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ABSTRACT 

Background. Chronic kidney disease ( CKD) and gout are risk factors for renal cancer. We analysed the effects of 
comorbid diabetic kidney disease and gout on renal cancer. 
Methods. This retrospective cohort study enrolled 847 884 patients with type 2 diabetes mellitus ( T2DM) who underwent 
health assessments provided by the Korean National Health Insurance Service in 2009. Based on CKD occurrence 
( glomerular filtration rate < 60 ml/min/1.73 m2 ) and gout ( two outpatient visits or one hospitalization within 5 years) , 
patients were classified into four groups: CKD−Gout− ( 87.5%) , CKD−Gout+ ( 2.5%) , CKD+ Gout− ( 9.3%) and CKD+ Gout+ 

( 0.7%) . Patients with incident renal cancer ( International Classification of Diseases code C64) were followed up until 
December 2018. 
Results. Renal cancer was diagnosed in 2376 patients ( 0.3%) . Renal cancer incidence increased in sequential order of 
CKD−Gout− [0.29/1000 person-years ( PY) , CKD+ Gout− and CKD−Gout+ ( 0.44 and 0.48/1000 PY, respectively) and 
CKD+ Gout+ ( 1.14/1000 PY) . Comorbid gout increased renal cancer risk depending on CKD occurrence {hazard ratio [HR] 
1.28 [95% confidence interval ( CI) 1.04–1.58 among those without CKD; HR 1.95 [95% CI 1.45–2.63] among those with CKD; 
P -value for interaction = 0.024}. The interaction was significant, particularly in men and patients with a shorter diabetes 
duration ( < 5 years) and lesser medication use ( no insulin or fewer than three classes of oral hypoglycaemic agents) . 
Conclusions. CKD and gout individually contributed to renal cancer incidence, and the risk is further increased when 

gout coexists with CKD. Screening for gout and appropriate management of CKD at an early T2DM stage may be 
beneficial. 
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has been identified as a modifiable risk factor for renal can- 
cer [3 , 4 ], which is the 14th most common malignancy globally, 
with an estimated 431 288 new cases reported in 2020 [5 ]. The 
underlying mechanism is unclear, however, insulin resistance, 
chronic inflammation and DNA damage in the kidneys of pa- 
tients with type 2 diabetes mellitus ( T2DM) may induce renal 
carcinogenesis [6 ]. 
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NTRODUCTION 

iabetes is one of the leading causes of chronic kidney disease
 CKD) , accounting for 30–50% of CKD cases [1 ]. Prolonged hy-
erglycaemia induces inflammation and oxidative stress, dam- 
ging blood vessels and glomeruli in the kidney and resulting
n the accumulation of uraemic toxins [2 ]. Interestingly, CKD
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GRAPHICAL ABSTRACT 
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KEY LEARNING POINTS 

What was known: 

• Diabetes is one of the leading causes of chronic kidney disease ( CKD) .
• CKD is a modifiable risk factor for renal cancer.
• Gout is associated with a decline in renal function.

This study adds: 

• Gout and diabetic kidney disease ( DKD) individually and in combination increase the risk of renal cancer.
• Gout has a greater impact on renal cancer in the presence of DKD.
• The interaction is valid in men, patients with shorter diabetes duration and those on fewer medications.

Potential impact: 

• Screening for gout and management of CKD at an early diabetes stage is warranted.
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Gout is associated with DM and a decline in renal func- 
ion [7 , 8 ]. However, the importance of evaluating and managing 
out has been less emphasized in patients with diabetic kidney 
isease ( DKD) . Recent studies have suggested a possible link 
etween gout and renal cancer [9 –11 ], and its impact may be 
reater if CKD is accompanied by gout in patients with T2DM. 

In this study, we aimed to analyse the risk of renal cancer 
ccording to CKD and gout occurrence in patients with T2DM 

ver a 10-year period based on the National Health Insurance 
atabase ( NHID) from 2009 to 2018 in Korea. 
t
ATERIALS AND METHODS 

ata source and study population 

his retrospective cohort study was conducted using data from 

he NHID of the National Health Insurance Service ( NHIS) of 
orea. The NHIS operates a mandatory public insurance pro- 
ram for all citizens and supports public health policies and re- 
earch activities by developing and maintaining the NHID [12 ].
efore commencement of the study, approval was obtained from 

he Institutional Review Board of Soongsil University Hospital 



Effect of gout and DKD on incident renal cancer 3

Figure 1: Flowchart for participant inclusion. 
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 SSU-202003-HR-201-01) and the requirement for informed con- 
ent was waived. 

A total of 927 234 Korean individuals with T2DM [Interna-
ional Classification of Diseases, Tenth Revision ( ICD-10) codes 
11–E14 with prescription of antidiabetic drugs or fasting blood 
lucose ≥126 mg/dl) who underwent at least one general health 
heckup between 1 January 2009 and 31 December 2009 were
nrolled in this study ( Fig. 1 ) . The following individuals were ex-
luded from the study: those < 20 years of age ( n = 85) , with miss-
ng data of a general health checkup ( n = 41 250) , previously di-
gnosed with cancer [ICD-10 codes C00–C97 with cancer benefit 
overage ( V193) before 2009; n = 22 696) and who did not have
out or had only one outpatient visit for gout ( ICD-10 code M10)
ithin 5 years ( n = 15 319) . A total of 847 884 participants were

ncluded in the final analysis. The participants were classified 
ccording to the presence of CKD and gout and were followed
p until the date of renal cancer diagnosis or 31 December 2018.

efinition of CKD and gout 

KD was defined when a participants estimated glomerular fil- 
ration rate ( eGFR, using the Modification of Diet in Renal Dis-
ase formula: 186 × [creatinine] − 1.154 × [age] − 0.203 × [0.742 
f female] × [1.210 if black] was < 60 ml/min/1.73 m2 [13 ]. Gout
as defined when a participant had two outpatient visits or one
ospitalization due to an ICD-10 code of M10 within 5 years prior
o the health check-up. Based on the presence of CKD and gout,
he participants were classified into four groups: no CKD or gout
 CKD−Gout−) , gout without CKD ( CKD−Gout+ ) , CKD without gout 
 CKD+ Gout−) and CKD and gout ( CKD+ Gout+ ) . 

emographic factors and variables 

ata on sex, age, income, smoking status, drinking, exercise,
resence of hypertension and dyslipidaemia, duration of dia- 
etes, use of insulin and oral hypoglycaemic agents ( OHAs) , an- 
hropometrics and laboratory parameters at the time of enrol- 
ent were collected. 
Income was based on percentiles and classified into < 25th

nd > 25th percentile. The smoking status was classified as non-
moker, ex-smoker or current smoker. Drinking status was clas- 
ified as non-, mild or heavy drinker ( those consuming alco- 
ol ≥30 g/day) . Regular exercise was defined as vigorous exer-
ise > 3 days/week or moderate-intensity activity > 5 days/week.
ypertension was defined by an ICD-10 code for hypertension

 I10–I13, I15) with antihypertensive medications or systolic blood 
ressure ( BP) ≥140 mmHg and/or diastolic BP ≥90 mmHg at a
eneral health check-up. Dyslipidaemia was defined using the
CD-10 code for dyslipidaemia ( E78) with lipid-lowering agents or 
otal cholesterol levels of ≥240 mg/dl at a general health check-
p. The duration of diabetes was measured in years. Data on
he use of insulin and OHAs were also collected. Information on
hether three or more classes of OHAs were used and the types
f OHAs used was collected in detail, including metformin, sul-
onylurea ( SU) , meglitinides, thiazolidinedione ( TZD) , dipeptidyl 
eptidase-4 inhibitor ( DPP4i) and α-glucosidase inhibitor ( AGI) .
ody mass index ( BMI) was calculated as body weight in kilo-
rams divided by height in meters squared ( kg/m2 ) . BP was mea-
ured twice in the sitting position and the mean value was cal-
ulated. Venous samples were collected after an overnight fast.
erum glucose, eGFR, total cholesterol, high-density lipoprotein 
 HDL) cholesterol, low-density lipoprotein ( LDL) cholesterol and 
riglyceride ( TG) were measured. 

utcomes 

he primary outcome of this study was the incidence of renal
ell carcinoma. Renal cancer was defined as participants who
ere registered with cancer benefit coverage with an ICD-10
ode of C64 until 31 December 2018. 

tatistical analysis 

ifferences in demographics according to the presence of CKD
nd gout ( CKD−Gout−, CKD−Gout+ , CKD+ Gout− and CKD+ Gout+ ) 
ere evaluated using an analysis of variance test for continuous
ariables and the χ2 test for categorical variables. The cumula-
ive incidence was calculated using the Kaplan–Meier curve and
he logrank test was performed to examine whether the risk of
enal cancer significantly differed according to the presence of
KD and gout. The incidence of renal cancer was expressed as
he number of events per 1000 person-years. Follow-up duration
as calculated based on the time at which renal cancer was di-
gnosed. The hazard ratios ( HRs) of incident renal cancer were
nalysed using a Cox proportional hazards model. All analyses
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Table 1: Baseline characteristics of the participants. 

Characteristics CKD−Gout− CKD−Gout+ CKD+ Gout− CKD+ Gout+ P -value 

Patients, n ( %) 741 839 ( 87.5) 21 164 ( 2.5) 79 206 ( 9.3) 5675 ( 0.7) 
Age ( years) , mean ± SD 56.2 ± 11.8 57.7 ± 10.7 65.4 ± 11.6 65.5 ± 10.0 < .001 
Male, n ( %) 464 267 ( 62.6) 17 117 ( 80.9) 38 841 ( 49.0) 4362 ( 76.9) < .001 
Income ( < 25%) , n ( %) 155 135 ( 20.9) 4127 ( 19.5) 14 577 ( 18.4) 1044 ( 18.4) < .001 
Smoker < .001 
Non- 402 664 ( 54.3) 9406 ( 44.4) 52 765 ( 66.6) 3102 ( 54. 7) 
Ex- 134 154 ( 18.1) 5537 ( 26.2) 13 495 ( 17.0) 1575 ( 27.8) 
Current 205 021 ( 27.6) 6221 ( 29.4) 12 946 ( 16.3) 998 ( 17.6) 

Drinker < .001 
Non- 408 254 ( 55.0) 9640 ( 45.6) 57 082 ( 72.1) 3785 ( 66.7) 
Mild 255 111 ( 34.4) 8289 ( 39.2) 18 234 ( 23.0) 1501 ( 26.5) 
Heavy 78 474 ( 10.6) 3235 ( 15.3) 3890 ( 4.9) 389 ( 6.9) 

Regular exercise, n ( %) 160 150 ( 21.6) 5041 ( 23.8) 15 892 ( 20.1) 1280 ( 22.6) < .001 
Hypertension, n ( %) 405 796 ( 54.7) 14 342 ( 67.8) 58 732 ( 74.2) 4850 ( 85.5) < .001 
Dyslipidaemia, n ( %) 292 271 ( 39.4) 10 420 ( 49.2) 38 312 ( 48.4) 3217 ( 56.7) < .001 
Diabetes duration ≥ 5 years, n ( %) 231 594 ( 31.2) 6997 ( 33.1) 37 575 ( 47.4) 2871 ( 50.6) < .001 
Insulin use, n ( %) 55 447 ( 7.5) 1878 ( 8.9) 12 694 ( 16.0) 1276 ( 22.5) < .001 
OHAs ≥3 classes, n ( %) 112 220 ( 15.1) 3430 ( 16.2) 16 222 ( 20.5) 1030 ( 18.2) < .001 
Metformin 322 288 ( 43.4) 10 217 ( 48.3) 39 552 ( 49.9) 2454 ( 43.2) < .001 
SU 348131 ( 46.9) 10 732 ( 50.7) 45 859 ( 57.9) 3311 ( 58.3) < .001 
Meglitinides 13 683 ( 1.8) 457 ( 2.2) 2908 ( 3.7) 349 ( 6.2) < .001 
TZD 57 821 ( 7.8) 1908 ( 9.0) 6869 ( 8.7) 547 ( 9.6) < .001 
DPP4i 23 045 ( 3.1) 782 ( 3.7) 2367 ( 3.0) 176 ( 3.1) < .001 
AGI 100028 ( 13.5) 3125 ( 14.8) 16 563 ( 20.9) 1274 ( 22.5) < .001 

SBP ( mmHg) , mean ± SD 129.0 ± 15.8 130.3 ± 15.6 130.8 ± 16.9 131.3 ± 17.2 < .001 
DBP ( mmHg) , mean ± SD 79.3 ± 10.2 80.2 ± 10.3 78.4 ± 10.5 78.6 ± 11.1 < .001 
BMI ( kg/m2 ) , mean ± SD 25.0 ± 3.3 25.7 ± 3.3 24.9 ± 3.3 25.3 ± 3.2 < .001 
Glucose ( mg/dl) , mean ± SD 147.7 ± 49.5 140.4 ± 46.1 142.2 ± 53.2 133.1 ± 48.9 < .001 
eGFR ( ml/min/1.73 m2 ) , mean ± SD 89.8 ± 15.4 86.1 ± 15.4 41.3 ± 19.7 40.7 ± 17.4 < .001 
Total cholesterol ( mg/dl) , mean ± SD 197.9 ± 42.3 194.3 ± 44.3 195.7 ± 45.0 187.4 ± 45.5 < .001 
HDL ( mg/dl) , mean ± SD 52.3 ± 25.3 50.7 ± 22.4 55.3 ± 52.7 49.4 ± 36.7 < .001 
LDL ( mg/dl) , mean ± SD 111.1 ± 43.2 103.2 ± 42.3 111.0 ± 42.6 102.5 ± 42.8 < .001 
TG ( mg/dl) , mean ( 95% CI) 149.01 ( 148.81–149.21) 169.42 ( 168.04–170.82) 151.36 ( 150.78–151.93) 164.04 ( 161.66–166.46) < .001 

DBP: diastolic blood pressure; SBP: systolic blood pressure; SD: standard deviation. 
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ere performed using SAS software ( version 9.4; SAS Institute,
ary, NC, USA) and a P -value of .05 was considered significant. 

ESULTS 

aseline characteristics 

articipant characteristics according to the presence of 
KD and gout are presented in Table 1 . The prevalence of 
KD−Gout−, CKD−Gout+ , CKD+ Gout− and CKD+ Gout+ was 
7.5% ( n = 741 839) , 2.5% ( n = 21 164) , 9.3% ( n = 79 206) and 0.7% 

 n = 5675) , respectively. Participants with CKD+ Gout+ tended to 
e older, predominantly male and had a lower income ( < 25%) .
he proportions of current smokers, heavy drinkers and regular 
xercisers were the highest among the CKD−Gout+ participants.
he prevalence of hypertension and dyslipidaemia, the pro- 
ortion of participants with a diabetes duration > 5 years and 
hose using insulin increased in sequential order of CKD−Gout−,
KD−Gout+ , CKD+ Gout− and CKD+ Gout+ . The proportion of 
articipants using three or more classes of OHAs was the high- 
st in the CKD+ Gout− group. Glucose, eGFR and total cholesterol 
ere highest in CKD−Gout− group and lowest in CKD+ Gout+ 

roup. 
enal cancer risk according to the presence of CKD and 

out 

uring the study period ( 1 January 2009–31 December 2018) ,
376 ( 0.3%) patients were diagnosed with renal cancer. The cu- 
ulative incidence of renal cancer was highest in participants 
ith CKD+ Gout+ , similarly high in those with CKD−Gout+ and 
KD+ Gout− and lowest in those with CKD−Gout− ( logrank test 
 < .001) ( Fig. 2 ) . The incidence rates of renal cancer were 0.29,
.48, 0.44 and 1.14 per 1000 person-years in the CKD−Gout−,
KD−Gout+ , CKD+ Gout− and CKD+ Gout+ groups, respectively 
 Table 2 ) . The Cox proportional hazards model was adjusted as 
ollows: model 1, unadjusted; model 2, adjusted for age, sex, in- 
ome, hypertension, dyslipidaemia, smoking, drinking, regular 
xercise and BMI; and model 3, model 2 plus diabetes duration,
nsulin use, OHA use and serum glucose levels. In model 3, com- 
ared with the CKD−Gout− group, the risk of incident renal can- 
er increased significantly in the CKD−Gout+ {HR 1.28 [95% con- 
dence interval ( CI) 1.04–1.58], CKD+ Gout− [HR 1.20 ( 95% CI 1.06–
.37) ] and CKD+ Gout+ [HR 2.35 ( 95% CI 1.77–3.11) ]. Compared 
ith those without gout, comorbid gout significantly increased 
he risk of incidental renal cancer either among those without 
KD [HR 1.28 ( 95% CI 1.04–1.58) ] or with CKD [HR 1.95 ( 95% CI 
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Figure 2: Kaplan–Meier curve of renal cancer according to the presence of CKD 
and gout. Logrank test P -value < .001. 
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.45–2.63) ]. The P -value for the interaction was .024, indicating
hat gout affects the risk of renal cancer depending on the pres-
nce of CKD. 

ubgroup analysis 

o determine in which subgroups comorbid CKD and gout in-
reases the risk of renal cancer, subgroup analysis was per-
ormed according to age ( < 65 or ≥65 years) , sex, diabetes du-
ation ( < 5 or ≥5 years) , insulin use ( yes or no) and OHA use
 ≥3 or < 3 classes) ( Supplementary Table 1) . After adjustments,
ompared with CKD−Gout−, the risk of incidental renal can- 
er increased in a similar range in CKD−Gout+ and CKD+ Gout−

nd significantly increased in CKD+ Gout+ among those < 65 and 
65 years of age, men, diabetes duration < 5 and ≥5 years and
hose not using insulin or using fewer than three OHAs. Com-
ared with those without gout, comorbid gout increased the risk
f incidental renal cancer more prominently among those with 
KD, particularly in men, participants with a diabetes duration 
 5 years, those who did not use insulin and those using fewer
han three OHAs ( P for interaction < .05, all) ( Fig. 3 ) . 

ISCUSSION 

his study analysed the prevalence of CKD and gout among pa-
ients with T2DM and their effects on incident renal cancer us-
ng Korean NHIS data. The incidence rate and the risk of renal
ancer increased in sequential order of CKD−Gout−, CKD+ Gout−,
KD−Gout+ and CKD+ Gout+ . Gout has a greater impact on re- 
al cancer in the presence of CKD, particularly in men, patients
ith a shorter duration of diabetes ( < 5 years) and those on fewer
edications ( no insulin or fewer than three OHAs) . 
The presence of DKD ( eGFR < 60 ml/min/1.73 m2 ) , but not

out, increased the risk of renal cancer by 1.2 times in those
ithout CKD and gout. CKD and renal cancer share common risk

actors: T2DM, obesity, hypertension and smoking [3 , 14 , 15 ]. It is
ell known that CKD, even with only moderate loss of kidney
unction, influences the development of renal cancer. According 

https://academic.oup.com/ckj/article-lookup/doi/10.1093/ckj/sfae171#supplementary-data
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Figure 3: Subgroup analyses: ( A) men, ( B) diabetes duration < 5 years, ( C) no insulin users and ( D) patients using less than three OHAs. 
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renal cancer. 
o the meta-analysis of six prospective studies, compared 
ith those with eGFR ≥75 ml/min/1.73 m2 , those with eGFR 
 45 ml/min/1.73 m2 or on dialysis had 1.6 to 2.3 times higher 
isk of urinary tract cancer ( ICD codes C64–C68) [16 ]. Among el- 
erly people ( > 65 years) , the presence of end-stage renal dis- 
ase ( ESRD) increases the risk of renal cancer by a factor of 2.4 
17 ]. The incidence of renal cancer is 5.4 times and 5.0 times 
igher among patients with ESRD on dialysis and after kidney 
ransplantation, respectively [18 ]. The epidemiological relation- 
hip between CKD and renal cancer is well known; however, the 
etailed mechanism is unclear. The induction of acute kidney 
njury in mice promotes the development of renal papillary tu- 
ours in an adenoma–carcinoma sequence over 36 weeks [19 ].
issue injury causes DNA damage and increases the likelihood 
f gene mutations and cancerous growth, which may contribute 
o an increased risk of renal cancer [19 ]. 

The presence of gout, but not CKD, in patients with T2DM 

ncreased the risk of renal cancer by 1.28 times compared with 
hose without gout and CKD. According to Korean NHIS data, the 
isk of cancer overall was higher in patients with gout than in 
ontrols. In particular, the HR for renal cancer among patients 
ith gout is 1.28 [11 ]. In a meta-analysis of 24 studies, incre- 
ents of 1 mg/dl of serum uric acid increased the risk of urinary 
ystem cancer by a factor of 1.04 [10 ]. In addition, a review of 
hree prospective studies revealed that gout is a significant risk 
actor for cancer, particularly urological, digestive and lung can- 
ers [9 ]. The components of insulin resistance ( T2DM, obesity 
nd hypertension) , fructose- and purine-rich diets and high al- 
ohol consumption contribute to hyperuricaemia [20 ]. Uric acid 
ay act as a chemoattractant in a dose-dependent manner,
romoting immunosuppressive lymphocytes, reducing tumour 
urveillance [21 ] and downregulating intracellular xanthine ox- 
doreductase expression, resulting in tumour growth and prolif- 
ration [22 ]. Colchicine downregulates pro-inflammatory path- 
ays and increases levels of anti-inflammatory mediators [23 ],
nd interestingly, its use within 3 years after gout showed a 
arginal reduction in renal cancer of 0.62 times, although this 
eduction was not significant [24 ]. Further studies investigating 
he preventive role of gout treatment in incident renal cancer 
re warranted. 

There was an interaction between gout and CKD; the haz- 
rdous effect of gout on renal cancer was additive and the risk
ncreased by 1.95 times with the coexistence of CKD than in 
hose without. We hypothesized that the coexistence of CKD 

nd gout may maximize the risk of renal cancer through chronic 
raemia and hyperuricaemia-induced inflammation and im- 
unosuppression. Long-term kidney damage due to metabolic 

isk factors results in chronic inflammation and oxidative stress,
hich not only increase the incidence of atherosclerosis and car- 
iovascular disease [25 ], but also increase the incidence of re- 
al cancer [1 , 15 ]. In addition, the insulin resistance of kidney 
mpairs the excretion of urinary ammonium, lowers urinary pH 

nd may accelerate hyperuricaemia [26 , 27 ]. In contrast, hype- 
uricaemia causes renovascular endothelial dysfunction by re- 
ucing nitric oxide bioavailability, stimulating oxidative stress 
nd activating the renin–angiotensin system [28 ]. Therefore, the 
oexistence of CKD and gout in patients with T2DM increases 
he risk of renal cancer in a cyclic manner. In addition to the
anagement of DKD with optimal glycaemic and BP control [13 ],
creening for gout in patients with T2DM is warranted to lower 
he risk of renal cancer. 

The male-specific interaction between CKD and gout in in- 
ident renal cancer may be due to the disproportionate burden 
f gout in men [29 ]. Indeed, men accounted for 75–80% of the
KD−Gout+ and CKD+ Gout+ populations in this study. In addi- 
ion, male sex is a non-modifiable risk factor for renal cancer 
3 ]. However, the interaction between CKD and gout for incident 
enal cancer among participants with a shorter duration of di- 
betes ( < 5 years) and participants with lesser medication ( no 
nsulin, fewer than three OHA agents) suggests that preventing 
KD and gout at the early stage of T2DM is crucial for preventing
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The main strength of this study is that, to the best of our
nowledge, this is the first study to show the additive effect of
KD and gout on incident renal cancer in patients with T2DM.
his study was based on the most representative high-quality 
ealth data sources in Korea. We investigated the extent to
hich the risk of renal cancer is augmented when gout and
KD are currently present. The severity of diabetes was reflected 
y insulin administration and the number of OHA medications 
aken. However, our study has some limitations. First, the pres-
nce of gout was dependent on the ICD-10 code; therefore, the
roportion of patients classified as having gout may vary de-
ending on the operational definition. Second, data on gout 
edications were not collected. Third, the CKD stages were not
istinguished. Fourth, the renal cancer subtypes were unclear,
nd urothelial cancer was not included as an outcome. Finally,
his study was conducted in the Korean population, thus the
esults cannot be generalized to other ethnic groups. 

In conclusion, CKD and gout are individually and in combi-
ation associated with an increased risk of renal cancer in pa-
ients with T2DM. Additionally, for appropriate management of 
KD, screening for gout, especially in the early stages of T2DM,
s warranted to reduce the risk of renal cancer. 
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