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ABSTRACT

Objective Diabetes mellitus (DM) is associated with an
increased fracture risk; however, the impact of DM and
subsequent fracture at different sites and the associations
according to patient characteristics remain unknown.
Design Meta-analysis

Data sources The PubMed, EMBASE and Cochrane
Library databases were searched from inception to March
2018.

Eligibility criteria We included prospective and
retrospective cohort studies on the associations of DM and
subsequent fracture risk at different sites.

Data extraction and synthesis Two authors
independently extracted data and assessed the

study quality. Relative risks (RRs) with 95% Cls

were calculated using a random-effects model, and
the heterogeneity across the included studies was
evaluated using 1> and Q statistics.

Results Overall, DM was associated with an
increased risk of total (RR: 1.32; 95% Cl 1.17 to

1.48; p<0.001), hip (RR: 1.77; 95% Cl 1.56 to 2.02;
p<0.001), upper arm (RR: 1.47; 95% Cl 1.02 to 2.10;
p=0.037) and ankle fractures (RR: 1.24; 95%Cl 1.10
to 1.40; p<0.001), whereas DM had no significant
impact on the incidence of distal forearm (RR: 1.02;
95% Cl 0.88 to 1.19; p=0.809) and vertebral fractures
(RR: 1.56; 95% Cl 0.78 to 3.12; p=0.209). RR ratios
suggested that compared with patients with type 2 DM
(T2DM), patients with type 1 DM (T1DM) had greater
risk of total (RR: 1.24; 95% Cl 1.08 to 1.41; p=0.002),
hip (RR: 3.43; 95% Cl 2.27 to 5.17; p<0.001) and
ankle fractures (RR: 1.71; 95% Cl 1.06 to 2.78;
p=0.029). Although no other significant differences
were observed between subgroups, the association
of DM with upper arm or ankle, vertebrae and total
fracture differed according to sex, study design and
country, respectively.

Conclusions Patients with DM had greater risks of
total, hip, upper arm and ankle fractures, with T1IDM
having a more harmful effect than T2DM.

INTRODUCTION

Diabetes mellitus (DM) is considered a
major global public health problem that is
likely to be among the five leading causes
of disease burden, with an estimated
global prevalence of 4.4%, by 2030." Age
is an important factor, with the majority of
patients with DM aged >65 years.? Previous
studies have confirmed the harmful impact

Strengths and limitations of this study

» The current study included articles that were based
on cohort study designs, which could eliminate var-
ious confounding factors.

» A large sample size of patients was included; thus,
our findings are potentially more robust than those
of any individual study.

» Diabetes mellitus (DM) diagnosis in individual stud-
ies was not consistent, which might have introduced
confounding to the representative DM cohort.

» The adjusted models differed across the includ-
ed studies, and the factors in these models might
have played an important role in the development
of fractures.

of DM on the risk of vascular outcomes,?’ 4
cancer at different sites” and renal dysfunc-
tion.® Due to DM, patients might have
altered calcium metabolism,7 increased
bone turnover® and reduced bone mineral
density (BMD),” which in turn may influ-
ence the risk of fractures in patients with
DM. However, previous meta-analyses
reported different strengths of association
between DM and the risk of fractures in
type 1 and type 2DM (T1DM and T2DM,
respectively),’” ' which highlights the
need to verify and evaluate the association
between DM and fracture at other sites.
Previous studies have illustrated the
association between clinical factors and
the risk of fractures at different sites.'* '?
However, due to limited sample sizes, the
associations in patients with specific char-
acteristics were not determined, and thus,
there is a need for further verification.
Furthermore, clinicians and patients
could benefit from the assessment of
fracture risk in patients. Therefore, it is
of critical importance that clinicians are
able to identify patients with DM and
the risk of fracture at different sites in
patients with specific characteristics, to
implement preventive strategies in each
of such subsets. Vestergaard conducted a
meta-analysis based on 16 observational
studies and found that both TIDM and

BM)

Wang H, et al. BMJ Open 2019;9:6024067. doi:10.1136/bmjopen-2018-024067 1


http://bmjopen.bmj.com/
http://dx.doi.org/10.1136/bmjopen-2018-024067
http://dx.doi.org/10.1136/bmjopen-2018-024067
http://dx.doi.org/10.1136/bmjopen-2018-024067
http://crossmark.crossref.org/dialog/?doi=10.1136/bmjopen-2018-024067&domain=pdf&date_stamp=2019-01-03

Records identified through database
searching: PubMed (443); EmBase (159);
and Cochrane Library (82) (n=684)

A4

Duplicates removed (127)

Record screened (n=557)

Articles excluded (n=498)
Reviews, other observational design (n=67)
Irrelevant (n=431)

Full text articles assessed (n=59)

Articles excluded (n=34)
No desirable outcomes (n=14)
Affiliate trials (n=10)
Case control design (n=10)

25 studies included

Figure 1 Study selection process.

T2DM are associated with an increased risk of hip
fracture and that BMD is increased in T2DM but
decreased in TIDM. However, fractures at other sites
and differences according to country, sex and study
design were not separately assessed.'” Fan et al indi-
cated that patients with DM have a greater risk of hip
fractures compared with those without DM and that
this association was more pronounced in patients
with TIDM."! However, the stratified results of indi-
vidual studies should first be pooled using fixed-ef-
fect models, and the summary results of the included
studies should be calculated using random-effects
models. Furthermore, the associations between DM
and the risk of fracture at other sites, including total,
distal forearm, upper arm, ankle and vertebra, were
not assessed. Therefore, this study was conducted
to determine whether the association between DM
and fracture at different sites differed according to
patient characteristics.

MATERIAL AND METHODS

Search strategy and inclusion criteria

This meta-analysis was performed according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analysis statement (Checklist S1)."* The PubMed,
EMBASE and Cochrane Library databases were searched
for studies from their inception to March 2018 using the
following core search terms: (‘diabetes’ OR ‘diabetes
mellitus’ OR ‘glycuresis’) AND (‘fractures, sponta-
neous’ OR ‘hip fractures’ OR ‘osteoporotic fractures’
OR ‘“fractures, compression’” OR ‘spinal fractures’ OR
‘fracture’) AND (‘epidemiologic study’ OR ‘cohort’).
The details of the search strategy for PubMed are shown
in the online supplementary file 1. We restricted the
search to include only studies published in English.
Furthermore, manual searches of reference lists of
relevant studies were performed to identify additional
eligible studies. The study topic, design, exposure and
fractures at different sites were used to identify relevant
studies.
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Table 1 Baseline characteristic of studies included
Publication Study Sample Mean age Percentage Number of Follow-up
Study year Country design size (years) men (%) DM (years)
CHS?® 2011 USA Pro 5641 72.8 42.0 1456 10.9
Jung®® 2012 Korea Retro 2282 61.0 0.0 1268 7.0
FRAILCO?” 2016 Sweden Pro 428305 80.8 42.4 84702 1.3
Dobnig® 2006 Australia  Pro 1664 >70.0 0.0 583 2.0
H-EPESE® 2002 USA Pro 2884 71.8 421 690 7.0
IWHS® 2001 USA Pro 32089 61.6 0.0 1729 9.6
SCI-DC*! 2014 UK Retro 3801874 20.0-84.0 NA 201874 NA
SIDIAP® 2015 Spain Pro 171931  62.6 56.5 58483 2.6
THIN®® 2015 UK Retro 334266 34.0 56.1 30394 5.7
NHS® 2006 USA Pro 109983 56.3 0.0 8640 20.0
The Rotterdam Study®® 2013 Netherland Pro 4135 68.4 40.6 420 12.2
The Tromso study®® 2006 Norway Pro 27159  47.0 47.7 455 6.0
Swedish Inpatient 2005 Sweden Retro 24605 20.7 51.0 24605 9.9
Register”
The Blue Mountains Eye 2001 Australia Pro 3654 66.2 43.3 216 5.0
Study®®
Singapore Chinese Health 2010 Singapore  Pro 63257 56.4 44.3 5668 12.0
Study®®
Meyer* 1993 Norway Pro 52313 35.0-49.0 51.6 288 10.9
Lipscombe™! 2007 Canada Retro 598812  >66.0 50.6 197412 6.1
Melton*? 2008 USA Retro 1964 61.7 51.0 1964 11.8
Nord-Trundelag Health 1999 Norway Pro 35444 50.0-74.0 475 1850 9.0
Survey*®
Malmé Preventive 2006 Sweden Pro 33346 27.0-61.0 67.3 166 16.0 for
Project™ men and
11.0 for
women
WHI* 2006 USA Pro 93676 63.4 0.0 5285 7.0
Leslie*® 2007 Canada Retro 318776  58.0 50.0 82094 10.0
Majumdar*’ 2016 Canada Retro 57938 64.3 0.0 8840 7.2
SOF*® 2001 USA Pro 9754 71.0 0.0 657 9.4
Chen?® 2008 China Retro 969820  60.0 47.0 484787 6.0

NA, not applicable; Pro, prospective; Retro, retrospective.

The literature search and study selection processes
were independently conducted by two authors using a
standardised approach. Any inconsistency was resolved
by group discussion until a consensus was reached. The
study inclusion criteria are as follows: (1) a prospective
or retrospective cohort design; (2) participants with
TIDM or T2DM; and (3) report of the effect estimates
of comparisons between DM and non-DM and the risk
of fracture at different sites. We excluded case—control
studies due to various confounding factors that could bias
the results.

Data collection and quality assessment
Data extraction and quality assessment were conducted
independently by two authors. The information was

examined and adjudicated independently by an addi-
tional author by referring to the original studies. The
abstracted data included the first author or study group’s
name, publication year, country, study design, sample size,
mean patient age, percentage of men, number of patients
with DM, percentage of current smokers, mean body
mass index (BMI), follow-up duration, DM diagnosis and
adjusted factors. The outcome variable was abstracted
using the effect estimate with corresponding 95% Cls. If
the study reported several multivariable adjusted effect
estimates, the effect estimate was maximally adjusted to
account for potential confounders. The Newcastle-Ot-
tawa Scale (NOS), which has been validated by evaluating
the quality of observational studies in meta-analyses, was
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Figure 2 Association between DM and the risk of total fractures. DM, diabetes mellitus.

used to evaluate the methodological quality.'”” The NOS
was based on selection (four items with a total of four
stars), comparability (one item with a total of two stars)
and outcome (three items with a total of three stars) with
a total of nine stars for assessment.

Statistical analysis

The association between DM and the subsequent risk of
fractures at different sites was based on effect estimates
and corresponding 95% ClIs in each study. We first used
the fixed-effect model to calculate the summary relative
risk (RR) and 95% CI for the association between DM and
fractures in individual studies.'® We then combined the
RRs of fracture risk in individual with DM versus without
DM using a random-effects model.'” Heterogeneity
among the included studies was assessed using I and Q
statistics; and p values <0.10 were considered to indicate
significant heterogeneity.18 1 Sensitivity analyses were
conducted by removing each individual study from the
overall analysis.”’ Stratified analyses were conducted for
total, hip, distal forearm, upper arm, ankle and vertebral

fractures based on country, DM type, sex and study design.
The RR ratio and its 95% CI were estimated using specific
RR and 95% CI according to country, DM types, sex and
study design.”' ** Funnel plot, Egger” and Begg® tests
were used to evaluate publication bias for total fractures.
P values were two-sided, and those <0.05 were considered
statistically significant across the included studies. The
statistical analyses were conducted using STATA (V.12.0).

Patient and public involvement

No patients were involved in the development of the
research question, outcome measures, design, study
implementation, dissemination of the results of the
research to the study participants or interpretation of the
results.

RESULTS

Search of published literature

A total of 684 articles were identified from our electronic
search, of which 602 were excluded due to duplication,

Table 2 Subgroup analysis for total fracture based on country, DM types, sex and study design

P value for Ratio of RR between P value for
Factors Subsets RR and 95% Cl Pvalue 1?(%) heterogeneity subgroups ratios of RR
Country Western 1.32(1.17t0 1.50) <0.001 97.4 <0.001 1.07 (0.76-1.52) 0.690
Eastern 1.23 (0.89 to 1.70) 0.214 - -
DM types | 1.51(1.35t0 1.68) <0.001 78.3 <0.001 1.24 (1.08-1.41) 0.002
Il 1.22(1.13t0 1.31) <0.001 83.0 <0.001
Sex Men 1.49 (1.20to0 1.85) <0.001 96.1 <0.001 1.14 (0.89-1.46) 0.313
Women 1.31 (1.16 t0 1.49) <0.001 92.8 <0.001
Study design  Prospective 1.32(1.20t0 1.46) <0.001 83.4 <0.001 1.01 (0.84-1.21) 0.936
Retrospective 1.31 (1.12 to 1.54) 0.001 97.6 <0.001

DM, diabetes mellitus; RR, relative risk.

Wang H, et al. BMJ Open 2019;9:6024067. doi:10.1136/bmjopen-2018-024067



Study ?953% an % Weight
CHS O 1.17(0.87,1.57) 42
Jung | 1.33(0.65,2.71) 20
FRAILCO M ! 1.11(1.07,1.16) 53
Dobnig H ! 1.10(0.76, 1.60) 37
H-EPESE — 1.50(0.97,2.32) 33
IWHS i 2.19(1.59, 3.00) 40
SCI-D C | ! 1.06 (1.02,1.09) 54
SIDIA P — 1.17(0.87,1.57) 42
THIN R 2.60(2.27,2.98) 5.1
NHS = 2.58(2.14,3.11) 48
The Rotterdam Study | 1.21(0.81,1.80) 35
The Tromso study o 2.86 (1.80, 4.54) 3.2
Swedish Inpatient Register ! . 8.46(7.03,10.18) 48
The Blue Mountains Eye Study : 3.80(0.50, 29.00) 0.4
Singapore Chinese Health Study }- 1.99(1.79, 2.20) 52
Meyer ; ] 9.27(4.33,19.84) 1.9
Lipscombe B 1.13(1.10,1.16) 54
Melton B 1.15(0.99,1.33) 5.0
Nord—Trundelag Health Survey o 1.66 (1.18,2.35) 3.9
Malmo Preventive Project | [ | 6.28 (3.93,10.04) 3.1
WHI o 1.82(0.90, 3.64) 2.1
Leslie O ; 1.12(1.06,1.19) 53
Majumdar R | 1.58(1.39,1.79) 5.1
SOF o ao 1.71(1.19,2.46) 38
Chen || 157 (1.52,1.61) 54

Overall = 1.77 (1.56, 2.02); P<0.001 100.0

[ | .‘ | (1%=98.0%; P<0.001)
3 5 1 3 5
RR

Figure 3 Association between DM and the risk of hip fracture. DM, diabetes mellitus.

irrelevance and other design issues. We retrieved the full
text for the remaining 59 studies and selected 25 cohort
studies for the final analysis after detailed evaluations.”*’
The manual search of the reference lists of relevant
reviews did not yield any new eligible studies. The results
of the study selection process are shown in figure 1, and
the general characteristics of the included studies are
presented in table 1 and the online supplementary table
SI.

Study characteristics

Of the 25 included studies, 16 used a prospective cohort
design?® 2730 32 34-36 3840 4545 45 pie the remaining 9
studies used a retrospective cohort design,2® ! 333741 424647

The sample sizes ranged from 1664 to 3 801 874, while the
number of patients with DM ranged from 166 to 484 787.

Twelve studies were conducted in the USA, Australia or
95 98-30 34 38 41 42 45-48, 1) 97 31-33 35-37 40 43 44
; 10 in Europe

5

Canada
and the remaining 3 in Asia.”* * * The results of total
fractures were available in 12 studies, hip fractures in all
studies, distal forearm fractures in 8 studies, upper arm
fractures in 6 studies, ankle fractures in 4 studies, and
vertebral fractures in 6 studies. Study quality was evalu-
ated by NOS, and a study with seven or more stars was
regarded as a high-quality study. Overall, seven, eight, six
and the remaining four studies had scores of 9, 8, 7 and 6,
respectively (online supplementary table S2).

Table 3 Subgroup analysis for hip fracture based on country, DM types, sex and study design

P value for Ratio of RR between P value for
Factors Subsets RR and 95% CI Pvalue 1?2(%) heterogeneity subgroups ratios of RR
Country Western 1.79 (1.56t0 2.05) <0.001 97.5 <0.001 1.04 (0.81-1.34) 0.759
Eastern 1.72(1.39t0 2.14)  <0.001  89.5 <0.001
DM types I 4.35(2.91t06.49) <0.001 954 <0.001 3.43 (2.27-5.17) <0.001
Il 1.27(1.16t01.39) <0.001 85.5 <0.001
Sex Men 2.05(1.68t02.51) <0.001 97.0 <0.001 1.00 (0.78-1.29) 0.969
Women 2.04 (1.76 10 2.37) <0.001 97.5 <0.001
Study design  Prospective 2.02 (1.71t02.39) <0.001 914 <0.001 1.09 (0.87-1.36) 0.472
Retrospective 1.86 (1.60to 2.16) <0.001  98.7 <0.001

DM, diabetes mellitus; RR, relative risk.
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Figure 4 Association between DM and the risk of distal forearm fracture. DM, diabetes mellitus; RR, relative risk.

Total fractures

Overall, 12 studies reported an association between DM
and the risk of total fractures. The summary RR indicated
that compared with non-DM, having DM was associated
with an increased risk of total fractures (RR: 1.32; 95% CI
1.17 to 1.48; p<0.001; figure 2) and substantial heteroge-
neity was detected (I°=97.1%; p<0.001). The sensitivity
analysis revealed that the conclusion was not affected
by the sequential exclusion of individual studies from
the overall analysis (online supplementary table S3). A
subgroup analysis of total fractures based on country, DM
type, sex and study design was performed. The results
showed that patients with DM had an increased risk of total
fractures in nearly all subsets except for studies conducted
in Eastern countries (table 2). Furthermore, the RR ratio
for the comparison between T1DM and T2DM of the risk
of total fractures was significantly increased, and the asso-
ciation was also statistically significant (ratio of RR: 1.24;
95% CI 1.08 to 1.41; p=0.002; table 2).

Hip fracture

In total, 25 studies reported an association between DM
and the risk of hip fracture. In the pooled analysis, the
comparison of DM and non-DM showed a harmful effect
on hip fracture (RR: 1.77; 95% CI 1.56 to 2.02; p<0.001;
figure 3). Although substantial heterogeneity was
detected across the included studies (12=98.0%; p<0.001),
the conclusion did not change after sequential exclusion
of individual studies (online supplementary table S4).
The results of subgroup analysis for hip fracture are listed
in table 3, and all results indicated that DM had a harmful
effect on hip fracture. Furthermore, the RR ratio showed
a statistically significant association between DM and the
risk of hip fracture in TIDM when compared with that of
T2DM (ratio of RR: 3.43; 95% CI 2.27 to 5.17; p<0.001).

Distal forearm fracture
Overall, eight studies reported an association between DM
and the risk of distal forearm fracture. The summary RR

Table 4 Subgroup analysis for distal forearm fracture based on country, DM types, sex and study design

P value for Ratio of RR P value for
Factors Subsets RR and 95% CI Pvalue 12 (%) heterogeneity between subgroups ratios of RR
Country Western 1.04 (0.87 to 1.23) 0.687 37.7 0.141 1.04 (0.48-2.26) 0.921
Eastern 1.00 (0.47 to 2.13)  1.000 - -
DM types I 1.09 (0.43t0 2.75) 0.861 78.3 0.032 1.12 (0.43-2.94) 0.812
Il 0.97 (0.66 to 1.09) 0.573 13.1 0.323
Sex Men 1.04 (0.66 to 1.65) 0.863 58.5 0.090 1.12 (0.70-1.80) 0.644
Women 0.93 (0.82to 1.05) 0.257 6.3 0.380
Study design Prospective  1.00 (0.83t0 1.19)  0.982 41.0 0.094 0.93 (0.69-01.27) 0.662
Retrospective 1.07 (0.84 to 1.37) 0.565 0.0 0.944

DM, diabetes mellitus; RR, relative risk.
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Figure 5 Association between DM and the risk of upper arm fracture. DM, diabetes mellitus.

showed that DM was not associated with the risk of distal
forearm fracture (RR: 1.02; 95% CI 0.88 to 1.19; p=0.809;
figure 4) and non-significant heterogeneity was observed
(1°=27.5%; p=0.209). The sensitivity analysis suggested
that the conclusion was not affected by the exclusion of
any specific study (online supplementary table S5). The
subgroup analysis indicated that the conclusions in each
subset continued to be non-significant and no significant
differences were observed between subgroups based on
country, DM type, sex or study design (table 4).

Upper arm fracture

In total, six studies reported an association between
DM and the risk of upper arm fracture. Compared with
non-DM, DM had a higher risk of upper arm fracture (RR:
1.47;95% CI: 1.02 to 2.10; P=0.037; figure 5) and evidence
of significant heterogeneity was observed (1°=84.9%;
P<0.001). The sensitivity analysis indicated that the results
varied possibly due to the smaller number of studies on
fractures occurring in the upper arm (online supplemen-
tary table S6). The subgroup analysis indicated that DM
had no significant impact on upper arm fracture in men,
whereas this risk increased in other subsets (table 5).

Ankle fracture

In all, four studies reported an association between DM
and the risk of ankle fracture. The risk of ankle fracture
significantly increased in patients with DM (RR: 1.24;
95% CI 1.10 to 1.40; p<0.001; figure 6) with no evidence
of heterogeneity (I’=0.0%; p=0.400). The results of the
sensitivity analysis were consistent with those of the overall
analysis and are shown in the online supplementary table
S7. The subgroup analysis showed no association between
DM and ankle fracture risk in men, whereas in other
subsets, the risk was significantly increased (table 6).
Furthermore, patients with T1IDM were at a greater risk
of ankle fracture than were patients with T2DM (ratio of
RR: 1.71; 95% CI 1.06 to 1.78; p=0.029; table 6).

Vertebrae fracture

Overall, six studies reported an association between DM
and the risk of vertebrae fracture. The results of pooled
analysis indicated no significant association between DM
and vertebrae fracture risk (RR: 1.56; 95% CI 0.78 to
3.12; p=0.209; figure 7); and there was evidence of signif-
icant heterogeneity (1?=96.3%; p<0.001). As a result, a

Table 5 Subgroup analysis for upper arm fracture based on country, DM types, sex and study design

P value for Ratio of RR between P value for
Factors Subsets RR and 95% CI Pvalue 1?2(%) heterogeneity subgroups ratios of RR
Country Western 1.47 (1.02 to 2.10) 0.037 84.9 <0.001 - -
Eastern - - - -
DM types I 1.83 (1.41 t0 2.39) <0.001 0.0 0.487 1.19 (0.82-1.72) 0.359
Il 1.54 (1.19 to 1.99) 0.001 79.6 <0.001
Sex Men 1.21 (0.80 to 1.83) 0.368 73.2 0.011 0.82 (0.50-1.36) 0.450
Women 1.47 (1.10 to 1.96) 0.009 79.1 <0.001
Study design  Prospective 1.38 (1.07 to 1.76) 0.011 76.0 <0.001 0.80 (0.47-1.36) 0.412
Retrospective 1.72 (1.08 to 2.73) 0.022 68.5 0.075
DM, diabetes mellitus; RR, relative risk.
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Figure 6 Association between DM and the risk of ankle fracture. DM, diabetes mellitus.

sensitivity analysis was conducted and although each
study was sequentially excluded from the pooled anal-
ysis, the conclusion was not affected by the exclusion
of any specific study (online supplementary table S8).
The subgroup analysis indicated that DM was associated
with an increased risk of vertebrae fracture in retro-
spective cohort studies, whereas no significant effect in
other subsets and no difference between subgroups were
observed (table 7).

Publication bias

From the review of the funnel plots, publication bias for
total fractures could not be ruled out (figure 8). However,
the Egger and Begg test results showed no evidence of
publication bias (p value for Egger: 0.311; p value for
Begg: 0.537).

DISCUSSION

Due to the consideration that the characteristics of
patients with DM might have affected the incidence of

fractures at different sites, we used cohort studies to eval-
uate the correlations between DM and fractures according
to country, DM type, sex, and study design. The meta-anal-
ysis included 7 185 572 participants from 16 prospective
and 9 retrospective cohort studies with a broad range of
individual characteristics. The findings of this study indi-
cated that DM was associated with an elevated risk of total,
hip, upper arm and ankle fractures but had no effect on
distal forearm and vertebral fractures. The findings of the
subgroup analyses were mostly consistent with those of
the overall analysis except for those of total fracture in
Eastern countries and upper arm and ankle fractures in
men. Finally, compared with T2DM, T1DM was associated
with a greater risk of total, hip and ankle fracture.

A previous study based on 14 observational studies
evaluated the association between T1DM and the risk
of fractures.”” The results indicated that TIDM was asso-
ciated with a higher risk of total (RR, 3.16; p=0.002),
hip (RR, 3.78; p<0.001) and spinal fractures (RR, 2.88;
p<0.001). However, different study designs might bias this

Table 6 Subgroup analysis for ankle fracture based on country, DM types, sex and study design

P value for Ratio of RR between P value for

Factors Subsets RR and 95% CI Pvalue 1?2(%) heterogeneity subgroups ratios of RR
Country Western 1.24(1.10t0 1.40) <0.001 0.0 0.400 - -

Eastern - - - -
DM types I 1.97 (1.24 to 3.14) 0.004 293 0.234 1.71 (1.06-2.78) 0.029

Il 1.15 (1.01 to 1.31) 0.029 0.0 0.886
Sex Men 1.35 (0.68 to 2.65) 0.390 74.1 0.021 0.96 (0.46-2.01) 0.922

Women 1.40 (1.07 to 1.84) 0.014 51.6 0.083
Study design  Prospective 1.24 (1.10t0 1.40)  <0.001 0.0 0.400 - -

Retrospective - -

DM, diabetes mellitus; RR, relative risk.
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association and the role of the T2DM type was not evalu-
ated in previous studies. Similar limitations of two other
meta-analyses have already been described.” ' There-
fore, the present meta-analysis of available cohort studies
was performed to address these limitations.

The pooled results showed a significantly increased risk
of total, hip, upper arm and ankle fractures in patients
with DM compared with those without DM; this result is
consistent with those of previous studies.'” ' > However,
several studies reported inconsistent results. After
adjusting for BMI, sex, race and age, Strotmeyer et al”’
indicated that T2DM had no significant effect on the risk
of hip fracture. Jung et al’® showed by the RR that in the
T2DM cohort, increased risk of total and hip fractures
occurred, although these increases were not statistically
significant. One possible explanation for this could be the
number of patients newly diagnosed with DM that might
be higher than that reported in other studies; and the
increase in insulin level might affect bone metabolism.
Furthermore, a smaller sample size and a lower incidence
of fracture events were associated with lower statistical

power and broad 95% CI in the previous study. Finally,
the summary results for upper arm and ankle fractures
might have varied due to the limited number of studies
included; the interaction of these associations with age,
severity of DM and antidiabetic drugs should be explored.

There were no significant differences between patients
with DM and those without it with respect to distal
forearm fracture. Most individual studies reported similar
results, whereas the FRAILCO study indicated that DM
was associated with a lower risk of distal forearm frac-
ture.?” The reason for this difference could be the study
compared patients taking oral antidiabetics with non-DM
individuals. Furthermore, the incidence of distal forearm
fracture might be underestimated in register-based data.
Finally, distal forearm fractures usually develop earlier
in life, and the age of the participants in the individual
studies might play a confounding role. Similar results
were found for vertebral fractures. Two of the included
studies indicated that T2DM was associated with a
higher risk of vertebral fractures.*” ** The reason for this
finding could be the baseline levels of serum y-glutamyl

Table 7 Subgroup analysis for vertebrae fracture based on country, DM types, sex and study design

P value for Ratio of RR between P value for

Factors Subsets RR and 95% CI Pvalue 1?(%) heterogeneity subgroups ratios of RR

Country Western 1.74 (0.82 to 3.69) 0.148 96.5 <0.001 1.93 (0.79-4.71) 0.146
Eastern 0.90 (0.56 to 1.45) 0.664 - -

DM types I - - - - - -
Il 1.74 (0.96 to 3.16) 0.070 96.7  <0.001

Sex Men 2.26 (0.40t0 12.73) 0.354 88.9 0.003 1.42 (0.23-8.85) 0.706
Women 1.59 (0.88 to 2.87) 0.125 84.1 <0.001

Study design Prospective 1.36 (0.88 to 2.11) 0.167 66.4 0.018 0.54 (0.25-1.14) 0.105
Retrospective  2.54 (1.37 to 4.70) 0.003 96.1 <0.001

DM, diabetes mellitus; RR, relative risk.
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transferase and metabolic syndrome in women as well
as alcohol overconsumption, which are associated with
higher serum y-glutamyl transferase levels in men, and
may play an important role in the risk of vertebral and
ankle fractures.”' ™

The results of the stratified analysis were generally
consistent with those of the overall analysis. However,
two breakthroughs should be highlighted: (1) T1DM was
associated with a higher risk of total, hip and ankle frac-
tures compared with that in T2DM. The possible reasons
for this include the different reasons for the incidence of
fracture, such as differences in BMI between T1DM and
T2DM, which might have played a protective role in frac-
tures.”* Furthermore, while BMI is a major determinant
of BMD and fracture risk, not all studies adjusted for the
impact of BMI, which could have affected the intrinsic
correlation of DM and fractures. (2) Although there was
no significant effect on upper arm and ankle fractures in
men with T2DM, these results might be unreliable due
to the small number of studies included. This finding
should be verified in future large-scale cohort studies.

This meta-analysis had several limitations. The DM
diagnosis in individual studies was not consistent; this
may have introduced confounders in the representative
DM cohort. Furthermore, retrospective cohort studies
might have introduced recall and selection biases, which
could affect the evidence levels and representativeness
of the cohorts. In addition, the adjusted models differed
across the included studies; these factors might have
played important roles in the development of fractures.
Additionally, the substantial heterogeneity could not be
explored completely due to the unavailability of several
important factors, including metabolic syndrome and
lifestyle. Finally, there were limitations inherent to any
meta-analysis, including publication bias and the lack of
availability of individual data.

In conclusion, DM was associated with total, hip, upper
arm and ankle fractures. Furthermore, patients with
TIDM had a higher risk of total, hip and ankle frac-
tures compared with those with T2DM. There was no sex

difference in fractures at different sites. Future studies
are warranted to clarify the effect of antidiabetic thera-
pies and investigate effective prevention strategies for
fractures at different sites.
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