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BACKGROUND: Studies of the association of hypertension with incident colorectal cancer (CRC) may have been confounded
by including individuals taking antihypertensive medication, at high risk for CRC (ie, colorectal polyps and inflammatory bowel
disease), or with shared risk factors (eg, obesity and diabetes). We assessed whether adults with untreated hypertension are
at higher risk for incident CRC compared with those with normal blood pressure (BP), and whether any association is evident
among individuals without obesity or metabolic abnormalities.

METHODS AND RESULTS: Analyses were conducted using a nationwide health claims database collected in the JMDC Claims
Database between 2005 and 2018 (n=2 220 112; mean age, 44.1+11.0 years; 58.4% men). Participants who were taking
antinypertensive medications or had a history of CRC, colorectal polyps, or inflammatory bowel disease were excluded.
Each participant was categorized as having normal BP (systolic BP [SBP]<120 mm Hg and diastolic BP [DBP] <80 mm Hg,
n=1 164 807), elevated BP (SBP 120-129 mm Hg and DBP <80 mm Hg, n=341 273), stage 1 hypertension (SBP 130-
139 mm Hg or DBP 80-89 mm Hg, n=466 298), or stage 2 hypertension (SBP >140 mm Hg or DBP >90 mm Hg, n=247 734).
Over a mean follow-up of 1112+854 days, 6899 incident CRC diagnoses occurred. After multivariable adjustment, compared
with normal BP, hazard ratios for incident CRC were 0.93 (95% ClI, 0.85-1.01) for elevated BP, 1.07 (95% ClI, 0.99-1.15) for
stage 1 hypertension, and 1.17 (95% CI, 1.08-1.28) for stage 2 hypertension. The hazard ratios for incident CRC for each 10-
mm Hg-higher SBP or DBP were 1.04 (95% Cl, 1.02—1.06) and 1.06 (95% Cl, 1.03-1.09), respectively. These associations were
present among adults who did not have obesity, high waist circumference, diabetes, or dyslipidemia.

CONCLUSIONS: Higher SBP and DBP, and stage 2 hypertension are associated with a higher risk for incident CRC, even among
those without shared risk factors for CRC. BP measurement could identify individuals at increased risk for subsequent CRC.
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form of cancer and the second most common
cause of cancer death worldwide, with an esti-
mated 1.8 million new cases and 861 000 deaths each
year." Risk factors for CRC include obesity, diabetes,
smoking, excessive drinking, and physical inactivity. A

COIorectaI cancer (CRC) is the third most common

recent meta-analysis of 25 observational studies with
a total of 1.95 million participants found that individuals
with hypertension had a 15% higher risk of CRC com-
pared with their normotensive counterparts.? However,
the prior studies of hypertension—-CRC have several
limitations. First, other risk factors, including obesity
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CLINICAL PERSPECTIVE

What Is New?

e The analysis of a nationwide epidemiological
database suggests that higher blood pressure
is associated with higher risk for incident colo-
rectal cancer events among untreated adults.

e This association was present among adults
who did not have obesity, high waist circumfer-
ence, diabetes, or dyslipidemia.

What Are the Clinical Implications?

e Untreated high blood pressure is associated
with an increased risk of colorectal cancer.

e Control of blood pressure in such patients may
have added advantage beyond cardiovascular
benefits.

Nonstandard Abbreviations and Acronyms

CRC colorectal cancer

EPIC European Prospective Investigation Into
Cancer and Nutrition

and diabetes, which could affect both blood pressure
(BP) and cancers,®*® may confound the relationship
between hypertension and cancer. Second, prior stud-
ies included individuals taking antihypertensive med-
ication, and some classes of antihypertensive drugs
(eg, diuretics and renin—angiotensin—aldosterone in-
hibitors) have been associated with cancer risk.5=°
Third, some of the aforementioned studies included
individuals at high risk for CRC, including those with
a history of colorectal polyps, Crohn’s disease, and
ulcerative colitis. Fourth, the definition of hyperten-
sion in the prior hypertension—CRC association stud-
ies differs from that in the 2017 American College of
Cardiology/American Heart Association BP guide-
line.’® Thus, translating evidence from prior studies
into current clinical practice is challenging. Using data
from the health claims database of the JMDC Claims
Database (JMDGC; Tokyo, Japan) that excluded indi-
viduals with colorectal polyps, Crohn’s disease, and
ulcerative colitis,"""* we assessed whether adults
with untreated hypertension, defined using the 2017
American College of Cardiology/American Heart
Association BP guideline, are at higher risk for incident
CRC events compared with those with normal BP. We
also assessed whether the association between hy-
pertension and CRC is present in individuals without
obesity or metabolic abnormalities.
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METHODS

This database is available for anyone who purchases it
from the JMDC (https://www.jmdc.co.jp/en/index).

Study Population

The Japanese government provides universal health in-
surance for all registered inhabitants. Each employer is
obliged by law to provide an annual health checkup to
its employees. Medical and pharmacy claims data and
annual health checkup data from employees’ health
insurance programs were obtained in an anonymous
format from the JMDC."® This study is a retrospective
observational analysis of a health claims database
between January 2005 and August 2018. The JMDC
Claims Database includes individual health insurance
claims from >60 insurers. The JMDC Claims Database
includes demographics, medical history, medications,
hospital claims with International Classification of
Diseases, Tenth Revision (ICD-10) coding, and death
information. For the current analyses, we selected
records of individuals (n=2 528 157) who underwent
assessments of BP. We excluded individuals tak-
ing antihypertensive medications (n=246 870), those
<20 years of age (n=22 198), and those with a history
of colorectal disease including CRC (ICD-10 codes
C18, C19, C20), colorectal polyp (ICD-10 codes K635,
K621), ulcerative colitis ({CD-70 code K51), or Crohn’s
disease (ICD-10 code K50) (n=38 977). The flowchart
defining the sample that was used in the analyses is
shown in Figure 1. After all exclusion criteria were ap-
plied, data from 2 220 112 individuals were analyzed in
this studly.

Ethics

We conducted this study according to the ethical
guidelines of our institution (approval by the Ethical
Committee of the University of Tokyo: 2018-10862) and
in accordance with the principles of the Declaration of
Helsinki. The requirement for informed consent was
waived because all data in the JMDC database were
anonymized and de-identified. All data were compliant
with the International Conference on Harmonization
guidelines.®

BP and Other Measurements

Resting BP was measured by healthcare professionals
such as nurses twice at each health checkup accord-
ing to the procedure recommended by the Ministry
of Health, Labour, and Welfare, and the Japanese
Society of Cardiovascular Disease Prevention as pre-
viously described.”® The average of 2 measurements
was recorded. Participants were categorized as hav-
ing normal BP, elevated BP, stage 1 hypertension, or
stage 2 hypertension according to the 2017 American


https://www.jmdc.co.jp/en/index

Kaneko et al

Untreated High BP and Colorectal Cancer

Individuals enrolled in the JMDC database between January 2005 and August 2018 with available
BP and medication data

(n=2,528,157)

On treatment with anti-hypertensive medications
(n=246,870)

l—

Age <20 years (n=22,198)

Prior history of colorectal disease (n=38,977)
- Colon polyp (n=27,422)
- Rectal polyp (n=2,075)
- Colon cancer (n=3,967)
- Rectal cancer (n=1,958)
- Ulcerative colitis (n= 6,769)
- Crohn’s disease (n= 1,455)
*Unique individuals with one or more of the above diagnoses

Analyzed in this study
(n=2,220,112)

Figure 1. Flowchart.

We extracted records of individuals (n=2 528 157) who underwent health checkups between 2005 and
2018. We excluded individuals taking antihypertensive medications (n=246 870), those <20 years of age
(n=22 198), and those with a history of colorectal disease including colon cancer, rectal cancer, colon
polyp, rectal polyp, ulcerative colitis, or Crohn’s disease (n=38 977). After these exclusions, 2 220 112
subjects were analyzed in this study. BP indicates blood pressure; and JMDC, Japan Medical Data Center.

College of Cardiology/American Heart Association
BP guideline.’® The normal BP group included par-
ticipants with systolic BP <120 mm Hg and diastolic
BP <80 mm Hg. The elevated BP group included
participants with systolic BP 120 to 129 mm Hg and
diastolic BP <80 mm Hg. The stage 1 hypertension
group included participants with systolic BP 130 to
139 mm Hg or diastolic BP 80 to 89 mm Hg. The
stage 2 hypertension group included participants with
systolic BP >140 mm Hg or diastolic BP >90 mm Hg.
Information on cigarette smoking (current or noncur-
rent) and alcohol consumption (every day or not every
day) was self-reported. Obesity was defined as body
mass index (BMI) =25 kg/m?. High waist circumfer-
ence was defined as >85 cm for men and >90 cm for
women."” Diabetes was defined as a fasting glucose
level of >126 mg/dL or use of glucose-lowering medi-
cations. Dyslipidemia was defined as low-density li-
poprotein cholesterol level >140 mg/dL, high-density
lipoprotein cholesterol level <40 mg/dL, triglycerides
>150 mg/dL, or use of lipid-lowering medications. We
defined physical inactivity as not engaging in 30 min-
utes of exercise 2 or more times a week or not walk-
ing >1 hour per day.'’? We defined nonoptimal eating
behaviors as meeting at least one of the following cri-
teria': (1) skipping breakfast >3 times per week, (2)
late night dinner (having dinner within 2 hours before
one’s bedtime) >3 times per week, and (3) bedtime
snacking (eating snacks after dinner) >3 times per
week.

Outcomes

Outcomes were collected between January 2005 and
August 2018. The primary outcome was CRC of any
stage (ICD-10 codes C18, C19, C20). We collected the
information of the primary outcomes by claims records
included in the JMDC database. The JMDC database
could track all of the individual’s clinical information
(such as diagnosis of CRC) even if the individual sees
different medical providers as long as the individual
has the same insurance coverage.

Statistical Analysis

Summary statistics for characteristics of participants in
the BP groups were calculated. The statistical signifi-
cance of differences among groups was determined
using analysis of variance for continuous variables and
¥° tests for categorical variables. The cumulative inci-
dence of CRC events for the BP groups was calcu-
lated using the Kaplan-Meier method. We conducted
Cox regression analyses to identify the association of
BP levels with subsequent risk of CRC. Follow-up time
was censored on the date an event (CRC diagnosis)
was ascertained. Hazard ratios (HRs) were calculated
in an unadjusted model, an age- and sex-adjusted
model, and after adjustment for potential confounders
including age, sex, obesity, high waist circumference,
diabetes, dyslipidemia, prior history of myocardial in-
farction (ICD-10 codes 1210, 1211, 1212, 1213, 1214, 1219),
current cigarette smoking, alcohol drinking, physical
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inactivity, nonoptimal eating behaviors, and aspirin
use at baseline. We conducted 6 sensitivity analyses.
First, because the association of hypertension with
CRC may differ by sex,'®' we conducted analyses
for women and men separately. Second, to minimize
the potential influence of latent CRC, we excluded
participants whose observational period was shorter
than 1 year or shorter than 2 years. Third, we excluded
participants who had obesity, high waist circumfer-
ence, diabetes, or dyslipidemia at baseline. Fourth,
we imputed missing data for covariates using multiple
imputation with chained equations and 20 iterations,
as previously described.?°-?? HRs and standard errors
were obtained using Rubin’s rules. Fifth, we excluded
participants diagnosed with CRC but no treatment
history confirmed. Colon resection (procedure code:
K719), colorectal mucosal resection (procedure code:
K721), rectal resection (procedure code: K740), or oth-
ers (procedure codes: K726, K728, K732, and K736)
were defined as surgery for CRC. Use of fluorouracil,
irinotecan, oxaliplatin, or capecitabine were defined
as chemotherapy for CRC. Sixth, we added 235 448
participants who were on antihypertensive medica-
tion, >20 years of age, and had no history of CRC,
colorectal polyp, or inflammatory bowel disease in the
analysis. A P value of <0.05 was considered statisti-
cally significant. Statistical analyses were performed
using SPSS software version 25 (IBM, Armonk, NY)
and Stata version 16 StataCorp, College Station, TX).

RESULTS

Characteristics of the study participants (n=2 220 112)
areshowninTable 1. The meanage was 44.1+11.0 years,
and 1 297 204 participants (568.4%) were men. Using
BP measurements at baseline, participants were cat-
egorized as having normal BP (n=1 164 807), elevated
BP (n=341 273), stage 1 hypertension (n=466 298), or
stage 2 hypertension (n=247 734). Participants with el-
evated BP, stage 1 hypertension, and stage 2 hyper-
tension were older and more likely to be men, current
smokers, and habitual drinkers than their counterparts
with normal BP. Participants in the elevated BP and
stage 1 and stage 2 hypertension groups had higher
BMI, waist circumference, plasma glucose, glycated
hemoglobin, and serum low-density lipoprotein cho-
lesterol and triglyceride levels, and lower serum high-
density lipoprotein cholesterol levels compared with
their counterparts in the normal BP group.

During a mean (SD) follow-up of 1112 (854) days,
6899 CRC diagnoses occurred. The cumulative inci-
dence of CRC was progressively higher in the higher
BP categories (Figure 2). The event rates for incident
CRC were highest in the stage 2 hypertension group
(1.71 per 1000 person-years), followed by the stage 1
hypertension group (1.22 per 1000 person-years), the
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elevated BP group (0.91 per 1000 person-years), and
the normal BP group (0.82 per 1000 person-years)
(Table 2). Univariate Cox regression analyses showed
that, compared with normal BP, the presence of ele-
vated BP, stage 1 hypertension, or stage 2 hyperten-
sion was associated with a higher risk for incident CRC
events. Age- and sex-adjusted Cox regression analy-
ses showed that, compared with normal BP, stage 1
hypertension or stage 2 hypertension were associated
with a higher risk for incident CRC. In the full multi-
variable Cox regression analyses (model 3), compared
with normal BP, stage 2 hypertension was associated
with higher CRC risk (HR, 1.17; 95% CI, 1.08-1.28)
(Table 2, Table S1).

Higher systolic and diastolic BP were associated
with a higher risk for incident CRC (Table 3). After
multivariable adjustment, each 10-mm Hg-higher sys-
tolic and diastolic BP were associated with increased
risk for incident CRC (HR for systolic BP, 1.04; 95%
Cl, 1.02-1.06 and HR for diastolic BP, 1.06; 95% CI,
1.03-1.09).

We performed 6 sensitivity analyses. First, after
multivariable adjustment, each 10-mm Hg-higher sys-
tolic BP was associated with a higher risk for incident
CRC events in men (HR, 1.06; 95% ClI, 1.04-1.08),
but there was no evidence of an association among
women (HR, 1.01; 95% CI, 0.98-1.04). Also, each 10-
mm Hg-higher diastolic BP was associated with inci-
dent CRC in men (HR, 1.07; 95% CI, 1.04-1.11) but not
in women (HR, 1.04; 95% CI, 0.996-1.09). Compared
with normal BP, stage 1 hypertension (HR, 1.10; 95%
Cl, 1.00-1.20) and stage 2 hypertension (HR, 1.24;
95% Cl, 1.12-1.37) were associated with a higher risk
for CRC events in men, but there was no evidence of
an association among women (Table 4). Second, we
excluded 471 604 participants whose follow-up pe-
riod for CRC was <365 days, leaving a sample size of
1 748 508 participants. During a mean (SD) follow-up
of 997 (789) days, 4780 CRC diagnoses occurred.
Multivariable Cox regression analyses showed that 10-
mm Hg-higher in systolic BP and diastolic BP were as-
sociated with a higher risk for incident CRC (HR, 1.04;
95% Cl, 1.01-1.06 and HR, 1.07; 95% CI, 1.04-1.11,
respectively). Multivariable Cox regression analyses
demonstrated that stage 2 hypertension was associ-
ated with a higher risk for incident CRC (HR, 1.17; 95%
Cl, 1.06-1.30) compared with normal BP (Table S2). We
excluded participants with a follow-up period for CRC
shorter than 2 years, and analyzed 1 330 566 partici-
pants who had a follow-up period for CRC >730 days.
Even in this model, the main result did not change
(Table S3). Third, we analyzed 818 116 participants
who did not have obesity, high waist circumference,
diabetes, or dyslipidemia at baseline. During a mean
follow-up of 1126+847 days, 2300 CRC diagnoses oc-
curred. Multivariable Cox regression analysis showed
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Table 1. Characteristics of Study Participants
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Stage 1 Stage 2
Normal BP, Elevated BP, hypertension, hypertension,
Missing n=1 164 807 n=341 273 n=466 298 n=247 734 P Value

Age, y 0 42.0 (10.6) 43.3 (11.6) 46.7 (10.4) 50.0 (9.8) <0.001
Male sex, n (%) 0 555 861 (47.7) 228 466 (66.9) 333 696 (71.6) 179 181 (72.3) <0.001
Body mass index, kg/m? 967 21.5(3.0) 23.0 (3.4) 23.8 (3.7) 24.8 (4.2) <0.001
Obesity, n (%) 967 139 638 (12.0) 83 560 (24.5) 149 258 (32.0) 104 341 (42.1) <0.001
Waist circumference, cm 215 354 77.4 (8.5) 81.5(9.3) 83.6 (9.6) 86.2 (10.5) <0.001
High waist circumference, n (%) 215 354 153 054 (14.8) 86 005 (28.8) 164 134 (37.8) 112 733 (47.5) <0.001
SBP, mm Hg 0 107 (8) 124 (3) 128 (7) 146 (13) <0.001
DBP, mm Hg 0 65 (7) 72 (5) 81 (5) 92 (9) <0.001
Diabetes, n (%) 457 332 17 694 (1.9) 10 099 (4.0) 20 180 (5.4) 17 158 (8.7) <0.001
Dyslipidemia, n (%) 79926 325483 (29.2) 130 857 (40.3) 221 345 (48.6) 137 667 (56.4) <0.001
Myocardial infarction, n (%) 0 587 (0.1) 199 (0.1) 342 (0.1) 240 (0.1) <0.001
Cigarette smoking, n (%) 16779 286 740 (24.8) 98 260 (29.1) 136 652 (29.5) 73 236 (29.8) <0.001
Alcohol drinking, n (%) 282 492 171 522 (16.8) 65 443 (21.8) 118 863 (29.4) 73629 (34.7) <0.001
Physical inactivity, n (%) 386 719 525 426 (54.2) 151 072 (53.5) 211 583 (55.8) 113 450 (56.2) <0.001
Nonoptimal eating behavior, n (%) 499 469 464 203 (51.3) 140 936 (53.6) 189 720 (52.9) 100 734 (52.1) <0.001
Aspirin use, n (%) 0 2095 (0.2) 899 (0.3) 1658 (0.4) 996 (0.4) <0.001
Laboratory data

Glucose, mg/dL 462 857 91 (13) 94 (16) 97 (19) 101 (23) <0.001

HbA1c, % 427 497 5.4 (0.5) 5.5(0.6) 5.6 (0.7) 5.7 (0.8) <0.001

Low-density lipoprotein 80 117 115 (30) 121 (32) 125 (32) 129 (33) <0.001

cholesterol, mg/dL

High-density lipoprotein 74 163 66 (16) 62 (16) 62 (17) 61 (17) <0.001

cholesterol, mg/dL

Triglycerides, mg/dL 74 655 88 (64) 108 (82) 123 (99) 140 (117) <0.001

Data are expressed as mean (standard deviation) or number (percentage). P values were calculated using the analysis of variance for continuous variables
and x? test for categorical variables. Participants were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg), elevated BP
(untreated SBP 120-129 mm Hg and DBP <80 mm Hg), stage 1 hypertension (untreated SBP 130-139 mm Hg or DBP 80-89 mm Hg), or stage 2 hypertension
(untreated SBP =140 mm Hg or DBP =90 mm Hg). BP indicates blood pressure; DBP, diastolic blood pressure; HbAlc, glycated hemoglobin; and SBP, systolic

blood pressure.

that 10-mm Hg-higher systolic and diastolic BP were
associated with higher risk for incident CRC (HR, 1.04;
95% ClI, 1.01-1.07 and HR, 1.08; 95% CI, 1.03-1.13,
respectively). Among this population, stage 2 hyper-
tension was associated with a higher risk for incident
CRC (HR, 1.32; 95% ClI, 1.13-1.53) compared with nor-
mal BP (Table S4). Fourth, after imputing missing data,
there were 6899 incident CRC diagnoses. Results with
and without imputing missing covariates were similar in
terms of the point estimate for CRC events for BP cate-
gories (Table S5). Fifth, among 6899 participants diag-
nosed with CRC in this study population, we confirmed
that 4963 participants (71.9%) underwent surgical
treatment or chemotherapy for CRC. Accordingly, we
excluded 1936 participants diagnosed with CRC but
no treatment history confirmed from the study popula-
tion. In this population, the association of hypertension,
systolic BP, and diastolic BP with incident CRC still
existed (Table S6). Sixth, compared with participants
having normal BP, those treated with antihypertensive
medication had a higher incidence of CRC (HR, 1.14;
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95% CI, 1.04-1.23). In this study population, systolic
BP per 10 mm Hg (HR, 1.03; 95% CI, 1.02-1.05) and
diastolic BP per 10 mm Hg (HR, 1.06; 95% CI, 1.03-
1.08) were associated with CRC (Table S7). However,
if we analyzed only the study population treated with
antihypertensive medications, neither systolic BP per
10 mm Hg (HR, 1.01; 95% CI, 0.98-1.05) nor diastolic
BP per 10 mm Hg (HR, 1.02; 95% ClI, 0.97-1.08) was
associated with incident CRC.

DISCUSSION

In this nationwide analysis of a health claims database
including adults who had an annual health checkup,
those with untreated hypertension had a higher risk for
incident CRC events, even after adjustment for multiple
potential confounders. This association was present
among adults who did not have obesity, high waist
circumference, diabetes, or dyslipidemia. The associa-
tions between BP and CRC may differ by sex. In men,
the associations of CRC risk and higher systolic and
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0.02 1
Log-rank P <0.001
o
5]
g
= 0.014
]
=
—
Category of Blood Pressure
Stage 2 Hypertension —
Stage 1 Hypertension
Elevated Blood Pressure —
Normal Blood Pressure —
0.00
LIS S B B e — T
4 6 10
Years after enrollment
Numbers at risk
Category 1Y 2Y 3Y 4Y 5Y 10Y
Stage 2 Hypertension 247,734 | 203,627 154,777 98,290 72,937 50,419 1,165
Stage 1 Hypertension 466,298 | 386,770 | 300,297 | 203,095 | 155306 | 112,113 | 3,088
Elevated Blood Pressure 341,273 276,480 209,744 143,174 108,295 76,716 2,565
Normal Blood Pressure 1,164,807 [ 928,569 701,466 | 477,271 353,560 248,879 7,537
Y, year.

Figure 2. Kaplan-Meier curves for colorectal cancer.

The cumulative probability of colorectal cancer events for each blood pressure (BP) group was calculated
using the Kaplan-Meier method. A log-rank test was used to calculate the P value (P<0.001). Participants
were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg), elevated
BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg), stage 1 hypertension (untreated SBP 130-
139 mm Hg or DBP 80-89 mm Hg), or stage 2 hypertension (untreated SBP >140 mm Hg or DBP
>90 mm Hg). DBP indicates diastolic blood pressure; and SBP, systolic blood pressure.

diastolic BP, stage 1 hypertension, and stage 2 hyper-
tension were statistically significant, whereas these as-
sociations were not statistically significant in women.
In a multicenter case-control study conducted in
ltaly and Switzerland and including 1378 cases of colon
cancer, 878 cases of rectal cancer, and 4661 controls,
Pelucchi et al, reported that hypertension was associ-
ated with higher odds risk for CRC in men (odds ratio

[OR], 1.36; 95% ClI, 1.10-1.68) but not in women (OR,
0.92; 95% Cl, 0.73-1.16)."® Hypertension was defined
as the use of antihypertension medication, without tak-
ing BP levels into account. The HRs were adjusted for
age, study center, education, smoking habit, alcohol
drinking, occupational physical activity, and nonalco-
hol energy intake. However, shared risk factors, in-
cluding adiposity and diabetes that could increase the

Table 2. Frequency of Events, Corresponding Incidence Rates, and Hazard Ratios for Colorectal Cancer Events Among

Participants by BP Category

Normal BP, Stage 1 hypertension, Stage 2 hypertension,
n=1 164 807 Elevated BP, n=341 273 n=466 298 n=247 734

No. of events 2867 (0.2) 947 (0.9) 1815 (0.4) 1270 (0.5)

Incidence rate 0.82 0.91 1.22 1.71

Model 1 (unadjusted) 1 [Reference] 110 (1.03-1.19) 1.49 (1.40-1.58) 2.07 (1.94-2.21)

Model 2 1 [Reference] 0.95 (0.88-1.03) 1.08 (1.01-1.14) 1.22 (1.14-1.31)

Model 3 1 [Reference] 0.93 (0.85-1.01) 1.07 (0.99-1.15) 117 (1.08-1.28)

The incidence rate was per 1000 person-years. Unadjusted and adjusted hazard ratios (95% Cls) associated with BP group are shown. Model 1 is
unadjusted. Model 2 includes adjustment for age and sex. Model 3 includes adjustment for age, sex, obesity, high waist circumference, diabetes, dyslipidemia,
prior myocardial infarction, cigarette smoking, alcohol drinking, physical inactivity, nonoptimal eating behavior, and aspirin use. Participants were categorized
as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg), elevated BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg), stage 1
hypertension (untreated SBP 130-139 mm Hg or DBP 80-89 mm Hg), or stage 2 hypertension (untreated SBP >140 mm Hg or DBP =90 mm Hg). BP indicates
blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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Table 3. Hazard Ratios for Colorectal Cancer Events for
Systolic and Diastolic Blood Pressure

Model 1 117 (1.15-1.18) 1.25 (1.23-1.27)
(unadjusted)

Model 2 1.04 (1.02-1.05) 1.07 (1.04-1.09)
Model 3 1.04 (1.02-1.06) 1.06 (1.03-1.09)

Unadjusted and adjusted hazard ratios (95% Cls) associated with a 10-
mm Hg increase in systolic and diastolic blood pressure, respectively, are
shown. Model 1 is unadjusted. Model 2 includes adjustment for age and sex.
Model 3 includes adjustment for age, sex, obesity, high waist circumference,
diabetes, dyslipidemia, prior myocardial infarction, cigarette smoking,
alcohol drinking, physical inactivity, nonoptimal eating behavior, and aspirin
use.

prevalence of not only hypertension but also CRC,?*-%%
were not included in adjusted analyses. In the EPIC
(European Prospective Investigation Into Cancer and
Nutrition) study, Christakoudi et al, reported that each
10-mm Hg-higher systolic and diastolic BP were as-
sociated with increased risk for CRC incidence in men
(HR, 1.03; 95% CI, 1.01-1.06 and HR, 1.05; 95% ClI,
1.01-1.10, respectively) but not in women (HR, 0.99;
95% ClI, 0.97-1.02 and HR, 1.03; 95% CI, 0.99-1.08,
respectively).? Among EPIC participants, 43% were
taking antihypertensive medications, and those with
colorectal polyps, Crohn’s disease, and ulcerative coli-
tis were not excluded.

The current study extends our knowledge by
demonstrating that, in individuals not taking antihy-
pertensive medication and who do not have colorec-
tal polyps, Crohn’s disease, and/or ulcerative colitis,
higher systolic and diastolic BP as well as stage 2

hypertension were associated with CRC risk. There
was evidence of differences in the strength of the
associations of BP groups with CRC events by sex.
Stage 1 and 2 hypertension were each associated with
a higher risk for CRC events in men but not in women.
Higher systolic and diastolic BP were associated with
CRC in men, whereas the associations in women were
weaker and not statistically significant. These findings
suggest that the strength of the associations of BP with
CRC events may be stronger in men compared with
women. However, given the secondary nature of the
interaction analyses, the current results require further
testing in an independent cohort to determine whether
associations between BP and CRC differ by sex.

In the current study, hypertension preceded the
development of CRC. However, the precise patho-
physiological mechanisms underlying the association
between hypertension and CRC remain unknown. The
findings of this observational study are insufficient to
infer a causal relationship between hypertension and
CRC. Furthermore, our analysis showed that partici-
pants on treatment with antihypertensive medication
were also associated with an elevated risk of CRC
compared with those having normal BP. In addition,
the relationship of systolic and diastolic BP with inci-
dent CRC disappeared in participants on treatment
with antihypertensive medication. We need further in-
vestigations to clarify (1) whether a history of hyperten-
sion is associated with incident CRG, (2) if BP-lowering
intervention could reduce the risk of CRC, and (3)
whether antihypertensive medication itself might affect
the incidence of CRC.

The results of the current study have clinical impli-
cations. CRC is both a common cancer and a major

Table 4. Sex-Specific Hazard Ratios for Colorectal Cancer Events for BP Category, SBP, and DBP

Adjusted hazard
ratio (95% Cl)

Adjusted hazard Reference

ratio (95% Cl)

0.95 (0.82-1.11)

1.03 (0.90-1.17)

0.93 (0.83-1.04) 110 (1.00-1.20) 1.24 (1.12-1.37) 1,06 (1.04-1.08) 1,07 (1.04-1.11)

1.04 (0.88-1.23) 1.01 (0.98-1.04) 1.04 (1.00-1.09)

Participants were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg), elevated BP (untreated SBP 120-129 mm Hg and
DBP <80 mm Hg), stage 1 hypertension (untreated SBP 130-139 mm Hg or DBP 80-89 mm Hg), or stage 2 hypertension (untreated SBP =140 mm Hg or
DBP >90 mm Hg). Adjusted hazard ratios for colorectal cancer were calculated by including adjustments for age, obesity, high waist circumference, diabetes,
dyslipidemia, prior myocardial infarction, cigarette smoking, alcohol drinking, physical inactivity, non-optimal eating behavior, and aspirin use. BP indicates
blood pressure; DBP, diastolic blood pressure; and SBP, systolic blood pressure.
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cause of death. Therefore, early detection of and inter-
vention for CRC are important. If future studies demon-
strate a reduction in CRC cancer risk attributable to
BP-lowering therapy, the case for population-level hy-
pertension control will be further strengthened. The
association between BP and incident CRC was more
evident in men compared with women. It is presently
unknown whether offering CRC screening to men with
hypertension before the current age-based screening
criteria would lead to fewer CRC deaths.

The strengths of this study include the large, na-
tionwide, longitudinal health-screening database with
high participation and outcome ascertainment rates
because of electronic linkages to medical claims data.
This study also has several limitations. Measurements
at a single occasion were used for BP categorization,
which might not fully reflect a person’s long-term lev-
els. In the health checkup system, BP was measured
according to the recommended standard protocol of
the Japanese Ministry of Health, Labour, and Welfare
by healthcare professionals, and the average of 2 BP
measurements on a single occasion was recorded as
we previously described.?” However, adherence to the
protocol could be limited in a real-world clinical setting
on a nationwide scale. We identified CRC using ICD-
10 codes registered in the JMDC Claims Database.
Generally, recorded diagnoses of administrative da-
tabases, including the JMDC Claims Database, are
thought to be less well validated. Thus, uncertainty
remains about the accuracy of the diagnosis for CRC.
However, a previous study reported that the validity
of the diagnoses of the administrative database in
Japan was high. Particularly, the sensitivity and spec-
ificity of cancer diagnoses were 83.5% and 97.7%,
respectively.?® We obtained several data including
antihypertensive medications from questionnaires
at health checkups, and therefore, misclassification
could have occurred. Possible residual confounding,
including diet, gut microbiome, and socioeconomic
status, may affect the association between BP and
CRC events. The JMDC Claims Database primarily
included employed, working-age adults. Therefore,
selection bias (healthy-worker bias) should be con-
sidered. In addition, because the population in this
study was young, the incidence of CRC was lower
than that found in previous epidemiological data from
a Japanese population.® Further studies are required
to assess the generalizability of these results to other
races, ethnicities, educational levels, and incomes.
Data on death attributable to CRC were not avail-
able in this database. Because the sensitivity analysis
that included people with follow-up periods >365 or
>730 days confirmed the main results, and the differ-
ence in the cumulative incidence of CRC among the 4
groups shown in Kaplan-Meier curves widened with
time without attenuation, we believe that the influence
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of latent CRC was not so large. However, the pe-
riod of observation was relatively short. Therefore,
we cannot eliminate the possibility of clinically unde-
tected CRC at baseline, which could influence the
findings. Further studies with longer observational
periods are needed to confirm our results. We could
not track the individual if he or she left the original
insurance coverage. An initiation of antihypertensive
medication during the observation period would influ-
ence the results. However, we were unable to assess
this point in this study. Given the low prevalence of
obesity in Japan, we defined obesity as BMI >25 kg/
m? in this study. However, obesity is usually defined
as BMI =30 kg/m?. Therefore, we redefined obesity
as BMI =30 kg/m? and included it in the multivariable
model. In this model, the results did not change, and
stage 2 hypertension was associated with a higher
risk of CRC (HR, 1.17; 95% ClI, 1.08-1.28) compared
with normal BP.

CONCLUSIONS

Higher systolic and diastolic BP, as well as stage 2 hy-
pertension, were each associated with a higher risk
for incident CRC among medication-naive adults. BP
measurement could identify individuals at increased
risk for subsequent CRC.

ARTICLE INFORMATION
Received May 14, 2021; accepted August 19, 2021.

Affiliations

The Department of Cardiovascular Medicine (H. Kaneko, H.l., H. Kiriyama,
TK., KF, NT, HM, LK), The Department of Advanced Cardiology
(H. Kaneko, K.F), The Department of Clinical Epidemiology and Health
Economics, School of Public Health (K. Morita) and The Department of
Health Services Research (N.M., T.J.), The University of Tokyo, Japan; YCU
Center for Novel and Exploratory Clinical Trials, Yokohama City University
Hospital, Yokohama, Japan (Y.Y.); The Department of Family Medicine
and Community Health, Duke University, Durham, NC (Y.Y., A.J\V.); The
Department of Health Services Research, Faculty of Medicine, University of
Tsukuba, Ibaraki, Japan (K.M., H.Y.); Department of Pharmacology, Faculty
of Medicine, Kagawa University, Kagawa, Japan (A.N.); Department of
Cardiovascular Medicine, Saga University, Saga, Japan (K.N.); Department
of Medicine, University of Chicago Medicine, Chicago, IL (G.B.); Department
of Public Health (K. Miura) and Center for Epidemiologic Research in Asia
(K. Miura), Shiga University of Medical Science, Otsu, Japan; Department of
Epidemiology (P.M.) and Division of Cardiovascular Disease, Department of
Medicine (S.0.), University of Alabama at Birmingham, AL; and Department of
Preventive Medicine, Northwestern University Feinberg School of Medicine,
Chicago, IL (D.M.L.-J.).

Sources of Funding

This work was supported by grants from the Ministry of Health, Labour, and
Welfare, Japan (19AA2007 and H30-Policy-Designated-004) and the Ministry
of Education, Culture, Sports, Science, and Technology, Japan (17H04141).

Disclosures

Drs Kaneko and Fujiu report research funding and scholarship funds from
Medtronic Japan Co., Ltd.; Biotronik Japan; Simplex Quantum Co., Ltd.;
Boston Scientific Japan Co., Ltd.; and Fukuda Denshi, Central Tokyo Co.,
Ltd. The remaining authors have no disclosures to report.



Kaneko et al

Supplementary Material
Tables S1-S7

REFERENCES

1.

10.

J Am Heart Assoc. 2021;10:e022479. DOI: 10.1161/JAHA.121.022479

Bray F, Ferlay J, Soerjomataram |, Siegel RL, Torre LA, Jemal A. Global
cancer statistics 2018: GLOBOCAN estimates of incidence and mor-
tality worldwide for 36 cancers in 185 countries. CA Cancer J Clin.
2018;68:394-424. doi: 10.3322/caac.21492

Xuan K, Zhao T, Sun C, Patel AS, Liu H, Chen X, Qu G, Sun'Y. The asso-
ciation between hypertension and colorectal cancer: a meta-analysis of
observational studies. Eur J Cancer Prev. 2021;30:84-96. doi: 10.1097/
CEJ.0000000000000578

Ma E, Sasazuki S, Iwasaki M, Sawada N, Inoue M, Shoichiro T; Japan
Public Health Center-based Prospective Study G. 10-year risk of col-
orectal cancer: development and validation of a prediction model in
middle-aged Japanese men. Cancer Epidemiol. 2010;34:534-541. doi:
10.1016/j.canep.2010.04.021

Kreger BE, Anderson KM, Schatzkin A, Splansky GL. Serum cholesterol
level, body mass index, and the risk of colon cancer. The Framingham
Study. Cancer. 1992;70:1038-1043. doi: 10.1002/1097-0142(19920
901)70:5<1038:AID-CNCR2820700505>3.0.CO;2-M

Larsson SC, Orsini N, Wolk A. Diabetes mellitus and risk of colorectal
cancer: a meta-analysis. J Natl Cancer Inst. 2005;97:1679-1687. doi:
10.1093/jnci/d;ji375

Xie Y, Xu P, Wang M, Zheng YI, Tian T, Yang SI, Deng Y, Wu Y, Zhai Z,
Hao Q, et al. Antihypertensive medications are associated with the risk
of kidney and bladder cancer: a systematic review and meta-analysis.
Aging (Albany NY). 2020;12:1545-1562. doi: 10.18632/aging.102699
Shin D, Lee ES, Kim J, Guerra L, Naik D, Prida X. Association between
the use of thiazide diuretics and the risk of skin cancers: a meta-
analysis of observational studies. J Clin Med Res. 2019;11:247-255. doi:
10.14740/jocmr3744

Zhao YT, Li PY, Zhang JQ, Wang L, Yi Z. Angiotensin Il receptor blockers
and cancer risk: a meta-analysis of randomized controlled trials. Medicine
(Baltimore). 2016;95:€3600. doi: 10.1097/MD.0000000000003600

Hicks BM, Filion KB, Yin H, Sakr L, Udell JA, Azoulay L. Angiotensin
converting enzyme inhibitors and risk of lung cancer: population based
cohort study. BMJ. 2018;363:k4209. doi: 10.1136/bmj.k4209

Whelton PK, Carey RM, Aronow WS, Casey DE Jr, Collins KJ, Dennison
Himmelfarb C, DePalma SM, Gidding S, Jamerson KA, Jones DW, et al.
2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA
guideline for the prevention, detection, evaluation, and management of high
blood pressure in adults: a report of the American College of Cardiology/
American Heart Association Task Force on Clinical Practice Guidelines.
Circulation. 2018;138:e484-e594. doi: 10.1161/CIR.0000000000000596
Ohbe H, Goto T, Miyamoto Y, Yasunaga H. Risk of cardiovascular
events after spouse’s ICU admission. Circulation. 2020;142:1691-1693.
doi: 10.1161/CIRCULATIONAHA.120.047873

Kaneko H, Itoh H, Kamon T, Fujiu K, Morita K, Michihata N, Jo T, Morita
H, Yasunaga H, Komuro I. Association of cardiovascular health met-
rics with subsequent cardiovascular disease in young adults. J Am Coll
Cardiol. 2020;76:2414-2416. doi: 10.1016/j.jacc.2020.09.545

Kaneko H, Itoh H, Yotsumoto H, Kiriyama H, Kamon T, Fujiu K, Morita
K, Michihata N, Jo T, Takeda N, et al. Association of isolated diastolic
hypertension based on the cutoff value in the 2017 American College
of Cardiology/American Heart Association blood pressure guidelines
with subsequent cardiovascular events in the general population. J Am
Heart Assoc. 2020;9:e017963. doi: 10.1161/JAHA.120.017963

16.

20.

21.

22.

23.

24,

25.

26.

27.

28.

Untreated High BP and Colorectal Cancer

Kaneko H, Itoh H, Kiriyama H, Kamon T, Fujiu K, Morita K, Michihata
N, Jo T, Takeda N, Morita H, et al. Restfulness from sleep and sub-
sequent cardiovascular disease in the general population. Sci Rep.
2020;10:19674. doi: 10.1038/s41598-020-76669-z

Kimura S, Sato T, lkeda S, Noda M, Nakayama T. Development of a
database of health insurance claims: standardization of disease classi-
fications and anonymous record linkage. J Epidemiol. 2010;20:413-419.
doi: 10.2188/jea.JE20090066

Dixon JR Jr. The international conference on harmonization good clin-
ical practice guideline. Qual Assur. 1998;6:65-74. doi: 10.1080/10529
4199277860

Matsuzawa Y. Metabolic syndrome-definition and diagnostic criteria in
Japan. J Atheroscler Thromb. 2005;12:301. doi: 10.56551/jat.12.301
Pelucchi C, Negri E, Talamini R, Levi F, Giacosa A, Crispo A, Bidoli E,
Montella M, Franceschi S, La Vecchia C. Metabolic syndrome is associ-
ated with colorectal cancer in men. Eur J Cancer. 2010;46:1866-1872.
doi: 10.1016/j.ejca.2010.03.010

Shin CM, Han K, Lee DH, Choi YJ, Kim N, Park YS, Yoon H. Association
among obesity, metabolic health, and the risk for colorectal cancer in
the general population in Korea using the National Health Insurance
Service-National Sample Cohort. Dis Colon Rectum. 2017;60:1192—
1200. doi: 10.1097/DCR.0000000000000876

Kaneko H, Itoh H, Kiriyama H, Kamon T, Fujiu K, Morita K, Michihata
N, Jo T, Takeda N, Morita H, et al. Lipid profile and subsequent cardio-
vascular disease among young adults aged < 50 years. Am J Cardiol.
2021;142:59-65. doi: 10.1016/j.amjcard.2020.11.038

Kaneko H, Itoh H, Yotsumoto H, Kiriyama H, Kamon T, Fujiu K, Morita
K, Michihata N, Jo T, Morita H, et al. Association of body weight gain
with subsequent cardiovascular event in non-obese general population
without overt cardiovascular disease. Atherosclerosis. 2020;308:39—
44, doi: 10.1016/j.atherosclerosis.2020.05.015

Yagi M, Yasunaga H, Matsui H, Morita K, Fushimi K, Fujmoto M,
Koyama T, Fujitani J. Impact of rehabilitation on outcomes in patients
with ischemic stroke: a nationwide retrospective cohort study in Japan.
Stroke. 2017;48:740-746. doi: 10.1161/STROKEAHA.116.015147

Koene RJ, Prizment AE, Blaes A, Konety SH. Shared risk factors in car-
diovascular disease and cancer. Circulation. 2016;133:1104-1114. doi:
10.1161/CIRCULATIONAHA.115.020406

Bardou M, Barkun AN, Martel M. Obesity and colorectal cancer. Gut.
2013;62:933-947. doi: 10.1136/gutjnl-2013-304701

Gonzalez N, Prieto |, Del Puerto-Nevado L, Portal-Nufiez S, Ardura JA,
Corton M, Fernandez-Fernandez B, Aguilera O, Gomez-Guerrero C,
Mas S, et al. 2017 update on the relationship between diabetes and
colorectal cancer: epidemiology, potential molecular mechanisms
and therapeutic implications. Oncotarget. 2017;8:18456-18485. doi:
10.18632/oncotarget.14472

Christakoudi S, Kakourou A, Markozannes G, Tzoulaki I, Weiderpass E,
Brennan P, Gunter M, Dahm CC, Overvad K, Olsen A, et al. Blood pres-
sure and risk of cancer in the European Prospective Investigation into
Cancer and Nutrition. Int J Cancer. 2020;146:2680-2693. doi: 10.1002/
ijc.32576

Kaneko H, Yano YV, Itoh H, Morita K, Kiriyama H, Kamon T, Fujiu K,
Michihata N, Jo T, Takeda N, et al. Association of blood pressure classi-
fication using the 2017 American College of Cardiology/American Heart
Association blood pressure guideline with risk of heart failure and atrial
fibrillation. Circulation. 2021;143:2244-2253. doi: 10.1161/CIRCULATIO
NAHA.120.052624

Yamana H, Moriwaki M, Horiguchi H, Kodan M, Fushimi K, Yasunaga
H. Validity of diagnoses, procedures, and laboratory data in Japanese
administrative data. J Epidemiol. 2017;27:476-482. doi: 10.1016/j.
je.2016.09.009


https://doi.org/10.3322/caac.21492
https://doi.org/10.1097/CEJ.0000000000000578
https://doi.org/10.1097/CEJ.0000000000000578
https://doi.org/10.1016/j.canep.2010.04.021
https://doi.org/10.1002/1097-0142(19920901)70:5%3C1038:AID-CNCR2820700505%3E3.0.CO;2-M
https://doi.org/10.1002/1097-0142(19920901)70:5%3C1038:AID-CNCR2820700505%3E3.0.CO;2-M
https://doi.org/10.1093/jnci/dji375
https://doi.org/10.18632/aging.102699
https://doi.org/10.14740/jocmr3744
https://doi.org/10.1097/MD.0000000000003600
https://doi.org/10.1136/bmj.k4209
https://doi.org/10.1161/CIR.0000000000000596
https://doi.org/10.1161/CIRCULATIONAHA.120.047873
https://doi.org/10.1016/j.jacc.2020.09.545
https://doi.org/10.1161/JAHA.120.017963
https://doi.org/10.1038/s41598-020-76669-z
https://doi.org/10.2188/jea.JE20090066
https://doi.org/10.1080/105294199277860
https://doi.org/10.1080/105294199277860
https://doi.org/10.5551/jat.12.301
https://doi.org/10.1016/j.ejca.2010.03.010
https://doi.org/10.1097/DCR.0000000000000876
https://doi.org/10.1016/j.amjcard.2020.11.038
https://doi.org/10.1016/j.atherosclerosis.2020.05.015
https://doi.org/10.1161/STROKEAHA.116.015147
https://doi.org/10.1161/CIRCULATIONAHA.115.020406
https://doi.org/10.1136/gutjnl-2013-304701
https://doi.org/10.18632/oncotarget.14472
https://doi.org/10.1002/ijc.32576
https://doi.org/10.1002/ijc.32576
https://doi.org/10.1161/CIRCULATIONAHA.120.052624
https://doi.org/10.1161/CIRCULATIONAHA.120.052624
https://doi.org/10.1016/j.je.2016.09.009
https://doi.org/10.1016/j.je.2016.09.009

SUPPLEMENTAL MATERIAL



Table S1. Multivariable Cox Regression Model for Colorectal Cancer Events

Hazard Ratio 95% Confidence Interval

Blood Pressure Category

Normal Blood Pressure 1 [Reference]

Elevated Blood Pressure 0.93 0.85-1.01

Stage 1 Hypertension 1.07 0.99-1.14

Stage 2 Hypertension 1.17 1.08-1.28
Age 1.08 1.08-1.08
Men 1.04 0.97-1.12
Obesity 1.04 0.95-1.13
High Waist Circumference 1.13 1.04-1.22
Diabetes Mellitus 1.24 1.11-1.39
Dyslipidemia 0.95 0.90-1.01
Prior Myocardial Infarction 1.16 0.54-2.49
Cigarette Smoking 1.14 1.06-1.22
Alcohol Drinking 1.28 1.20-1.37
Physical Inactivity 1.05 0.99-1.12
Non-Optimal Eating Behavior 1.02 0.96-1.08
Aspirin Use 1.19 0.82-1.73

Normal blood pressure was defined as untreated systolic blood pressure <120 mmHg and diastolic blood pressure <
80 mmHg. Elevated blood pressure was defined as untreated systolic blood pressure of 120-129 mm Hg and diastolic
blood pressure < 80 mmHg. Stage 1 hypertension was defined as untreated systolic blood pressure of 130-139 mmHg
or diastolic blood pressure of 80-89 mmHg. Stage 2 hypertension was untreated systolic blood pressure >140 mmHg

or diastolic blood pressure 290 mmHg.



Table S2. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category, Systolic Blood Pressure,

and Diastolic Blood Pressure in Participants with Follow-Up Period for Colorectal Cancer > 365 days

BP Category ) . .
Systolic  blood | Diastolic blood
Normal Elevated Stage 1 Stage 2
) ) pressure pressure
BP BP Hypertension Hypertension

er 10 mmH 10 H
(n=904,866) (n=267,840) (n=376,975) (n=198,827) (per g) | (per 10 mmHg)

Adjusted
] 0.94 1.08 1.17 1.04 1.07
Hazard Ratio | Reference
(0.84-1.05)  (0.99-1.18) (1.06-1.30) (1.01-1.06) (1.04-1.11)
(95% CI)

We excluded 471,604 participants who had colorectal cancer within the first year of follow-up. Participants were
categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg; elevated BP (untreated SBP
120-129 mm Hg and DBP <80 mm Hg); stage 1 hypertension (untreated SBP 130-139 mm Hg or DBP 80-89 mm
Hg; or stage 2 hypertension (untreated SBP >140 mm Hg or DBP >90 mm Hg). Adjusted hazard ratios for
colorectal cancer were calculated by including adjustments for age, sex, obesity, high waist circumference,
diabetes mellitus, dyslipidemia, prior myocardial infarction, cigarette smoking, alcohol drinking, physical
inactivity, non-optimal eating behavior, and aspirin use. BP=blood pressure; SBP=systolic blood pressure;

DBP=diastolic blood pressure; Cl=confidence interval.



Table S3. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category, Systolic Blood Pressure,

and Diastolic Blood Pressure in Participants with Follow-Up Period for Colorectal Cancer > 730 days

BP Category ) . .
Systolic  blood | Diastolic blood
Normal Elevated Stage 1 Stage 2
) ) pressure pressure
BP BP Hypertension Hypertension

er 10 mmH 10 H
(n=683,713) (n=203,170) (n=292,586) (n=151,097) (per g | (per 10 mmkg)

Adjusted
] 0.94 1.08 1.17 1.03 1.06
Hazard Ratio | Reference
(0.82-1.07)  (0.97-1.20) (1.03-1.33) (1.00-1.06) (1.02-1.11)
(95% CI)

We excluded participants with follow-up period for CRC shorter than two years, and analyzed 1,330,566
participants who had follow-up period for CRC > 730 days. Participants were categorized as having normal BP
(untreated SBP <120 mm Hg and DBP <80 mm Hg; elevated BP (untreated SBP 120-129 mm Hg and DBP <80
mm Hg); stage 1 hypertension (untreated SBP 130-139 mm Hg or DBP 80-89 mm Hg; or stage 2 hypertension
(untreated SBP >140 mm Hg or DBP >90 mm Hg). Adjusted hazard ratios for colorectal cancer were calculated
by including adjustments for age, sex, obesity, high waist circumference, diabetes mellitus, dyslipidemia, prior
myocardial infarction, cigarette smoking, alcohol drinking, physical inactivity, non-optimal eating behavior, and
aspirin use. BP=blood pressure; SBP=systolic blood pressure; DBP=diastolic blood pressure; Cl=confidence

interval.



Table S4. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category, Systolic Blood Pressure,

and Diastolic Blood Pressure in in Participants Not Having Metabolic Disorders

BP Category ) . .
Systolic  blood | Diastolic blood
Normal Elevated Stage 1 Stage 2
) ) pressure pressure
BP BP Hypertension Hypertension

er 10 mmH er 10 mmH
(1=542.024) (n=104.736) (1=123.515) (n=47.841) | & @ &

Adjusted
] 091 1.05 1.32 1.04 1.08
Hazard Ratio | Reference
(0.78-1.05)  (0.93-1.19) (1.13-1.53) (1.01-1.07) (1.03-1.13)
(95% CI)

We excluded 1,401,996 participants with obesity, high waist circumference, diabetes mellitus, or dyslipidemia at
baseline. Participants were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg;
elevated BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg); stage 1 hypertension (untreated SBP 130-
139 mm Hg or DBP 80-89 mm Hg; or stage 2 hypertension (untreated SBP >140 mm Hg or DBP >90 mm Hg).
Adjusted hazard ratio for colorectal cancer were calculated by including adjustments for age, sex, prior myocardial
infarction, cigarette smoking, alcohol drinking, physical inactivity, non-optimal eating behavior, and aspirin use.

BP=blood pressure; SBP=systolic blood pressure; DBP=diastolic blood pressure; Cl=confidence interval.



Table S5. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category after Multiple

Imputation for Missing Data

Normal BP Elevated BP
(n=1,164,807) (n=341,273)
Adjusted Hazard Ratio
(95% CI)

Reference 0.92 (0.85-1.00)

BP Category
Stage 1 Hypertension
(n=466,298)

Stage 2 Hypertension
(n=247,734)

1.04 (0.98-1.12) 1.12 (1.04-1.22)

We imputed covariates for missing data collected at baseline (left column in Table 1) for the 2,220,112 participants.

Participants were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80 mm Hg; elevated
BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg); stage 1 hypertension (untreated SBP 130-139 mm Hg
or DBP 80-89 mm Hg; or stage 2 hypertension (untreated SBP >140 mm Hg or DBP >90 mm Hg). Adjusted hazard

ratios for colorectal cancer were calculated by including adjustment for age, sex, obesity, high waist circumference,

diabetes mellitus, dyslipidemia, prior myocardial infarction, cigarette smoking, alcohol drinking, physical

inactivity, non-optimal eating behavior, and aspirin use. BP=blood pressure; SBP=systolic blood pressure;

DBP=diastolic blood pressure; Cl=confidence interval.



Table S6. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category, Systolic Blood Pressure,
and Diastolic Blood Pressure in Participants After Excluding Those Diagnosed with Colorectal Cancer But

No Treatment History Confirmed

BP Category . . .
Systolic  blood | Diastolic blood
Normal Elevated Stage 1 Stage 2
) . pressure pressure
BP BP Hypertension Hypertension

10 H er 10 mmH
(=1163.922) (n=341.018) (n=465.801) (n=247.435) | Per10mmHe) | g

Adjusted
Hazard Ratio | Reference
(95% CI)

0.98 1.09 1.24 1.05 1.07
(0.88-1.09)  (1.00-1.19)  (1.12-1.37) | (1.03-1.07) (1.04-1.11)

After excluding 1,936 participants diagnosed with CRC but no treatment history confirmed, we analyzed
2,218,176 patients. Participants were categorized as having normal BP (untreated SBP <120 mm Hg and DBP <80
mm Hg; elevated BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg); stage 1 hypertension (untreated SBP
130-139 mm Hg or DBP 80-89 mm Hg; or stage 2 hypertension (untreated SBP >140 mm Hg or DBP >90 mm
Hg). Adjusted hazard ratios for colorectal cancer were calculated by including adjustments for age, sex, obesity,
high waist circumference, diabetes mellitus, dyslipidemia, prior myocardial infarction, cigarette smoking, alcohol
drinking, physical inactivity, non-optimal eating behavior, and aspirin use. BP=blood pressure; SBP=systolic

blood pressure; DBP=diastolic blood pressure; Cl=confidence interval.



Table S7. Hazard Ratios for Colorectal Cancer Events for Blood Pressure Category, Systolic Blood Pressure, and Diastolic

Blood Pressure in Participants Including People Treated with Antihypertensive Medication

BP Category Systolic Diastolic
Antihypertens | blood blood
Normal Elevated Stage 1 Stage 2 _
. . ive pressure pressure
BP BP Hypertension = Hypertension o
medications (per 10 | (per 10
(n=1,164,807) (n=341,273) (n=466,298)  (n=247,734)
(235,448) mmHg) mmHg)
Adjusted
. 0.93 1.07 1.18 1.14 1.03 1.06
Hazard Ratio | Reference
(95% CI) (0.85-1.02) (0.99-1.15) (1.08-1.29) (1.04-1.23) (1.02-1.05) (1.03-1.08)
0

We added 235,448 participants who were on antihypertensive medication, aged >20 years and having no history of CRC, colorectal
polyp, and inflammatory bowel disease in the analysis. Participants were categorized as having normal BP (untreated SBP <120
mm Hg and DBP <80 mm Hg; elevated BP (untreated SBP 120-129 mm Hg and DBP <80 mm Hg); stage 1 hypertension (untreated
SBP 130-139 mm Hg or DBP 80-89 mm Hg); stage 2 hypertension (untreated SBP >140 mm Hg or DBP >90 mm Hg); or on
treatment with antihypertensive medication. Adjusted hazard ratios for colorectal cancer were calculated by including adjustments
for age, sex, obesity, high waist circumference, diabetes mellitus, dyslipidemia, prior myocardial infarction, cigarette smoking,
alcohol drinking, physical inactivity, non-optimal eating behavior, and aspirin use. BP=blood pressure; SBP=systolic blood

pressure; DBP=diastolic blood pressure; Cl=confidence interval.





