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BACKGROUND: Hypertension is an important cause of morbidity, which predisposes patients to major cardiovascular events 
and mortality. The aim of this study was to explore the association between adherence to antihypertensive medication and 
clinical outcomes in adult patients with cancer.

METHODS AND RESULTS: Using the 2002 to 2013 Korean National Health Insurance Service– National Sample Cohort, we ex-
tracted adult patients with cancer treated with antihypertensive medications. Based on the medication possession ratio value, 
participants were divided into 3 groups: good (medication possession ratio ≥0.8), moderate (0.5≤ medication possession ratio 
<0.8), and poor (medication possession ratio <0.5) adherence groups. The primary outcomes were overall and cardiovascular 
mortality. The secondary outcome was cardiovascular events requiring hospitalization due to major cardiovascular diseases. 
Among 19 246 patients with cancer with concomitant hypertension, 66.4% were in the nonadherence group (26.3% were 
moderate and 40.0% were poor adherence group). Over a median of 8.4 years of follow- up, 2752 deaths and 6057 cardiovas-
cular events occurred. Compared with the good adherence group, the moderate and poor adherence groups had a 1.85- fold 
and 2.19- fold increased risk for overall mortality, and 1.72- fold and 1.71- fold elevated risk for cardiovascular mortality, respec-
tively, after adjustment for possible confounders. Furthermore, the moderate and poor adherence groups had a 1.33- fold and 
1.34- fold elevated risk of new- onset cardiovascular events, respectively. These trends were consistent across cardiovascular 
event subtypes.

CONCLUSIONS: Nonadherence to antihypertensive medication was common in patients with cancer and was associated with 
worse clinical outcomes in adult patients with cancer with hypertension. More attention should be paid to improving adher-
ence to antihypertensive medication among patients with cancer.
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Hypertension is a leading risk factor for early death 
and disability worldwide.1,2 However, the control 
rate of hypertension is dismally low. According to 

a report by the Noncommunicable Disease Risk Factor 
Collaboration, hypertension is under control in only 18% 
of men and 23% of women suffering from it, as of 2019.1 
One of the factors associated with inadequate control 
of hypertension is nonadherence to antihypertensive 
medication.3,4 A recent meta- analysis involving 13 688 
patients with hypertension reported that one- third of pa-
tients with hypertension with comorbidities were nonad-
herent to antihypertensive medications.5

Recently, patients with cancer and survivors have 
been recognized as vulnerable subgroups who have 
an elevated risk of developing hypertension and its 
complications.6– 8 A cohort study reported cardiovas-
cular disease as the most common cause of death 
other than cancer- related deaths in patients with can-
cer.8,9 Hypertension is one of the common comor-
bidities among patients with cancer and survivors.10 
However, hypertension is still underrecognized and 
undertreated both by physicians and patients during 
the management of patients with cancer, probably due 
to the main focus of curing the cancer. Furthermore, 
the clinical implications of nonadherence to antihyper-
tensive medication among patients with cancer remain 
uncertain. Therefore, we evaluated the association 
between adherence to antihypertensive medication 

and clinical outcomes (overall/cardiovascular mortality 
and cardiovascular events) in patients with cancer with 
hypertension.

METHODS
The data that support the findings of this study are 
available from the corresponding author upon reason-
able request.

Study Database and Study Population
For this analysis, we used data from the Korean 
National Health Insurance Service (NHIS)- National 
Sample Cohort database. The Korean NHIS is a com-
pulsory health insurance system covering the entire 
Korean population. The NHIS- National Sample Cohort 
is a representative nationwide population- based co-
hort established to provide researchers and policy-
makers with information on the citizens’ use of health 
insurance and services. A systematic stratified random 
sampling method was used, and 2.2% of the total 
Korean population was sampled in 2002 and followed 
until 2013. The database contains information about 
demographic characteristics and medical records (in-
cluding diagnostic codes, prescriptions, and inpatient 
and outpatient visits).11

From the NHIS- National Sample Cohort 2002 
to 2013 database, we extracted details of patients 
with cancer (n=99 354). In the current analyses, we 
included the following 10 most common adult solid 
cancers using International Classification of Diseases, 
Tenth Revision (ICD- 10) codes: breast cancer (C50), 
colon cancer (C18– C20), gastric cancer (C16), gall-
bladder cancer (C23), liver cancer (C22), lung cancer 
(C34), non- Hodgkin’s disease (C82– C86), ovarian 
cancer (C56), prostate cancer (C61), and renal cell 
carcinoma (C64). During this process, those with 
other cancers were excluded (n=29 778). We ex-
cluded patients with previous cancer at the baseline 
(2002) to confine our study population to patients with 
newly diagnosed cancer (n=11 339). Patients <20 or 
≥85 years of age (n=1863) and those with low income 
(n=2181) were excluded. To minimize the effect of re-
verse causality, we further excluded those who died 
or experienced cardiovascular disease (CVD) within 
the first 2 years of the study (n=16 543). Additionally, 
we excluded patients who had not been prescribed 
antihypertensive medications during the whole study 
period (n=18 404). Ultimately, 19 246 individuals were 
included in the study (Figure S1). The institutional re-
view board of Severance Hospital approved the study 
protocol (4- 2015- 0140) and waived the requirement of 
informed consent because the data provided by NHIS 
were anonymized.

CLINICAL PERSPECTIVE

What Is New?
• A substantial proportion (2 in 3) of patients with 

cancer showed nonadherence to antihyperten-
sive medication.

• Nonadherence to antihypertensive medication 
was associated with increased mortality and 
morbidity in adult patients with cancer.

What Are the Clinical Implications?
• More attention should be focused on improving 

antihypertensive medication adherence among 
patients with cancer for better cardiovascular 
outcomes.

Nonstandard Abbreviations and Acronyms

MPR medication possession ratio
NHIS National Health Insurance Service
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Ascertainment of Adherence to 
Antihypertensive Medication
Adherence to antihypertensive medication was evalu-
ated using the medication possession ratio (MPR), 
which was calculated as the number of days medica-
tion was supplied divided by the refill period.12 Based 
on the MPR, participants were divided into good (MPR 
≥0.8), moderate (0.5≤ MPR <0.8), and poor (MPR <0.5) 
adherence groups.13 We defined nonadherence as an 
MPR of <0.8, as in previous studies.12,13

Study Outcomes
The primary outcomes were overall and cardiovascular 
mortality. We identified deaths and causes by lever-
aging the mortality records of the National Statistical 
Office of Korea, linked to the NHIS database. The 
secondary outcomes were composite cardiovascular 
events or individual cardiovascular events. In our study, 
cardiovascular events were defined as first hospitaliza-
tion due to ischemic heart disease (IHD; I20– I25), pe-
ripheral artery disease (PAD; I70– I79), cerebrovascular 
accident (CVA; I60– I69), and heart failure (HF; I40– I43, 
I50– I52). Chronic kidney disease was identified using 
ICD- 10 codes (N18, N19). To eliminate the effect of any 
previous history of CVD, we applied 2 methods. First, 
we adjusted for previous history of CVD (either outpa-
tient or inpatient visits due to IHD, PAD, CVA, and HF) 
in the entire population (n=19 246). Second, we fur-
ther excluded those who had a history of admission 
for CVD (IHD, PAD, CVA, and HF) and then repeated 
the same analyses. In the case of the second method 
(results after exclusion of those with prior admission 
history for CVD), we adjusted for the previous history of 
outpatient medical service use for CVD, because some 
patients still might have an outpatient visit history for 
CVD. The second method may serve as a sensitivity 
test. Individuals were followed up from the point of 
cancer diagnosis until the primary or secondary end 
point or the end of the study (December 31, 2013).

Statistical Analysis
Categorical variables were presented as numbers 
with percentages. A Cox proportional hazard regres-
sion model was constructed to identify the hazard 
associated with nonadherence to antihypertensive 
medication. Cox models applied cause- specific haz-
ard methods for competing risks, censoring those 
with competing events (other causes of death) or end 
of follow- up. Crude and adjusted hazard ratios (HRs) 
with 95% CIs were calculated after controlling for po-
tential confounders (age, sex, residential area, income 
status, CVD history, and chronic kidney disease his-
tory). Log- log plots were performed to test the propor-
tional hazards assumption, and we found no evidence 

of violating the proportional hazards assumption for 
MPR for various outcomes. Kaplan- Meier curves were 
plotted to show the cumulative incidence of primary 
outcomes. The log- rank test was used to identify dif-
ferences in primary outcomes between groups. In 
regard to overall mortality, we performed subgroup 
analyses by sex (men and women) and age (<60 and 
≥60 years). Statistical significance was set at a P value 
of <0.05. SAS version 9.4 (SAS Institute, Cary, NC) was 
used for all statistical analyses.

RESULTS
Baseline Characteristics of the Study 
Population
Among 19 246 patients with cancer with concomi-
tant hypertension, 62.4% were men and 42.8% were 
≥65 years of age. Specifically, 8.3% were 20 to 44 years 
of age, 48.8% were 45 to 64 years of age, 30.2% were 
65 to 74 years of age, and 12.6% were 75 to 84 years 
of age. The median MPR in our study cohort was 0.64 
(interquartile range, 0.20– 0.86). The baseline char-
acteristics of the study population are summarized 
in Table S1. In the current cohort, 33.6% were in the 
good adherence group and 66.4% were in the non-
adherence group (26.3% were moderate, and 40.0% 
were in the poor adherence group). The poor adher-
ence group was younger, lived in suburban areas, and 
had lower income status compared with the good ad-
herence group (Table S1). Over a median of 8.4 years 
of follow- up, 2752 deaths and 6057 cardiovascular 
events occurred.

Association of Antihypertensive 
Medication Adherence and Mortality
Compared with the good adherence group, the mod-
erate and poor adherence groups had 1.85- fold and 
2.19- fold elevated risk, respectively, for overall mortality 
after controlling for possible confounding factors (age, 
sex, residential area, income level, previous history of 
CVD, and previous history of chronic kidney disease) 
(adjusted HR, 1.85 [95% CI, 1.66– 2.06] for the mod-
erate adherence group, and adjusted HR, 2.19 [95% 
CI, 1.98– 2.42] for the poor adherence group; Table 1). 
In terms of CVD mortality, the moderate and poor ad-
herence groups had 1.72- fold and 1.71- fold elevated 
risk, respectively, compared with the good adherence 
group (adjusted HR, 1.72 [95% CI, 1.32– 2.24] for the 
moderate adherence group, and adjusted HR, 1.71 
[95% CI, 1.33– 2.21] for the poor adherence group).

The Kaplan- Meier curve demonstrated worse 
overall survival in both the moderate and poor adher-
ence groups. Specifically, the separation of the curve 
between the good adherence and moderate/poor 
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adherence groups began early (within the first 0.5 years 
after the lag time period of 2 years) and overlap of the 
curves of moderate and poor adherence groups, with 
a slightly worse outcome for the poor adherence group 
(Figure 1). Generally, comparable results were obtained 
in each subgroup analysis of sex (men versus women) 
and age (<60 versus ≥60 years) (Figure 2, Table S2).

Association of Antihypertensive 
Adherence With Future CVD Occurrence
Compared with the good adherence group, the mod-
erate and poor adherence groups had a 1.33- fold and 
1.34- fold elevated risk for new- onset any CVD, respec-
tively, after controlling for age, sex, residential area, 
income level, previous history of CVD, and previous 
history of CKD (adjusted HR, 1.33 [95% CI, 1.25– 1.42] 

for the moderate adherence group, and adjusted HR, 
1.34 [95% CI, 1.26– 1.42] for the poor adherence group) 
(Table 2). In regard to each specific subtype of CVD 
(IHD, PAD, CVA, and HF), marked risk elevation was 
consistently observed in the moderate and poor ad-
herence groups. For the sensitivity analyses, we per-
formed the same analyses after excluding those with 
a prior history of admission for IHD, PAD, CVA, and 
HF. Generally, the direction and size of risks remained 
unchanged (Table S3).

DISCUSSION
In this representative, nationwide population- based 
cohort involving 19 246 patients with cancer with 
concomitant hypertension, we found that two- thirds 

Figure 1. Cumulative Kaplan- Meier estimates of overall survival according to 
antihypertensive drug adherence.
MPR indicates medication possession ratio.

Table 1. Risk of Antihypertensive Nonadherence on Mortality in Patients With Cancer (n=19 246)

Outcome Group No. of events

Crude Multivariate adjusted*

HR (95% CI) P value HR (95% CI) P value

All- cause mortality Good 534 1.00 (reference) … 1.00 (reference) …

Moderate 822 2.07 (1.86– 2.31) <0.001 1.85 (1.66– 2.06) <0.001

Poor 1396 2.23 (2.02– 2.47) <0.001 2.19 (1.98– 2.42) <0.001

Cardiovascular 
mortality

Good 92 1.00 (reference) … 1.00 (reference) …

Moderate 141 2.08 (1.60– 2.70) <0.001 1.72 (1.32– 2.24) <0.001

Poor 184 1.71 (1.33– 2.20) <0.001 1.71 (1.33– 2.21) <0.001

HR indicates hazard ratio.
*Adjusted for sex, age, residential area, income level, previous history of cardiovascular disease (either outpatient visit or hospitalization due to ischemic 

heart disease, peripheral artery disease, cerebrovascular accident, and heart failure), and previous history of chronic kidney disease (either outpatient visit or 
hospitalization due to chronic kidney disease).
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(66.4%) of the patients with cancer were nonadherent 
to their antihypertensive medications. Nonadherence 
to antihypertensive medication was significantly as-
sociated with adverse cardiovascular outcomes. 
Moreover, moderate adherence to antihypertensive 
medication, not to mention poor antihypertensive 
medication adherence, was significantly associated 
with an elevated risk for all- cause and cardiovascular 
mortality as well as new- onset CVD occurrence. This 
finding was consistent across all age and sex groups. 
The present study emphasizes that proper hyperten-
sion management, particularly continuous taking of 
antihypertensive medication, is crucial for favorable 
cardiovascular outcomes in patients with cancer.

Because the lifespan of patients with cancer has 
increased owing to advances in cancer therapy, CVD 
has been considered a significant health issue in can-
cer survivors in recent years.14– 16 The increased risk 
of CVD in these patients is largely attributable to the 
high prevalence of hypertension in patients with can-
cer compared with the general population,7 which 

originates from shared risk factors as well as cancer 
therapy– related problems.6,17 Exposure to chemother-
apy (eg, vascular endothelial growth factor inhibitors, 
cisplatin derivatives) and some cancers (eg, renal cell 
carcinoma) may predispose to hypertension through 
nephrotoxicity, effects on endothelial function, sympa-
thetic activity, and renin- angiotensin system activity.6

Despite the clinical implications, the management 
of hypertension and prevention of CVD in patients 
with cancer has received inadequate attention.18– 22 
Adherence to antihypertensive medication is an import-
ant but underrecognized aspect in the management of 
hypertension.23 A large cohort study in Korea showed 
poor adherence to antihypertensive medication among 
cancer survivors compared with the general popula-
tion.24 In that study, cancer survivors had a 15% higher 
risk of nonadherence to antihypertensive medication 
than the general population (adjusted odds ratio, 0.85 
[95% CI, 0.82– 0.88]). The median MPR value was lower 
among cancer survivors (0.84) than in the general pop-
ulation (0.86). The good adherence group (MPR ≥0.8) 

Figure 2. Cumulative Kaplan- Meier estimates of overall survival according to antihypertensive drug adherence by age 
and sex.
A, Cumulative Kaplan- Meier estimates of overall survival according to antihypertensive drug adherence in patients <60 years of 
age. B, Cumulative Kaplan- Meier estimates of overall survival according to antihypertensive drug adherence in patients ≥60 years 
of age. C, Cumulative Kaplan- Meier estimates of overall survival according to antihypertensive drug adherence in male patients. 
D, Cumulative Kaplan- Meier estimates of overall survival according to antihypertensive drug adherence in female patients. MPR 
indicates medication possession ratio.
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comprised 54.4% of cancer survivors and 57.5% of 
the general population.24 Unfortunately, most studies, 
including our study, have shown even worse antihy-
pertensive adherence status (the proportion of good 
adherence was <40%), particularly in those beginning 
antihypertensive medication,25 younger adults,23,26 and 
patients with cancer. In the current study, the median 
MPR was 0.64, and only 1 in 3 patients were in the 
good adherence group (33.6%). Furthermore, 40.0% 
of the population turned out to be in the poor adher-
ence group (MPR <0.5).

It is important to note that the detrimental effects 
of nonadherence to antihypertensive medication are 
substantial. Previous population- based cohort stud-
ies have reported a gradual elevation of risk according 
to decreased adherence to antihypertensive drugs in 
general patients with hypertension.13,26 These associ-
ations were consistent across each subtype of CVD, 
such as IHD, stroke, HF, and cardiovascular death. 
One Italian primary care registry reported that high 
adherence to antihypertensive medication was asso-
ciated with decreased cardiovascular events.25 A sig-
nificant decrease in the risk of a cardiovascular event 
was only evident in the high adherence group. Taken 
together, these data clearly demonstrate the risk of 
nonadherence of any degree.13,25,26 Remarkably, the 
adverse effect of nonadherence to antihypertensive 
drugs was also observed in younger patients with can-
cer, similar to a previous study.26 Moreover, the relative 
risk of nonadherence to antihypertensive drugs was 
higher in younger individuals, who tend to display lower 

compliance and do not persist with the antihyperten-
sive therapy; this finding alarms the patients as well as 
the clinicians. Additionally, the current study advances 
previous observations by highlighting the risk of non-
adherence to antihypertensive medication, which also 
applies to patients with cancer.

There are several possible explanations for the 
relationship between adherence to medication and 
clinical outcomes. First, good adherence to antihyper-
tensive drugs leads to improved blood pressure (BP) 
control.27,28 A meta- analysis found that patients adher-
ent to antihypertensive medication showed better BP 
control than those who were nonadherent.29 Another 
recent study also reported that a greater BP reduction 
was observed in the adherent group 1 to 3 years after 
initiating antihypertensive medication compared with 
the nonadherent group.26 Second, the poor adherence 
group might include those with decreased health liter-
acy, which is often accompanied by lower income and 
poor education.3,30– 33 Although we adjusted for the 
possible confounding effect of income status and res-
idence area, health literacy could still affect morbidity 
and mortality. Third, poor adherence might be associ-
ated with detrimental lifestyle factors, such as heavy 
drinking, smoking, physical inactivity, and/or unhealthy 
dietary pattern.3,31

Several factors may cause nonadherence, par-
ticularly in patients with cancer, compared with the 
general population. First, some patients with cancer 
place the most importance on cancer treatment, so 
they may be negligent about noncancer diseases, 

Table 2. Risk of Antihypertensive Nonadherence on Future CVD Occurrence in Patients With Cancer (n=19 246)

Outcome Group No. of events

Crude Multivariate adjusted*

HR (95% CI) P value HR (95% CI) P value

New- onset any 
CVD

Good 1765 1.00 (reference) … 1.00 (reference) …

Moderate 1817 1.44 (1.34– 1.53) <0.001 1.33 (1.25– 1.42) <0.001

Poor 2475 1.23 (1.16– 1.31) <0.001 1.34 (1.26– 1.42) <0.001

New- onset IHD Good 1197 1.00 (reference) … 1.00 (reference) …

Moderate 1181 1.34 (1.23– 1.45) <0.001 1.25 (1.15– 1.36) <0.001

Poor 1553 1.11 (1.03– 1.20) 0.0066 1.21 (1.13– 1.31) <0.001

New- onset PAD Good 286 1.00 (reference) … 1.00 (reference) …

Moderate 359 1.69 (1.45– 1.97) <0.001 1.54 (1.31– 1.79) <0.001

Poor 412 1.23 (1.06– 1.43) 0.007 1.32 (1.13– 1.54) 0.0004

New- onset CVA Good 727 1.00 (reference) … 1.00 (reference) …

Moderate 828 1.55 (1.40– 1.71) <0.001 1.41 (1.28– 1.56) <0.001

Poor 1064 1.26 (1.15– 1.38) <0.001 1.38 (1.26– 1.52) <0.001

New- onset HF Good 328 1.00 (reference) … 1.00 (reference) …

Moderate 455 1.87 (1.62– 2.15) <0.001 1.65 (1.43– 1.9) <0.001

Poor 594 1.56 (1.36– 1.78) <0.001 1.64 (1.43– 1.88) <0.001

CVA indicates cardiovascular accident; CVD, cardiovascular disease; HF, heart failure; HR, hazard ratio; IHD, ischemic heart disease; and PAD, peripheral 
artery disease.

*Adjusted for sex, age, residential area, income level, previous history of CVD (either outpatient visit or hospitalization due to IHD, PAD, CVA, and HF), and 
previous history of chronic kidney disease (either outpatient visit or hospitalization due to chronic kidney disease).
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including hypertension, and display lower adherence 
to the medication for these noncancer diseases.24,34 In 
addition, it is well known that cancer survivors are gen-
erally prescribed numerous drugs that are to be taken 
several times a day. Polypill and complex drug regi-
mens may reduce adherence to antihypertensive drug 
adherence.4,24,31 Furthermore, depression that may af-
fect patients with cancer can impair medication adher-
ence.35 These patients suffering from depression are 
often in poor physical condition and lack confidence 
in their own ability to care for themselves, which can 
adversely affect adherence to medications.4,24 Thus, 
to improve medication adherence in patients with can-
cer, physicians should build a relationship of trust with 
patients and spend sufficient time in counseling them 
about managing their comorbidities such as hyperten-
sion.5,28 In addition, it may be helpful to simplify the 
drug regimen by prescribing a single combination pill. 
Finally, a multidisciplinary team- based approach might 
be helpful in evaluating and addressing the multidi-
mensional status of patients with cancer.

Study Limitations
The present study has several potential limitations. 
First, causal inference is limited, and unmeasured con-
founders might affect the results, because our study 
was based on a retrospective observation. We did not 
have information on lifestyle factors (eg, smoking, al-
cohol consumption, and physical activity) and detailed 
information on cancer (eg, cancer staging and treat-
ment) due to limitations in the NHIS- National Sample 
Cohort database. For example, the status of cancer 
(advanced stage) or cancer treatment (eg, chemother-
apy) might cause hypotension and negatively affect 
antihypertensive drug adherence and overall mortal-
ity. In this study, we attempted to minimize the con-
founding effect of cancer terminal status by excluding 
those patients who died within 2 years of the baseline. 
Additional analyses for several specific cancers, of 
which the prognosis is different, showed similar results 
(Figure S2). Considering that it is not possible to con-
duct randomized controlled trials for antihypertensive 
drug adherence in patients with cancer, the present 
analyses could provide relevant and valuable clinical 
information. Second, there was a lack of data on the 
degree of BP reduction after taking antihypertensive 
drugs. However, it is well known from previous studies 
that the good adherence group demonstrates a better 
BP- lowering effect. Third, although this study used a 
large nationwide database, it consisted of only a lim-
ited number of eligible individuals. Therefore, the study 
sample size was insufficient to investigate malignan-
cies with a relatively low incidence or the effects of in-
dividual anticancer therapies. Fourth, the method that 
we used to evaluate medication adherence, based on 

prescription refill data, might not fully capture the true 
adherence state. In the literature, various methods are 
suggested to evaluate medication adherence as fol-
lows: electronic monitoring system, monitoring drug/
metabolite levels in blood or urine, patient self- report, 
and prescription refill data. Although the prescription 
refill data (presented as MPR value in our study) ena-
bled evaluation in a large population, it is rather an indi-
rect method for evaluating drug adherence.3,36 Finally, 
the results of the present study cannot be directly ap-
plicable to other populations. Subsequent studies in 
other countries with more detailed information on can-
cer (stages and histologic types) would be helpful to 
solidify the results.

CONCLUSIONS
A substantial proportion (2 in 3) of patients with can-
cer displayed nonadherence to antihypertensive 
medication in the current study. Nonadherence to an-
tihypertensive medication was associated with worse 
all- cause and cardiovascular mortality, as well as new- 
onset CVD in adult patients with cancer with hyperten-
sion. More attention should be focused on improving 
antihypertensive medication adherence among pa-
tients with cancer to achieve better cardiovascular 
outcomes.
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Table S1. Baseline characteristics of study population.  

Variable  Total, n 
Good 

adherence 

Moderate 

adherence 

Poor 

adherence 

Participants Number 19,246 6,474 (33.6%) 5,066 (26.3%) 7,706 (40.0%) 

Sex Men 12,011  4,077 (33.9%) 3,140 (26.1%) 4,794 (39.9%) 

Women 7,235  2,397 (33.1%) 1,926 (26.6%) 2,912 (40.2%) 

Age group, years   20-24 22 2 (9.1%) 2 (9.1%) 18 (81.8%) 

25-29 76 9 (11.8%) 3 (3.9%) 64 (84.2%) 

30-34 188 31 (16.5%) 19 (10.1%) 138 (73.4%) 

35-39 414 96 (23.2%) 90 (21.7%) 228 (55.1%) 

40-44 907 259 (28.6%) 182 (20.1%) 466 (51.4%) 

45-49 1,562 483 (30.9%) 358 (22.9%) 721 (46.2%) 

50-54 2,193 736 (33.6%) 527 (24.0%) 930 (42.4%) 

55-59 2,517 922 (36.6%) 641 (25.5%) 954 (37.9%) 

60-64 3,121 1,140 (36.5%) 860 (27.6%) 1,121 (35.9%) 

65-69 3,186 1,180 (37.0%) 883 (27.7%) 1,123 (35.2%) 

70-74 2,629 908 (34.5%) 791 (30.1%) 930 (35.4%) 

75-79 1,668 502 (30.1%) 467 (28.0%) 699 (41.9%) 

80-84 763 206 (27.0%) 243 (31.8%) 314 (41.2%) 

Residential area  Seoul 4,041  1,527 (37.8%) 1,044 (25.8%) 1,470 (36.4%) 

Urban 4,564 1,497 (32.8%) 1,191 (26.1%) 1,876 (41.1%) 

Suburban  10,641 3,450 (32.4%) 2,831 (26.6%) 4,360 (41.0%) 

Income level ≤30% (low) 3,727 1,111 (29.8%) 1,031 (27.7%) 1,585 (42.5%) 

 31-60% 4,577 1,476 (32.2%) 1,189 (26.0%) 1,912 (41.8%) 

 61-90% 7,106 2,459 (34.6%) 1,803 (25.4%) 2,844 (40.0%) 

 91-100% (high) 3,836 1,428 (37.2%) 1,043 (27.2%) 1,365 (35.6%) 

Medication ACEi 5,956 2,173 (33.6%) 2,059 (40.6%) 1,724 (22.4%) 

 ARB 12,548 5,009 (77.4%) 3,986 (78.7%) 3,553 (46.1%) 

 CCB 15,211 5,478 (84.6%) 4,537 (89.6%) 5,196 (67.4%) 

 BB 10,175 3,570 (55.1%) 3,239 (63.9%) 3,366 (43.7%) 

 Diuretics 13,046 4,643 (71.7%) 3,993 (78.8%) 4,410 (57.2%) 

*Previous medical history Any CVD  9,567 3,315 (34.7%) 2,897 (30.3%) 3,355 (35.1%) 

 IHD 5,523 1,978 (35.8%) 1,720 (31.1%) 1,825 (33.0%) 

 PAD 4,793  1,666 (34.8%) 1,511 (31.5%) 1,616 (33.7%) 

 CVA 3,356 1,172 (34.9%) 1,081 (32.2%) 1,103 (32.9%) 

 HF 1,912  587 (30.7%) 640 (33.5%) 685 (35.8%) 

 CKD  486 159 (32.7%) 173 (35.6%) 154 (31.7%) 

†Previous admission history Any CVD  2,520  794 (31.5%) 801 (31.8%) 925 (36.7%) 

 IHD 1,557 498 (32.0%) 494 (31.7%) 565 (36.3%) 

 PAD 378 117 (31.0%) 119 (31.5%) 142 (37.6%) 



 CVA 1,029 325 (31.6%) 355 (34.5%) 349 (33.9%) 

 HF 420 115 (27.4%) 148 (35.2%) 157 (37.4%) 

 CKD  191 52 (27.2%) 75 (39.3%) 64 (33.5%) 

Prevalence of cancer Breast cancer 873 321 (1.7%) 217 (1.1%) 335 (1.7%) 

 Non-Hodgkin’s disease 166 48 (0.2%) 49 (0.3%) 69 (0.4%) 

 Gastric cancer  2,727 754 (3.9%) 711 (3.7%) 1,262 (6.6%) 

 Colon cancer 3,335 1,149 (6.0%) 885 (4.6%) 1,301 (6.8%) 

 Lung cancer  2,451 753 (3.9%) 660 (3.4%) 1,038 (5.4%) 

 Renal cell carcinoma 440 159 (0.8%) 130 (0.7%) 151 (0.8%) 

 Liver cancer 4,262 1,372 (7.1%) 1,099 (5.7%) 1,791 (9.3%) 

 Gall bladder cancer 247 90 (0.5%) 68 (0.4%) 89 (0.5%) 

 Ovarian cancer 634 226 (1.2%) 149 (0.8%) 259 (1.3%) 

 Prostate cancer 4,111 1,602 (8.3%) 1,098 (5.7%) 1,411 (7.3%) 

ACEi indicates angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; CCB, calcium channel 

blocker; BB, beta blocker; CVD, cardiovascular disease; IHD, ischemic heart disease; PAD, peripheral artery 

disease; CVA, cardiovascular accident; HF, heart failure; and CKD, chronic kidney disease. 
*Previous medical history indicates either outpatient visit or hospitalization due to corresponding diagnosis. 
†Previous admission history indicates hospitalization due to corresponding diagnosis.  

  



Table S2. Risk of antihypertensive nonadherence on overall mortality in cancer patients: Subgroup analyses 

by age and sex, 

Outcome  Subgroups Group 
No. of 

events 

Crude  Multivariate-adjusted* 

HR  

(95% CI) 

P 

value 

HR  

(95% CI) 

P 

value 

Overall 

mortality 

Age 

<60 

Good 76 1.00 (reference) - 1.00 (reference) - 

Moderate 144 2.79 (2.11-3.68) <0.001 2.78 (2.10-3.67) <0.001 

Poor 352 3.48 (2.72-4.46) <0.001 3.63 (2.83-4.65) <0.001 

≥60 

Good 458 1.00 (reference) - 1.00 (reference) - 

Moderate 678 1.87 (1.66-2.10) <0.001 1.70 (1.51-1.92) <0.001 

Poor 1,044 2.17 (1.95-2.42) <0.001 1.98 (1.77-2.21) <0.001 

Sex 

Male 

Good 376 1.00 (reference) - 1.00 (reference) - 

Moderate 526 1.90 (1.67-2.17) <0.001 1.71 (1.49-1.95) <0.001 

Poor 978 2.25 (2.00-2.54) <0.001 2.12 (1.88-2.39) <0.001 

Female 

Good 158 1.00 (reference) - 1.00 (reference) - 

Moderate 296 2.47 (2.04-3.00) <0.001 2.17 (1.79-2.64) <0.001 

Poor 418 2.21 (1.84-2.66) <0.001 2.32 (1.93-2.79) <0.001 

CI indicates confidence interval; HR, hazard ratio.  
*Adjusted for sex, age, residential area, income level, previous history of cardiovascular disease (either outpatient 

visit or hospitalization due to ischemic heart disease, peripheral artery disease, cerebrovascular accident, and heart 

failure), and previous history of chronic kidney disease (either outpatient visit or hospitalization due to chronic 

kidney disease).  

 

 

 

 

 

 

 

 



Table S3. Risk of antihypertensive nonadherence on future CVD occurrence in cancer patients after exclusion 

of those with prior admission history of IHD, PAD, CVA, and HF (n = 15,896). 

Outcome  Group 
No. of 

events 

Crude  Multivariate-adjusted* 

HR  

(95% CI) 
P value 

HR  

(95% CI) 
P value 

New-onset any 

CVD 

Good 1,227 1.00 (reference) - 1.00 (reference) - 

Moderate 1,176 1.39 (1.29-1.51) <0.001 1.33 (1.22-1.44) <0.001 

Poor 1,725 1.24 (1.16-1.34) <0.001 1.32 (1.23-1.42) <0.001 

New-onset IHD 

Good 814 1.00 (reference) - 1.00 (reference) - 

Moderate 735 1.28 (1.16-1.41) <0.001 1.23 (1.12-1.36) <0.001 

Poor 1,067 1.14 (1.04-1.25) 0.0049 1.22 (1.12-1.34) <0.001 

New-onset 

PAD 

Good 195 1.00 (reference) - 1.00 (reference) - 

Moderate 217 1.57 (1.30-1.91) <0.001 1.48 (1.22-1.80) <0.001 

Poor 281 1.25 (1.04-1.50) 0.0167 1.31 (1.09-1.57) 0.0043 

New-onset 

CVA 

Good 461 1.00 (reference) - 1.00 (reference) - 

Moderate 496 1.53 (1.35-1.74) <0.001 1.45 (1.27-1.64) <0.001 

Poor 707 1.34 (1.19-1.50) <0.001 1.43 (1.27-1.62) <0.001 

New-onset HF 

Good 227 1.00 (reference) - 1.00 (reference) - 

Moderate 267 1.66 (1.39-1.98) <0.001 1.5 (1.26-1.80) <0.001 

Poor 382 1.46 (1.24-1.72) <0.001 1.5 (1.27-1.77) <0.001 

CVD indicates cardiovascular disease; IHD, ischemic heart disease; PAD, peripheral artery disease; CVA, 

cardiovascular accident; HF, heart failure; HR, hazard ratio; and CI, confidence interval.  
*Adjusted for sex, age, residential area, income level, previous history of CVD (outpatient visit due to IHD, PAD, 

CVA, and HF), and previous history of chronic kidney disease (either outpatient visit or hospitalization due to 

chronic kidney disease). 



Figure S1. Study flow chart.  

 

 

CVD indicates cardiovascular disease. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Figure S2. Effect of antihypertensive drug adherence on overall mortality in each specific cancer.  

 

 

A, Cumulative Kaplan-Meier estimates of overall survival according to antihypertensive drug adherence in patients 

with colon cancer. B, Cumulative Kaplan-Meier estimates of overall survival according to antihypertensive drug 

adherence in patients with prostate cancer. C, Cumulative Kaplan-Meier estimates of overall survival according to 

antihypertensive drug adherence in patients with liver cancer. D, Cumulative Kaplan-Meier estimates of overall 

survival according to antihypertensive drug adherence in patients with lung cancer. 
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