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Abstract There are many health and economic consequences for patients with osteopenia,
the precursor to osteoporosis. A range of treatments may provide positive
outcomes for otherwise healthy adults, including dietary and exercise approaches,
either alone or in combination. The primary aim of this systematic review was to
evaluate the effect of dietary approaches (including diet alone, diet with dietary
supplements, both with or without physical activity intervention) on bone mineral
density (BMD) to treat adults aged >18 years who were classified as having
osteopenia. Six databases (Ovid MEDLINE including Ovid Medline in process,
Cochrane Library, EMBASE, CINAHL Plus, Web of Science and Scopus) were
searched systematically to identify randomised controlled trials of dietary
approaches to treat osteopenic adults published from 1994 to November 2014.
Study eligibility was determined, and included studies were assessed for risk of bias.
Outcome data, particularly the primary outcomes of BMD T- and Z-scores or
other measures of bone density, were combined narratively. The searches yielded
3511 papers, with three studies fulfilling the inclusion criteria. These studies
included 254 participants, all free-living post-menopausal females with confirmed
osteopenia. Vitamin D interventions were tested in all included studies, with none
showing significant differences between intervention and placebo groups on BMD.
This review has identified a lack of evidence to guide clinical practice in this area.
Opportunities exist for future research to determine the effect of non-
pharmacological approaches to osteopenia treatment in healthy populations,
especially research that considers younger-aged and male populations, physical
activity, habitual dietary intake and key bone health nutrients.
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Introduction

The economic and health implications associated with
osteoporosis for older adults are cited within the scien-
tific and wider community. In Europe, osteoporotic
fractures have been reported to account for more dis-
ability-adjusted life years (DALYs) lost than common
cancers, with the exception of lung cancer (Johnell &
Kanis 2006). Comprehensive programmes directed
towards both prevention and treatment are required in
order to reduce the direct medical costs for osteoporotic
fractures. The combined cost of social and hospital care
for people with osteoporotic fractures has been reported
as more than £1.8 billion per year in the UK. Whilst
fractures in those aged over 60 years involve more than
two million bed-days in England alone, frailty-related
falls account for another two million bed-days in
patients over the age of 75 years (Hippisley-Cox et al.
2007). Similarly, in Australia the costs of osteoporosis
are predicted to increase to $A33.6 billion over the next
10 years (Ebeling et al. 2013).

Osteoporosis is often considered a ‘silent disease’ as it
is not typically diagnosed until a fracture occurs. The
hip and/or lumbar spine are the diagnostic site(s) used,
and the bone mineral density (BMD) T-score, measured
by dual-energy X-ray absorptiometry (DXA), is the
qualifying statistic. A T-score between 1 and 2.5 stan-
dard deviations below the reference population value
identifies osteopenia, whilst a T-score of more than 2.5
standard deviations below is indicative of osteoporosis
(WHO 2007). The clinical significance both of osteope-
nia and osteoporosis differ with age due to increases in
fracture risk (Kanis et al. 2001). Fragility fractures fre-
quently occur in men and women with T-scores above
the osteoporotic range (i.e. within the osteopenic range)
(Kanis et al. 2001; Siris et al. 2001). Clinical trials pro-
vide evidence of high rates of osteopenia in younger
adults in both typical and clinically atypical population
groups. In younger adults, the prevalence of abnormal
BMD has been reported to range from 10.6-43.6%
(Diaz Curiel et al. 2001; Liu et al. 2008; Begum et al.
2014; Lee et al. 2015). Modelling suggests that the
development of osteoporosis can be delayed by 13 years
if a 10% higher peak bone mass is achieved in the third
decade of life (Hernandez et al. 2003). Yet, whilst there
is a general consensus on treating individuals with
osteoporosis and prevalent low-energy fractures, treat-
ment approaches for osteopenia without fracture have
been debated (Eriksen 2012). Treatment of osteopenia
and prevention of further fractures may occur through
a range of approaches, with pharmacological treat-
ment, dietary factors including vitamin D (Bischoff-
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Ferrari et al. 2005) and other modifiable lifestyle fac-
tors, such as weight-bearing physical activity (WHO
2007; Rizzoli et al. 20105 Ebeling et al. 2013), mak-
ing contributions.

Clinical and epidemiological evidence exists to indi-
cate that adequate calcium status during periods of
growth (childhood and adolescence) may impact on
BMD and inadvertently play a role in later osteoporosis
risk (Matkovic 1992). The pioneering work in this area
was a Yugoslavian study reporting that habitual cal-
cium intake affected not only peak bone mass but also
later fracture risk (Matkovic et al. 1979). Fracture risk
prediction can be enhanced through the addition of
clinical risk factors that contribute to fracture risk inde-
pendently of BMD (Kanis 2002). FRAX®, the WHO
fracture risk calculator, calculates the 10-year probabil-
ity of a major osteoporotic fracture (WHO 2007; Kanis
et al. 2013). However, the National Institute for Health
and Care Excellence guidelines (2012) for the assess-
ment of fragility fracture risk recommend not to ‘rou-
tinely assess fracture risk in people aged under 50 years
unless they have major risk factors’. The National
Osteoporosis Foundation (2014) has published evi-
dence-based recommendations for physician practices
with regard to the prevention, detection and treatment
of osteoporosis in women. Yet, in a US survey, only a
small minority of high-risk women (12-34%) reported
having had their BMD tested (Gallagher et al. 2002).
Provision of DXA results and advice to increase calcium
intakes in women with osteoporosis or osteopenia
resulted in an increase in calcium intake; advice to
increase physical activity, however, was not acted upon
(Estok et al. 2007).

Most guidelines for osteopenic patients primarily
emphasise lifestyle changes including smoking cessa-
tion, nutritional improvements, calcium and vitamin D
supplementation, and exercise regimens as primary
interventions (National ~Osteoporosis Foundation
2014). There are limited reports of the effects of phar-
macological agents such as bisphosphonates in the
FIT II and FOSIT studies (Cummings et al. 1998).
Although alendronate did not result in a significant
reduction in the incidence of clinical fractures in
women who presented with baseline T-scores in the
osteopenic range (FIT II study), a significant reduction
(44%) of morphometric vertebral fractures was
observed after treatment (Cummings et al. 1998).
Alendronate also significantly reduced the incidence
of non-vertebral fractures (47% reduction) in post-
menopausal women who participated in the FOSIT
study (Pols et al. 1999). Concern has been raised
about the long-term safety of bisphosphonates, but the
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best data available so far (Black et al. 2006) suggest
that 10 years with 90% suppression of bone turnover
is safe. The dietary messages for patients identified
with osteopenia are less clear.

In the UK, NICE (2012) recommendations for pri-
mary fracture prevention are fundamentally diet- and
lifestyle-based. Despite this advice, and the previously
reported value of physical activity and diet in influenc-
ing peak bone mass, the extent of the contribution of
dietary approaches as treatment strategies for osteope-
nia has not been systematically defined (Ebeling et al.
2013). Given the extensive costs, reduction in quality
of life and associated trauma concomitant with osteo-
porosis, recommendations for at risk populations prior
to a fracture or development of overt osteoporosis
should be established.

The primary aim of the review was to evaluate the
effect of dietary approaches (including diet alone, and
with dietary supplements, both with or without physi-
cal activity intervention) on BMD in healthy adults
with osteopenia. A secondary objective was to develop
recommendations to inform research and clinical
practice in osteopenia, to enable practitioners and
researchers to facilitate the delivery of evidence-based
treatment for this patient group.

Methods

This review was reported in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) Statement (Moher et al.

2009). The review protocol was registered with
PROSPERO (www.crd.york.ac.uk/PROSPERO), regis-
tration number CRD4201501895.

Eligibility criteria

Original research using randomised, controlled trial
design was only considered for the review in order to
evaluate the highest quality evidence. Table 1 summarises
the criteria used to determine whether studies were
eligible for inclusion using the Participant-Intervention-
Comparator-Outcomes-Study design (PICOS) format of
Liberati ef al. (2009). Inclusions were restricted to
research published in the previous 20 years, from January
1994 until November 2014. Osteopenic healthy adults
were the focus of the review, enabling a consensus to be
developed for presentations of this group in the clinical
setting. Multiple additional disease states were excluded
from the review due to the effect of these illnesses and their
treatments on bone status. In order to obtain the level
of methodological detail required, conference abstracts
and other short reports were ineligible for inclusion.

Interventions considered for inclusion in the review
were as follows: dietary treatment alone (including
food and beverages); dietary supplementation in addi-
tion to usual dietary intake; dietary treatment (includ-
ing food and beverages) or supplementation with an
additional physical activity component. Excluded
interventions were dietary treatments combined with
pharmacological interventions, and stand-alone physi-
cal activity or pharmacological interventions.

Table | Inclusion and exclusion criteria for the osteopenia systematic review

PICOS Inclusion

Exclusion

Population

Intervention Dietary treatment £ exercise

Dietary supplementation + exercise
Comparator Osteopenic control group
Outcome Measures of BMD: Z-score; T-score; or raw data

Study design

Adults >18 years with osteopenia T-score of —1.0 to —2.5 SD

RCT (including crossover RCT) in English language only

Children

Adults with normal BMD or osteoporosis

Adults with any disease known to impact on
bone health where osteopenia is likely to
be a secondary outcome (e.g. cancer, eating
disorders, IBD including Crohn's disease and
ulcerative colitis, any declared long-term steroid use)

Animals

Physical activity alone

Pharmacological interventions alone or in
combination with any other intervention

No control group or control group not osteopenic

Any other measures

All other study designs and other languages

PICOS, Participant-Intervention-Comparator-Outcomes-Study design format (Liberati et al. 2009); BMD, bone mineral density; IBD, irritable bowel disease;

RCT, randomised control trial.
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Search strategy

A three-step search strategy was undertaken of
published English-language studies in six electronic
databases.

An initial limited search of Ovid MEDLINE and
CINAHL was conducted followed by an analysis of
text words contained in the title, abstract and index
terms, supported by a medical librarian. A second
expanded search using all identified keywords and
index terms was completed across the following elec-
tronic databases: Ovid MEDLINE, Cochrane Library,
EMBASE, CINAHL Plus, Web of Science (all data-
bases), Scopus and Ovid Medline in process (see
Table 2). Finally the reference lists of all identified
studies were searched to identify any additional stud-
ies that may have been missed by the original search.
Unpublished works (e.g. research theses) were not
considered.

Study selection

The database search was imported into Endnote and
duplicates manually removed. Reviewers worked in
pairs following papers through to inclusion in the
library of final papers. All studies identified via the
database search were assessed against the PICOS,
based on information contained in the title, abstract
and description by two independent reviewers. Discus-
sion between reviewers enabled consensus to be
reached. Full articles were obtained of all studies that
met the inclusion criteria. Where eligibility was
unclear, the study was also retrieved to seek further
clarification. Full papers were assessed against the
PICOS independently by two reviewers, with consen-
sus again reached by discussion.

Data were independently extracted in duplicate
from each included study into standardised tables for
reporting. The primary outcome investigated was
change in bone density following the intervention.
Data of other key results, study design and study pop-

Table 2 Search strategy

Keyword search terms Details of search strategy

Osteopeni* AND (Food
and beverage OR Diet
or Supplement¥)

Osteopeni*AND Diet — mapped to
subject heading, Explode or as a
keyword;, OR Food and beverage —
mapped to subject heading, Explode
or as a keyword; OR Supplement* —
mapped to dietary supplement or
as a keyword
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ulation were extracted. Methodological quality of the
final library of included studies was assessed indepen-
dently by two authors using the Cochrane risk of bias
tool (Higgins & Green 2011), addressing seven speci-
fic domains (sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding
of outcome assessment, incomplete outcome data,
selective outcome reporting and ‘other issues’). Any
difference of opinion between authors was resolved by
discussion and consensus. A risk of bias graph and
risk of bias summary table were completed. Data were
not considered appropriate for further synthesis into a
meta-analysis due to the absence of homogeneous
interventions and outcomes.

Results

After the removal of duplicates, the search identified
3511 citations, including many with a focus on animal
studies or interventional studies in adults with osteo-
porosis. Forty-three papers were considered to have
potential relevance based on their title and abstract.
The full text of these papers was reviewed for eligibil-
ity. Studies at the final pass were excluded for reasons
consistent with the inclusion/exclusion criteria includ-
ing ineligible population (7 = 15) and wrong/no com-
parator (nz = 10) (Fig. 1).

Three studies met the inclusion criteria and incorpo-
rated six different interventions with a total of 254
participants (Son & Chun 2001; Albertazzi et al.
2004; DeLuca et al. 2011). All participants within
these studies were free-living post-menopausal females
with confirmed osteopenia. Table 3 summarises the
intervention and population characteristics of the three
included studies. Importantly, the studies of DeLuca
et al. (2011) and Son and Chun (2001) tested supple-
mentation with the active metabolite of vitamin D
(hydroxylated metabolites), a different form of vitamin
D to that found traditionally in vitamin D supplements.

There was no significant effect between intervention
and placebo on BMD in any of the three studies
(Table 4). Son and Chun (2001) compared BMD
within treatment groups only and demonstrated a
significant increase in lumbar spine BMD following
alfacalcidol for 10 months. However, risk of bias
assessment identified significant bias in this study
(Fig. 2).

Bias was identified across all included studies, sum-
marised in Figures 2 and 3. However, the study by
Albertazzi et al. (2004) rated positively across most
domains, indicating a lower risk of bias overall com-
pared to the other two studies. Conversely, the study
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Figure | Study flow diagram (Liberati et al. 2009).

by Son and Chun (2001) did not rate positively in any
aspects of study design considered suggesting a high
risk of bias overall. The reporting of the study
methodology was often unclear or not addressed, and
this contributed to this rating. With the limited num-
ber of included papers, trends of study bias were diffi-
cult to identify.

Discussion

Internationally, the scale of bone decline is vast, with
many countries reporting up to 50% of certain sub-
populations as having osteopenia. For example, in
Russia 20 million residents are estimated to have
osteopenia (International Osteoporosis Foundation
2011); vertebral osteopenia prevalence in Latin
American women aged >50 years is estimated at
45.5-49.7% (Morales-Torres &  Gutierrez-Urena
2004); in Egypt, estimates indicate 53.9% of post-
menopausal women have osteopenia (International
Osteoporosis Foundation 2011); in India, a study of
women aged 30-60 years from low-income groups
identified BMD, at all skeletal sites, as being much
lower than values reported from developed countries,

with a high prevalence of osteopenia (52%) and osteo-
porosis (29%) thought to be due to inadequate nutri-
tion (Shatrugna et al. 2005); and it is estimated that
6.3 million Australians have osteopenia (Sanders et al.
1999). The clinical progression to osteoporosis is a
global problem.

Within the strict inclusion criteria defined for this
review, we identified limited evidence to support the
role of nutrition in the management of osteopenia.
Only three randomised controlled trials studies met
the inclusion criteria for review, with all studies
focused on calcium or vitamin D supplementation for
varied durations in post-menopausal women. This is
both surprising and concerning, considering the review
assessed all relevant investigations within the past
20 years on healthy individuals of both genders, and
accepted a concomitant physical activity component.
The findings of the studies included in the current
review indicate that nutritional supplementation does
not appear to increase BMD (or decrease BMD at the
same rate) compared with placebo in otherwise
healthy post-menopausal woman with osteopenia.
Strong evidence, therefore, to determine the efficacy of
dietary or nutritional supplement intervention, with
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Random sequence generation (selection bias)
Allocation concealment (selection bias)

Blinding of participants and personnel (performance
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)
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Figure 2 Risk of bias' assessed across individual studies. 'Risk of bias mea-
sured using the Cochrane risk of bias tool (Higgins, Green and eds 201 1).
+ indicates low risk of bias; — indicates high risk of bias; ? indicates unclear
risk of bias in each respective aspect of study design.

and without physical activity, in the prevention and/or
management of osteopenia is lacking.

Much of the research effort to this point has been
to determine strategies to maximise peak bone mass
in the early decades of life (Hind & Burrows 2007,
Behringer et al. 2014; Harvey et al. 2014) and to
manage patient outcomes for those with established
osteoporosis (Kanis ef al. 2013). Focusing on the pre-
vention and treatment of osteopenia is warranted as it
will inevitably influence the progression and manage-
ment strategies for osteoporosis. On current published
evidence, it is unclear if dietary intervention can slow
the progression between osteopenia and osteoporosis.

The current systematic review highlights the absence
of research investigating the role of food-based dietary
intake (i.e. dairy and/or vitamin D-rich foods) on

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)
Blinding of outcome assessment (detection bias)
Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias |

changes to BMD in the presence of osteopenia
throughout the life span. This is surprising considering
that younger populations are now being diagnosed
with osteopenia (Singer 2006; Begum et al. 2014; Lee
et al. 2015). Energy and protein malnutrition have
previously been reported to accelerate degradation to
the hydroxyapatite matrix, possibly directly by low-
ered intake of amino acids (e.g. proline and lysine)
needed for collagen synthesis and indirectly through
suppressed intake of other bone health nutrients (i.e.
calcium, ascorbic acid and pyridoxine) induced by low
and/or restricted food intake (Masse et al. 2010). At
present, it is still unclear whether meeting or increas-
ing the availability of essential bone health nutrients
will affect BMD in osteopenic patients.

Vitamin D analogues have been used to stimulate
bone formation and enhancing BMD in osteoporosis
(MacLean et al. 2008); importantly, the vitamin D
analogue used by DelLuca et al. (2011) increased
markers of bone formation but did not increase BMD.
These outcomes are possibly due to adjunct increases
in bone resorption markers (i.e. s-CTX, osteocalcin,
PINP and iPTH), suggesting a greater bone remod-
elling turnover. Similarly, Albertazzi et al. (2004)
demonstrated that, in the absence of changes to BMD,
their intervention did not result in changes to bone
resorption markers but it did reduce markers of bone
formation. The prescription of vitamin D analogues
may not be within the scope of practice for dietitians
and other health professionals across many countries.

The monitoring of daily physical activity or exercise
uptake in participants in the included studies was not
clearly reported, reflective of poor study control.
Taking into account the role of exercise stress on bone
remodelling (biomarkers and BMD), monitoring of
this would have complemented the interpretation of
the study outcome. Thus, the outcome from Son and

0% 25% 50% 75% 100%

E] Low risk of bias

|:| Unclear risk of bias

[ High risk of bias

Figure 3 Risk of bias summary' of the three included studies. 'Risk of bias measured using the Cochrane risk of bias tool (Higgins, Green and eds 201 ).
The bars represent the proportion of studies with low, high or unclear risk of bias in each respective aspect of study design.
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Chun (2001) should be interpreted with caution.
BMD was determined by DXA in each of the included
studies; however it is not specified how many techni-
cians conducted the scans and thus results may be
influenced by variations in inter-rater reliability, which
was not reported. Studies also included biomarkers of
bone remodelling/resorption and formation, but these
were not corrected for potential changes in plasma
volume and coefficient variations were also not clear
from the analysis.

Considering the influence of physical activity, espe-
cially weight-bearing exercise, in osteoblast and osteo-
clast activity, and subsequent bone remodelling and
resorption activity (Prestwood & Raisz 2000; Hind &
Burrows 2007; Keen 2007), it is surprising that no stud-
ies were identified that investigated nutritional inter-
ventions in conjunction with exercise interventions as
part of optimising management of osteopenia. Another
gap in the literature identified in the current systematic
review was the absence of nutritional (dietary or sup-
plementation) interventions in male populations, with
the included studies and broader osteoporosis research
predominantly targeting post-menopausal women. This
is of concern, considering the incidence of osteopenia
and osteoporosis are growing in number amongst male
populations due to the increased and ageing world
population (Gass & Dawson-Hughes 2006). Thus, it
appears that a lack of thorough research into non-phar-
macological approaches to osteopenia treatment in
healthy populations exists, particularly those involving
younger-aged and male populations, physical activity,
habitual dietary intake, and key bone health nutrients
(apart from vitamin D and calcium).

It is important to note that the definition of osteope-
nia for the review, with diagnostic T- or Z-scores, or
publication of raw BMD data, may have contributed
to the small number of included studies. Another
limitation of this review was the homogeneity of the
population groups studied — healthy post-menopausal
women with no co-existing health complaints. Given
the prevalence of comorbidities in this age group, this
limits interpretation and extrapolation of results to the
broader population, including males. Patients with
common co-existing conditions, such as coeliac disease
and other inflammatory disorders, and those with eat-
ing disorders who have compromised bone health
were excluded from the review specifically to enable
the evaluation of a more homogeneous cohort. Also,
several studies were excluded due to the combining of
data of patients with osteopenia and osteoporosis.
Furthermore there may be incomplete retrieval of rele-
vant studies with restrictions to those published only
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in English and hence a failure to potentially identify
multicultural literature. The restriction of dates to the
last 20 years of research was to contain the evidence
to the most current being applied in clinical practice.
It is possible that the date restriction meant that some
research was missed that otherwise may have been
suitable for inclusion. Finally, we had anticipated that
a considerable number of original studies would be
included in this review, based on previous work by
some members of our review team. We envisaged that
data extraction would occur within the two themes of
diet and dietary supplements, enabling a discussion of
the implications for each approach, consistent with
practice in clinical settings, where patients may seek
advice regarding diet and/or dietary supplements from
healthcare professionals. However, due to the small
number of identified studies, we were unable to com-
pare and contrast dietary and nutritional supplement
interventions as planned.

This review highlights the paucity of literature
investigating dietary interventions in the management
and treatment of osteopenia. There is no consensus
or definitive guidance to support or guide clinicians’
approaches to managing patients with osteopenia.
Large gaps exist in regard to habitual dietary intake
and supplementation of key nutrients that play a role
in bone remodelling, and external influential factors
(genotype, physical activity, disease status, and life-
style and social factors). These factors should all be
considered in future research. Additionally, a consis-
tent definition of osteopenia, and the separate report-
ing of results when both osteopenic and osteoporotic
patients are included within the same studies, should
be considered in future work.

Conclusion

The lack of recommendations and evidence-based
approaches to support clinicians in providing advice for
osteopenic patients is highlighted by this review. There
are significant gains to be made if patients with osteope-
nia can be prevented or delayed from progressing to
osteoporosis and the subsequent burden of fractures,
chronicity and associated health and economic burden
that can follow. Future research is required to explore
nutrition and lifestyle interventions approaches in the
management and treatment of osteopenia.
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