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ABSTRACT

Introduction: More and more studies suggest
that type 2 diabetes mellitus (T2DM) can lead to
an increased fracture risk. Some previous clini-
cal studies and experimental data have shown
that some antidiabetic drugs can increase or
decrease the incidence of fractures.

Methods: We searched Medline, Embase,
Cochrane Library, and the ClinicalTrials.gov
website  (https://www.clinicaltrials.gov)  for
published or unpublished randomized con-
trolled trials (RCTs) from inception through 2
December 2018 to compare the effects of
dipeptidyl peptidase-4 (DDP-4) inhibitors with
active control drugs or placebo in T2DM
patients. All RCTs had a duration of at least
12 weeks, and the wultimate measure was
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whether a fracture occurs or not. We calculated
odds ratios and their 95% confidence intervals
by the fixed effect Mantel-Haenszel model.
Publication bias was investigated firstly through
visual observation of funnel plot asymmetry
and then through Begg’s test or Egger’s test. The
Cochrane bias risk tools were used to assess the
quality of included studies.

Results: Eighty-seven eligible RCTs were inclu-
ded in this study. Of 93,772 participants, 49,270
patients received therapy and 44,502 were
control patients. Five kinds of DDP-4 inhibitors
were included: sitagliptin, saxagliptin, aloglip-
tin, linagliptin and vildagliptin. There were 676
fractures in the DDP-4 inhibitor treatment
group and 646 in the control group. The med-
ian average glycosylated hemoglobin level was
8.2%. DDP-4 inhibitor treatment did not seem
to influence the fracture risk, no matter whether
compared with placebo or active comparators in
T2DM patients (Mantel-Haenszel odds ratio
(MH-OR) = 1.01, 95% CI 0.90-1.12, P =0.92).
After three subgroup analyses which were
defined by drug type, control regimen and
duration, the results were still stable.
Conclusion: This systematic review and meta-
analysis shows that DDP-4 inhibitors do not
affect the fracture risk when compared with
antidiabetic drugs or placebo in T2DM patients.
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INTRODUCTION

Diabetes affects an estimated 6-8% of the pop-
ulation worldwide [2] and more than 90% of
patients with diabetes are classified as having
type 2 diabetes mellitus (T2DM). As we all
know, T2DM is a universal disease caused by
lifestyle and/or genetic factors; obese patients
and the elderly are the predominant groups
atfected.

More and more studies suggest that type 2
diabetes can lead to an increased fracture risk
[2, 14, 31]. Although there is no clear patho-
genic mechanism, some possible mechanisms
have been found, such as changes in bone
mineral density [2], impaired skeletal quality
and strength, or the effects of comorbidities
such as diabetic macrovascular and microvas-
cular complications [28]. Although bone frac-
tures are not considered to be the main
complications of T2DM in the traditional sense,
bone fractures in diabetic patients can lead to
decreased blood glucose control, physical dis-
ability, and declining overall life quality [11].

Some previous clinical studies and experi-
mental data have shown that some antidiabetic
drugs can increase or decrease the incidence of
fractures [1, 25]. For instance, thiazolidine-
diones can hamper osteoblastogenesis and
increase the bone loss and fracture risk; the
effect on postmenopausal women with T2DM is
particularly significant [16]. Conversely, the use
of sulfonylureas and metformin can reduce
fracture risk and they have a positive impact on
skeletal health [1]. It is worth mentioning that
although insulin treatment has no significant
effect on bone mineral density [17], insulin
treatment also increases the risk of fracture [29].

Dipeptidyl peptidase-4 (DDP-4) inhibitors
are a class of antidiabetic drugs which can
increase insulin levels and improve glycemic
control by increasing the levels of glucagon-like
peptide 1 (GLP-1) and glucose-dependent insu-
linotropic polypeptide (GIP), and they do not
lead to increased weight or increased hypogly-
caemic risk in diabetic patients [5].

In order to understand the specific connec-
tions between DDP-4 inhibitors and the risk of
fractures, more and more research has been

conducted. However, the results obtained are
contradictory. A previous meta-analysis and
systematic review of randomized controlled
trials (RCTs) showed that treatment with DPP-4
inhibitors can decrease fracture risk by 40% in
T2DM patients when compared with active
control therapies or placebo [23]. In contrast,
the results of another meta-analysis and sys-
tematic review suggested that there was no
obvious correlation between fracture risk and
DPP-4 inhibitor treatment when compared with
active comparators or placebo [21]. According
to a previous cohort study, DPP-4 inhibitor
therapy did not affect the risk of fracture com-
pared with non-insulin hypoglycemic drug
users and control groups [8]. A post hoc pooled
analysis showed that after the summary of 20
RCTs, the incidence of fractures with sax-
agliptin was higher than that in the control
group [13]. In animal model tests, sitagliptin
treatment may reduce bone resorption, further
increase bone strength, and reduce bone loss in
diabetic rats [9].

In previous systematic reviews, few studies
directly investigated the relationship between
DPP-4 inhibitor treatment and fracture. Bone
fractures are generally considered as adverse
events in research rather than as major findings.
In recent years, many new powerful RCTs have
investigated DPP-4 inhibitors. Therefore, we
summarized all RCTs of DPP-4 inhibitors com-
pared with other drugs for diabetes mellitus or
placebo. The aim of this research is to obtain a
meta-analysis and systematic review to ascer-
tain whether the treatment of DPP-4 inhibitors
is related to the occurrence of fracture in T2DM
patients or not.

METHODS

Data Sources and Search Strategy

Two investigators (QC and TL) conducted
extensive searches of Medline, Embase, and
Cochrane Central Register of Controlled Trials
independently, and a senior investigator (HZ)
resolved any conflicts. We searched the elec-
tronic database to collect data from all human
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RCTs up to 2 December 2018. By searching the
ClinicalTrials.gov website (https://www.
clinicaltrials.gov), we identified trials com-
pleted but not yet published. The following
Medline’s search strategy is also applicable to
other electronic databases:

1. Exp (dipeptidyl-peptidase IV inhibitors).

2. (Dipeptidyl-peptidase IV or gliptins or
DPP-4 or dipeptidyl peptidase 4).tw.

3. (Sitagliptin phosphate or saxagliptin or
linagliptin or vildagliptin or alogliptin or
anagliptin or trelagliptin).tw.

4. lor2or3.

5. (Diabetes mellitus, type 2).tw.

6. 4andS.

7. Randomized controlled trial.pt.

8. Randomized.tiab.

9. Randomly.tiab.

10. Placebo.tiab.

11. Trial.tiab.

12. Controlled clinical trial.pt.

13. Drug therapy.sh.

14. Groups.tiab.

15. 7or8or9or10or 11 or 12 or 13 or 14.
16. Exp animals.mh not humans.mh.

17. 15 not 16.

18. 6and 17.

Study Selection

The trials that satisfied the following conditions
were included in our study: (1) only RCTs in
T2DM patients; (2) with a duration greater than
or equal to 12 weeks; (3) DDP-4 inhibitors as
interventions, including sitagliptin, saxagliptin,
vildagliptin, alogliptin, linagliptin, trelagliptin,
and anagliptin; (4) comparing the effects of
DDP-4 inhibitors with comparators or placebo;
and (5) data on fracture occurrence are avail-
able. Trials in which both groups had zero
incidents were eliminated.

Data Extraction Content and Quality
Assessment

We extracted the following relevant informa-
tion from RCTs that met inclusion criteria:
name of the first author, sample size, publica-
tion year, duration of the trial, types of DPP-4
inhibitors and comparators, mean age, glyco-
sylated hemoglobin (HbAlc) level (%), and

reported results (number of fracture events per
treatment group). Two investigators (QC and
TL) performed data collection independently,
the results of which were kept in duplicate. A
senior investigator (HZ) addressed any conflicts.
The Cochrane bias risk tools were used to assess
the quality of included studies [12] and inclu-
ded the following seven items: (1) randomiza-
tion, (2) description of allocation, (3) blinding
of participants/personnel, (4) blinding of out-
come assessment, (5) incomplete outcome data,
(6) selective reporting, and (7) other sources of
bias.

Data Analysis

The meta-analysis was reported in strict accor-
dance with the PRISMA guideline [26]. The
major observation result was the presence or
absence of fracture, regardless of fracture sites.
We calculated odds ratios (ORs) and their 95%
confidence intervals by the fixed effect Man-
tel-Haenszel model. I* statistics was used to
assess heterogeneity. An I? value greater than or
equal to 50% was considered to indicate signif-
icant heterogeneity among the trials [4].
According to the results of Cochrane’s Q test,
the choice of fixed or random effect model was
determined. In order to exclude specific studies
that could alter current research results, sensi-
tivity or subgroup analysis was conducted. To
inspect the impact of specific research charac-
teristics (such as mean age and glycosylated
hemoglobin) on risk effects, we carried out
meta-regression analyses. Publication bias was
investigated firstly through visual observation
of funnel plot asymmetry and then through
Begg’s test or Egger’s test. Statistical analysis of
the data was performed by using STATA 14.0
(STATA Corp, TX, USA) and RevMan Version 5.3
(Cochrane Collaboration, Oxford, UK). The
GRADE system was used to assess the quality of
evidence by outcome [3].

Compliance with Ethics Guidelines

This article is based on previously conducted
studies and does not contain any studies with
human participants or animals performed by
any of the authors.
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RESULTS

The initial database searches identified 2858
unique titles and abstract. After duplicate article
records were deleted, 1651 records were
retained. The analysis eventually included 87
RCTs, among which 67 clinical trials were
obtained from journals and 20 clinical trials
were from the ClinicalTrials.gov website
(https://www.clinicaltrials.gov). The flowchart of
the studies included is shown in Fig. 1.

Records identified through database search
Medline : n=687
Embase : n=1213
Cochrane : n=650
(n=2550)

Characteristics of Research Included
in the Study

The characteristics of research included in the
study are presented in Table 1. This analysis
included 93,772 participants, including 49,270
in the DDP-4 inhibitor treatment group and the
others were in the control group. The total
number of fracture incidents was 1322, arising
from 676 participants in the DDP-4 inhibitor
treatment group and 646 participants in the
control group. The DDP-4 inhibitors included
in all 87 trials were as follows: sitagliptin in 45,
saxagliptin in 15, linagliptin in 15, alogliptin in
seven, and vildagliptin in five. A total of 28

Records identified through Clinical
Trials.gov
(n=308)

l

Records after duplicates removed
(n=1651)

|

Records screened

(n=1651)
Full-text articles assessed
for eligibility —
(n=361)

;

Studies included in
qualitative synthesis

(n=87)

Studies included in
quantitative synthesis
( meta-analysis )
(n=87)

Fig. 1 Flowchart

Records excluded , after title and abstract screening
(n=1290)

Full-text articles excluded with reasons
(n=274)
-Not RCT (n=57)
-Non T2DM (n=14)
-Duplicates (n=20)
- Inappropriate comparison (n=49)
-Fracture data not available (n=115)
-No full-text access (n =19)
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studies and 44 studies, including 22,082
patients and 63,135 patients, were used to
compare DPP-4 inhibitors with active com-
parators and placebo, respectively, while 15
trials including 8555 patients compared DPP-4
inhibitors with active comparators and placebo
simultaneously. Five traditional antidiabetic
drugs were included as active comparators: sul-
fonylureas, thiazolidinediones, metformin,
GLP-1 receptor agonists, and SGLT2 inhibitors.
Among the studies included, the earliest one
was published in 2006, and the latest one was
published in 2018. The main population in the
study was middle-aged and elderly people; the
average age of the study population was 49.7—
78.3 years. Follow-up time of the study ranged
from 12 to 206 weeks. We used 52 weeks as the
cutoff point for the duration of treatment; 44
RCTs lasted less than it and 43 RCTs lasted
longer.

Evaluation of Quality

Table S1 and Fig. S1 (supplementary material)
summarize the quality assessment of 87 studies
included in this analysis. We evaluated 87
studies one by one using the Cochrane bias risk
tools and found that nine studies did not
mention the method used for randomization.
The methods used to describe assignment and
blinding method for outcome assessment were
unclear in 19 and 44 studies, respectively.
Almost all the studies described the method for
handling incomplete outcome data, blinding of
participants and personnel, and selective
reporting. Overall, the bias risk in research was
considered relatively low.

Meta-Analysis: Risk of Fractures with DDP-4
Inhibitor Treatment

In order to understand the incidence of fracture
related to DPP-4 inhibitor treatment, we con-
ducted statistical analyses. Overall, DPP-4 inhi-
bitor therapy did not influence the fracture risk,
no matter whether compared with placebo or
active comparators in T2DM patients (MH-
OR =1.01, 95% CI 0.90-1.12, P = 0.92, Fig. 2).
Heterogeneity was not observed (I = 0%,
P =1.00). Through the GRADE system, we

believe that the quality of evidence was mod-
erate. The quality of evidence is summarized in
Table S2 (supplementary material).

Sensitivity Analysis

No low-quality studies were found in sensitivity
analysis, and the results were approximately
similar to those of the major analysis (Fig. S2,
supplementary material).

Subgroup Analysis

According to Control Regimen

The forest plot in Fig. S3 (supplementary mate-
rial) shows a subgroup analysis which compared
DPP-4 inhibitors to the control regimen. A total
of 30,637 participants in trials were compared
using active comparators, the MH-OR was 1.04
(95% CI 0.74-1.46, P = 0.81) in trials vs. active
comparators, and fractures occurred in 72 cases
and 68 cases in the DDP-4 inhibitor treatment
group and the control group, respectively. The
I? value obtained was equal to 0.0% and
heterogeneity was not observed. A total of
71,690 participants in trials were compared
using placebo, the MH-OR was 0.99 (95% CI
0.88-1.11, P =0.88) in trials vs. placebo, and
fractures occurred in 616 cases and 597 cases in
the DDP-4 inhibitor treatment group and the
control group, respectively. The obtained I* was
0.0% and heterogeneity was not observed. The
results of subgroup analysis indicated that the
effect of DPP-4 inhibitors was not significantly
different between different control regimens
(P =0.79). Through the GRADE system, we
believe that the quality of evidence was mod-
erate. The quality of evidence is summarized in
Table S2 (supplementary material).

According to Type of DPP-4 Inhibitor

The forest plot in Fig. S4 (supplementary mate-
rial) shows a subgroup analysis which compared
the effects of different types of DDP-4 inhibitors
on fracture risk. In a total of 46,415 participants
in 45 trials using sitagliptin, MH-OR for sita-
gliptin was 1.02 (95% CI 0.88-1.19, P = 0.79).
Among them, 340 participants and 342 partici-
pants were in the DDP-4 inhibitor treatment
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Experimental Control Odds Ratio Odds Ratio
Study or Subgrou Events Total Events Total Weight M-H. Fixed. 95% Cl M-H. Fixed. 95% Cl
Alba, 2013 1 104 0 107 0.1% 3.12[0.13, 77.36]
Arechavaleta R 2011 2 516 1 519  0.2% 2.02[0.18, 22.30] I
Arjona Ferreira JC 2013 2 64 0 65 0.1% 5.24[0.25,111.32] ]
Arjona Ferreira JC 2013 1 211 1 212 0.2% 1.00 [0.06, 16.17] ]
Aschner P 2010 1 528 0 522 0.1% 2.97[0.12,73.11] I
Barnett AH 2013 2 304 3 151 0.6% 0.33[0.05, 1.98]
Barnett AH 2013 2 162 0 79 0.1% 2.48[0.12, 52.20]
Barzilai N 2011 0 102 2 104 0.4% 0.20[0.01, 4.22] - 1
Bethel MA 2017 44 970 40 1034  56% 1.18[0.76, 1.83] i
Bosi E 2009 1 292 0 292 0.1% 3.01[0.12, 74.20] ]
Bosi E 2011 6 404 4 399 0.6% 1.49[0.42, 5.32] -
Chacra, 2009 1 501 0 267 01%  1.60[0.07,39.49] |
Charbonnel B 2006 0 464 1 237 0.3% 0.17[0.01, 4.18] —
Charbonnel B 2013 1 326 1 327 0.2% 1.00[0.06, 16.11]
DeFronzo RA 2012 0 1037 1 517 0.3% 0.17 [0.01, 4.08] T
Del Prato § 2011 1 336 2 167 0.4% 0.25[0.02, 2.74] -
Dobs, 2013 0 170 1 92 0.3% 0.18[0.01, 4.44] - 1
Engel SS 2016 62 1667 55 1657 8.0% 1.13[0.78, 1.63] T
Engel SS 2017 0 234 1233 02% 0.33[0.01, 8.15]
Fonseca V 2007 0 144 1 152 0.2% 0.35[0.01, 8.65] —
Fonseca V 2013 0 157 1 156 0.2% 0.33[0.01, 8.14] - 1
Frederich R 2012 3 291 2 74 05% 0.38 [0.06, 2.29] R
Gallwitz B 2012 5 776 3 775 0.5% 1.67[0.40, 7.01] I I
Goke B 2013 4 428 2 430 0.3% 2.02[0.37, 11.08] — 1=
Goldstein BJ 2007 1 372 3 540 0.4% 0.48 [0.05, 4.66] - 1
Haak T 2013 1 225 2 170  03% 0.38[0.03, 4.17] —
Henry RR 2014 3 691 2 693 0.3% 1.51[0.25, 9.04] I
Hollander P 2011 5 381 1 184 0.2% 2.43[0.28, 20.98] ]
Hong S M 2017 1 110 0 112 0.1% 3.08 [0.12, 76.48] ]
Iwamoto Y 2010 0 163 1 156 0.2% 0.32[0.01, 7.84] -
Iwamoto Y 2010 0 188 2 192 0.4% 0.20[0.01, 4.24] - 1
Jadzinsky M 2009 3 643 0 328 01% 3.59[0.18,69.71] ]
JiL,2015 0 344 1 345 0.2% 0.33[0.01, 8.21]
Josse R G 2017 189 7332 186 7339 27.4% 1.02[0.83, 1.25] *
Kashiwagi A 2011 1 66 0 68 0.1%  3.14[0.13, 78.40]
Lavalle-Gonzalez FJ 2013 0 366 1 735 0.2% 0.67 [0.03, 16.44]
Masiukiewicz U 2018 9 1450 9 1716 1.2% 1.18[0.47, 2.99] I
Mathieu C 2015 0 329 2 329 0.4% 0.20[0.01, 4.16] - = | _
Matthaei S 2016 3 153 1 162  01%  3.22[0.33,31.29] ]
McGill JB 2014 2 68 0 65 0.1% 4.92[0.23, 104.56] -1 -
Moses RG 2015 0 210 1 212 0.2% 0.33[0.01, 8.27] - 1
Nauck M 2007 10 588 4 584 06% 2.51[0.78, 8.04] T
NCT00121667 4 564 0 179 0.1% 2.88[0.15, 53.79] -1
NCT00372060 2 113 1 68 0.2% 1.21[0.11, 13.57] —
NCT00374907 1 20 0 16 01%  2.54[0.10, 66.59]
NCT00411554 0 163 1 156 0.2% 0.32[0.01, 7.84] —
NCT00601250 2 523 0 177 0.1% 1.70 [0.08, 35.62] - 1
NCT00602472 3 792 0 263 01% 234[0.12,45.38] I
NCT00798161 1 428 1 363 0.2% 0.85[0.05, 13.60] 7
NCT00838903 2 302 0 101 0.1% 1.69 [0.08, 35.47] —
NCT00856284 6 1765 4 874 0.8% 0.74[0.21, 2.64] -1
NCT00881530 0 56 1 56  0.2% 0.33[0.01, 8.21] - = 1
NCT00915772 1 171 1 170 0.2% 0.99 [0.06, 16.02]
NCT00984867 0 223 1 224 0.2% 0.33[0.01, 8.23] —
NCT01076088 0 367 3 377 05% 0.15[0.01, 2.83] _
NCT01098539 0 246 2 249 0.4% 0.20[0.01, 4.20] - 1
NCT01106690 0 115 2 227 0.3% 0.39[0.02, 8.20] -
NCT01128153 0 129 1128 02% 0.33[0.01, 8.13] - 1
NCT01183013 1 392 0 409 0.1% 3.14[0.13, 77.26] ]
NCT01204294 1 228 0 124 01% 1.64 [0.07, 40.60] —
NCT01215097 1 205 0 100 0.1%  1.47[0.06,36.51]
NCT01462266 0 329 1 329 0.2% 0.33[0.01, 8.19] —
Nowicki M 2011 0 85 1 85 0.2% 0.33[0.01, 8.20] - 1
Olansky L 2011 1 625 2 621 03% 0.50 [0.04, 5.48] - 1
Pan C 2012 1 294 0 144 0.1% 1.48 [0.06, 36.48]
Pratley RE 2009 1 401 0 99 0.1% 0.75[0.03, 18.43] -
Pratley RE 2014 0 450 1 334 0.3% 0.25[0.01, 6.08] - = T
Pratley RE 2018 1 243 1 250 0.1% 1.03 [0.06, 16.54]
Raz 12006 0 488 1 253 0.3% 0.17 [0.01, 4.24] - 1
Raz 12008 0 96 1 94 0.2% 0.32[0.01, 8.03] - ]
Raz 12014 241 8280 240 8212 353% 1.00 [0.83, 1.19] L]
Roden M 2013 0 223 1 448 0.2% 0.67 [0.083, 16.45] - =
Roden M 2015 0 223 2 223 0.4% 0.20[0.01, 4.15] - 1
Rosenstock J 2006 0 175 1178  02% 0.34[0.01, 8.33] - 1
Rosenstock J 2009 3 283 0 287 0.1% 7.17[0.37, 139.53] ]
Rosenstock J 2013 2 222 1 219 0.2% 1.98 [0.18, 22.02] - 1
Rosenstock J 2015 2 176 1 179 0.1% 2.05[0.18, 22.77] -1
Ross SA 2012 3 447 0 44 0.1% 0.70 [0.04, 13.79] -
Scherbaum WA 2008 0 156 1 155 0.2% 0.33[0.01, 8.14] - 1
Schernthaner G 2013 1 378 2 377 0.3% 0.50 [0.04, 5.51] - 1
Schernthaner G 2015 4 359 1 359 0.1%  4.03[0.45, 36.27]
Sheu WHH 2015 6 631 5 630 0.7% 1.20[0.36, 3.95] —
Vilsboll T 2010 1 322 0 319 0.1% 2.98[0.12, 73.46] I
Wainstein J 2012 1 261 2 256 03% 0.49[0.04, 5.42] —
Weinstock RS 2015 2 492 4 710 0.5% 0.7210.13, 3.95] - 9
White WB 2013 13 2701 21 2679 3.2% 0.61[0.31, 1.23] =
Yoon KH 2012 1 261 0 259 01% 299[0.12,73.70] ]
Total (95% Cl) 49270 44502  100.0% 1.01[0.90, 1.12]
Total events 676 646 : )

Heterogeneity: Chi? = 47.86, df = 86 (P = 1.00); 1> = 0%

Test for overall effect: 0.10 (P =0.92) 001 01 1 19 1900

Favours [experimental] Favours [control]

Fig. 2 Risk of bone fractures associated with dipeptidyl peptidase-4 inhibitor treatment
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group and the control group, respectively. In a
total of 23,638 participants in 15 trials using
saxagliptin, MH-OR for saxagliptin was 1.02
(95% CI 0.86-1.22, P =0.81), including 276
participants and 253 participants in the sax-
agliptin group and the control group, respec-
tively. In a total of 9609 participants in 15 trials
using linagliptin, MH-OR for linagliptin was
1.16 (95% CI 0.64-2.13, P = 0.62), including 30
participants and 15 participants in the lina-
gliptin group and the control group, respec-
tively. In a total of 12,101 participants in seven
trials using alogliptin, MH-OR for alogliptin was
0.73 (95% CI 0.44-1.22, P = 0.23), including 28
participants and 32 participants in the aloglip-
tin group and the control group, respectively. In
a total of 2009 participants in five trials using
vildagliptin, MH-OR for vildagliptin was 0.62
(95% CI 0.15-2.56, P =0.51), including two
participants and four participants in the vilda-
gliptin group and the control group, respec-
tively. The I* value was equal to 0.0% in all drug
types, indicating no presence of heterogeneity.
Overall, between DPP-4 inhibitors of different
drug types there was no significant statistical
difference in fracture risk after subgroup analy-
sis (P = 0.70). Through the GRADE system, we
believe that the quality of evidence was mod-
erate. The quality of evidence is summarized in
Table S2 (supplementary material).

According to Duration

The forest plot in Fig. S5 (supplementary mate-
rial) shows a subgroup analysis which compared
the effects of different length of follow-up on
fracture risk. In a total of 24,915 participants
with a length of follow-up of less than 52 weeks,
MH-OR for follow-up of less than 52 weeks was
0.65 (95% CI 0.42-1.01, P = 0.06), including 35
participants and 39 participants in the DDP-4
inhibitor treatment group and the control
group, respectively. In a total of 16,334 partici-
pants in trials with a length of follow-up of at
least 52 weeks and less than 104 weeks, MH-OR
for that was 1.28 (95% CI 0.85-1.91, P = 0.24),
including 62 participants and 42 participants in
the DDP-4 inhibitor treatment group and the
control group, respectively. In a total of 31,326
participants in trials with a length of follow-up
of at least 104 weeks and less than 156 weeks,

MH-OR for that was 1.04 (95% CI 0.90-1.20,
P =0.62), including 371 participants and 358
participants in the DDP-4 inhibitor treatment
group and the control group, respectively. In a
total of 21,197 participants in trials with a
length of follow-up of at least 156 weeks, MH-
OR for that was 0.98 (95% CI 0.81-1.20,
P =0.87), including 208 participants and 207
participants in the DDP-4 inhibitor treatment
group and the control group, respectively. The
obtained I” was 0.0% and heterogeneity was not
observed. Subgroup analysis based on the
duration of DPP-4 inhibitor therapy showed no
significant difference in fracture risk (P = 0.90).
The test for subgroup differences (P = 0.15,
I? = 43.1%) refers to the heterogeneity between
subgroups. It is considered that the hetero-
geneity is not enough to influence the results.
The evidence quality was moderate (Table S2,
supplementary material).

Meta-Regression

To inspect the effect of specific research char-
acteristics (mean age and glycosylated hemo-
globin) on fracture risk, we also performed
meta-regression analyses. We observed that the
risk of fracture did not change with mean age
(P=0.222) and glycosylated hemoglobin
(P = 0.406) level and no statistically significant
difference effect was noted (Fig.S6, supple-
mentary material).

Funnel Plot and Publication Bias

The funnel plot in Fig. 3 does not show any sign
of publication bias by visual inspection, and
Begg’s test (P=0.077) and Egger's test
(P = 0.170) indicated no major publication bias.

DISCUSSION

Bone fractures in diabetic patients can lead to
decreased blood glucose control, physical dis-
ability, and declining overall life quality, so
fractures are receiving increasing attention and
have become one of the important endpoints of
clinical trials. On the basis of previous studies,
we believe that the relationship between DDP-4
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inhibitors and fracture risk in T2DM patients is
unclear. And in recent years, many new pow-
erful RCTs have been published to investigate
DPP-4 inhibitors, so we performed a meta-
analysis and systematic review to ascertain
whether the treatment with DPP-4 inhibitors is
related to the occurrence of fracture in T2DM
patients or not. Analysis of data from 87 RCTs
showed that DPP-4 inhibitors did not affect the
fracture risk when compared with antidiabetic
drugs or placebo in T2DM patients.

The quality of the studies was evaluated
using the Cochrane bias risk tool. From Table S1
and Fig. S1 (supplementary material), it can be
concluded that the bias risk in RCTs is relatively
low, the design of the study is reasonable, and
the intensity of evidence is high. The forest
plots of the meta-analysis and three subgroup
analyses (drug types, control regimen, and
duration) showed an I? value of 0.0%, indicat-
ing no statistical heterogeneity. This means that
it is not the heterogeneity of the research itself,
but any variation in the research may be
attributed to changes in the independent vari-
ables [4]. According to the GRADE system the
evidence quality is moderate. Consistency of
data analysis results between studies can pro-
vide confidence in the application of the results.
The analysis results have good internal credi-
bility. Moreover, the sample size of the study
was large and more than 90,000 people partici-
pated; the randomized clinical trial data from
multiple countries is representative, reflecting
the external validity of the study.

Our results were consistent with a retro-
spective cohort study of 216,816 participants
treated with DPP-4 inhibitors for 1.3 years. The
results suggested that DPP-4 inhibitor therapy
did not affect the fracture risk compared with
non-insulin hypoglycemic drug users and con-
trol groups [8]. The results of another analysis
previously done by Monami et al. are contrary
to ours [23]. They concluded that DPP-4 inhi-
bitor users have a 40% reduction in the risk of
fracture. Their study included a total of 21,055
participants in 28 clinical trials, including
11,880 using DPP-4 inhibitors and 9175 using
comparators; the mean treatment time was
35 weeks. We collected data from 87 random-
ized trials involving a total of 93,772 partici-
pants, with an average treatment time of
52 weeks, and the number of patients was
approximately four times higher than that
included in Monami et al.’s study. The treat-
ment time is also relatively long. In addition, we
conducted three subgroup analyses which were
defined by drug types, control regimen, and
duration to explore sources of heterogeneity
and the results remained robust. Therefore, we
believe that the difference in research results
may be attributed to the relatively few partici-
pants in the research and the short observation
time.

Of the 87 studies included, two were large
RCTs, one of which was published by Josse et al.
in 2017, which included 14,671 participants
treated with sitagliptin and placebo for
43 months [15]. The other RCT had a total of
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16,492 participants and was completed by Raz
et al. in 2014 who set a control for saxagliptin
vs. placebo for a 2.1-year clinical trial [27]. The
results showed that the incidence of fracture in
DPP-4 inhibitor users was approximately the
same as that in placebo users. Our results were
influenced to some extent by these two studies
(N =31,163), so we performed a sensitivity
analysis. However, after these two tests were
omitted, the results were still robust.

DPP-4 inhibitors and GLP-1 receptor agonists
have similar hypoglycemic mechanisms. Both
drug types lower blood glucose by increasing
circulating levels of GLP-1. Previous research
has suggested that GLP-1 may have a beneficial
effect on bone metabolism [24, 32]. Type 2
diabetic rats given GLP-1 can continuously
promote bone formation and thus exert bone
anabolism [24]. Increased bone resorption of
osteoclasts in mice with GLP-1 receptor knock-
out results in a decrease in cortical bone mass
and an increase in bone fragility [32]. In in vitro
mice experiments, the cortical thickness and
bone outer diameter of mice lacking the GLP-1
receptor were significantly reduced, reflecting a
decrease in bone strength, indicating that GLP-
1 is beneficial to bone strength and quality [18].
However, the results of another analysis previ-
ously done by Mabilleau et al. did not provide
significant evidence that fracture risk reduced in
participants treated with GLP-1 receptor ago-
nists [19]. The result of another meta-analysis is
interesting: liraglutide treatment significantly
reduced the fracture incidence in T2DM
patients; however, fracture risk increased in
participants treated with exenatide [30]. A
recent analysis suggests that exenatide is the
safest option and has the lowest risk of fracture
compared with other GLP-1 receptor agonists
[33]. Different from GLP-1 receptor agonists,
DPP-4 inhibitors can increase GIP levels. A pre-
vious S5-day crossover study of patients with
type 1 diabetes suggested that short-term GIP
infusion could significantly reduce bone
resorption and improve bone metabolism [7]. In
animal models, GIP was found to enhance glu-
cose-induced insulin secretion and bind to GIP
receptor (GIPR) for bone synthesis [10]. The
results of another animal experiment supported
the positive effects of GIPR on bone quality and

strength [22]. A previous study found that GIP
reduced osteoclast formation, differentiation,
and absorption in ovariectomized mice [20].

After meta-regression of special study char-
acteristics, we believe that age and glycated
hemoglobin levels have no effect on our find-
ings. In addition, we consider that other
potential reasons such as differences in long-
term habits of individuals may have an impact.
Differences in previous RCT evaluations indi-
cate that the long-term impacts of DPP-4 inhi-
bitors on fractures are not conclusive.

Although our study only explored whether
DPP-4 inhibitors alone could increase the risk of
fractures in T2DM patients, in practical clinical
work, most T2DM patients are treated with two
or more combination hypoglycemic drugs. In a
nationwide study of South Korea, DDP-4 inhi-
bitors combined with metformin had a lower
incidence of fracture than sulfonylureas com-
bined with metformin. The results showed that
DDP-4 inhibitors combined with metformin
may have a protective effect on bone metabo-
lism compared with sulfonylureas [6]. We also
found research into combined treatment with
DDP-4 inhibitors and other hypoglycemic
drugs, but results including fracture data were
rare. Therefore, it is necessary to strengthen the
research on the effect of DDP-4 inhibitors
combined with hypoglycemic drugs on fracture
in the future.

There are still some limitations in the studies
we have included. The mean follow-up time of
the RCTs was 52 weeks, which we believe is
probably too short to observe the occurrence of
the fracture event. Therefore, we performed a
subgroup analysis using 52 weeks as the cutoff
point for treatment time and found no signifi-
cant differences in fracture risk at different fol-
low-up times. In most of the trials involving
fracture outcomes, fractures were not consid-
ered to be the major findings of the trial report
and were only recorded as serious adverse
events. The results of some of the data were not
reported. For example, in some published arti-
cles, there is no information on glycated
hemoglobin, and the data is labeled as “NR”. We
acknowledge that these missing data may result
in incomplete images of patient baseline char-
acteristics. However, the missing data is not
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related to the main results of this study. In
addition, there is no data on racial, gender, and
female menopausal status in the initial data
included, and the special features included are
not comprehensive. Therefore, trials with
longer duration of treatment and fractures as
the main outcome are needed to explore the
relationship between DPP-4 inhibitor use and
fracture occurrence.

CONCLUSION

Although the results of our study indicate that
DPP-4 inhibitors show no significant anti-frac-
ture capabilities, this study is still of value to
physicians when choosing these drugs as a
treatment option. In addition, treatment of
diabetic patients with DDP-4 inhibitors, which
is thus usually independent of the risk of frac-
ture, can be considered as an advantage worth
mentioning compared with drugs such as thia-
zolidinedione or exenatide, which are known to
increase the risk of fracture.
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