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Current vitamin D recommendations are insufficient and a higher intake is necessary in the 
general population. The requirements of bariatric surgery patients can be augmented by 
longstanding obesity coupled with, gastro–intestinal malabsorption. Vitamin D deficiency 
promotes metabolic bone disease and may increase risks for a multitude of other medical 
conditions. This article reviews some controversies surrounding vitamin D and proposes a 
management strategy for bariatric surgery patients. 
Vitamin D deficiency is a worldwide concern
that is becoming increasingly recognized as a
public health threat. Certain populations are at
greater risk for vitamin D deficiency including
the obese and those with gastro–intestinal mal-
absorption, which exemplifies bariatric surgery
patients. Bariatric surgery is the most potent tool
available in the treatment of obesity and its
inherent comorbidities and is becoming increas-
ingly accepted by physicians and patients alike.
Roux-en-Y gastric bypass (RYGB) is the gold
standard in the surgical treatment of obesity, suc-
ceeding by utilizing restrictive and malabsorptive
surgical techniques, which may promote
vitamin D deficiencies [1]. The impact of
vitamin D deficiency is great; although early
stages may be asymptomatic, progression to
metabolic bone disease (MBD) can occur with
time [2]. Ironically, middle-aged women, who
comprise a large proportion of bariatric surgery
patients and who benefit greatly from surgical
weight loss, are at the greatest risk from the
consequences of bone loss [3]. There is developing
consensus that current vitamin D recom-
mendations are insufficient and a higher intake of
vitamin D is necessary in the general population,
yet the requirements of vitamin D after bariatric
surgery remains elusive. This article reviews
vitamin D controversies and proposes a
management strategy for bariatric surgery patients.

Vitamin D source
Vitamin D is synthesized in the epidermis from
7-dehydrocholesterol and catalyzed by ultra-
violet-B (UVB) radiation (wavelengths
290–315 nm) from sunlight. It is subsequently
hydroxylated by the liver and then the kidney to
become 1α, 25-dihydroxyvitamin D3, which is
the active form of vitamin D. Adequate sunlight
exposure is capable of providing ample supply of

vitamin D. It is estimated that 10–15 minutes of
sunlight will produce the equivalent of 3000 IU
of vitamin D3. [4]. However, with the increasing
utilization of sunscreens and a decrease in out-
door activities, reliance on natural light is an
inadequate source of vitamin D for much of
today’s population [5]. In addition, between
November and February, natural sunlight expo-
sure in the northern latitudes (greater than 35th
parallel) is unable to produce adequate levels of
vitamin D [5]. Food sources, including fortified
milk, margarines, certain cereals and orange
juice, as well as fatty fish and egg yolks, are like-
wise insufficient sources of vitamin D, as most of
the population does not consistently consume
large enough quantities to suffice [6].

Ergocalciferol (vitamin D2) versus 
cholecalciferol (vitamin D3) 
There are two forms of commercially available
vitamin D: ergocalciferol (vitamin D2) and chole-
calciferol (vitamin D3). Initially these formulations
were thought to be equivalent; however, recent
studies identify cholecalciferol as more effective in
raising serum levels of 25-hydroxyvitamin D [7].
Cholecalciferol’s potency to improve serum
25-hydroxyvitamin is estimated to be threefold,
but could be as high as tenfold [7]. Differing
potencies result from a greater molecular stability
of cholecalciferol compared with ergocalciferol, as
well as a more biologically active receptor binding
with choelcalciferol [8]. Many commercially availa-
ble vitamins are reformulating their products to
incorporate cholecalciferol as the predominant
source of vitamin D, but this has not been
universally embraced. Prescription vitamin D uti-
lized by clinicians for severe hypovitaminosis D
treatment are predominantly formulated with
ergocalciferol, as there is limited availability of
higher-dose cholecalciferol.
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Vitamin D & obesity
The relationship between adiposity and
vitamin D deficiency was first recognized over
30 years ago [9]. In recent years, a number of
studies continue to validate this relationship.
Arunabh and colleagues found an inverse
association between percentage body fat and
serum 25-hydroxyvitamin D levels in 410 healthy
women [10]. Similarly, Yanoff and colleagues
found that the prevalence of hypovitaminosis D
increased in parallel with BMI for both black and
white subjects in a group of 379 otherwise healthy
adults [11]. The majority (60%) of 279 morbidly
obese adults seeking gastric bypass surgery were
found to have a serum 25-hydroxyvitamin D level
of 20 ng/ml or less [12], providing further evidence
of the inverse correlation between
25-hydroxyvitamin D and BMI.

Various theories regarding the etiology of
vitamin D deficiency in obesity have been pos-
tulated. These include avoidance of sun expo-
sure in obese individuals [13], enhanced
production of 1,25-hydroxyvitamin D with a
resultant negative feedback on hepatic synthesis
of 25-hydroxyvitamin D [14], as well as
increased uptake of circulating vitamin D into
adipose tissue [15]. As vitamin D is fat-soluble,
it is reasonable to speculate that obese individu-
als have decreased bioavailability of vitamin D
due to sequestering in adipose tissue.

To assess some of the theories regarding
vitamin D deficiency in obesity, Wortsman and
colleagues compared the effect of whole-body
ultraviolet radiation and a pharmacologic dose
of 1,25-hydroxyvitamin D in 19 healthy, nor-
mal weight subjects versus 19 healthy, obese
subjects [16]. Following whole-body irradiation,
the content of the vitamin D3 precursor
7-dehydrocholesterol in the skin of obese and
nonobese subjects did not differ significantly,
nor did its conversion to previtamin D3 after
irradiation in vitro. After 24 h, however, the
incremental increase of vitamin D3 was 57%
lower in obese subjects as compared with
nonobese subjects. Therefore, an inverse
relationship between BMI and serum
vitamin D3 levels following irradiation was
identified. Similarly, there was an inverse
correlation between BMI and serum
1,25-hydroxyvitamin D following a 50,000 IU
oral dose of 1,25-hydroxyvitamin D. The
authors concluded that obesity-associated
hypovitaminosis D is likely due to its deposi-
tion in body fat, which leads to decreased
bioavailability of vitamin D.

Vitamin D & its association with other 
medical conditions
Vitamin D is proving to be important in the pre-
vention of many chronic disease states, including
some cancers, autoimmune disorders, and
cardiovascular disease. Multiple studies of per-
sons living at higher latitudes, with less natural
exposure to UVB solar radiation, demonstrate an
increased risk for some cancers, multiple sclerosis
and hypertension [17–25]. It has been proposed
that sun exposure augments levels of
1,25-dihydroxyvitamin D3, which regulates cell
growth and inhibits cancer cell proliferation in
an autocrine and paracrine fashion [26], or possi-
bly by reducing angiogenesis, increasing cell dif-
ferentiation and apoptosis of cancer cells and
reducing metastases [27,28]. Vitamin D behaves as
a hormone rather than a vitamin, by exerting
immunomodulating properties on many cells
receptors and tissues, including islet cells, heart
muscle, skeletal muscle, active T and B lym-
phocytes, breast, colon and prostate. In multiple
sclerosis, higher vitamin D intake has been asso-
ciated with disease stabilization and a reduced
risk of developing disease [29,30]. In Type I diabe-
tes, 1,25-dihydroxyvitamin D3 has been shown
to reduce risk of disease through the down regu-
lation of cytokines and lymphocyte proliferation,
thus reducing overall β-cell destruction [31]. A
Finnish study involving 10,366 children demon-
strated that a higher intake of vitamin D
(2000 IU/day) in the first year of life reduced
development of Type I diabetes by a rate ratio of
0.22 (range: 0.05–0.89) [32]. Several epidemio-
logic and animal studies show vitamin D intake
is inversely associated with autoimmune diseases
such as rheumatoid arthritis, inflammatory
bowel disease, and systemic lupus erythematosus
(SLE). An 11-year study of 30,000 women, found
lower daily intake of vitamin D (<200 IU/day)
was associated with a 33% increase in the
development of rheumatoid arthritis [33].

Hypertension rates are higher in both the US
and Europe for people living at higher
latitudes [8]. Krause et al. found that exposing
patients to UVB radiation for 3 months had a
more than 180% increase in 25-hydroxy-
vitamin D levels, which resulted in a 6 mmHg
decrease in diastolic and systolic blood pres-
sures, similar to the effects of a single blood
pressure medication [34]. The mechanism by
which vitamin D alters blood pressure is not
completely understood. However, a study by Li
et al., observed mice with higher 1,25-dihydroxy-
vitamin D3 that effectively downregulated renin
Therapy (2007)  4(5) future science groupfuture science group
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and angiotensin, which decreases blood pres-
sure, therefore reducing long-term cardio-
vascular risk [35]. Several observational studies
report that young adults with vitamin D defi-
ciency are at greater risk of congestive heart fail-
ure compared with young adults with adequate
vitamin D stores [36,37]. Similarly, two studies
involving postmenopausal women found that
higher 25-hydroxyvitamin D levels were associ-
ated with decreased myocardial infarctions and
ischemic heart disease [38].

Metabolic bone disease & 
vascular calcification
Liberation of calcium, phosphorous and other
substrates from bone may lead to accelerated vas-
cular calcification. Multiple studies indicate that
calcification occurs at the necrotic core of
atherosclerotic lesions that span the subintimal
to vascular medial layers of the arterial
wall [39,40]. Vascular calcification thus implies
anatomic presence of atherosclerosis. Greater
degrees of vascular calcification suggest a greater
overall burden of atherosclerosis in the vascular
tree. Several studies have linked osteoporosis and
MBD associated with chronic kidney disease to
accelerated vascular calcification [41]. While there
are no data linking calcium, phosphorus,
vitamin D and parathyroid hormone (PTH) to
changes in atherosclerosis in bariatric patients,
this could be a long-term concern. It may repre-
sent somewhat of a paradox, since many of the
metabolic changes that occur after bariatric sur-
gery are thought to be favorable to atherosclero-
sis stabilization and regression, while the
development of bone disease in bariatric patients
could theoretically worsen vascular atherosclero-
sis and vascular calcification over the longer
term. Clearly, studies of vascular calcification are
needed in this group of patients.

Vitamin D deficiency: a link to 
metabolic bone disease
The relationship between vitamin D deficiency
and bone disease is well described. In a study of
community-dwelling patients with hip fractures,
half had concomitant vitamin D deficiency
while a third had secondary hyperparathy-
roidism [42]. Vitamin D supplementation slows
bone loss in postmenopausal women [43], and has
been found to protect against weakness and fall
risk [44], and reduce secondary hyperparathy-
roidism [45] in the same population. Calcium
absorption and homeostasis is facilitated through
a vitamin D mechanism. With a vitamin D

deficiency, gastro–intestinal calcium absorption
is hindered. As a compensatory response to lower
calcium, PTH production stimulates kidney
tubule reabsorption, which maintains serum cal-
cium concentrations. The action of PTH stimu-
lates 1,25-dihydroxyvitamin D levels, which in
the early stages, while the process is asympto-
matic, leads to an alteration of bony architecture
depleting calcium stores resulting in poor miner-
alization of bone content, hence promoting bone
loss and fracture risks. With advanced deficiency,
diffuse arthralgias, myalgias and muscular weak-
ness can mimic various rheumatologic or ortho-
pedic conditions, thus confounding the
diagnosis [46]. By definition, MBD encompasses
the spectrum of secondary hyperparathy-
roidism, osteomalacia and osteoporosis. The
gold standard of differentiating these conditions
is with an iliac crest bone biopsy with double
tetracycline labeling, yet this technique is not
clinically utilized in most cases. Bone-specific
markers can be used as a tool to clinically aid in
discriminating osteomalacia from osteoporosis.
Serum predictors of these processes include: a
low 25-hydroxyvityamin D, which is the best
assessment of body storages of vitamin D, ele-
vated 1,25-dihydroxyvitamin D and PTH, and
bone-specific alkaline phosphatase and osteo-
calcin, which are markers of osteoblastic bone
formation. Urinary N-telepeptides (u-NTX),
indicate bone resorption facilitated through
osteoclastic function, as well as inhibited urinary
calcium excretion less than 100mg/day. Anti-
resorptive treatments used in osteoporosis do not
benefit osteomalacia, which may be partially
reversible with supplemental vitamin D, making
this distinction of great importance. To maximize
intestinal calcium and downregulate PTH secre-
tion, serum 25-hydroxyvitamin D levels should
be maintained within an optimal normal range.

Recommendations
The Food and Nutrition Board (FNB) of the
Institute of Medicine currently recommends
daily intake levels of 200 IU from birth to age
50 years, 400 IU from the ages of 51–70 years,
600 IU for ages over 70 years, and 800 IU for
institutionalized or homebound individuals [47].
These recommendations arose from early
research emphasizing prevention of rickets and
are now recognized as insufficient [48]. Higher
concentrations of vitamin D are necessary to
prevent bone loss, fractures and other poten-
tially serious medical conditions. Studies indi-
cate that the minimum daily intake for the adult
563www.futuremedicine.com



REVIEW – Zalesin, Miller, Nori Janosz et al.

564
population should be closer to 1000 IU daily [49],
while the upper limit (UL), which is currently
acknowledged at 2000 IU/day, may actually be as
high as 10,000 IU/day [50].

Optimal dosing of vitamin D has been found
to be a key factor in differentiating fracture risk
reduction. In a placebo-controlled study, using
400 IU of cholecalciferol daily was not observed
to reduce fracture risk [51]. However, a recent
meta-analysis utilizing 700–800 IU/daily of
cholecalciferol demonstrated a reduced risk for
hip fractures of 26% and risk of nonvertebral
fracture by 23% compared with placebo. The
authors concluded that fracture risk reduction
correlates with optimal serum 25-hydroxy-
vitamin D and requires dosing at levels greater
than currently recommended [52]. Evolving
recommendations in the general population
identify 25-hydroxyvitamin D at 32 ng/ml or
greater as an optimal range capable of maximally
suppressing PTH levels, thus, limiting bone
loss [53]. This concentration is higher than the
established norm on most laboratories reference
ranges, which guides current treatment.

Bariatric surgery & vitamin D 
MBD is a known consequence of prolonged
vitamin D deficiency in other malabsorptive
conditions [54], and is well documented after gas-
trectomy procedures [55]. However, many physi-
cians are unaware of this potential complication
and, thus, do not adequately screen or promptly
diagnose MBD with RYGB surgery [56]. The
duodenum and jejunum are sites of calcium
absorption, which is processed through a
vitamin D-related transport mechanism. After
RYBG, the remaining distal small bowel com-
pensates and absorbs calcium, albeit less effi-
ciently. Calcium carbonate is inefficiently
absorbed owing to the lack of stomach acidity,
therefore calcium citrate is the preferred form of
calcium supplementation after RYGB, yet this
form of calcium is less desirable owing to its
bulky composition. Risks of vitamin D defi-
ciency become amplified by poor intake of
vitamin D and calcium-rich foods in the
postoperative setting, owing to the common
development of lactose intolerance and dietary
preference after surgery [57]. In addition, mal-
absorption of fat-soluble vitamins may occur
owing to ineffective mixing of bile salts with fat,
exacerbating the deficiency [58]. As a result of
these physiologic changes, this population will
require a greater daily intake of vitamin D to
maintain serum levels and will continue to

exhibit lifetime risks for these problems. We
reviewed the literature for studies of vitamin D
deficiency and secondary MBD outcomes after
bariatric surgery.

Review of the RYGB literature
There is great variation in the literature with
respect to the relationship of vitamin D and
MBD after RYGB surgery (Table 1). Coates and
colleagues evaluated 25 postoperative RYGB
patients and compared bone turnover markers
with 30 obese controls [59]. Patients in the con-
trol group had a greater BMI than those in the
postoperative group measured at 48 ± 7 and
32 ± 5 kg/m2, respectively. A significant
increase of u-NTX measured at 93 ± 38 versus
24 ± 11 nM/mmolCr, (p < 0.001), as well as a
higher osteocalcin, measured at 11.6 ± 3.4 ver-
sus 7.6 ± 3.6 ng/ml (p < 0.001), among sur-
gery compared with control cases. A subgroup
analysis evaluated 15 patients (12 women and
three men) prospectively for 9 months from
surgery and likewise noted an increase in
u-NTX scores with time, 174 ± 168% at
3 months (p < 0.01) and 319 ± 187% at
9 months (p < 0.01). All postoperative patients
were instructed to take a vitamin supplement
with calcium (1200 mg daily) and vitamin D
400–800 IU daily. The subgroup lost
37 ± 9 kg and had a 29 ± 8% decrease in BMI
(p < 0.001). Bone mineral density (BMD)
scores among this group were significantly
decreased at the hip (7.8 ± 4.8%; p < 0.001),
trocanter (9.3 ± 5.7%; p < 0.001) and total
body (1.6 ± 2.0%; p < 0.05) after surgery.
Other markers of bone metabolism, such as
PTH serum calcium and 24-h urinary calcium,
were unchanged between control and post-
operative groups. 25-hydroxyvitamin D levels
were low in both groups, yet unchanged with
surgery. These results indicate that bone turn-
over may be noted as early as 3 months after
RYGB surgery, with the hip being the most
affected site, and suggests that vitamin D is not
the only mediator of increase bone turnover
after bariatric surgery. The authors recommend
supplementation of calcium and vitamin D as
well as screening for MBD in this population.

Youssef et al. recently published the effects of
RYGB on calcium, alkaline phosphatase, PTH,
and 25-hydroxyvitamin D [60]. The study
enrolled 193 female patients and prospectively
followed them for 2 years. Daily calcium citrate
1200 mg with vitamin D 400 IU were recom-
mended daily for all subjects. They noted 53.3%
Therapy (2007)  4(5) future science groupfuture science group
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of patients had an elevated PTH level with mean
time to development after surgery at
9.1 months. There was a 2.5-fold elevated risk in
the African–American population compared
with the Caucasian population (p < 0.05), and a
1.8-times higher risk in subjects aged over
45 years compared with younger counterparts
(p < 0.05), to develop secondary hyperparathy-
roidism. Vitamin D deficiency, which was
defined as less than 20 ng/ml, was described in
18.2% of the patients, while 30% of patients
with secondary hyperparathyroidism had con-
comitant vitamin D deficiency. This study like-
wise identified factors other than vitamin D
deficiency as predictive of MBD, namely age and
race. The authors cautioned that aggressive sup-
plementation with calcium and vitamin D is
necessary due to cumulative effects of malab-
sorption with hypovitaminosis D magnifying
risks of MBD.

Johnson et al. prospectively monitored BMD,
calcium, PTH and vitamin D and compared
baseline results to annual postoperative findings
for 2 years subsequently [61]. Calcium intake rec-
ommendations were 600–1000 mg with
400–800 IU of vitamin D per day. A total of
226 patients, who had undergone RYGB, and
seven who underwent biliopancreatic diversion
(BPD), were included in a combined analysis,
with each patient serving as their own control.
They found that 15 patients were osteopenic pre-
operatively, and three subjects developed osteope-
nia within the first year. None of the study
patients had or developed osteoporosis. At the
1 year evaluation (n = 116), total forearm BMD
had decreased 0.55 ± 2.43% (p = 0.03), radius
BMD increased 1.85 ± 4.06% (p = 0.008), while
total hip and lumbar spine BMD decreased by
9.27 ± 3.42% (p < 0.001), and 4.53 ± 3.83 %
(p < 0.001), respectively. At the second year
(n = 37), BMD at the total forearm decreased an
additional 3.62 ± 3.56 % (p < 0.001), while no
significant further losses at the total hip or lum-
bar spine were appreciated. At the third year fol-
low-up (n = 12), there were no statistically
significant losses noted at total forearm, radius
bone, total hip or lumbar spine. In fact, BMDs at
the spine and hip areas were not significantly dif-
ferent from baseline after the first year, indicating
that there may be regain in BMD in some
patients over time at the hip, spine and total fore-
arm locations among the remaining small sample.
Calcium trended in a declining pattern, while
PTH and 25-hydroxyvitamin D levels both
increased after surgery; however, none of these

parameters were significantly changed. This
study demonstrates that the rate of bone loss is
greatest after the first year, and plateaus or even
slightly improves in subsequent years. This bone
loss appeared partially independent from a
vitamin D mechanism, as there was no associa-
tion between vitamin D or PTH levels to BMD
results in this study. The authors indicate that
bone loss is not an ongoing process after the first
year; however, they do advocate annual screening
to detect MBD and BMD changes in individuals
at increased risk.

Goode et al. assessed 44 females (23 were
premenopausal and 21 postmenopausal), 3 or
more years following RYGB [62]. There was an
average weight loss of 31% and a current BMI
average of 34 kg/m2. A comparison of bone min-
eral content (BMC), bone turnover markers,
PTH levels and 25-hydroxyvitamin D levels with
an age- and weight-matched historical control
group who had previously been assessed for bone
mass (n = 65). This study achieved a 72% follow-
up rate and found no difference in BMC in pre-
menopausal groups (42 ± 5 years); however, in
postmenopausal women (55 ± 7 years), BMC
was higher in the lumbar spine (p < 0.05) and
lower in the femoral hip (p < 0.001). A subgroup
of 13 postoperative RYGB patients with a mean
BMI of 34 kg/m2, seven premenopausal and six
postmenopausal, with low BMCs, were provided
supplements of 1200 mg of calcium and 8 µg of
vitamin D per day for 6 months, while BMC and
serum bone markers were monitored. This group
was compared with a 13-member weight-
matched control group, seven premenopausal
and six postmenopausal, who had previously
completed a 6-month unsupplemented weight-
maintenance study. No difference in BMC was
noted in the subgroup analysis (100% follow-up
rate) with supplementation. PTH and serum
markers of bone turnover were higher in the
RYGB group (p < 0.001), yet were not
significantly altered with supplementation.
While there was a significant increase in
25-hydroxyvitamin D in RYGB patients with
supplementation (p < 0.0001), no differences in
25-hydroxyvitamin D or osteocalcin were dem-
onstrated between control and postoperative
groups. This study found MBD risks to be more
prominent with postmenopausal status at cortical
bone sites, namely the femoral neck and radius,
and raised the concern that standard vitamin D
and calcium supplementation may be insuffi-
cient to suppress PTH and prevent bone loss
after bariatric surgery.
567www.futuremedicine.com
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Direct correlation of vitamin D levels and
markers of MBD after surgery have been noted.
In another 243-subject study led by the Johnson
group [63], a prospective evaluation of the effects
of RYGB, both long limb (n = 41) (LL-GBP),
defined as a Roux limb greater than 100cm, and
short limb, defined as 100cm or more (n = 202)
(SL-GBP), on calcium, vitamin D and PTH was
compiled. BMI levels were greater in the LL-
GBP measuring 60.6 ± 8.3 kg/m2, as opposed to
the SL-GBP group, which was 49.1 ± 8.8 kg/m2.
All study subjects were supplemented with 1200
mg of calcium and 800 IU of vitamin D.
Patients in the SL-GBP were followed for a
mean of 3.1 ± 3.6 years, while the LL-
GBP group was followed for 5.7 ± 2.5 years
(p < 0.0001). They found that the average
25-hydroxyvitamin D level was lower in the LL-
GBP group, 16.8 ± 10.8 ng/ml, while the SL-
GBP group levels were 22.7 ± 11.1 ng/ml (p =
0.0022). The average PTH levels were higher in
the LL-GBP group 113.5 ± 88.0 compared with
SL-GBP 74.5 ± 52.7 pg/ml (p = 0.0002). Study
patients had normal calcium levels without dif-
ferences between SL and LL-GBP groups. In
patients with low vitamin D levels, (defined as
<8.9 ng/ml), 89% had an elevated PTH,
(defined as >65 pg/ml). In patients with a
vitamin D level up to 8.9 ng/ml, 58% had an
elevated PTH. When evaluating 25-hydroxy-
vitamin D at  less than 30 ng/ml, 55.1% had
secondary hyperparathyroidism while those with
vitamin D level up to 30 ng/ml, 28.5% had sec-
ondary hyperparathyroidism (p = 0.0007). A
linear correlation revealed that as vitamin D lev-
els decrease (p = 0.005) PTH levels linearly
increase (p < 0.001), which highlighted a direct
relationship of bone turnover and vitamin D
deficiency in this postoperative setting. This
trend appeared more prominent the longer
patients were followed after RYGB. The
LL-GBP population had a greater risk for hypo-
vitaminosis D and secondary hyperparathy-
roidism, indicating that a greater surgically
imposed malabsorption produces greater risks
for MBD. The authors recommended maintain-
ing 25 hydroxyvitamin D levels greater than
30 ng/ml. 

Ott et al. retrospectively evaluated 26 female
patients who had undergone RYGB surgery
10 years before and lost an average of
41.2 kg [64]. They compared bone parameters
with seven control patients who underwent a cal-
orie-restricted weight-loss program and lost
9.8 kg, which is significantly less than the

surgery group (p = 0.0016). Serum calcium was
lower in the postoperative group measured at
4.3 ± 0.03 versus 4.6 ± 0.06 mEq/l (p = 0.002).
Serum alkaline phosphatase was greater in the
postoperative groups compared with the control
group, 121.0 ± 7.6 versus 87.3 ± 8.3 U/l
(p = 0.018). 25-hydroxyvitamin D levels were
lower among postoperative patients measured
24.3 ± 1.6 versus 35.9 ± 3.4 ng/ml (p = 0.008).
Serum osteocalcin tended to lower but did not
reach a significant value measuring 12.6 ± 1.2
versus 9.5 ± 1.9 µg/ml (p = 0.078). Most post-
operative patients were using a multivitamin
after surgery and eight were using an additional
calcium and vitamin D supplement, which was
not defined. BMD was increased at three sites in
the lumbar spine, while decreased at the femoral
neck measuring 0.90 ± 0.05g/cm2 versus
0.03 ± 0.06g/cm2, among RYGB patients and
controls, respectively (p = 0.067). This study
illustrates the evolution of MBD after RYGB
correlating with vitamin D deficiency and
strongly recommends further studies to better
define the relationship.

Improvements in both vitamin D levels and
markers for MBD have been correlated by
researchers after RYGB. Sánchez-Hernández
et al. sought to elucidate the prevalence of hypo-
vitaminosis D in the obese population and to
chronicle vitamin D, calcium homeostasis and
PTH levels after surgery [65]. A total of
64 patients were prospectively followed after
short-limb (60 cm Roux limb) RYGB for an
average of 36 months postsurgery. Calcium and
vitamin D levels were not routinely provided
postoperatively, but were supplemented if a defi-
ciency was recognized. Vitamin D, PTH, cal-
cium and alkaline phosphatase levels were
routinely measured after surgery. Calcidiol levels
improved by an average of 28% (p < 0.0005),
while a decline in alkaline phosphatase at -53%
(p < 0.0005), and PTH at -74% (p = 0.001)
were appreciated. Calcium and phosphorous lev-
els remained unchanged. These results suggest
RYGB surgery effectively augments vitamin D
concentrations and will, in turn, effectively
suppress PTH levels to minimize bone losses.

A surgical cohort was compared with a control
group of 80 obese subjects in a study produced
by the same group led by Ybarra, who assessed
25-hydroxyvitamin D and PTH levels, over a
mean of 36 months postoperatively [66]. No dif-
ference between surgical and nonsurgical popu-
lations with respect to calcium, alkaline
phosphatase, PTH and calcidiol levels were
Therapy (2007)  4(5) future science groupfuture science group
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identified. Irrespective of surgical status, the
greater the vitamin D deficiency, the higher the
risk of secondary hyperparathyroidism, indicat-
ing that obesity, not surgery, is the greater risk
factor for MBD as predicted by vitamin D sta-
tus. The study concludes that in subjects with
obesity, vitamin D deficiency should be screened
and treated if found.

Most studies comparing vitamin D and MBD
markers evaluated relatively short durations after
surgery (within the first few months to years).
One small case series [67], however, retrospec-
tively evaluated four postoperative patients after
bariatric surgery, (three of whom underwent
RYGB, the other BPD) at an average of
8–12 years after surgery. All patients were mid-
dle-aged women and three of the four were
African–American, with an average weight loss
of 41.8 kg. Calcium and vitamin D supplemen-
tation varied in all subjects, one patient used no
routine supplementation, and  the others varied
from 100 IU daily to 50,000 IU weekly of ergo-
calciferol. All patients had hypocalcemia,
marked elevations in PTH with extremely low
levels of 25-hydroxyvitamin D, elevated 1,25-
dihydroxyvitamin D and elevated alkaline phos-
phatase. The authors observed a striking associa-
tion of vitamin D, PTH levels and MBD
cautioning that shorter studies have limited
capabilities of identifying these trends. They fur-
ther proposed that physicians should aggressively
screen this population closely for early MBD and
respond with an increased dose of vitamin D.

More malabsoptive surgical weight-loss
procedures such as the BPD and the duodenal
switch have described an exacerbation of
vitamin D deficiency with associated reduction
of BMD postoperatively, presumably due to the
more extreme malabsorption of vitamin D [68,69].

Discussion
Much of the research indicates there is an accel-
erated rate of bone loss after bariatric surgery;
however, this process may not be based exclu-
sively on a vitamin D mechanism. Speculations
of other proposed mechanisms include: thyroid,
PTH-related peptide or even direct cytokine
interactions between adipocytes and osteoclastic
bone cells capable of directly stimulating resorp-
tion facilitated through IL-1, IL-6, TNFα, IL-11
and prostaglandin E2 [70,71] Alternatively, adi-
ponectin, an adipose regulatory protein that
increases after bariatric surgery, has been sus-
pected in playing a role in stimulating bone
resoption with weight loss [72].

Body weight, a major determinant of bone
mass, amplifies bone density in the obese partic-
ularly at weight bearing locations. Traditionally,
obesity has been regarded as protective against
osteoporosis [73]. Perhaps, with surgically
induced weight-loss, an accelerated loss in bone
mass is the direct result of the loss of the protec-
tive effect that obesity once provided bone den-
sity. Supporting this, researchers have identified
accelerated bone losses coinciding with the
period of most rapid weight-loss, which plateau
with weigh stabilization [61]. This concept has
been echoed in the medical weight-loss literature
as well. Weight loss produced by a very low-calo-
rie diet in a morbidly obese population resulted
in an initial (2 months) rapid 22.4 kg loss. There
was a coinciding 3.3% decline in BMC as well as
an increase in MBD markers such as: serum oste-
ocalcin and hydroxyproline:creatinine ratio
within this time frame. However, when
reassessed at 8 months, after an additional mod-
est weight loss of 7.3 kg, no further changes in
BMC were appreciated. This study demonstrates
that the rapidity of weight loss coincides with the
greatest losses of BMC [74]. This may indicate
that bone loss after weight loss is a natural proc-
ess, owing to the minimized mechanical forces
that the skeleton is required to support. The
processes that govern bone metabolism with
weight loss may, in fact, be heterogeneous. How
these influences stimulate osteoblastic and osteo-
clastic cellular shifts remains unclear. The result
promotes bone remodeling and exerts an evolu-
tionary change on the skeleton, often promoting
bone losses. The key to unraveling the mecha-
nisms behind the process, which appears to be at
least partially dependent of vitamin D, may
allow effective preventative treatments.

Vitamin D requirements after RYGB may be
accentuated by multiple mechanisms and aug-
ments MBD risks. Antiquated preventative
vitamin D supplementation was employed
with all these studies, which is becoming rec-
ognized as suboptimal, even for the general
population. Consistent with this tide of
change, much of what is reported as normal by
laboratory standards appears to be insufficient
by newly evolving recommendations of
25-hydroxyvitamin D serum concentration at
32 ng/ml or greater. Achieving this concentra-
tion will require higher than standard dosing of
vitamin D [53]. In addition, many of the studies
used cut-offs for normal levels, which are sub-
optimal by these standards, and patients may in
fact have been deficient in vitamins D, in spite
569www.futuremedicine.com
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of being labeled as normal. These confounding
variables make the established research difficult
to interpret.

Most of these studies assessed short-term out-
comes after bariatric surgery. The two long-term
case-series, however, noted a more striking associ-
ation between vitamin D deficiencies and MBD
after RYGB surgery. This may indicate that
vitamin D deficiency produces MBD that can
only be fully appreciated after many years, which
is beyond the scope of many of these studies.

Other confounding challenges come into play
with the interpretation of data. DXA testing has
been criticized as inaccurate with obesity and
weight loss. The surrounding fatty tissues, as
well as osteoarthritic changes, can falsely elevate
BMD, which will overinflate bone density with
obesity and overestimate bone losses with weight
or fatty tissue losses [75]. Likewise, there has been
controversy surrounding laboratory reproduci-
bility of vitamin D concentrations, because of an
unacceptable interlaboratory variability with
analysis of the same specimen [76], which con-
founds interpretation of these results.

No standardized recommendations exist for
vitamin D supplementation after bariatric sur-
gery. Bone loss after surgery seems to be a
dynamic process; the mechanism is not defined
and may be multifactorial. The role of
vitamin D deficiency as it applies to postopera-
tive bone loss is not fully understood, nor has
supplemental use been proven to reverse this
process. Nonetheless, it seems prudent to screen
and correct a vitamin D deficiency both before
and after bariatric surgery in order to maximize
those variables that are modifiable. Early recog-
nition and prompt treatment of vitamin D defi-
ciency may prove to be fundamental in
prevention and/or treatment of MBD in this
population and may play a role in prevention of
other chronic medical illnesses. At this time, we
do not have any established guidelines for post-
operative RYGB patients with respect to
vitamin D supplementation and the prevention
of MBD and more research needs to be carried
out to clarify this.

Optimal treatment 
In the William Beaumont Hospital Weight
Control Center, Royal Oak, Michigan, we
monitor RYGB patients after surgery. A daily
diet high in calcium with vitamin D is recom-
mended to all postoperative patients. Judicious
sunlight exposure (10–15 min, 2–3 days per
week) is a plentiful source of vitamin D and

could be considered complimentary therapy
when seasonally available, unless otherwise
contraindicated. Supplementation with calcium
citrate (1200–1500 mg/day) and vitamin D
(cholecalciferol 1200–2000 IU/daily) is recom-
mended for prophylaxis to all our postoperative
RYGB patients, although this amount varies
depending on patient preference of dietary sup-
plements. We feel that aggressive screening of
vitamin D concentrations and markers of MBD
are an indispensable part of a postoperative
regimen. A screening protocol and treatment
algorithm has been instituted at our center to
deal with this prevalent concern (Box 1). We
define mild deficiency as a 25-hydroxyvitamin
D at 20–31 ng/ml, moderate deficiency as
11–19 ng/ml, and severe deficiency state is
defined as a level of 10ng/ml or under. Our
tiered treatment of escalating cholecalciferol
intake is recommended depending on the degree
of deficiency identified, ideally shooting for a
25-hydroxyvitamin D of greater that 32 ng/ml
without elevation of MBD markers. Levels are
repeated within 6–12 weeks of treatment or
until normalized, at which time preventative
doses are reinstituted and monitored for efficacy.
Routine MBD screening is recommended with
our algorithm at yearly intervals or sooner if ele-
vated markers of MBD are identified. This
MBD screening panel includes (Box 1) PTH,
osteocalcin, bone-specific alkaline phosphatase
and u-NTX. Bone densitometry via dual x-ray
absorptiometry is recommended every other
year, especially in populations with baseline risk
factor for osteoporosis.

Expert commentary
History teaches us that classic vitamin D defi-
ciency produces osteomalacia in adults and rick-
ets in children, which can be prevented with
low-dose vitamin D supplementation. This les-
son inspired a public policy reformation and

Box 1. Proposed screening for metabolic 
bone disease after Roux-en-Y gastric 
bypass.

• Bone-specific alkaline phosphatase
• 25-hydroxyvitamin D
• Parathyroid hormone
• Osteocalcin
• Urine N-telopeptides
• Bone densitometry

Postoperatively – screen yearly or when significant 
deficiency is identified.
Therapy (2007)  4(5) future science groupfuture science group
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that virtually eliminated the problem. In
recent years, however, there has been a re-
emergence of osteomalacia [77]. Reasons for
this recurrence are likely multifactorial, relat-
ing to the many cultural changes that we, as a
society, have experienced. This implies current
standards are insufficient and greater intake of
vitamin D is now required. The Current Food
and Nutrition Board of the Institute of Medi-
cine recommendations are inadequate and are
in urgent need of revision. Vitamin D toxicity
may produce adverse events such as hyper-
calcemia with metastatic calcinosis including
nephrolithiasis, which are fortunately rare, yet
require consideration and therapeutic moni-
toring [78]. Patients with vitamin D deficiency
may even require higher doses of vitamin D
until their total body stores have been repleted.
As physicians, it is imperative that patients
with these risks be identified and screened for
vitamin D deficiency.

Future perspective
While obesity rates continue to rise and tradi-
tional treatment modalities fail, bariatric sur-
gery rates will likely increase. The combined
effect of obesity and RYGB treatment may
place some individuals at a greater risk of
vitamin D deficiency accompanied by the
potential sequelae of MBD and various other
medical conditions. Vitamin D is now recog-
nized as a critical nutrient. There is now a com-
pelling need to establish optimal therapy and
guidelines for supplementation both with in
the general population and in those patients
with bariatric surgery. Physicians need to
become increasingly aware of the shortcomings
associated with current vitamin D intake and
current intake recommendations. Improving
food fortification is one possible means of
improving supplementation and creating
greater public awareness is necessary. An effi-
cient marker of early bone disease that can be
readily employed for screening to identify
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r to lose the protective effect on bone mass granted by obesity owing to the combination of surgically 
nd postoperative anatomic and physiologic modifications. The relationship between vitamin D deficiency 
lation is not well described.

ay contribute to MBD after surgery; however, it may not be the sole mediator of this process. Cytokine and 
inflammatory mediators are other potential mechanisms that may play a role in this process, leading to MBD 
ion.

 and supplementation with calcium citrate and vitamin D should be implemented since cumulative effects 
 low vitamin D can significantly magnify other mediators in the process of MBD.

ired to understand the interaction of vitamin D and bone loss after surgery and to clarify if optimal dosing 
ments in MBD risks and bone loss.

tant to maximize all modifiable risks with such potentially severe consequences. From our current vantage 
 optimizing vitamin D are too great to be ignored.
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MBD in its early stages would also be clinically
useful. Screening and treating this deficiency early
may effectuate a reduction of MBD and poten-
tially reduce scores of other medical conditions
associated with vitamin D deficiency.
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