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Abstract

Along with other investigations, patients presenting to an environmental health clinic with various
chronic conditions were assessed for bone health status. Individuals with compromised bone
strength were educated about skeletal health issues and provided with therapeutic options for
potential amelioration of their bone health. Patients who declined pharmacotherapy or who
previously experienced failure of drug treatment were offered other options including
supplemental micronutrients identified in the medical literature as sometimes having a positive
impact on bone mineral density (BMD). After 12 months of consecutive supplemental
micronutrient therapy with a combination that included vitamin D3, vitamin K,, strontium,
magnesium and docosahexaenoic acid (DHA), repeat bone densitometry was performed. The
results were analyzed in a group of compliant patients and demonstrate improved bone density in
patients classified with normal, osteopenic and osteoporotic bone density. According to the results,
this combined micronutrient supplementation regimen appears to be at least as effective as
bisphosphonates or strontium ranelate in raising BMD levels in hip, spine, and femoral neck sites.
No fractures occurred in the group taking the micronutrient protocol. This micronutrient regimen
also appears to show efficacy in individuals where bisphosphonate therapy was previously
unsuccessful in maintaining or raising BMD. Prospective clinical trials are required to confirm the
clinical usefulness of combined micronutrient interventions in the prevention and management of

disorders related to impaired bone strength.

Key words: bisphosphonates; bone mineral density; docosahexanoic acid; DHA; essential fatty

acids; micronutrients; magnesium; strontium citrate; strontium ranelate; vitamin D3; vitamin K.
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Introduction

Disordered bone health is an age-related illness that affects an increasing proportion of the
population in many western nations. Throughout much of the developed world, the fastest growing
segment of the current population is the baby-boomer generation, the group born during the post-
WWII baby boom that is rapidly approaching retirement. According to the Statistics Canada 2006
Census, for example, baby-boomers account for one third of the country's 32 million people, 20%
of which are in the 55-64 age class and soon to leave the workforce.[1] Older patients with low
bone density are at high risk for falls and fragility fractures,[2] which in turn cause considerable
morbidity and subsequent mortality as well as exerting an enormous financial burden on public
health care systems.[3] With an aging population, prevention of age-related diseases including
osteoporosis and related fragility fractures will continue to play an important role in the

sustainability and implementation of good personal and public health care.

As improved bone mineral density (BMD) has been associated with a diminished risk of fragility
fractures, preferred BMD status in greater proportions of the population would deliver not only
improved quality of life but also significant cost savings. With escalating rates of osteoporosis in
various jurisdictions over the last decade, it would be desirable if primary prevention strategies to
obviate the development of compromised bone health could be instituted as well as non-toxic

interventions to restore bone strength in those with deficient BMD.



Recent clinical practice guidelines for the diagnosis and management of impaired bone health
have primarily focused on pharmacologic therapy and lifestyle modifications to prevent fragility
fractures and their adverse sequelae.[4-6] Pharmaceutical interventions to address abnormal bone
density have focused to a great degree on antiresorptive bisphosphonates. Other medications
considered in select situations may include other antiresorptive agents such as a human
monoclonal antibody RANK ligand inhibitor (Denosumab), a bone forming analog to parathyroid
hormone (Teriparatide), strontium ranelate, calcitonin, as well as hormonal replacement therapy or

a selective estrogen receptor modulator for post-menopausal women.[4, 7]

A recent study has shown, however, that lack of compliance with current os teoporosis protocols is
putting the elderly at increased risk for fragility fractures and associated morbidity and
mortality.[8] Moreover, increasing numbers of patients decline osteoporosis pharmacotherapy
because of media attention to potential adverse effects and legal proceedings related to outcomes
alleged to be connected with some osteoporosis medications. For example, recent concerns about
long-term hormone replacement therapy,[9, 10] and media reports about atypical fractures,[11]
osteonecrosis,[12] atrial fibrillation[13] and esophageal cancer[14] allegedly associated with
bisphosphonate use has led some patients to pursue other approaches to ameliorate bone health
despite the fact that the link between these medications and all the purported adverse side-effects

still remains controversial.[13, 15]

Various micronutrients have recently been identified in the scientific and biochemistry literature as

integral to the proper development, physiology and maintenance of bone. Depletion of essential



nutrients for bone health because of inadequate intake, impaired digestion, malabsorption, or
disordered assimilation may result in deficient biochemistry, disordered biology and resultant
bone health compromise. Thus far, however, assessment and maintenance of nutritional adequacy
in relation to the spectrum of essential compounds required for proper bone function has been
limited, as micronutrient strategies have focused almost exclusively on calcium and vitamin D
supplementation.[4] Recent guidelines have not yet incorporated the fact that some patients with

osteoporosis may be malnourished in relation to other essential bone nutrients.

Recent research suggests that remediation of nutritional insufficiency and repletion of various
biochemicals integral to healthy bone physiology may ameliorate bone health status.[16, 17] This
retrospective cohort study, approved by the Health Ethics Research Board at the University of
Alberta, assesses the value of the use of a combination of micronutrient interventions on BMD

status.

Methods

A review of the medical and scientific literature was undertaken to identify micronutrient elements
associated with bone health status[16] by assessing available medical and scientific literature from
MEDLINE/PubMed, as well as by reviewing numerous books, nutrition journals and health
periodicals, conference proceedings, and government publications. References cited in identified
publications were also examined for additional relevant writings. The evidence-base to support the
role of specific essential micronutrients in bone status ranges from scant to very firm, depending
on the compound.[18] Multiple studies have demonstrated that micronutrients (and drugs derived

from nutrients) beyond just calcium and vitamin D have an impact on bone health. Vitamin



K,,[19, 20] strontium,[16, 21-25] magnesium,[26] and DHA[27-30] have all been implicated in

improving the status of bones, but to our knowledge, none of these individual micronutrients have

been assessed when given in combination.

The first author practices environmental health sciences, where many referred patients present
with long-term chronic disease. With the view that comprehensive fracture risk assessment should
be a routine part of patient care, and the observation that patients with chronic disease have higher
rates of bone compromise and frequently do not receive therapy to prevent fractures [31-33] bone
health determination was established as a component of the overall clinical assessment in
chronically ill patients. Starting in 2006, patients found to have suboptimal BMDs were provided
with options for management, including micronutrient therapy. As well as discussion related to
lifestyle and standard-of-care pharmaceutical interventions, the potential consequences of not
intervening, and the scientific literature on the published efficacy of micronutrient interventions
were presented to patients along with information on recommended clinical practice guidelines for

compromised bone health.

Some patients adamantly refused to use pharmaceutical therapies while others reported they had
previously discontinued such therapy because of continued loss of BMD. A portion of these
individuals indicated interest in supplemental nutrients linked in the scientific literature to
improved bone health status. As patients presenting to environmental health specialists often have
chemical sensitivities,[34] the reluctance expressed to using pharmaceuticals was sometimes

related to a sensitivity to medications or excipients commonly used within dispensed drugs.



Patients wishing to explore micronutrient use were given medical literature detailing the benefits
purported in various studies. Eager to ameliorate their bone health status if possible, some
individuals chose to use micronutrients rather than using pharmacologic therapies or not using any
intervention at all. After 12 months of consecutive micronutrient therapy, repeat BMDs were
performed to assess for evidence of change. A retrospective review of the outcomes was

undertaken to gather data for analysis.

- Demographics and inclusion criteria

The population of patients for the study came from an environmental medicine clinic in
Edmonton, Alberta, Canada. Out of 219 patients assessed, 16 were still in the process of taking
supplements (data not yet complete) and 126 were excluded. Exclusion criteria included patients
with medical conditions or those on medications known to potentially affect bone health. (e.g. 1
with anorexia nervosa and 1 on chemotherapy) as well as patients who had repeat BMD
measurements inadvertently performed on different machines from the original (5 patients) —
making comparison inaccurate. In addition, 37 patients were excluded because they did not
comply with therapy (the micronutrients were taken inconsistently — self-reported at less than half
the time), 6 patients commencing the protocol changed their mind about taking the nutrients (for
financial reasons), and 71 patients did not return at the end of the time period for follow-up BMD
assessment or decided they did not want a repeat BMD and therefore had incomplete data. Two
patients died during the course of the study, unrelated to the intervention (1 from ALS and the
other from a motor vehicle accident). The final sample of 77 patients taking the micronutrient
combination most or all of the time was included with complete data for analysis. Table 1 shows

the demographics for the study group.



Figure 1. Combination of micronutrients (COMB) Protocol for Bone Health

COMB Protocol for Bone Health
1) Docosahexanoic acid or DHA (from Purified Fish Qil): 250 mg/day
2) Vitamin D3: 2000 IU/day
3) Vitamin K, (non-synthetic MK; form):100 ug/day

4) Strontium citrate: 680 mg/day

5) Elemental magnesium: 25 mg/day

)
)

6) Dietary sources of calcium recommended
)

7) Daily impact exercising encouraged

- Protocol & Rationale

Each patient in the analysis who chose to use the micronutrient intervention followed a suggested
daily protocol of supplemental nutrient consumption as described in Figure 1. It was hypothesized
that perhaps bone compromise might be related to nutritional insufficiency in some patients and
that remediation of nutritional biochemistry may be of assistance in restoring bone health. Also,
both DHA and vitamin D are involved in genetic regulation of many genes and restoration of
optimal levels has been associated with improved bone strength.[35-38] Given the debate about
the efficacy of calcium supplementation for reducing fractures[39, 40] and the potential risks
associated with high-dose supplementation including renal calculi and cardiovascular events,[40,
41] patients were advised to obtain calcium from dietary sources including vegetables such as

Brussels sprouts or broccoli rather than calcium supplements. Patients were also instructed to



commence and maintain a regimen of daily impact exercises such as jumping jacks or skipping

where possible as impact has been associated with prevention of bone density loss. [42, 43]

As BMD is a major determinant among several risk factors for predicting fragility fractures, BMD
follow-up measurement was therefore used as an intervention outcome along with fall
surveillance. The main areas analyzed for bone density included the lumbar spine, the femoral
neck and the femoral trochanter. In this study, we evaluated comparative differences in the
femoral neck, total hip and total spine in relation to previous studies. We also investigated change
at the lowest hip and lowest spine sites to determine whether there was improvement in the areas

that were the least dense and potentially the most vulnerable.

- Statistics

Statistics were calculated with SPSS 18.0 (IBM Corporation, USA). Pre- and post-intervention
bone densities were compared using a one-way ANOVA with a p-value threshold of 0.05.
Changes were also evaluated using mean percentage change over one year to compare treatment
effect with the bisphosphonates and strontium ranelate. In the analyses, z-scores were used in

order to avoid any age-related bias in some other BMD scores.

In addition, a post-hoc analysis of the non-compliant group (N=37) was carried out to evaluate
whether adherence to the combined micronutrient strategy was beneficial. One-way ANOVA
with a p-value threshold of 0.05 was again used to determine if this group showed a significant
difference over the course of the one year period. Moreover, the percentage change at each site in

this group was compared to the percentage change in the intervention group.
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Nineteen patients (25%) were classified in the normal category despite having low bone mass or
suboptimal levels when age-matched to general population standards. According to the
interpretation of the reports provided, the ‘bone quality in younger individuals differs from that of
older people’ and thus ‘absolute fracture risk has not been determined in this population.” As such,
diminished bone health with levels considerably lower than the mean are still placed in a ‘normal’
diagnostic category. BMD testing was done on various younger patients as many of these
individuals presented with chronic illness, had evidence of irregularities on biochemical nutritional

status testing, or had other factors that might predispose them to bone health compromise.

Results

The population included predominantly women (94%) who were mostly post-menopausal (81%).
Of these patients, 29 (38%) reported lack of success with previous use of bisphosphonates and 48
(62%) declined standard drug therapy. The distribution of bone densities in the sample is

summarized in Table 1.

Table 1: Distribution of bone density diagnosis in the sample

Total (77) Females (72) Males (5)
Post-menopausal — 58 (81%) —
Normal BMD 19 (25%) 16 (22%) 3 (60%)
Reduced BMD 4 (5%) 3 (4%) 1 (20%)
Osteopenia 32 (42%) 32 (44%) 0
Osteoporosis 22 (29%) 21 (29%) 1 (20%)
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There was a significant improvement in bone density (z-scores) post-treatment in the femoral
neck, total spine as well as lowest hip and spine scores in the overall group (Table 2).

Improvement was observed in the total hip scores, but this change was not significant.

Table 2: Pre and Post-treatment bone density

Pre-treatment Post-treatment P-value
result (Mean+ SD) result (Mean £ SD)
Femoral neck (z-score) -0.51 £0.74 -0.24 £ 0.81 0.03*
Total Hip (z-score) -0.27 £ 0.82 -0.06 + 0.84 0.12
Lowest hip site (z-score) -0.61 +£0.71 -0.27 £ 0.81 0.006*
L1-L4 Spine (z-score) -0.85+0.98 -0.39 £ 1.07 0.006*
Lowest spine site (z-score) -1.40+ 0.95 -0.67 +1.07 <0.001*

*Significant value

Overall percentage change after one year is presented in Figure 2 and comparisons with published
results for selected pharmaceutical interventions are presented in Table 3. The percent changes in
the entire group as shown in Table 3 were the same when the whole group (males and females, all
ages) was analyzed as when only post-menopausal females were analyzed. [solating only the post-
menopausal females with osteopenia and osteoporosis also revealed the same percentage changes
with the exception of the lowest hip site improving 5% with this subgroup rather than 4% for the
overall group. In the five males, there was an even greater percentage change: 10% in the femoral
neck, 8% in the total hip, 10% in the lowest hip site, 10% in the total spine and 16% in the lowest
spine site. Table 3 compares the results in the current sample of patients using combination of
micronutrients to strontium ranelate alone,[21] as well as to published bisphosphonate trials of

Alendronate[44] and Risedronate[45].
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Figure 2: Mean percent change in bone density from baseline in the intervention group

Mean percentage change in BMD
10.0

7.5

Baseline 1 year

-0~ Femoral Neck -©- Total Hip Total Spine

Table 3: One year of therapy with the COMB protocol compared to strontium ranelate and

bisphosphonate medications

Percent Change = COMB Protocol: Comparison to Comparison to

Comparison to

One year whole Strontium Alendronate at Risedronate at
group (post- Ranelate at one one year[44] one year[45]
meno pausal fe males) year|21]

Femoral neck 4% 2% 2% 2%

Total hip 3% 3-4% 2% Not calculated
Lowest hip site 4% Not calculated

Total spine 6% 5-6% 4% 4%
Lowest spine site 8% Not calculated
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The BMD change in one year was more pronounced in the hip (femoral neck and lowest hip site)
among those who reported lack of success with previous bisphosphonate therapy (Table 4) and
more pronounced in the lowest spine site among those who had chosen to decline primary
bisphosphonate therapy. Over the course of the study period, there were no fractures from ground
level falls in any of the participants. Finally, figure 3 summarizes the proportion of patients who
experienced a BMD change of greater than 3% within the first year of following the COMB

protocol, suggesting rapid onset of BMD improvement for many participants..

Table 4: Comparison of outcomes between patients who commenced the COMB protocol for
declined drug therapy and those who previously showed no improvement on bisphosphonates

Patients who declined therapy
with bisphosphonate (N=48)

3%
3%
4%
6%
9%
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Figure 3: Percentage of patients showing >3% change in the various sites within the first year

1.00

0.75

0.50

0.25

Femoral neck Total hip Lowest hip site Total spine Lowest spine site

Compliance issues have become evident in this study. Many patients did not complete the 12
month course consistently, but took the intervention sporadically. In this group of patients (N=37),
a post-hoc analysis was carried out to determine whether sporadic supplementation would be of
benefit. There was no significant difference in z-scores at any of the sites after one year (p>0.05).
At one year, the percentage change in the femoral neck was -3%, the total hip was -1%, the total
spine was -2%, the lowest hip site was -2% and the lowest spine site was -1%. Figure 4 shows the

percentage change after one year in the non-compliant group (compared to Figure 2 in the

compliant group).
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Figure 4: Mean percent change in bone density from baseline in non-compliant group (N=37)

Mean percentage change in BMD

~
~
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-1.25 B
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-3.75

-5.00
Baseline 1 year

=0~ Femoral Neck =~ Total Hip Total Spine

Discussion

Diminished BMD is an important indicator of compromised bone health and has been established
as a determinant associated with fragility fractures. Integrative approaches for preventing fragility
fractures will be essential in addressing the health concerns in our aging baby boomer population.
In selected patients with diminished bone health, combined micronutrient therapy may be a
promising alternative to pharmaceutical strategies in order to prevent bone compromise as well as
to maintain or improve BMD. In this study, we show that an expanded micronutrient combination
alone can improve BMD in many patients who failed to achieve success with bisphosphonate
medications as well as those who declined to start bisphosphonate therapy for reasons of choice or

chemical sensitivity.
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- Limitations, Confounder and Strengths

Limitations of this study include the small sample size and the lack of a blinded, placebo-
controlled group. Furthermore, given the multiple intervention nature of the combination
micronutrient regimen, it is difficult to pinpoint which nutrients or nutrient groups were ultimately
responsible for the improved BMD in each case. As well, the one year follow-up limits the ability
to determine the long-term effects of this regimen on BMD measurements and sustained

prevention of fragility fractures.

There is also marked selection bias in this study group which might potentially lead to an under-
estimate of the full potential of these interventions in the general population. Some of these
patients, for example, have unsuccessfully tried pharmacologic therapies for many years and thus
represent a skewed portion of the population. Furthermore, many of these patients have
multisystem health problems that may inhibit normal physical activity or may be associated with

other pathophysiologic mechanisms impairing proper bone physiology.

Each micronutrient in the regimen has prior published data to suggest effectiveness in improving
bone health, but this is the first study to our knowledge that examines these micronutrients in
combination. While it is impossible to determine which component or components of the
micronutrient combination were able to achieve the benefit realized, the issue of isolating the
individual effective component(s) of the COMB protocol is more of a theoretical than practical
concern. Biochemicals in their natural physiological state as produced in foods or gut microbiota

do not work in isolation. Combinations of nutrients are known to be required for normal
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biochemical function. For example, both vitamin D and magnesium are required for proper
calcium deposition and bone development.[26] In addition, emerging evidence suggests that other
nutrients including some phytochemicals may contribute to the constellation of factors involved in
healthy bone biochemistry.[46] Using single supplemental biochemicals in isolation may not be

successful whereas using them in combination may be efficacious.

The contention that a combination intervention is less credible, and that a traditional prospective
clinical trial isolating individual variables to determine independent efficacy compared to controls
is required to demonstrate benefit and to recommend micronutrient therapies, is debatable. With
the emergence of molecular medicine and the Human Genome Project (HGP) recently identifying
each person as biochemically unique, it may not be valid to say that any single broad therapy will
work in a similar fashion for individual patients as genomic variability already introduces multi-
variables. The HGP has demonstrated that genomic solitary nucleotide polymorphisms (SNPs)
regulate genomic function and affect the function of enzymes they code for, thus raising the
question of what constitutes a proper control group.[47, 48] Most clinical trials to date have
controls based on race, age and sex, but genomic variables with SNP variability may be just as
significant as race, sex and age as determinants of physiological outcome. Emerging evidence
shows that SNP variability is enormous within race and sex groups and many published clinical
trials, including osteoporosis research, which omit relevant genomic information may not have

proper controls and are, at best, anecdotal.

The rapidly emerging field of genomics is increasingly supplanting knowledge gleaned from

broad-based clinical trials in many branches of medicine[49-51] and has ushered in the expansion
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of pharmacogenomics and nutrigenomics to specifically assess and treat individuals according to
their unique biochemistry.[52] Furthermore, the Human Microbiome Project has recently
uncovered the individual nature of the gut microflora,[53] creating further evidence of individual
biochemistry, a unique gut microbiome, and resultant unique physiology. Broad-based research
without genomic controls, identifying a single pharmacologic agent as a widespread therapy for
osteoporosis or any other condition may be judged to have inadequate experimental design and
thus scientifically unreliable. Accordingly, reproducible clinical interventions which yield positive
clinical outcomes, as in this study, definitely have limitations but may have at least comparable

merit to traditional trials when considering benefit.

- Strontium Citrate and Strontium Ranelate

It has repeatedly been documented in the literature that pharmacologic therapy with strontium
ranelate is associated with an elevation in BMD as well as reduction in fragility fractures. [16, 21-
25] Since strontium is a metal in the same group of periodic elements as calcium, it has been
recognized that strontium in high concentrations may displace and replace calcium in bone by
heteroionic exchange,[54] a phenomenon which has elicited disparaging regard for strontium
therapy among some bone specialists. Rather than an increased BMD, however, this
physiochemical process in the presence of excessive strontium ultimately results in decreased bone
calcium content,[55] dissolution of mineralized bone,[56] disruption of bone architecture,[57] and
lower BMD.[58] This phenomenon only appears to be the consequence of disproportionately high

doses of strontium intake, not regular supplemental levels at low dose.

At low supplemental doses of strontium, in fact, there is evidence of an increase in both the bone
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formation rate and the trabecular bone density related to a strontium-induced stimulation of
osteoblastic activity.[58] Furthermore, at low doses, strontium is not associated with any
mineralization defect or any increase in the number of active bone-resorbing cells.[59, 60] In
addition, it has recently been found that the mechanism of strontium benefit may also involve a
calcium preservation effect as the rate of calcium release was almost halved after strontium
treatment was assessed in recent research on teeth.[61] Finally, strontium supplementation, unlike
use of calcium supplementation, shows ability to recalcify osteopenic areas in pathological bone

conditions characterized by accelerated bone loss and extensive demineralization.[58, 62]

Strontium is increasingly being recognized as a trace mineral which may be essential to the normal
biology of bone and teeth and it is yet undetermined if strontium deficiency, like iodine
deficiency, results in physiological malfunction.[63] It has been recently reported that commercial
foods grown on fields using synthetic fertilizers, pesticides and herbicides have appreciably lower
levels of strontium than organic food counterparts.[64] Thus the restoration of adequate strontium
levels to individuals may simply represent the normal homeostatic requirement for strontium, and
normal healthy bone may require some level of strontium to prevent calcium loss.[61] Most
importantly, treatment to elevate strontium levels have repeatedly been shown to demonstrate safe

and remarkable efficacy at diminishing fractures in hip, vertebral as well as peripheral sites. [21-

25]

Some suggest that the studies to date have predominantly focused on strontium ranelate rather
than the readily available strontium citrate supplement as used in this study. The results of this

study, however, demonstrate that the micronutrient combination including strontium citrate is at
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least as effective in BMD change as strontium ranelate with suggestion of preferred efficacy of the
former therapy at improving femoral neck outcomes. Furthermore, the ranelic acid salt is a purely
synthetic molecular compound, while citrate is naturally occurring. It appears to be the strontium
portion of the molecules which exerts most or all of the positive effect on bone. When consuming
the strontium ranelate, for example, the compound splits into two strontium ions and one molecule
of ranelic acid, with each absorbed separately. There is little evidence that the ranelic acid portion
of the strontium ranelate compound contributes to the effect of strontium on skeletal tissue, and of
the small amount of ranelic acid that is absorbed into the body, almost all is excreted within a
week without ever being metabolized. All forms of strontium have bioavailabilities in the 25-30%

range, but gastric tolerance appears to be better with the ranelate and citrate forms.

With the mounting concern about the safety profile of some standard medical interventions for
bone compromise, strontium is very well tolerated and has shown remarkably little in the way of
side effects or long term adverse sequelae. An increased risk of thrombosis has been noted with

strontium ranelate, an effect not reported (to our knowledge) with strontium citrate.[16]

- Mechanism of Action of Micronutrients

Unlike pharmacologic interventions, it is hypothesized that micronutrient strategies do not work
by altering physiological parameters such as osteoclast function, but rather function by
remediating underlying nutritional deficiencies which then permit restoration of inherent
physiological processes. It is increasingly documented that nutritional deficiency continues to be
an unrecognized and undertreated problem in clinical practice.[65, 66] Compromised nutritional

status has recently been correlated with diminished quality of life and increased morbidity and
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mortality.[67, 68] It is well established that adequate weight and BMI, oft assumed to indicators
of nutritional sufficiency, underestimate nutritional status and risk.[69]  Investigation and
management of malnutrition, often found in those with chronic disease, should become standard

practice in clinical medicine.[65, 70]

- Relative Cost of COMB Protocol

An important factor to consider in evaluating this combination of micronutrients for bone health is
the cost to patients, given that supplements are generally not covered by public formularies while
many pharmaceuticals used for osteoporosis receive coverage. The current COMB protocol was
evaluated at $2.26 (CDN) per day, amounting to $67.80 per month or $824.90 per year.
Bisphosphonates, on the other hand, range from $0.90 (least expensive generic preparation) per
day to $12.96 (brand name) per day for Risedronate and $1.10 per day (least expensive generic) to
$5.58 per day (brand name) for Alendronate (according to Blue Cross coverage for Alberta,
Canada). A small percentage of the group discontinued the micronutrient intervention because
they felt it was too expensive to purchase the nutrients, which were not covered by their drug
plans. Given the potential cost saving in maximizing bone health, it would be prudent for

government formulary administrators to consider funding such a protocol in appropriate patients.

- Public Health Considerations

Froma public health perspective, a number of fundamental questions need to be addressed:

1) Why is there an epidemic of impaired bone health?

1) Why is the incidence and prevalence of osteoporosis increasing?



22

i1) Why is there disparity in the geographic distribution of osteoporosis?
1v) Why does osteoporosis frequently occur in individuals with no family history of bone

compromise?

Genetics have not changed in the last three decades but lifestyle and environmental factors
influencing bone health have. While use of pharmaceuticals may diminish risk of fracture in
individual cases, they do not address the etiology or underlying cause of bone compromise;
osteoporosis is not a bisphosphonate-deficiency disease. Accordingly, any prevention strategy
must investigate and address lifestyle, nutritional and environmental determinants that have
contributed to the rise in bone health compromise. The marked improvement in BMD with simple
micronutrients in this study raises the question as to whether nutrient deficiency is a widespread
phenomenon and a major determinant of this public health problem. Comprehensive research on
nutritional status of patients with osteoporosis needs to be undertaken to determine if nutritional

deficiency is a factor.

It has been well documented that vitamin D insufficiency is a widespread reality and a determinant
of myriad health problems including bone compromise.[71] A challenge with the consideration of
nutritional status assessment, however, is that levels of some essential nutrients for bone
metabolism such as strontium and vitamin K, are not yet available in most laboratories.
Accordingly, clinical suspicion, laboratory testing where possible, and repletion of nutrients

required for normal bone physiology may represent the best that can be done with regards to

nutritional management at the current time.
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Concluding Thoughts

Osteoporosis has become a serious personal health issue for countless individuals as well as a
disturbing public health problem for many countries as it now affects up to 1 in 2 women and 1 in
5 men over the age of 50 in some population groups.[5] Fragility fractures associated with
impaired bone health account for widespread morbidity and, in the case of hip and vertebral
fractures, undue rates of mortality.[4] Public expenditures associated with the management of
osteoporotic fractures and their complications are staggering.[3] Left untreated, impaired bone
health often has debilitating sequelae for individuals and profound implications for public health

carc.

The current practice standard for making a diagnosis of impaired bone health involves bone
density measurement in conjunction with determination of clinical risk factors. Based on this
combined assessment, clinical decisions to intervene with treatment are routinely made. The
objective of any treatment to improve bone health, medications or otherwise, is to reduce the risk
of fragility fractures in the future. It has been repeatedly established that those individuals with
deficient bone mineral density, as measured by densitometry testing, are at increased risk for
fragility fractures.[72, 73] It has been found that timely and effective management of
compromised bone health, as diagnosed in part by suboptimal BMD measurements, can reduce
fracture risk.[6] Measures which are successful in improving BMD measurements have been

found to diminish the risk of fragility fractures.[21, 74]

Interventions to improve BMD usually include the use of bisphosphonate or other pharmacologic

options including teriperatide, strontium ranelate, raloxifene, hormone therapy or calcitonin.
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However, there are some individuals who do not tolerate these medications, some that have not
experienced improved BMD with these treatments, and some who decline to take these therapies
because of reluctance to use medication in general, or because of increasing media attention to
potential adverse effects associated with some osteoporosis drugs. Accordingly, some authors
have recommended that non-pharmacologic strategies to improve or maintain bone health be

included in discussion of options for bone preservation and therapy.[6]

In this study, we introduce the use of a combination of micronutrients, each of which has
previously been shown individually in the medical and scientific literature to benefit BMD
outcomes. To assess the value of any therapy for compromised bone strength, one should ask if it

fulfills the following criteria:

1) Protection from fragility fractures at multiple skeletal sites
i) Rapid onset ofaction in order to provide benefit as soon as possible
1i1) Minimal side effects for maximum tolerability

1v) Long term safety

V) Patient acceptability

It appears that the COMB strategy may fulfill many of these criteria. The protection from fragility
fractures was suggested by the occurrence of no fractures in the group taking the intervention as
well as a notable increase in BMD at femur, hip and spine sites on the BMD testing. A major
proportion of the patients had an increase in BMD of more than 3% within the first year of therapy
alone. There were no reported side effects with the use of this therapy among those taking the

intervention for the year and the literature suggests long term safety with each of these agents -
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this might contribute to greater compliance with the subgroup of patients who are reluctant to use
pharmacologic therapies. For those who completed the course of therapy, the acceptability was

high.

In response to these findings, two questions arise:
i) How does nutritional supplementation work for disordered bone strength?

ii) Does micronutrient therapy have any role in mainstream medical practice?

A scientific approach to illness necessitates exploring the source etiology of health problems
when possible and addressing causative determinants, including biochemical deficiencies. [75]
From the results of this study it is hypothesized that osteoporosis in some cases may be related to
nutritional deficiency of selected nutrients. Nutrient biochemicals are the fundamental building
blocks of the human body, including the skeletal system; deficiency of required nutrients results
in disordered biology and disease. Repletion of such nutrients may spontaneously correct and
perhaps cure bone compromise in both young and mature patients. Just as restoring gestational
folic acid to prevent open neural tube defects or supplementing with iron to ameliorate iron-
deficiency anemia are recognized as credible and indicated nutritional interventions, remediation
of essential biochemicals to restore and maintain bone strength is both evidence-based and
science-based medicine. Further research of micronutrient strategies with longer follow-up will be
needed to explore the effectiveness of this approach to disorders of bone health, but these

preliminary results are encouraging indeed.



26

References

10.

11.

12.

13.

Canada, Statistics, "Portrait of the Canadian Population in 2006, by Age and Sex, 2006
Census.," Catalogue no. 97-551-XIE, vol., pp., 2006.

Fink, H. A,, K. E. Ensrud, D. B. Nelson, R. P. Kerani, P. J. Schreiner, Y. Zhao, S. R.
Cummings, and M. C. Nevitt, "Disability after Clinical Fracture in Postmenopausal
Women with Low Bone Density: The Fracture Intervention Trial (Fit)," Osteoporos Int,
vol. 14, no. 1, pp. 69-76, 2003.

Harvey, N., E. Dennison, and C. Cooper, "Osteoporosis: Impact on Health and
Economics,” Nat Rev Rheumatol, vol. 6, no. 2, pp. 99-105, 2010.

Papaioannou, A., S. Morin, A. M. Cheung, S. Atkinson, J. P. Brown, S. Feldman, D. A.
Hanley, A. Hodsman, S. A. Jamal, S. M. Kaiser, B. Kvern, K. Siminoski, and W. D.
Leslie, "2010 Clinical Practice Guidelines for the Diagnosis and Management of
Osteoporosis in Canada: Summary,” CMAJ, vol. 182, no. 17, pp. 1864-73, 2010.

Keen, R., "Osteoporosis: Strategies for Prevention and Management,” Best Pract Res Clin
Rheumatol, vol. 21, no. 1, pp. 109-22, 2007.

Bonura, F., "Prevention, Screening, and Management of Osteoporosis: An Overview of the
Current Strategies," Postgrad Med, vol. 121, no. 4, pp. 5-17, 20009.

Gallacher, S. J., and T. Dixon, "Impact of Treatments for Postmenopausal Osteoporosis
(Bisphosphonates, Parathyroid Hormone, Strontium Ranelate, and Denosumab) on Bone
Quality: A Systematic Review," Calcif Tissue Int, vol. 87, no. 6, pp. 469-84, 2010.
Huas, D., F. Debiais, F. Blotman, B. Cortet, F. Mercier, C. Rousseaux, V. Berger, A. F.
Gaudin, and F. E. Cotte, "Compliance and Treatment Satisfaction of Post Menopausal
Women Treated for Osteoporosis. Compliance with Osteoporosis Treatment,” BMC
Womens Health, vol. 10, pp. 26, 2010.

Wassertheil-Smoller, S., S. L. Hendrix, M. Limacher, G. Heiss, C. Kooperberg, A. Baird,
T. Kotchen, J. D. Curb, H. Black, J. E. Rossouw, A. Aragaki, M. Safford, E. Stein, S.
Laowattana, and W. J. Mysiw, "Effect of Estrogen Plus Progestin on Stroke in
Postmenopausal Women: The Women's Health Initiative: A Randomized Trial,” JAMA,
vol. 289, no. 20, pp. 2673-84, 2003.

Shumaker, S. A, C. Legault, S. R. Rapp, L. Thal, R. B. Wallace, J. K. Ockene, S. L.
Hendrix, B. N. Jones, 3rd, A. R. Assaf, R. D. Jackson, J. M. Kotchen, S. Wassertheil-
Smoller, and J. Wactawski-Wende, "Estrogen Plus Progestin and the Incidence of
Dementia and Mild Cognitive Impairment in Postmenopausal Women: The Women's
Health Initiative Memory Study: A Randomized Controlled Trial," JAMA, vol. 289, no. 20,
pp. 2651-62, 2003.

Sellmeyer, D. E., "Atypical Fractures as a Potential Complication of Long-Term
Bisphosphonate Therapy,” JAMA, vol. 304, no. 13, pp. 1480-4, 2010.

Migliorati, C. A., M. M. Schubert, D. E. Peterson, and L. M. Seneda, "Bisphosphonate-
Associated Osteonecrosis of Mandibular and Maxillary Bone: An Emerging Oral
Complication of Supportive Cancer Therapy,” Cancer, vol. 104, no. 1, pp. 83-93, 2005.
Howard, P. A., B. J. Barnes, J. L. Vacek, W. Chen, and S. M. Lali, "Impact of
Bisphosphonates on the Risk of Atrial Fibrillation,” Am J Cardiovasc Drugs, vol. 10, no. 6,
pp. 359-67, 2010.



14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

27

Green, J., G. Czanner, G. Reeves, J. Watson, L. Wise, and V. Beral, "Oral
Bisphosphonates and Risk of Cancer of Oesophagus, Stomach, and Colorectum: Case-
Control Analysis within a Uk Primary Care Cohort," BMJ, vol. 341, pp. c4444, 2010.
Cardwell, C. R, C. C. Abnet, M. M. Cantwell, and L. J. Murray, "Exposure to Oral
Bisphosphonates and Risk of Esophageal Cancer,” JAMA, vol. 304, no. 6, pp. 657-63,
2010.

Genuis, S. J., and G. K. Schwalfenberg, "Picking a Bone with Contemporary Osteoporosis
Management: N utrient Strategies to Enhance Skeletal Integrity,” Clin Nutr, vol. 26, no. 2,
pp. 193-207, 2007.

Nieves, J. W., "Osteoporosis: The Role of Micronutrients,” Am J Clin Nutr, vol. 81, no. 5,
pp. 1232S-39S, 2005.

Cashman, K. D., "Diet, Nutrition, and Bone Health," J Nutr, vol. 137, no. 11 Suppl, pp.
2507S-12S, 2007.

Feskanich, D., P. Weber, W. C. Willett, H. Rockett, S. L. Booth, and G. A. Colditz,
"Vitamin K Intake and Hip Fractures in Women: A Prospective Study,” Am J Clin Nutr,
vol. 69, no. 1, pp. 74-9, 1999.

Ryan-Harshman, M., and W. Aldoori, "Bone Health. New Role for Vitamin K?," Can Fam
Physician, vol. 50, pp. 993-7, 2004.

Meunier, P. J., C. Roux, E. Seeman, S. Ortolani, J. E. Badurski, T. D. Spector, J. Cannata,
A. Balogh, E. M. Lemmel, S. Pors-Nielsen, R. Rizzoli, H. K. Genant, and J. Y. Reginster,
"The Effects of Strontium Ranelate on the Risk of Vertebral Fracture in Women with
Postmenopausal Osteoporosis,” N Engl J Med, vol. 350, no. 5, pp. 459-68, 2004.

Marie, P. J., P. Ammann, G. Boivin, and C. Rey, "Mechanisms of Action and Therapeutic
Potential of Strontium in Bone," Calcif Tissue Int, vol. 69, no. 3, pp. 121-9, 2001.
Ortolani, S., and S. Vai, "Strontium Ranelate: An Increased Bone Quality Leading to
Vertebral Antifracture Efficacy at All Stages," Bone, vol. 38, no. 2 Suppl 1, pp. 19-22,
2006.

Reginster, J. Y., R. Deroisy, M. Dougados, I. Jupsin, J. Colette, and C. Roux, "Prevention
of Early Postmenopausal Bone Loss by Strontium Ranelate: The Randomized, Two- Year,
Double-Masked, Dose-Ranging, Placebo-Controlled Prevos Trial," Osteoporos Int, vol. 13,
no. 12, pp. 925-31, 2002.

Cesareo, R., C. Napolitano, and M. lozzino, "Strontium Ranelate in Postmenopausal
Osteoporosis Treatment: A Critical Appraisal,” Int J Women Health, vol. 2, pp. 1-6, 2010.
Rude, R. K., and H. E. Gruber, "Magnesium Deficiency and Osteoporosis: Animal and
Human Observations,” J Nutr Biochem, vol. 15, no. 12, pp. 710-6, 2004.

Weiss, L. A., E. Barrett-Connor, and D. von Muhlen, "Ratio of N-6 to N-3 Fatty Acids and
Bone Mineral Density in Older Adults: The Rancho Bernardo Study,” Am J Clin Nutr, vol.
81, no. 4, pp. 934-8, 2005.

Kruger, M. C., and D. F. Horrobin, "Calcium Metabolism, Osteoporosis and Essential
Fatty Acids: A Review," Prog Lipid Res, vol. 36, no. 2-3, pp. 131-51, 1997.

Albertazzi, P., and K. Coupland, "Polyunsaturated Fatty Acids. Is There a Role in
Postmenopausal Osteoporosis Prevention?,” Maturitas, vol. 42, no. 1, pp. 13-22, 2002.
Salari, P., A. Rezaie, B. Larijani, and M. Abdollahi, "A Systematic Review of the Impact
of N-3 Fatty Acids in Bone Health and Osteoporosis,” Med Sci Monit, vol. 14, no. 3, pp.
RA37-44, 2008.



31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

28

Bessette, L., L. G. Ste-Marie, S. Jean, K. S. Davison, M. Beaulieu, M. Baranci, J. Bessant,
and J. P. Brown, "Recognizing Osteoporosis and Its Consequences in Quebec (Rocq):
Background, Rationale, and Methods of an Anti-Fracture Patient Health-Management
Programme,” Contemp Clin Trials, vol. 29, no. 2, pp. 194-210, 2008.

Papaioannou, A., L. Giangregorio, B. Kvern, P. Boulos, G. loannidis, and J. D. Adachi,
"The Osteoporosis Care Gap in Canada,"” BMC Musculoskelet Disord, vol. 5, pp. 11, 2004.
Papaioannou, A., C. C. Kennedy, G. loannidis, Y. Gao, A. M. Sawka, D. Goltzman, A.
Tenenhouse, L. Pickard, W. P. Olszynski, K. S. Davison, S. Kaiser, R. G. Josse, N.
Kreiger, D. A. Hanley, J. C. Prior, J. P. Brown, T. Anastassiades, and J. D. Adachi, "The
Osteoporosis Care Gap in Men with Fragility Fractures: The Canadian Multicentre
Osteoporosis Study," Osteoporos Int, vol. 19, no. 4, pp. 581-7, 2008.

Genuis, S. J., "Sensitivity- Related IlIness: The Escalating Pandemic of Allergy, Food
Intolerance and Chemical Sensitivity," Sci Total Environ, vol. 408, no. 24, pp. 6047-61,
2010.

Feskanich, D., W. C. Willett, and G. A. Colditz, "Calcium, Vitamin D, Milk Consumption,
and Hip Fractures: A Prospective Study among Postmenopausal Women,” Am J Clin Nutr,
vol. 77, no. 2, pp. 504-11, 2003.

Trivedi, D. P., R. Doll, and K. T. Khaw, "Effect of Four Monthly Oral Vitamin D3
(Cholecalciferol) Supplementation on Fractures and Mortality in Men and Women Living
in the Community: Randomised Double Blind Controlled Trial," BMJ, vol. 326, no. 7387,
pp. 469, 2003.

Holick, M. F., "Vitamin D: Importance in the Prevention of Cancers, Type 1 Diabetes,
Heart Disease, and Osteoporosis,” Am J Clin Nutr, vol. 79, no. 3, pp. 362-71, 2004,

Lau, B. Y., W. E. Ward, J. X. Kang, and D. W. Ma, "Fat-1 Gene Modulates the Fatty Acid
Composition of Femoral and Vertebral Phospholipids,™ Appl Physiol Nutr Metab, vol. 35,
no. 4, pp. 447-55, 2010.

Tang, B. M., G. D. Eslick, C. Nowson, C. Smith, and A. Bensoussan, "Use of Calcium or
Calcium in Combination with Vitamin D Supplementation to Prevent Fractures and Bone
Loss in People Aged 50 Years and Older: A Meta-Analysis," Lancet, vol. 370, no. 9588,
pp. 657-66, 2007.

Reid, I. R., M. J. Bolland, and A. Grey, "Effect of Calcium Supplementation on Hip
Fractures," Osteoporos Int, vol. 19, no. 8, pp. 1119-23, 2008.

Bolland, M. J., A. Avenell, J. A. Baron, A. Grey, G. S. MacLennan, G. D. Gamble, and |.
R. Reid, "Effect of Calcium Supplements on Risk of Myocardial Infarction and
Cardiovascular Events: Meta-Analysis,” BMJ, vol. 341, pp. ¢3691, 2010.

Niu, K., R. Ahola, H. Guo, R. Korpelainen, J. Uchimaru, A. Vainionpaa, K. Sato, A. Sakali,
S. Salo, K. Kishimoto, E. Itoi, S. Komatsu, T. Jamsa, and R. Nagatomi, "Effect of Office-
Based Brief High-Impact Exercise on Bone Mineral Density in Healthy Premenopausal
Women: The Sendai Bone Health Concept Study,” J Bone Miner Metab, vol. 28, no. 5, pp.
568-77, 2010.

Korpelainen, R., S. Keinanen-Kiukaanniemi, J. Heikkinen, K. Vaananen, and J.
Korpelainen, "Effect of Impact Exercise on Bone Mineral Density in Elderly Women with
Low Bmd: A Population-Based Randomized Controlled 30-Month Intervention,”
Osteoporos Int, vol. 17, no. 1, pp. 109-18, 2006.

Black, D. M., S. R. Cummings, D. B. Karpf, J. A. Cauley, D. E. Thompson, M. C. Nevitt,
D. C. Bauer, H. K. Genant, W. L. Haskell, R. Marcus, S. M. Ott, J. C. Torner, S. A.



45.

46.

47.

48.

49.

50.

ol.

52.

53.

54,

55.

56.

S7.

58.

59.

29

Quandt, T. F. Reiss, and K. E. Ensrud, "Randomised Trial of Effect of Alendronate on
Risk of Fracture in Women with Existing Vertebral Fractures. Fracture Intervention Trial
Research Group," Lancet, vol. 348, no. 9041, pp. 1535-41, 1996.

Harris, S. T., N. B. Watts, H. K. Genant, C. D. McKeever, T. Hangartner, M. Keller, C. H.
Chesnut, 3rd, J. Brown, E. F. Eriksen, M. S. Hoseyni, D. W. Axelrod, and P. D. Miller,
"Effects of Risedronate Treatment on Vertebral and Nonvertebral Fractures in Women
with Postmenopausal Osteoporosis: A Randomized Controlled Trial. Vertebral Efficacy
with Risedronate Therapy (Vert) Study Group,"” JAMA, vol. 282, no. 14, pp. 1344-52,
1999.

Arjmandi, B. H., C. D. Johnson, S. C. Campbell, S. Hooshmand, S. C. Chai, and M. P.
Akhter, "Combining Fructooligosaccharide and Dried Plum Has the Greatest Effect on
Restoring Bone Mineral Density among Select Functional Foods and Bioactive
Compounds,” J Med Food, vol. 13, no. 2, pp. 312-9, 2010.

Sudmant, P. H., J. O. Kitzman, F. Antonacci, C. Alkan, M. Malig, A. Tsalenko, N.
Sampas, L. Bruhn, J. Shendure, and E. E. Eichler, "Diversity of Human Copy Number
Variation and Multicopy Genes," Science, vol. 330, no. 6004, pp. 641-6, 2010.

Durbin, R. M., G. R. Abecasis, D. L. Altshuler, A. Auton, L. D. Brooks, R. A. Gibbs, M.
E. Hurles, and G. A. McVean, "A Map of Human Genome Variation from Population-
Scale Sequencing,” Nature, vol. 467, no. 7319, pp. 1061-73, 2010.

Palomaki, G. E., S. Melillo, L. Neveux, M. P. Douglas, W. D. Dotson, A. C. Janssens, E.
A. Balkite, and L. A. Bradley, "Use of Genomic Profiling to Assess Risk for
Cardiovascular Disease and Identify Individualized Prevention Strategies-a Targeted
Evidence-Based Review," Genet Med, vol., pp., 2010.

Lambrecht, S., K. Tilleman, D. Elewaut, and D. Deforce, "Proteomics in Rheumatology:
The Beginning of a Fairy Tale?," Proteomics Clin Appl, vol. 2, no. 3, pp. 411-9, 2008.
Brettingham-Moore, K. H., C. P. Duong, A. G. Heriot, R. J. Thomas, and W. A. Phillips,
"Using Gene Expression Profiling to Predict Response and Prognosis in Gastrointestinal
Cancers-the Promise and the Perils," Ann Surg Oncol, vol., pp., 2010.

Malandrino, N., and R. J. Smith, "Personalized Medicine in Diabetes," Clin Chem, vol.,
pp., 2010.

Dimitrov, D. V., "The Human Gutome: Nutrigenomics of the Host-Microbiome
Interactions,” OMICS, vol., pp., 2010.

Mattar, AG, and BA Diefel. "Bone Tracers: Radionucleotide Imaging and Related
Techniques.” In Skeletal Research: An Experimental Approach, edited by DJ Simmons and
AS Kustrin, 455-86. New York: Academic Press, 1979.

Johnson, A. R., "The Influence of Strontium on Characteristic Factors of Bone," Calcif
Tissue Res, vol. 11, no. 3, pp. 215-21, 1973.

Christoffersen, J., M. R. Christoffersen, N. Kolthoff, and O. Barenholdt, "Effects of
Strontium lons on Growth and Dissolution of Hydroxyapatite and on Bone Mineral
Detection," Bone, vol. 20, no. 1, pp. 47-54, 1997.

Eisenberg, E. "The Biological Metabolism of Strontium.™ In Biological Mineralization,
edited by I Zipkin, 435-42. New York: John Wiley & Sons, 1973.

Cabrera, W. E., I. Schrooten, M. E. De Broe, and P. C. D'Haese, "Strontium and Bone," J
Bone Miner Res, vol. 14, no. 5, pp. 661-8, 1999.

Grynpas, M. D., and P. J. Marie, "Effects of Low Doses of Strontium on Bone Quality and
Quantity in Rats," Bone, vol. 11, no. 5, pp. 313-9, 1990.



60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

30

Marie, P. J., M. T. Garba, M. Hott, and L. Miravet, "Effect of Low Doses of Stable
Strontium on Bone Metabolism in Rats,"” Miner Electrolyte Metab, vol. 11, no. 1, pp. 5-13,
1985.

Riyat, M., and D. C. Sharma, "An Experimental Study of the Effect of Strontium Pre-
Treatment on Calcium Release from Carious and Non-Carious Teeth," Biol Trace Elem
Res, vol. 133, no. 3, pp. 251-4, 2010.

Skoryna, S. C., "Metabolic Aspects of the Pharmacologic Uses of Trace Elements in
Human Subjects with Specific References to Stable Strontium,™ Trace Subst Environ
Health, vol. 18, pp. 3-23, 1984.

Kirshmann, JD. Nutrition Almanac (6th Ed). New York: McGraw-Hill,2007.

Rea, W.J. Chemical Sensitivity: Tools of Diagnosis and Methods of Treatment. Vol. 4.
Boca Raton: Lewis Publishers,1997.

Kyle, U. G., and J. A. Coss-Bu, "Nutritional Assessment and Length of Hospital Stay,"
CMAJ, vol. 182, no. 17, pp. 1831-2, 2010.

Genuis, S. J., "Nutritional Transition: A Determinant of Global Health," J Epidemiol
Community Health, vol. 59, no. 8, pp. 615-7, 2005.

Sorensen, J., J. Kondrup, J. Prokopowicz, M. Schiesser, L. Krahenbuhl, R. Meier, and M.
Liberda, "Eurooops: An International, Multicentre Study to Implement N utritional Risk
Screening and Evaluate Clinical Outcome,™ Clin Nutr, vol. 27, no. 3, pp. 340-9, 2008.
Wakahara, T., M. Shiraki, K. Murase, H. Fukushima, K. Matsuura, A. Fukao, S. Kinoshita,
N. Kaifuku, N. Arakawa, T. Tamura, J. Iwasa, N. Murakami, T. Deguchi, and H.
Moriwaki, "Nutritional Screening with Subjective Global Assessment Predicts Hospital
Stay in Patients with Digestive Diseases," Nutrition, vol. 23, no. 9, pp. 634-9, 2007.
Kyle, U. G., L. Genton, and C. Pichard, "Hospital Length of Stay and Nutritional Status,"
Curr Opin Clin Nutr Metab Care, vol. 8, no. 4, pp. 397-402, 2005.

Genuis, S. J., and T. P. Bouchard, "Celiac Disease Presenting as Autism," J Child Neurol,
vol. 25, no. 1, pp. 114-9, 2010.

Genuis, S. J., G. K. Schwalfenberg, M. N. Hiltz, and S. A. Vaselenak, "Vitamin D Status
of Clinical Practice Populations at Higher Latitudes: Analysis and Applications,™ Int J
Environ Res Public Health, vol. 6, no. 1, pp. 151-73, 20009.

Cummings, S. R., D. M. Black, M. C. Nevitt, W. Browner, J. Cauley, K. Ensrud, H. K.
Genant, L. Palermo, J. Scott, and T. M. Vogt, "Bone Density at Various Sites for
Prediction of Hip Fractures. The Study of Osteoporotic Fractures Research Group,"
Lancet, vol. 341, no. 8837, pp. 72-5, 1993.

Melton, L. J., 3rd, E. J. Atkinson, W. M. O'Fallon, H. W. Wahner, and B. L. Riggs, "Long-
Term Fracture Prediction by Bone Mineral Assessed at Different Skeletal Sites,™ J Bone
Miner Res, vol. 8, no. 10, pp. 1227-33, 1993.

Meunier, P. J., "Evidence-Based Medicine and Osteoporosis: A Comparison of Fracture
Risk Reduction Data from Osteoporosis Randomised Clinical Trials,” Int J Clin Pract, vol.
53, no. 2, pp. 122-9, 1999.

Genuis, S. J., "Medical Practice and Community Health Care in the 21st Century: A Time
of Change," Public Health, vol. 122, no. 7, pp. 671-80, 2008.

{
ChY] k}f?

5



