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The Incidence of Renal Cell Carcinoma Is Increased  
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Background and Objective    Many studies have indicated that obstructive sleep apnea 
(OSA) is linked to the development of cancer. However, there have been few studies about the 
link between OSA and renal cell carcinoma (RCC). This study investigated the relationship be-
tween OSA and RCC by analyzing the data from the Korea National Health Insurance Service. 
Methods    198574 patients (≥ 20 years of age) newly diagnosed with OSA from 2007 to 2014 
were included and 992870 control groups were selected through propensity score matching ac-
cording to sex and age. The average follow-up period was 4.6 years. The primary outcome was 
newly diagnosed RCC. The hazard ratio for RCC in patients with OSA was compared to that in 
the control group. 
Results    The incidence of RCC was significantly higher among patients with OSA than 
among controls (hazard ratio, 1.65; 95% confidence interval, 1.41–1.93). 
Conclusions    OSA may be a potential risk factor for RCC.
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by repeated upper airway collapse during 
sleep, which causes frequent respiratory cessation and oxygen desaturation [1]. It affects 
4% of men and more than 2% of women. It is a common disorder worldwide and its prev-
alence has been associated with an increased prevalence of obesity [2]. OSA can lead to a 
variety of complications, including hypertension, heart failure, stroke, insomnia, depression, 
dementia, diabetes, and premature death. Recently, evidence supports a potential associa-
tion between OSA and a variety of cancers, including lymphoma, breast cancer, and pros-
tate cancer [3-5]. 

Intermittent hypoxia, a key feature of OSA, is suspected to influence the pathogenesis of 
these cancers through the production of oxygen radicals and hypoxia-inducible transcrip-
tion factor (HIF) [6]. Furthermore, HIF is also related to occurrence of renal cell carcinoma 
(RCC) [7]. Therefore, it is presumed that OSA and RCC may also be related. However, there 
are few reports on the association between the RCC and OSA. Since the occurrence of RCC 
is uncommon, it is necessary to observe large-scale cohorts for a long time to prove this. 

In recent times, the Korea National Health Insurance Service (KNHIS) database has been 
released for research purposes in Korea. The objective of this study was to evaluate wheth-
er the incidence of RCC is higher among patients with OSA than control using the KNHIS 
database.
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METHODS 

Data Source 
The KNHIS is a public health insurance system that covers 

almost the entire population of Korean [8]. The National Health 
Insurance is administered by the Korea government and con-
tains long-period data of about 50 million people. KNHIS pro-
vides robust data on patient demographics, diagnosis, interven-
tion, and prescribing. The database adopts the 6th edition of the 
Korean Classification of Diseases, which is a translation of the 
10th edition of the International Classification of Diseases. Re-
searchers can use KNHIS data with the approval of local Insti-
tutional Review Boards. We also used this data the approval of 
Konkuk University Hospital Institutional Review Committee 
(KUMC 2020-03-040).

 
Study Population and Design

Patients aged more than 20 years with newly diagnosed OSA 
from 2007 to 2014 were categorized as the OSA group. The 
control group were not diagnosed with OSA during the same 
period and matched by age and sex using propensity score. The 

number of subjects in the control group was five times that in 
the OSA group. The primary outcome of this study was the in-
cidence of newly diagnosed RCC. Patients diagnosed with any 
type of cancer prior to enrollment were excluded. The enroll-
ment process was presented in Fig. 1.

Data Collection
The following baseline data was collected: age, sex, income 

level (four quintiles), comorbidities including hypertension, 
dyslipidemia, diabetes, stroke, chronic obstructive pulmonary 
disease, and ischemic heart disease (Table 1). 

Statistical Analysis
A Kaplan-Meier plot without covariance correction was cre-

ated to show the difference in incidence of RCC between OSA 
and control groups. The incidence of RCC was calculated by di-
viding the number of events by the total time at risk. The Cox 
proportional hazards model was used to determine the relative 
risk ratio of OSA to the incidence of RCC. Two different models 
were applied. Model 1 was not adjusted while Model 2 was ad-
justed for income level, diabetes, hypertension, and dyslipidemia 
known to be associated with the development of RCC [8-11]. 
Results are presented as means and 95% confidence intervals 
(95% CIs). All statistical analyzes were performed using R ver-
sion 3.2.3 (The R Foundation for Statistical Computing, Vienna, 
Austria) and SAS version 9.4 (SAS Institute, Cary, NC, USA). 

 

RESULTS

A sum of 49570064 subjects were included in the KNHIS in 
2007 and the number was not changed much for each subse-
quent year up to 2014. From 2007 to 2014, 198574 patients were 
newly diagnosed with OSA and 992870 subjects were selected 
as controls. A demographic data is summarized Table 2. 

Table 1. Working definitions derived from the insurance claims data

Disease Working definition
Obstructive sleep apnea At least one claim under ICD-10 code G47.3
Renal cell carcinoma At least one claim under ICD-10 code C64 and registered as a cancer patient in the National Medical Expenses  

  Support Program
Diabetes At least one claim per year for the prescription of anti-diabetic medication under ICD-10 code E11–14
Hypertension At least one claim per year for the prescription of anti-hypertensive medication under ICD-10 code I10–13 or I15
Dyslipidemia At least one claim per year for the prescription of anti-dyslipidemic medication under ICD-10 code E78
Stroke At least one claim under ICD-10 code I63 or I64
COPD At least one claim under ICD-10 code J41, J42, J43, or J44
IHD At least one claim under ICD-10 code I20, I21, I22, I23, I24, or I25
ICD-10, the 10th edition of the International Classification of Diseases; COPD, chronic obstructive pulmonary disease; IHD, ischemic heart 
disease.

Fig. 1. Enrollment flowchart. OSA, obstructive sleep apnea.
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The Kaplan-Meier Plot between the Obstructive 
Sleep Apnea Group and Controls 

The Kaplan-Meier plot shows that the incidence of RCC was 
higher in the OSA group than in the control group (Fig. 2).

The Hazard Ratio of the Obstructive Sleep Apnea 
Group Compared to That of the Control Group for 
the Incidence of Renal Cell Carcinoma 

The Cox proportional hazards model showed that the haz-
ard ratio in the OSA group for the incidence of RCC was sig-
nificantly higher for both models. The hazard ratio based on 

Model 1, which was not adjusted for covariates, was 1.65 (95% 
CI, 1.41–1.93). The result did not change much after adjusting 
income level and various comorbidities in Model 2 (Table 3). 
There was no difference in the hazard ratios by sex and age (Ta-
bles 4 and 5). 

DISCUSSION

In this study, we demonstrated that the incidence of RCC was 
higher in the OSA group. The OSA group showed 1.65 times 
higher risk of RCC than the non-OSA group after adjusting for 
age and various comorbidities. There was no difference in the 
hazard ratio between men and women. 

Recent studies have shown the association between OSA and 
aggressiveness of clear cell RCC and that OSA is associated with 
a high Fuhrman grade [12]. This study indirectly supports our 
results that RCC incidence increased in the OSA group. How-
ever, KNHIS does not provide data about the cancer stage and 
pathology, which makes it impossible to reconfirm the associa-
tion between OSA and aggressiveness of RCC. 

Since there have no previous studies about the association be-
tween OSA and RCC, the mechanism by which OSA contrib-
utes to RCC has not been studied. However, there are a few pos-
sible explanations. First, intermittent hypoxia is considered to 
be a strong risk factor for the occurrence of several cancers [6]. 
Hypoxic conditions induce the production of HIF-1a, which is 

Table 5. OSA hazard ratio for the incidence of renal cell carcino-
ma by age group 

Age (yr) 20 ≤ age < 40  40 ≤ age < 65 65 ≤ age
Controls 1 1 1
OSA 1.76 (1.07–2.82) 1.51 (1.24–1.83) 1.16 (0.79–1.66)

Hazard ratio was represented with 95% confidence interval.
OSA, obstructive sleep apnea. 

Table 2. Demographics of patients in the OSA and control groups 

OSA Controls
p-value

n (%) n (%)
Total number 198574 (100) 992870 (100)
Follow-up duration (yr) 4.5 ± 2.3 4.5 ± 2.3 > 0.999
Mean age (yr) 45.0 ± 13.3 45.0 ± 13.3 > 0.999
Age ≥ 65 yr 15123 (7.6) 75615 (7.6) > 0.999
Males 152801 (76.9) 764005 (76.9) > 0.999
Income in the lowest  
  quintile

34005 (17.1) 222002 (22.4) < 0.001

Diabetes 14375 (7.2) 58697 (5.9) < 0.001
Hypertension 47746 (24.0) 144766 (14.6) < 0.001
Dyslipidemia 33398 (16.8) 86233 (8.7) < 0.001
Stroke 9221 (4.6) 22000 (2.2) < 0.001
COPD 31075 (15.7) 94538 (9.5) < 0.001
IHD 3485 (1.8) 8478 (0.9) < 0.001
Values are presented as mean ± standard deviation or number (%).
OSA, obstructive sleep apnea; COPD, chronic obstructive pulmo-
nary disease; IHD, ischemic heart disease. 

Table 3. OSA hazard ratio for the incidence of renal cell carcinoma

n Event Rate Model 1 Model 2
Controls 992870 618 0.130 1 1
OSA 198574 204 0.215 1.65 

(1.41–1.93)
1.65 

(1.41–1.93)
Hazard ratio was represented with 95% confidence interval. 
Model 1, not adjusted; Model 2, adjusted by income level, diabetes, 
hypertension, and dyslipidemia; OSA, obstructive sleep apnea. 

Table 4. OSA hazard ratio for the incidence of renal cell carcino-
ma by sex

Sex Male Female
Controls 1 1
OSA 1.48 (1.24–1.76) 1.38 (0.90–2.06)

Hazard ratio was represented with 95% confidence interval.
OSA, obstructive sleep apnea. 

Fig. 2. Kaplan-Meier plot showing the incidence of renal cell car-
cinoma among patients with OSA. It occurs more frequently in 
the OSA group than in the control group. OSA, obstructive sleep 
apnea.
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involved in angiogenesis and cancer metastasis [13]. HIF-1a is 
also overexpressed in renal cancer cells, suggesting a link be-
tween OSA and RCC [7]. Second, sleep fragmentation is also 
suspected to be involved in the development of cancer. Sleep 
fragmentation induces the dysregulation of circadian rhythms, 
inadequate sleep duration, and suppression of melatonin levels. 
Several studies have attempted to identify the potential role of 
melatonin in reducing the risk of kidney cancer [14,15]. As seen 
in prostate cancer [16,17], melatonin promotes apoptosis of the 
renal cancer cells and suppresses the progression of RCC [14,15]. 
These studies imply that the increased risk of RCC in people 
with OSA might be due to a low level of melatonin. 

This study has several limitations. First, OSA was defined us-
ing only coding information in KNHIS, and polysomnography 
results could not be confirmed. Therefore, it was not possible to 
assess the severity of OSA either. Second, the control group may 
include undiagnosed OSA patients. In addition, there were no 
data on lifestyle, exercise, smoking, drinking habits, nutritional 
status, and body mass index, so risk factors important for can-
cer were not fully included in the analysis. Also, there was no 
information about the type and stage of RCC. 

Despite all these limitations, this study is the first evidence to 
show that patients with OSA have a higher incidence of RCC 
than controls, and further studies are needed in the future. 

In conclusion, the incidence of RCC was significantly higher 
among patients with OSA than among controls. The adjusted 
hazard ratio was 1.65 (95% CI, 1.41–1.93). 
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