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Abstract. Background/Aim: Gout, characterized by acute
inflammatory symptoms and monosodium urate crystal
deposits in joints, is prevalent among males and the elderly.
Total knee arthroplasty (TKA) is a common treatment for knee
osteoarthritis (OA), but its impact on the risk of developing
gout is unclear. This study examined the risk of gout in
patients undergoing TKA. Patients and Methods: Utilizing the
TriNetX research network, a retrospective cohort study was
conducted on OA patients without prior gout. The TKA cohort
was compared to a non-TKA control group using propensity
score matching to balance covariates. The primary outcome
was the incidence of gout over a five-year follow-up period.
Results: The study included 38,834 matched pairs of TKA and
non-TKA patients. TKA patients had a 15.6% higher risk of
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developing gout (HR=1.156; 95%CI=1.042-1.284) compared
to controls. Sensitivity analyses confirmed the increased risk
across various models and follow-up durations. Conclusion:
TKA is associated with a higher risk of developing gout,
particularly in females and older adults. Clinicians should
monitor and manage gout risk in TKA patients, emphasizing
preventive measures and early intervention. Further research
is needed to understand the underlying mechanisms and
improve patient care post-TKA.

Gout is a common disease characterized by acute
inflammatory symptoms and monosodium urate crystals
deposited in joints and tissues (1). The incidence of gout is
higher in male and elderly individuals (2). Several risk
factors for developing gout have been identified, including
hyperuricemia, alcohol consumption, metabolic syndrome,
and diet (1). In terms of the pharmacological treatment, non-
steroidal anti-inflammatory drugs (NSAIDs), colchicine, and
corticosteroids could be considered (3). Therefore, patients
with gout often face higher direct and indirect costs, which
may impact their economic condition and daily life (4).

In the current aging society, osteoarthritis (OA) is
becoming increasingly common in clinical practice.
Therefore, total knee arthroplasty (TKA) is often applied as
an essential surgery process for patient with knee OA (5).
TKA can help patients relieve pain, improve function, and
even reduce treatment costs (6). Nevertheless, the poor
outcomes and comorbidities after TKA have not been
completely demonstrated in recent studies. Gout, as an
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inflammatory condition that frequently affects joint
structures, has been linked to TKA in several studies.
Patients with gout who undergo TKA may face a higher risk
of comorbidities, such as cardiac arrest, hematoma, infection,
and capsulitis, as well as increased surgery and care costs
(7). Moreover, patients with a history of gout may have an
increased risk of being diagnosed with acute gout diagnosis
after TKA (8). Obviously, the relationship between gout and
TKA should be substantially valued in clinical practice.
However, the literature on the occurrence of gout after TKA
in OA patients without a prior diagnosis of gout remains
incomplete. Therefore, in this cohort study, we aimed to
clarify the risk of gout in patients who have undergone TKA.

Patients and Methods

TriNetX, a network of over 120 healthcare organizations, provides
anonymized medical records for large-scale epidemiological
research (9-12). In the current study, we utilized TriNetX and chose
the US Collaborative Network as our primary source of analysis,
containing data from over 65 Healthcare organizations (HCOs)
located exclusively within the USA. The TriNetX database was
previously approved by the Western Institutional Review Board
(Western IRB). The subsequent determination regarding the de-
identification process attested on December 2020 replaced the need
of Western IRB approval in TriNetX studies. Ethical approval was
not required for the study involving humans in accordance with the
local legislation and institutional requirements.

For the current retrospective cohort study, we used data from
individuals who were recruited between 2015 and 2017. Study
individuals were characterized according to two conditions: a
diagnosis of OA indicated in the TriNetX system and no gout in the
medical history. Exclusion criteria included individuals who had
died either before or after the index date, as well as those younger
than eighteen years. Another exclusion criterion was cancer in the
medical history. The TKA cohort comprised patients who underwent
TKA during the enrollment period. The control cohort comprised
patients with OA but who have not undergone any form of TKA
surgery. The propensity score-matching method was applied to
minimize confounding by indication. This method produces a
control group that closely resembles the treatment group across
various characteristics. Matching was performed based on criteria,
such as age, sex, race, body mass index (BMI), comorbidities,
medication use, laboratory values, socioeconomic factors, and
healthcare utilization (Table I and Table II). The outcome of interest
in the study was the development of gout. We also performed
several additional analyses to evaluate internal validity. These
analyses involved variations in matching criteria, duration of follow-
up and subgroups of participants.

Statistical analyses. We used the analytics function built into the
TriNetX platform to analyze the data. We compared the baseline
characteristics between the groups using an standardized mean
difference (SMD) statistic. If the SMD >0.1, we considered the
difference to be statistically significant. We calculated hazard ratios
to assess the risk of developing gout. The obtained hazard ratios
were evaluated for their statistical significance based on their 95%
confidence intervals.

Results

Baseline characteristics. After excluding patients who were
under 18 years old, deceased, or had gout and cancer before
or on the index day, the TKA group consisted of 38,834
patients, and the non-TKA control group comprised 2,134,981
patients. Following this, using 1:1 propensity score matching,
both the TKA and control groups included 38,834 patients
each (Figure 1). Patients in TKA group had a higher
proportion of alcohol dependence, substance use, and co-
medication use (thiazides and related diuretics, chlorthalidone,
and cyclosporine) compared to the control group. Following
the matching process, we found no statistically significant
differences between the TKA group and the control group, in
baseline characteristics, such as age, sex, ethnicity, body mass
index, and healthcare utilization patterns (Table I).

Gout risk in TKA patients. The cumulative incidence of gout
in the TKA cohort increased over time within the five-year
follow-up period (Figure 2). The control cohort also showed
an upward trend in gout incidence; however, the incidence
remained lower than that of the TKA cohort. The analysis
showed a statistically significant difference between the two
groups (p-value<0.01). Individuals who underwent TKA had
a 15.6% higher risk of developing gout compared to the
control group (HR=1.156; 95%CI=1.042-1.284).

Sensitivity analyses. Compared to the control group, a
significantly elevated risk of gout was observed in the TKA
cohort across various models and conditions (Table III). In
the analysis with different matching covariates, the hazard
ratio was 1.288 (95%CI=1.198-1.383) in the crude model,
1.244 (95%CI=1.118-1.384) when adjusted for age, sex,
comorbidities, and race, and 1.178 (95%CI=1.061-1.309)
when adjusted for age, sex, race, and comedications. For
different wash-out periods, the hazard ratio was 1.135
(95%CI=1.016-1.267) for a 12-month period, 1.146
(95%CI=1.017-1.293) for a 24-month period, and 1.150
(95%CI=1.006-1.315) for a 36-month period. When
considering different follow-up times, the hazard ratio was
1.135 (95%CI=1.035-1.246) for an 8-year period, 1.156
(95%CI=1.061-1.258) for a 10-year period, and 1.119
(95%CI=1.018-1.229) for a 12-year period. These findings
remained consistent across different covariate-matching
models, wash-out periods, and follow-up times.

Stratification analysis. The stratification analysis of gout in
TKA patients presents the hazard ratios for subgroups during
the 5-year follow up, based on sex and age (Table IV).
Women who underwent TKA had a 38.1% greater risk of
gout compared to the control group, and this risk was also
elevated (25.7%) for those aged 65 or older who had TKA
surgery. These findings were statistically significant.
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Table 1. Baseline characteristics.

Before matching

After matching?

TKA cohort  Control cohort SMD TKA cohort  Control cohort SMD
(n=38,834) (n=2,134,981) (n=38,334) (n=38.,834)
Age at index
Mean+SD 63.6+10.1 59.2+14.2 0.36 63.6+10.1 63.7£10.3 0.01
Sex
Male 14,205 (36.6) 783,385 (36.7) 0.00 14,205 (36.6) 14,276 (36.8) 0.00
Female 24,357 (62.7) 1,251,730 (58.6) 0.08 24357 (62.7) 24,299 (62.6) 0.00
Race, n (%)
White 28,206 (72.6) 1,431,246 (67.0) 0.12 28,206 (72.6) 28,313 (72.9) 0.01
Black or African American 4,134 (10.6) 267,564 (12.5) 0.06 4,134 (10.6) 4,200 (10.8) 0.01
Asian 1,086 (2.8) 49,541(2.3) 0.03 1,086 (2.8) 1,104 (2.8) 0.00
American Indian or Alaska Native 158 (0.4) 6,943(0.3) 0.01 158 (0.4) 136 (0.4) 0.01
Native Hawaiian or Other Pacific Islander 315 (0.8) 6,902 (0.3) 0.06 315 (0.8) 330 (0.9) 0.00
Socioeconomic status
Socioeconomic/psychosocial 190 (0.5) 16,701 (0.8) 0.04 190 (0.5) 135 (0.3) 0.02
circumstances problem
Lifestyle
Alcohol dependence, smoking 1,964 (5.1) 141,034 (6.6) 0.07 1,964 (5.1) 1,823 (4.7) 0.02
and substance use
Comorbidities
Hypertension 10,188 (26.2) 459,053 (21.5) 0.11 10,188 (26.2) 10,231 (26.3) 0.00
Diabetes mellitus 3,527 (9.1) 189,952 (8.9) 0.01 3,527 (9.1) 3,500 (9.0) 0.00
Hyperlipidemia 6,040 (15.6) 275479 (12.9) 0.08 6,040 (15.6) 6,014 (15.5) 0.00
Hyperuricemia 10 (0.0) 727 (0.0) 0.00 10 (0.0) 10 (0.0) 0.00
Co-medications
Aspirin 6,415 (16.5) 193,939 (9.1) 0.22 6415 (16.5) 6,373 (16.4) 0.00
Thiazides and related diuretics 5,303 (13.7) 170,354 (8.0) 0.18 5,303 (13.7) 5,230 (13.5) 0.01
Chlorthalidone 238 (0.6) 9971 (0.5) 0.02 238 (0.6) 195 (0.5) 0.01
Cyclosporine 184 (0.5) 7,687 (0.4) 0.02 184 (0.5) 133 (0.3) 0.02
Medical Utilization Status
Ambulatory visit 25912 (66.7) 1,258,602 (59.0) 0.16 25912 (66.7) 25,827 (66.5) 0.00
Laboratory data
BMI, n (%)
=25 (kg/m2) 7,836 (20.2) 305,039 (14.3) 0.16 7,836 (20.2) 7,638 (19.7) 0.01
Urate, n (%)
=10 (mg/dl) 36 (0.1) 1,353 (0.1) 0.01 36 (0.1) 16 (0.0) 0.02

Bold font represents a standardized mean difference (SMD) was more than 0.1. TKA: Total knee arthroplasty; BMI: body mass index. 2Propensity
score matching was presented with the covariates of age at index, sex, race, body mass index, status of comorbidities (including diabetes mellitus,
hypertension, hyperlipidemia, hyperuricemia), status of comedication use (chlorothiazide, chlorthalidone, aspirin, cyclosporine), lab data (C-reactive
protein, urate), problems related to housing and economic circumstances, individuals with potential health hazards related to socioeconomic and

psychosocial circumstances, and medical utilization status.

Discussion

In this study, we conducted a retrospective cohort analysis
using data from a large U.S. electronic health records database
to examine the incidence of gout in patients with severe OA
who underwent TKA compared to those who did not undergo
TKA. Our findings revealed a significantly higher incidence
of gout among patients who received TKA. Specifically, the
hazard ratio for gout in the TKA group was 1.288
(95%C1=1.198-1.383), indicating a nearly 29% increased risk
of developing gout post-operatively. This association persisted

across various subgroups, including different sex and age
categories, with notable increases in risk observed particularly
among female patients and those aged 65 years and older.

In the United States, the incidence and prevalence of gout
have been rising steadily in recent years (13, 14). Data
suggest a substantial rise in gout prevalence within the
United States, with estimates ranging from under 3 million
to over 8 million affected individuals (15, 16). Another study
described a continuous increase in prevalence from 2011 to
2018, with the most recent prevalence estimated at 5.1%,
affecting approximately 12 million individuals (17).
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Table 11. Utilized definitions of study population, covariates and outcome events.

Description

Adopted codes?

Study population
Osteoarthritis
Procedures
Total knee replacement

ICD-10-CM:

M15-M19

ICD-10-PCSP: OSRDOJZ, 0SRCO0JZ, 0SRWO0JZ, 0SRV0JZ, OSRUOJZ, OSRTOJZ,

O0SRD07Z, 0SRDOKZ, 0SRU07Z, 0SRUOKZ, 0SRW07Z, 0SRW0KZ, 0SRCOKZ,
OSRTO07Z, 0SRTOKZ, 0SRVOKZ

Confounding factors and comorbidities

Neoplasms ICD-10-CM:
Diabetes mellitus ICD-10-CM:
Hypertension ICD-10-CM:
Hyperlipidemia ICD-10-CM:
Hyperuricemia ICD-10-CM:
Mental and behavioral disorders due ICD-10-CM:
to psychoactive substance use

Persons with potential health hazards related to ICD-10-CM:

socioeconomic and psychosocial circumstances

C00-D49
E08-E13
110
E78.5
E79.0
F10-F19

755-765

Medications
Aspirin RxNorm:1191
Thiazides and related diuretics VA:CV701
Chlorthalidone RxNorm:2409
Cyclosporine RxNorm:3008
Outcomes
Gout ICD-10-CM: M10

a[CD-10-CM: International Classification of Diseases, Tenth Revision, Clinical Modification. PICD-10-PCS: International Classification of Diseases,

Tenth Revision, Procedure Coding System.

Gout typically presents as acute inflammatory arthritis
(gout flares) characterized by intense pain affecting lower
extremity joints (1, 18). Severe gout flares can lead to
significant limitations in the use of the affected area and
difficulty walking (19). Gout attacks often provide clues for
doctors to diagnose the condition. These attacks typically
affect a single joint, most commonly in the lower leg. In
particular, gout frequently targets the joint at the base of the
big toe (known as podagra) (1). Identified risk factors for
gout include age (2), sex (15, 20), race (2), and genetic
predispositions (2, 21). Male patients are 2 to 4 times more
likely to develop gout compared to female patients (15, 20).
Metabolic diseases are also considered risk and precipitating
factors for gout, including hyperuricemia (1), hypertension
(22), metabolic syndrome (23), and even local anatomical
factors that may predispose individual joints to gouty
inflammation. These include elevated local urate
concentration (24), repeated microtrauma to joints, pre-
existing degenerative changes, or lower temperatures in
distal sites of limbs that were circulated less efficiently (25).
Existing OA, particularly in the small joints of the fingers
(Heberden’s and Bouchard’s nodes), might increase the risk
of gout attacks in these locations (26). Furthermore,
hospitalization itself is known to be a factor that can trigger
gout flares. Retrospective studies have identified predictors

of gout flares in hospitalized patients, including trauma and
surgery (27). Also, regarding the association between gout
attack and hyperuricemia, it is believed to involve a two-step
process. First, high levels of uric acid in the blood
(hyperuricemia) lead to the formation of sharp urate crystals
in joints. Second, the body launches an intense inflammatory
response to these crystals, causing the characteristic pain and
swelling of a gout attack (28).

Reports have documented cases of crystalline arthritis
occurring at the prosthetic joint site several years after TKA
(29, 30). Previous studies have indicated that patients
undergoing TKA may present with symptoms, such as joint
swelling, pain accompanied by joint dysfunction, and even
systemic fever. Gout flares can be easily confused with
septic arthritis at first. This is because common blood tests,
like white blood cell count, sedimentation rate, and
C-reactive protein, can be increased in both conditions (29).
In this case, differentiating periprosthetic crystalline arthritis
from acute septic arthritis at initial presentation can be
challenging, and even experienced physicians may make
incorrect diagnoses (31). Therefore, synovial fluid aspiration
plays a crucial role in diagnosing joint swelling and pain in
patients with a history of prosthetic joint replacement (32).

Diagnosing periprosthetic joint infection (PJI) can be
challenging due to the lack of standardized definitions.
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TriNetX US Collaborative Network
Patients with greater than 2 visit records (2005/01/01-2018/12/31)
(n=3,738,662)

l

Osteoarthritis patients underwent

total knee replacement
(n=65,333)

Osteoarthritis patients didn’t undergo
total knee replacement
(n=3,669,621)

Exclude:
Less than 18 years old, deceased or diagnosed of gout or any
cancers before or on the index date.

Total knee replacement group
(n=38,834)

Non-total knee replacement group
(n=2,134,98

1)

1:1 propensity score matching, covariates includes age at index,
sex, race, body mass index, status of comorbidities (including
diabetes mellitus, hypertension, hyperlipidemia, hyperuricemia),
status of comedication use (chlorothiazide, chlorthalidone, aspirin,
cyclosporine), lab data (C-reactive protein, urate), problems related
to housing and economic circumstances, persons with potential
health hazards related to socioeconomic and psychosocial
circumstances, medical utilization status.

Total knee replacement group
(n=38,834)

Figure 1. Patient selection process.

Various diagnostic criteria have been proposed in the
academic community, including the 2021 European Bone and
Joint Infection Society (EBJIS) criteria (33), the 2018
International Consensus Meeting (ICM) criteria (34), and the
2013 Infectious Disease Society of America guidelines (35).
The latest diagnostic criteria for periprosthetic joint infection
(PJI) suggested by the EBJIS indicate that a definitive PJI
diagnosis is established if any of the following are present: a
sinus tract with communication to the joint or prosthesis,
synovial fluid cytology showing a leukocyte count greater
than 3,000 cells/pl or a percentage of polymorphonuclear
cells greater than 80%, or visible microorganisms on high-

Non-total knee replacement group
(n=38,834)

power field examination, among other criteria. The EBJIS
criteria have demonstrated the highest consistency and
sensitivity between preoperative classification and final
diagnosis (36). However, there is no consensus on the optimal
treatment for periprosthetic crystalline arthritis. Treatment
options reported in the literature (37) include non-surgical
medical therapy, arthroscopic irrigation, open irrigation
procedures and change of the polyethylene insert, and open
washout procedures, and first-stage revision surgery (38).
Despite the increasing number of case reports indicating
that gout may be a rare complication of TKA, there is still a
significant lack of comprehensive studies addressing this
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Figure 2. Kaplan-Meier plot of 5-year follow-up period.

Table III. Hazard ratio of gout with 95% confidence interval under various models.

Various matching covariates Model 12 Model 2b Model 3¢
Non-TKA controls 1.00 1.00 1.00

TKA patients 1.288 (1.198,1.383) 1.244 (1.118,1.384) 1.178 (1.061,1.309)
Various wash-out periods Model 14 Model 2¢ Model 3f
Non-TKA controls 1.00 1.00 1.00

TKA patients 1.135 (1.016,1.267) 1.146 (1.017,1.293) 1.150 (1.006,1.315)
Various follow-up times Model 18 Model 2h Model 3i
Non-TKA controls 1.00 1.00 1.00

TKA patients 1.135 (1.035,1.246) 1.156 (1.061,1.258) 1.119 (1.018,1.229)

TKA: Total knee arthroplasty. Propensity score matching was presented with the covariates of age at index, sex, race, body mass index, status of
comorbidities (including diabetes mellitus, hypertension, hyperlipidemia, hyperuricemia), status of comedication use (chlorothiazide, chlorthalidone,
aspirin, cyclosporine), lab data (C-reactive protein, urate), problems related to housing and economic circumstances, individuals with potential
health hazards related to socioeconomic and psychosocial circumstances, and medical utilization status. 2Crude model without performing propensity
score matching. PCovariates of propensity score matching includes age at index, sex, comorbidities and race. Covariates of propensity score
matching includes age at index, sex, race and comedications. 4Wash-out period was set as 12 months in this model. Incident gout occurred within
12 months were not calculated as outcome events. *Wash-out period was set as 24 months in this model. Incident gout occurred within 24 months
were not calculated as outcome events. fWash-out period was set as 36 months in this model. Incident gout occurred within 36 months were not
calculated as outcome events. £Follow-up period was set as 8 years in this model. "Follow-up period was set as 10 years in this model. iFollow-up
period was set as 12 years in this model.

issue. Prior research has not definitively explored the link  from a robust, multi-center database. Our findings revealed
between TKA and the risk of gout after surgery. This study  an increased risk of gout in individuals who underwent TKA
fills this gap by analyzing a large group of TKA patients compared to those who did not. Additionally, previous
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Table IV. Stratification analysis of gout risk in total knee arthroplasty (TKA) patients in 5-year follow-up.

Cases occurring new-onset gout

Subgroups TKA cohort Control cohort HR (95%CI)?
No. of outcome event (%) No. of outcome event (%)
Sex
Male 414 (2.9) 374 (2.6) 1.089 (0.947,1.252)
Female 347 (1.4) 247 (1.0) 1.381 (1.173,1.626)
Age at index date
18-64 years old 79 (1.3) 76 (1.2) 1.030 (0.752,1.411)
=65 years old 686 (2.1) 540 (1.7) 1.257 (1.123,1.407)

4Propensity score matching was presented with the covariates of age at index, sex, race, body mass index, status of comorbidities (including diabetes
mellitus, hypertension, hyperlipidemia, hyperuricemia), status of comedication use (chlorothiazide, chlorthalidone, aspirin, cyclosporine), lab data
(C-reactive protein, urate), problems related to housing and economic circumstances, individuals with potential health hazards related to
socioeconomic and psychosocial circumstances, and medical utilization status.

Mendelian randomization studies have confirmed the
absence of a bidirectional causal relationship between OA,
urate levels, and gout (39). Given these findings, TKA
should be considered a risk factor for gout. Clinicians should
be aware of the importance of monitoring and managing gout
risk in TKA patients postoperatively and should implement
preventive measures for high-risk individuals, such as
women and elderly patients, including dietary adjustments
and prophylactic medications.

Our study analyzes a large, global database to examine the
link between TKA and gout risk. We employed various
methods including subgroup analyses, propensity score
matching, and adjustments for confounding factors to
strengthen our findings. However, this retrospective study has
inherent limitations due to its design and data sources. First,
we relied on ICD-10-CM codes to identify patients and assess
outcomes, which may lead to potential misdiagnosis and
misclassification, as in many database-derived retrospective
studies (40, 41). Second, there is a potential imbalance
between the severity of OA in the two groups. Patients who
underwent TKA likely had more severe OA compared to those
who did not. However, existing research suggests that there is
no clear two-way cause-and-effect relationship between OA
and gout. Third, even with matching of the TKA and non-
TKA groups, there is still a chance that some unknown factors
(confounding variables) might influence the observed
association between TKA and gout risk. Fourth, while our
study population within the US reflects diverse ethnicities, it
is unclear whether the observed connection between TKA and
gout risk applies equally to Asian or European populations,
which could lead to potential bias in generalizability. Fifth,
due to the lack of information regarding the composition of
knee prosthesis materials, we could not analyze gout risk
based on different materials. Sixth, we could not observe the
location of gout occurrences through medical records. Lastly,

our study alone cannot elucidate the complex mechanisms
underlying the increased risk of gout post-TKA, necessitating
further research to uncover this association.

Our study found that patients undergoing TKA are at a
higher risk of developing gout. We aim to raise awareness
among clinicians about the potential for crystalline
arthropathy following total joint replacement surgery. It is
crucial to assess for crystalline arthropathy before treating
presumed periprosthetic joint infections to avoid misdiagnosis
and ensure appropriate patient management. Additionally,
postoperative management of gout risk should be a priority.
We also anticipate more prospective studies to confirm the
causal relationship between TKA and gout risk, investigate
the biological mechanisms of gout development post-TKA,
and explore how different types of TKA surgeries and
postoperative management strategies affect gout incidence.
Identifying the optimal treatment approach for this patient
population is essential.
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