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ABSTRACT

A considerable part of the difficulty of determining nutrient requirements in pathologic states is the failure to understand the physiology unique

to the specific condition. Here we take the specific example of burns in childhood and discuss the roles of the inflammatory and stress responses

to the burn and the consequent transient increased bone resorption followed by osteoblast apoptosis and adynamic bone. This condition leads

to a failure of the bone to take up and thus conserve the increased calcium liberated by the acutely increased bone resorption. On top of

this mechanism, there is a cytokine-mediated upregulation in the parathyroid gland calcium-sensing receptor that results in hypocalcemic

hypoparathyroidism and consequent urinary calcium wasting. As if that were not sufficient, the skin of the burned patient, both scarred area and

normal-appearing adjacent skin, convert 7 dehydrocholesterol to pre-vitamin D3 at a rate that is 20–25% of normal skin and circulating levels of

25-hydroxyvitamin D are chronically low. Thus, burn injury gives rise to calcium wasting, failure of bone to take up excessive calcium, and vitamin

D insufficiency to frank deficiency. These and other areas must be addressed before it can be determined how much vitamin D and calcium

should be given to a patient with severe burn injury. Adv. Nutr. 2: 457–462, 2011.

Anyone who has been involved with determining nutri-
ent requirements in healthy individuals is aware that this
is a very difficult task, often involving considerable disagree-
ment among those who will issue the nutrient intake guide-
lines. Thus, one can only imagine the difficulties involved in
attempting to determine nutrient requirements in various
disease states or even in clinical conditions following
trauma. The purpose of this review is to point out, using
specific examples, how important it is to understand the
unique pathophysiology of a given illness or specific trauma
before it is possible to undertake the establishment of nutri-
ent requirements in such a situation.

In this specific example, that of burns, we will examine the
mechanisms at play that have been shown to affect calcium and
vitamin D status as well as other mechanisms that can be pos-
tulated to play a role in calcium and vitamin D homeostasis.

Thus, in the case of calcium, we will address the patho-
genesis of the acute state of hypocalcemia following burns,
examine attempts to replace lost calcium, discuss the reasons
replacement does not achieve a normocalcemic state, and
add speculation as to whether additional newly discovered
mechanisms may also contribute to this situation. We shall

then go through the same exercise with vitamin D and ex-
amine conditions unique to burn injury that would ad-
versely affect vitamin D sufficiency.

After examining these cases, it should be clear that the
body’s adaptive responses, which are not unique to burn in-
jury, may cause alteration of both calcium and vitamin D
status and may provide clues with regard to the nutritional
requirements of this traumatic condition.

Metabolic Response to Burn Injury
To start out with, it is highly unlikely that the human body
evolved to this point to deal specifically with burn injury.
This type of trauma is a relatively uncommon occurrence
and the body’s responses are therefore an agglomeration of
actions that in themselves are nonspecific and may have ad-
verse consequences.

Among the responses are hypermetabolism, with a rest-
ing energy expenditure of 1.2–1.8 times the normal resting
energy expenditure (1), negative nitrogen balance, sarcope-
nia (1,2), and immobilization, especially acutely between
surgical debridement and grafting procedures.

Some of these responses, namely sarcopenia and immo-
bilization, could affect bone metabolism and, indirectly, cal-
cium handling by the body. Thus, sarcopenia could decrease
the secondary skeletal load and immobilization could lead to
urinary calciumwasting and reduced bone formation, which
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would then lead to reduced bone calcification. The effect of
decreased skeletal loading is similar to that of immobiliza-
tion. Whether it is a key factor in calcium loss has not
been studied in detail. On the other hand, preliminary
data obtained from patients suggest that immobilization is
not a factor in bone or calcium loss from the body (3).

What is known about calcium homeostasis in burned
children is that despite receiving as much as 2–3 g of cal-
cium/(m2 surface area burned $ d) they still manifest contin-
uous hypocalcemia (4). How this occurs is a function of 2
additional acute responses to burn injury: the stress re-
sponse and the inflammatory response.

The stress response gives rise to the endogenous produc-
tion of glucocorticoids and catecholamines for a period of
up to 1 y. Of the 2 classes of compounds, the glucocorticoids
are more consistently elevated and are produced in quanti-
ties that lead to urinary free cortisol excretion that is 3–8
times the upper limit of normal values in children depend-
ing on whether 50 or 125 mg/d is considered the upper limit
of normal (5,6). The endogenous glucocorticoids then have
2 effects on the bone. The first is acute stimulation of exist-
ing osteoblasts, or bone-forming cells, and presumably osteo-
cytes as well, to produce the ligand for the activator of the
nuclear receptor NF-kB (RANKL3). This stimulation causes
RANKL to signal the bone marrow stem cells to increasingly
differentiate into osteoclasts, leading to an increase in acute
bone resorption. This increase in bone resorption leads to an
increase in free calcium that the body cannot conserve, as
will be explained below. If this stress response is sustained
and there is a continuous high output production of cortico-
steroids by the body, the osteoblasts and osteocytes will be-
come apoptotic, usually at w2 wk postburn. Although
apoptosis has not been specifically documented, it is as-
sumed due to the lack of osteoblasts on the bone surface
as seen on biopsies and the reduced differentiation markers
of marrow stromal cells into osteoblasts (6). Two conse-
quences result. The first is that there will be a dramatic
fall in the production of RANKL, the result of which will
be a reduction in osteoclasts (5) and in bone resorption
(5). The other is that there will be a major reduction in
bone formation (5), with both disappearance of osteoblasts
from the bone surface (6) and the reduced differentiation of
marrow stromal cells into osteoblasts as evidenced by re-
duced stromal cell production of biochemical markers of os-
teoblast differentiation, such as type I collagen, alkaline
phosphatase, core protein binding factor a-1 (also known
as runx 2), and bone morphogenetic protein-2 (6). Thus,
the reduction of both bone resorption and bone formation
leads to a condition the nephrologists term “adynamic
bone.” Adynamic bone, then, would not be conducive to
mineralization and, one could speculate, would not be a
mechanism by which the body could conserve calcium in
contrast to a normal individual in whom the bones serve
as a storehouse for 98% of the body’s calcium (Fig. 1).

The other adaptive response that occurs simultaneously
with the stress response is the inflammatory response. Be-
cause the skin, normally the body’s main barrier to entry
for micro-organisms, is destroyed, all burn victims are con-
sidered septic on admission to the hospital. The inflamma-
tory response involves more than the stimulation of acute
phase reactants, thus increasing such proteins as a-1-
antitrypsin and decreasing constitutive proteins such as
albumin (5); it also involves the increased production of
cytokines by the mononuclear inflammatory cells. Among
these cytokines, IL-1b and IL-6 are present in serum in con-
centrations of 3- to 125-fold above normal, respectively (5).
These particular cytokines, and perhaps others, will add to
the acute effects of the increased endogenous glucocorticoid
production of the stress response in stimulating the osteo-
blasts to produce RANKL and ultimately in increasing
bone resorption. However, when the adynamic state is

Figure 1 This diagram depicts the mechanisms discussed
in postburn bone loss. UVB radiation to the skin acts on a
diminished amount of vitamin D precursor, 7DHC and an
abnormally reduced percentage of 7DHC is converted to pre-
vitamin D3. In addition the level of cytokines in the blood
increase secondary to the inflammatory response and these
elevated cytokines act on the parathyroid gland to upregulate
the membrane-bound CaR. This leads to reduced circulating
calcium and reduced PTH secretion and results in renal calcium
wasting. Additionally, the inflammatory response acts directly on
the bone synergistically with the stress response to cause both
proinflammatory cytokines and endogenous glucocorticoids to
stimulate osteoblast RANK ligand production to increase acute
bone resorption. However, with the persistence of the stress
response, the osteoblasts and likely the osteocytes become
apoptotic and bone turnover is markedly reduced, leading to
adynamic bone and a consequent inability of bone to take up
calcium from the blood. Finally, potential zinc deficiency might
lead to conformational changes in calmodulin and/or the calcium
channels, resulting in reduced gastrointestinal calcium absorption.
CaR, calcium-sensing receptor; 7DHC, 7-dehydrocholesterol; PTH,
parathyroid hormone.

3 Abbreviations used: 7DHC, 7 dehydrocholesterol; 25(OH)D, 25-hydroxyvitamin D; PTH,

parathyroid hormone; RANKL, ligand of the receptor activator of NF-kB; TRP, transient

receptor potential.
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produced in the bone, generally by 2 wk postburn, the circu-
lating cytokines remain very high, as mentioned above. In
contrast, these cytokines cannot increase bone resorption,
because they work through the osteoblast production of
RANKL and at this point in time there are minimal func-
tional osteoblasts in the bone. However, these cytokines
likely play another role in body calcium loss.

The in vitro work on bovine parathyroid cells by Nielsen
et al. (7) in Boston and in equine parathyroid by Toribio
et al. (8) in Columbus and Canaff et al. (9) in Montreal has
shown us that incubation of parathyroid cells with IL-1 b
results in an upregulation of the parathyroid calcium-sensing
receptor (7,8) and that i.p. injection of IL-6 into the rat re-
sulted in an increase in calcium sensing receptor in the para-
thyroid as well as the thyroid and kidney (9).

Genetic mutations of the calcium-sensing receptor in hu-
mans have shown that an upregulation of the receptor results
in a decreased set point for calcium suppression of PTH secre-
tion. In practical terms, it would take a lower amount of cir-
culating calcium, even to hypocalcemic levels, to suppress
PTH secretion by the parathyroids. The consequence of that
action would therefore be that the cytokine-induced hypocal-
cemia would still be sufficient to suppress PTH secretion. The
resultant hypoparathyroidism would lead to urinary calcium
wasting and would provide a reasonable explanation for the
failure of the burned patient to conserve calcium.

It would therefore be incumbent to explore what happens
to calcium homeostasis in a burned patient. Among the ob-
servations we have made in burned children, urinary cal-
cium excretion at 2 wk postburn is ~8 mg/(kg$24 h),
more than twice the normal quantity of 3 mg/(kg$24 h)
(4). Thus, we have urinary calcium wasting. Moreover, a
nomogram relating normal pediatric PTH response to vari-
ous levels of ionized calcium showed that the majority of
burned children studied were hypocalcemic and the major-
ity of those who were hypocalcemic had PTH responses
below the 99% CI, indicating that they were both hypocal-
cemic and hypoparathyroid (4). Additionally, s.c. adminis-
tration of PTH resulted in a blunted renal response in
terms of urinary phosphate and cyclic AMP excretion (4).
Because magnesium depletion could also produce a failure
of response to PTH and our patients were all acutely magne-
sium depleted because their resuscitation fluid, Ringer’s Lac-
tate, contains no magnesium (4), we were able to replete
only one-half of them by the end of their acute hospitaliza-
tion and again plot their responses to serum ionized calcium
on the PTH nomogram. Unfortunately, it made absolutely
no difference whether patients were magnesium replete or
depleted. All remained hypocalcemic and hypoparathyroid
(10). Therefore, all these data pointed away from an effect
of Mg depletion and toward a cytokine-mediated upregula-
tion of the parathyroid calcium-sensing receptor.

To demonstrate that this was indeed the case, a sheep
model of burn injury was utilized. Sheep given a controlled
40% total body surface area 3rd-degree flame burn under
halothane anesthesia and controls undergoing sham burn
were killed and parathyroid was extracted 48 h postburn.

The parathyroids were identified and subjected to Northern
blotting and the calcium sensing receptor mRNA proved to
be upregulated by 50% by gel densitometry (11). To demon-
strate an upregulation of the calcium-sensing receptor
membrane protein as well, samples of parathyroid from
both burned and sham-burned sheep were immunoperoxi-
dase stained and, in a semiquantitative analysis, there was
substantially more membrane-bound calcium-sensing re-
ceptor protein in the parathyroid of the burned sheep com-
pared to sham-burned control (11).

Thus, the urinary calcium wasting by means of inflam-
matory upregulation of the parathyroid calcium-sensing re-
ceptor and the failure of adynamic bone to act as a sump for
excess calcium can in combination become a significant
source of calcium wasting from the body, regardless of
how much exogenous calcium is given either orally or i.v.

In addition to the mechanisms just described, there are
others that are not as intensively studied, the effects of which
may also contribute to loss of calcium. These include inflam-
mation-induced downregulation of the PHEX gene (phos-
phate regulating gene with homologies to endopeptidases
on the X chromosome), inflammation-mediated downregula-
tion of intestinal and renal calcium and phosphate transport,
and downregulation of 1,25-dihydroxycholecalciferol (l)
(cholecalciferol), which would also decrease both calcium
and phosphate absorption. It is important to note that
none of the mechanisms related to PHEX have been studied
with respect to burn injury. However, if they are normally
present and burn injury occurs in previously normal chil-
dren, they are likely to play a role in reduced circulating cal-
cium and, to a lesser extent, reduced circulating phosphorus,
which we see in severe burn injury. We will now examine
these putative mechanisms for calcium loss in more detail.

The PHEX gene itself inhibits renal tubular phosphate re-
absorption (12). Its downregulation by cytokines such as
TNF would therefore contribute to renal tubular calcium
wasting. In addition, there are a series of trans-epithelial cal-
cium transporters; in particular TRPV5 and TRPV6 would
be key factors. TRPV5 is primarily seen in the distal convo-
luted renal tubules and TRPV6 is expressed in the duodenal
brush border. Reduction of both TRPV5 and V6 mRNA
levels is seen in the presence of inflammation (12), although
not specifically burn-associated inflammation. Thus, cal-
cium absorption in the small intestine and calcium reab-
sorption by the kidney may be adversely affected in the
inflammatory state.

Another important factor in intestinal calcium absorption is
1,25-dihydroxycholecalciferol. This metabolically active form
of vitamin D is generally normal 6 mo postburn (13), but its
status is difficult to determine following the acute burn injury
because serum albumin and Vitamin D Binding Protein are
low and the assay for free 1,25-dihydroxycholecalciferol is no
longer performed. Thus, during at least the first 6 mo fol-
lowing a burn injury, it is difficult to know whether low cir-
culating levels of 1,25-dihydroxycholecalciferol (14) reflect
normal or abnormal function with respect to intestinal cal-
cium absorption.
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These latter mechanisms must be interpreted with cau-
tion, because whether and to what degree they are operative
in burn injury has not been studied. We already have ade-
quate explanation for calcium wasting from the body by
mechanisms that have been studied. Nonetheless, we really
do not know how many mechanisms there are for accom-
plishing the same function.

Thus, when determining the amount of calcium required
by a burn-injured patient, one must take into account the
leakage of calcium from the body as well as the failure of
the skeleton to take it up. Furthermore, before arriving at
any plausible amount of calcium as a requirement for
burned patients, it is necessary to realize that some of the
pathophysiology must be corrected before any amount of
administered calcium will be retained.

Next, we will address the problem of chronic vitamin D
deficiency following burn injury, the nature of the problem,
mechanisms that contribute to the deficiency, and possible
implications with regard to setting requirements.

Vitamin D
Low serum levels of 25(OH)D were first noticed in ambula-
tory pediatric burn patients returning to follow-up clinics at
2 y and then again at 7 y postburn. Peak values for these chil-
dren reached 20 ng/ml (15), whereas today it is recognized
that normal serum levels of 25(OH)D are more likely to
be 30 ng/ml (13). The minimum adequate level of circulat-
ing 25(OH)D is still a subject of much discussion. Although
peak levels of 25(OH)D have reached the minimum level
recommended by the 2011 DRI (16), it is uncertain if this
level is optimal to restore the depleted calcium stores of
bone in this setting. At each time point, i.e. at both 2 and
7 y postburn, 12 children were studied and in both cases
the same thing was found: low serum levels of 25(OH)D.
It is thought that this deficiency is progressive with time be-
cause at 2 y postburn, all the serum levels of cholecalciferol
were normal. However, by 7 y postburn, at least 50% of the
children manifested low circulating levels of 1,25-dihydroxy-
cholecalciferol (15). The mechanism(s) leading to the low
serum levels of 25 (OH)D were not immediately apparent.

What we do know is that the significance of low serum
25 (OH)D levels following acute burn injury cannot be as-
sessed with reliability. The low circulating levels of both Vi-
tamin D Binding Protein (14) and albumin (14) are part of
the acute phase inflammatory response and it is unknown at
present whether the free 25(OH) D level is “normal,” be-
cause this assay is not currently performed. Therefore, we
must proceed cautiously by stating that albumin levels,
which can return to normal at the earliest by 6 mo postburn
(13), can serve as an indicator as to whether serum 25(OH)
D levels can be reliably assessed. The failure of what was at
the time a “standard” vitamin D supplement of 400 IU (10
mg)/d to raise serum 25(OH)D levels to normal suggests
that in burned children this quantity is inadequate to pro-
duce vitamin D sufficiency. Efficacy of the currently recom-
mended intake of 600 IU (15 mg)/d (16) has not been
evaluated in this population.

Why should burned patients have such a high require-
ment for vitamin D? This is unknown, but one possibility
would include burn-associated damage to skin as a factor
in the inability of the body to synthesize vitamin D.What ev-
idence is there that this is the case? There is one study per-
formed by our group (17) that addresses this issue. Skin
biopsies from burned children a mean of 14 mo postburn,
at a time when serum levels of 25(OH) D were low, were an-
alyzed for the amount of 7DHC precursor as well as for the
percentage of 7DHC converted by a standard UV B radiation
exposure to pre-vitamin D3. Not only was the percentage
conversion of 7DHC to pre-vitamin D3 significantly reduced
in the biopsies obtained from burned scar tissue compared
to normal age-matched controls but so was the percentage
of conversion of 7DHC to pre-vitamin D3 in the biopsies
taken from normal-appearing skin adjacent to the burn
scar. The reduction in the adjacent normal-appearing skin
was not significantly different from the reduction of conver-
sion in the burn scar samples obtained. Thus, the area of
skin unable to synthesize normal quantities of vitamin D fol-
lowing sun exposure is even greater than the percentage
body surface area burn.

What was even more surprising was that the absolute
quantity of 7DHC in the skin of the burn scar biopsies
and the normal-appearing adjacent skin was significantly
depressed compared to normal and again to a degree not dif-
ferent between burn scar and adjacent normal-appearing
skin. Thus, the precursor of vitamin D was significantly re-
duced in skin following burn injury, preventing normal syn-
thesis of vitamin D on sunlight exposure. Furthermore, this
finding can allow us to speculate that the surviving or regen-
erated epithelial cells are biochemically abnormal, specifi-
cally in achieving normal cholesterol biosynthesis. The
implications of this finding are not presently clear. To
date, this is the only known burn-associated mechanism
that can explain the progressive vitamin D deficiency that
occurs in the absence of adequate supplementation. What
is also unknown, however, is whether vitamin D status dif-
fers in children whose bone loss has been prevented by use of
a bisphosphonate compared to those who never received
such treatment (18).

It should also be noted that the provision of a vitamin D
supplement to burned children on discharge from the hos-
pital is not standard practice. Furthermore, these children
may develop heat intolerance if their sweat glands have
been destroyed and exposure of the burn scar to excessive
sunlight may produce hyperpigmentation. For all these rea-
sons, most burn victims do not spend much time in the sun,
nor do they receive adequate amounts of vitamin D as a nu-
tritional supplement.

Are Any Other Mechanisms Involved in Loss of
Calcium or Inability to Synthesize Vitamin D?
Another mechanism that commonly comes to mind is im-
mobilization. Immobilization is mediated by the b receptor
of the sympathetic nervous system (19), receptors for which
have been shown to be on osteoblasts (19). Blocking the b
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receptor by use of pharmacologic doses of propranolol
should eliminate the effects of immobilization. When
burned children were given propranolol for at least 6 mo
at a dose titrated to reduce their heart rate by 20%, total
body bone mineral content was examined at the end of
the ensuing 6-mo period and no difference was found in
the percentage change in bone mineral content from hospi-
tal discharge (3). This finding effectively rules out immobi-
lization as a contributor to bone loss following burn injury.

There may well be other mechanisms involved in the cal-
cium wasting and failure of vitamin D synthesis that to date
remain undiscovered. However, constructing the entire sce-
nario of causes of calcium wasting and failure to synthesize
vitamin D takes time.

On the interdependence of nutrients
Calcium and vitamin D are only 2 nutrients that have been
singled out for the purpose of this review. However, they do
not exist in a vacuum and it is quite possible that although
we have identified some mechanisms by which these 2 nu-
trients are either lost or not synthesized, the role of other
nutrients in calcium and vitamin D homeostasis have not
been extensively explored. Among these nutrients, zinc
and copper are 2 which have been studied to a limited de-
gree, but their effects on calcium and vitamin D metabolism
remain undefined. Moreover, although we know that the
provision of these 2 micronutrients is currently inadequate,
the requirements for them following burn injury remain
controversial as well (20) and the effects of their deficiencies
on calcium homeostasis at best are hypothetical at present.

One consideration for zinc is its possible alteration of
conformational effects on the N-terminal domain of cal-
modulin as a result of its binding or lack of binding to
this molecule (21) as well as possible conformational effects
on various calcium channels related to Zn binding or failure
to bind to the channel proteins (22). These effects could po-
tentially alter the efficacy of calcium absorption or calcium
transport. However, these considerations remain theoretical
at the present time.

Summary and Conclusions
There are currently no answers regarding the requirements
for either calcium or vitamin D following burn injury in ei-
ther children or adults. We are, however, making progress in
understanding the natural course of calcium and vitamin D
metabolism as consequences of the adaptive responses of the
body to a severe burn injury and, by understanding at least
some of the mechanisms that produce deficiency of these
2 nutrients (Fig. 1), we can begin to address possible ways
of supplying them in adequate quantities. What is required
are ways to either prevent the adaptive responses to burn in-
jury from producing calcium wasting, such as early action to
prevent bone resorption, including consideration of the
acute i.v. administration of a bisphosphonate compound.
Preliminary data along these lines look very promising
(18,23). Moreover, perhaps with further knowledge as to
the cause of urinary calcium wasting with upregulation of

the calcium sensing receptor, we may be able to look for
an agent to target this parathyroid receptor in order to min-
imize this specific receptor upregulation. Preliminary stud-
ies of so-called calcilytic agents have been unsuccessful
and these are withdrawn from commercial production at
the present time.

Data obtained from studies of adequacy of nutrient sup-
ply will vary with our success in changing or preventing the
underlying adaptive mechanisms from causing the problems
they currently do. Such studies should, at this stage of our
knowledge, be oriented toward supplying sufficient calcium
and vitamin D to make up for the deficiencies currently
caused by the wasting of one and the synthetic failure of
the other.
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