by 
diffusion. The paracellular transport depends on the 
calcium gradient, i.e. on calcium intake. In case of 
vitamin D defi ciency, the active transport is lower 
and diffusion becomes more important especially 
when calcium intake is high. 

 Clinical vitamin D defi ciency with a risk for rick-
ets and osteomalacia occurs at low serum concentra-
tions of 25-hydroxyvitamin D (25(OH)D). This was 
shown in an Australian study in 319 patients with 
serum 25(OH)D concentration below 40 nmol/L. In 
these patients calcium absorption was measured by 
an isotope technique and the active vitamin D 
metabolite, 1,25(OH) 2 D, was measured as well as 
bone turnover parameters, hydroxyproline excretion 
and alkaline phosphatase. It turned out that 
1,25(OH) 2 D and calcium absorption became low 
when serum 25(OH)D concentrations was below 
20 nmol/L. At these concentrations hydroxyproline 
excretion increased as well as serum alkaline phos-
phatase [3]. A relationship between serum 25(OH)
D concentration and calcium absorption was not 
found in a study in pre- and postmenopausal women. 
However, a positive correlation existed between 
serum 1,25(OH) 2 D concentration and calcium 
absorption and this relationship was somewhat stron-
ger when serum 25(OH)D concentration was low 
[4]. The roles of calcium and vitamin D for skeletal 
mineralisation have been extensively studied in the 
VDR-null mouse. The VDR-null mouse is character-
ized by alopecia, decreased longitudinal growth and 
rickets, altered immunity, hypertension and cardiac 
hypertrophy, increased risk for chemically induced 
cancer and altered emotional behaviour [2]. Rickets 
in this mouse cannot be cured by 1,25(OH) 2 D3 and 
not by a high calcium diet. However, when a very 
high calcium and lactose diet ( “ rescue diet ” ) is given 
to the VDR-null mouse the rickets is cured and the 
bone becomes well mineralized. This shows that 
vitamin D is not essential for bone mineralization 
while the problem of low calcium absorption can be 
overcome with a special diet to facilitate passive 
diffusion [5]. The VDR-null mouse has a human ana-
logue i.e. patients with mutations leading to 
inactivation of the vitamin D receptor. This causes 

vitamin D dependent rickets type 2 or hereditary 
vitamin D resistant rickets associated with alopecia 
and severe rickets. This rickets can be cured by 
calcium infusion or by a very high calcium diet [6].   

 Suppression of secondary 
hyperparathyroidism 

 The activity of the parathyroid glands can be 
decreased by calcium and vitamin D metabolites. 
Calcium can bind to the membrane bound calcium 
sensing receptor in the parathyroid cell, suppressing 
parathyroid hormone (PTH). The active vitamin D 
metabolite 1,25(OH) 2 D binds to the nuclear vitamin 
D receptor in the parathyroid cell and suppresses 
parathyroid hormone. The active metabolite increa-
ses serum calcium by increasing active calcium 
absorption in the intestine and the increased serum 
calcium concentration suppresses PTH. In clinical 
trials and in epidemiological studies, usually a 
negative relationship is found between serum 
25-hydroxyvitamin D and parathyroid hormone. 
This suggest a direct negative feedback by 25(OH)
D on the parathyroid cell. This could be possible 
when 25(OH)D is further hydroxylated in the 
parathyroid cell to 1,25(OH) 2 D. The 1 α -hydroxylase 
has been demonstrated in many cell types of many 
organs and probably is also present in the 
parathyroid cell. This could explain the negative 
correlation between 25(OH)D concentration and 
parathyroid hormone. The different negative 
feedback mechanisms are shown in Figure 1. The 
relationships between the serum concentrations of 
25(OH)D and PTH and other parameters of bone 
metabolism have been extensively studied in the 
Longitudinal Aging Study Amsterdam (LASA). The 
LASA study is an ongoing epidemiological study on 
the determinants of healthy aging in a representative 
sample of the older Dutch population. In this popu-
lation 48 % of the participants had a serum 25(OH)
D concentration lower than 50 nmol/L. A signifi cant 
negative correlation between serum concentrations 

25(OH)D calcium
kidney

1,25(OH)2D

CaSR

1α- OHase
VDR Parathyroid cell

+

Figure 1.     Negative feedback on parathyroid cell by 1,25(OH) 2 D, 
by 25(OH)D after conversion by the 1 α -hydroxylase, and by 
calcium.  
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of 25(OH)D and PTH was observed but there was 
no clear threshold [7]. This means that serum PTH 
concentration still decreased when serum 25(OH)D 
concentrations were higher than 100 nmol/L. Similar 
observations were made in the NEMO study 
(Network in Europe on Male Osteoporosis) in a 
cohort of aging males from Lyon and another cohort 
of aging males from Ghent (NEMO, unpublished 
data). While a clear threshold for serum PTH 
concentrations was not observed, suppression of 
bone turnover parameters serum osteocalcin concen-
tration and urine-deoxypyridinoline excretion was 
possible up till a threshold serum 25(OH)D concen-
tration of about 40 nmol/L [7]. Similarly, bone 
mineral density of the total hip and the trochanter 
increased with serum 25(OH)D concentration up till 
a threshold of 50 nmol/L. Physical performance 
measured with three tests, a walking test, 5 chair 
stands and a tandem stand, increased with serum 
25(OH)D concentration up till a threshold of 60 
nmol/L. The effect of calcium supplements on the 
concentrations of serum PTH and serum 1,25(OH) 2 D 
has been studied on the short and long term. A long 
term study was done in 248 postmenopausal women 
receiving 0, 1,000 or 2,000 mg calcium per day for 
three years. The sserum PTH concentration was 
suppressed about 15 % and that of serum 1,25(OH) 2 D 
more than 20 % [8]. A short term study showed that 
increasing the calcium intake from 800 to 2,400 mg 
per day in volunteers caused a decrease of serum 
PTH concentration of 30 % during 24 hours [9]. 
The relationship between vitamin D status, calcium 
intake and serum PTH was studied cross-sectionally 
in 2,310 Icelandic adults. When serum 25(OH)D 
concentration was lower than 25 nmol/L calcium 
intake infl uenced serum PTH concentration signifi -
cantly [10]. In that case a calcium intake of more 
than 1,200 mg led to a suppression of serum PTH 
concentration of about 20 % compared with a cal-
cium intake lower than 800 mg per day. However, 
this effect of calcium intake decreased when serum 
25(OH)D concentration was higher than 25 nmol/L 
and disappeared when serum 25(OH)D concentra-
tion was higher than 45 nmol/L. The investigators 
concluded that calcium intake had little or no effect 
on serum PTH concentration when serum 25(OH)
D concentration was higher than 45 nmol/L. This 
study clearly shows the interaction between vitamin 
D status and calcium intake.   

 Infl uence of calcium on vitamin D economy 

 Experiments in rats on different calcium intakes 
showed that there was a relationship between 
calcium intake and the half life of serum 25(OH)D 
concentration. When calcium intake was higher, the 
half life of 25(OH)D was longer, indicating a vitamin 
D sparing effect. Serum 25(OH)D concentration 

decreased faster in rats with a very low calcium intake 
than in rats with a high calcium intake [11]. In 
patients with primary hyperparathyroidism or 
secondary hyperparathyroidism after gastrectomy 
serum 1,25(OH) 2 D concentration showed a rela-
tionship with the half life of serum 25(OH)D;. the 
higher the 1,25(OH) 2 D concentration the shorter 
the half life of 25(OH)D [12]. The authors concluded 
that high concentrations of 1,25(OH) 2 D and PTH 
in these circumstances stimulated the breakdown of 
25(OH)D. More recently the effect of dietary cal-
cium on the synthesis of 1,25(OH) 2 D and the 
metabolism of 25(OH)D was studied in rats. The 
authors observed that increasing the dietary calcium 
content from 0.1 to 1.0 % led to an increase of 
25(OH)D concentration from 22 to 85 nmol/L. 
However, the 1,25(OH) 2 D concentration was much 
higher in the rats on a low calcium and low vitamin 
D diet than in the rats with either a low vitamin D 
and high calcium diet or rats with a high calcium 
and high vitamin D diet [13]. When studying the 
kidney tissue of these rats they observed that the 
1 α -hydroxylase or CYP27B1 mRNA was induced by 
low calcium diet. On the other side CYP24 was 
stimulated by a high vitamin D diet. These studies 
show that a high calcium intake has a vitamin D 
sparing effect.   

 Clinical trials with calcium and/or 
vitamin D supplements 

 The interaction between calcium and vitamin D is 
also visible in the results from randomized clinical 
trials with calcium and/or vitamin D with fractures 
as mean outcome criterion. One of these trials was 
done in France in 3,270 nursing home residents who 
received either vitamin D3 800 IU/day and calcium 
1200 mg/day vs double placebo. In this trial there 
was a signifi cant decrease in the incidence of hip 
fractures and other non-vertebral fractures after 18 
months [14]. A trial performed in Amsterdam in 
2,578 elderly persons who received vitamin D3 400 
IU/day or placebo did not show a decrease of hip 
fractures or other non-vertebral fractures [15]. These 
trials were quite different in many aspects. In Lyon 
the patients had a mean age of 84 yr while in Amster-
dam this was 80 yr. The baseline calcium intake was 
514 mg/day in Lyon and more than 1,000 mg/day in 
Amsterdam. The interventions were very different. 
The effect of treatment on serum PTH concentra-
tion was a decrease of 50 % in Lyon and 15 % in 
Amsterdam. The gain in BMD was 6 % in Lyon and 
2 % in Amsterdam [16]. The different outcomes may 
be due to the different centres, different baseline cir-
cumstances and different interventions. Calcium 
may be needed besides vitamin D for a successful 
treatment. However, another trial in the United 
Kingdom with vitamin D3 100,000 IU/4 months vs 
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placebo in persons older than 65 yr showed a 
signifi cant decrease in fracture incidence in the 
vitamin D group vs the placebo group. In this trial 
calcium was not added [17]. Also in another 
trial from the UK in older persons with a previous 
fracture 4 groups received either vitamin D3 
800 IU/day or placebo and calcium 1,000 mg/day or 
placebo in a factorial design. This study did not show 
any difference in fracture incidence between the cal-
cium group, the calcium and vitamin D group, the 
vitamin D group and the placebo group (Record Trial 
Group), [18]. In the last 20 years altogether 18 trials 
with vitamin D with or without calcium were per-
formed and fi ve of these showed a signifi cant decrease 
of fracture incidence. Two trials showed an increase of 
fracture incidence and both of these were performed 
with high dose of vitamin D once yearly [19]. 

 Many meta-analyses were performed with 
different conclusions according to different inclusion 
criteria. The meta-analysis of Boonen et   al. [20] 
compared trials with vitamin D alone with trials 
combining vitamin D and calcium. Only the latter 
trials showed a signifi cant decrease of hip fracture 
risk with a risk ratio of 0.82 (95 % CI 0.71 – 0.94). 
The meta-analysis of Tang et   al. [21] compared trials 
with calcium only with trials using calcium and 
vitamin D. In the meta-analysis both groups of trials 
showed a signifi cant decrease of fracture incidence, 
10 % with calcium alone and 13 % with calcium and 
vitamin D. A sensitivity analysis was performed and 
this showed that trials in institutionalized elderly 
showed better results than those in the community. 
The trials with a low baseline 25(OH)D concentra-
tion showed a better outcome than those with a 
normal serum 25(OH)D concentration at baseline. 
Trials in patients with a low dietary calcium intake 
showed better outcome than those in patients with a 
normal dietary calcium intake. A vitamin D dose of 
800 IU/day or more gave better results than lower 
vitamin D doses. Results in persons of 70  – 79 years 
and especially more than 80 years gave better results 
than in persons of 50–   69 years. Lastly, compliance 
played a very important role. These trials and 
meta-analyses show a clear interaction between base-
line calcium intake, calcium supplements, baseline 
vitamin D intake and vitamin D supplements.   

 Conclusion 

 It is possible to live without the active vitamin D 
metabolite 1,25(OH) 2 D and vitamin D receptor. 
However, this requires a very high calcium intake as 
only passive diffusion of calcium in the intestine can 
supply the calcium for bone mineralization in this 
situation. An adequate vitamin D status makes 
calcium intake more fl exible. A low calcium intake 
causes a high turnover of vitamin D metabolites, due 
to higher production of 1,25(OH) 2 D and higher 

breakdown of vitamin D metabolites. A low calcium 
intake causes or aggravates vitamin D defi ciency 
while a high calcium intake is vitamin D sparing. 
Clinical trials with vitamin D with or without 
calcium sometimes show contradicting results. The 
effect size and signifi cance regarding a decrease of 
fracture incidence depend on baseline calcium intake, 
baseline vitamin D status, calcium and vitamin D 
supplement doses, age, housing situation and 
compliance. Meta-analyses on vitamin D for fracture 
prevention suggest that a combination of vitamin D 
and calcium is more effective than vitamin D alone. 
When prescribing vitamin D or calcium supplements 
one should remember the interaction between 
calcium and vitamin D.   

 Questions and Answers  

 M Fikagawa, Japan 

 As a nephrologist, I am concerned that a higher 
calcium load may lead to deterioration in renal 
function. Has this perhaps been looked at in previous 
clinical trials?  

 P Lips 

 In most trials an exclusion criterion on renal function 
was set at a serum creatinine concentration of 
150  μ mol/L. There might be an issue of high calcium 
intakes. The meta-analyses from Poland and 
Australia raised some concerns about cardiovascular 
disease and the same would apply for renal disease.    

 M Hewison, USA 

 I wonder if you could speculate on the way that 
calcium was modulating the action of vitamin D in 
the kidney. It would be interesting to know if the 
same mechanism could apply in extra-renal sites of 
vitamin D metabolism.  

 P Lips 

 I was also surprised at the very large effect reported 
in the study from Australia. I do not know whether 
the effect is through PTH or if it is a direct effect on 
the kidney.    

 J-D Ringe, Germany 

 I think the study from Poland raised a very 
dangerous issue, because in the pathogenesis of 
atherosclerosis, a disease of lipids and cholesterol, 
with plaque formation, the plaques will calcify regard-
less of the intake, because there is always enough 
calcium. Normally supplementation with calcium, 
does not increase the serum calcium concentrations. 
Calcium is in a steady state and the rest goes into 
the kidney.  
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 P Lips 

 The effects, if real, are small. We studied people in 
nursing homes, giving them vitamin D in three 
different regimes, 600 U/day, 4,000 U/week or 
18,000 U/month and after 4 months added calcium. 
The calcium had no additive effect on PTH but lead 
to a small signifi cant increase in serum calcium con-
centrations, which may lead to some deleterious 
effect.    

 J-D Ringe 

 If you say that calcium may be dangerous, it follows 
that vitamin D could be dangerous, since it increases 
calcium absorption! It is an anomaly if you say that 
vitamin D is protective of CVD when it increases 
calcium. 

        Declaration of interest:   The author report no con-
fl icts of interest. The author alone is responsible for 
the content and writing of the paper. 
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