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ABSTRACT: Vitamin D and calcium are critical for skeletal health. Their absorption from the intestine is
negatively impacted by a number of gastrointestinal diseases and surgical procedures, leading to osteoporosis
and/or osteomalacia. Diseases of the liver can impact the metabolism of vitamin D to its circulating form,
25(OH)D, as well as the production of carrier proteins, albumin and vitamin D–binding protein, that may alter
the delivery of 25(OH)D and its active metabolite 1,25(OH)2D to target tissues, including the skeleton, again
leading to bone disease. The clinician evaluating a patient with apparent osteoporosis and vitamin D deficiency/
insufficiency needs to consider a gastrointestinal etiology. Similarly, the clinician evaluating a patient with a
gastrointestinal disorder needs to evaluate that patient for vitamin D deficiency and bone disease. Treatment
involves adequate vitamin D and calcium supplementation to achieve normal serum 25(OH)D, PTH, and
serum and urine calcium levels.
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INTRODUCTION

VARIOUS GASTROINTESTINAL DISEASES and/or surgical re-
visions lead to bone loss by one or more of the fol-

lowing processes: malabsorption of vitamin D and minerals
(calcium and phosphate in particular), production of in-
flammatory cytokines, and the use of drugs such as gluco-
corticoids to treat the inflammatory process. Although
maintenance of adequate vitamin D and calcium nutrition
is important for all diseases involving the gastrointestinal
system, each disease presents its own unique issues with
respect to proper management. An important problem with
providing explicit recommendations for therapy, however,
is the general lack of large prospective trials by which dif-
ferent approaches to management, in particular the use of
vitamin D and its metabolites, can be judged against other
treatment modalities. Furthermore, there is not total con-
sensus on optimal vitamin D levels. Most investigators
would agree that serum levels of 25(OH)D >30 ng/ml indi-
cate vitamin D sufficiency and that serum levels of
25(OH)D <10 ng/ml indicate vitamin D deficiency. I am
using the less precise term insufficiency to refer to levels of
25(OH)D between 10 and 30 ng/ml, recognizing that a level
of 25(OH)D >20 ng/ml is considered sufficient by others.
This review will start with a brief discussion of intestinal
calcium and vitamin D absorption before turning to the
specific disease entities.(1)

Calcium absorption

Absorption of calcium from the luminal contents of the
intestine involves both transcellular and paracellular path-
ways.(2) The transcellular pathway dominates in the duode-

num, and this is the pathway primarily regulated by 1,25
dihydroxyvitamin D [1,25(OH)2D)]. Calcium entry across
the brush border membrane (BBM) occurs down a
steep electrical-chemical gradient and requires no input
of energy. This occurs through an epithelial specific cal-
cium channel, transient receptor potential vanilloid 6
(TRPV6). The expression of this channel is stimulated by
1,25(OH)2D3. Vesicles within the terminal web containing
the calcium binding protein calbindin accumulate the cal-
cium and shuttle it to the basolateral membrane, where it is
pumped out of the cell by a CaATPase (PMCA) also in-
duced by 1,25(OH)2D3. At low calcium intakes, the trans-
cellular pathway dominates and provides a highly efficient
means of absorption. However, as calcium intake increases,
nonsaturable but less efficient pathways come into play,
and calcium absorption falls to ∼10% of the amount in-
gested at calcium intakes >500 mg/d. With age, the effi-
ciency of calcium absorption and the ability of the intestine
to adapt to decreased calcium intake fall. The reason(s) for
the decline in calcium absorption with age is not clear, al-
though some reports have found a decrease in vitamin D
receptors in the intestinal epithelium. Other dietary con-
stituents alter calcium absorption. Lactose increases cal-
cium absorption in a number of animals including humans,
and lactase deficiency has been associated with an increased
risk for osteoporosis. Phosphate increases fecal loss of cal-
cium in part by increased endogenous calcium secretion. A
diet rich in fiber and phytates reduces calcium absorption
by chelating calcium and therefore decreases calcium bal-
ance.

Vitamin D absorption

Although the skin has the capability to produce adequate
amounts of vitamin D given enough sunlight of sufficientThe author states that he has no conflicts of interest.
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intensity, because of our indoor lifestyle, modesty with re-
spect to amount of skin exposed, and fear of cancer leading
to zealous use of sunscreens, this biological pathway does
not always suffice. Thus, dietary intake and intestinal ab-
sorption of vitamin D become important especially in the
winter months when the intensity of UVB from the sun is
not adequate to enable cutaneous production of vitamin
D.(3) Vitamin D is absorbed in the jejunum and ileum by a
mechanism capable of absorbing ∼75% of the vitamin D
administered.(4,5) Vitamin D appears in both the portal sys-
tem and lymphatics, indicating that both pathways are used,
although the lymphatic route may be preferred in humans.
In lymph, ∼50% of vitamin D is found in the chylomicron
fraction. Fatty acids reduce vitamin D absorption, but this
can be reversed with the addition of bile acids.(4) The more
polar metabolites 25(OH)D (calcifediol) and 1,25(OH)2D3

(calcitriol) are better absorbed than vitamin D. Vitamin D
metabolites undergo an enterohepatic circulation. Disrup-
tion of this process in various gastrointestinal and hepatic
diseases can contribute to losses of these metabolites in the
feces and/or their increased excretion in the urine as con-
jugated compounds.

Impact of gastrointestinal disorders

Vitamin D and/or calcium absorption could be affected
by various gastrointestinal diseases for at least six rea-
sons.(3,5,6) First, adequate intake of vitamin D and calcium
is required, especially in an individual who otherwise fails
to synthesize sufficient quantities of vitamin D in the skin.
Milk and other dairy products are a good source of both if
these products are supplemented with vitamin D. Second,
vitamin D absorption requires an intact small intestine,
pancreas, and liver to provide the milieu (lipase, bile acids)
required for vitamin D absorption. Partial gastrectomy,
chronic pancreatic insufficiency, intrinsic small bowel dis-
ease, disorders of the biliary tract, and surgical bypass pro-
cedures of the jejunum and ileum can all cause problems.
Third, vitamin D that enters the body must be further me-
tabolized to active compounds. Diseases of the liver, where
the first step in bioactivation takes place, or drugs such as
phenytoin, which alter this first metabolic step, lead to de-
ficiency of the active metabolites. Fourth, the vitamin D
metabolites undergo an enterohepatic circulation, being se-
creted in bile in conjugated form with subsequent reabsorp-
tion in the small intestine. Disruption of this pathway may
contribute to vitamin D deficiency in certain diseases of the
liver and small intestine. Fifth, vitamin D and its metabo-
lites are poorly soluble in water and must be transported in
blood bound to proteins, vitamin D–binding protein (DBP)
and albumin, which are synthesized in the liver. Decreased
synthesis of these proteins may impair the delivery of the
vitamin D metabolites to the target tissues. Finally, the dis-
eased, aging, or surgically altered intestine may fail to re-
spond normally to the active vitamin D metabolites with
respect to calcium and phosphate absorption. Treatment
depends to some extent on the underlying pathophysiology,
which varies for the different diseases.(7)

GASTROINTESTINAL DISEASES

Post-gastrectomy

Bone disease is quite common in patients with a history
of partial or total gastrectomy, generally performed for the
management of peptic ulcer disease. In some series, up to
70% of the patients develop osteopenia. Not surprisingly,
the incidence of osteopenia increases with age. Widened
osteoid seams have been observed in bone biopsy samples
in up to 32% of patients, but most studies did not evaluate
bone formation rates; therefore, the incidence or preva-
lence of osteomalacia is more difficult to ascertain. The
increased osteoid may indicate high bone turnover resulting
from secondary hyperparathyroidism rather than osteoma-
lacia. However, fractures including pseudofractures of hip
and spine are more frequent in these patients than in age-
matched controls. Serum 25(OH)D levels are often re-
duced, but 1,25(OH)2D3 levels are normal or even slightly
elevated. PTH levels are generally normal but may also be
increased. Urine calcium levels are generally low. The
pathogenesis of the bone disease in this disorder is a bit of
a puzzle. It is not at all clear that the lack of acid production
by the stomach is the cause of the calcium malabsorption.
The isolation of the proximal duodenum accompanied
by the reduced input of pancreatic lipases and bile salts
by the Billroth II procedure may account for some calcium
and vitamin D malabsorption, but this has not been veri-
fied. However, the Billroth I procedure, which does not
isolate the proximal duodenum from the stream of gastro-
intestinal contents, does not have the same impact on bone
or the calcium-regulating hormones. The low 25(OH)D lev-
els may reflect the increased catabolism of 25(OH)D as a
result of secondary hyperparathyroidism and increased
1,25(OH)2D3-induced CYP24A1 (24-hydroxylase) activity
as much as decreased vitamin D absorption. Treatment in-
volves sufficient vitamin D and calcium to maintain normal
25(OH)D, PTH, and urine calcium levels.

Celiac disease

Celiac disease is caused by an allergic response of the
intestinal epithelium to gliadin. It can be prevented/treated
by avoidance of gluten. However, this problem is frequently
not diagnosed because symptoms of malabsorption such as
steatorrhea may be absent. In a recent study of 89 premeno-
pausal women being evaluated for osteoporosis, 19% were
positive for IgA antibodies to gliadin, and one half of these
were also positive for IgA endomysial antibodies.(8) If a
gluten-free diet is started in childhood and adhered to,
achieved peak bone mass is generally normal. However, a
gluten-free diet initiated after childhood does not often lead
to complete restoration of BMD. The bone disease is gen-
erally osteoporosis, although some studies have also found
evidence for osteomalacia on bone biopsies in a small per-
centage of patients. Low 25(OH)D, elevated PTH, and nor-
mal to increased 1,25(OH)2D3 are generally found in un-
treated patients as would be expected with malabsorption
of calcium and vitamin D from the atrophic small intestinal
epithelium. However, celiac disease is also an inflammatory
process with increased cytokine levels such as interleukin
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(IL)-I and IL-6. Thus, although vitamin D and calcium are
important components of the therapy, normalizing the
BMD is often not achieved unless the inflammatory process
is corrected, which is best done with a gluten-free diet.

Inflammatory bowel syndromes

Of the two major forms of inflammatory bowel disease
(IBD), Crohn’s disease and ulcerative colitis, severe bone
disease is more frequent with Crohn’s disease, especially
when it involves the small intestine, leads to partial intesti-
nal resection, and involves treatment with glucocorticoids.
These are diseases of young adults, and clinical features of
bone disease are often subtle or absent. 25(OH)D levels
may be normal but have been shown to be reduced in up to
65% of patients with Crohn’s disease, especially in those
with ileal resections. The prevalence of low 25(OH)D levels
is more common in the winter and in blacks. Patients with
ulcerative colitis do not show marked differences from con-
trol populations with respect to 25(OH)D levels, and in
some studies, the levels of 25(OH)D do not correlate with
the extent of osteopenia. Low 25(OH)D levels may be ac-
companied by increased PTH and increased markers of
bone turnover. In a recent report, 1,25(OH)2D3 levels were
found to be elevated in 42% of patients with Crohn’s dis-
ease, with no elevation in PTH. In that study, colonic biopsy
specimens showed increased expression of CYP27B1
[25(OH)D-1�-hydroxylase] by PCR and immunohisto-
chemistry.(9) In an interesting animal study, mice in which
both IL-10 and the vitamin D receptor were deleted
showed an accelerated IBD not seen with either single gene
deletion model,(10) suggesting that the increase in locally
produced 1,25(OH)2D3 might be protective with respect to
the inflammatory process. Maintaining adequate vitamin D
and calcium nutrition is important for bone health. How-
ever, the inflammatory process also contributes to bone loss
and needs to be addressed.

Pancreatic insufficiency

Clinically significant bone disease resulting from isolated
pancreatic insufficiency is uncommon unless accompanied
by a history of excess alcohol intake, cholestatic liver dis-
ease, or cystic fibrosis. Thus, low levels of 25(OH)D in
patients with pancreatic insufficiency should lead to a
search for other causes. For example, patients with cystic
fibrosis often present with reduced BMD and fractures re-
sulting from poor nutrition and malabsorption of calcium
and vitamin D caused by abnormal small bowel function,
chronic infections with elevated cytokine production, hypo-
gonadism, use of glucocorticoids, and pancreatic insuffi-
ciency. That said, patients with pancreatic insufficiency
should be monitored for adequacy of calcium and vitamin
D nutrition, which should be replaced as appropriate, and
provided pancreatic enzymes to facilitate absorption of fat-
soluble vitamins such as vitamin D and other nutrients.

Bariatric surgery

There are two general types of gastrointestinal opera-
tions used in the management of obesity.(11) Restrictive
procedures such as circumgastric banding or vertical

banded gastroplasty seek to reduce the capacity of the
stomach, leading to an obligatory restriction in oral intake
of solids. After the initial weight loss, weight is often re-
gained. These procedures are not expected to have much
impact on bone mineral homeostasis, but this has not been
well studied. Bypass procedures, on the other hand, are
designed to create various levels of malabsorption and
greater weight loss. There are three main bypass proce-
dures. The jejunoileal bypass connects the jejunum to the
ileum—the extent of the bypass can vary. Gastric bypass
uses a Roux-en-Y anastomosis by connecting a small pouch
of stomach into the transected jejunum attached to the duo-
denojejunal limb. The size of the gastric pouch and length
of the limb can vary. Biliopancreatic diversion involves a
partial gastrectomy or bypass connected to the proximal
ileum/distal jejunum with reanastomosis of the duodenoje-
junal limb into the ileum distal to the connection with the
stomach. All of these bypass procedures produce both sub-
stantial weight loss and malabsorption of vitamin D and
calcium.(12) The complications of jejunoileal bypass are of
sufficient severity that this procedure has declined in popu-
larity. Up to 60% of such patients developed osteomalacia
or osteoporosis as found on bone biopsy. The newer bypass
procedures have received less study. However, biliopancre-
atic bypass seems to have a greater impact on vitamin D
levels in that, in one study of 82 patients, 50% were found
to have 25(OH)D levels <14 nM (5.2 ng/ml), a level com-
monly associated with osteomalacia on bone biopsy, and
63% had elevated PTH levels.(13) In contrast, in a smaller
study of patients treated with the Roux-en-Y procedure,
increased markers of bone turnover and reduced BMD
were observed, but no changes in 25(OH)D or PTH were
seen either in a 9-mo prospective trial or in comparison with
obese controls who did not undergo the operation
[25(OH)D levels were low in both groups before and after
the operation].(14) Nevertheless, low 25(OH)D levels are
often found in obese patients, and this should be treated
with adequate calcium and vitamin D. Higher doses of vi-
tamin D are likely to be required in those receiving bypass
procedures.

HEPATIC DISEASES

Chronic cholestatic disorders

Primary biliary cirrhosis (PBC) is the most common cho-
lestatic disorder leading to bone disease.(15) The prevalence
of osteomalacia versus osteoporosis in these patients varies
from series to series, with most of the osteomalacia being
reported from studies in the United Kingdom where oste-
omalacia in the general population is more prevalent than
in the United States. Bone biopsies in more recent studies
generally show low turnover osteoporosis, although some
patients show a high turnover form of osteoporosis, perhaps
because of secondary hyperparathyroidism. However, el-
evated levels of PTH are not commonly seen in this disease.
Biliary atresia in children, on the other hand, is often asso-
ciated with frank rickets. Serum 25(OH)D levels can be
normal in asymptomatic patients with PBC, but fall as the
disease progresses. However, 25(OH)D levels are not a
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good indicator of bone disease. Although patients with vi-
tamin D deficiency should be improved by vitamin D
supplementation, vitamin D has not proven to be useful in
correcting the osteoporosis.

Chronic active hepatitis

Most of these patients are treated with glucocorticoids, so
it is difficult dissociating the impact of the liver disease from
that of its treatment on the bone loss observed in many of
these patients. The patients tend to have low 25(OH)D
similar to levels seen in PBC and alcoholic cirrhosis, but
these reductions are associated with decreased levels of
DBP, suggesting that their free 25(OH)D levels may be
normal. Bone biopsies from 36 patients with chronic active
hepatitis (CAH) showed osteopenia and not osteomalacia.
The role of vitamin D therapy in this condition is not clear,
although adequate levels should be maintained as would be
recommended for all patients.

Viral hepatitis

Studies of the impact of viral hepatitis on the vitamin D
endocrine system and on bone are limited in number and
scope. Osteopenia tends to worsen as the disease progresses
commensurate with the decline in 25(OH)D and increase in
markers of bone resorption. IGF-I levels also decreased,
correlating with the decrease in BMD. However, in a study
from Brazil,(16) 25(OH)D levels were generally normal
(mean value, 52 ng/ml) despite the presence of osteopenia
and increased markers of bone turnover. As for CAH, the
role of vitamin D in the treatment of this condition has not
been well established.

Alcoholic cirrhosis

Although excessive alcohol intake is a well-established
risk factor for bone disease, the role of hepatic cirrhosis in
this process is not. Osteopenia is commonly observed in this
population, with fractures of ribs and vertebrae seen in up
to 30%, the incidence of which increases with age. Bone
biopsies generally show low turnover osteoporosis, albeit
with some reports of osteomalacia. 25(OH)D levels are of-
ten reduced, but in patients with cirrhosis, this reduction is
associated with reduced DBP and albumin levels such that
the free concentrations of 25(OH)D are normal. Similarly,
the low levels of calcium often correct into the normal
range when albumin levels are taken into consideration.
Nevertheless, this population is prone to poor nutrition, and
adequate vitamin D and calcium should be provided. How-
ever, no studies showing correction of the bone disease in
these patients with such therapy have been reported.

Post–liver transplantation

Osteoporosis is a common complication in patients un-
dergoing liver transplantation.(17,18) In part, this is because
of the bone loss experienced by patients before surgery as
a result of their liver disease as discussed above. However,
nearly all patients suffer some bone loss after transplanta-
tion. Patients with primary biliary cirrhosis generally start
with less bone, and their rate of loss tends to exceed that of
patients with other forms of liver disease. Bone loss after

transplantation is likely caused by the massive doses of glu-
cocorticoids (e.g., 200 mg/d prednisolone) and immunosup-
pressives (e.g., cyclosporine and azathioprine) used to pre-
vent rejection. Fractures and aseptic necrosis appear within
months. The fractures tend to occur in the spine and ribs,
although hip fractures are also observed. Vitamin D me-
tabolite levels may be low before transplantation and fall
further after the transplant. Although the bone loss is likely
caused primarily by the immunosuppressive agents used,
correction of calcium and vitamin D levels before and after
the operation is important.
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