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Background: Glucagon-like peptide-1 (GLP-1) agonists have emerged as a powerful diabetic treatment
adjunct; however, its effects on outcomes following total knee arthroplasty (TKA) are not well known.
The purpose of this study was to compare the risk of complications after TKA in patients with type-2
diabetes who were on GLP-1 agonists with those who were not.
Methods: In total, 34,696 type 2 diabetes patients undergoing primary TKA between 2016 and 2021 were
retrospectively reviewed utilizing a large national database. Propensity score matching was employed to
match patients on GLP-1 agonists to controls at a 1:1 ratio (n ¼ 2388 each). Multivariable logistic
regression was utilized to examine 90-day and 1-year TKA outcomes between cohorts.
Results: Controls had higher odds of extended hospital stays (�3 days) (odds ratio 1.29, P < .001).
However, surgical complication rates at 90-days including surgical site infection and prosthetic joint
infection were not significantly different. Similarly, no differences were seen in medical complications.
There were also no significant differences in rates of all-cause revision TKA and aseptic revision TKA at 1
year postoperatively.
Conclusions: This study found that GLP-1 agonist use was not associated with increased medical or
surgical complication rates in patients with diabetes undergoing TKA and was associated with lower
rates of extended hospital stays after surgery. Given the potential for increased glycemic control and
weight loss in patients using GLP-1 agonists, more data are needed to delineate the potential role of GLP-
1 agonists in preoperative optimization of patients with diabetes prior to joint arthroplasty to minimize
postoperative complications.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Knee osteoarthritis is a leading cause of disability in the elderly,
resulting in significant pain and impaired function [1,2]. Total knee
arthroplasty (TKA) has been a consistently effective therapeutic
option for severe osteoarthritis [3-6]. Despite low revision rates,
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adverse postoperative events are not uncommon, with the
incidence of major complications reported to be 5.5% at 30 days and
14.4% at 6 months [7,8]. A number of studies have examined risk
factors for complications following TKA [9].

Metabolic disease is a common comorbidity with critical
implications for TKA outcomes. Elevated bodymass index (>30) has
been linked to increased number of in-hospital events, deep
infections, and early revisions [10,11]. Similarly, diabetes mellitus
has been shown to be an independent risk factor for multiple
complications, most notably prosthetic joint infection (PJI) and
deep surgical site infection (SSI) [12,13]. Studies examining
sociation of Hip and Knee Surgeons. This is an open access article under the CC BY-
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controlled vs uncontrolled diabetes in this population have
demonstrated increased risks only in uncontrolled diabetes,
suggesting glycemic control is an important factor for optimizing
outcomes [14,15].

From 1999 to 2018, age-controlled prevalence of diabetes rose
from 9.8% to 14.3% with only 21.0% of these patients achieving
optimal control of hemoglobin A1c and blood pressure [16]. In
2015, metformin, insulin, and sulfonylureas were the most
commonly prescribed antiglycemic medications [17]. The advent of
newer agents such as glucagon-like peptide-1 (GLP-1) agonists and
sodium-glucose cotransporter-2 inhibitors, however, have revolu-
tionized diabetic management, especially in patients undergoing
orthopaedic surgery [18]. In particular, GLP-1 agonists have
demonstrated high efficacy in treating diabetes and obesity, as well
as providing potential benefits to hospitalized patients who have
hyperglycemia [19,20]. A 2021 study found that irrespective of
disease severity and glycemic control, metformin use was associ-
ated with significantly fewer adverse outcomes after TKA [21].
Currently, there is a paucity of evidence comparing the association
of GLP-1 agonists with complication rates after TKA.

The aim of this study was to compare the relative rates of
complications in patients on GLP-1 agonists compared to patients
not on GLP-1 agonists following TKA, while accounting for disease
severity and other comorbidities. We hypothesized that patients
whowere on GLP-1 agonists would experience fewer postoperative
complications compared to those not taking these agents.

Material and methods

Data source

Patients were identified from the IBM MarketScan Commercial
Claims and Encounters and Medicare Supplemental and Coordi-
nation of Benefit databases (Ann Arbor, Michigan). Institutional
review board approval was not required as this study was a retro-
spective review of deidentified data. This database is a collection of
medical insurance claims databases from over 300 employer-
sponsored and Medicare supplemental plans, containing more
than 240 million deidentified patient records. It provides
information on inpatient admissions, outpatient visits, and
pharmaceutical encounters. The authors chose to use this database
because it contains data on a large quantity of continuously
enrolled patients that allows for longitudinal follow-up. It has been
successfully utilized in previous orthopaedic studies [21,22].

Patient identification: inclusion and exclusion criteria

Current procedural terminology code “27447” (primary TKA)
was used to identify patients over 18 years of age who underwent
unilateral TKA from January 1, 2016, to December 31, 2021. Only
patients who had a preoperative diagnosis of type 2 diabetes were
included. Nondiabetics and those with type 1 diabetes mellitus
were excluded. Those with an operative diagnosis of periarticular
knee or lower extremity fracture were also excluded from the study
in order to remove any potential emergent TKA. Patients with a
history of pancreatitis or medullary thyroid cancer were excluded
as these are potential contraindications to GLP-1 agonist use [23].
The International Classification of Disease codes and the Elixhauser
method were used to identify comorbidities, including diabetes
[24]. To be included in the final analyses, patients were required to
be continuously enrolled within the database for at least 6 months
preoperatively and 3 months postoperatively.

After the initial study population was established (n ¼ 34,696),
patients were divided into 2 cohorts: GLP-1 agonist (n ¼ 2388) vs
no GLP-1 agonist (n ¼ 26,117). Cohorts were determined utilizing
prescription claims based on National Drug Codes. Patients were
included in the GLP-1 agonist cohort if the database recorded at
least 3 fills of their GLP-1 agonist prescription within 6 months
preoperatively, or if they received at least 1 fill corresponding to a
90-day or greater supply within 6 months preoperatively. Patients
in the control group were identified as those who did not receive
any GLP-1 agonists within the 6-month period prior to their TKA.
Patients who did not meet strict criteria for the GLP-1 agonist or
control cohorts were excluded from the study.

Baseline patient information

Baseline patient demographic characteristics, diabetic
prescription status, comorbidity data, and smoking status were
collected. This included comorbidity status using the Elixhauser
comorbidity index as previously described (grouped categorically
on the basis of the number of comorbidities present), insulin status
(grouped categorically as insulin-dependent or not), and usage of
other diabetic medications such as sulfonylureas, thiazolidine-
diones, dipeptidyl peptidase 4 inhibitors, meglitinides, sodium-
glucose cotransporter-2 inhibitors, and alpha-glucosidase
inhibitors. In accordance with the convention established by
Wilson et al [21], usage of other diabetic medications was grouped
binomially based on the presence of additional diabetic medication
usage or not. Likewise, diabetes was classified as complicated or
uncomplicated based on the Elixhauser comorbidity index, as this
was believed to approximate disease severity that may influence
the results.

Postoperative complications and healthcare utilization data

Postoperative resource utilization, SSIs, and medical complica-
tions were collected for the 90-day postoperative period. These
included the following utilization and complication parameters:
SSI, PJI, wound dehiscence, periprosthetic fracture, cardiac arrest,
stroke, pneumonia, deep vein thrombosis, urinary tract infection,
acute kidney injury (AKI), Clostridium difficile infection, hypogly-
cemic events, 90-day all-cause hospital readmission, and extended
hospital length of stay (LOS) (defined as 3 days). Additionally,
1-year postoperative outcomes were collected, including revision
TKA (defined by current procedural terminology codes shown in
Appendix A), aseptic revision TKA, PJI, and periprosthetic fracture.

Data analyses and baseline patient characteristics

The propensity score matching at a 1-to-1 ratio was utilized to
control for baseline variables between cohorts with 0.2 standard
deviation caliper size to ensure the closest possible match [25].
Propensity scoremodels included potential confounders of age, sex,
insulin-dependent diabetes status, Elixhauser comorbidity index
(1, 2, and 3þ comorbidities), presence of congestive heart failure,
smoking status, utilization of additional diabetic medications, and
diabetic complexity.

Chi-squared tests were used to determine differences in
categorical comorbidity variables, and Student t-tests were used to
analyze differences in continuous comorbidity variables, as
indicated. Before matching, patients on GLP-1 agonists were
younger (61.2 vs 64.6 years of age, P < .001) and had a higher
percentage of having at least 3 comorbidities compared to patients
who were not on GLP-1 agonists (76.5 vs 70.2%, P < .001) (Table 1).
Furthermore, those who were taking GLP-1 agonists were more
likely to be insulin-dependent (22.0 vs 6.5%, P < .001), more likely
to be on additional diabetic medications (76.8 vs 72.0%, P < .001),
andmore likely to have a diagnosis of complicated diabetes (50.2 vs



Table 1
Glucagon-like peptide-1 (GLP-1) receptor agonist use by patient demographic characteristics and comorbidities: unmatched and matched cohorts.

Characteristic Unmatched cohort Matched cohort

GLP-1 agonist No GLP-1 agonist P-value GLP-1 agonist No GLP-1 agonist P-value

Total (%) 2388 (8.4%) 26,117 (91.6%) 2388 (50.0%) 2388 (50.0%)
Age (range) 61.2 (40-88) 64.6 (24-95) <.001 61.2 (40-88) 61.0 (32-88) .49
Sex
Men 1013 (42.4%) 11,508 (44.1%) .12 1013 (42.4%) 1040 (43.6%) .43
Women 1375 (57.6%) 14,609 (55.9%) 1375 (57.6%) 1348 (56.4%)

Elixhauser <.001 .94
1 136 (5.7%) 2804 (10.7%) 136 (5.7%) 129 (5.4%)
2 424 (17.8%) 4980 (19.1%) 424 (17.8%) 425 (17.8%)
>3 1828 (76.5%) 18,333 (70.2%) 1828 (76.5%) 1834 (76.8%)

Insulin-dependent diabetes mellitus <.001 .23
No 1863 (78.0%) 24,407 (93.4%) 1863 (78.0%) 1897 (79.4%)
Yes 525 (22.0%) 1710 (6.5%) 525 (22.0%) 491 (20.6%)

Other diabetes mellitus medication <.001 .13
No 554 (23.2%) 7311 (28.0%) 554 (23.2%) 510 (21.4%)
Yes 1834 (76.8%) 18,806 (72.0%) 1834 (76.8%) 1878 (78.6%)

Congestive heart failure .89 .69
No 2156 (90.3%) 23,603 (90.4%) 2156 (90.3%) 2164 (90.6%)
Yes 232 (9.7%) 2514 (9.6%) 232 (9.7%) 224 (9.4%)

Complicated diabetes <.001 .49
No 1189 (49.8%) 17,305 (66.3%) 1189 (49.8%) 1165 (49.8%)
Yes 1199 (50.2%) 8812 (33.7%) 1199 (50.2%) 1223 (50.2%)

Smoking status .18 .69
No 2084 (87.3%) 22,538 (86.3%) 2084 (87.3%) 2093 (87.6%)
Yes 304 (12.7%) 3579 (13.7%) 304 (12.7%) 295 (12.4%)

Values are given as number of patients, with the percentage in parentheses, except for age, which is given as the mean and the range.
Bold values indicate statistical significance (P < .05).
GLP-1, glucagon-like peptide 1 agonist.
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33.7%, P < .001) compared to patients who were not on GLP-1
agonists.

Following propensity-score matching, 2388 patients were
matched to each cohort. All standardized mean differences for the
covariates were below 0.1, indicating negligible cohort differences.
Covariate balance was visualized by plotting the propensity score
distributions in both the unmatched and matched data sets [21]
(Fig. 1). Propensity score distributions between GLP-1 agonist users
and controls more closely resembled each other in the matched
Figure 1. Propensity-score distribution in unmatched and matched datasets
data set. Furthermore, prior preoperative baseline differences
between cohorts in the unmatched data set were successfully
balanced within the matched data set of patients who were on
GLP-1 agonists and controls (Table 1).

After propensity-score matching, multivariable logistic
regressions were utilized to control for any remaining cohort
differences to examine the association of GLP-1 agonist use on
90-day and 1-year postoperative outcomes. All statistical analyses
were conducted using R Studio (PBC, Boston, MA).
: cohort 1 e glucagon-like peptide (GLP)-1 agonist vs no GLP-1 agonist.



Table 2
Multivariable analyses of complications e glucagon-like peptide-1 (GLP-1) agonist vs no GLP-1 agonist.

Characteristic GLP1-agonist, n ¼ 2388 No GLP-1 agonist, n ¼ 2388 Odds ratioa (95% CI) Multivariate P value

90-d surgical complications
Surgical site infection 112 (4.7%) 108 (4.5%) 0.95 (0.73 - 1.26) .74
Prosthetic joint infection 53 (2.2%) 55 (2.3%) 0.99 (0.69 - 1.46) .96
Wound dehiscence 34 (1.4%) 38 (1.6%) 1.14 (0.71 - 1.82) .53
Periprosthetic fracture 3 (0.1%) 1 (0.1%) 0.38 (0.03 - 4.29) .43

90-d medical complications
Cardiac arrest 3 (0.1%) 4 (0.2%) 1.19 (0.25 e 5.71) .83
Stroke 10 (0.4%) 18 (0.8%) 1.53 (0.67 - 3.48) .32
Pneumonia 37 (1.5%) 38 (1.6%) 0.99 (0.62 - 1.59) .98
Deep vein thrombosis 39 (1.6%) 45 (1.9%) 1.16 (0.74 - 1.82) .53
Urinary tract infection 150 (6.3%) 151 (6.3%) 1.01 (0.80 - 1.28) .91
Acute kidney injury 84 (3.5%) 90 (3.8%) 1.06 (0.77 - 1.46) .71
C. difficile infection 2 (0.1%) 9 (0.4%) 4.02 (0.73 - 22.05) .11
Hypoglycemic events 45 (1.9%) 35 (1.5%) 0.73 (0.46 - 1.15) .18

Resource utilization
90-d readmission 168 (7.0%) 187 (7.8%) 1.14 (0.91 - 1.42) .25
Extended length of stay ( � 3 d) 607 (25.4%) 746 (31.2%) 1.29 (1.14 - 1.47) <.001

1-y outcomes
All-cause revision TKA 37 (1.5%) 42 (1.8%) 1.15 (0.73 - 1.81) .54
Aseptic revision TKA 24 (1.0%) 27 (1.1%) 1.16 (0.66 - 2.02) .61
Prosthetic joint infection 81 (3.4%) 76 (3.2%) 0.91 (0.66 - 1.25) .55
Periprosthetic fracture 4 (0.2%) 2 (0.1%) 0.70 (0.12 - 4.03) .69

Bold values indicate statistical signifcance (P < .05).
GLP-1, glucagon-like peptide 1 agonist; TKA, total knee arthroplasty.

a Values are given as the odds ratio for the no GLP-1 agonist group, with the 95% CI in parentheses.
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Results

Multivariable logistic regression analyses revealed that patients
who were not on GLP-1 agonists had significantly higher rates of
extended hospital LOS after TKA compared to those on GLP-1 agonists
(31.2 vs 25.4%; odds ratio [OR] 1.29, P < .001; Table 2). There were no
significant differences between cohorts for surgical complications at
90 days, including SSI (4.5 vs 4.7%; OR 0.95, P ¼ .74) and PJI (2.3 vs
2.2%; OR 0.99, P ¼ .96). There were also no significant differences in
medical complications at 90 days, including deep vein thrombosis (1.9
vs 1.6%; OR 1.16, P ¼ .53), acute kidney injury (3.8 vs 3.5%; OR 1.06,
P ¼ .71), or hypoglycemic events (1.5 vs 1.9%; OR 0.73, P ¼ .18).
Furthermore, there were no significant differences in 90-day read-
mission rates between the control and GLP-1 cohorts (7.8 vs 7.0%; OR
1.14, P ¼ .25). At the 1-year postoperative period, there were no
significant differences in rates of all-cause revision TKA (1.8 vs 1.5; OR
1.15, P ¼ .54) or aseptic revision TKA (1.1 vs 1.0%; OR 1.16, P ¼ .61).
There were also no significant differences in rates of 1-year PJI (3.2 vs
3.4%; OR 0.91, P ¼ .55) or 1-year periprosthetic fracture (0.1 vs 0.2%;
OR 0.70, P ¼ .69).

Discussion

These results of this investigation revealed that after controlling
for patient comorbidities, disease severity, and use of other anti-
glycemic medications, GLP-1 agonist use was not associated with
increased risk of 90-day surgical or medical complications in
patients undergoing TKA. Additionally, we observed a potential
signal for reduced hospital length of stay in patients on these agents.
Additionally, no differences were seen in rates of all-cause revision
TKA, aseptic revision TKA, or PJI after 1 year postoperatively.

On a physiological level, GLP-1 is a hormone released by the
intestines in response to food ingestion, which stimulates pancre-
atic insulin secretion while inhibiting glucagon release [26]. The
purpose of GLP-1 receptor agonists is to mimic this hormone,
helping restore insulin homeostasis in patients who have type-2
diabetes [27]. These medications have been shown to induce
considerable weight loss in both diabetics and nondiabetics [27]. In
addition to their effects on blood glucose and weight, GLP-1 ago-
nists have been shown to reduce cardiovascular events, all-cause
mortality, and worsening renal function [28]. An increasing body
of evidence supports its potential utility for preoperative medical
optimization, with purported benefits of decreased incidence of
hyperglycemia and reduced insulin use without increased risk of
hypoglycemic events [29].

On a cellular level, emerging data suggest GLP-1 agonists exert
anti-inflammatory effects by dampening production of proin-
flammatory cytokines and impairing immune cell tissue infiltration
[30,31]. Such anti-inflammatory effects, as well as concomitant
improved glycemic control, may help explain our study’s results
indicating decreased hospital LOS. These anti-inflammatory effects
may also play a role in postoperative pain, as spinal GLP-1 agonists
havebeen shown to suppress pain hypersensitivity by60%-90% [32].
More data are needed to fully capture the relationship between anti-
inflammatory effects of GLP-1 agonists and outcomes after TKA.

Several studies have focused on diabetes and poor glycemic
control as risk factors for PJI and poorer joint function following
arthroplasty [33,34]. Patients taking GLP-1 agonist monotherapy or
combination therapymayhave relatively tighter glycemiccontrol and
improved cardiovascular health. This may subsequently allow for
earlier mobilization after surgery, translating into shorter length of
stays, and reduced risk of hospital-acquired infections [35]. While
diabetic complexity was controlled for within our analyses, future
evaluation that accounts for preoperative A1C and perioperative
glucose may help to fully understand whether addition of GLP-1
agonists results in superior outcomes and decreased infection rates.
Nevertheless, the reduction in extended hospital stays observed in
our studymaysignalandaddbenefitwith regard topatientmorbidity
and quality of life. Reducing length of stay may also have significant
economic implications to the healthcare system as well, as hospital
costs for TKA increased by 52.4% from 2002 to 2013 [36].

Although GLP-1 agonists have several potential benefits, they
are not without potential adverse effects e most commonly
gastrointestinal symptoms such as nausea and vomiting [37]. In the
perioperative state, delayed gastric emptying can occur, resulting in
increased gastric residual contents [38,39]. Due to this concern and



K.Y. Heo et al. / Arthroplasty Today 30 (2024) 101506 5
subsequent potential risk for aspiration, the American Society of
Anesthesiologists does recommend holding these agents a week
preoperatively [40]. Despite ample evidence regarding the benefits
of GLP-1 agonists in general, little is known regarding their influ-
ence on outcomes of surgical interventions in diabetic patients
undergoing joint arthroplasty, especially compared to other
standard diabetic medications.

A recent study by Magruder et al [41] comparing the usage of
semaglutide in patientswith type-2 diabetes undergoing TKA found
that use of this agent was associated with decreased risk of 90-day
sepsis and readmission rates, as well as 2-year PJI, but an
increased risk of myocardial infarction, acute kidney injury, pneu-
monia, andhypoglycemic events. In contrast, our studydidnot show
increased risks of medical complications for patients on GLP-1 ag-
onists in the perioperative period and only demonstrated decreased
rates of extended hospital LOS between cohorts. Inherent differ-
ences in the databases may have contributed to these discordant
findings. Our studyalso included all GLP-1 agonists, rather than only
semaglutide, as done byMagruder et al [41]. Furthermore, while the
aforementioned study by Magruder et al [41] utilized propensity-
score matching to control for covariates, they noted the possibility
of incomplete control of confounders, including diabetic severity. It
is also unclear if other comorbidities that were not included in the
propensity-score match were controlled for within their logistic
regression analyses. Increased MI would be unexpected with GLP-1
agonist use as several randomized controlled trials have shown
semaglutide to have protective cardiovascular effects in patients
with type-2 diabetes [42,43]. After ensuring thorough control of
confounders through propensity-score matching and logistic
regression, we found no associated increased risks with GLP-1,
suggesting confounding may have influenced the prior results.

This study is also not without potential limitations. As with any
database study, data are reliant on the accuracy and sensitivity of
diagnostic coding. Moreover, specific measures of both short-term
and long-term glycemic control such as hemoglobin A1c and peri-
operative hyperglycemiawere not accessible, whichmight introduce
bias into the results. No significant differences in the outcome mea-
sures of PJI, SSI, or wound complications between cohorts were
observed, suggesting themajorityofpatientswerematched to similar
levels of glycemic control. The database also does not have access to
anesthesia, nursing, or operative documentation; therefore, episodes
of pulmonary aspiration or regurgitation, as well as information
regarding type of anesthesia utilized for surgery were not obtainable
for the study. Another potential limitation of the study is the
dependence on prescription claim accuracy within the database. Our
study incorporated several measures to identify the patients who
were on chronic GLP-1 agonist use prior to their TKA, including
requirement of least 3 refills of their GLP-1 prescription within 6
months preoperatively or at least 1 fill of at least 90-day supplies
within 6months before surgery. However, patients onGLP-1 agonists
not recorded in the database could have been included in the control
cohort. Similarly, due totheusageof an insuranceclaimsdatabase, the
exact timing of whenpatients discontinued their GLP-1 agonist prior
to their TKA is uncertain. The American Society of Anesthesiologists
recommends holding these agents 1 week preoperatively, and since
patients who underwent a TKA in a potential emergent setting were
excluded from the study, it is likely that most of the patients in this
study had their medications stopped 1 week prior to surgery.
Nevertheless, further prospective study is needed to investigate the
timing of preoperative GLP-1 cessation and outcomes after TKA.
Additionally, thedatabasedoesnot includepatients’bodymass index.
While diagnostic codes for obesity were captured utilizing the Elix-
hauser comorbidity index and were controlled for, this is still an
inherent limitation. Further research is needed to examine the po-
tential use of GLP-1 agents in improving outcomes as compared to
other diabetic medications with equivalent glycemic control and
understand the short-term risks associated with perioperative use.
Additionally, the effects of GLP-1 agonists on complications rates
following TKA in obese, nondiabetic patients have not been well-
studied. With the rising use of GLP-1 agonists for weight loss, it is
important to understand the risks and benefit profiles within this
high-risk population. [42]

Conclusions

In conclusion, unlike previous evidence, we did not find GLP-1
agonists linked to increased rates of postoperative complications
in patients with type 2 diabetes undergoing primary TKA, including
revision procedures at 1 year. In contrast, GLP-1 agonists were
associated with lower rates of extended hospital LOS. Our findings
reinforce the potential low risk profile from a medical and surgical
standpoint of GLP-1 agonist use in diabetic patients undergoing
TKA. Additional prospective studies are needed to confirm the
findings of this study, as well as delineate proper perioperative
protocols given the side-effect profile of GLP-1 agonists.
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Appendix A
Current procedural terminology (CPT) codes for revision total knee arthroplasty.

Procedure CPT

Revision of total knee arthroplasty, with or without allograft; 1
component

27486

Revision of total knee arthroplasty, with or without allograft; femoral
and entire tibial component

27487

Removal of prosthesis, including total knee prosthesis,
methylmethacrylate with or without insertion of spacer, knee

27488
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