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Abstract
Purpose of Review  Recently, the American Diabetes Association updated the 2024 guidelines for Standards of Care in Dia-
betes and recommend that a T-score of − 2.0 in patients with diabetes should be interpreted as equivalent to − 2.5 in people 
without diabetes. We aimed to evaluate the most recent findings concerning the bone mineral density (BMD)-derived T-score 
and risk of fractures related to osteoporosis in subjects with diabetes.
Recent Findings  The dual-energy X-ray absorptiometry (DXA) scan is the golden standard for evaluating BMD. The BMD-
derived T-score is central to fracture prediction and signifies both diagnosis and treatment for osteoporosis. However, the 
increased fracture risk in diabetes is not sufficiently explained by the T-score, complicating the identification and manage-
ment of fracture risk in these patients.
Summary  Recent findings agree that subjects with type 2 diabetes (T2D) have a higher T-score and higher fracture risk 
compared with subjects without diabetes. However, the actual number of studies evaluating the direct association of higher 
fracture risk at higher T-score levels is scant. Some studies support the adjustment based on the 0.5 BMD T-score difference 
between subjects with T2D and subjects without diabetes. However, further data from longitudinal studies is warranted to 
validate if the T-score treatment threshold necessitates modification to prevent fractures in subjects with diabetes.

Keywords  Diabetes type 1 · Diabetes type 2 · Fractures · Major osteoporotic fracture · Osteoporosis · Diagnosis

Introduction

Type 2 diabetes (T2D) and osteoporosis are two common 
and chronic diseases in the elderly population. The increased 
risk of fractures in subjects with type 1 diabetes (T1D) and 
T2D has been investigated for more than 30 years [1]. It is 
well established that the increased fracture risk exceeds what 
can be rationalized by a slightly lower bone mineral density 
(BMD) in T1D [1–3] and a paradoxically normal or higher 
BMD in subjects with T2D compared with subjects without 
diabetes [1]. However, BMD is an important tool in fracture 
risk stratification, and this far, the estimation of BMD by the 

dual-energy x-ray absorptiometry (DXA) remains the golden 
standard for diagnosing osteoporosis—also in subjects with 
T1D and T2D [4].

Conventional antiresorptive treatments are reported as 
effective in subjects with diabetes as in subjects without dia-
betes [5, 6]. However, the likelihood of being diagnosed with 
and treated for osteoporosis may be lower in those with dia-
betes [7, 8], which may be due to a relatively higher BMD. 
Numerous alternatives for assessing the fracture risk in 
subjects with diabetes have been suggested including novel 
measures and technologies such as the DXA-derived meas-
ures trabecular bone score (TBS) and hip structural analysis 
(HSA), high-resolution peripheral quantitative computed 
tomography (HRpQCT) measures, and microindentation, as 
well as stratifying according to more clinical characteristics 
by the fracture risk assessment tool (FRAX).

In 2011, Schwartz et al. assembled a review combining 
results from three prospective observational studies on frac-
tures in subjects with and without diabetes [4]. The review 
concluded that at a given T-score or age, the 10-year prob-
ability of a hip or non-spine fracture was higher in subjects 
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with T2D. Moreover, they concluded that the fracture risk in 
subjects without diabetes at T-score − 2.5 was similar to that 
of a subject with T2D at T-score − 2.0. These findings estab-
lished the current debate suggesting an adjusted diagnostic and 
treatment threshold of T-score − 2.0 in subjects with diabetes.

The meta-analysis by Schwartz et al. [4] included only 
studies of subjects with T2D, and thus, the suggestion of a 
revised T-score cut-off was addressed to this group. How-
ever, the risk of fracture, hip fracture in particular, is vastly 
increased in subjects with T1D as well [9]. Due to the dis-
crepancy of T-scores and fracture risk in T1D, secondary 
osteoporosis as a consequence of T1D has been incorporated 
into the FRAX tool [10]. Nonetheless, in Denmark and other 
countries, the T-score is the primary tool for evaluating the 
diagnosis of and treatment for osteoporosis. Mostly, FRAX 
is only recommended as a supplement if the clinician con-
siders not to treat in spite of a low BMD [11, 12]; however, 
some countries have incorporated FRAX in the evaluation 
of treatment as well [13]. Unclarity remains upon the exact 
association between BMD T-score and fractures in T1D; 
however, on behalf of the Bone and Diabetes Working Group 
of IOF, Ferrari et al. have recommended a cut-off value at 
T-score − 2.0 in both T1D and T2D [14]. Most recently, the 
American Diabetes Association updated the 2024 guidelines 
for Standards of Care in Diabetes and recommended that a 
T-score of − 2.0 in people with diabetes should be inter-
preted as equivalent to − 2.5 [15].

In cohort studies and the aforementioned meta-analysis, 
the estimated fracture risk and BMD level is investigated in 
persons with and without diabetes. However, we speculated 
that the diabetes population may be significantly heterogene-
ous and so, we aimed to investigate 1) if and how the BMD 
level varies within the diabetes population and 2) whether 
the BMD in the full diabetes population is representative 
of the subpopulation that suffers osteoporotic fractures. To 
illuminate further the considerations of lowering the treat-
ment and diagnostic T-score threshold for osteoporosis in 
persons with diabetes, we pose the following research ques-
tion: at which BMD T-score do persons with diabetes suffer 
an osteoporotic fracture and does it differ from the back-
ground population?

We conducted a systematic review, exploring the recent 
evidence within the last 3 years including information on the 
BMD, T-score, and fracture risk in subjects with diabetes.

Methods

We conducted a systematic review based on the latest 
3 years of findings applying a PIRO (Population, Index 
test, Reference standard and Outcomes) approach using 
the search string ((“diabetes mellitus”[MeSH Terms] 
OR “diabet*”[Text Word]) AND (“bone densit*”[Text 

Word] OR “bone mineral densit*”[Text Word] OR 
“bone density”[MeSH Terms] OR “absorptiometry, 
photon”[MeSH Terms] OR “absoptiometr*”[Text Word] 
OR “bone mineral content*”[Text Word] OR “BMC”[Text 
Word] OR “BMD”[Text Word] OR “dual-energy-x-
ray”[Text Word] OR “dual-energy-x-ray”[Text Word] 
OR “dual-energy-x-ray”[Text Word] OR “dual-energy-
x-ray”[Text Word] OR “dual-energy-x-ray”[Text Word]) 
AND (“osteoporo*”[Text Word] OR (“osteoporosis, 
postmenopausal”[MeSH Terms] OR “osteoporosis”[MeSH 
Terms]) OR (“fractures, bone”[MeSH Terms] OR 
“fractur*”[Text Word]) OR (“bone fragil*”[Text Word] OR 
“bone disease”[Text Word] OR “bone competence”[Text 
Word] OR “fracture risk”[Text Word]) OR (“fractures, 
bone”[MeSH Terms] OR “fractur*”[Text Word]))) AND 
(2020/1/1:2023/4/13[pdat]) in PubMed filtering results 
from 2020 to April 13 2023 with an updated search 
September 20 2023 and repeated the search in Embase 
using a database adapted search string (see supplemental 
material).

After removing duplicates, the combined results were 
evaluated for in- or exclusion by 2 independent blinded 
researchers (I.B. and R.V.). Conflicts were discussed and 
resolved between the two researchers, and in case of doubt, a 
third researcher (J.S-L.) was consulted for the final decision.

We only considered studies presenting clinical data on 
adult subjects with diabetes (either type 1 or type 2) includ-
ing a control group in comparison. In addition, case-only 
studies (i.e., studies only presenting data on subjects with 
a fracture) were excluded and only studies with estimates 
(primary or secondary) on BMD, Z-scores, or T-scores and 
any fractures, and analysis of the association were consid-
ered for inclusion. All included studies were graded using 
the critical appraisal tools Newcastle-Ottawa Scale (NOS) 
for cohort studies and case-control studies [16], adapted 
NOS for cross-sectional studies [17], and AMSTAR-2 [18] 
and the Oxford Centre Evidence-based Medicine: Levels of 
Evidence 2009 [19].

In this systematic review, we did not perform a meta-anal-
ysis due to differences in study design, outcome, and BMD 
evaluation. However, as the primary aims in some studies 
did not meet the scope of this review, the comparisons rel-
evant to our aims were not always made. In these five cases 
[20••, 21–24], we have used the data from the manuscripts 
to perform simple variance tests and t-tests by assumption of 
normality by use of Stata (R) software. By use of means and 
standard deviations, it was in some cases relevant to compute 
the 95% confidence interval (CI) by use of Excel(c) [24, 25]. 
These calculations can be found in the supplemental mate-
rial. Below, means are represented as mean with standard 
deviation (SD) or 95% CI.
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Results

The search yielded a total of 2182 hits, 691 results from 
PubMed and 1491 results from the Embase search. After 
manual removal of 606 duplicates, 1576 eligible hits 
remained for evaluation. One study was added from the 
updated search of September 2023 [26]. The selection pro-
cess is presented in Fig. 1. We included 28 studies with 
information (either primary or secondary) on BMD/T-
score of the lumbar spine (LS), femoral neck (FN), or 
total hip, and fractures in subjects with diabetes. How-
ever, four studies did not meet the criteria of a control 
group for comparison [27–30]; four studies did not allow 
for evaluation of BMD or T-score in the fracture risk esti-
mates [31–34]; and five studies were excluded as they only 
included fracture cases (case-only studies) [26, 35–38]. 
An Australian cohort study [22] was excluded because 
the study population was contained within another study 
but restricted to subjects with an available calcaneal 

quantitative ultrasound [39]. These 14 studies and the rea-
son for their exclusion can be found in the supplementary 
table. Consequently, 14 reports were included in the sys-
tematic review, in one of which two studies were reported 
[40•].

In the following, a summary of the results will be pro-
vided separated by study design.

Systematic Reviews with Meta‑analyses

One systematic review was included. Koromani and col-
leagues included studies from 1986 to 2019 in their primary 
analysis and a sub-analysis of seven studies with individual 
BMD data available (n = 31,530) in the same period [41••]. 
The sub-analysis included data from large cohort studies: 
SOF [42], CaMos [43], MRCHIP [44], Osteolaus [45], and 
the Rotterdam study cohorts RSI, RSII, and RSIII [46]. 
The femoral neck (FN-BMD)-adjusted hazard ratio (HR) 
of incident non-vertebral fractures for subjects with T2D 
with no prevalent vertebral fracture (VF) was 1.24 (95% CI 

Fig. 1   The selection process
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1.09–1.40) compared with subjects without diabetes. More-
over, the FN-BMD-adjusted HR of incident non-vertebral 
fractures was 1.73 (95% CI 1.32–2.27) for subjects with 
T2D with prevalent VF compared to subjects without dia-
betes with prevalent VF. These results indicate that T2D is 
a risk factor for non-vertebral fracture independent of BMD, 
which implies that non-vertebral fracture risk is higher in 
DM at a given FN-BMD. Furthermore, the risk of incident 
non-vertebral fractures was elevated in subjects with T2D 
and normal BMD (HR 1.22 (95% CI 0.98–1.52)), higher in 
those with osteopenia (HR 1.28 (95% CI 1.08–1.52)) and not 
significantly different in those with osteoporosis (HR 1.04 
(95% CI 0.71–1.51).

All considered, Koromani et al. present higher fracture 
risk in T2D after adjustment for BMI and the FN-BMD, but 
not spine BMD. Data was not presented in a way that allows 
for evaluation of the arbitrarily modified T-score threshold 
of − 2.0 for T2D.

Cohort Studies

Five cohort studies were included in the present review 
(Table 1).

Two studies (Agarwal et al. and Schousboe et al.) both 
reported data from the same Manitoba cohort. Though these 
studies included data from different time spans, there was an 
overlap [20••, 40•]. The objective in the study by Schousboe 
et al. was to evaluate incident vertebral, hip, and other non-
vertebral fractures as well as prevalent VF and prior non-
VFs in subjects with T2D who had a DXA yielding hip and 
lumbar spine BMD. The study by Agarwal and colleagues 
aimed to evaluate the performance of the Garvan fracture 
risk calculator in subjects with and without diabetes [20••]. 
Both studies found higher fracture risk among subjects with 
T2D. In the BMD adjusted analyses, Schousboe et al. found 
a HR for major osteoporotic fracture (MOF) of 1.27 (95% 
CI 1.18–1.36), a HR for clinical vertebral fracture of 1.16 
(95% CI 1.01–1.33), a HR for proximal humerus fracture of 
1.59 (95% CI 1.39–1.83) and a HR for hip fracture of 1.63 
(95% CI 1.44–1.85) in subjects with T2D compared with 
subjects without diabetes. Agarwal et al. reported a HR for 
major osteoporotic fracture adjusted for Garvan fracture risk 
with BMD of 1.23 (95% CI 1.01–1.49) in subjects with T2D 
[20••]. Whereas Schousboe et al. reported a higher BMD 
in the T2D group compared to the control group [40•], a 
similar tendency in the study by Agarwal et al. was observed 
only in those without incident fractures and only statistically 
significant in women (see supplemental material) [20••]. It 
should be noted that patients with a vertebral fracture assess-
ment (VFA) were excluded from the sub-cohort studied by 
Schousboe et al., to be studied as in a cross-sectional analy-
sis (see later) [40•].

Mesinovic et al. studied a broad cohort of 1705 elderly 
Australian men and reported insignificantly higher total 
hip BMD in T2D subjects (p = 0.08) [47]. The hazards 
of both hip and any fractures were significantly decreased 
by higher hip BMD in both the T2D and the control 
group. The decrease was most pronounced in the control 
group though the CIs widely overlapped [47]. Sheu et al. 
reported (like Mesinovic et al.) higher FN-BMD among 
persons with T2D compared to persons without diabetes 
(p < 0.05) in a cohort study including 3618 community-
dwelling persons aged 60 or more from the Dubbo Osteo-
porosis Epidemiology Study (DOES) in Australia. The 
two Australian studies both reported that the fracture risk 
depended on BMD in both participants with and without 
T2D, whereas the overall incident fracture risk did not 
differ between groups [39, 47], although Mesinovic et al. 
observed more falls in the T2D group [47] and Sheu et al. 
observed a higher amount of prior fractures within the 
T2D group [39].

Finally, Anna et al. performed a small cohort study of 
62 Swedish subjects with either T1D or T2D with periph-
eral neuropathy treated for foot ulcers and followed for 
a median of 11 ± 8 years and 10 ± 7, respectively [25]. 
Among these, they reported a higher incidence of frac-
tures than that in the general Swedish population [25]. The 
study did not include a control group without diabetes, but 
as the BMD results were reported as Z-scores with SD, we 
estimated the 95% CI of Z-scores (supplemental material). 
The Z-score of the spine BMD in the T2D group was 1.22 
(95% CI 0.38–2.05). Moreover, the FN-BMD Z-score was 
statistically significantly higher in the T2D than in the 
T1D group. They did not report any association between 
fracture risk and BMD Z-scores.

Collectively, data from the large Canadian Manitoba 
cohort study support the thesis of an association between 
higher fracture risk and higher BMD in subjects with T2D. 
Although, no difference in BMD in subjects with previous 
fractures was observed between T2D and subjects without 
diabetes in the study by Agarwal et al. confined to data 
from 2012 to 2018 [20••]. However, the exact BMD at 
the time of fracture was not reported, and the same applies 
to all the included cohort studies having mean follow-up 
times of 2.6 to 15.5 years. Consequently, age, BMD, and 
other risk factors change as the diabetes disease progresses 
and anti-osteoporotic treatment may have been initiated 
during the follow-up. This may indeed result in substantial 
and immense changes in bone indices within the follow-up 
period. Among the remaining cohort studies, BMD is also 
reported higher in the T2D groups and coherence is seen in 
fracture risk depending on the BMD in both subjects with 
and without diabetes.
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Cross‑Sectional Studies

In the systematic review described above, Koromani et al. 
concludes that the risk of an incident VF is most likely 
higher among subjects with T2D. Paul et al. performed 
DXA with VFA on 202 women with T2D and 200 control 
subjects. They reported a higher hip and FN-BMD in T2D 
women compared to the control group [48]. Moreover, the 
mean spine BMD was insignificantly higher (p = 0.09). An 
elevated prevalence of VFs was identified by the VFA in 
subjects with T2D, though statistically insignificant (p = 
0.15) [48].

Ramírez-Stieben et al. assessed prevalent VF by DXA 
scans in adult women and grouped the study subjects in a 
VF and a no VF group [49]. There were more women with 
T2D in the VF group than in the group without VF (61% vs. 
31.5%, p < 0.00001), denoting a higher prevalence of VF 
among subjects with T2D. The LS BMD in women with 
T2D did not differ between those with and without VF, 
whereas in women without diabetes the BMD was signifi-
cantly lower in those with VF. Consequently, these findings 
indicate that women with T2D and with a VF have higher 
LS BMD compared to women without diabetes and with 
VF [49].

Schousboe et al. presented cross-sectional data from a 
subgroup of the original cohort (MANITOBA) with no over-
lapping subjects [40•]. This subgroup was characterised by 
available VFA. It comprised 1185 T2D subjects and 8409 
controls. The groups were compatible in age (mean age in 
T2D group 76.3 (6.8) vs. 76.0 (6.8) in subjects without dia-
betes), whereas there were more men in the T2D group, the 
mean BMI was higher (28.3 (6.0) vs. 25.7 (4.6)), and due 
to substantial differences in subject characteristics, a multi-
variate analysis was performed. The FN T-score was − 2.0 
(0.7) in both groups and the multivariate analysis did not 
disclose any difference in the prevalence of VFs based on 
VFA nor prior clinical VFs in the T2D group compared to 
the control group.

Van Hulten et al. investigated LS-, hip-, and FN-BMD 
and the prevalence of vertebral fractures by VFA on DXA 
images available from the study cohort of The Maastricht 
Study [23]. In this cohort, the reported mean BMDs among 
both women and men with T2D were significantly higher 
than participants with normal glucose metabolism in all 
BMD sites (see supplemental material) [23]. In a fully 
adjusted model including BMD, women with T2D had a 
lower probability of at least one prevalent VF compared with 
persons with normal glucose metabolism (OR 0.25 (95% CI 
0.09–0.65), while this tendency was not observed in men 
(OR 1.01 (95% CI 0.59–1.72)) [23].

Both de Tejada-Romero et al. and Adami et al. performed 
studies evaluating the effect of both obesity and T2D on 
BMD and vertebral as well as non-vertebral fractures. De 

Tejada-Romero et al. investigated a subgroup of postmeno-
pausal obese women with (n = 32) and without (n = 154) 
T2D and observed no difference in BMD between obese 
participants with and without T2D [50]. However, the preva-
lence of prior fragility fractures and non-vertebral fractures 
were highest among subjects with diabetes, while there was 
no difference in the prevalence of prior VFs or hip frac-
tures. A multivariate logistic regression showed that both 
high BMI and T2D were associated with higher odds of any 
fragility fracture. As the prevalence of hip fractures and VFs 
in the group with diabetes was not elevated, the findings 
may suggest an uneven distribution of fragility fractures 
in obese persons with and without T2D. Adami et al. con-
ducted a cross-sectional study exploring the effect of both 
diabetes and obesity on bone using data from the Italian 
DeFRAcalc79 database [51]. They presented two categories 
of fracture outcomes: prevalent vertebral or hip fractures 
and prevalent non-vertebral and non-hip fractures. The study 
population consisted of 59,950 women and was analyzed 
as a full cohort and several sub-analyses were performed: a 
subpopulation of T2D patients and 1:1 age-matched controls 
(n = 6224); an overlapping smaller cohort that in addition 
to age also was matched on FN T-score (n = 1684); and 
finally, a subpopulation of non-obese T2D subjects and age- 
and T-score-matched controls (n = 1282). Mean T-scores in 
the groups including T2D subjects were significantly higher 
than in the groups without diabetes, whereas the rates of all 
types of prevalent fractures were higher (p < 0.0001). This 
difference was attenuated when matching on both age and 
T-scores for both prevalent vertebral and hip fractures and 
prevalent non-vertebral and non-hip fractures. However, in 
the subpopulation from which obese patients were excluded, 
the prevalence of non-vertebral, non-hip fractures remained 
higher in the T2D group when matching on age and T-score 
(p < 0.001). Non-vertebral and non-hip fractures seem more 
overrepresented in the T2D group than the VFs and hip frac-
tures, which concurs with findings by de Tejada-Romero 
et al. [50]. Adami et al. also reported an elevated fracture 
rate among obese patients without diabetes [51]. Taking this 
into consideration, removing obese control persons at risk of 
fracture from the subpopulation may explain that the differ-
ence in fracture risk reached significance in this sub analysis.

All considered, the six included cross-sectional studies 
on T2D report ambiguous findings concerning differences 
in BMD and T-score in persons with T2D. Two studies 
reported higher BMD in those with T2D [23, 51], whereas 
two others observed no difference in BMD among individu-
als with and without diabetes [40•, 50]. Finally, Paul et al. 
observed higher BMD in the T2D group, but no difference 
in BMD when examining only participants with VFs with 
and without T2D, and Ramirez-Stieben et al. conflictingly 
only reported a BMD difference between persons with and 
without T2D in those with a VF, as the BMD of the persons 
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with T2D and VF was not lower than those with T2D and 
no VF. Also, the evidence on fracture risk is conflicting, 
though only a single study reported a reduced risk of VFs 
in T2D [23]. The studies by de Tejada-Romero et al. and 
Adami et al. suggest a trend of a distribution of fractures 
among those with T2D with an elevated prevalence of fragil-
ity fractures other than hip and vertebral [50, 51]. When con-
sidering correlations between current BMD and prevalent 
fractures and VFs diagnosed by VFA, there is an unknown 
time variable as the BMD at the exact time of VF or fracture 
is unreported.

Case‑Control Studies

Two case-control studies were included. Valentini et al. 
investigated 107 cases with low-energy trauma hip fracture 
compared with 65 subjects without fracture recruited from 
a medical outpatient clinic in a secondary analysis [21]. The 
mean BMD was higher in the T2D fracture cases compared 
with those without diabetes. Similar findings were reported 
in the group without fractures (supplemental material) [21]. 
These results correspond to the findings from Giner et al., 
although the difference did not reach statistical signifi-
cance [52]. When comparing T-scores, Valentini et al. also 
reported higher values in subjects with T2D compared to 
subjects without diabetes.

Taken together, the two studies suggest that subjects with 
T2D in general have a higher BMD and T-score compared 
with subjects without diabetes, regardless of fracture history.

Type 1 Diabetes

Only two small studies on T1D were identified among the 
included studies in the systematic search.

The cohort study by Anna et al. reported a higher frac-
ture incidence among subjects with diabetes and concurrent 
neuropathy and foot ulcers compared to the general popu-
lation and also found decreased FN-BMD in the subjects 
with T1D [25], as the 95% CI of the FN-BMD Z-score in 
the T1D group was below zero (Z-score − 0.98, 95% CI 
− 1.40–− 0.56), indicating that the FN-BMD in these T1D 
subjects with peripheral neuropathy and foot ulcers is 95% 
likely to be lower than the FN-BMD in the reference popula-
tion. However, they did not identify any association between 
BMD and fracture risk.

Coll et al. presented data from a cross-sectional study 
including 127 subjects with T1D and 65 subjects without 
diabetes with a median age of approximately 42 years [53]. 
The participants were DXA scanned and a modified VFA 
method was used to examine VFs. The observed T-scores 
of the total hip and the femoral neck were lower in partici-
pants with T1D compared to the subjects without diabetes. 
However, the fracture outcome of interest was rare in both 

groups, as prevalent VFs were only identified in 5 subjects: 
3 subjects with T1D and 2 subjects without diabetes. For this 
reason, no association analysis was performed, but charac-
teristics were described. To note, the VFs among subjects 
with diabetes occurred at younger ages than in the controls.

As the primary search only evolved two studies on T1D, 
we decided to narrow the PubMed search from the system-
atic review to include only studies on T1D and broaden the 
timespan to 18 years (search string in supplemental mate-
rial). Studies before this were expected to be included in a 
thorough and well-cited review from 2007 [1]), in which we 
found only 1 study reporting on both BMD and prevalent 
vertebral deformities, however, did not explore the asso-
ciation between BMD and fracture risk [54]. After filter-
ing results to only include human adults the search added a 
single study by Zhukouskaya et al. reporting BMD T- and 
Z-scores specifically for subjects with T1D with morpho-
metric VFs compared to subjects without diabetes with 
the same type of fractures (Table 1) [24]. The researchers 
reported significantly more VFs among subjects with T1D 
compared to subjects without diabetes (p = 0.002) and the 
T-scores of both the spine and femoral neck were lower in 
T1D subjects both with and without fractures (supplemental 
material). In subjects with a VF both with and without dia-
betes the median T-score was above − 1.0 and well above 
− 2.5. Based on 95% CIs of given Z-scores (see supplemen-
tal material, for calculation), the BMD in T1D subjects with 
and without VF was lower than in the reference population 
[24].

Discussion

This systematic literature review has presented data from the 
recent years of clinical research investigating the associa-
tion between fractures and bone mineral density related to 
osteoporosis in subjects with diabetes compared to subjects 
without diabetes. The aim was to investigate if and how the 
BMD level varies within the diabetes population, at which 
BMD T-score persons with diabetes suffer an osteoporotic 
fracture, and if it differs from the background population.

Currently, the benchmark for diagnosing and initiat-
ing pharmacological treatment for osteoporosis stands at a 
T-score equal to or below − 2.5 SD, only modified in those 
with glucocorticoid-induced osteoporosis (T-score threshold 
− 1.0). However, the updated American Diabetes Guide-
lines now recommend assessing fracture risk, monitor BMD, 
and to consider anti-osteoporotic medication at a T-score 
of − 2.0 in the standards of care in diabetes. The query at 
hand pertains to whether recent studies endorse the imple-
mentation of a T-score threshold of − 2.0 for diagnosis and 
treatment of osteoporosis in subjects with diabetes.
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The DXA evaluation including BMD and T-score calcu-
lations is to date the only diagnostic tool for assessing low 
bone quality. As both the evaluation and fracture predictions 
are insufficient in subjects with diabetes, another threshold 
and/or other methods are necessary to evaluate bone health 
and fracture risk in subjects with diabetes. T1D is, unlike 
T2D, incorporated in the FRAX tool and is indirectly con-
sidered as a secondary cause of osteoporosis, i.e., assumed 
to increase the fracture probability via low BMD. If BMD 
is unknown, the fracture risk in T1D is assumed similar to 
a person with rheumatoid arthritis. As a result, the calcu-
lated fracture risk is only increased in T1D when BMD is 
unknown or simply not included in the calculation [55]. For 
that reason, the fracture probability is underestimated by the 
FRAX tool in subjects with both T1D and T2D [56], and hip 
fractures in particular [57].

The strongest evidence burden included in the review 
suggests an elevated or similar BMD in people with and 
without T2D. However, a few studies reported an unequal 
BMD between T2D subjects with and without an osteoporo-
tic fracture. Paul et al. reported higher BMD in T2D subjects 
in the full study population, but not in the subgroup with 
VFs [48] and Agarwal et al. only observed increased BMD 
in T2D subjects without incident fractures, while Ramirez-
Stieben et al. on the other hand reported an elevated BMD 
in T2D only among those with VF (as the BMD was not 
equally decreased in persons with and without diabetes who 
had experienced a VF) [20••, 49]. Few studies have reported 
BMD at the time of fracture but were not included due to the 
case-only design [26, 35–38]. As these studies were lacking 
a control group without fractures, they were highly suscep-
tible to considerable concealed selection bias and, conse-
quently, were not sufficiently informative on fracture risk by 
BMD level. However, in accordance with the BMD being 
generally higher among persons with T2D, the BMD was 
reported higher in subjects with T2D at the time of fracture 
as well [26, 36]. These results may contradict the findings by 
Paul et al. and Agarwal et al. [20••, 26, 36, 48].

Overall, the results from the studies in this review agree 
on the consensus of an elevated fracture risk in persons with 
T1D and T2D. However, an elevated risk of VFs was not dis-
tinctly evident in T2D, as indicated by results from the cross-
sectional studies included in this review. And so, VFs are not 
reported to occur at a higher BMD in subjects with diabetes 
compared to subjects without diabetes. Non-vertebral fra-
gility fractures seem to be more frequent among those with 
diabetes and some evidence points towards a distribution of 
fractures not carried by hip and vertebral fractures [50, 51].

The meta-analysis by Koromani et al. included both 
the US studies from the aforementioned meta-analysis 
by Schwartz et al. and several European studies from a 
wider time range as well. They concluded, in concord-
ance with Schwartz et al. [4], that subjects with T2D have 

a higher BMD, while the risk of non-vertebral fractures 
was particularly elevated in those with osteopenia (T-score 
between − 1.0 and − 2.4) [41••]. These findings support 
the need for an improved fracture risk stratification in T2D 
subjects with osteopenia. As reported above, Agarwal 
et al. included a large dataset from the Canadian Mani-
toba Cohort and observed an increased risk of osteoporotic 
fractures among subjects with T2D compared to subjects 
without diabetes but did not find any difference in BMD 
between T2D subjects with fractures than in subjects with-
out diabetes with fractures [20••]. This diverges from the 
general findings in the large cohort studies included in the 
meta-analyses. As Agarwal et al. included only data from 
the Manitoba cohort from a recent time range (2012 to 
2018), it may impede considerations of significant changes 
in antidiabetic treatment during the last 2–3 decades. In the 
1990s and 2000s, glucose-lowering drugs were restricted 
to insulin, biguanides, sulfonylurea, and thiazolidinedi-
one (TZD). In 2010s, the use of newer glucose-lowering 
drugs accelerated, e.g., glucagon-like peptide 1 receptor 
agonists and sodium-glucose cotransporter-2 inhibitors of 
which the former may have the potential to preserve bone 
mass during weight loss [58, 59]. Moreover, age of dia-
betes diagnosis, screening, and treatment of osteoporosis 
in T2D may have changed during the last decades and it 
remains unknown if the BMD of subjects with fractures 
in this Canadian study were similar in subjects with and 
without diabetes before 2012. Hence, similar studies from 
a wider time range of the Manitoba cohort may illuminate 
this. Moreover, other studies including recent observations 
[25, 47, 52] did not find differences in T-score or BMD 
comparable to those reported by Schwartz et al. [4]. This 
might lead to considerations of whether a decision of a 
revised treatment threshold should rely upon data dating 
20 or 30 years back, considering that the clinical features 
of the target population (persons with T2D) may have 
changed considerably during the past two decades. One 
example is the general decrease in fracture rates among 
people with diabetes found in a Danish population study 
between 1997 and 2017 [60]. As another example, TZDs 
have been shown to cause bone loss and increased fracture 
risk [61]. Hence, the use of these drugs in the treatment 
of diabetes before 2011 [62] may have influenced both 
BMD and fracture risk in studies including real-life data 
from this time span. Generally, information on the use of 
TZD in the studies included in this review was not avail-
able. However, as described above, recent data is included 
in the meta-analysis by Koromani et al. [41••] and other 
studies also reported higher BMD in subjects with non-
vertebral fractures and concomitant T2D compared to sub-
jects with non-vertebral fractures without diabetes [21]. 
Furthermore, the T-score difference reported by Valentini 
[21] et al. was comparable to that suggested by Schwartz 
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et al. [4] supporting a 0.5 SD modified T-score threshold 
in T2D. In some studies, the BMD difference was reported 
instead of a T-score difference [48, 49, 52].

There are several limitations in the current review, of 
which heterogeneity of the included studies is central. Due 
to diversity in aims, primary outcomes, and design, it was 
not possible to set a meta-analysis. Moreover, a comparison 
of T-scores between studies should be interpreted with cau-
tion as the characteristics of the measures should be taken 
into consideration. However, exact information of BMD 
calculation and reference were not reported in most of the 
included studies. Lastly, comparisons of BMD and T-score 
results between studies were not possible due to the diver-
gence in demographics. The Z-score is the deviation in SD 
from the mean BMD in the reference population of subjects 
with the same age and sex. If the same references are used 
in the calculation, this can in some cases be a more suitable 
comparison to be used between studies, though the clini-
cal relevance is less important. Only a few studies in this 
review reported Z-scores [25, 53]. In general, information 
on how BMD contributes to the fracture risk was limited. 
Most studies made a multivariate analysis adjusting for sev-
eral confounders including BMD but without information 
concerning the isolated impact of BMD on the estimates. 
We consider the risk of publication bias in this systematic 
review to be low. Small studies with negative findings are 
represented. Many of the included studies had primary aims 
different from the scope of this review, and so, some results 
in this review represent secondary outcomes. The studies 
using data from the Manitoba and DeFraCalc cohorts [20••, 
51] are at risk of selection bias as only subjects referred 
for DXA-scan are included. As appreciation of osteoporo-
sis as a complication of diabetes is growing, an increasing 
proportion of these patients may be referred to DXA scans. 
There may be a selection in the level of self-care, though this 
would be expected not to differ between persons with dia-
betes and persons without diabetes. The case-control stud-
ies encountered difficulties in identifying suitable control 
subjects. We included several cross-sectional studies. As for 
the studies using prevalent or prior fractures as outcome, it 
remains unknown what the BMD or T-score was at the time 
of fracture. Therefore, studies that assess BMD in subjects 
with recent fractures (compared to subjects without fractures 
at the same fracture risk) are pertinent for addressing the 
primary inquiry of this review.

There is a notable scarcity of findings including BMD 
and fracture risk in subjects with T1D. The presented stud-
ies do not contribute to the existing body of evidence con-
cerning the association between T-score and fractures in 
subjects with T1D. Further research in this domain, as well 
as exploration of alternative risk assessment modalities, is 
imperative. As far as our knowledge and the constrained 
search extends, there appears to be minimal existing research 

on T-scores in subjects with T1D at the time of fracture 
occurrence.

Some studies have suggested higher rates of bone loss in 
subjects with T2D. A study [63] reported a more rapid bone 
loss in older women with T2D compared with those without 
diabetes. Another large registry-based study [57] found that 
women with diabetes had a greater BMD loss located to 
the femoral neck but not at other skeletal sites compared to 
a population without diabetes. These findings might imply 
the necessity of periodic BMD assessments for diabetes 
subjects, such as performing a DXA scan of all diabetes 
subjects aged over 65 every 2–3 years, even in cases where 
the BMD appears normal, as was also recently suggested 
by the American Diabetes Association [15]. Nevertheless, 
there is a dearth of data concerning the optimal timing for 
acting based on a specific BMD change to prevent fractures.

The fact that individuals with diabetes have an affected 
bone quality is well-recognized among scientists across 
the world. Yet, the patients are less likely to have insight 
into fractures as a diabetes-related complication [64, 65] 
and they are less likely to be diagnosed with and treated for 
osteoporosis to prevent fractures [66]. In the clinical setting, 
the guidelines in Europe and America clearly state that all 
patients with diabetes should be informed about, screened, 
and preventively treated for micro- and macrovascular com-
plications, e.g., retinopathy, nephropathy, neuropathy, and 
cardiovascular disease. And only recently, bone health was 
included in the evaluation of comorbidities by the Ameri-
can Diabetes Association. Consequently, clinicians may not 
be able to diagnose and treat osteoporosis in these patients 
before the first hip or vertebral fracture is present, and peo-
ple with diabetes do not receive adequate guidance and 
management to optimize bone health. Naturally, these facts 
emphasize the need to enhance the diagnostics of low bone 
quality in individuals with diabetes. However, as presented 
in this review, current research covering the differences in 
T-scores between subjects with and without diabetes and 
including fractures related to osteoporosis is sparse and 
almost completely absent in T1D.

Besides reducing the FN T-score input to FRAX by 0.5 
SD, other methods have been proposed to improve FRAX 
performance in subjects with T2D, including the rheumatoid 
arthritis input to FRAX, the trabecular bone score (TBS)-
adjustment to FRAX, and increasing the age input to FRAX 
by 10 years [67].

Conclusion

The prevalence of T2D and osteoporosis is increasing, and 
the treatment strategies have improved. Still, the diagnos-
tic criteria for osteoporosis have remained unchanged for 
more than 30 years. Low bone quality and fractures have 
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been acknowledged as a diabetes-related complication in the 
research setting. However, the dearth of acceptance of dia-
betes as an independent risk factor for osteoporosis-related 
fractures in the clinical setting could impede fracture preven-
tion in this population.

While the findings regarding the risk of vertebral frac-
tures in T2D are conflicting, a notable congruence has 
emerged in the elevated risk of non-vertebral fractures. 
Moreover, there is consistency of a higher BMD and T-score 
in subjects with T2D. The proposed modified T-score thresh-
old limit of − 2.0 derives from extensive but decade-old 
investigations which may not be generalizable to the current 
T2D population. Newer clinical trials are warranted and so, 
two substantial questions remain: 1) do subjects with T2D 
actually fracture at a higher BMD compared with subjects 
without diabetes, and if so 2) does this endorse a T-score 
treatment threshold of − 2.0 in subjects with T2D?

All considered, there is a pressing necessity for contempo-
rary research. We propose future studies to focus on the evalua-
tion of T-scores among diabetes subjects who sustain a fracture 
related to osteoporosis compared to subjects without diabetes. 
There is a need for both large-scale cross-sectional data and 
long-term follow-up cohort studies to evaluate the T-score dif-
ferences as well as changes in T-scores over time and the risk 
of fractures between subjects with and without diabetes.
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