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Abstract 

Background: Diabetes mellitus (DM) causes excess risk of fracture at varied sites. Whereas, the difference between 
the roles of types 1 DM (T1DM) and 2 DM (T2DM) diabetes in the risk of fractures remains limited and inconclusive. 
We, therefore, conducted a meta-analysis to assess the differences for the associations of T1DM and T2DM with the 
risk of fractures.

Methods: We systematically searched PubMed, Embase, and the Cochrane library for eligible studies until May 2021. 
The odds ratios (ORs) with 95% confidence intervals (CIs) were used to calculate the pooled effect estimates for the 
associations of T1DM and T2DM with the risk of fractures using the random-effects model. An indirect comparison 
results for the ratio of OR (ROR) with 95% CI were also applied to assess the difference between T1DM and T2DM with 
the risk of fractures.

Results: Twenty-two cohort studies involving a total of 6,484,851 individuals were selected for meta-analysis. We 
noted that T1DM was associated with an increased risk of all fractures (OR: 1.72; 95% CI 1.36–2.19; P < 0.001), and frac-
tures at the hip (OR: 4.01; 95% CI 2.90–5.54; P < 0.001), upper arm (OR: 2.20; 95% CI 1.61–3.00; P < 0.001), ankle (OR: 1.97; 
95% CI 1.24–3.14; P = 0.004), and vertebrae (OR: 2.18; 95% CI 1.85–2.57; P < 0.001). Moreover, T2DM induced excess 
risk to all fractures (OR: 1.19; 95% CI 1.09–1.31; P < 0.001), including fractures at the hip (OR: 1.25; 95% CI 1.15–1.35; 
P < 0.001), upper arm (OR: 1.42; 95% CI 1.20–1.67; P < 0.001), and ankle (OR: 1.15; 95% CI 1.01–1.31; P = 0.029). Further-
more, we noted that T1DM versus T2DM was associated with greater risk to all fractures (ROR: 1.45; 95% CI 1.12–1.87; 
P = 0.005), including fractures at the hip (ROR: 3.21; 95% CI 2.30–4.48; P < 0.001), upper arm (ROR: 1.55; 95% CI 1.09–
2.20; P = 0.015), and ankle (ROR: 1.71; 95% CI 1.06–2.78; P = 0.029).

Conclusions: This study found that T1DM caused an excess risk to all fractures, including fractures at the hip, upper 
arm, and ankle than T2DM. Further studies should therefore be conducted to directly compare the differences 
between T1DM and T2DM with the risk of fractures at various sites.
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Background
The prevalence of diabetes has increased from 4.7–
8.5% worldwide, directly resulting in approximately 
1.6 million deaths in 2016 [1]. The inadequate control 
of diabetes affects the patient’s quality of life through 
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diabetes-specific symptoms and microvascular complica-
tions [2, 3]. Diabetes and its complications are also con-
sidered a global burden, therefore, reducing the disease 
burden of diabetes is an important goal of medical care 
societies and health policymakers [4, 5]. Patients with 
diabetes are susceptible to excess risk of cardiovascular 
disease, neuropathy, nephropathy, retinopathy, and mor-
tality [6]. Moreover, the rapidly increasing diabetes prev-
alence was also parallel with an increase in osteoporotic 
fractures [7].

Numerous studies have found a positive association of 
diabetes with the risk of fractures [8–14], and the poten-
tial reason for the association between diabetes and 
fractures included increased frequency of falling, corti-
cal porosity, microvascular disease, and high levels of 
advanced glycation end-products [15–17]. The National 
Osteoporosis Foundation guidelines, therefore, suggested 
that screening for osteoporosis should be conducted for 
general women aged ≥ 65 years and men aged ≥ 70 years 
to prevent the morbidity and mortality related to frac-
tures [18]. However, the strength of the association of 
type 1 diabetes mellitus (T1DM) and type 2 DM (T2DM) 
with the risk of fractures remains controversial. We, 
therefore, conducted a systematic review and meta-anal-
ysis of cohort studies to assess the differences between 
the associations of T1DM and T2DM with the risk of 
fracture at various sites. Moreover, whether study design 
and gender affected this difference was also evaluated.

Methods
Data sources, search strategy, and selection criteria
The Meta-analysis Of Observational Studies in Epidemi-
ology protocol was used to conduct and report this sys-
tematic review and meta-analysis [19]. On the basis of 
this protocol, cohort studies that investigated the role of 
T1DM or T2DM with the risk of fractures were eligible 
in our study. The databases of PubMed, Embase, and the 
Cochrane library were searched for eligible studies from 
their inception up to May 2021. The following terms were 
used as medical subject headings or text words: (“diabe-
tes” OR “diabetes mellitus” OR “glucose” OR “glycated 
hemoglobin”) AND (“fractures, spontaneous” OR “osteo-
porotic fractures” OR “fractures, compression” OR “frac-
ture”). The reference lists of potentially relevant articles 
were also manually reviewed for additional new eligible 
studies.

The literature search and study selection were con-
ducted independently by 2 reviewers, and face-to-face 
discussions were used to settle disagreements until a 
consensus was reached. A study was included if they ful-
filled the following inclusion criteria: (1) Study design: 
prospective or retrospective cohort studies; (2) Par-
ticipants: general population; (3) Exposure and control: 

T1DM, T2DM, and non-DM population; (4) Outcome: 
all fracture, or fractures at hip, distal forearm, upper 
arm, ankle, and vertebrae; and (5) all the studies should 
have reported the effect estimates for the role of T1DM 
or T2DM with the risk of fractures. This study did not 
contain any human or life participants, therefore, ethics 
approval and informed consent were not applicable.

Data collection and quality assessment
Information from included studies contained the first 
author or study group’s name, publication year, region, 
study design, sample size and number of DM, mean age, 
male proportion, smoking proportion, body mass index 
(BMI), DM type, follow-up duration, adjusted factors, 
and reported effect estimates. The quality of the indi-
vidual studies were also assessed using the Newcastle–
Ottawa Scale (NOS), which is widely used for assessing 
the quality of observational studies in a meta-analysis. 
The scoring system for each study ranged from 0–9 [20]. 
Studies having between 7 and 9 stars were regarded as 
high-quality. Data extraction and quality assessment were 
also independently performed by 2 reviewers, and any 
inconsistency was resolved and adjudicated by an addi-
tional reviewer during reading of the full-text of studies.

Statistical analysis
The role of T1DM and T2DM in the risk of fractures was 
calculated based on the effect estimates (relative risk, 
hazard ratio, or odds ratio [OR]) using the 95% confi-
dence intervals (CIs) in individual studies. The pooled 
OR was also calculated using the random-effects mod-
els, which considered the underlying variations across 
included studies [21, 22]. Then, the OR ratio (ROR) with 
a 95% CI was estimated on the basis of specific ORs, and 
95% CIs were taken for T1DM and T2DM studies having 
risk of fractures [23]. Heterogeneity for each investigated 
outcome was also assessed using the I2 and Q statistic, 
and significant heterogeneity was defined as I2 > 50.0% 
or P < 0.10 [24, 25]. Subgroup analyses for the differences 
of T1DM and T2DM with the risk of fractures were also 
assessed on the basis of the study design, and gender. 
Similarly, publication bias was evaluated as well using 
qualitative and quantitative methods, including funnel 
plots, Egger, and Begg tests [26, 27]. The 2-sided inspec-
tion level for pooled results was adopted, and statistical 
significance was set at P < 0.05. Also, all the analyses in 
our study were performed using the STATA (version 10.0; 
STATA Corporation, College Station, TX, USA) software.

Results
Literature search
A total of 9873 articles were identified from initial elec-
tronic searches, and 5621 articles were retained after 



Page 3 of 13Dou et al. Diabetol Metab Syndr           (2021) 13:84  

duplicate articles were removed. A total of 5527 articles 
were further removed because these studies reported 
irrelevant topics. The remaining 94 studies were then 
retrieved for further full-text evaluations. Of these 94 
remaining studies, 72 of them were excluded because 
they were intervention studies (n = 34); not cohort 
designs (n = 23); and did not differentiate DM types 
(n = 15). Reviewing the references of relevant articles 
found additional 14 potentially included studies, includ-
ing all studies contained in electronic searches. Finally, 22 
cohort studies were selected for the final meta-analysis 
[28–49] (Fig. 1).

Study characteristics
Of the 22 included studies, 14 studies were prospective 
cohort studies, whereas the remaining 8 studies were 
retrospective cohort studies. The characteristics of iden-
tified studies and individuals are shown in Table  1. A 
total of 6,484,851 individuals and 766,610 patients with 

DM were identified from the 22 studies. Nine studies 
reported the role of T1DM with the risk of fractures, 
and 20 studies reported the role of T2DM with the risk 
of fractures. The follow-up duration ranged from 1.3 to 
20.0 years. Also, 9 studies contained only females. Simi-
larly, study quality assessment using the NOS-scoring 
method showed that 3 studies had 9 stars, 7 studies had 
8 stars, 8 studies had 7 stars, and the remaining 4 studies 
had 6 stars.

All fracture
The studies assessing the role of T1DM and T2DM in 
the risk of all fractures were reported in studies 4 and 12 
studies, respectively (Fig. 2). We noted that both T1DM 
(OR: 1.72; 95%CI 1.36–2.19; P < 0.001) and T2DM (OR: 
1.19; 95% CI 1.09–1.31; P < 0.001) were associated with 
an increased risk of all fractures. Moreover, there was a 
significant heterogeneity in the role of T1DM (I2 = 97.8%; 
P < 0.001) and T2DM (I2 = 94.3%; P < 0.001). We also 

Not divided DM type (n=15)

    No cohort design (n=23)

Full-text evaluations (n=94)

Articles excluded (n=72)

 22 studies included in meta-analysis

  Articles from PubMed, EmBase 

  and the Cochrane (n=9873)

Intervention studies (n=34)

  Abstracts and title excluded 

Hand-search for reference (n=14)

Fig. 1 Details regarding literature search and study selection
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noted from the selected studies that the risk of all frac-
tures in T1DM patients was significantly higher than in 
T2DM patients (ROR: 1.45; 95% CI 1.12–1.87; P = 0.005; 
Table  2). Similarly, subgroup analyses found that excess 
risk of fractures in T1DM patients existed during pooled 
prospective cohort studies (ROR: 1.21; 95%CI 1.00–1.46; 
P = 0.050), retrospective cohort studies (ROR: 1.56; 
95%CI 1.09–2.24; P = 0.015), or studies that reported 
both male and female (ROR: 1.99; 95%CI 1.40–2.83; 
P < 0.001) (Table 3). Also, no significant publication bias 
to all fractures was observed (P-value for Egger: 0.075; 
P-value for Begg: 0.535; Additional file 1).

Hip fracture
The studies that reported the role of T1DM and T2DM 
in hip fracture risk were studies 9 and 19, respectively 
(Fig.  3). The summarized results indicated that T1DM 
(OR: 4.01; 95%CI 2.90–5.54; P < 0.001) and T2DM (OR: 
1.25; 95%CI 1.15–1.35; P < 0.001) were associated with an 
increased risk of hip fracture. Also, there was a signifi-
cant heterogeneity in the reports for the role of T1DM 

(I2 = 95.2%; P < 0.001) and T2DM (I2 = 86.7%; P < 0.001) 
in these fractures. Patients with T1DM were associated 
with excessive risk of hip fracture than those with T2DM 
(ROR: 3.21; 95%CI 2.30–4.48; P < 0.001; Table  2). Also, 
subgroup analyses found that a significant difference 
between T1DM and T2DM was associated with the risk 
of hip fracture in all subgroups (Table 3). In contrast, the 
Begg test did not find any significant publication bias for 
hip fracture (P = 0.856), while the Egger-test found signif-
icant publication bias (P < 0.001) (Additional file 1).

Distal forearm fracture
The studies that reported the role of T1DM and T2DM in 
distal forearm fracture risk were studies 2 and 9, respec-
tively (Fig.  4). We noted that T1DM (OR: 1.39; 95%CI 
0.70–2.77; P = 0.344) and T2DM (OR: 0.94; 95%CI 0.82–
1.07; P = 0.348) were not associated with the risk of distal 
forearm fracture. However, there was significant hetero-
geneity in the role of T1DM (I2 = 86.7%; P = 0.001) and 
T2DM (I2 = 58.8%; P = 0.007) in this fracture. Also, the risk 
of distal forearm fracture in relation to T1DM and T2DM 

 OR

 .3  .5  1  2

 Study
 OR
 (95% CI)  % Weight

 I

 Troms? 2006   3.05 ( 1.26, 7.38)   2.0 

 Troms? 2006   2.85 ( 0.92, 8.87)   1.4 

 THIN 2015   1.54 ( 1.45, 1.62)   5.5 

 THIN 2015   1.68 ( 1.58, 1.79)   5.5 

 FRAILCO 2017   1.40 ( 1.23, 1.60)   5.3 

 FRAILCO 2017   1.28 ( 1.14, 1.43)   5.4 

 DNPR 2019   2.47 ( 2.37, 2.59)   5.5 

 Subtotal   1.72 ( 1.36, 2.19); P<0.001
  (I-square: 97.8%; P<0.001)

 30.5 

 II

 BMES 2001   2.74 ( 1.44, 5.20)   2.9 

 SOF 2001   1.32 ( 1.13, 1.53)   5.2 

 Troms? 2006   1.21 ( 0.60, 2.47)   2.6 

 Troms? 2006   1.08 ( 0.70, 1.67)   3.9 

 WHI 2006   1.24 ( 0.96, 1.63)   4.8 

 Melton 2008   1.40 ( 1.30, 1.60)   5.4 

 Melton 2008   1.30 ( 1.20, 1.40)   5.4 

 Jung 2012   1.23 ( 0.89, 1.71)   4.5 

 Rotterdam 2013   1.19 ( 0.97, 1.46)   5.0 

 Manitoba 2016   1.12 ( 1.04, 1.21)   5.4 

 FRAILCO 2017   1.03 ( 0.98, 1.07)   5.5 

 FRAILCO 2017   1.12 ( 1.08, 1.16)   5.5 

 Holm 2018   1.29 ( 0.92, 1.79)   4.4 

 DNPR 2019   0.93 ( 0.92, 0.95)   5.5 

 PK−VF 2019   1.51 ( 0.90, 2.54)   3.5 

 Subtotal   1.19 ( 1.09, 1.31); P<0.001
  (I-square: 94.3%; P<0.001)

 69.5 

 Overall   1.37 ( 1.17, 1.61); P<0.001
  (I-square: 99.0%; P<0.001)

 100.0 

Fig. 2 The role of T1DM and T2DM in the risk of all fractures
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was not statistically significant (ROR: 1.48; 95%CI 0.73–
2.98; P = 0.274; Table 2). Similarly, no significant publica-
tion bias to distal forearm fractures was observed (P-value 
for Egger: 0.358; P-value for Begg: 0.584; Additional file 1).

Upper arm fracture
The studies that reported the role of T1DM and T2DM in 
upper arm fracture risk were studies 2 and 7, respectively 
(Fig.  5). A summary of the results indicated that T1DM 

(OR: 2.20; 95%CI 1.61–3.00; P < 0.001) and T2DM (OR: 
1.42; 95%CI 1.20–1.67; P < 0.001) were associated with an 
increased risk of upper arm fracture. Significant heteroge-
neity was also observed for the role of T1DM (I2 = 72.6%; 
P = 0.026) and T2DM (I2 = 81.2%; P < 0.001). From the 
results, T1DM patients showed an excessive risk of upper 
arm fracture than T2DM patients (ROR: 1.55; 95%CI 
1.09–2.20; P = 0.015; Table  2). However, there was no 

Table 2 The difference for the role of T1DM and T2DM with the risk of fracture

Fracture sites DM type OR and 95% CI P value I2 (%)/PQ statistic Ratio for OR P value between 
T1DM and T2DM

All T1DM 1.72 (1.36–2.19) < 0.001 97.8/< 0.001 1.45 (1.12–1.87) 0.005

T2DM 1.19 (1.09–1.31) < 0.001 94.3/< 0.001

Hip T1DM 4.01 (2.90–5.54) < 0.001 95.2/< 0.001 3.21 (2.30–4.48) < 0.001

T2DM 1.25 (1.15–1.35) < 0.001 86.7/< 0.001

Distal forearm T1DM 1.39 (0.70–2.77) 0.344 86.7/0.001 1.48 (0.73–2.98) 0.274

T2DM 0.94 (0.82–1.07) 0.348 58.8/0.007

Upper arm T1DM 2.20 (1.61–3.00) < 0.001 72.6/0.026 1.55 (1.09–2.20) 0.015

T2DM 1.42 (1.20–1.67) < 0.001 81.2/< 0.001

Ankle T1DM 1.97 (1.24–3.14) 0.004 29.3/0.234 1.71 (1.06–2.78) 0.029

T2DM 1.15 (1.01–1.31) 0.029 0.0/0.886

Vertebrae T1DM 2.18 (1.85–2.57) < 0.001 – 1.50 (0.83–2.72) 0.177

T2DM 1.45 (0.82–2.56) 0.200 98.5/< 0.001

Table 3 Subgroup analyses for all fracture and hip fracture according to study design and gender

Outcomes Factors Groups DM type OR and 95% CI P value I2 (%)/PQ statistic Ratio for OR P value between 
T1DM and T2DM

All fracture Study design Prospective T1DM 1.40 (1.18–1.65) < 0.001 50.6/0.108 1.21 (1.00–1.46) 0.050

T2DM 1.16 (1.07–1.27) < 0.001 68.9/0.001

Retrospective T1DM 1.86 (1.36–2.53) < 0.001 99.0/< 0.001 1.56 (1.09–2.24) 0.015

T2DM 1.19 (0.99–1.43) 0.060 96.6/< 0.001

Gender Male T1DM 1.50 (1.33–1.70) < 0.001 51.2/0.129 1.25 (0.92–1.69) 0.147

T2DM 1.20 (0.91–1.58) 0.200 93.0/< 0.001

Female T1DM 1.52 (1.17–1.97) 0.002 88.9/< 0.001 1.27 (0.97–1.66) 0.085

T2DM 1.20 (1.12–1.28) < 0.001 54.2/0.026

Both T1DM 2.47 (2.36–2.58) < 0.001 – 1.99 (1.40–2.83) < 0.001

T2DM 1.24 (0.87–1.75) 0.232 87.8/< 0.001

Hip fracture Study design Prospective T1DM 4.56 (2.49–8.34) < 0.001 91.5/< 0.001 3.28 (1.76–6.10) < 0.001

T2DM 1.39 (1.21–1.60) < 0.001 80.6/< 0.001

Retrospective T1DM 3.88 (2.68–5.61) < 0.001 96.0/< 0.001 3.43 (2.35–5.03) < 0.001

T2DM 1.13 (1.03–1.24) 0.010 89.3/< 0.001

Gender Male T1DM 3.95 (2.10–7.43) < 0.001 95.7/< 0.001 3.95 (2.09–7.46) < 0.001

T2DM 1.00 (0.93–1.08) 0.946 36.5/0.178

Female T1DM 4.76 (2.66–8.52) < 0.001 95.9/< 0.001 3.33 (1.83–6.05) < 0.001

T2DM 1.43 (1.25–1.64) < 0.001 88.2/< 0.001

Both T1DM 2.41 (2.20–2.65) < 0.001 – 2.15 (1.80–2.58) < 0.001

T2DM 1.12 (0.96–1.31) 0.136 41.0/0.132
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significant publication bias to upper arm fracture (P-value 
for Egger: 0.117; P-value for Begg: 0.837; Additional file 1).

Ankle fracture
The studies that reported the role of T1DM and T2DM in 
ankle fracture risk were reported in studies 1 and 3, respec-
tively (Fig. 6). We noted that T1DM (OR: 1.97; 95%CI 1.24–
3.14; P = 0.004) and T2DM (OR: 1.15; 95%CI 1.01–1.31; 
P = 0.029) was associated with an increased risk of ankle 
fracture. However, no significant heterogeneity was observed 
across included studies for the role of T1DM (I2 = 29.3%; 
P = 0.234) and T2DM (I2 = 0.0%; P = 0.886). Patients with 
T1DM were also associated with an increased risk of ankle 
fracture than those with T2DM (ROR: 1.71; 95%CI 1.06–
2.78; P = 0.029; Table 2). Similarly, no significant publication 
bias to ankle fracture was observed (P-value for Egger: 0.109; 
P-value for Begg: 0.060; Additional file 1).

Vertebrae fracture
The studies that reported the role of T1DM and T2DM 
in vertebrae fracture risk were studies 1 and 8, respec-
tively (Fig.  7). We noted that T1DM was associated 
with an increased risk of vertebrae fracture (OR: 2.18; 
95%CI 1.85–2.57; P < 0.001), whereas no significant asso-
ciation of T2DM in vertebrae fracture risk (OR: 1.45; 
95%CI 0.82–2.56; P = 0.200) was observed. Also, no sig-
nificant heterogeneity for the role of T2DM (I2 = 98.5%; 
P < 0.001) was reported. Furthermore, the association 
between the risk of vertebrae fracture in T1DM and 
T2DM patients, respectively, was notstatistically signifi-
cant (ROR: 1.50; 95%CI 0.83–2.72; P = 0.177; Table  2). 
Also, no significant publication bias existed in relation to 
vertebrae fracture (P-value for Egger: 0.267; P-value for 
Begg: 1.000; Additional file 1).

 OR

 .3  .5  1  2

 Study
 OR

thgieW%)IC%59(
 I

 NTHS 1999   4.50 ( 0.60, 31.90)   0.4
 NTHS 1999   6.90 ( 2.20, 21.60)   1.0
 IWHS 2001   12.25 ( 5.05, 29.70)   1.4
 SIR 2005   7.60 ( 5.90, 9.60)   3.2
 SIR 2005   9.80 ( 7.30, 12.90)   3.1
 NHS 2006   6.40 ( 3.90, 10.30)   2.4
 Troms? 2006   18.43 ( 5.72, 59.34)   1.0
 Troms? 2006   9.03 ( 1.25, 65.07)   0.4
 SCI−DC 2014   3.28 ( 2.52, 4.26)   3.2
 SCI−DC 2014   3.54 ( 2.75, 4.57)   3.2
 THIN 2015   2.55 ( 2.04, 3.18)   3.3
 THIN 2015   2.63 ( 2.21, 3.13)   3.4
 FRAILCO 2017   1.47 ( 1.20, 1.80)   3.3
 FRAILCO 2017   1.33 ( 1.11, 1.59)   3.4
 DNPR 2019   2.41 ( 2.20, 2.65)   3.5

 Subtotal   4.01 ( 2.90, 5.54); P<0.001
  (I-square: 95.2%; P<0.001)

 36.0 

 II
 NTHS 1999   1.20 ( 0.40, 3.20)   1.1
 NTHS 1999   1.80 ( 1.10, 2.90)   2.4
 IWHS 2001   1.70 ( 1.21, 2.38)   2.9
 BMES 2001   3.80 ( 0.50, 29.00)   0.4
 SOF 2001   1.71 ( 1.19, 2.46)   2.8
 H−EPESE 2002   1.50 ( 0.97, 2.32)   2.6
 Dobnig 2006   1.10 ( 0.76, 1.60)   2.8
 NHS 2006   2.20 ( 1.80, 2.70)   3.3
 Troms? 2006   1.63 ( 0.59, 4.50)   1.2
 Troms? 2006   1.90 ( 1.04, 3.49)   2.1
 WHI 2006   1.82 ( 0.90, 3.64)   1.8
 Melton 2008   1.36 ( 1.02, 1.81)   3.1
 Melton 2008   1.08 ( 0.91, 1.28)   3.4
 CHS 2011   1.17 ( 0.87, 1.57)   3.1
 Jung 2012   1.33 ( 0.65, 2.71)   1.8
 Rotterdam 2013   1.21 ( 0.81, 1.80)   2.7
 SCI−DC 2014   0.97 ( 0.92, 1.02)   3.6
 SCI−DC 2014   1.05 ( 1.01, 1.10)   3.6
 SIDIAP 2015   1.17 ( 0.87, 1.57)   3.1
 Manitoba 2016   1.58 ( 1.39, 1.79)   3.5
 FRAILCO 2017   0.99 ( 0.92, 1.06)   3.6
 FRAILCO 2017   1.15 ( 1.09, 1.21)   3.6
 Holm 2018   1.83 ( 1.02, 3.31)   2.1
 DNPR 2019   0.99 ( 0.97, 1.02)   3.6

 Subtotal   1.25 ( 1.15, 1.35); P<0.001
  (I-square: 86.7%; P<0.001)

 64.0 

 Overall   1.93 ( 1.69, 2.21); P<0.001
  (I-square: 97.2%; P<0.001)

 100.0 

Fig. 3 The role of T1DM and T2DM in the risk of hip fracture
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Discussion
This study compared the strengths of T1DM and 
T2DM roles in relation to the risk of fractures. A total 

of 6,484,851 individuals and 766,610 patients with DM 
from 22 cohort studies were identified in this compre-
hensive quantitative meta-analysis. This study found that 

 OR
 .3  .5  1  2

 Study
 OR
 (95% CI)  % Weight

 I
 FRAILCO 2017   1.78 ( 0.91, 3.47)   6.4 
 FRAILCO 2017   0.69 ( 0.40, 1.20)   7.0 
 DNPR 2019   2.05 ( 1.92, 2.19)   8.6 

 Subtotal   1.39 ( 0.70, 2.77); P=0.344
  (I-square: 86.7%; P=0.001)

 22.0 

 II
 BMES 2001   2.20 ( 0.55, 8.91)   3.4 
 SOF 2001   1.04 ( 0.73, 1.48)   7.9 
 Dobnig 2006   1.24 ( 0.63, 2.41)   6.4 
 WHI 2006   1.27 ( 0.71, 2.25)   6.8 
 Melton 2008   1.00 ( 0.50, 1.70)   6.7 
 Melton 2008   1.10 ( 0.80, 1.40)   8.1 
 Jung 2012   1.00 ( 0.47, 2.13)   5.9 
 Rotterdam 2013   1.28 ( 0.85, 1.92)   7.6 
 FRAILCO 2017   0.79 ( 0.59, 1.07)   8.1 
 FRAILCO 2017   0.85 ( 0.74, 0.97)   8.5 
 DNPR 2019   0.77 ( 0.75, 0.79)   8.6 

 Subtotal   0.94 ( 0.82, 1.07); P=0.348
  (I-square: 58.8%; P=0.007)

 78.0 

 Overall   1.11 ( 0.80, 1.54); P=0.538
  (I-square: 98.3%; P<0.001)

 100.0 

Fig. 4 The role of T1DM and T2DM in the risk of distal forearm fracture

 OR
 .3  .5  1  2

 Study
 OR
 (95% CI)  % Weight

 I
 FRAILCO 2017   2.10 ( 1.32, 3.33)   8.0 
 FRAILCO 2017   1.72 ( 1.25, 2.37)   9.2 
 DNPR 2019   2.67 ( 2.41, 2.95)  10.6 

 Subtotal   2.20 ( 1.61, 3.00); P<0.001
  (I-square: 72.6%; P=0.026)

 27.8 

 II
 BMES 2001   9.50 ( 2.71, 33.37)   3.0 
 SOF 2001   2.02 ( 1.36, 3.01)   8.6 
 WHI 2006   0.90 ( 0.39, 2.07)   5.0 
 Melton 2008   1.30 ( 0.80, 2.00)   8.0 
 Melton 2008   2.10 ( 1.60, 2.70)   9.7 
 FRAILCO 2017   1.18 ( 0.97, 1.42)  10.2 
 FRAILCO 2017   1.24 ( 1.12, 1.38)  10.6 
 Holm 2018   1.62 ( 0.84, 3.13)   6.3 
 DNPR 2019   1.14 ( 1.11, 1.18)  10.8 

 Subtotal   1.42 ( 1.20, 1.67); P<0.001
  (I-square: 81.2%; P<0.001)

 72.2 

 Overall   1.67 ( 1.29, 2.16); P<0.001
  (I-square: 96.2%; P<0.001)

 100.0 

Fig. 5 The role of T1DM and T2DM in the risk of upper arm fracture
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T1DM was associated with an increased risk of all frac-
tures, including fractures at the hip, upper arm, ankle, 
and vertebrae, whereas T2DM caused excess risk of all 
fractures, including fractures at the hip, upper arm, and 
ankle. Moreover, patients with T1DM were associated 
with an increased risk of all fractures, hip, upper arm, 
and ankle fractures than those with T2DM. Further-
more, significant differences in the risk of all fractures 
between patients having T1DM and T2DM were mainly 
observed in the subgroups of prospective cohort stud-
ies, retrospective cohort studies, or studies that reported 

both males and females. Finally, the risk of hip fracture in 
T1DM patients was significantly higher than in T2DM in 
all predefined subgroups.

A prior meta-analysis conducted by Vestergaard et  al. 
found that T1DM and T2DM patients were associated 
with an increased risk of hip fracture. An increase in the 
relative risk of patients with T1DM was also observed 
to be significantly higher than those with T2DM. More-
over, bone mineral density was increased in patients 
with T2DM but decreased in patients with T1DM [50]. 
Janghorbani et  al. conducted a meta-analysis based on 

 OR
 .3  .5  1  2

 Study
 OR
 (95% CI)  % Weight

 I

 FRAILCO 2017   2.56 ( 1.41, 4.61)   8.3 

 FRAILCO 2017   1.59 ( 0.95, 2.66)  10.4 

 Subtotal   1.97 ( 1.24, 3.14); P=0.004
  (I-square: 29.3%; P=0.234)

 18.7 

 II

 SOF 2001   1.24 ( 0.82, 1.88)  14.2 

 WHI 2006   1.31 ( 0.76, 2.24)   9.6 

 FRAILCO 2017   1.07 ( 0.82, 1.39)  23.9 

 FRAILCO 2017   1.16 ( 0.98, 1.36)  33.6 

 Subtotal   1.15 ( 1.01, 1.31); P=0.029
  (I-square: 0.0%; P=0.886)

 81.3 

 Overall   1.28 ( 1.06, 1.55); P=0.010
  (I-square: 40.6%; P=0.135)

 100.0 

Fig. 6 The role of T1DM and T2DM in the risk of ankle fracture
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 .3  .5  1  2

 Study
 OR
 (95% CI)  % Weight

 I

 DNPR 2019   2.18 ( 1.85, 2.57)  11.1 

 Subtotal   2.18 ( 1.85, 2.57); P<0.001
  (I-square: ...; P=...)

 11.1 

 II

 SOF 2001   1.10 ( 0.70, 1.72)  10.3 

 Dobnig 2006   1.00 ( 0.78, 1.28)  10.9 

 WHI 2006   1.57 ( 0.72, 3.44)   8.8 

 Melton 2008   5.00 ( 4.20, 5.90)  11.1 

 Melton 2008   3.10 ( 2.70, 3.60)  11.1 

 Jung 2012   0.90 ( 0.56, 1.45)  10.2 

 Holm 2018   1.31 ( 0.40, 4.32)   6.8 

 DNPR 2019   0.98 ( 0.94, 1.03)  11.2 

 PK−VF 2019   0.74 ( 0.32, 1.74)   8.5 

 Subtotal   1.45 ( 0.82, 2.56); P=0.200
  (I-square: 98.5%; P<0.001)

 88.9 

 Overall   1.52 ( 0.93, 2.50); P=0.097
  (I-square: 98.4%; P<0.001)

 100.0 

Fig. 7 The role of T1DM and T2DM in the risk of vertebrae fracture
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2 case-controls and 14 cohort studies and found similar 
conclusions. Previous studies have indicated that T2DM 
was weakly associated with fractures at other sites [51]. 
However, these studies focused on the risk of hip fracture 
between T1DM and T2DM patients, but did not com-
pare the strength of T1DM and T2DM with the risk of 
fracture at various sites. Therefore, this study was con-
ducted to update the knowledge about discrepancies in 
fracture risk between T1DM and T2DM patients.

From this study, it was also found both T1DM and 
T2DM patients was associated with an increased risk of 
fractures at most sites. Moreover, the risk of all fractures, 
including fractures at the hip, upper arm, and ankle in 
T1DM patients was significantly higher than in T2DM 
patients. This observation proposes a potential role of 
T1DM in skeletal fragility, including deficits in bone 
mineral density, bone geometry, bone microarchitecture, 
and biomechanical properties [52–54]. Furthermore, 
the role of T2DM in the risk of fracture is proposed to 
be because of lower levels of bone turnover markers with 
reduced bone formation [55, 56]. Additionally, patients 
with T1DM were associated with an increased risk of all 
fractures, hip, upper arm, and ankle fractures than those 
with T2DM. The potential reason for this observation 
is proposed to be that T2DM patients presented higher 
body weight and BMI than those with T1DM patients, 
while the fracture in T2DM patients was due to sustained 
higher traumatic load and soft-tissue energy absorption 
in obese patients [50]. Finally, the changes in body min-
eral density in T1DM and T2DM patients differed, which 
caused the observed varying fracture risk [51].

Subgroup analyses found significant differences that 
existed between T1DM and T2DM patients, resulting in 
the risk of all fractures, including hip fracture in most of 
the subgroups. The risk of all fractures between T1DM 
and T2DM patients were not also observed in the stud-
ies that focused on males and females. This observation 
is because of (1) the all-fracture risk between T1DM 
and T2DM that was balanced by fracture at other sites. 
Therefore, T1DM and T2DM did not affect the risk of 
distal forearm; (2) the imbalance characteristics between 
T1DM and T2DM patients, which affected the risk of 
fractures; and (3) the adjusted factors between T1DM 
and T2DM that differed, thereby affecting the risk of 
fracture.

The limitations of this study should be acknowledged. 
First, this study contained both prospective and retro-
spective cohort studies, and the selection or recall biases 
is proposed to be biases on the risk of fracture. Second, 
the difference between T1DM and T2DM associated with 
the risk of fractures at varied sites was based on indi-
rect comparison evidence, and various adjusted factors 
resulted in the risk of fractures. Third, the role of T1DM 

in the risk of fracture was reported in a smaller number 
of included studies, and the power to detect potential 
differences affected the comparison results. Fourth, sub-
group analyses were conducted based on study design 
and gender, but the differences based on other character-
istics were not conducted. Fifth, the severity of DM was 
not addressed, which is proposed to play an important 
role in subsequent fracture risk. Finally, inherent limita-
tions for meta-analysis of published articles, including 
inevitable publication bias and the restricted detailed 
analyses also posed a limitation to this study.

Conclusions
This study found that T1DM and T2DM induced excess 
risk of fractures at most sites. Moreover, T1DM patients 
were associated with an increased risk of all fractures, 
including fractures at the hip, upper arm, and ankle than 
T2DM patients. Further, large-scale prospective studies 
should thus be conducted to directly compare the differ-
ences between T1DM and T2DM patients with their risk 
of fracture at various sites.
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