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Background: The effects of dipeptidyl peptidase-4 inhibitors (DPP4Is) on joint pain have been controversial.
Objective: To assess the comparative musculoskeletal (MSk) risk of DPP4Is vs. non-DPP4Is.
Methods: This study used a national claims database from January 2007 to December 2014. Exposure included the ini-
tiation of DPP4Is against the initiation of non-DPP4Is: metformin, sulfonylureas, thiazolidinediones, meglitinides,
and glucagonlike peptide-1 receptor agonists (GLP-1 RAs). Insulin was not included in this study. Outcomes were
newly diagnosed MSk conditions (arthralgia, arthropathy, and rheumatoid arthritis or other inflammatory
polyarthropathies). Individuals exposed to DPP4Is were matched to those exposed to non-DPP4Is using a propensity
score (PS). Balance between the DPP4I's group and the non-DPP4Is group was assessed using standardized
differences for both continuous and categorical variables. Cox regressions were used to estimate hazard ratios (HRs)
for MSk conditions.
Results: Among PS-matched cohorts, incidence rates (IRs) for MSk conditions did not differ between DPP4I initiators
and non-DPP4I initiators (HR = 1.01, 95% CI: 0.97–1.05). After stratifying non-DPP4Is by drug class, the results
still showed that DPP4I initiators had similar MSk risk when compared to initiators of metformin, sulfonylureas,
meglitinides, and GLP-1 RAs. However, thiazolidinedione initiators had higher risk of MSk conditions than DPP4I ini-
tiators (HR = 1.05, 95% CI: 1.00–1.10).
Conclusions: This head-to-head comparison study estimated comparativeMSk risks among different antidiabetic drugs.
The risk of MSk conditions among DPP4I initiators were not significantly higher than non-DPP4I initiators.
Keywords:
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Musculoskeletal adverse reactions
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1. Introduction

Dipeptidyl peptidase-4 inhibitors (DPP4Is) are a class of oral drugs that
treat type 2 diabetes mellitus (T2DM). Dipeptidyl peptidase-4 (DPP4) is an
enzyme that degrades incretin hormones such as glucagon-like peptide-1
(GLP-1) and glucose-dependent insulin-tropic polypeptide (GIP). The
incretin hormones lower blood glucose levels by stimulating insulin secre-
tion in response to glucose such as food or beverage intake. By blocking
the degradation of GLP-1, DPP4Is enhance the incretin effects, thereby low-
ering glucose levels.1,2 The pharmacological inhibition of DPP4, however,
may be associated with adverse events characterized by cytokine-induced
inflammation.3 Accordingly, there have been concerns about immunologi-
cal adverse reactions such as joint inflammation among DPP4I users.

Previous studies have assessed the musculoskeletal (MSk) safety of
DPP4Is. However, the effects of DPP4Is on joint pain have not been
, NY 11439, USA.
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definitively concluded. A meta-analysis revealed that vildagliptin use was
associated with an increased risk of arthralgia compared with other antidi-
abetic agents (odds ratio (OR)= 1.23, 95% CI: 1.02–1.48).4 Another study
also reported the association between the use of DPP4Is and arthralgia
(OR = 2.69, 95% CI: 1.38–5.24).5 Clinical cases demonstrating the onset
of joint pain after initiating DPP4Is have been reported in the literature.6

In line with these findings, the U.S. Food and Drug Administration (FDA)
announced warnings for using DPP4Is related to the risk of joint pain7

based on several case reports.8–11 In contrast, a pivotal clinical study
showed that incidence rates (IRs) of arthralgia and pain in the extremities
were not significantly different between patients treated with DPP4Is and
a placebo group.12 Moreover, a pooled analysis from 10,246 patients in
19 clinical studies reported no association between sitagliptin use and inci-
dence of arthralgia.13 Another study demonstrated that DPP4Iswere not as-
sociated with the risk of rheumatoid arthritis (RA).14 To add perspective,
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this study aimed to evaluate the comparative musculoskeletal risk of
DPP4Is vs. non-DPP4Is using real-world data obtained from patients receiv-
ing routine care.
2. Methods

This was a retrospective cohort study using a nationally representative
sample of individuals with T2DM. Data were obtained from a large com-
mercial claims database (Symphony Health Solutions database) that cap-
tured patients participating in commercial health plans and public
insurance programs (e.g., Medicare and Medicaid). Individuals who initi-
ated an antidiabetic agent in the first-line setting between 1 January
2007 and 31 December 2014 were identified. Of those identified, patients
were selected if they (a) were aged 18 or older at the time they started an
antidiabetic agent; (b) had at least one diagnosis of type 2 diabetes based
on the International Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM) (Appendix A shows the list of ICD-9-CM codes
for diabetes); (c) had 12 months of continuous health plan enrollment
prior to the index date; and (d) had not used any antidiabetic drug for the
12-month period before the index date to eliminate the effects of the drug
used before the index date. The following subjects were excluded:
(a) women with gestational diabetes during 12 months before the index
date; (b) womenwith a history of polycystic ovary syndrome (becausemet-
formin is used not only for T2DM but also for this syndrome); (c) patients
using insulin-containing drugs or pramlintide during any study period (be-
cause these drugs are used for both type 1 and type 2 diabetes); (d) those
diagnosed with MSk conditions during the 12 months before the index
date; and (e) those who received combination therapy for diabetes. The
index date was defined as the earliest date of initiating antidiabetic agents.
One year before the index date was kept as baseline for continuous enroll-
ment andmedication use assessment. Exposure of interest was the initiation
of DPP4Is against the initiation of other antidiabetic agents –
i.e., metformin, sulfonylureas, thiazolidinediones, meglitinides, and GLP-
1 receptor agonists (GLP-1 RAs). Insulin was not included in this study.
Each patient was followed from the day after the index date until the occur-
rence of study outcomes or censoring events, whichever came first. The pri-
mary outcome was a composite of MSk conditions comprising arthralgia,
arthropathy, and RA or other inflammatory polyarthropathies, defined by
ICD-9-CM codes in Appendix A. The secondary outcomes were the individ-
ual components of the primary outcome. Censoring events included discon-
tinuation or switching of a study drug, loss of health plan coverage, or the
end of the study period. Drug discontinuation was defined as having gaps
more than 45 days after the expiration of the last prescription supply.
Drug switching was also defined as having gaps more than 45 days after
the expiration of the last prescription supply. Patients were allowed to
enter the analyses only one time.

A propensity score (PS) matching was performed using age, gender,
index year (2007 through 2014), geographic region (Northeast, Midwest,
South, and West), comorbidities (hypertension, lipid metabolism disorder,
obesity, smoking status, and Charlson comorbidity score), diabetes compli-
cations severity score, and use of medication (antihypertensive,
antihyperlipidemic, steroids, and anti-inflammatory). Patients exposed to
DPP4Is were matched to those exposed to non-DPP4Is based on a PS at a
fixed ratio of 1:1 using a nearest neighbor method with a caliper of 0.05.
Balance between the DPP4I's group and the non-DPP4Is group was
assessed using standardized differences, which is a common approach in
PS-matching studies.15–18 The standardized differences are calculated
using the mean and standard deviation for continuous variables and the
proportion for categorical variables. A standardized difference of less than
0.1 has been considered negligible imbalance between groups.16 Cox pro-
portional hazards regression models were used to estimate hazard ratios
(HRs) for MSk conditions between DPP4I initiators and non-DPP4I initia-
tors. Additional Cox regression analyses were conducted after stratifying
non-DPP4Is by drug class. Furthermore, the maximum follow-up periods
were varied up to six months, one year, and two years after the index
2

event in sensitivity analyses. All analyses were conducted using SAS 9.4
Statistical Software (SAS Institute Inc., Cary, NC, USA).

This studywas reviewed and approved by Saint Louis University Institu-
tional Review Board.

3. Results

There were 8,753,536 individuals between January 2007 and Decem-
ber 2014 in the dataset. After applying inclusion and exclusion criteria,
the cohort consisted of 50,409 DPP4I initiators and 1,074,062 non-DPP4I
initiators (Fig. 1).

Table 1 presents the baseline characteristics comparing the DPP4I's
group (n = 50,409) and the non-DPP4Is group (n = 1,074,062). Before
PS-matching, there were significant imbalances (i.e., standardized differ-
ences ≥0.1) between these two groups for several characteristics, such as
age, Northeast geographic region, comorbidities, diabetes severity, and
anti-inflammatory drug use. For example, DPP4I initiators were older
than non-DPP4I initiators. In addition, DPP4I initiators were more likely
to have some comorbidities (e.g., hypertension and lipid disorders) with a
higher Charlson comorbidity score. Diabetes complications severity index
was also higher among DPP4I initiators. The proportion of anti-
inflammatory drug use was higher among non-DPP4 initiators (22% vs.
17%). After the PS-matching at a 1:1 ratio, there were a total of 49,988
pairs of DPP4I and non-DPP4I initiators. Of these 49,988 individuals in
the DPP4I's group, the majority started sitagliptin (n = 29,160, 58.33%)
followed by saxagliptin (n = 16,663, 33.33%) and linagliptin (n = 4165,
8.33%). All baseline characteristics were well balanced between the two
groups, with standardized differences of less than 0.1. The average ages
of the PS-matched samples were 60.2 ± 10.7 and 60.5 ± 10.6 for the
DDP4I group and the non-DPP4I group, respectively. About 71% and
65% of both groups had hypertension and lipid disorders. The DPP4I's
group and the non-DPP4Is group had mean Charlson comorbidity scores
of 2.4 ± 2.1 and 2.3 ± 2.1, respectively. Both groups had a diabetes
complication severity index score of 3.0. The proportion of anti-
inflammatory drug use was also similar between the DPP4I's group and
the non-DPP4Is group (17% and 15%, respectively).

Comparative risk of MSk conditions among DPP4I initiators in the PS-
matched samples is presented in Table 2. There was no significant differ-
ence in IRs for the primary outcome between the DPP4I's group and the
non-DPP4Is group among PS-matched cohorts (11.52 per 100 person-
years for both groups). HR for MSk conditions was 1.01 (95% CI:
0.97–1.05), indicating no significant difference in the risk of MSk condi-
tions between the two groups. The secondary outcomes from stratified
analyses confirmed this finding of no higher risk of MSk events among
DPP4I initiators than non-DPP4I initiators. In other words, DPP4I initiators
did not have a higher risk of each MSk event compared with initiators of
metformin, sulfonylureas, meglitinides, and GLP-1RAs. HRs forMSk events
ranged from 0.91 (95% CI: 0.75–1.09) for GLP-1 RA initiators to 1.01 (95%
CI: 0.97–1.05) for metformin initiators. However, the MSk risk was statisti-
cally different between DPP4I initiators and thiazolidinedione initiators.
IRs for MSk conditions were 11.41 and 12.30 per 100 person-years
among DPP4I initiators and thiazolidinedione initiators, respectively. The
risk ofMSk conditionswas higher for thiazolidinedione initiators compared
with DPP4I initiators, with HR of 1.05 (95% CI: 1.00–1.10).

The average length of time to censorship was 0.90 ± 1.13 (maximum
follow-up: 6.92) years and 0.72 ± 0.99 (maximum follow-up: 6.95) years
in the DPP4I group and the non-DPP4Is group, respectively. Reasons for
censorship were discontinuation or switching of study drugs, loss of
health plan coverage, or end of the study period. In sensitivity analyses,
the maximum follow-up periods were limited to 6 months, one year, and
two years from the index event. Results from the sensitivity analyses still
showed no significant difference in the risk of MSk conditions between
the two groups. HRs for MSk events ranged from 1.02 (95% CI:
0.96–1.08) to 1.03 (95% CI: 0.98–1.08) when the maximum follow-up
periods were varied. The full results from sensitivity analyses are shown
in Appendix B.



Fig. 1. Selection of a study cohort.
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4. Discussion

This study assessed real-world joint pain safety of antidiabetic agents
using a large database. The study findings indicated no significant differ-
ence in the risk of MSk conditions between DPP4I initiators and non-
DPP4I initiators. Of note, DPP4I initiators had lower MSk risk than
thiazolidinedione initiators. This finding is consistent with previous studies
showing no significant association of using DPP4Is with the risk of MSk
conditions (e.g., arthralgia, pain in extremes, and RA).12–14 Specifically,
HRs ranging from 0.66 to 0.74 for RA among DPP4I initiators reported in
a previous study14 were comparable to those ranging from 0.91 to 1.05
for MSk conditions in this study. On the contrary, other prior studies sug-
gested the potential association between the use of DPP4Is and MSk
disorders.4–6,8–11 These studies propose that joint pain among patients
starting DPP4Is may result from the effects of DPP4Is on immune systems.
DPP4 degrades not only incretin hormones but also several cytokines and
chemokines. Furthermore, DPP4 is expressed in several cell types including
fibroblasts, leukocyte subsets, T lymphocytes, and macrophages. Accord-
ingly, inhibition of DPP4 may cause changes to inflammatory homeostasis,
thereby influencing bone and joints. These findings, however, indicate that
the effects of DPP4Is on the immune systemmay not be significantly higher
compared with those of non-DPP4Is.

This study has several strengths. To the authors' best knowledge, this is the
first study evaluating the comparative risk of the comprehensive MSk condi-
tions such as arthralgia, arthropathy, and inflammatory polyarthropathies
among DPP4I initiators. Moreover, this study performed head-to-head com-
parisons using large real-world data. Based on such direct comparisons, this
study could estimate real-world MSk risk in the DPP4I group compared with
each non-DPP4Is group. Furthermore, this study used propensity score
3

matching to reduce selection bias. This rigorous study design accommodated
the unbalanced distributions in characteristics between the DPP4I's group
and the non-DPP4Is groups.

Several limitations of this study should also be noted. First, although
several covariates were adjusted for in the regression models, residual con-
founding may exist by unmeasured factors such as family history, lifestyle
factors, or the initiation of other medications after the index date that
may have related to MSk conditions. This limitation is inherent in any ob-
servational study. To the extent that unmeasured confounders affect the
comparative risk of DPP4Is, the results will be biased. In addition, most re-
search, including this study, that uses a claims database or administrative
database relies on billing codes to capture the diagnosis of conditions. As
such, these studies are not free from coding inaccuracy caused by code am-
biguity or coder errors. Furthermore, DPP4Is are widely used as combina-
tion therapy with metformin or insulin. Nevertheless, this study was
limited to patients using DPP4Is as first-line monotherapy to isolate the ef-
fects of DPP4Is alone on MSk conditions. Accordingly, the study findings
should be interpreted with caution. The study results may not be generaliz-
able to those who use more than one antidiabetic agent or initiate DPP4I as
the second-line therapy. Moreover, this study did not account for genetic
factors that may play an important role in MSk conditions. For example,
the human leukocyte antigen (HLA) is the genetic factor associated with
the pathogenesis of RA. A prior study suggested that sitagliptin may trigger
RA in individuals with shared epitope (SE)-positive HLA-DRB1 alleles.19

However, such genetic factors were not considered in this study as they
were beyond the scope of this study. Finally, this study was not able to as-
sess the MSk risk of sodium-glucose co-transporter 2 (SGLT2) inhibitors
within the study period. Future research is warranted to determine the
MSk safety of this drug class.



Table 1
Baseline characteristics of study population before and after propensity score matching.

Before PS matching After PS matching

DPP4I
initiators
(N = 50,409)

Non-DPP4I
initiators
(N = 1,074,062)a

Standardized
difference

DPP4I
initiators
(N = 49,988)b

Non-DPP4I
initiators
(N = 49,988)c,d

Standardized
difference

Age (yr), mean ± SD 60.24 ± 10.68 56.84 ± 12.07 −0.298⁎ 60.24 ± 10.67 60.54 ± 10.61 0.028
Female, n(%) 23,223 (46.07) 505,685 (47.08) 0.020 23,032 (46.08) 22,942 (45.90) −0.004
Index year, n(%)

2007 1 (0.00) 691 (0.06) 0.034 – –
2008 5427 (10.77) 119,639 (11.14) 0.012 5382 (10.77) 5407 (10.82) 0.002
2009 9855 (19.55) 225,400 (20.99) 0.036 9796 (19.60) 10,501 (21.01) 0.035
2010 6924 (13.74) 157,247 (14.64) 0.026 6862 (13.73) 7138 (14.28) 0.016
2011 11,932 (23.67) 228,535 (21.28) −0.057 11,853 (23.71) 11,682 (23.37) −0.008
2012 7377 (14.63) 134,933 (12.56) −0.060 7314 (14.63) 6446 (12.90) −0.050
2013 5439 (10.79) 122,520 (11.41) 0.012 5379 (10.76) 5375 (10.75) −0.000
2014 3454 (6.85) 85,097 (7.92) 0.041 3402 (6.81) 3439 (6.88) 0.003

Geographic region, n(%)
Northeast 13,955 (27.93) 230,576 (21.78) −0.145⁎ 13,953 (27.93) 13,813 (27.64) −0.006
Midwest 8916 (17.84) 225,789 (21.33) 0.085 8916 (17.84) 8714 (17.44) −0.011
South 21,483 (42.99) 450,285 (42.54) −0.014 21,483 (43.00) 21,989 (44.01) 0.020
West 5613 (11.23) 151,812 (14.34) 0.090 5613 (11.23) 5450 (10.91) −0.010

Comorbidities
Hypertension, n(%) 35,805 (71.03) 659,453 (61.40) −0.205⁎ 35,518 (71.05) 35,459 (70.94) −0.003
Lipid metabolism disorder, n(%) 32,557 (64.59) 589,420 (54.88) −0.199⁎ 32,317 (64.65) 32,614 (65.24) 0.012
Obesity, n(%) 6621 (13.13) 151,925 (14.14) 0.029 6558 (13.12) 6007 (12.02) −0.033
Smoking, n(%) 4077 (8.09) 100,989 (9.40) 0.047 4033 (8.07) 3361 (6.72) −0.051
Charlson comorbidity scoree, mean ± SD 2.36 ± 2.06 1.68 ± 1.75 −0.354⁎ 2.36 ± 2.06 2.26 ± 2.06 0.047

Indicators of diabetes severity
Diabetes complications severity indexf, mean± SD 2.97 ± 2.47 2.27 ± 2.29 −0.291⁎ 2.97 ± 2.47 2.87 ± 2.45 0.042

Medication use, n(%)g

Antihypertensive 24,542 (48.69) 536,228 (49.93) 0.025 24,354 (48.72) 23,711 (47.43) −0.026
Antihyperlipidemic 15,120 (29.99) 316,572 (29.47) −0.011 15,018 (30.04) 14,407 (28.82) −0.027
Steroids 6916 (13.72) 166,253 (15.48) 0.050 6863 (13.73) 6100 (12.20) −0.045
Anti-inflammatory 8471 (16.80) 232,006 (21.60) 0.122⁎ 8389 (16.78) 7405 (14.81) −0.054

⁎ Indicates an imbalance of covariates between the DPP4I's group and the non-DPP4I's group (i.e., standardized difference≥ 0.1).
a This group includes initiators of metformin (n = 763,091, 71.05%); sulfonylureas (n = 244,390, 22.75%); thiazolidinediones (n = 51,500, 4.79%); meglitinides

(n = 9814, 0.91%); and GLP-1 RAs (n = 5267, 0.49%).
b In this group, a total of 4161 individuals developed MSk conditions: arthralgia (n = 3389, 81.45%), arthropathy (n = 611, 14.68%), and RA or other inflammatory

polyarthritis (n = 161, 3.87%).
c This group includes initiators of metformin (n=32,239, 64.49%); sulfonylureas (n=13,978, 27.96%); thiazolidinediones (n=2878, 5.76%); meglitinides (n=643,

1.29%); and GLP-1 RAs (n = 250, 0.50%).
d In this group, a total of 5165 individuals developed MSk conditions: arthralgia (n = 4200, 81.32%), arthropathy (n = 783, 15.16%), and RA or other inflammatory

polyarthritis (n = 182, 3.52%).
e Charlson comorbidity score was a continuous variable.20
f Diabetes complications severity index was a continuous variable.21
g Medication use was categorized as yes or no. The selection of the medications was based on the previous studies14,22 and the authors' discussion.

Table 2
Risk of musculoskeletal conditions associated with DPP4Is against non-DPP4Is among propensity-score matched cohorts.

Analysis Group No. events Person-years IRa HR [95% CI]

Primary analysis DPP4I initiators (N = 49,988) 5165 44,835 11.52 1.012 [0.971, 1.054]
vs. Non-DPP4I initiatorsb (N = 49,988) 4161 36,116 11.52

Stratified analyses (a) DPP4I initiators (N = 49,980) 4160 36,109 11.52 1.005 [0.965, 1.047]
vs. Metformin initiators (N = 49,980) 5263 46,077 11.42
(b) DPP4I initiators (N = 49,987) 4161 36,112 11.52 0.987 [0.947, 1.029]
vs. Sulfonylurea initiators (N = 49,987) 5100 44,828 11.38
(c) DPP4I initiators (N = 47,201) 3912 34,277 11.41 1.048 [1.002, 1.096]⁎⁎⁎, ⁎⁎⁎
vs. Thiazolidinedione initiators (N = 47,201) 4303 34,981 12.30
(d) DPP4I initiators (N = 9741) 840 7052 11.91 0.992 [0.894, 1.101]
vs. Meglitinide initiators (N = 9741) 678 5516 12.29
(e) DPP4I initiators (N = 5200) 406 3751 10.82 0.907 [0.752, 1.094]
vs. GLP-1 RA initiators (N = 5200) 200 1902 10.52

⁎ p < 0.05.
⁎⁎ p < 0.01.
⁎⁎⁎ p < 0.001.

a Per 100 person-years.
b Initiators of non-DPP4Is (metformin, sulfonylureas, thiazolidinediones, meglitinides, or GLP-1 receptor agonists (GLP-1 RAs)).
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5. Conclusions

In conclusion, this study provides estimates of comparative MSk risk
among DPP4I initiators compared with non-DPP4I initiators. The study
did not find significant evidence to show an increased risk of musculo-
skeletal conditions among DPP4I initiators. Specifically, among PS-
matched cohorts, DPP4I initiators had a similar risk of these conditions
compared with initiators of metformin, sulfonylureas, meglitinides, and
GLP-1 RAs. Thiazolidinedione initiators had a higher risk of musculo-
skeletal conditions than DPP4I initiators. These findings may suggest
that practitioners can consider initiating DPP4Is for treating T2DM
without big concern about the incidence of MSk conditions. Notably,
after starting DPP4Is, patients need to be monitored carefully for ad-
verse drug reactions including MSk conditions just as they need to
after taking other antidiabetic agents.
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Appendix A. Diagnostic codes for conditions included in the study
Conditions
 ICD-9-CM codes
ype 2 diabetes
 250.x0, 250.x222
usculoskeletal conditions

Arthralgia
 719.4, 719.523
Arthropathy
 713.0, 713.7, 713.8, 716.4, 716.5, 716.6, 716.8, 716.9, 719.8, 719.924
Rheumatoid arthritis or other inflammatory polyarthritis
 714.x14
omorbidities

Hypertension
 401–40525
Lipid metabolism disorder
 272.0–272.425
Obesity
 278.025
Smoking
 305.1, V158225
ICD-9-CM: International Classification of Diseases, 9th Revision, Clinical Modification.

Appendix B. Risk of musculoskeletal conditions associated with DPP4Is against non-DPP4Is among propensity-score matched cohorts
(Sensitivity analyses results)
Maximum follow-up period
 Group
 No. Events
 Person-Years
 IRa
 HR [95% CI]
months
 DPP4I initiators (N = 49,988)
 2159
 16,754
 12.89
 1.018 [0.957, 1.083]

vs. Non-DPP4I initiatorsb (N = 49,988)
 1906
 14,936
 12.76
year
 DPP4I initiators (N = 49,988)
 3194
 25,892
 12.34
 1.022 [0.971, 1.075]

vs. Non-DPP4I initiatorsb (N = 49,988)
 2728
 22,408
 12.17
years
 DPP4I initiators (N = 49,988)
 4286
 35,975
 11.91
 1.028 [0.983, 1.075]

vs. Non-DPP4I initiatorsb (N = 49,988)
 3235
 30,231
 11.69
a Per 100 person-years.
b Initiators of non-DPP4Is (metformin, sulfonylureas, thiazolidinediones,
meglitinides, or GLP-1 receptor agonists (GLP-1 RAs)).
References

1. Dupre J, Behme MT, Hramiak IM, et al. Glucagon-like peptide I reduces postprandial gly-
cemic excursions in IDDM. Diabetes 1995;44:626–630.

2. McIntosh CH, DemuthHU, Pospisilik JA, et al. Dipeptidyl peptidase IV inhibitors: how do
they work as new antidiabetic agents? Regul Pept 2005;128:159–165.

3. Drucker DJ. Dipeptidyl peptidase-4 inhibition and the treatment of type 2 diabetes: pre-
clinical biology and mechanism of action. Diabetes Care 2007;30:1335–1343.

4. Bekiari E, Rizava C, Athanasiadou E, et al. Systematic review and meta-analysis of
vildagliptin for treatment of type 2 diabetes. Endocrine 2016;52:458–480.

5. Tarapues M, Cereza G, Figueras A. Association of musculoskeletal complaints and gliptin
use: review of spontaneous reports. Pharmacoepidemiol Drug Saf 2013;22:1115–1118.

6. Mascolo A, Rafaniello C, Sportiello L, et al. Dipeptidyl peptidase (DPP)-4 inhibitor-
induced arthritis/arthralgia: a review of clinical cases. Drug Saf 2016;39:401–407.

7. U.S. Food& Drug Administration. FDA drug safety communication: FDA warns that DPP-
4 inhibitors for type 2 diabetes may cause severe joint pain. 2020, https://www.fda.gov/
drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-dpp-4-
inhibitors-type-2-diabetes-may-cause-severe-joint-pain#:~:text=Severe%20and%
20disabling%20joint%20pain,upon%20discontinuation%20of%20the%20medication
2020. (accessed 2 March 2021).

8. Crickx E, Marroun I, Veyrie C, et al. DPP4 inhibitor-induced polyarthritis: a report of
three cases. Rheumatol Int 2014;34:291–292.

9. Yokota K, Igaki N. Sitagliptin (DPP-4 inhibitor)-induced rheumatoid arthritis in type 2 di-
abetes mellitus: a case report. Intern Med 2012;51:2041–2044.
10. Sasaki T, Hiki Y, Nagumo S, et al. Acute onset of rheumatoid arthritis associated with ad-
ministration of a dipeptidyl peptidase-4 (DPP-4) inhibitor to patients with diabetes
mellitus. Diabetol Int 2010;1:90–92.

11. Chaicha-Brom T, Yasmeen T. DPP-IV inhibitor-associated arthralgias. Endocr Pract
2013;19:377.

12. Aschner P, Kipnes MS, Lunceford JK, et al. Effect of dipeptidyl peptidase-4 inhibitor
sitagliptin as monotherapy on glycemic control in patients with type 2 diabetes. Diabetes
Care 2006;29:2632–2637.

13. Williams-Herman D, Engel SS, Round E, et al. Safety and tolerability of sitagliptin in clin-
ical studies: a pooled analysis of data from 10,246 patients with type 2 diabetes. BMC
Endocr Disord 2010;10:7.

14. Kim SC, Schneeweiss S, Glynn RJ, Doherty M, Goldfine AB, Solomon DH. Dipeptidyl
peptidase-4 inhibitors in type 2 diabetes may reduce the risk of autoimmune diseases:
a population-based cohort study. Ann Rheum Dis 2015;74:1968–1975.

15. Rosenbaum PR, Rubin DB. Constructing a control group using multivariate matched sam-
pling methods that incorporate the propensity score. Am Stat 1985;39:33–38.

16. Normand SLT, Landrum MB, Guadagnoli E, et al. Validating recommendations for coro-
nary angiography following an acute myocardial infarction in the elderly: a matched
analysis using propensity scores. J Clin Epidemiol 2001;54:387–398.

17. Austin PC. A critical appraisal of propensity score matching in the medical literature from
1996 to 2003. Stat Med 2008;27:2037–2049.

18. Austin PC. A report card on propensity-score matching in the cardiology literature from
2004 to 2006: a systematic review and suggestions for improvement. J Thorac
Cardiovasc Surg 2007;134:1128–1135.

19. Yokota K, Igaki N. Sitagliptin (DPP-4 inhibitor)-induced rheumatoid arthritis in type 2 di-
abetes mellitus: a case report. Intern Med 2012;51:2041–2044.

http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0005
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0005
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0010
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0010
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0015
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0015
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0020
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0020
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0025
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0025
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0030
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0030
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-dpp-4-inhibitors-type-2-diabetes-may-cause-severe-joint-pain%23:~:text=Severe%20and%20disabling%20joint%20pain,upon%20discontinuation%20of%20the%20medication
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-dpp-4-inhibitors-type-2-diabetes-may-cause-severe-joint-pain%23:~:text=Severe%20and%20disabling%20joint%20pain,upon%20discontinuation%20of%20the%20medication
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-dpp-4-inhibitors-type-2-diabetes-may-cause-severe-joint-pain%23:~:text=Severe%20and%20disabling%20joint%20pain,upon%20discontinuation%20of%20the%20medication
https://www.fda.gov/drugs/drug-safety-and-availability/fda-drug-safety-communication-fda-warns-dpp-4-inhibitors-type-2-diabetes-may-cause-severe-joint-pain%23:~:text=Severe%20and%20disabling%20joint%20pain,upon%20discontinuation%20of%20the%20medication
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0040
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0040
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0045
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0045
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0050
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0050
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0050
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0055
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0055
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0060
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0060
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0060
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0065
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0065
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0065
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0070
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0070
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0070
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0075
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0075
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0080
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0080
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0080
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0085
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0085
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0090
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0090
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0090
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0095
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0095


T. Park et al. Exploratory Research in Clinical and Social Pharmacy 2 (2021) 100022
20. Charlson M, Pompei P, Ales K, et al. A new method of classifying prognostic comorbidity
in longitudinal studies: development and validation. J Chronic Dis 1987;40:373–383.

21. Young BA, Lin E, Von Korff M, et al. Diabetes complications severity index and risk of
mortality, hospitalization, and healthcare utilization. Am J Manag Care 2008;14:15–24.

22. Patorno E, Everett BM, Goldfine AB, et al. Comparative cardiovascular safety of
glucagon-like peptide-1 receptor agonists versus other antidiabetic drugs in routine
care: a cohort study. Diabetes Obes Metab 2016;18:755–765.
6

23. Schulman KL, Lamerato LE, Dalal MR, et al. Development and validation of algorithms to
identify statin intolerance in a US administrative database. Value Health 2016;19:852–860.

24. Curry JA, Riddle MS, Gormley RP, et al. The epidemiology of infectious gastroenteritis
related reactive arthritis in US military personnel: a case-control study. BMC Infect Dis
2010;10:1–9.

25. Eisenberg ML, Li S, CullenMR, et al. Increased risk of incident chronicmedical conditions
in infertile men: analysis of United States claims data. Fertil Steril 2016;105:629–636.

http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0100
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0100
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0105
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0105
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0110
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0110
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0110
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0115
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0115
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0120
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0120
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0120
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0125
http://refhub.elsevier.com/S2667-2766(21)00022-6/rf0125

	Comparative risk of musculoskeletal adverse reactions among new users of dipeptidyl peptidase-�4 inhibitors: A retrospectiv...
	1. Introduction
	2. Methods
	3. Results
	4. Discussion
	5. Conclusions
	Disclosures
	Declaration of Competing Interest
	Acknowledgements
	Appendix A. Diagnostic codes for conditions included in the study
	Appendix B. Risk of musculoskeletal conditions associated with DPP4Is against non-DPP4Is among propensity-score matched coh...
	References




