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ABSTRACT

Purpose: To systematically review the literature related to bone health in older adults with type 2 diabetes mellitus (T2DM).

Methods: We conducted a systematic review of the literature from January 2005 until February 2010, using keywords related to T2DM and bone-health

imaging technology in older adults (aged b60 years) to search PubMed, OVID MEDLINE, Ageline, CINAHL, Embase, and PsycINFO.

Results: We found a total of 13 studies that met the inclusion criteria for this review. The majority of the studies used dual X-ray absorptiometry (DXA) and

showed either higher or similar areal bone mineral density (aBMD) for older adults with T2DM relative to healthy controls. Studies using more advanced

imaging suggested that there may be differences in bone geometry between older adults with and without T2DM.

Conclusions: Older adults with T2DM have similar or higher aBMD at the hip relative to older adults without T2DM, despite previous literature reporting an

increased risk of low-trauma fractures. Recent studies with advanced imaging have suggested that there may be differences in bone geometry between

older adults with T2DM and those without. Health professionals, especially physiotherapists, should be aware of the increased risk and include assessment

of fall risk factors and exercise prescription for fall prevention for older adults with T2DM.
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RÉSUMÉ

Objectif : Procéder à une revue systématique de la documentation concernant la santé osseuse chez les personnes âgées souffrant de diabète sucré

de type 2.

Méthode : Nous avons procédé à une revue systématique de la documentation scientifique parue de janvier 2005 à février 2010, en utilisant des mots clés

liés au diabète sucré de type 2 et aux technologies d’imagerie pour la santé osseuse chez les personnes âgées (b60 ans) pour une recherche dans les

bases de données PubMed, OVID MEDLINE, Ageline, CINAHL, Embase, et PsycINFO.

Résultats : Nous avons répertorié en tout 13 études qui comportaient les critères d’inclusion de cette revue systématique. La majorité des études utilisaient

la méthode d’absorptiométrie à rayons X à double énergie (DEXA) et démontraient une densité minérale osseuse surfacique (DMOs) similaire ou plus élevée

chez les personnes âgées avec diabète sucré de type 2 relativement aux mesures de contrôle saines. Les études ayant recours à une imagerie plus

avancée suggéraient qu’il pouvait y avoir des différences dans la géométrie osseuse des aı̂nés avec et sans diabète sucré de type 2.

Conclusions : Les personnes âgées avec diabète sucré de type 2 ont une densité minérale osseuse surfacique à la hanche similaire ou plus élevée que les

personnes âgées sans ce type de diabète, malgré le fait que la documentation publiée auparavant rapportait un risque plus élevé de fractures à faible

traumatisme chez les personnes souffrant de cette maladie. Les études récentes avec technologie d’imagerie plus avancée suggèrent qu’il pourrait y

avoir des différences dans la géométrie osseuse des personnes âgées avec diabète sucré de type 2 et celles qui ne souffrent pas de cette maladie. Les

professionnels de la santé, et surtout les physiothérapeutes, devraient être sensibles aux risques accrus des aı̂nés diabétiques et procéder à une évaluation

des facteurs de risques de chutes et prescrire des exercices visant à réduire de tels risques.

Mots clés : aı̂nés, densité minérale osseuse, diabète sucré de type 2, personnes âgées, revue systématique
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INTRODUCTION

Adults with type 2 diabetes mellitus (T2DM) are at
increased risk for low-trauma hip fracture1,2 (from a fall
at standing height or less3), which can have serious
health consequences and places significant strain on the
health care system.4 In Canada, 964,074 adults 65 years
of age and older have diabetes, and of these appro-
ximately 90% have T2DM.5 Because physiotherapists
manage health-related concerns for older adults with
T2DM, including providing exercise testing and prescrip-
tion,6 it is essential for them to understand the com-
plications that older adults with T2DM may experience,
including an increased risk of hip fracture.1,2 The under-
lying mechanism for the increased fracture risk in T2DM
has not been determined; postulated underlying mecha-
nisms include changes in bone mass or bone quality and
increased risk of falls.7 It is therefore important to inves-
tigate mechanisms in order to develop effective screen-
ing strategies and preventive measures. As physiothera-
pists are trained to treat older adults with low bone
mass (including osteoporosis) and those with a high
risk of hip fractures,8 they have an ideal opportunity to
implement prevention strategies.

The increase in fracture risk for older adults with
T2DM has been investigated by looking at bone health
using areal bone mineral density (aBMD) from dual X-
ray absorpiometry (DXA), commonly used in diagnosing
osteoporosis.3 A previous systematic review in this area1

found higher aBMD in people with T2DM than in people
without T2DM, as measured by DXA. Although the
majority of studies have shown higher aBMD, there
have been some discrepancies in the findings that could
be attributed to differences in body mass index (BMI),
disease duration, gender, and comorbidities. In addition,
aBMD is limited by its two-dimensional nature, which
may be influenced by body size and composition, and is
unable to distinguish between cortical and trabecular
bone compartments.9 There may be differences in bone
geometry that cannot be seen by DXA but that con-
tribute to the increased risk of hip fracture. Advances
in bone-imaging technology such as quantitative com-
puted tomography (QCT) and peripheral QCT (pQCT)
can distinguish bone compartments and estimate bone
strength—a measure of the load or stress that a bone
can take before breaking.10 These advanced imaging
technologies may thus allow for better understanding of
differences in bone related to T2DM.

The finding of higher or similar aBMD in older adults
with T2DM relative to the general age-matched popula-
tion seems contradictory to the increased risk of hip
fracture, and this suggests possible underlying causes.
First, fractures occur as a result of impaired bone health
and increased fall risk,11 and previous studies have sug-
gested that older adults with T2DM have an elevated fall
risk.12 Second, previous studies using other bone-health

indicators (such as bone turnover markers), as well as
animal studies, have suggested that the T2DM disease
process may have a negative impact on bone.13–15 For
example, the increased blood-glucose levels and im-
paired glycemic control caused by T2DM have been
associated with an increased accumulation of advanced
glycation end products (AGEs) in bone collagen16 and
impaired calcium deposition and mineralization,17 which
are thought to affect bone strength.

The objective of this systematic review, therefore, was
to compare bone health (e.g., bone mineral density,
geometry) in older adults (aged b60 years) with and
without T2DM by updating the literature and including
studies that used advanced bone-imaging technology to
provide a better understanding of bone health in older
adults with T2DM.

METHODS

Data Sources and Search

The objective of this systematic review was to investi-
gate the bone health of older adults with T2DM using
imaging. We searched the published peer-reviewed
literature from January 2005 through February 4, 2010,
using PubMed, Ovid MEDLINE, Ageline, CINAHL, Em-
base, and PsycINFO. We chose to start the search in
2005 in order to update and expand upon the work
done by Vestergaard, who completed a systematic review
in this area that included articles published before 2005.1

We did not include articles prior to 2005 because this
previous review1 comprehensively assessed the literature
on T2DM and aBMD. Instead, we extended Vestergaard’s
review by including all studies that investigated bone
health for older adults with T2DM, using DXA as well
as other modalities such as QCT, pQCT, high-resolution
pQCT (HR-pQCT), and quantitative ultrasound (QUS).
We extended the previous search strategy by including
more recent imaging (QCT, pQCT, HR-pQCT) that per-
mits the three-dimensional assessment of bone; we also
searched the reference lists of articles included for full-
text review, electronically searched key journals ( Journal
of Bone and Mineral Research, Osteoporosis Interna-
tional, Journal of Bone and Joint Surgery, and Diabetes
and Diabetes Care), and searched for articles that cited
the included articles using the Web of Science. To ensure
that pre-2005 articles using modalities other than DXA
(including QCT, pQCT, HR-pQCT, and QUS) were not
overlooked, we also performed an exploratory search of
the databases listed above. This review was conducted
in accordance with the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guide-
lines.18

Our search strategy was [bone and bones (MeSH) or
bone density (MeSH) or ‘‘bone density’’ or ‘‘bone mineral
density’’ or ‘‘bone geometry’’ or ‘‘bone quality’’ or ‘‘bone
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structure’’ or ‘‘bone mass’’ or osteoporo* or pQCT or
‘‘peripheral quantitative computed tomography’’ or QCT
or ‘‘quantitative computed tomography’’ or DXA or DEXA
or ‘‘dual energy X-ray absorptiometry’’ or ultrasound or
HR-pQCT or Xtreme CT ] AND [Type 2 Diabetes Mellitus
(MeSH) or diabetes]. If the MeSH option was not avail-
able, we used the equivalent subject heading if available.
We limited our search to English language, human
studies, the years 2005–2010, and adults aged b60 years.

Study Selection

We included all studies that assessed BMD (aBMD
by DXA or volumetric BMD (vBMD) by QCT, pQCT, or
HR-pQCT) or other bone-imaging outcomes (e.g., esti-
mates of bone strength, structure, quality, geometry) of
the lower extremity in older adults (mean age b60 years)
with T2DM and compared the results with a healthy
control group. We did not include any studies that
reported bone-turnover markers only or in which the
population was selected based on the presence of com-
plications associated with increased fracture risk. Only
studies not included in the previous systematic review1

were included in our study. All articles retrieved from
the search were first reviewed independently for rele-
vance by two reviewers (AMC, EG), based on title and
abstract. Articles that were not included were assigned a
reason for exclusion (not relevant, population not older
adults, no healthy control group, etc.). Articles obtained
for full-text review were assessed independently by
two reviewers (AMC, EG), and inclusion in the review
was then decided by consensus. A third reviewer (MCA)
resolved any discrepancies that arose.

Data Extraction and Quality Assessment

Data were extracted independently for all included
articles by two reviewers (AMC, EG) and then checked
by a third reviewer (MCA). Discrepancies were resolved
through discussion among all three reviewers. Only pub-
lished results were used, and the outcomes reported
were extracted as stated in the articles; we used baseline
data for prospective studies. We extracted data on the
population; diabetes duration; haemoglobin A1C level
(HbA1C), a measure that reflects glycemic control over
the preceding months (HbA1c < 7% is considered to
indicate good glycemic control);19 and bone-imaging
outcomes. We also looked within each study for variables
that could potentially have an impact on bone health
and consequently bias the outcome; we report adjusted
results when available, and whether they were adjusted
for age and BMI. Note that the models may have
adjusted for other variables that were not included and
are beyond the scope of this review.

The methodological quality of all included articles
was assessed using a checklist modified from the
Newcastle–Ottawa Quality Assessment Scale (NOS).20,21

The checklist included items evaluating the represen-
tativeness of the study group, selection of the compari-
son group, ascertainment of exposure, comparability of
cohorts on the basis of the design or analysis, and
assessment of outcome. We did not include questions
related to follow-up of cohort studies (demonstration
that outcome of interest was not present at start of study,
follow-up was long enough for outcomes to occur, and
follow-up of cohorts was adequate). Items were given a
score of 0 or 1, except for the comparability of cohorts,
where there was a possibility of 0, 1, or 2, and the scores
were summed to produce an overall quality score (/6).
Two reviewers (AMC, EG) independently rated the quality
of the studies and then came to a consensus on the final
score for each one. A third reviewer (MCA) resolved any
discrepancies that arose.

Statistical Analysis

We calculated the consistency between reviewers for
the quality assessment. Kappa values were calculated
for interrater reliability for each of the five checklist
items. Intra-class correlation coefficients (ICC) were
calculated for overall score rating between the two
reviewers for each article included in the systematic
review. We used Stata Software, version 11 (StataCorp,
College Station, TX), to calculate reliability statistics.

We proposed to pool results from single studies by
meta-analysis where this was found to be both clinically
and statistically appropriate. Pooled estimates of effect
were provided if there were at least three studies assess-
ing identical bone-imaging outcome measures in the
same anatomical site and if statistical heterogeneity
(defined as p < 0.10 and I 2 > 75%22) was not present.
Statistical heterogeneity was assessed using the w2 test
and the I 2 statistic. Since our outcome variables were
continuous and were measured on the same scale
across studies, we proposed to use the mean difference
between the outcome variables for older adults with and
without T2DM to calculate summary statistics of effect
and 95% confidence intervals, where appropriate.22 We
used Comprehensive Meta-Analysis Software, version
2.2.050 (Biostat, Englewood, NJ), to create forest plots.

RESULTS

The search strategy retrieved a total of 1,526 studies;
of these, 13 were included in this review (see Figure 1).
As mentioned above, this study is an update of a
previous systematic review by Vestergaard;1 since the
previous search was limited to studies that used DXA,
we performed an exploratory search for articles pub-
lished before 2005 that used other modalities such as
QCT, pQCT, HR-pQCT, and QUS, but this search yielded
no new articles that were determined to be relevant to
the current systematic review. As a result, only the 13
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studies yielded by the initial search were considered
relevant for inclusion: six that investigated the bone
health of women, two that investigated the bone health
of men, and five that included both men and women.
The mean age of study participants ranged from 62 to
77 years for older adults with T2DM and from 60 to 77
years for control groups. The duration of T2DM reported
ranged from 6.5 to 13.5 years, and BMI ranged from 22.9
to 33.1 kg/m2 for older adults with T2DM and from 22.0
to 33.6 kg/m2 for control groups. Demographic informa-
tion was extracted only for those participants with bone-
imaging data. The majority of these studies used DXA
to compare the bone health of older adults with and
without T2DM; there were two studies that used QUS,
one that used pQCT, and one that used QCT. Eight of
the studies were cross-sectional, four were prospective

cohorts, and one was a retrospective cohort; only base-
line data are presented for cohort studies. The studies
included were from Turkey, the United States, Croatia,
China, Spain, Australia, and Japan and included different
ethnic groups (see Table 1).

As noted above, the quality of the studies was rated
using the modified NOS checklist, for a total score out
of 6. The consistency between raters for individual ques-
tions was 0.83 for item 1, 0.76 for item 2, 0.69 for item
3, 0.40 for item 4, and 1.0 for item 5 (ICC ¼ 0.773,
p < 0.001). The quality scores for the included articles
ranged from 1 to 6, with a median score of 4.

Eleven of the included studies used DXA to determine
aBMD (T2DM n ¼ 4813, control n ¼ 12693)23–33 at either
the total hip or the femoral neck site. Of these DXA
studies, seven controlled for age23,27,29–33 and four for

Figure 1 Flow diagram of studies considered for inclusion in the systematic review
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BMI.23,29,30,32 Women with T2DM had a significantly
higher aBMD at the total hip in five studies,25,29,31–33 of
which two controlled for age31,33 and two controlled for
both age and BMI;23,29 two studies showed no significant
difference,23,27 both of which controlled for age and one
of which also controlled for BMI.23 Femoral neck aBMD
was significantly higher for older women with T2DM in
four studies,24,26,29,32 two of which controlled for both
age and BMI.29,32 Femoral neck aBMD did not show a
significant difference in three studies,23,27,28 of which
two controlled for age27,28 and one controlled for both
age and BMI.23 For men, aBMD at the total hip site did
not differ significantly between those with T2DM and
healthy controls in two studies32,33 (one of which con-
trolled for age and BMI,33 while the other controlled for
age only32) and was significantly lower for those with
T2DM in one study, which controlled for age.31 Areal
BMD at the femoral neck was significantly higher for
men with T2DM in one study,24 which did not adjust for
age or BMI; was not significantly different in another

study,32 which adjusted for both age and BMI; and was
significantly lower in a third study,30 which adjusted for
both age and BMI. The DXA results are displayed in
separate forest plots for women (Figure 2) and men
(Figure 3). We were unable to combine these results
by meta-analysis because there was significant heteroge-
neity between the studies (I 2 > 75%). No other summary
of effects could be calculated for the studies that used
advanced imaging, as there were too few such studies
available.

Two studies used QUS28,29; both investigated women
only (T2DM n ¼ 187, control n ¼ 177). Sosa et al.28

investigated the calcaneus, while Tao et al.29 investigated
bone health at the midshaft tibia. No significant differ-
ences were found in the speed of sound (SOS) at the
calcaneus or the midshaft tibia, regardless of whether
variables such as age and BMI were controlled for29 or
not.28

Quantitative CT was used in one study,34 which
assessed aBMD and cortical vBMD at the femoral neck
of both men and women (T2DM n ¼ 49, control n ¼ 49);
participants were age matched, and the results were
adjusted for BMI. Women with T2DM had higher aBMD
and vBMD than controls, but there were no significant
differences between men with and without T2DM.
When the results were combined for men and women,
this study found a higher vBMD, aBMD, and cortical
vBMD for persons with T2DM. There were no significant
differences between groups in the load-to-strength ratio,
which is the relationship between the load that is
encountered with a fall at the hip and the estimated
strength of the bone (as the ratio increases, fracture risk
also rises).

Peripheral QCT of the distal and proximal tibia was
used in one study of men only (T2DM n ¼ 190, control
n ¼ 981).35 This study found a significantly higher total
vBMD, trabecular vBMD, and bone strength index (BSI)
in participants with T2DM at the distal end of the tibia
(4% site) after adjusting for age, race, and tibia length.
When body weight was also accounted for, however, the
only significant finding was a lower total cross-sectional
area for men with T2DM. At the midshaft tibia (66% site),
men with T2DM had significantly lower total area and
section modulus (an estimate of bone strength) only
after adjusting for age, race, tibial length, and body
weight.

DISCUSSION

The present systematic review found that studies
using DXA observed higher or similar aBMD for older
adults with T2DM relative to controls, and that there is
limited evidence to suggest that there may be differences
in the bone geometry of older adults with T2DM that
may not be captured by DXA. DXA provides a global
view of bone health but is limited in its ability to sepa-

Figure 2 Forest plot of mean differences of areal bone-mineral density
for women with and without T2DM

Figure 3 Forest plot of mean differences of areal bone-mineral density
for men with and without T2DM
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rate bone compartments and estimate bone strength.
The majority of studies included in this review used
DXA to investigate bone health, and all but one30 showed
either no significant difference or higher aBMD for older
adults with T2DM. This finding is consistent with those
of previous reviews.1,36 Vestergaard1 found a significantly
higher hip aBMD for individuals with T2DM; 13 of the
included articles looked specifically at older adults, and
these studies were consistent with this trend.37–49 In
our review, the two studies using QUS28,29 showed no
significant differences between older adults with T2DM
and healthy controls; however, studies using advanced
imaging (pQCT and QCT) showed mixed findings for
older adults with T2DM, suggesting that there may be
changes in bone geometry.34,35 Although further research
with advanced imaging is needed to determine what
mechanism is at work, the previously reported increased
risk of fracture among individuals with T2DM1,2 is not
congruent with the DXA results documented in this
review, which suggests that DXA results alone may not
provide enough information to determine fracture risk
for older adults with T2DM. This finding may have im-
portant clinical implications for health care professionals
and is especially noteworthy for physiotherapists who
may be involved in the care of older adults with T2DM
and/or work in the area of fall and fracture prevention.

The bone health of older adults with T2DM may be
influenced by many factors; for example, BMI was found
to be a major determinant of aBMD for T2DM.1 Shan
et al.27 performed an analysis with sub-groups based
on BMI classifications (underweight, normal weight, and
overweight/obese) and found that among individuals
with T2DM, those who were obese had the highest
aBMD, while those who were underweight had the
lowest aBMD of all groups, relative to healthy controls.
However, there is some evidence to suggest that body
mass may affect the accuracy of DXA scan images; in
particular, increased BMI may lead to overestimation of
aBMD.50 Because over 65% of adults with T2DM have
metabolic syndrome,51 which is characterized by ab-
dominal obesity, this possibility should be considered
when interpreting the results of DXA scan images. Only
four of the DXA studies reviewed here controlled for
BMI,23,29,30,32 and all but one30 showed a similar trend of
higher or similar aBMD in older adults with T2DM. Body
size was also controlled for in the QCT34 and pQCT35

studies. Petit et al. performed two linear regression
models, one with and one without adjustment for body
size; results differed between the two models.35 Among
studies that did not control for BMI, three found signi-
ficant differences in BMI between control and T2DM
groups; in all three studies, T2DM groups had a higher
BMI.24,31,33 However, three other studies produced mixed
results: Broussard and Magnus31 found higher aBMD in
the T2DM group; Register et al.33 reported higher aBMD

for women with T2DM, but no significant difference for
men; and Yamamoto et al.24 found higher aBMD in older
adults with T2DM. The discrepancy in results between
studies done with DXA and those using pQCT or QCT
may be due to the resolution of the imaging and to the
fact that pQCT and QCT are able to distinguish between
bone compartments and to estimate bone strength.

There are many other variables that may affect aBMD
in older adults with T2DM, including the severity, dura-
tion, and management of the disease. For example,
Vestergaard’s systematic review found that diabetes
duration was a significant predictor of aBMD, while age
and HbA1C levels were not.1 Disease severity is proposed
to affect bone and HbA1C levels, although Vestergaard’s
review did not show a significant association between
HbA1C and either aBMD or fracture risk.1 Disease dura-
tion may also have an effect on hip-fracture risk,52 possi-
bly because of the prolonged effects of impaired glycemic
control; the earlier review found disease duration to be a
significant predictor of aBMD.1 In the present review,
seven studies reported HbA1C levels,23,24,28,29,32–34 of
which four performed additional analysis to determine
the impact of HbA1C level on aBMD23,29,32,33; two
studies32,33 found a negative association between aBMD
and HbA1C. Seven of the included studies reported
diabetes duration,23,24,27,29,32–34 of which five did a
further analysis to determine the impact of diabetes
duration on aBMD.23,27,29,32,33 Only one study found a
significant negative association between duration of
disease and aBMD at the total hip and femoral neck.23

Management of T2DM can include diet and lifestyle
modifications, oral anti-diabetic medication, and/or in-
sulin; although medications may influence bone health
in T2DM, participants’ medications were not consis-
tently reported in the included studies, and this factor is
beyond the scope of the present review.

Gender is also an important factor when comparing
bone health, and all studies included in this review com-
pleted separate analyses for men and women. Women,
in general, have higher rates of fracture and lower
aBMD than men. This is hypothesized to be the result
of men’s having larger bones (as a result of differences
in sex-hormone production), which increases bending
strength.53 For women, all studies included in this review
showed either a higher or a similar aBMD in individuals
with T2DM relative to those without T2DM. All but one
study30 included in our review showed either a higher or
a similar aBMD for older men with T2DM relative to
older men without T2DM; fewer studies have investi-
gated the bone health of men with T2DM. Petit et al.35

suggested that for men, there may be differences in
bone geometry related to the presence of T2DM; they
observed decreased total bone area and section modulus
in the tibia after adjusting for body size.35 The other
study to use advanced imaging was by Melton et al.,34
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who investigated both men and women and found no
significant differences for men and higher cortical
vBMD for women with T2DM relative to healthy controls.

Ethnicity should also be considered when assessing
bone health. In the United States, according to population-
level data, osteoporosis is more prevalent among white
women54 and men.55 Araujo et al. reported higher
aBMD in black men than in white and Hispanic men;56

Asian adults have lower aBMD than white adults, and
this is thought to be due to their smaller body size.57 In
the present review, only three studies reported the eth-
nicity of participants31,33,35; all were from the United
States, and all but Petit et al.’s35 study found a signifi-
cantly lower proportion of white older adults in the
T2DM group. Broussard and Magnus31 was the only
study to control for ethnicity in their analyses; these au-
thors found that it was not significantly associated with
low aBMD. The Health, Aging, and Body Composition
(Health ABC) Study compared aBMD in older adults
with T2DM between white and black men and women;
they found ethnicity to be a significant predictor of total
hip aBMD and found that black men with T2DM had the
highest aBMD.58

Evidence for changes in bone microstructure34,35

associated with T2DM is found in a number of animal
studies.13–15 Moreover, research suggests that hypergly-
cemia associated with T2DM can alter bone turnover59

and may impair vitamin D and calcium metabolism17—
which can also affect the integrity of bone for older
adults with T2DM. Other factors that can affect bone
quality include advanced glycation end products (AGEs),
which result in changes to bone collagen.16,60

Although bone health is a key component of fracture
risk, the contribution of falls should also be considered.
Studies have shown that older adults with T2DM are
at increased risk of falling.12,25,61 Diabetic complica-
tions such as neuropathy and neuromuscular impair-
ment, retinopathy, foot problems, cognitive decline, and
multiple medications contribute to this increased risk of
falls.7,62 Despite this increased risk, however, the litera-
ture highlights the fact that the higher risk of fractures
remains even after the increased fall risk has been
accounted for.25

Regardless of the mechanism of increased fracture
risk, assessing fall risk, promoting exercise, and reducing
sedentary behaviour are important for older adults in
general, and especially for those with T2DM. Exercise is
important for fall prevention (through increasing muscle
balance and strength),63 bone health,64 and cardiovascu-
lar health,65 and it may help in managing and preventing
related T2DM complications.

Limitations

We note several limitations of our review. First, we
included only articles written in English. Second, we
were limited by the available evidence on bone strength

as estimated by advanced imaging (QCT and pQCT). We
were also limited by the amount of heterogeneity among
the studies, which prevented us from carrying out a
meta-analysis on these data. Future research needs to
collect and report sample demographics, which may
have an impact on bone-imaging outcomes. In parti-
cular, BMI; ethnicity; and diabetes severity, duration,
and management should be reported and investigated
through sub-group analyses when possible. Lastly, this
review included only studies that looked at bone health
of the lower extremity; we chose this site specifically
because it is clinically relevant to the hip. Although
some studies looked only at the tibia, we note that
the lower limb should have similar loading patterns
as the hip.

Conclusion

The results of this study extend the existing knowl-
edge on T2DM and bone health. Areal BMD measured
by DXA has limitations, and future research of the
bone health of older adults with T2DM should include
advanced imaging to investigate bone at the microstruc-
tural level. In addition, other risk factors such as BMI
and disease progression may influence bone health
for older adults with T2DM. Because fracture risk is
influenced by both bone health and fall risk, however,
clinicians who work with this population should be
aware of the potential risk factors and should develop
effective strategies to determine the influence of under-
lying diabetic complications, especially on balance and
strength. More prospective studies on fall risk factors
and bone health in older adults with T2DM are needed.

KEY MESSAGES

What Is Already Known on This Topic

People with T2DM are at greater risk of hip fracture
relative to the healthy population.

What This Study Adds

This study shows that areal BMD may not completely
capture bone health in older adults with T2DM and that
changes in bone, if any, may be explained through bone
microstructure changes related to T2DM.

REFERENCES

1. Vestergaard P. Discrepancies in bone mineral density and fracture

risk in patients with type 1 and type 2 diabetes—a meta-analysis.

Osteoporos Int. 2007;18(4):427–44. doi:10.1007/s00198-006-0253-4

2. Janghorbani M, Van Dam RM, Willett WC, Hu FB. Systematic review

of type 1 and type 2 diabetes mellitus and risk of fracture. Am J

Epidemiol. 2007;166:495–505. doi:10.1093/aje/kwm106

3. Brown JP, Josse RG. 2002 clinical practice guidelines for the diagnosis

and management of osteoporosis in Canada. Can Med Assoc J.

2002;167(Suppl.10):S1–34.

18 Physiotherapy Canada, Volume 63, Number 1

http://doi.dx.org/10.1093/aje/kwm106


4. Wiktorowicz ME, Goeree R, Papaioannou A, Adachi JD, Papadimi-

tropoulos E. Economic implications of hip fracture: health service

use, institutional care and cost in Canada. Osteoporos Int.

2001;12(4):271–8. doi:10.1007/s001980170116

5. Public Health Agency of Canada. Report from the National Dia-

betes Surveillance System: diabetes in Canada. Ottawa: The Agency;

2009.

6. Mueller MJ. People with diabetes: a population desperate for move-

ment. Phys Ther. 2008;88:1250–3. doi:10.2522/ptj.2008.88.11.1250

7. Adami S. Bone health in diabetes: considerations for clinical

management. Curr Med Res Opin. 2009;25:1057–72. doi:10.1185/

03007990902801147

8. Bennell K, Khan K, McKay H. The role of physiotherapy in the pre-

vention and treatment of osteoporosis. Manual Ther. 2000;5(4):198–

213. doi:10.1054/math.2000.0369

9. Genant HK, Engelke K, Fuerst T, Gluer CC, Grampp S, Harris ST,

et al. Noninvasive assessment of bone mineral and structure: state

of the art. J Bone Miner Res. 1996;11:707–30.

doi:10.1002/jbmr.5650110602

10. Manske SL, Macdonald HM, Nishiyama KK, Boyd SK, McKay HA.

Clinical tools to evaluate bone strength. Clin Rev Bone Miner

Metabol. 2010;8:122–34. doi:10.1007/s12018-009-9066-2

11. Jarvinen TL, Sievanen H, Khan KM, Heinonen A, Kannus P. Shifting

the focus in fracture prevention from osteoporosis to falls. Brit Med

J. 2008;336(7636):124–6. doi:10.1136/bmj.39428.470752.AD

12. Schwartz AV, Hillier TA, Sellmeyer DE, Resnick HE, Gregg E, Ensrud

KE, et al. Older women with diabetes have a higher risk of falls:

a prospective study. Diabetes Care. 2002;25:1749–54. doi:10.2337/

diacare.25.10.1749

13. Prisby RD, Swift JM, Bloomfield SA, Hogan HA, Delp MD. Altered

bone mass, geometry and mechanical properties during the devel-

opment and progression of type 2 diabetes in the Zucker diabetic

fatty rat. J Endocrinol. 2008;199:379–88. doi:10.1677/JOE-08-0046

14. Verhaeghe J, Suiker AM, Einhorn TA, Geusens P, Visser WJ, Van

Herck E, et al. Brittle bones in spontaneously diabetic female rats

cannot be predicted by bone mineral measurements: studies in dia-

betic and ovariectomized rats. J Bone Miner Res. 1994;9:1657–67.

doi:10.1002/jbmr.5650091021

15. Reddy GK, Stehno-Bittel L, Hamade S, Enwemeka CS. The bio-

mechanical integrity of bone in experimental diabetes. Diabetes Res

Clin Pract. 2001;54(1):1–8. doi:10.1016/S0168-8227(01)00273-X

16. Paul RG, Bailey AJ. Glycation of collagen: the basis of its central role

in the late complications of ageing and diabetes. Int J Biochem Cell

Biol. 1996;28:1297–310. doi:10.1016/S1357-2725(96)00079-9

17. Balint E, Szabo P, Marshall CF, Sprague SM. Glucose-induced inhibi-

tion of in vitro bone mineralization. Bone. 2001;28(1):21–8.

doi:10.1016/S8756-3282(00)00426-9

18. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items

for systematic reviews and meta-analyses: the PRISMA statement.

Brit Med J. 2009;339:b2535. doi:10.1136/bmj.b2535

19. American Diabetes Association. Standards of medical care in

diabetes—2010. Diabetes Care. 2010;33(Suppl.1):S11–61.

doi:10.2337/dc10-S011

20. Wells GA, Shea B, O’Connell D, Peterson J, Welch V, Losos M, et al.

The Newcastle–Ottawa Scale (NOS) for assessing the quality of non-

randomized studies in meta-analysis [Internet]. Ottawa: Department

of Epidemiology and Community Medicine, University of Ottawa;

n.d. [cited 2010 Apr 2]. Available from:

http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp.

21. Wells GA, Brodsky L, O’Connell D, Shea B, Henry D, Mayank S, et al.

An evaluation of the Newcastle–Ottawa Scale: an assessment tool for

evaluating the quality of non-randomized studies. XI International

Cochrane Colloquium; 2003 Oct 26–31; Barcelona.

22. Deeks JJ, Higgins JPT, Altman DG, eds. Cochrane handbook for

systematic reviews of interventions. Toronto: Wiley; 2008.

23. Anaforoglu I, Nar-Demirer A, Bascil-Tutuncu N, Ertorer ME. Pre-

valence of osteoporosis and factors affecting bone mineral density

among postmenopausal Turkish women with type 2 diabetes. J

Diabetes Complicat. 2009;23(1):12–7.

doi:10.1016/j.jdiacomp.2007.06.004

24. Yamamoto M, Yamaguchi T, Yamauchi M, Kaji H, Sugimoto T.

Diabetic patients have an increased risk of vertebral fractures inde-

pendent of BMD or diabetic complications. J Bone Miner Res.

2009;24:702–9. doi:10.1359/jbmr.081207

25. Bonds DE, Larson JC, Schwartz AV, Strotmeyer ES, Robbins J, Rodri-

guez BL, et al. Risk of fracture in women with type 2 diabetes: the

Women’s Health Initiative Observational Study. J Clin Endocrinol

Metab. 2006;91:3404–10. doi:10.1210/jc.2006-0614

26. Hadzibegovic I, Miskic B, Cosic V, Prvulovic D, Bistrovic D. In-

creased bone mineral density in postmenopausal women with type

2 diabetes mellitus. Ann Saudi Med. 2008;28(2):102–4. doi:10.4103/

0256-4947.51739

27. Shan PF, Wu XP, Zhang H, Cao XZ, Gu W, Deng XG, et al. Bone

mineral density and its relationship with body mass index in post-

menopausal women with type 2 diabetes mellitus in mainland

China. J Bone Miner Metab. 2009;27(2):190–7. doi:10.1007/s00774-

008-0023-9

28. Sosa M, Saavedra P, Jodar E, Lozano-Tonkin C, Quesada JM, Torrijos

A, et al. Bone mineral density and risk of fractures in aging, obese

post-menopausal women with type 2 diabetes. The GIUMO Study.

Aging Clin Exp Res. 2009;21(1):27–32.

29. Tao B, Liu JM, Zhao HY, Sun LH, Wang WQ, Li XY, et al. Differences

between measurements of bone mineral densities by quantitative

ultrasound and dual-energy X-ray absorptiometry in type 2 diabetic

postmenopausal women. J Clin Endocrinol Metab. 2008;93:1670–5.

doi:10.1210/jc.2007-1760

30. Yaturu S, Humphrey S, Landry C, Jain SK. Decreased bone mineral

density in men with metabolic syndrome alone and with type 2

diabetes. Med Sci Monit. 2009;15(1):CR5–9.

31. Broussard DL, Magnus JH. Influence of cardiovascular disease risk

factors on the relationship between low bone mineral density and

type 2 diabetes mellitus in a multiethnic US population of women

and men: a cross-sectional study. Gend Med. 2008;5:229–38.

doi:10.1016/j.genm.2008.07.006

32. Rakic V, Davis WA, Chubb SA, Islam FM, Prince RL, Davis TM. Bone

mineral density and its determinants in diabetes: the Fremantle

Diabetes Study. Diabetologia. 2006;49:863–71. doi:10.1007/s00125-

006-0154-2

33. Register TC, Lenchik L, Hsu FC, Lohman KK, Freedman BI, Bowden

DW, et al. Type 2 diabetes is not independently associated with

spinal trabecular volumetric bone mineral density measured by

QCT in the Diabetes Heart Study. Bone. 2006;39:628–33.

doi:10.1016/j.bone.2006.03.003

34. Melton LJ III, Riggs BL, Leibson CL, Achenbach SJ, Camp JJ,

Bouxsein ML, et al. A bone structural basis for fracture risk in dia-

betes. J Clin Endocrinol Metab. 2008;93:4804–9. doi:10.1210/jc.2008-

0639

35. Petit MA, Paudel ML, Taylor BC, Hughes JM, Strotmeyer ES,

Schwartz AV, et al. Bone mass and strength in older men with type

2 diabetes: the Osteoporotic Fractures in Men Study. J Bone Miner

Res. 2010;25:285–91. doi:10.1359/jbmr.090725

36. Hofbauer LC, Brueck CC, Singh SK, Dobnig H. Osteoporosis in

patients with diabetes mellitus. J Bone Miner Res. 2007;22:1317–28.

doi:10.1359/jbmr.070510

37. Al-Maatouq MA, El-Desouki MI, Othman SA, Mattar EH, Babay ZA,

Addar M. Prevalence of osteoporosis among postmenopausal females

with diabetes mellitus. Saudi Med J. 2004;25:1423–7.

38. Chen Y, Kang H, Mao S, Yan Z. Measurement of bone mineral

density in patients with type 2 diabetes mellitus. Chinese J Clin

Rehabil. 2003;7:514–5. Mandarin.

39. Tuominen JT, Impivaara O, Puukka P, Ronnemaa T. Bone mineral

density in patients with type 1 and type 2 diabetes. Diabetes Care.

1999;22:1196–200. doi:10.2337/diacare.22.7.1196

40. Schwartz AV, Sellmeyer DE, Strotmeyer ES, Tylavsky FA, Feingold

Gorman et al. Bone Health and Type 2 Diabetes Mellitus: A Systematic Review 19

http://doi.dx.org/10.1007/s001980170116
http://doi.dx.org/10.2522/ptj.2008.88.11.1250
http://doi.dx.org/10.1185/03007990902801147
http://doi.dx.org/10.1185/03007990902801147
http://doi.dx.org/10.1054/math.2000.0369
http://doi.dx.org/10.1002/jbmr.5650110602
http://doi.dx.org/10.1007/s12018-009-9066-2
http://doi.dx.org/10.1136/bmj.39428.470752.AD
http://doi.dx.org/10.2337/diacare.25.10.1749
http://doi.dx.org/10.2337/diacare.25.10.1749
http://doi.dx.org/10.2337/diacare.25.10.1749
http://doi.dx.org/10.1677/JOE-08-0046
http://doi.dx.org/10.1002/jbmr.5650091021
http://doi.dx.org/10.1016/S0168-8227(01)00273-X
http://doi.dx.org/10.1016/S1357-2725(96)00079-9
http://doi.dx.org/10.1016/S8756-3282(00)00426-9
http://doi.dx.org/10.1136/bmj.b2535
http://doi.dx.org/10.2337/dc10-S011
http://www.ohri.ca/programs/clinical_epidemiology/oxford.asp
http://doi.dx.org/10.1016/j.jdiacomp.2007.06.004
http://doi.dx.org/10.1359/jbmr.081207
http://doi.dx.org/10.1210/jc.2006-0614
http://doi.dx.org/10.4103/0256-4947.51739
http://doi.dx.org/10.4103/0256-4947.51739
http://doi.dx.org/10.1007/s00774-008-0023-9
http://doi.dx.org/10.1007/s00774-008-0023-9
http://doi.dx.org/10.1210/jc.2007-1760
http://doi.dx.org/10.1016/j.genm.2008.07.006
http://doi.dx.org/10.1007/s00125-006-0154-2
http://doi.dx.org/10.1007/s00125-006-0154-2
http://doi.dx.org/10.1016/j.bone.2006.03.003
http://doi.dx.org/10.1210/jc.2008-0639
http://doi.dx.org/10.1210/jc.2008-0639
http://doi.dx.org/10.1359/jbmr.090725
http://doi.dx.org/10.1359/jbmr.070510
http://doi.dx.org/10.2337/diacare.22.7.1196


KR, Resnick HE, et al. Diabetes and bone loss at the hip in older

black and white adults. J Bone Miner Res. 2005;20:596–603.

doi:10.1359/JBMR.041219

41. Schwartz AV, Sellmeyer DE, Ensrud KE, Cauley JA, Tabor HK,

Schreiner PJ, et al. Older women with diabetes have an increased

risk of fracture: a prospective study. J Clin Endocrinol Metab.

2001;86(1):32–8. doi:10.1210/jc.86.1.32

42. Sahin G, Polat G, Bagis S, Milcan A, Erdogan C. Study of axial bone

mineral density in postmenopausal women with diffuse idiopathic

skeletal hyperostosis related to type 2 diabetes mellitus. J Womens

Health. 2002;11:801–4. doi:10.1089/15409990260430945

43. Sahin G, Bagis S, Cimen OB, Ozisik S, Guler H, Erdogan C. Lumbar

and femoral bone mineral density in type 2 Turkish diabetic

patients. Acta Medica (Hradec Kralove). 2001;44(4):141–3.

44. Rishaug U, Birkeland KI, Falch JA, Vaaler S. Bone mass in non-

insulin-dependent diabetes mellitus. Scand J Clin Lab Invest.

1995;55:257–62. doi:10.3109/00365519509089621

45. Majima T, Komatsu Y, Yamada T, Koike Y, Shigemoto M, Takagi C,

et al. Decreased bone mineral density at the distal radius, but not at

the lumbar spine or the femoral neck, in Japanese type 2 diabetic

patients. Osteoporos Int. 2005;16:907–13. doi:10.1007/s00198-004-

1786-z

46. Isaia GC, Ardissone P, Di Stefano M, Ferrari D, Martina V, Porta M,

et al. Bone metabolism in type 2 diabetes mellitus. Acta Diabetol.

1999;36(1–2):35–8. doi:10.1007/s005920050142

47. Gerdhem P, Isaksson A, Akesson K, Obrant KJ. Increased bone

density and decreased bone turnover, but no evident alteration of

fracture susceptibility in elderly women with diabetes mellitus.

Osteoporos Int. 2005;16:1506–12. doi:10.1007/s00198-005-1877-5

48. de Liefde, II, van der Klift M, de Laet CE, van Daele PL, Hofman A,

Pols HA. Bone mineral density and fracture risk in type-2 diabetes

mellitus: the Rotterdam Study. Osteoporos Int. 2005;16:1713–20.

doi:10.1007/s00198-005-1909-1

49. Barrett-Connor E, Holbrook TL. Sex differences in osteoporosis

in older adults with non-insulin-dependent diabetes mellitus. J Am

Med Assoc. 1992;268:3333–7. doi:10.1001/jama.268.23.3333

50. Bolotin HH, Sievanen H, Grashuis JL. Patient-specific DXA bone

mineral density inaccuracies: quantitative effects of nonuniform

extraosseous fat distributions. J Bone Miner Res. 2003;18:1020–7.

doi:10.1359/jbmr.2003.18.6.1020

51. Maggi S, Noale M, Gallina P, Bianchi D, Marzari C, Limongi F, et al.

Metabolic syndrome, diabetes, and cardiovascular disease in an

elderly Caucasian cohort: the Italian Longitudinal Study on Aging. J

Gerontol A-Biol. 2006;61:505–10. doi:10.1016/S1567-5688(06)81707-1

52. Lipscombe LL, Jamal SA, Booth GL, Hawker GA. The risk of hip frac-

tures in older individuals with diabetes: a population-based study.

Diabetes Care. 2007;30:835–41. doi:10.2337/dc06-1851

53. Pietschmann P, Rauner M, Sipos W, Kerschan-Schindl K. Osteo-

porosis: an age-related and gender-specific disease—a mini-review.

Gerontology. 2009;55(1):3–12. doi:10.1159/000166209

54. Looker AC, Orwoll ES, Johnston CC Jr, Lindsay RL, Wahner HW,

Dunn WL, et al. Prevalence of low femoral bone density in older

U.S. adults from NHANES III. J Bone Miner Res. 1997;12:1761–8.

doi:10.1359/jbmr.1997.12.11.1761

55. Melton LJ III, Atkinson EJ, O’Connor MK, O’Fallon WM, Riggs BL.

Bone density and fracture risk in men. J Bone Miner Res.

1998;13:1915–23. doi:10.1359/jbmr.1998.13.12.1915

56. Araujo AB, Travison TG, Harris SS, Holick MF, Turner AK, McKinlay

JB. Race/ethnic differences in bone mineral density in men. Osteo-

poros Int. 2007;18:943–53. doi:10.1007/s00198-006-0321-9

57. Pothiwala P, Evans EM, Chapman-Novakofski KM. Ethnic variation

in risk for osteoporosis among women: a review of biological and

behavioral factors. J Womens Health. 2006;15:709–19. doi:10.1089/

jwh.2006.15.709

58. Strotmeyer ES, Cauley JA, Schwartz AV, Nevitt MC, Resnick HE,

Zmuda JM, et al. Diabetes is associated independently of body com-

position with BMD and bone volume in older white and black men

and women: the Health, Aging, and Body Composition Study. J Bone

Miner Res. 2004;19:1084–91. doi:10.1359/JBMR.040311

59. Dobnig H, Piswanger-Solkner JC, Roth M, Obermayer-Pietsch B,

Tiran A, Strele A, et al. Type 2 diabetes mellitus in nursing home

patients: effects on bone turnover, bone mass, and fracture risk. J

Clin Endocrinol Metab. 2006;91:3355–63. doi:10.1210/jc.2006-0460

60. Saito M, Fujii K, Soshi S, Tanaka T. Reductions in degree of mineral-

ization and enzymatic collagen cross-links and increases in glyca-

tion-induced pentosidine in the femoral neck cortex in cases of

femoral neck fracture. Osteoporos Int. 2006;17:986–95. doi:10.1007/

s00198-006-0087-0

61. Schwartz AV, Vittinghoff E, Sellmeyer DE, Feingold KR, de Rekeneire

N, Strotmeyer ES, et al. Diabetes-related complications, glycemic

control, and falls in older adults. Diabetes Care. 2008;31:391–6.

doi:10.2337/dc07-1152

62. Khazai NB, Beck GR Jr, Umpierrez GE. Diabetes and fractures:

an overshadowed association. Curr Opin Endocrinol Diabetes Obes.

2009;16:435–45.

63. Sherrington C, Whitney JC, Lord SR, Herbert RD, Cumming RG,

Close JC. Effective exercise for the prevention of falls: a systematic

review and meta-analysis. J Am Geriatr Soc. 2008;56:2234–43.

doi:10.1111/j.1532-5415.2008.02014.x

64. Martyn-St James M, Carroll S. Meta-analysis of walking for preser-

vation of bone mineral density in postmenopausal women. Bone.

2008;43521–31. doi:10.1016/j.bone.2008.05.012

65. Thomas DE, Elliott EJ, Naughton GA. Exercise for type 2 diabetes

mellitus. Cochrane Db Syst Rev;2006:3.

doi:10.1002/14651858.CD002968.pub2.

20 Physiotherapy Canada, Volume 63, Number 1

http://doi.dx.org/10.1359/JBMR.041219
http://doi.dx.org/10.1210/jc.86.1.32
http://doi.dx.org/10.1089/15409990260430945
http://doi.dx.org/10.3109/00365519509089621
http://doi.dx.org/10.1007/s00198-004-1786-z
http://doi.dx.org/10.1007/s00198-004-1786-z
http://doi.dx.org/10.1007/s005920050142
http://doi.dx.org/10.1007/s00198-005-1877-5
http://doi.dx.org/10.1007/s00198-005-1909-1
http://doi.dx.org/10.1001/jama.268.23.3333
http://doi.dx.org/10.1359/jbmr.2003.18.6.1020
http://doi.dx.org/10.1016/S1567-5688(06)81707-1
http://doi.dx.org/10.2337/dc06-1851
http://doi.dx.org/10.1359/jbmr.1997.12.11.1761
http://doi.dx.org/10.1359/jbmr.1998.13.12.1915
http://doi.dx.org/10.1007/s00198-006-0321-9
http://doi.dx.org/10.1089/jwh.2006.15.709
http://doi.dx.org/10.1089/jwh.2006.15.709
http://doi.dx.org/10.1359/JBMR.040311
http://doi.dx.org/10.1210/jc.2006-0460
http://doi.dx.org/10.1007/s00198-006-0087-0
http://doi.dx.org/10.1007/s00198-006-0087-0
http://doi.dx.org/10.2337/dc07-1152
http://doi.dx.org/10.1111/j.1532-5415.2008.02014.x
http://doi.dx.org/10.1016/j.bone.2008.05.012
http://doi.dx.org/10.1002/14651858.CD002968.pub2

