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Abstract—Data regarding health behavior-related factors and systolic or diastolic blood pressure to evaluate the association
between blood pressure and kidney cancer are lacking. Using nationally representative data from the Korean National
Health Insurance System, 9746445 participants without kidney cancer between January 1, 2006 and December 31, 2009
were followed up until December 31, 2017 to obtain data regarding cancer incidence. Participants were categorized,
according to blood pressure, as normal (<120/80 mm Hg), elevated (120-129/<80 mmHg), and hypertensive (=130/80
mm Hg) with or without antihypertensive medication, according to the 2017 American College of Cardiology and American
Heart Association blood pressure guidelines. Kidney cancer was noted in 11083 participants during the 8-year follow-up.
Participants with hypertension were at higher risk for kidney cancer than those without hypertension. Participants with
hypertension using medication had a higher cancer risk than those not using medication and those with elevated blood
pressure. The risk of kidney cancer significantly increased with higher systolic or diastolic blood pressure, in a dose-
dependent manner, even after adjusting for antihypertensive medication use. Therefore, hypertension and high systolic
or diastolic blood pressure, compared with normal blood pressure, were associated with an increased risk of kidney
cancer. (Hypertension. 2020;75:1439-1446. DOI: 10.1161/HYPERTENSIONAHA.120.14820.) ® Data Supplement
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ccording to the National Cancer Institute’s Surveillance,

Epidemiology, and End-Results program, in the United
States, the incidence of kidney cancer has increased for all age
groups between 1973 and 2008." Although the incidence of
renal cancer is lower in Asia than in Europe and North America,
the age-standardized incidence rate has also increased nearly
2-fold in Korea in recent decades.? This increased incidence
rate in renal cancer has resulted from an increased public
awareness of the importance of periodic health screening and
the widespread use of high-resolution imaging methods, such
as abdominal ultrasound, computed tomography, magnetic res-
onance imaging, and contrast-enhanced ultrasound.® Elevated
blood pressure, excess body weight, and cigarette smoking are
established factors that increase the risk of kidney cancer, in
a dose-dependent manner.*® Diabetes mellitus, renal disease,
acquired renal cystic disease, viral hepatitis, parity, vitamin D
level, and decreased physical activity are suspected to be asso-
ciated with an increased kidney cancer risk.*?

According to the World Health Organization, hyperten-
sion is estimated to affect up to 40% of adults worldwide
with the prevalence continuously increasing. Hypertension
is often associated with other risk factors that have a high

disease burden, such as smoking and obesity.'®!! The associ-
ation between hypertension and the risk of kidney cancer in
adolescents and adults has previously been investigated, with
inconclusive results.'>!> A recent population-based Taiwanese
cohort study, including 57961 patients with hypertension,
showed that hypertension was associated with a higher risk
of genitourinary cancer. However, the study lacked data re-
garding health behavior-related factors (such as physical
activity, alcohol consumption, and smoking), and did not in-
clude systolic or diastolic blood pressure to evaluate the spe-
cific association between blood pressure and kidney cancer.'®

In our study, we evaluated the association of hyperten-
sion and systolic or diastolic blood pressure with the risk of
kidney cancer, after adjusting for health behavior-related fac-
tors and the effects of antihypertensive medications, using the
data of =9.7 million adults from the Korean National Health
Insurance Service (NHIS) database. During our analysis, we
used the recent 2017 American College of Cardiology and
American Heart Association blood pressure guidelines, which
have adopted a lower blood pressure criterion for defining
hypertension. Confirming the association between hyper-
tension and the risk of kidney cancer can provide important
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epidemiological insights and increase awareness of the risk of
kidney cancer among patients with hypertension.

Methods

Data Source and Study Population

Anonymized data are publicly available from the National Health
Insurance Sharing Service and accessible to all researchers whose
research protocols have been approved by their institutional review
board. In this study, we used the national health insurance claims da-
tabase established by the Korea NHIS, which includes all claims data
provided by the NHIS program and the Medical Aid program. The
Korean NHIS program is a compulsory social insurance program that
covers =97% of the South Korean population; the remaining 3% are
covered under the Medical Aid program.'” Therefore, data extracted
from the NHIS database are considered to represent the entire South
Korean population (=50 million).

Among the 10505818 participants who underwent at least one
health examination in 2009, those younger than 20 years (n=15327)
were excluded because kidney cancer is rare in this population.
Information about smoking status, body mass index (BMI), and
waist circumference was obtained during health examinations.
After excluding participants with missing health examination data
(n=510925) or history of kidney cancer during a washout period
(2006-2009; n=233121), 9746445 participants without kidney can-
cer were followed up, with the registration date of kidney cancer
diagnostic codes recorded until December 2017. A flowchart of the
selection of study participants is shown in Figure 1.

This study was approved by the institutional review board
of Chonnam National University Hospital, Korea (CNUH-
EXP-2018-233). Patient identification numbers were anonymized to
protect individual privacy. Anonymized and de-identified data were
used for analysis. Therefore, the institutional review board waived
the need for informed consent. All procedures were performed in
accordance with the ethical standards of the committee responsible
for human experimentation and the Helsinki Declaration of 1964 and
later versions.

Definitions
Data on age, sex, and diagnostic codes, based on the International
Classification of Diseases, 10th Revision, Clinical Modification
(ICD-10-CM), were retrieved. The diagnostic codes for kidney cancer
were C64.1, C64.2, and C64.9.

Hypertension was defined as systolic blood pressure =130
mm Hg or diastolic blood pressure >80 mmHg in the health exam-
ination database or a history of using at least one antihypertensive

drug (diuretic, calcium channel blocker, $-blocker, a-blocker, ACE
[angiotensin-converting enzyme] inhibitor, and/or ARB [angiotensin
receptor blocker]). Moreover, diagnoses of normal blood pressure
(<120/80 mmHg), elevated blood pressure (120-129/<80 mmHg),
and hypertension (=130/80 mm Hg) were made according to the 2017
American College of Cardiology/American Heart Association guide-
lines.'® During the health examination, blood pressure was measured
twice or more, using a mercury or automatic sphygmomanometer,
after a minimum rest period of 5 minutes, and with the individual in
a sitting position. Participants who were prescribed antihypertensive
medications within the first 5 years of follow-up were categorized as
using antihypertensive medications.

The following health behavior factors (physical activity, al-
cohol consumption, and smoking) and comorbidities (diabetes
mellitus and obesity) were included based on their known associa-
tion with kidney cancer.*® Health behavior factors, namely smok-
ing, alcohol consumption, and exercise, were defined as follows.
Regarding smoking status, participants were categorized into 3
groups: nonsmokers, former smokers, or current smokers. Heavy
alcohol consumption was defined as intake of >30 g of alcohol per
day. Exercise habits of individuals were categorized based on their
answer to the following question: During the last week, did you
exercise >5 days for over 30 minutes until you were substantially
short of breath?

The following comorbidities were included in our analysis.
Diabetes mellitus was identified using the diagnostic codes E10-14
or a fasting serum glucose level 2126 mg/dL in the health exami-
nation database. Dyslipidemia was identified by the diagnostic code
E78, the use of lipid-lowering drugs, or a total cholesterol level >240
mg/dL."” Both fasting blood glucose (mg/dL) and total cholesterol
(mg/dL) level were obtained after a minimum of 8 hours of overnight
fasting. Chronic kidney disease was defined as an estimated glomer-
ular filtration rate <60 mL/minute per 1.73 m? calculated using the
Modification of Diet in Renal Disease formula.”’ Stroke was defined
by diagnostic codes 163—64.

The quality of all laboratory tests was confirmed by the Korean
Association for Laboratory Medicine, and the NHIS certified that the
hospitals participate in the NHI health checkup programs.

The following general demographic data were also included in
our analysis. BMI was calculated by dividing body weight (kilogram)
by the square of body height (square meters). Waist circumference
was measured, by trained examiners, at the mid-point between the
lower rib cage and the iliac crest.

Regarding socioeconomic factors, we considered residence in ur-
ban or rural areas, and income divided into 4 quartiles (Q), with Q1
being the lowest and Q4 the highest. Low income was defined as be-
ing in the Q1 group or a medical aid benefit recipient.

Korean patients in the National Health
Insurance program underwent health
examination in 2009, N=10,505,818

Excluded

Aged <20 years, N=15,327

Missing health examination data, N=510,925
Previous history of kidney cancer from 2006
to 2009, N=233,121

Figure 1. Flowchart of the study population.
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Statistical Analyses

Data are presented as the mean+SD for continuous variables and pro-
portions for categorical variables. To compare characteristics between
individuals with and without hypertension, Student r-test was used
for continuous variables and y? test for binary and categorical vari-
ables. The incidence rate of kidney cancer was calculated per 100 000
person-years. To calculate the attributable risk, the risk for the nonhy-
pertension group was subtracted from the risk for the group.*! A mul-
tivariable Cox proportional hazard regression analysis was conducted
to determine the hazard ratios (HRs) and the associated 95% Cls of
the association of hypertension (including systolic or diastolic blood
pressure categories) with kidney cancer. Calculations were adjusted
for age, sex, smoking, alcohol drinking, exercise, BMI, and history
of diabetes mellitus, and use of antihypertensive drug therapy. The
cumulative incidence probability of kidney cancer was plotted using
Kaplan-Meier curves with log-rank test used for between-group com-
parisons. Age was stratified into the following age groups (20-39,
40-59, 60-74, and =75 years) and the association between hyperten-
sion and kidney cancer was examined within each group. Potential
interactions were formally tested by including interaction terms. All
statistical tests were 2-tailed, with a P value <0.05 considered signif-
icant. All data analyses were conducted using SAS software (version
9.4; SAS Institute, Cary, NC).

Results

General Characteristics of the Hypertensive Group
General baseline characteristics of the study population
are shown in Table 1. Among our study cohort, 3373316
(34.6%) individuals had a normal blood pressure; 952 143
(9.8%) an elevated blood pressure; 3797429 (39.0%) had
hypertension but did not use antihypertensive drugs; and
1623557 (16.7%) had hypertension and used antihyperten-
sive drugs. Compared with individuals with normal blood
pressure, those with hypertension tended to be older, male,
smokers, and have a heavy alcohol consumption, and be
more likely to have diabetes mellitus, dyslipidemia, chronic
kidney disease, and stroke, and have a higher BMI, waist
circumference, fasting serum glucose level, and total cho-
lesterol level.

Risk of Kidney Cancer According to Hypertension
Groups

Kidney cancer was noted in 11083 of the participants over the
8-year medical follow-up. The attributable risk associated with
hypertension was 11.7 (95% CI, 11.1-12.3) cases of kidney
cancer per 100000 person-years of follow-up, with 56.0%
(95% CI, 53.1-58.8) of these kidney cancer cases among indi-
viduals with hypertension. Results of the multivariable Cox
proportional hazard regression analysis evaluating the risk of
kidney cancer associated with hypertension, adjusted for other
potential predictors of kidney cancer, are shown in Table 2.
Compared with individuals without hypertension, those with
hypertension were at increased risk of kidney cancer (inci-
dence rate, 20.9 versus 9.2 cases per 100000 person-years,
respectively; adjusted HR, 1.12 [95% CI, 1.06-1.17]). The
Kaplan-Meier curve for the incidence probability of kidney
cancer according to hypertension is shown in Figure 2, with
similar results were obtained. Moreover, elevated blood pres-
sure was associated with a higher risk of kidney cancer than
normal blood pressure (incidence rate, 11.8 versus 8.4 cases
per 100000 person-years, respectively; adjusted HR, 1.10
[95% CI, 1.01-1.19]).
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Risk of Kidney Cancer According to
Antihypertensive Medications and Blood Pressure
Categories

Although patients with hypertension who were not prescribed
antihypertensive medications also were at increased risk for
kidney cancer, those using antihypertensive medications were
at the highest risk for kidney cancer (incidence rate, 14.6
versus 35.8 cases per 100000 person-years, respectively;
adjusted HR, 1.15 [95% CI, 1.09-1.21] versus adjusted HR,
1.74 [95% CI, 1.64—1.84]; Table 2). Among participants who
had used a-blockers, B-blockers, CCBs, diuretics, and ACE
inhibitors, and/or ARBs, we identified those who had used one
drug class exclusively. The adjusted HRs for kidney cancer
were higher for participants using -blockers or diuretics than
for those with a-blockers, CCBs, or ACE inhibitors/ARBs. In
addition, users of >2 classes of antihypertensive drugs were at
higher risk for kidney cancer than those using one drug class
(Table S1 in the Data Supplement). To control for the effects
of antihypertensive medications on the risk of kidney cancer,
participants were categorized according to blood pressure
levels, regardless of drug use, with the risk of kidney cancer
evaluated within each group, after adjusting for antihyperten-
sive medications. A systolic blood pressure 2120 mmHg was
associated with an increased risk of kidney cancer, in a dose-
dependent manner, even after adjusting for antihypertensive
medications (P value for trend <0.001). Similarly, a diastolic
blood pressure 280 mmHg showed an increasing trend in
the risk of kidney cancer as the diastolic pressure increased.
Moreover, the increased risk of kidney cancer noted in the
hypertensive and high blood pressure groups were observed
regardless of sex (Tables S2 and S3). However, a higher sys-
tolic blood pressure, but not diastolic blood pressure, seemed
to confer a greater risk of kidney cancer among men.

Subgroup Analyses

The relative risks of kidney cancer stratified by age, sex, smok-
ing, alcohol consumption, exercise, BMI category, and history
of chronic kidney disease and stroke are shown in Figure 3.
The risk of kidney cancer was higher among patients with hy-
pertension 60-74 years of age than among those in other age
groups. In addition, patients who were male, former smokers,
and had BMI >23 kg/m? were at a specifically higher risk for
kidney cancer. However, the association between hyperten-
sion and risk of kidney cancer was not significantly different
among the other subgroups.

Discussion

In this nationwide population-based study, hypertension was
found to be associated with a considerable kidney cancer risk.
Systolic blood pressure =120 mm Hg and diastolic blood pres-
sure 280 mmHg were associated with an increased kidney
cancer risk, which was maintained after multivariable ad-
justment for confounding variables, such as smoking status,
alcohol drinking habits, physical activity, BMI, and use of
antihypertensive medications.

The results of previous studies are consistent with our
findings, which identified the association between hyper-
tension and the risk of kidney cancer. In a previous study
involving 77 260 participants aged 50 to 76 years, a 1.70-fold
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Table 1. Descriptive Baseline Characteristics of the Study Population

Hypertension Without Hypertension With
Normal Blood Elevated Blood Antihypertensive Antihypertensive
Characteristics Pressure Pressure Medications Medications PValue
Number of patients (%) 3373316 (34.6) 952143 (9.8) 3797429 (39.0) 1623557 (16.7)
Age, y; mean+SD 42.1+125 44.6+13.2 46.1+13.3 60.0+11.0 <0.001

20-39 (%) 1432100 (42.5) 351419 (36.9) 1275984 (33.6) 50537 (3.1)

40-59 (%) 1613902 (47.8) 457786 (48.1) 1859122 (49.0) 703878 (43.6)

6074 (%) 297904 (8.8) 128895 (13.5) 585816 (15.4) 732806 (45.1)

>75 (%) 29410 (0.9) 14043 (1.5) 76507 (2.0) 136336 (8.4)

Sex, male (%) 1463749 (43.4) 540779 (56.8) 2515792 (66.3) 835160 (51.4) <0.001
Smoking (%) <0.001

Never 2223919 (65.9) 552103 (58.0) 1950810 (51.4) 1052314 (64.8)

Former 358260 (10.6) 132099 (13.9) 610773 (16.1) 288296 (17.76)

Current 791137 (23.5) 267941 (28.1) 1235846 (32.5) 282947 (17.43)

Alcohol consumption, heavy (%) 153264 (4.5) 60868 (6.4) 354560 (9.3) 105664 (6.5) <0.001
Regular exercise (%) 1719302 (51.0) 503616 (52.9) 2020234 (53.2) 773067 (47.6) <0.001
Rural living (%) 1783508 (52.9) 500764 (52.6) 2105297 (55.4) 873604 (53.8) <0.001
Diabetes mellitus (%) 118524 (3.5) 51992 (5.5) 273604 (7.2) 391132 (24.1) <0.001
Dyslipidemia (%) 355765 (10.6) 134821 (14.2) 637402 (16.8) 644241 (39.7) <0.001
Low income (%) 904642 (26.8) 254187 (26.7) 975353 (25.7) 437867 (27.0) <0.001
CKD (%) 134613 (4.0) 423805 (4.5) 174040 (4.6) 216997 (13.4) <0.001
Stroke (%) 17352 (0.9) 7979 (1.5) 30150 (1.3) 43356 (3.1) <0.001
BMI, kg/m?; mean+SD 22.5+29 23.5+3.0 24.2+3.2 25.1+3.2 <0.001
WC, cm; mean+SD 76.3+£8.5 79.6+8.4 81.9+8.6 84.9+8.4 <0.001
SBP, mmHg; mean+SD 108.3+7.3 122.8+3.0 130.5+11.3 132.4+15.9 <0.001
DBP, mmHg; mean+SD 67.7+6.0 71.8+4.4 82.9+6.9 81.2+10.4 <0.001
Fasting glucose, mg/dL; mean+=SD 92.2+17.5 95.1+19.6 97.7+22.7 106.8+30.3 <0.001
Total cholesterol, mg/dL; mean+SD 189.3+34.8 194.4+35.9 199.3+36.7 197.6+38.7 <0.001

BMI indicates body mass index; CKD, chronic kidney disease; DBP, diastolic blood pressure; SBP, systolic blood pressure; and WC, waist circumference.

increase in the risk of renal cell carcinoma was observed for
patients with hypertension.* Hidayat et al® reported that hy-
pertension was associated with a 1.67-fold increased risk of
kidney cancer, and that a 10-mm Hg increase in systolic and
diastolic blood pressures was significantly associated with
10% and 20% increased risks of kidney cancer, respectively,
in both sexes through a meta-analysis of prospective studies.
In accordance with previous studies, we found that the risk of
kidney cancer increases in a dose-dependent manner with re-
gard to systolic and diastolic blood pressures. A nationwide
population-based Taiwanese cohort study involving 11704
participants showed that younger patients with hyperten-
sion (<49 years) were more likely to develop kidney cancer
during a follow-up period of >5 years.' In the nationwide
Swedish Cancer Registry study that used repeated measures
of blood pressure over time, a decreased risk was observed
with a reduction of blood pressure for 363992 Swedish
men.'* However, previous nationwide studies were limited to
men or lacked adjustments for substantial confounders that

could affect cancer development, such as smoking and drink-
ing habits and obesity.'*!¢

Our study targeted a large population, including women,
and demonstrated that the high risk of kidney cancer asso-
ciated with high blood pressure was consistent even after
adjusting for health behavior-related factors. Our subgroup
analyses showed that the risk of kidney cancer was higher for
older (=40 years) patients with hypertension, indicating that
aging is an important risk factor for cancer. However, we do
note that younger (20-39 years) patients with hypertension
also had a 16% increase in the risk of kidney cancer com-
pared with those without hypertension over our 8-year fol-
low-up period. Therefore, more long-term follow-up studies
are needed to confirm whether prolonged exposure to hyper-
tension in younger patients is related to an increased risk of
kidney cancer.'* We showed that obese patients with hyperten-
sion were at significantly higher risk for kidney cancer than
those with a low BMI (<23 kg/m?), in agreement with results
from previous studies.!4?*?
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Table 2. Hazard Ratios of Kidney Cancer Risk According to Hypertension Categories and Blood Pressure
Follow-Up | Incidence Rate,
Kidney Duration, Per 100000 Unadjusted, HR Model 1, HR Model 2, HR Model 3, HR

Group Number = Cancer | Person-Years | Person-Years (95% ClI) (95% CI)* (95% CI)t (95% ChF
Hypertension

No 4325459 | 2902 31599730 9.2 1 (reference) 1 (reference) 1 (reference) 1 (reference)

Yes 5420986 | 8181 39235936 20.9 2.27 (2.27-2.37) | 1.45(1.38-1.51) | 1.29 (1.23-1.35) | 1.12 (1.06-1.17)
Pvalue < 0.001 < 0.001 < 0.001 < 0.001
Hypertension, categories

Normal 3373316 | 2081 24665220 8.4 1 (reference) 1 (reference) 1 (reference) -

Elevated 952143 821 6934510 11.8 1.41(1.30-1.52) | 1.16 (107-1.26) | 1.10(1.01-1.19) -

Without antihypertensive | 3797429 | 4017 27607766 14.6 1.73(1.64-1.82) | 1.26 (1.19-1.32) | 1.15(1.09-1.21) -

medications

With antihypertensive 1623557 | 4164 11628170 35.8 4.24 (4.03-4.47) | 2.04 (1.93-2.16) | 1.74 (1.64-1.84) -

medications

Pvalue for trend <0.001 <0.001 <0.001
SBP, mmHg

<90 21284 7 154902 4.5 0.44 (0.21-0.92) | 0.56 (0.27-1.18) | 0.64 (0.30-1.33) | 0.64 (0.31-1.35)

90-120 3883281 | 2941 28346576 10.4 1 (reference) 1 (reference) 1 (reference) 1 (reference)

120-130 2434426 | 2616 17716695 14.8 1.42(1.35-1.50) | 1.14 (1.09-1.21) | 1.07 (1.02-1.13) | 1.05 (0.99-1.11)

130-140 2273096 | 3276 16476661 19.9 1.92 (1.82-2.02) | 1.29 (1.23-1.36) | 1.16 (1.10-1.22) | 1.11 (1.06-1.17)

140-160 920535 | 1783 6622976 26.9 2.60 (2.45-2.75) | 1.44(1.36-1.53) | 1.26 (1.19-1.3) | 1.15(1.09-1.23)

>160 213823 460 1517856 30.3 2.93 (2.65-3.23) | 1.46 (1.3-1.61) | 1.27 (1.15-1.40) | 1.13 (1.02-1.25)

Pvalue for trend <0.001 <0.001 <0.001 <0.001
DBP, mmHg

<60 206613 137 1503002 9.1 0.72(0.61-0.85) | 0.90 (0.76-1.07) | 0.98 (0.83-1.16) | 0.99 (0.84-1.17)

60-80 5141102 | 4740 37431949 12.7 1 (reference) 1 (reference) 1 (reference) 1 (reference)

80-90 3396906 | 4428 24676445 17.9 1.42(1.36-1.48) | 1.16 (1.11-1.21) | 1.09 (1.05-1.14) | 1.06 (1.02-1.11)

90-100 716183 | 1248 5169478 241 1.91(1.79-2.03) | 1.30 (1.22-1.38) | 1.17(1.10-1.25) | 1.10 (1.03-1.17)

>100 285641 530 2054792 25.8 2.04 (1.86-2.23) | 1.42(1.30-1.55) | 1.26 (1.15-1.38) | 1.15 (1.05-1.26)

Pvalue for trend <0.001 <0.001 <0.001 <0.001

DBP indicates diastolic blood pressure; HR, hazard ratio; and SBP, systolic blood pressure.
*Model 1: adjusted for age and sex.
TModel 2: adjusted for age, sex, smoking, heavy alcohol drinking, exercise, body mass index, and previous history of diabetes mellitus.
IModel 3: adjusted for age, sex, smoking, heavy alcohol drinking, exercise, body mass index, previous history of diabetes mellitus, and use of hypertensive

medication.

The plausible biological mechanisms underlying the as-
sociation between hypertension and kidney cancer remain
unclear. However, it is possible that hypertension might in-
duce a state of chronic inflammation, activating the cellular
hypoxia response pathway and promoting hypoxia-induced
factor expression in the kidney.>** This abnormal accumula-
tion of hypoxia-inducible factors leads to cell growth dysregu-
lation and angiogenesis.?® Moreover, inflammatory conditions
accompanying hypertension contribute to renal carcinogen-
esis and tumor progression, and cancer-related inflammation
induces genetic instability due to inflammatory mediators.?”-*
It is also possible that hypertension is associated with endo-
thelial dysfunction and altered vascular remodeling, which
lead to increased formation of reactive oxygen species in
hypertensive individuals.?*' Reactive oxygen species can

promote tumor development and progression through various
biological processes.*

A previous case-control study showed that patients
using diuretic treatment were at an increased risk for kidney
cancer than those not using diuretic treatment.** Conversion
of diuretics to mutagenic nitroso derivatives in the stomach
may be underlying mechanisms relating diuretic treatment to
kidney cancer risk.** Similarly, the risk of kidney cancer was
increased among users of CCBs in a case-control drug sur-
veillance study.* It has been suggested that the use of CCBs
may influence cancer risk by interfering with apoptosis.*
However, recent large or meta-analysis studies have reported
discordant results regarding the association between antihy-
pertensive medications and the risk of cancer.’ In a recent
population-based case-control study, the long-term use of
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Figure 2. Kaplan—-Meier curve for the crude cumulative 8-year incidence
probability of kidney cancer with respect to hypertension (P of Log-rank
<0.001).

diuretics or CCBs was associated with papillary renal cell
carcinoma among patients with a history of hypertension;
however, findings of clear cell renal cell carcinoma were
weaker and nonsignificant.’’ In addition, results of a network
meta-analysis study refuted the association of an increased
risk of cancer or cancer-related death with the use of diuret-
ics, CCBs, 3-blockers, ACE inhibitors, and ARBs.*® Because
antihypertension drugs are frequently used in patients with
hypertension, it is difficult to distinguish the effects of high
blood pressure from those of antihypertensive medications

per se on the increased risk of kidney cancer. Although our
results showed that patients with hypertension using antihy-
pertensive medications were at higher risk for kidney cancer
than those not using medications, high blood pressure was
clearly associated with the risk of kidney cancer in a dose-
dependent manner, even after adjusting for antihypertensive
drugs. These findings are consistent with those of previous
studies that showed that hypertension is more likely to be a
risk factor than antihypertensive medications.®*!3

The limitations of our study need to be acknowledged.
First, our study population was from a single country; there-
fore, the results may not be generalizable to individuals with
other racial or ethnic backgrounds. However, the homoge-
neous population could have removed the effects of ethnic
genetic variations on the findings. Second, although we iden-
tified the effects of individual antihypertensive drug classes,
whether the duration of antihypertensive medications and de-
gree of blood pressure control with drugs affect the risk of
kidney cancer in relation to antihypertensive agents could
not be determined. Third, there were potential limitations re-
garding whether the diagnosis of kidney cancer or the timing
of the diagnosis of hypertension and antihypertensive drug
use could be accurately assessed, because our database is pri-
marily for administrative purposes. However, our database
enables us to identify almost all kidney cancer cases detected
intentionally or incidentally in the South Korean population
as patients diagnosed with kidney cancer are registered in the
Korea NHIS database to exempt from copayment.

Despite these limitations, the strength of our study lies in
the inclusion of >9.7 million adults and 70 million person-
years during the observation period, including 11083 cases
of kidney cancer. The number of participants and the duration

: P value for

Subgroup Kidney Cancer Hazard ratio (95% C1) i taraction
Age, years 20-39 - 1.16 (1.03-1.31) 0.041

40-59 i 1.32 (1.24-1.40)

60-74 —— 1.34 (1.23-1.45)

275 —_— 1.32 (1.04-1.69)
Sex Male = 1.32 (1.25-1.39) <0.001

Female —a— 1.30 (1.20-1.42)
Smoking Never . 1.27 (1.19-1.35) 0.002

Former 1.39(1.25-1.54) Figure 3. Subgroup analysis of the association

Current 1.30 (1.20-1.41) between hypertension and kidney cancer in the
Alcohol Not heavy - 1.29 (1.24-1.35) 0.884 adjusted Cox-model. Points and bars represent

Heavy — 1.25 (1.06-1.48) hazard ratio estimates and their associated

. 95% Cls, respectively. BMI indicates body

Regular exercise  No - 1.28 (1.20-1.37) 0.081 mass index; Cl, confidential interval; and CKD,

Yes = 1.30 (1.22-1.38) chronic kidney disease.
BMI, kg/m? <23 . 1.16 (1.08-1.25) 0.013

223 e 1.36 (1.28-1.43)
CKD No ! 1.27 (1.22-1.33) 0.722

Yes —— 1.41 (1.20-1.66)
Stroke No . 1.32 (1.25-1.40) 0.329

Yes - 1.27 (0.84-1.91)

I T T T T T 1
08 1 12 14 16 18 2
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of the observation period in our study were higher than those
in previous studies that have evaluated the association be-
tween hypertension and the risk of kidney cancer. Moreover,
we adjusted for as many health behavior-related factors that
could affect kidney cancer development as possible. Finally,
to our knowledge, this is the first study to use the new defini-
tion of hypertension according to the 2017 American College
of Cardiology/American Heart Association guidelines.

Perspectives

We provide evidence of an association between hypertension
and an increased risk of kidney cancer, compared with normal
blood pressure. An association between a higher systolic and a
higher diastolic blood pressure and an increased risk of kidney
cancer was also observed. Therefore, awareness of the risk of
kidney cancer among patients with hypertension is clinically
relevant, especially for patients with uncontrolled hyperten-
sion, indicating that optimal blood pressure control should be
emphasized in these clinical populations. Future prospective
studies from a public health perspective are required to fur-
ther validate the effects of optimal blood pressure control on
kidney cancer prevention.
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Novelty and Significance

What Is New?

Our risk analysis was adjusted for as many health behavior-related fac-
tors as possible that could affect kidney cancer development.

This is the first study to use the new hypertension definition, according
to the 2017 American College of Cardiology/American Heart Association
guidelines, to evaluate the association between hypertension and the
risk of kidney cancer.

What Is Relevant?

Confirming the association between hypertension and the risk of kid-
ney cancer can provide important epidemiological insight and increase

Hypertension and high systolic or diastolic blood pressure, com-
pared with normal blood pressure, were associated with an in-
creased risk of kidney cancer.

awareness of the risk of kidney cancer among hypertensive patients.
Further studies to determine optimal blood pressure control to prevent
kidney cancer are warranted.

Summary






