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Risk assessment of GLP-1 receptor agonist related bone and joint adverse events:
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Databases
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Abstract: Objective Based on three major databases, this study aims to analyze the associations between seven different glucagon-
like peptide-1 receptor agonists (GLP-1RAs) bone and joint adverse events by in-depth mining of large-scale real-world post-marketing
surveillance data spanning 20 years. It is intended to provide efficient and reliable preliminary evidence for clinical medication safety,
drug regulatory decisions, and subsequent research. Methods Reports of GLP-1RAs related bone and joint adverse events were
extracted from the U.S. Food and Drug Administration (FDA) Adverse Event Reporting System (FAERS), Japanese Adverse Drug
Event Report Database (JADER), and Canadian Vigilance Adverse Reaction Database (CVARD) up to the second quarter of 2025.
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Positive signals of bone and joint adverse events were detected using the reporting odds ratio (ROR), proportional reporting ratio
(PRR), and Information Component (IC) methods, and the effects of different GLP-1RAs on these signals were analyzed. Results A
total of 5 511 reports of GLP-1RA-related musculoskeletal and joint adverse events were retrieved (5 475 from FAERS, seven from
JADER, and 29 from CVARD), corresponding to 65 preferred terms (PTs) related to bones and joints according to the Medical
Dictionary for Regulatory Activities (MedDRA). Disproportionality analysis revealed that among the seven GLP-1RAs evaluated
(exenatide, liraglutide, lixisenatide, dulaglutide, semaglutide, tirzepatide, and albiglutide), most did not exhibit significant associations
in the FAERS database. Significant risk signals were only detected for Liraglutide associated with neuropathic arthropathy, and for
Semaglutide associated with shoulder fracture and intervertebral disc injury. In the JADER and CVARD databases, no positive signals
were identified for the seven drugs, with the exception of Semaglutide associated with fracture and Liraglutide associated with limb
pain. However, due to the limited number of reported cases for these positive signals, it is difficult to definitively assess the potential
association between GLP-1RAs and musculoskeletal adverse events. Supplementary analysis of the volcano plots indicated that while
GLP-1RAs associated PTs included joint pain, rheumatoid arthritis, joint swelling, and osteonecrosis, these specific PTs did not
coincide with those identified by the disproportionality analysis, confirming the absence of statistically significant risk signals for these
conditions. Conclusion Overall, our analysis suggests that GLP-1RAs are not significantly associated with musculoskeletal and joint
adverse events. However, it is crucial to emphasize the need for individualized risk assessment in high-risk populations, such as the
elderly, postmenopausal women, and patients with a history of fractures or osteoporosis. Regular monitoring of bone mineral density
and joint symptoms is recommended to balance the therapeutic benefits of GLP-1RAs (e.g., glycemic control and weight reduction)
against potential musculoskeletal risks, thereby providing a solid evidence base for clinical decision-making.
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Fig.1 Flowchart for screening and extracting GLP-1RAs related bone and joint adverse events
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# 2 FAERS $EE+ GLP-1RAs X BB 5 X1 T REMHR S MG K FFHE
Table 2 Clinical characteristics of GLP-1RAs related bone and joint adverse event reports in FAERS database

SIERR/ FIRr AR/ FIFARER/ IR/ 5]

A SEME IR/ B BRI/ B k)

AR Bl A7 E/%) B /%) Bl E%) (8 E/%) (5 Hb/%) (5 HE/%) (5 H/%)
51 T 1182 (68.8) 368(73.0)  2(100) 686 (62.7) 828 (68.9) 609 (68.7) 45 (66.2)
Bk 506 (29.4) 122(24.2)  0(0) 353 (32.3) 312 (26.0) 161 (18.2) 21 (30.9)
A 31(1.8)  14(2.8) 0(0) 55 (5.0) 61 (5.1) 117 (13.2) 2(2.9)
KFiE  <50kg 6 (0.3) 1(0.2) 0 (0) 1(0.1) 2(0.2) 1(0.1) 0 (0)
>100 kg 443 (25.8) 27 (5.4) 0(0) 18 (1.6) 84 (7.0) 38 (4.3) 0 (0)
=>50kg~<100kg 637 (37.1) 72(143)  1(50) 39 (3.6) 151 (12.6) 93 (10.5) 4(5.9)
ARA 633 (36.8) 404(80.2)  1(50) 1036 (94.7) 964 (80.3) 755(85.1) 64 (94.1)
E <18% 2(0.1) 1(0.2) 0 (0) 0 (0) 2(0.2) 0 (0) 0(0)
>85% 13(0.8)  2(0.4) 0(0) 10 (0.9) 10 (0.8) 6 (0.7) 0(0)
>18% ~<65% 651(37.9) 183(36.3)  0(0) 222 (20.3) 344 (28.6) 431 (48.6) 25 (36.8)
=654 ~<85% 502(29.2) 139(27.6)  2(100) 283 (25.9) 365 (30.4) 177 (20.0) 15 (22.1)
ARA 551(32.1) 179(35.5)  0(0) 579 (52.9) 480 (40.0) 273 (30.8) 28 (41.2)
Wi WEEE 1260 (73.3) 387(76.8) 0 (0) 1002 (91.6) 936 (77.9) 829 (93.5)  62(91.2)
FEH  EITILAR 7(04) 11(22) 0 (0) 27 (2.5) 71 (5.9) 26 (2.9) 0 (0)
I 2(0.1)  0(0) 0 (0) 1(0.1) 0(0) 0 (0) 0(0)
[T 192 (11.2) 69 (13.7)  2(100) 34 (3.1) 141 (11.7) 22 (2.5) 3(4.4)
ESll 218 (12.7)  3(0.6) 0 (0) 4(0.4) 3(0.2) 1(0.1) 1(1.5)
HAB AL 31(1.8) 23 (4.6) 0 (0) 6 (0.5) 3(0.2) 0 (0) 0 (0)
25 9(0.5) 11(2.2) 0 (0) 20 (1.8) 47 (3.9) 9 (1.0) 2(2.9)
MY+ 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 0(0)
4R S R 0 (0) 0 (0) 0 (0) 0 (0) 1(0.1) 0 (0) 0 (0)
s 4(0.2) 1(0.2) 0 (0) 8(0.7) 6 (0.5) 1(0.1) 0(0)
BIR 7(04) 17 (3.4) 0(0) 31 (2.8) 56 (4.7) 21 (2.4) 1(1.5)
fE b 158(9.2) 73 (14.5)  2(100) 199 (18.2) 211 (17.6) 100 (11.3) 9(13.2)
f& J A 7(04)  5(1.0) 0(0) 1(0.1) 7 (0.6) 1(0.1) 0(0)
AKHn 1324 (77.0) 228 (452)  0(0) 584 (53.4) 389 (32.4) 530(59.8) 49 (72.1)
HoAt 219 (12.7) 180(35.7)  0(0) 271 (24.8) 531 (44.2) 234 (26.4) 9(13.2)
FHREZK EH 1 650 (96.0) 401(79.6) 1 (50) 983 (89.9) 1002 (83.4) 731 (82.4)  67(98.5)
e [H 9(0.5)  2(0.4) 0 (0) 7 (0.6) 27(2.2) 108 (12.2) 0 (0)
7 7(0.4) 1(0.2) 0(0) 8(0.7) 6 (0.5) 3(0.3) 0(0)
i} 4(02) 9(1.8) 0 (0) 5(0.5) 17 (1.4) 3(0.3) 0(0)
H 402 2(04) 0 (0) 3(0.3) 1(0.1) 1(0.1) 0(0)
WORFE 3(0.2) 2(0.4) 0 (0) 2(0.2) 8 (0.7) 0 (0) 0 (0)
% 3(0.2) 7(1.4) 0(0) 8 (0.7) 9(0.7) 1(0.1) 0 (0)
Lo e 3(0.2) 1(0.2) 1 (50) 1(0.1) 0(0) 0(0) 0(0)
H A 2(0.1)  3(0.6) 0 (0) 50 (4.6) 22 (1.8) 28 (3.2) 0(0)
PLEg 2(0.1)  8(1.6) 0(0) 2(0.2) 3(0.2) 0(0) 0(0)
SBPEE 0 (0) 5 (1.0) 0 (0) 0 (0) 4(0.3) 2(0.2) 0(0)
PEEEM B 1324 (77.0) 228 (452)  0(0) 584 (53.4) 389 (32.4) 530 (59.8) 49 (72.1)
2 395 (23.0) 276 (54.8) 2 (100) 510 (46.6) 812 (67.6) 357(402) 19 (27.9)
S A 1715(99.8) 503(99.8)  2(100) 1086(99.3) 1 195(99.5) 886(99.9) 68 (100)
& 4(0.2) 1(0.2) 0 (0) 8(0.7) 6 (0.5) 1(0.1) 0 (0)
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Fig.2 Annual reporting trend of GLP-1RAs related bone and joint adverse events in FAERS (A) and JADER and CVARD (B) database
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Table 3 Signal detection of GLP-1RAs related bone and joint adverse events in FAERS database
SCEETR I FIRLE K PR IR A R AR BRI BT 5 Jik
HLT PT ROR ROR ROR ROR ROR ROR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)

B B ET 49 0.72 19 0.99 42 1.06 36 1.20 17 040 — —
KT (0.54~0.95) (0.63~155) (0.78~1.43) (0.87~1.67) (0.25~0.65)

W mEdn 9 0.82 — — 3 0.47 6 1.25 — — — —

(0.43~1.58) (0.15~1.46) (0.56~2.79)

HEEYT S 0.33 — — 8 0.92 — — 5 054 — —
(0.14~0.80) (0.46~1.84) (0.23~1.3)

JEZAEtEEHT 13 0.22 — — 7 0.21 12 0.47 4 011 — —
(0.13~0.38) (0.10~0.43) (0.27~0.83) (0.04~0.3)

FREEYT 10 0.51 — — 5 0.44 7 0.82 4 033 — —
(0.28~0.95) (0.18~1.06) (0.39~1.72) (0.12~0.89)

eEIE — — — — 7 0.54 3 0.31 5 036 — —
(0.26~1.13) (0.10~0.95) (0.15~0.87)

feEEdr 19 0.14 6 0.15 19 0.23 9 0.15 4 005 — —
(0.09~0.21) (0.07~0.34) (0.15~0.37) (0.08~0.28) (0.02~0.12)

EEEYT 47 0.56 19 0.80 30 0.61 29 0.79 22 042 — —
(0.42~0.74) (0.51~1.26) (0.43~0.88) (0.55~1.14) (0.28~0.65)

CE 5 0.06 — — 22 0.46 21 0.58 12 023 — —
(0.02~0.14) (0.30~0.69) (0.38~0.89) (0.13~0.41)

Fah 18 0.58 4 0.46 11 0.61 11 0.81 6 031 — —
(0.36~0.92) (0.17~1.22) (0.34~1.1) (0.45~1.46) (0.14~0.7)
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R34
FEARRK ZERSIIN JFE R R IR A G K BIRIAMK B 05 ik
HLT PT ROR ROR ROR ROR ROR ROR
©5%CI) " (©5%CI) | (95%CD) | (95%CI) ' (95%CI) " (95%CI)
B R BRSET 40 0.29 11 0.28 22 0.27 30 0.49 11 013 — —
KA (0.21~0.39) (0.16~0.51) (0.18~0.41) (0.34~0.7) (0.07~0.23)
i EEEsT 9 0.42 3 0.50 4 0.32 4 0.43 — — — —
(0.22~0.80) (0.16~1.54) (0.12~0.85) (0.16~1.13)
KAIifr 22 0.48 — — 7 0.26 6 03 7 025 — —
(0.32~0.73) (0.13~0.55) (0.14~0.67) (0.12~0.52)
TG 84 0.89 20 0.76 39 0.71 35 0.85 16 0.28 3 0.41
(0.72~1.11) (0.49~1.17) (0.52~0.98) (0.61~1.19) (017~0.45)  (0.13~1.27)
TEET 38 0.47 12 0.53 28 0.59 28 0.79 15 030 — —
(0.34~0.64) (0.30~0.93) (0.41~0.86) (0.54~1.14) (0.18~0.50)
[EHEEYT S 0.25 — — 4 0.35 6 0.70 — — — —
(0.11~0.61) (0.13~0.94) (0.31~1.56)
FHBAUE 27 0.80 8 0.85 14 0.72 17 1.16 7 034 — —
(0.55~1.17) (0.42~1.69) (0.42~1.21) (0.72~1.86) (0.16~0.72)
ZRMEET 6 0.08 3 0.14 — — 5 0.15 — — — —
(0.04~0.18) (0.05~0.44) (0.06~0.36)
fEEET 9 0.88 — — 3 0.50 7 1.56 — — — —
(0.46~1.69) (0.16~1.56) (0.74~3.28)
HEET 8 0.22 — — 5 0.23 4 0.25 — — — —
(0.11~0.43) (0.10~0.56) (0.09~0.66)
BEEH 3 0.28 — — — — — — — — — —
(0.09~0.86)
WEE 35 0.39 6 0.24 23 0.44 20 0.51 10 018 — —
(0.28~0.54) (0.11~0.53) (0.29~0.66) (0.33~0.79) (0.10~0.34)
BTHEYT 25 0.29 6 0.25 21 0.42 17 0.45 12 023 — —
(0.20~0.43) (0.11~0.56) (0.28~0.65) (0.28~0.73) (0.13~0.40)
faaEdr 3 0.56 — — — — 4 1.70 — — — —
(0.18~1.73) (0.64~4.54)
MEEYT 6 0.24 3 0.43 4 0.28 — — — — — —
(0.11~0.54) (0.14~1.35) (0.11~0.75)
JEEBHT 5 0.24 4 0.69 — — 3 0.33 — — — —
(0.10~0.58) (0.26~1.83) (0.11~1.03)
HEETT 62 0.70 12 0.48 45 0.87 27 0.69 14 026 — —
(0.54~0.89) (0.27~0.84) (0.65~1.17) (0.48~1.01) (0.15~0.43)
s Ed 23 0.44 — — 11 0.36 22 0.95 8 025 — —
(0.29~0.66) (0.20~0.65) (0.63~1.45) (0.12~0.49)
JEEHT — — 3 2.03 6 1.97 10 438 6 186  — —
(0.65~6.31) (0.88~4.39) (2.35~8.16)" (0.83~4.14)
BiEE  — — — — 3 0.30 4 0.54 3 029 — —
(0.10~0.95) (0.20~1.44) (0.09~0.89)
HEEET — — — — — — 3 0.53 — — — —
(0.17~1.64)
EaEhr  — — — — — — 3 1.26 3 089 — —
(0.40~3.9) (0.29~2.77)
MEEIRART — — — — — — 3 326 — — — —

(105~1016)"
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TR LUERASTIN PERBEIR A A B K & RIE K i 0 5 G
HLT PT ROR ROR ROR ROR ROR ROR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
AT TR 474 0.26 182 0.36 311 030 429 055 417 038 0.26
P (0.24~0.29) (0.31~0.42) (0.27~0.33) (0.50~0.60) (0.34~041)  (0.19~0.36)
K 301 0.87 66 0.68 140 069 132 087 59 028 0.33
(0.77~0.97) (0.53~0.86) (0.59~0.82) (0.73~1.03) (021~036)  (0.17~0.64)
KN 87 0.35 26 0.37 57 0.40 52 048 39 026 —
(0.28~0.43) (0.25~0.55) (0.31~051) (0.37~0.63) (0.19~0.35)
AL 4 1.12 — — — — — — — — —
R (0.42~2.99)
KR S 0.16 — — 4 0.22 — — — — —
(0.07~0.39) (0.08~0.60)
KHiRE 4 0.23 — — 3 0.29 — — — — -
(0.09~0.60) (0.09~0.91)
KRG 6 0.10 — — — — 3012 — — —
FElek > (0.05~0.23) (0.04~0.37)
FAERE 39 0.34 7 0.22 17 0.25 17 034 11 016 —
(0.25~0.46) (0.10~0.45) (0.16~0.41) (0.21~0.54) (0.09~0.28)
MK 126 0.24 30 0.20 75 0.25 45 020 49 015 0.17
(0.20~0.29) (0.14~0.29) (0.20~0.31) (0.15~0.26) (011~0.20)  (0.08~0.36)
KHRH 4 0.73 — — — — — — — — —
(0.27~1.95)
HRFL 82 0.44 14 0.27 27 0.25 43 053 9 008 —
(0.35~0.54) (0.16~0.45) (0.17~0.36) (0.39~0.71) (0.04~0.15)
TS 6 0.61 4 1.44 — — 4 093 5 082 —
(0.27~1.35) (0.54~3.85) (0.35~2.47) (0.34~1.98)
ZRMxR 5 0.22 — — — — — — — — —
REE (0.09~0.54)
HERx 4 0.02 3 0.06 8 0.08 17 0.23 7 007 —
TR (0.01~0.06) (0.02~0.20) (0.04~0.16) (0.14~0.37) (0.03~0.14)
ERIER 52 0.10 12 0.09 38 0.13 37 017 21 007 —
TR (0.08~0.14) (0.05~0.15) (0.10~0.18) (0.12~0.24) (0.04~0.11)
JAtgEE 63 1.09 7 0.43 29 0.86 29 115 9 025 —
fiE (0.85~1.40) (0.20~0.90) (0.6~1.24) (0.80~1.65) (0.13~0.48)
BHHEL 12 0.30 4 0.36 4 0.17 8 046 4 016 —
TR (0.17~0.54) (0.14~0.96) (0.07~0.47) (0.23~0.93) (0.06~0.44)
B 6 0.38 — — 4 0.44 6 087 — — —
(0.17~0.85) (0.16~1.17) (0.39~1.94)
B2 — — 3 3.73 4 2.41 — — — — -
KT (1.20~11.6) (0.90~6.44)
MEME  — — — — — — 3 0.12 — — —
FE% (0.04~0.39)
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TR IR GEDA=TiIN JE R pE IR BESS-1IN BRimk o 6 £ ik
HLT PT ROR ROR ROR ROR ROR ROR
(95% CI) (95% CI) (95% CI) (95% CI) (95% CI) (95% CI)
HHEE EEEN 22 0.26 7 0.30 20 0.41 6 017 4 008 — —
P (0.17~0.40) (0.14~0.63) (0.27~0.64) (0.07~0.37) (0.03~0.21)
ML B 28 0.11 15 0.21 31 0.21 24 0.21 42 027 3 0.15
¥k (0.08~0.16) (0.13~0.35) (0.15~0.3) (0.14~0.32) (0.20~0.36)  (0.05~0.47)
KM SMEHE 34 0.85 — — 11 0.47 5 0.29 4 016 — —
B B (0.61~1.19) (0.26~0.86) (0.12~0.69) (0.06~0.43)
K& B> 16 0.23 — — — — 3 0.10 4 009 — —
EiiD) (0.14~0.38) (0.03~0.31) (0.04~0.25)
HHE 26 0.14 10 0.19 7 0.07 15 0.19 9 008 — @ —
FasiE (0.10~0.21) (0.10~0.36) (0.03~0.14) (0.1~0.31) (0.04~0.15)
MEE 30 0.24 9 0.25 8 0.11 15 0.27 28 036 3 0.30
(0.17~0.34) (0.13~0.49) (0.05~0.22) (0.16~0.45) (0.25~052)  (0.10~0.95)
TR 27 0.64 — — 10 0.41 8 0.44 9 035 — —
(0.44~0.94) (0.22~0.76) (0.22~0.87) (0.18~0.67)
BHAE 10 0.19 — — 8 0.27 9 0.40 8§ 025 — —
(0.10~0.36) (0.13~0.53) (0.21~0.76) (0.13~0.5)
HEBH — — — — 3 2.33 — — — — — —
(0.75~7.25)
HE — — — — — — 4 0.13 4 009 — —
(0.05~0.35) (0.04~0.25)
REFR — — — — — — 5 1.81 — — — —
(0.75~4.36)
HME — — — — — — 4 0.06 — — — —
(0.02~0.16)

— AR NBIRPE P R A B2 RO RIS RS AT RS T

—indicates that the data is not retrievable in the database; “indicates the detection of a suspected risk signal for an adverse event.

74 JADER #1 CVARD HEFEF GLP-1RAs X B RS X T REGFHESKEN
Table 4 Signal detection of GLP-1RAs related bone and joint adverse events in JADER and CVARD database

bl 2454 PT n ROR (95% CI) PRR (32 EBGM (95% T FR) IC (IC025)

JADER  AlEMENK B 3 3.30(1.06~10.26)"  3.29 (4.77)" 3.28 (1.06)" 1.72 (0.04)*
CVARD  Flfu&fik [k 22 2.27 (1.49~3.45)" 2.25(1532)" 2.25(1.47)° 1.17 (=0.50)
PR 10 0.55(0.29~1.02) 0.55 (3.69) 0.55 (0.30) —0.86 (—2.53)

GEi 7 0.91(0.43~1.91) 0.91 (0.06) 0.91 (0.43) —0.13 (-1.80)

AT i ik 6 0.99 (0.45~2.22) 0.99 (0) 0.99 (0.45) —0.01 (-1.68)

FEMEK ST 7 0.30(0.14~0.62) 0.30 (11.65)  0.30(0.14) —1.74 (-3.41)

5 7 0.70 (0.34~1.48) 0.71 (0.86) 0.71 (0.34) —0.50 (2.17)

TR EIA BRI SR

“indicates the detection of a risk signal for an adverse event.
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Fig.3 Volcano Plots of IgROR for GLP-1RAs related bone and joint adverse events in FAERS database (A), JADER and
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