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Purpose: Available data on the effects of anti-diabetic drugs on fracture risk are
contradictory. Therefore, our study aimed to analyze all available data on the effects of
anti-diabetic drugs on fracture risk in type 2 diabetes mellitus (T2DM) patients.

Methods: Embase, Medline, ClinicalTrials.gov, and Cochrane CENTRAL were searched
for relevant trials. All data analyses were performed with STATA (12.0) and R language
(8.6.0). Risk ratio (RR) with its 95% confidence interval (Cl) was calculated by combining
data for the fracture effects of anti-diabetic drugs, including sodium-glucose co-
transporter 2 (SGLT2) inhibitors, dipeptidyl peptidase-4 (DPP-4) inhibitors, glucagon-
like peptide-1 (GLP-1) receptor agonists, meglitinides, a-glucosidase inhibitors,
thiazolidinediones, biguanides, insulin, and sulfonylureas.

Results: One hundred seventeen eligible randomized controlled trials (RCTs) with
221,364 participants were included in this study. Compared with placebo, trelagliptin
(RR 3.51; 1.58-13.70) increased the risk of fracture, whereas albiglutide (RR 0.29; 0.04—
0.98) and voglibose (RR 0.03; 0-0.11) decreased the risk of fracture. Other medications
were comparable in terms of their effects on fracture risk, and no statistical significance
was observed. In terms of fractures, voglibose (0.01%) may be the safest option, and
trelagliptin (13.64%) may be the worst. Sensitivity analysis results were consistent with
those of the main analysis. No statistically significant differences were observed in the
regression coefficients of age (1.03; 0.32-2.1), follow-up duration (0.79; 0.27-1.64), and
sex distribution (0.63; 0.15-1.56).

Conclusions: We found varied results on the association between the use of anti-diabetic
drugs and fracture risk. Specifically, trelagliptin raised the risk of fracture, whereas
voglibose and albiglutide showed benefit with statistical difference. Other drugs were
comparable in terms of their effects on fracture risk. Some drugs (omarigliptin, sitagliptin,
vildagliptin, saxagliptin, empagliflozin, ertugliflozin, rosiglitazone, pioglitazone, and
nateglinide) may increase the risk of fracture, while others (such as dulaglutide,
exenatide, liraglutide, semaglutide, lixisenatide, linagliptin, alogliptin, canagliflozin,
dapagliflozin, glipizide, gliclazide, glibenclamide, glimepiride, metformin, and insulin) may
show benefits. The risk of fracture was independent of age, sex distribution, and the
duration of exposure to anti-diabetic drugs. When developing individualized treatment
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strategies, the clinical efficacy of anti-diabetic drugs must be weighed against their
benefits and risks brought about by individual differences of patients.

Systematic Review Registration: This Systematic Review was prospectively registered
on the PROSPERO (https://www.crd.york.ac.uk/PROSPERO/, registration number

CRD42020189464).

Keywords: anti-diabetic drug, fracture, type 2 diabetes mellitus, systematic review, meta-analysis

INTRODUCTION

Diabetes is a major global health problem. It affects nearly half a
billion patients worldwide. Among diabetic patients, 90% suffer from
type 2 diabetes mellitus (T2DM) (1, 2). Mounting evidence indicates
that T2DM patients are at a higher risk of developing fragility
fractures because their bone microenvironment is deteriorated by
the disease (3, 4). T2DM patients with an increased bone mineral
density (BMD) may suffer more from bone fractures. Many studies
have suggested that a deteriorated bone quality, rather than a
decreased BMD, may be the key factor influencing bone fragility in
T2DM patients. From the perspective of clinical diagnosis, T2DM-
related complications (for instance, neuropathy, macroangiopathy,
and retinopathy) can be regarded as predictors of bone fractures, and
drug therapies may have negative effects on bone quality (5).
However, it is still not entirely clear why diabetes complications
can lead to fragility fractures (6). Some studies have indicated that
several mechanisms may be used to explain why patients with T2DM
are more susceptible to fragility fractures, including oxidative stress,
hyperglycemia, levels of insulin, risk of falls, functions of osteocalcin
and adiponectin, variations in BMD, and treatment-induced
hypoglycemia, all of which increase fracture risk in patients with
T2DM (3, 6, 7). The fragility fractures caused by diabetes are fatally
serious. They may require surgeries and may further develop into
disabilities, paralysis, or deaths (8, 9). Therefore, the developed anti-
diabetic treatment strategies should at least not increase the risk of
bone fractures in the vulnerable population (10, 11).

Currently, multiple anti-diabetic drugs are available, but previous
research did not integrate all related data into one analysis and
compare the available anti-diabetic drugs head-to-head. Therefore,
associations between fracture events and anti-diabetic drug effects
have not been clearly elucidated (12-14). To address this problem,
we herein utilized Bayesian meta-analysis, a validated and mature
statistical method, to compare the effects of all available anti-diabetic
drugs on fracture risk (15). This comprehensive review and meta-
analysis aimed to evaluate the safety of anti-diabetic drugs in fracture
events based on the data available from clinical trials. Our study may
help clinical researchers investigate the risk of fracture related to the
use of anti-diabetic drugs in future research.

METHODS

Search Strategy
This study was prospectively registered on the PROSPERO
(https://www.crd.york.ac.uk/PROSPERO/, registration number

CRD42020189464). A search for “Anti-diabetic drug”, “Type 2
diabetes mellitus”, “thiazolidinediones”, “o-glucosidase”,
“bromocriptine-QR”, “meglitinides”, “GLP-1 receptor
agonists”, “biguanides”, “sulfonylureas”, “SGLT2 inhibitors”,
“insulin”, and “DPP-4 inhibitors” was performed in Embase,
Medline, ClinicalTrials.gov, and Cochrane CENTRAL to identify
randomized controlled trials (RCTs) up to May 1, 2021, with

English-language restriction.

Selection Criteria

Clinical trials were eligible if they met the following criteria:
1) RCTs; 2) duration >12 months; 3) the intervention or
comparators were with anti-diabetic drugs, including
sulfonylureas, dipeptidyl peptidase-4 (DPP-4) inhibitors,
bromocriptine-QR, meglitinides, sodium-glucose co-transporter 2
(SGLT2) inhibitors, thiazolidinediones, biguanides, glucagon-like
peptide-1 (GLP-1) receptor agonists, insulin, o-glucosidase, and
placebo; 4) data on fracture were available.

Data Extraction and Quality Assessment

For the eligible studies, data were extracted by two reviewers (Y-SZ
and YY) independently; the disagreements were resolved by two
reviewers and, if necessary, consulted by a senior reviewer (B-CX).
Cochrane risk-of-bias tool was used to estimate the risk of bias for
eligible studies (16). The data on trials available, consisting of the
first author, sample size, mean age, follow-up, intervention and
comparators, HbAlc, and outcomes of interest, were extracted.
Grading of Recommendations, Assessment, Development and
Evaluation (GRADE) was performed to assess the quality of
evidence for fracture outcomes included. The GRADE approach
categorizes evidence into high, moderate, low, or very low quality.

Data Analysis

The Bayesian meta-analysis model was established by
performing the Markov chain Monte Carlo methods (17).
Random-effects model was used to account for heterogeneity
between clinical trials for Bayesian analysis model, risk ratios
(RRs) with its 95% confidence interval (CI) of anti-diabetic drugs
on bone fracture were evaluated, RR value <1 favors “lower risk”,
RR value >1 favors “higher risk,” and it permits all comparisons
(direct/indirect comparisons) to be taken into calculating
synchronously (18, 19). The posterior distributions of the
parameters model were generated by four chains (100,000 per
chain, 400,000 iterations) in the random-effects model (20). We
checked heterogeneity by performing the I” statistic and verified
the model fit by calculating residual deviance. In addition, we
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calculated inconsistency of the direct and indirect comparisons
by operating node-splitting method, and p-value <0.05 was
defined as inconsistency. We calculated rank treatment of each
anti-diabetic drug to estimate the safest probability. In addition,
we calculated meta-regression analysis to discover the
association with the fracture risk and age, fracture risk and sex
distribution, and fracture risk and length of duration (21); and
we performed sensitivity analysis to detect the influence of data
(22). A comparison-adjusted funnel plot was drawn by using
STATA software to analyze publication bias (23). All data
analyses were performed with R language (3.6.0) (24).

RESULT
Study Characteristics and Quality

A total of 47,869 records were retrieved; after review of 812
records for eligibility, 117 RCTs were included. The
interventions evaluated in the meta-analyses included nine
types of anti-diabetic drugs: SGLT2 inhibitors, DPP-4
inhibitors, a-glucosidase inhibitors, thiazolidinediones, insulin,
GLP-1 receptor agonists, meglitinides, biguanides, and
sulfonylureas. The flowchart for selection of clinical trials is
shown in Figure 1. All anti-diabetic drugs were connected to
draw a network plot (Figure 2). Characteristics of the clinical
trials with their quality analyses are shown in Supplementary
Tables 1, 2.

Statistical Analysis

The model fit calculated by residual deviance was agreeable (ratio
1.148, I? = 15%). The results of RRs are summarized in Table 1.
The GRADE of quality evidence for anti-diabetic drugs on

Records identified through
datebase searching (n=47,869)
Pubmed: 1,775

Embase: 14,885

Cochrane library: 27,522
ClinicalTrials.gov: 3,687

Records excluded (n =43,612) for
the following reasons:

(i) Animal experiment

(ii) In vitro study

(iii) Case report

(iv) Meeting abstract

(v) Review

vi) Duplicates

Records screened
(0=1,903)

Full texts excluded (n =1,425) for
the following reason: (i) Not RCTs

Full texts assesed for
eligibility (n=812)

|

Studies included in ’

quantitative synthesis
(n=117)

FIGURE 1 | Trial flow diagram.

fracture outcomes is summarized in Table 2; all anti-diabetic
drugs were graded as high/moderate quality in the present study.

Dipeptidyl Peptidase-4 Inhibitors

In the overall analysis, compared with placebo, we found varied
results on the association between the use of DPP-4 inhibitors and
fracture risk. Specifically, omarigliptin (RR 1.33; 0.21-8.24),
sitagliptin (RR 1.29; 0.27-6.47), vildagliptin (RR 1.17; 0.23-6.16),
and saxagliptin (RR 2.04; 0.38-12.09) raised the risk of fracture;
whereas linagliptin (RR 0.9; 0.18-4.66) and alogliptin (RR 0.76;
0.12-4.87) reduced the risk. Additionally, trelagliptin (RR 3.51;
1.58-13.70) raised the risk of fracture with a statistical significance.

Glucagon-Like Peptide-1 Receptor Agonists
We found that GLP-1 receptor agonists showed benefits as
compared with placebo. The effects of dulaglutide (RR 0.91;
0.17-4.88), exenatide (RR 0.95; 0.15-5.96), liraglutide (RR 0.73;
0.14-3.92), semaglutide (RR 0.66; 95% 0.13-3.41), and
lixisenatide (RR 0.92; 0.2-6.3) were comparable and showed no
statistically significant differences. Additionally, albiglutide (RR
0.29; 0.04-0.93) showed benefits with a statistical significance.

Sodium-Glucose Co-Transporter 2
Inhibitors

In the overall analysis, compared with placebo, canagliflozin (RR
0.62; 0.13-3.08) and dapagliflozin (RR 0.9; 0.16-5.14) decreased
the risk of fracture; whereas empagliflozin (RR 1.19; 0.24-5.89)
and ertugliflozin (RR 2.47; 95% 0.16-9.95) increased the risk of
fracture, although the difference was not significant.

Sulfonylureas

In the overall analysis, the results showed that glipizide (RR 0.67;
0.12-3.74), gliclazide (RR 0.75; 0.05-9.46), glibenclamide (RR
0.98; 0.22-4.25), and glimepiride (RR 0.45; 0.09-2.17) showed
benefits as compared with placebo. Unfortunately, the differences
were not statistically significant.

Thiazolidinediones

In the overall analysis, the results suggest that rosiglitazone (RR
1.2; 0.21-6.83) and pioglitazone (RR 1.14; 0.31-4.25) increased
the risk of facture as compared with placebo.

Others

In the overall analysis, compared with placebo, the results suggested
that metformin (RR 0.81; 0.14-4.56), voglibose (RR 0.03; 0-0.11),
and insulin (RR 0.68; 0.12-3.86) showed benefit, whereas
nateglinide (RR 1.35; 0.24-7.55) raised the risk of fracture.

Ranking Probability

Based on surfaces under the cumulative probability cumulative
ranking curves (SUCRAS), the probability ranking of anti-diabetic
drugs is shown in Supplementary Table 3. In terms of the risk of
inducing fracture, the safest treatment was voglibose (0.01%), and
the worst treatment was trelagliptin (13.64%). According to
GRADE, the quality of evidence for fracture outcomes was rated
as high for most comparisons (Table 2). Quality of evidence was
high for the overall ranking of anti-diabetic drug treatments.
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FIGURE 2 | Network plot for the Bayesian network meta-analyses.
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Heterogeneity and Inconsistence Check
Inconsistency was detected in some direct/indirect comparisons
(Supplementary Table 4), in sitagliptin versus liraglutide,
sitagliptin versus glimepiride, empagliflozin versus linagliptin,
omarigliptin versus glimepiride, ertugliflozin versus glimepiride,
dulaglutide versus metformin, omarigliptin versus glibenclamide,
and ertugliflozin versus glibenclamide. The global heterogeneity
was 44% calculated by R software (Supplementary Table 5); no
statistically significant heterogeneity was detected in the direct/
indirect comparisons.

Funnel Plot and Publication Bias
As it is shown in Figure 3, it did not suggest any publication bias
in the comparison-adjusted funnel plots.

Sensitivity Analysis and Meta-Regression
Almost all the results of sensitivity analysis were consistent with
those of the main analysis (Supplementary Table 6). No
significant differences were observed in the regression
coefficients (RCs). The risk of fracture was independent of age
(RC 1.03; 0.32-2.1), duration of treatment (RC 0.79; 0.27-1.64),
and sex distribution (RC 0.63; 0.15-1.56), but fracture risk had
no clear associations with plasma glucose, level, and drug doses
in patients treated with anti-diabetic drugs.

DISCUSSION

Principal Findings

Previous studies have not fully demonstrated the effects of all
anti-diabetic drugs on the risk of fracture in T2DM patients due
to many limitations. One of the limitations is that data from

these studies could not be integrated into a single analysis. As a
result, the power of evidence of these studies seems weak due to
the limited data, and no convincing results can be obtained. We
found varied results on the association between fracture risk and
the use of anti-diabetic drugs by assessing direct comparisons,
indirect comparisons, inconsistency, and heterogeneity.
Unfortunately, the results of trelagliptin and voglibose were
obtained based on one RCT with one fracture event. However,
in this study, a comprehensive analysis was performed to detect
the association between fracture risk and the use of anti-diabetic
drugs by integrating data from 221,364 participants treated with
nine types of anti-diabetic drugs. Compared with previous meta-
analyses, the Bayesian model adopted in this study could obtain
more accurate statistical results because it describes indirect
comparisons between trials (25). Therefore, trelagliptin and
voglibose should not be excluded. Trelagliptin raised the risk
of fracture, whereas voglibose and albiglutide showed benefits
with statistically significant differences. In terms of the risk of
inducing fracture, voglibose (0.01%) may be the safest option,
and trelagliptin (13.64%) may be the worst. RCTs with varied
durations, age distributions, and sex distributions were included,
but fracture risk was independent of age and sex distributions
and the duration of exposure to anti-diabetic drugs.

Glucagon-Like Peptide-1 Receptor
Agonists and Fracture

In terms of fracture risk, GLP-1 receptor agonists showed
benefits. A few researchers raised the doubts that GLP-1
receptor agonists may have effects on fracture risk. GLP-1
increased bone density by inhibiting bone resorption and
promoting bone formation (26). But the research (included
trials >12 weeks) did not support an association between the
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TABLE 1 | Estimated relative treatment effects as risk ratios (RRs) and its corresponding 95% confidence intervals (Cls).

Treatment  albiglutide  dulaglutide  exenatide lixisenatide liraglutide  semaglutide  vidagliptin  omarigliptin  trelagliptin  saxagliptin alogliptin  sitagliptin linagliptin  dapaglifiozin ertuglifiozin  canaglifiozin  empaglifiozin glipizide glimepiride  glibenclamide gliclazide piogiitazone  rosiglitazone nateglinide metformin insulin voglibose placebo
abiglide NA 043(007, 041006,  036(005,  053(0.08, 059041, 034005, 0290004, 0010, 019(003,  052(007, 03005, 043007, 043007,  0.16(0,28 064011, 033 (0.06. 058(009, 085015, 0.4(008,192 052008,  0.34(0.06. 0320005, 029004,  048(007, 0580009,  1.12(1.01, 0290004,
249) 289) 2141) 314) 341) 2.04) 208) 004 1.15) 352) 1695) 242) 267) 3.45) 1.79) 379) 475) 9.09) 192) 2.15) 1.84) 321) 376) 256) 099)
dulaglutide 23304, NA 096(029,  083(025,  124(046, 138051,  078(026,  069(0.18, 0010, 0450013, 12032 070028, 101035, 101032,  038(001 1.48 (055, 077 (028, 1.35 (0.42, 2077, 083 (0.42, 1220002, 0790029, 076022, 06802,  1.12(034, 134055 191(1.09,  001(07,
14.65) a19) 262) 33 388) 229) 26) 0.08) 1.39) 452) 178) 2.79) a19) 1.08) a94) 208 a.48) 5.36) 2.06) 15.06) 222) 264) 2.25) 3.86) 339 7.52) a88)
exenatide 244035, 1.04(031, NA 086(021, 1290036, 143041, 081021, 072015, 0010, 048011, 1250027, 0730021, 105003, 105028, 039001, 154(043,  08(023,279) 1410035,  209(088, 097 032, 126011, 0820023, 079018, 07(016,  1.16(027,  139(043,  205(1.16, 0950015,
17.87) a46) 341) 469) 511) 3.08) 334) 008) 1.86) 582) 2.56) 364) 394) 1.78) 5.34) 5.86) 6.55) 207) 182) 302) 352) 299) 5.18) 457) 7.44) 5.96)
lnisenatice 2810047, 1210038, 1160029, NA 15048, 167(055, 0950029,  083(021, 0020, 0540015, 1450087, 0850029, 1220041, 122 (036, 045001, 179063, 092033, 163048, 241086, 1.12 (049, 148014, 0960033, 0920025, 081025  1.85(037,  163(046,  283(1.99, 0902,
18.77) £ 484) 499) 531) 3.25) 339) 0.08) 1.83) 602) 259) a71) 439) 124 522) 272) 6.04) 7.45) 274) 19.54) 297) 358) 292) 533) 621) 6.09) 63)
ragiutide 187 (032 08003, 0780021, 067(02, NA 111041, 06302, 055(0.14, 0010, 036(041, 097026,  057(022,  081(028,  081(025, 03001 1.19 (045, 061023, 1090033, 160064, 074034, 097 01 064023, 061017, 054(047, 09(026,  108(036,  143(107, 073014,
11.82) 247) 28 21) 308 193) 249 004 1.14) a7 1.48) 2.25) 2.66) 1.08) 318) 1.66) 369) 4.22) 167) 1274 1.83) 2.19) 1.83) 322) 339 324) 392)
semagiuide 169029,  0.73(0.26, 0702, 06019, 09033, NA 0570018, 05013, 0010, 032001,  088(023, 05102 0730026,  073(023,  027(001, 1.07 (042, 056 (022, 099031,  145(057, 067 (032, 083(009, 058021, 085016, 0490015,  081(024, 098031,  135(1.06, 086013,
10.48) 1.98) 2.45) 1.81) 2.44) 172) 1.84) 003) 099) 319) 124) 194) 232) 096) 2:66) 1.41) 317) ag) 1.42) 11.16) 1.56) 1.93) 159) 281) 347 3.85) 341)
vidagiptin 297(049,  128(044, 1230033, 105081,  158(052, 176 (0.58, NA 088022, 0020, 057(016,  153(038,  09(033,  129(044, 13(0:38, 048001, 1,88 (067, 0.98 (035, 17405, 2560096, 118051, 155015, 1010038, 097(027, 086025, 143004, 1720057, 212(1.13, 1170023,
19.28) 38 467) 351) 491) 547) 352) 0.08) 1.92) 6.17) 25) 377) 437) 1.35) 5.41) 281) 6.15) 7.29) 287) 2006) 285) 367) 3.06) 539) 5.43) 607) 6.16)
omarigliptin 340049, 1450038 13903, 12029, 181047,  2(054,743  114(028, NA 00200, 0650015, 174(0.38,  103(029,  147(041, 147036,  054(002 215062, 111082, 197048, 29086, 1.34 (046, 176 (0.15, 116(0.32, 111024, 098(024,  163(037, 1950046,  280(128 1330021,
24.58) 5.48) 651) a7) 692) 4.46) 007) 257) 8.18) a64) 5.28) 592) 170 7.59) 389 84) 1043) 4.07) 253) 413) a85) a1 72) 84) 802) 8.24)
trelagiptin 49232, 560224,  528(141,  462(143  371(166,  576(208,  439(109,  376(1.28, NA 2588(189,  480(241,  395(18,  572(261, 582281,  371(182 48328, 446 (1.57, 577(293,  B22(485 362163, 667(343,  444(174, 434(148,  388(148, 463253, 67225  743(283,  351(188,
19.08) 14.25) 13561) 18.19) 14.84) 19.7) 13.25) 11.43) 684) 16.69) 12.84) 22.46) 14.00) 104) 18.06) 1297) 25.60) 20.1) 14.85) 2004) 14.92) 13.05) 1297 14.47) 25.69) 2229 13.70)
saxaglptin 528(087, 225072, 218054, 187085, 2780087,  309(101, 175052,  154(039, 0030, NA 271072, 1580056, 226078,  227(069,  085(0.08, 332147, 172(06,58) 305098,  45(165, 2.08(0.88, 275027, 178061, 17 (047, 152045, 2507, 3030085  221(129,  204(038,
35.44) 7.64) 9.21) 659) 9.49) 10.46) 6.38) 658) 0.11) 1084) a8) 7.18) 8.19) 282) 1029 1031) 13.89) 5.48) 57.1) 5.76) 6.86) 5.75) 10.16) 12.4) 6.86) 12.09)
alogiptin 194(028, 084022,  08(017, 069017,  1.03(027, 114082, 065016, 057012, 0010, 087 (0.08, NA 058(018, 084023, 0840022, 0310001, 1.23(0.35, 064018, 113038, 167049, 077 (026, 101009, 066019, 064(015 056014,  093(022,  113(026,  139(1.02,  076(012,
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21.18) 4.46) 5.55) 4.08) 5.87) 627) ars) 4.09) 0.08) 2.18) 677) 2:85) 4a7) 5.06) 1.79) 6.26) 321) 6.41) 8.65) 342) 18.42) aas) 348) 289) 7.08) 873) 683)
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metiormin 208(031, 0890026, 086019, 074019,  1.11(031, 128 (036, 07(019, 061014, 0010, 04001, 107025 06302 09027, 09023, 033 (001, 18204, 069 (021, 122084, 18(055, 083 (029, 108011, 071022, 068035, 06015, NA 120081, 140(7.89, 081014,
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Comparisons should be read from left to right. The estimate is located at the intersection of the treatments in the column heads and the treatments in the row heads. An RR value >1 favors the column-defining treatment. An RR value <1 favors
the row-defining treatment; NA, not applicable.
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TABLE 2 | GRADE of quality evidence for glucose-lowering medications on fracture outcomes.

Medications Risk of Bias Inconsistency Indirectness Imprecision Publication Quality Risk of

bias fracture
Alogliptin Not serious Not serious Undetected Not serious Not serious High Low
Linagliptin Not serious Serious Undetected Not serious Not serious Moderate Low
Saxagliptin Not serious Not serious Not serious Not serious Not serious High High
Sitagliptin Not serious Serious Not serious Not serious Not serious Moderate High
Vildagliptin Not serious Not serious Not serious Not serious Not serious High High
Omarigliptin Not serious Serious Not serious Not serious Not serious Moderate High
Trelagliptin Not serious Not serious Undetected Not serious Not serious High Very
high

Albiglutide Not serious Not serious Not serious Not serious Not serious High Very low
Dulaglutide Not serious Serious Not serious Not serious Not serious Moderate Low
Exenatide Not serious Not serious Not serious Not serious Not serious High Low
Liraglutide Not serious Serious Not serious Not serious Not serious Moderate Low
Lixisenatide Not serious Not serious Undetected Not serious Not serious High Low
Semaglutide Not serious Not serious Not serious Not serious Not serious High Low
Canagliflozin Not serious Not serious Not serious Not serious Not serious High Low
Dapagliflozin Not serious Not serious Not serious Not serious Not serious High Low
Empagliflozin Not serious Not serious Not serious Not serious Not serious High High
Ertugliflozin Not serious Serious Not serious Not serious Not serious Moderate High
Glimepiride Not serious Not serious Not serious Not serious Not serious High Low
Gliclazide Not serious Not serious Undetected Not serious Not serious High Low
Glipizide Not serious Not serious Not serious Not serious Not serious High Low
Rosiglitazone Not serious Not serious Undetected Not serious Not serious High High
Pioglitazone Not serious Not serious Not serious Not serious Not serious High High
Metformin Not serious Serious Not serious Not serious Not serious Moderate Low

Voglibose Not serious Not serious Undetected Not serious Not serious High Very low
Nateglinide Not serious Not serious Undetected Not serious Not serious High High
Glibenclamide Not serious Not serious Not serious Not serious Not serious High Low
Insulin Not serious Not serious Not serious Not serious Not serious High Low

GRADE, Grading of Recommendations, Assessment, Development and Evaluation.

use of GLP-1 receptor agonists and the risk of fracture (27). The
latest Bayesian network meta-analysis (included trials >26
weeks) suggested that exenatide showed benefits (28). Notably,
according to bone biology, it is not likely that any intervention of
less than 52 weeks will affect fracture risk, and therefore only
RCTs with a duration of at least 52 weeks were considered in our
analyses. Most of these results could not provide powerful
evidence. Although GLP-1 receptor agonists did show benefits

in animal models, researchers could not draw any conclusion
confidently due to the limited clinical data (29, 30).

Dipeptidyl Peptidase-4 Inhibitors and
Fracture Risk

In terms of fracture risk, DPP-4 inhibitors showed varied
results, and trelagliptin raised the risk of fracture with a
statistical significance. A previous meta-analysis supported
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FIGURE 3 | Comparison-adjusted funnel plots of the network.
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that DPP-4 inhibitors have neutral effects on fracture
risk (27). An update meta-analysis suggested that DPP-4
inhibitors do modify the risk of fracture (31). Long-term
treatment with DPP-4 inhibitors does not increase or
decrease the risk of fracture (32). These findings agree with
those of our Bayesian meta-analysis. Unfortunately, although
our results showed that trelagliptin increased the risk of
fracture, this could not be supported by available evidence.
More clinical trials are needed to clarify the effect of
trelagliptin on fracture events.

Sodium-Glucose Co-Transporter 2
Inhibitors and Fracture Risk

SGLT2 inhibitors did not modify the risk of fracture with
statistically significant differences. A systematic review
suggested that canagliflozin is linked to an increased fracture
rate (33), a conclusion that is similar with our results. One study
suggested that SGLT?2 inhibitors have neutral effects on fracture
risk (34). In a clinical trial, SGLT2 inhibitors exhibited better
benefits than other anti-diabetic drugs in T2DM patients
suffering from chronic kidney disease (10). Therefore, SGLT2
inhibitors could be considered in anti-diabetic strategies for
patients susceptible to fracture.

Thiazolidinediones and Fracture Risk

Our results suggested that pioglitazone and rosiglitazone raised
the risk of fracture, but no statistically significant difference was
observed. Many studies showed that rosiglitazone and
pioglitazone increased the risk of bone fractures (35-37). One
study suggested that pioglitazone treatment does not increase the
risk of fractures (38). But these studies could not provide
powerful evidences due to the limited data. Therefore,
thiazolidinediones should be considered carefully in patients
susceptible to fracture.

Sulfonylureas and Fracture Risk

For sulfonylureas, our results showed that that glipizide,
gliclazide, glibenclamide, and glimepiride decreased the risk of
fracture. One study suggested that sulfonylureas could increase
the risk of fractures in the old patients with T2DM (39). Many
studies have indicated that sulfonylureas have neutral effects on
bone metabolism and BMD, and that they increase the amount
of falling events due to the high risk of hypoglycemic episodes
(40). The few available preclinical and clinical data indicate that
sulfonylureas do not have detrimental effects on the bone (41).
Therefore, sulfonylureas could be considered in the development
of anti-diabetic strategies.

Other Anti-Diabetic Drug and

Fracture Risk

Among other anti-diabetic drugs evaluated, metformin,
voglibose, and insulin showed benefits, whereas nateglinide
raised the risk of fracture. Several recent studies have indicated
that metformin is associated with a reduced risk of fracture (36,
42, 43), while previous studies have reported an increased risk of
falling among patients using insulin (12). Therefore, metformin

could be considered in patients susceptible to fracture.
Nevertheless, more clinical trials are needed to clarify the
effects of voglibose, insulin, and nateglinide on fracture events.

Limitations

The following limitations of this Bayesian model should be
considered. Firstly, voglibose might not be suitable for all
T2DM patients due to individual differences; the probability
ranking of treatments should be taken into account in selecting
suitable medications. Secondly, a random-effects model was
used to reduce the influence of the constraint on common
variances, but this method increases the possibility of
introducing biases due to heterogeneity in the included RCTs
(such as doses and plasma glucose). Thirdly, a significant
difference in inconsistency was noted in some direct or
indirect comparisons. Inconsistency could be generated by
the data available from the existing clinical trials that suffer
from methodological limitations including insufficient primary
endpoints and fracture events (44). Fourthly, the effects of some
anti-diabetic drugs, such as licogliflozin, chlorpropamide,
bromocriptine-QR, tolbutamide, and acarbose on the fracture
risks, could not be evaluated due to the limited data from
clinical trials. Finally, some RCTs could not be retrieved due to
database or language restrictions.

CONCLUSIONS

This comprehensive review and analysis might be helpful for
researchers in investigating the relative risk of fracture related to
the use of anti-diabetic drugs in future research. Further clinical
trials on the association between bone fracture events and the use
of anti-diabetic drugs are important since fragility fracture can
seriously affect patients with diabetes. Unfortunately, the possible
mechanisms of trelagliptin, voglibose, and albiglutide in
promoting bone formation or inhibiting bone absorption in
T2DM patients are still unclear, and there is still a lack of
clinical studies to demonstrate the efficacy of trelagliptin,
voglibose, and albiglutide in patients with T2DM-related
fractures. Overall, we observed varied results on the association
between the use of anti-diabetic drugs and fracture risk.
Trelagliptin raised the risk of fracture, whereas voglibose and
albiglutide showed benefits with statistically significant
differences. Some anti-diabetic drugs (omarigliptin, sitagliptin,
vildagliptin, saxagliptin, empagliflozin, ertugliflozin,
rosiglitazone, pioglitazone, and nateglinide) may increase the
risk of fracture; while others (dulaglutide, exenatide, liraglutide,
semaglutide, lixisenatide, linagliptin, alogliptin, canagliflozin,
dapagliflozin, glipizide, gliclazide, glibenclamide, glimepiride,
metformin, and insulin) may show benefits. Many preclinical
studies considered that various anti-diabetic drugs may have
either aggravating or repairing effects on bone quality. Therefore,
when developing T2DM treatment strategies, the clinical efficacy
of various anti-diabetic drugs must also be weighed against their
benefits and risks brought about by the individual differences
of patients.

Frontiers in Endocrinology | www.frontiersin.org

October 2021 | Volume 12 | Article 735824


https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Zhang et al.

Anti-Diabetic Drugs and Fracture

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included in
the article/Supplementary Material. Further inquiries can be
directed to the corresponding authors.

AUTHOR CONTRIBUTIONS

Y-SZ, Y-DZ, and YY contributed equally. Conceptualization: Y-SZ,
B-CX, and Y-DZ. Data extraction: YY, Y-DZ, and B-CX. Formal
analysis: Y-SZ and S-CC. Funding acquisition: B-CX. Investigation:
Y-SZ, B-CX, and YY. Methodology: Y-SZ and YY. Project
administration: Y-SZ. Resources: Y-SZ, Y-DZ, and YY. Software:
B-CX and Y-DZ. Supervision: B-CX, S-CC, and Y-DZ. Validation:
Y-DZ and S-CC. Writing—original draft: Y-SZ, Y-DZ, and YY.
Writing—review and editing: Y-SZ, YY, and B-CX. All authors
contributed to the article and approved the submitted version.

REFERENCES

1. Assar ME, Laosa O, Rodriguez ML. Diabetes and Frailty. Curr Opin Clin Nutr
Metab Care (2019) 22(1):52-7. doi: 10.1097/MCO.0000000000000535

2. Sapra A, Bhandari P. Diabetes Mellitus. (2021) In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing.

3. Compston J. Type 2 Diabetes Mellitus and Bone. J Intern Med (2018) 283
(2):140-53. doi: 10.1111/joim.12725

4. Kurra S, Fink DA, Siris ES. Osteoporosis-Associated Fracture and Diabetes.
Endocrinol Metab Clin North Am (2014) 43(1):233-43. doi: 10.1016/
j-ec1.2013.09.004

5. Eller-Vainicher C, Cairoli E, Grassi G, Grassi F, Catalano A, Merlotti D, et al.
Pathophysiology and Management of Type 2 Diabetes Mellitus Bone
Fragility. J Diabetes Res (2020) 2020:1-18. doi: 10.1155/2020/7608964

6. Jiang N, Xia W. Assessment of Bone Quality in Patients With Diabetes
Mellitus. Osteoporos Int (2018) 29(8):1721-36. doi: 10.1007/s00198-018-
4532-7

7. Jiao H, Xiao E, Graves DT. Diabetes and Its Effect on Bone and Fracture
Healing. Curr Osteoporos Rep (2015) 13(5):327-35. doi: 10.1007/s11914-015-
0286-8

8. Kalaitzoglou E, Fowlkes JL, Popescu I, Thrailkill KM. Diabetes
Pharmacotherapy and Effects on the Musculoskeletal System. Diabetes
Metab Res Rev (2019) 35(2):¢3100. doi: 10.1002/dmrr.3100

9. Singla R, Gupta Y, Kalra S. Musculoskeletal Effects of Diabetes Mellitus. J Pak
Med Assoc (2015) 65(9):1024-7.

10. Cortet B, Lucas S, Legroux-Gerot I, Penel G, Chauveau C, Paccou J. Bone
Disorders Associated With Diabetes Mellitus and its Treatments. Joint Bone
Spine (2019) 86(3):315-20. doi: 10.1016/j.jbspin.2018.08.002

11. Yamamoto M, Sugimoto T. Advanced Glycation End Products, Diabetes, and
Bone Strength. Curr Osteoporos Rep (2016) 14(6):320-6. doi: 10.1007/s11914-
016-0332-1

12. Jackuliak P, Kuzma M, Payer J. Effect of Antidiabetic Treatment on Bone.
Physiol Res (2019) 68(Suppl 2):5107-20. doi: 10.33549/physiolres.934297

13. Hygum K, Starup-Linde ], Langdahl BL. Diabetes and Bone. Osteoporos
Sarcopenia (2019) 5(2):29-37. doi: 10.1016/j.af0s.2019.05.001

14. Romero-Diaz C, Duarte-Montero D, Gutiérrez-Romero SA, Mendivil CO.
Diabetes and Bone Fragility. Diabetes Ther (2021) 12(1):71-86. doi: 10.1007/
$13300-020-00964-1

15. Faltinsen EG, Storebo O], Jakobsen JC, Boesen K, Lange T, Gluud C. Network
Meta-Analysis: The Highest Level of Medical Evidence? BM] Evid Based Med
(2018) 23(2):56-9. doi: 10.1136/bmjebm-2017-110887

16. Higgins JP, Altman DG, Getzsche PC, Jiini P, Moher D, Oxman AD, et al. The
Cochrane Collaboration’s Tool for Assessing Risk of Bias in Randomised
Trials. BMJ (2011) 343:d5928. doi: 10.1136/bm;j.d5928

FUNDING

The present study was supported by grants from the National
Natural Science Foundation of China (82000842); Guangdong Basic
and Applied Basic Research Foundation (2021A1515010151);
Project of Administration of Traditional Chinese Medicine of
Guangdong Province of China (20211403); Medical Scientific
Research Foundation of Guangdong Province of China
(B2020086); and Dongguan Science and Technology of Social
Development Program (202050715001197).

SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2021.735824/
full#supplementary-material

17. Endo A, van Leeuwen E, Baguelin M. Introduction to Particle Markov-Chain
Monte Carlo for Disease Dynamics Modellers. Epidemics-Neth (2019)
29:100363. doi: 10.1016/j.epidem.2019.100363

18. Shim SR, Kim §]J, Lee J, Riicker G. Network Meta-Analysis: Application and
Practice Using R Software. Epidemiol Health (2019) 41:e2019013.
doi: 10.4178/epih.e2019013

19. Moreno E, Vazquez-Polo FJ, Negrin MA. Bayesian Meta-Analysis: The Role of
the Between-Sample Heterogeneity. Stat Methods Med Res (2018) 27
(12):3643-57. doi: 10.1177/0962280217709837

20. Dhamala J, Arevalo HJ, Sapp J, Horacek BM, Wu KC, Trayanova NA, et al.
Quantifying the Uncertainty in Model Parameters Using Gaussian Process-
Based Markov Chain Monte Carlo in Cardiac Electrophysiology. Med Image
Anal (2018) 48:43-57. doi: 10.1016/j.media.2018.05.007

21. Moran JL, Graham PL. Risk Related Therapy in Meta-Analyses of Critical
Care Interventions: Bayesian Meta-Regression Analysis. J Crit Care (2019)
53:114-9. doi: 10.1016/j.jcrc.2019.06.003

22. Vazquez-Polo FJ, Moreno E, Negrin MA, Martel M. A Bayesian Sensitivity
Study of Risk Difference in the Meta-Analysis of Binary Outcomes From
Sparse Data. Expert Rev Pharmacoecon Outcomes Res (2015) 15(2):317-22.
doi: 10.1586/14737167.2015.1011131

23. Dias S, Sutton AJ, Welton NJ, Ades AE. Evidence Synthesis for Decision
Making 3: Heterogeneity—Subgroups, Meta-Regression, Bias, and Bias-
Adjustment. Med Decis Making (2013) 33(5):618-40. doi: 10.1177/
0272989X13485157

24. Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al.
Meta-Analysis of Observational Studies in Epidemiology: A Proposal for
Reporting. Meta-Analysis Of Observational Studies in Epidemiology
(MOOSE) Group. JAMA (2000) 283(15):2008-12. doi: 10.1001/
jama.283.15.2008

25. ZengI, Lumley T. Review of Statistical Learning Methods in Integrated Omics
Studies (An Integrated Information Science). Bioinform Biol Insights (2018)
12:1177932218759292. doi: 10.1177/1177932218759292

26. Zhao C, LiangJ, Yang Y, Yu M, Qu X. The Impact of Glucagon-Like Peptide-1
on Bone Metabolism and Its Possible Mechanisms. Front Endocrinol (2017)
8:98. doi: 10.3389/fendo.2017.00098

27. Hidayat K, Du X, Shi BM. Risk of Fracture With Dipeptidyl Peptidase-4
Inhibitors, Glucagon-Like Peptide-1 Receptor Agonists, or Sodium-Glucose
Cotransporter-2 Inhibitors in Real-World Use: Systematic Review and Meta-
Analysis of Observational Studies. Osteoporosis Int (2019) 30(10):1923-40.
doi: 10.1007/s00198-019-04968-x

28. Zhang YS, Weng WY, Xie BC, Meng Y, Hao YH, Liang YM, et al. Glucagon-
Like Peptide-1 Receptor Agonists and Fracture Risk: A Network Meta-
Analysis of Randomized Clinical Trials. Osteoporosis Int (2018) 29
(12):2639-44. doi: 10.1007/s00198-018-4649-8

Frontiers in Endocrinology | www.frontiersin.org

October 2021 | Volume 12 | Article 735824


https://www.frontiersin.org/articles/10.3389/fendo.2021.735824/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.735824/full#supplementary-material
https://doi.org/10.1097/MCO.0000000000000535
https://doi.org/10.1111/joim.12725
https://doi.org/10.1016/j.ecl.2013.09.004
https://doi.org/10.1016/j.ecl.2013.09.004
https://doi.org/10.1155/2020/7608964
https://doi.org/10.1007/s00198-018-4532-7
https://doi.org/10.1007/s00198-018-4532-7
https://doi.org/10.1007/s11914-015-0286-8
https://doi.org/10.1007/s11914-015-0286-8
https://doi.org/10.1002/dmrr.3100
https://doi.org/10.1016/j.jbspin.2018.08.002
https://doi.org/10.1007/s11914-016-0332-1
https://doi.org/10.1007/s11914-016-0332-1
https://doi.org/10.33549/physiolres.934297
https://doi.org/10.1016/j.afos.2019.05.001
https://doi.org/10.1007/s13300-020-00964-1
https://doi.org/10.1007/s13300-020-00964-1
https://doi.org/10.1136/bmjebm-2017-110887
https://doi.org/10.1136/bmj.d5928
https://doi.org/10.1016/j.epidem.2019.100363
https://doi.org/10.4178/epih.e2019013
https://doi.org/10.1177/0962280217709837
https://doi.org/10.1016/j.media.2018.05.007
https://doi.org/10.1016/j.jcrc.2019.06.003
https://doi.org/10.1586/14737167.2015.1011131
https://doi.org/10.1177/0272989X13485157
https://doi.org/10.1177/0272989X13485157
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1001/jama.283.15.2008
https://doi.org/10.1177/1177932218759292
https://doi.org/10.3389/fendo.2017.00098
https://doi.org/10.1007/s00198-019-04968-x
https://doi.org/10.1007/s00198-018-4649-8
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Zhang et al.

Anti-Diabetic Drugs and Fracture

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Mannucci E, Dicembrini I. Drugs for Type 2 Diabetes: Role in the Regulation
of Bone Metabolism. Clin cases Mineral Bone Metab (2015) 12(2):130-4.
doi: 10.11138/ccmbm/2015.12.2.130

Miiller TD, Finan B, Bloom SR, D’Alessio D, Drucker DJ, Flatt PR, et al.
Glucagon-Like Peptide 1 (GLP-1). Mol Metab (2019) 30:72-130. doi: 10.1016/
j.molmet.2019.09.010

Fu J, Zhu ], Hao Y, Guo C, Zhou Z. Dipeptidyl Peptidase-4 Inhibitors and
Fracture Risk: An Updated Meta-Analysis of Randomized Clinical Trials. Sci
Rep-UK (2016) 6(1):29104. doi: 10.1038/srep29104

Driessen JHM, van den Bergh JPW, van Onzenoort HAW, Henry RMA,
Leutkens HGM, de Vries F. Long-Term Use of Dipeptidyl Peptidase-4
Inhibitors and Risk of Fracture: A Retrospective Population-Based Cohort
Study. Diabetes Obes Metab (2017) 19(3):421-8. doi: 10.1111/dom.12843
Wolverton D, Blair MM. Fracture Risk Associated With Common
Medications Used in Treating Type 2 Diabetes Mellitus. Am ] Health-Syst
Ph (2017) 74(15):1143-51. doi: 10.2146/ajhp160319

LouY, YuY, Duan J, Bi S, Swe K, Xi Z, et al. Sodium-Glucose Cotransporter 2
Inhibitors and Fracture Risk in Patients With Type 2 Diabetes Mellitus: A
Meta-Analysis of Randomized Controlled Trials. Ther Adv Chronic Dis (2020)
11:2040622320961599. doi: 10.1177/2040622320961599

Zhu Z, Jiang Y, Ding T. Risk of Fracture With Thiazolidinediones: An
Updated Meta-Analysis of Randomized Clinical Trials. Bone (2014) 68:115—
23. doi: 10.1016/j.bone.2014.08.010

Hidayat K, Du X, Wu M]J, Shi BM. The Use of Metformin, Insulin,
Sulphonylureas, and Thiazolidinediones and the Risk of Fracture:
Systematic Review and Meta-Analysis of Observational Studies. Obes Rev
(2019) 20(10):1494-503. doi: 10.1111/0br.12885

Murphy CE, Rodgers PT. Effects of Thiazolidinediones on Bone Loss and
Fracture. Ann Pharmacother (2007) 41(12):2014-8. doi: 10.1345/aph.1K286
Pavlova V, Filipova E, Uzunova K, Kalinov K, Vekov T. Pioglitazone Therapy and
Fractures: Systematic Review and Meta- Analysis. Endocr Metab Immune Disord
Drug Targets (2018) 18(5):502. doi: 10.2174/1871530318666180423121833

Tao Y, E M, Shi ], Zhang Z. Sulfonylureas Use and Fractures Risk in Elderly
Patients With Type 2 Diabetes Mellitus: A Meta-Analysis Study. Aging Clin
Exp Res (2020) 33(8):2133-39. doi: 10.1007/s40520-020-01736-4

Paschou SA, Dede AD, Anagnostis PG, Vryonidou A, Morganstein D, Goulis
DG. Goulis: Type 2 Diabetes and Osteoporosis: A Guide to Optimal

Management. J Clin Endocrinol Metab (2017) 102(10):3621-34.
doi: 10.1210/jc.2017-00042

41. Adil M, Khan RA, Kalam A, Venkata SK, Kandhare AD, Ghosh P, et al. Effect
of Anti-Diabetic Drugs on Bone Metabolism: Evidence From Preclinical and
Clinical Studies. Pharmacol Rep (2017) 69(6):1328-40. doi: 10.1016/
j.pharep.2017.05.008

42. Salari-Moghaddam A, Sadeghi O, Keshteli AH, Larijani B, Esmaillzadeh A.
Metformin Use and Risk of Fracture: A Systematic Review and Meta-Analysis
of Observational Studies. Osteoporosis Int (2019) 30(6):1167-73. doi: 10.1007/
500198-019-04948-1

43. Al-Mashhadi Z, Viggers R, Fuglsang-Nielsen R, de Vries F, van den Bergh JP,
Harslof T, et al. Glucose-Lowering Drugs and Fracture Risk—A Systematic
Review. Curr Osteoporosis Rep (2020) 18(6):737-58. doi: 10.1007/s11914-020-
00638-8

44. Giinhan BK, Friede T, Held L. A Design-by-Treatment Interaction Model for
Network Meta-Analysis and Meta-Regression With Integrated Nested Laplace
Approximations. Res Synth Methods (2018) 9(2):179-94. doi: 10.1002/
jrsm.1285

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Zheng, Yuan, Chen and Xie. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

October 2021 | Volume 12 | Article 735824


https://doi.org/10.11138/ccmbm/2015.12.2.130
https://doi.org/10.1016/j.molmet.2019.09.010
https://doi.org/10.1016/j.molmet.2019.09.010
https://doi.org/10.1038/srep29104
https://doi.org/10.1111/dom.12843
https://doi.org/10.2146/ajhp160319
https://doi.org/10.1177/2040622320961599
https://doi.org/10.1016/j.bone.2014.08.010
https://doi.org/10.1111/obr.12885
https://doi.org/10.1345/aph.1K286
https://doi.org/10.2174/1871530318666180423121833
https://doi.org/10.1007/s40520-020-01736-4
https://doi.org/10.1210/jc.2017-00042
https://doi.org/10.1016/j.pharep.2017.05.008
https://doi.org/10.1016/j.pharep.2017.05.008
https://doi.org/10.1007/s00198-019-04948-1
https://doi.org/10.1007/s00198-019-04948-1
https://doi.org/10.1007/s11914-020-00638-8
https://doi.org/10.1007/s11914-020-00638-8
https://doi.org/10.1002/jrsm.1285
https://doi.org/10.1002/jrsm.1285
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Effects of Anti-Diabetic Drugs on Fracture Risk: A Systematic Review and Network Meta-Analysis
	Introduction
	Methods
	Search Strategy
	Selection Criteria
	Data Extraction and Quality Assessment
	Data Analysis

	Result
	Study Characteristics and Quality
	Statistical Analysis
	Dipeptidyl Peptidase-4 Inhibitors
	Glucagon-Like Peptide-1 Receptor Agonists
	Sodium–Glucose Co-Transporter 2 Inhibitors
	Sulfonylureas
	Thiazolidinediones
	Others
	Ranking Probability
	Heterogeneity and Inconsistence Check
	Funnel Plot and Publication Bias
	Sensitivity Analysis and Meta-Regression

	Discussion
	Principal Findings
	Glucagon-Like Peptide-1 Receptor Agonists and Fracture
	Dipeptidyl Peptidase-4 Inhibitors and Fracture Risk
	Sodium–Glucose Co-Transporter 2 Inhibitors and Fracture Risk
	Thiazolidinediones and Fracture Risk
	Sulfonylureas and Fracture Risk
	Other Anti-Diabetic Drug and Fracture Risk
	Limitations

	Conclusions
	Data Availability Statement
	Author Contributions
	Funding
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


