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1. INTRODUCTION

Hyperuricemia is common among kidney transplant recip-
ients,1,2 has been independently associated with decreased 
kidney function,3-5 and has been linked to the chronic use 
of calcineurin inhibitors (CNI),6-10 namely cyclosporin 
A (CsA) and tacrolimus (TAC), which form the basis of 
most antirejection immunosuppressant regimens. Gout is 
caused by the deposition of urate crystals in tissue and is 
the byproduct of persistent elevation of serum uric acid 
levels above a soluble concentration limit of 6.8 mg/dL. 
These crystals can deposit in joints, soft tissues, and solid 
organs, including the kidneys.11-13

Gout is also a frequent comorbidity in renal transplant 
recipients,14 and there is preliminary evidence that patients 
with a history of kidney transplant are more likely to experi-
ence severe gout symptoms than patients with gout and no 
history of transplant.15 However, estimating the independent 
effect of gout on renal transplant outcomes is difficult because 
multiple confounders obscure a clear picture of gout’s poten-
tial impact. Glomerular filtration rate (GFR) is an established 
predictor of graft function that fluctuates over time.16,17 Gout 
exposure, which may be induced by hyperuricemia, is a sus-
pected risk factor for graft failure.18-21 Inadequate handling of 
the temporal dynamic between changing GFR and gout expo-
sure may result in biased assessments of treatment effects. 
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Thus, inferences drawn from previous Cox proportional haz-
ard analyses,9,22,23 which do not adjust for this dynamic, may 
be biased.

The objective of this analysis was to estimate the independ-
ent effect of the development of new-onset gout after kidney 
transplantation on graft outcomes, as assessed by the need for 
maintenance hemodialysis following transplantation, using a 
methodology that accounts for the complex temporal interac-
tions between key covariates.

2. MATERIALS AND METHODS

2.1 Data Source and Patient Selection
This retrospective cohort study analyzed data from the 

US Renal Data System (USRDS) under data use agreement 
number 2019–2022 and was reviewed and granted institu-
tional review board exemption under 45 CFR 46.104(d)(4). 
The USRDS is a national registry containing patient-level 
clinical and administrative claims data on end-stage renal dis-
ease (ESRD) and renal transplant populations and has been 
described in detail in previous research.

Initial patient selection was restricted to recipients of a pri-
mary kidney transplant (excluding multiple-organ transplants) 
between January 1, 2006, and December 31, 2016, which rep-
resents the earliest and latest dates for which Medicare parts 
A, B, and D claims were available in the USRDS. The date of 
kidney transplant was the “index” date that served as the refer-
ence point for evaluating patients’ histories and outcomes. To 
ensure adequate visibility into patients’ medical histories, eligi-
ble patients were required to have at least 24 months of con-
tinuous coverage with Medicare as their primary insurer and 
no history of gout in the 24 months before their index date, 
where gout was defined as reporting at least 1 claim with a gout 
diagnosis code of 274.x or M10.x, according to International 
Classification of Diseases, Ninth or Tenth Edition, Clinical 
Modification, respectively [ICD-9-CM or ICD-10-CM]. To 
mitigate confounding due to short-term surgical complica-
tions and acute graft rejection, patients who died, experienced 
graft failure, or returned to dialysis within 12 months after 
index date were excluded. To allow opportunity to evaluate 
outcomes, patients were required to have at least 12 months of 
Medicare coverage after index date. The combination of these 
criteria limited patient selection to kidney transplants occur-
ring between January 1, 2008, and December 31, 2015, which 
represented a maximum postindex observation period of 9 
years. As CsA-based immunosuppression regimens are inde-
pendent risk factor of gout,9,10 patients with missing immuno-
suppression records at transplantation were excluded.

2.2 Variables of Interest
The exposure of interest was new-onset gout, defined as the 

presence of at least 2 postindex claims reporting ICD-9-CM 
or ICD-10-CM diagnosis codes 274.x or M10.x, respectively. 
Gout exposure was considered time-varying, with the expo-
sure date corresponding to the first observed gout claim. 
Return to maintenance dialysis, a surrogate endpoint for loss 
of renal function, was the outcome of interest, defined as a 
switch in a patient’s recorded treatment modality history from 
“Transplant” to “Hemodialysis” or “CAPD” for continuous 
ambulatory peritoneal dialysis.

Baseline time-invariant confounders included kidney trans-
plant recipient age, sex, race, body mass index (BMI), and 

mean estimated glomerular filtration rate (eGFR) (calculated 
via Chronic Kidney Disease Epidemiology Collaboration 
equation24) at index, and transplant donor type (living or 
cadaveric), age, sex, and blood-type match. Recipient his-
tory of hypertension or diabetes was evaluated over the 24 
months before index and defined as the presence of at least 1 
claim reporting ICD-9-CM or ICD-10-CM codes of 362.11, 
401.x-405.x, 437.2, H35.0x, I10.x—I15.x, I67.4, or N26.2 
for hypertension and 249.x, 250.x, 357.2, 362.0x, 366.41, or 
E08.x—E13.x for diabetes, respectively. Delayed graft func-
tion (defined as need for some dialysis within 1 week after 
transplantation) was assessed in the first week after index 
while mean eGFR and acute rejection status were assessed at 
6 months after index. Patients were assigned to 1 of 3 trans-
plant eras (2008–2010, 2011–2014, and 2014–2015) based 
on their year of transplantation.

Time-varying confounders included BMI-adjusted TAC 
and CsA dose, evaluated in 12-month intervals following 
index, postindex eGFR, and a binary indicator for whether a 
patient was on a urate lowering therapy (ULT) (ie, febuxostat 
or allopurinol).

2.3 Statistical Analysis
Descriptive analyses were performed for all baseline patient 

characteristics separately for patients observed/not observed 
to develop new-onset gout. Categorical data were described 
as frequencies and group differences were tested through chi-
squared tests. Continuous variables were described via his-
tograms and summary metrics (means or medians); group 
differences were tested through Wilcoxon rank-sum tests.

An extended Kaplan-Meier plot25 was used to graphically 
illustrate the cumulative probability of return to dialysis in the 
context of a time-varying exposure. A log-rank test was used 
to compare survival functions for patients with and without 
new-onset gout.

A marginal structural model (MSM) was fit to estimate 
the causal effect of new-onset gout (exposure) on patients’ 
return to maintenance dialysis, while controlling for both 
time-invariant (baseline) and time-varying confounders. 
The MSM was used as an alternative to a conventional Cox 
proportional hazards model because it has been shown to 
reduce the potential bias generated in the presence of a tem-
poral relationship between the time-varying exposure and 
covariates.26 Specific to this study, the time-varying covari-
ates under consideration (eGFR, ULT use and CNI dose) 
have been shown to affect graft outcomes27 and gout devel-
opment,7,9,10 while the presence of new-onset gout predicts 
the subsequent covariate levels.9,28 Rather than adjusting for 
the time-varying covariates as regressors, the MSM used the 
covariates to calculate weights for an inverse-probability-of-
treatment weighted estimator, which estimated the relative 
risk associated with new-onset gout while controlling for 
baseline patient and donor factors. Patients who died or lost 
Medicare coverage 12 months or more after index Date were 
censored on the date of those events; all patients remaining 
at the end of the study period (December 31, 2016) were also 
censored.

Missing time-varying covariate data was imputed via the 
method of multiple imputation using chained equations.29 For 
all analyses, results were considered statistically significant 
with a 2-tailed P < 0.05. All analyses were performed in SAS 
version 9.4 (SAS Institute Inc., Cary, NC).
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3. RESULTS

In total, 18 525 kidney transplant recipients in the USRDS 
met study eligibility. Within the observation period, 1399 
(7.6%) developed new-onset gout and 1420 (7.7%) returned 
to dialysis >12 months postindex. Figure 1 shows patient flow 
and exclusion criteria.

Baseline time-invariant characteristics are shown in Table 1 
for new-onset gout and nongout cohorts. Recipients who 
developed new onset-gout were, on average, more likely to 
be older, male, nonwhite, and have higher BMI, as well as less 
likely to receive a kidney from a living donor and received 
a graft from an older donor (all P < 0.001, except for living 
donor type, P = 0.008). Patients with new-onset gout were also 
more likely to have longer duration on dialysis before index, 
history of diabetes, receive CsA, lower mean eGFR at and 6 
months after index, acute rejection, and delayed graft func-
tion (all P < 0.001 except for time on dialysis, 0.009, and his-
tory of diabetes, 0.006).

Median durations of time from index to new-onset gout 
and from index to return to dialysis were 16.2 months (IQR, 
33.4) and 32.8 months (IQR, 28.4), respectively, as shown in 

Figure 2A and B. In Figure 3, extended Kaplan-Meier curves25 
show the cumulative unadjusted risk of return to dialysis >12 
months postindex is higher in the new-onset gout cohort (log 
rank P < 0.001). Empirically, the curves first appear to separate 
around 30 months postindex, with the new-onset gout cohort 
appearing to display faster relative growth in risk between 30 
and 40 months and 60 and 80 months.

Significant risk factors for return to dialysis after adjusting 
for baseline time-invariant and time-varying (eGFR, ULT use, 
and BMI-adjusted CNI dose) confounders via the MSM are 
shown in Table 2. New-onset gout was associated with a 51% 
increased risk of return to dialysis (RR, 1.51; 95% CI, 1.03-
2.20). Transplant eras 2008 to 2010 and 2011 to 2013 were 
also associated with significant increased risk compared with 
2014 to 2016 (corresponding to 2.71, 95% CI, 2.11-3.49 
and 1.79, 95% CI, 1.36-2.35, respectively). Increased risk of 
return to dialysis from acute rejection (1.47, 95% CI, 1.16-
1.85), delayed graft function (1.34, 95% CI, 1.06-1.70), dia-
betes history (1.33, 95% CI, 1.05-1.67), and cadaveric donor 
kidney (1.27, 95% CI, 1.05-1.53) were also observed. Higher 
eGFR (per mL/min/1.73 m2 increase) at 6-month postindex 

FIGURE 1. Study design flow. USRDS, US Renal Data System.
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was associated with lower risk (0.98, 95% CI, 0.97-0.98), as 
was older recipient age (per year of age increase) at transplan-
tation (0.97, 95% CI, 0.96-0.97).

4. DISCUSSION

In the present study, the independent effect of new-onset 
gout on return to maintenance hemodialysis following kidney 
transplantation was assessed using a methodology that simul-
taneously controlled for time-invariant and time-varying con-
founders that also affect exposure. We found that new-onset 
gout was independently associated with a 51% increased risk 
of return to dialysis (RR, 1.51; 95% CI, 1.03-2.20) >1 year 
after primary kidney transplantation compared with a con-
trol cohort without gout. To our knowledge, this outcome 
has not been observed in a well-controlled cohort study of 
kidney transplant recipients with gout. Although Abbott et 
al found an independent association between new-onset gout 
and greater risk of mortality (HR, 1.26; 95% CI, 1.08-1.47) 
and graft loss (HR, 1.22; 95% CI, 1.01-1.49) in time-depend-
ent Cox regression analyses,9 the present study represents 3 
main advancements. First, our use of a MSM provides poten-
tially less biased estimates of the causal relationship between 
exposure and outcome. This approach allowed us to adjust 
for time-varying confounding of new-onset gout and returned 
to dialysis by eGFR, ULT use, and BMI-adjusted CNI dose, 
and thus reduced the potential bias from these time-varying 
dynamics. Second, Medicare Part D claims not available to 
Abbott et al allowed us to adjust for known confounders in 

ULT use and CNI dose. Finally, the risk estimates reported 
in the present study were observed in a maximum follow-up 
period of 9 years, compared with Abbott et al results based on 
a 3-year maximum, and thus allowed us to observe a longer-
term effect of gout on graft function loss.

Our main finding on the effect of new-onset gout appear 
consistent with findings from a study by Kim DG et al18 which 
found hyperuricemia (defined as a uric acid level >7.0 mg/dL 
in men and >6.0 mg/dL in women) increased risk for primary 
endpoints of overall graft failure (HR, 2.27; 95% CI, 1.33-
3.78) and death-censored graft failure (HR, 2.38; 95% CI, 
1.09-4.9) after adjusting for time-varying confounding eGFR 
and time-varying uric acid exposure via MSMs. In contrast, 
using a similar adjustment approach Kim ED et al30 observed 
a modest protective effect from increasing uric acid levels by 
10 µmol/L (0.17 mg/dL) for primary endpoints of overall graft 
failure (HR, 0.90; 95% CI, 0.85-0.94), death-censored graft 
failure (HR, 0.86; 95% CI, 0.78-0.96), and death with a func-
tional graft (HR, 0.94; 95% CI, 0.90-0.98). One explanation 
for these conflicting results could be the use of different inclu-
sion criteria. Like the present study, Kim DG excluded subjects 
with graft outcomes within 12 months after transplantation, 
whereas Kim ED applied a less restrictive exclusion criterion 
to subjects affected within 1 month after transplantation. We 
suspect the protective effect observed by Kim ED et al is an 
artifact of the timing of exposure and graft outcomes. In the 
present study, we observed the highest frequency of patients 
returning to dialysis in the months immediately following 
transplantation (data not shown), a time period associated 

TABLE 1.

Baseline time-invariant recipient and donor characteristics for no gout vs new onset gout cohorts

Characteristics No gout New-onset gout P

N (%) 17 126 (100%) 1399 (100%) –
Mean age at index (y) 17 126 (49.8) 1399 (55.1) <0.0001
Sex (% female) 7137 (42%) 462 (33%) <0.0001
Race (% nonwhite) 7942 (46%) 584 (42%) <0.0001
Median BMI at index (kg/m2) 17 126 (27.5) 1399 (29.2) <0.0001
Mean eGFR at index (mL/min/1.73 m2) 17 126 (37.0) 1399 (30.1) <0.0001
Mean eGFR 6 mo postindex (mL/min/1.73 m2) 17 126 (63.8) 1399 (54.3) <0.0001
Median time on dialysis preindex (mo) 17 126 (61.3) 1399 (59.6) 0.0098
History of hypertension (% yes) 16 520 (96%) 1362 (97%) 0.0791
History of diabetes (% yes) 8467 (49%) 745 (53%) 0.0061
Mean donor age (y) 17 126 (38.5) 1399 (41.8) <0.0001
Donor sex (% female) 7155 (42%) 602 (43%) 0.3614
Donor blood type match (% yes) 4355 (25%) 360 (26%) 0.8021
Delayed graft function w/in 1 wk (% yes) 4293 (25%) 418 (30%) <0.0001
Donor type (% cadaveric) 15 050 (88%) 1263 (90%) 0.0078
CNI type    
 Tacrolimus (%) 16 086 (94%) 1209 (86%) <0.0001
 Cyclosporine (%) 552 (3%) 138 (10%)  
 Neither (%) 488 (3%) 52 (4%)  
Acute rejection 6 mo postindex    
 Unknown 302 (2%) 20 (1%) 0.0120
 No (%) 15 782 (92%) 1267 (91%)  
 Yes (%) 1042 (6%) 112 (8%)  
Transplant era    
 2008–2010 (%) 5956 (35%) 677 (48%) <0.0001
 2011–2013 (%) 6279 (37%) 504 (36%)  
 2014–2015 (%) 4891 (29%) 218 (16%)  

BMI, body mass index; CNI, calcineurin inhibitors; eGFR, estimated glomerular filtration rate.
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with the greatest risk of graft loss from surgical complica-
tions and acute rejection,31,32 and thus a potential source of 
increased confounding due to unmeasured patient factors. It is 
possible that Kim ED et al observed an effect of survivor bias 
caused by the inclusion of this time-period.

Gout as a surrogate for prolonged hyperuricemia is 
the most natural hypothesis given the literature to date on 
hyperuricemia as an eGFR-independent risk factor for poor 
renal transplant outcomes,18-21 as well as preclinical evidence 
for serum uric acid in renal disease mechanisms including 

arteriolosclerosis, glomerular hypertension, glomerulosclero-
sis, and interstitial disease.33-36 However, hyperuricemia’s role 
in renal graft outcomes is far from conclusive, with recent 
retrospective studies observing no independent effect from 
elevated uric acid levels.30,37 Differences in patient selection 
criteria and statistical methods are notable in these studies 
and may contribute to the conflicting results. Nevertheless, 
in the time since gout was dismissed as a cause of chronic 
kidney disease, evidence for crystal-induced kidney injury has 
emerged.38-40 In the context of those and the present study’s 

FIGURE 2. A, Distribution of duration of time from index to first diagnosis of new-onset gout. B, Distribution of duration of time from index to 
return to dialysis.
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findings, it is worth revisiting whether urate crystals, in addi-
tion to soluble uric acid, may be involved. Preliminary studies 
demonstrating the benefit of ULT on renal function41-44 may 
lead to the initiation of randomized controlled trials. If prop-
erly designed it may be worthwhile to determine whether the 
presence of crystal-confirmed gout potentially including urate 
deposition in native or transplanted kidneys, in addition to 
hyperuricemia, is a modifying factor on any observed treat-
ment effect.

As expected, several of the other covariates included in 
the MSM had significant associations with return to dialy-
sis. This included acute rejection, delayed graft function, 
deceased donor grafts, and diabetes history, all of which are 
well-established risk factors for graft failure,45-49 and it is rea-
sonable that these factors would also increase risk of return 
to dialysis.

eGFR 6 months after transplantation was included in addi-
tion to the time-varying eGFR covariate which started at 
1-year after transplantation. Our findings suggest that eGFR 
after renal transplantation is a risk factor for poor renal out-
comes independent of a subsequent gout diagnosis, similar 
to findings from previous studies that early posttransplant 
eGFR predicts graft function independent of serum uric acid 
levels.50,51 Conversely, the inclusion of eGFR in the MSM, fur-
ther supports the conclusion that, even if lower eGFR levels 
do contribute to higher risk of gout, gout also contributes a 
risk of return to dialysis independent of prior or concurrent 
renal function.

Early transplant years, captured in the current study as 
3-year eras, were associated with increased risk of return to 
dialysis, an observation consistent with Organ Procurement 
and Transplantation Network reports, which show a consist-
ent downward trend in graft failure over the timeframe in 
question.52 Better graft outcomes can be attributed to several 
clinical improvements, including decrease in median kidney 
donor profile index and mean kidney donor risk index dem-
onstrating improved quality of transplanted grafts, increase 
in the proportion of patients receiving T-cell depleting induc-
tion agents, increase in the proportion of patients receiving 
TAC/mycophenolate mofetil/Steroid combination therapy as 
a maintenance regimen, to name a few. Additionally, some 
degree of increased risk is likely attributable to longer obser-
vation times in the earlier transplant era. This bias arises from 
a study design choice to not fix a hard-cutoff time for the end-
point of the analysis, thereby allowing the model to maximize 
data from earlier patients and build a more robust estimate 
for the time-varying variables, which was the main focus of 
this study. Although this design may alter the magnitude of 
the transplant era risk ratio, it does not preclude controlling 

FIGURE 3. Cumulative risk of return to dialysis (unadjusted) by extended Kaplan-Meier method using new-onset gout as a time-varying 
exposure.

TABLE 2.

Association between time-varying gout and other covari-
ates on return to dialysis 1-year after transplant assessed 
via marginal structural models

 Risk ratio 95% CI

New-onset gout 1.51 (1.03, 2.20)
Transplant era—2008–2010 (vs 2014–2016) 2.71 (2.11, 3.49)
Transplant era—2011–2013 (vs 2014–2016) 1.79 (1.36, 2.35)
Acute rejection episodes in first 6 mo—Yes (vs No) 1.47 (1.16, 1.85)
Delayed graft function—Yes (vs No) 1.34 (1.06, 1.70)
History of diabetes—Yes (vs No) 1.33 (1.05, 1.67)
Cadaveric donor kidney 1.27 (1.05, 1.53)
eGFR 6 mo post index—per mL/min/1.73 m2 increase 0.98 (0.97, 0.98)
Recipient age—per y of age older 0.97 (0.96, 0.97)

CI, confidence interval; eGFR, estimated glomerular filtration rate.
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for the aforementioned clinical factors. In fact, Kaplan-Meier 
curves stratified by transplant era showed the return to dialy-
sis survival curves diverging within the first-year posttrans-
plantation within which data were available for all included 
patients (Figure S1, SDC, http://links.lww.com/TXD/A296).

We found risk of return to dialysis decreased with older 
recipient age, consistent with previous studies in which 
younger age at transplantation conferred a greater adjusted 
risk of acute rejection,53-55 possibly due to an inherent immu-
nologic response advantage in older recipients as observed in 
animal models56 or perhaps better adherence to immunosup-
pression medications57,58 or both.59 Another factor could be 
inadvertent selection bias attributed to the inclusion criteria 
of 24 months of Medicare coverage before transplantation. 
It is possible that patients younger than 65 were more likely 
to qualify for Medicare entitlement based on disability rather 
than ESRD, which may be associated with poorer overall 
health and, in turn, worse transplantation outcomes.

The present study has several limitations. First, we could 
not independently verify patients’ diagnoses with laboratory 
data or physician notes, and instead relied on USRDS records 
and billing claims. In particular, the absence of laboratory data 
collected overtime means we are unable to account for the 
potential effect from duration of elevated urate, which may 
confound risk. Second, as noted already, potential bias maybe 
inadvertently introduced by earlier transplant era. Third, to 
better ensure comprehensive capture of patients’ medical his-
tories, we required eligible patients to have at least 2 years 
of Medicare coverage before transplantation. This require-
ment reduced our eligible sample considerably, and therefore 
may limit the generalizability of our results; for instance, by 
possibly oversampling higher risk recipients younger than 65 
years old as noted above. Fourth, although prescription drug 
claims were used to identify and control for ULT use and CNI 
dose, we did not account the potential role of drug-induced 
nephrotoxicity due to concomitant diuretics or allopurinol. 
Finally, we were unable to account for medications paid for 
solely out-of-pocket or over the counter as no claim would be 
generated.

In conclusion, new-onset gout was independently and sig-
nificantly associated with a 51% increased risk of return to 
dialysis 1 or more years after primary kidney transplantation 
compared with a control cohort without gout. To our knowl-
edge, this is the first study of kidney transplant outcomes 
using a statistical technique that can account for the tempo-
rally dynamic relationship between renal dysfunction and 
new-onset gout. Results from this analysis may have impor-
tant management implications in kidney transplant patients 
with new-onset gout.
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