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Risk of hypertension on the incidence of out-of-hospital cardiac arrest:

A case-control study

Eujene Jung?, Jeong Ho Park2, Sun Young Lee3, Young Sun Ro#, Sang Do Shin3, Hyun Ho Ryué

Abstract

Obijective: To analyse the effect of hypertension on the occurrence of out-of-hospital cardiac arrest, and to find out whether
the effect is dependent on the use of anti-hypertensive drugs.

Method: The case-control study used secondary data from the Cardiac Arrest Pursuit Trial with Unique Registration and
Epidemiologic Surveillance project and comprised patients with presumed cardiac aetiology adult out-of-hospital cardiac
arrest assessed by emergency medical service from 27 participating emergency departments from January 2016 to
December 2017. Controls matched for age, gender and county were recruited from the Korea National Health and Nutrition
Examination Survey database in a 4:1 ratio. Multivariate logistic regression analysis was used to analyse the effects of
hypertension and the administration of anti-hypertensive medication on out-of-hospital cardiac arrest incidence. Data was
analysed using SAS 9.4.

Results: Of the 7330 subjects, 1,466(20%) were patients and 5864(80%) were controls. Hypertension was found in
662(45.2%) patients and 3,190(54.4%) controls. Hypertension lowered the incidence of out-of-hospital cardiac arrest
(adjusted odds ratio: 0.69 [95% confidence interval: 0.60-0.80]); in the medication group 0.64(0.55-0.75), and 1.12(0.83-1.49)
in the non-medication group.

Conclusion: Administration of anti-hypertensive medications in patients of hypertension may help reduce the incidence
of out-of-hospital cardiac arrest. Active hypertension diagnosis and anti-hypertensive medications to reduce the incidence

of out-of-hospital cardiac arrest is critical.
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Introduction

Out-of-hospital cardiac arrest (OHCA) is a major global
health problem, with approximately 375,000 OHCA
patients being reported in the United States annually.!
Despite the improvements of resuscitation medicine, the
survival rate in OHCA patients over the past decades is very
low at 7-8%.2

Hypertension (HTN) plays an important role among the
established predictors of OHCA.3 A cohort study involving
1.25 million subjects showed that the lifetime risk of OHCA
was about 30% higher in HTN patients than in non-HTN
patients and that the risk of sudden cardiac death (SCD)
increased by 20% for every 20/10mmHg increase in blood
pressure (BP).4 In addition, HTN is a risk factor for heart
failure (HF) and coronary artery disease (CAD) that cause
SCD, which, in turn, increases the incidence of cardiac
arrest.>

HTN is associated with high morbidity and mortality, and
generates significant and ongoing financial burden.
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rate in 2015 had increased 1.4-fold compared to 1990.6
Increase in aging and obese populations are important
factors in increasing HTN prevalence. According to the 2018
American Heart Association (AHA) statistics, the incidence
of age-adjusted HTN in American adults ages >20 years was
34%, while that in Korean adults aged >30 years was
estimated to be 30%.7

Large cohort studies have shown a continuous linear
association between high BP and cardiovascular disease
(CVD) risk82 and meta-analysis of randomised trials
demonstrated that the administration of anti-hypertensive
medications was associated with a 25% reduction in the
initial CVD risk.'© However, most studies have not focussed
on the prevention of OHCA using anti-hypertensive
medications. Only one meta-analysis focussing on the
incidence of OHCA showed that although the
administration of anti-hypertensive medications reduced
the incidence of myocardial infarction (MI), it did not
reduce OHCA incidence.!!

Several risk factors for OHCA have been described
previously, but their effect on the incidence of OHCA is not
completely understood. Therefore, identifying the high-risk
population and treatable risk factors is important for
preventing the occurrence of OHCA and reducing the
burden on public health finances. Although HTN is a well-
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known OHCA risk factor, the variation in the risk of HTN on
the incidence of OHCA, depending on the administration
of anti-hypertensive medications and age, is unclear.

The current study was planned to analyse the effect of HTN
on OHCA incidence, and to find out whether the effect of
HTN on the incidence of OHCA depended on the
administration of anti-hypertensive medications and age.

Patients and Methods

The case-control study used secondary data from the
Cardiac Arrest Pursuit Trial with Unique Registration and
Epidemiologic Surveillance (CAPTURES) project'2 and
comprised patients with presumed cardiac aetiology adult
OHCA assessed by emergency medical service (EMS) from
27 participating emergency departments (EDsO from
January 2016 to December 2017. Controls matched for age,
gender and county were recruited from the Korea National
Health and Nutrition Examination Survey (KNHANES)
database 12) in a 4:1 ratio. The controls were matched for
county as it ensured that the controls were representative
samples from the same source population. The study
protocol was approved by the institutional review boards
of the 27 participating institutions, which waived the need
forinformed consent. The CAPTURES project covers 27 EDs
since 2014. The prospective project aims at identifying the
risk factors related to OHCA occurrence, and to factors that
can predict the prognosis during the follow-up period. This
project was targeted at OHCA patients with presumed
cardiac aetiology who were transported by EMS with
resuscitation and while identifying the ED physicians of
each hospital.

The CAPTURES registry carries patient data on
demographics, medical history, health behaviour, patient’s
information of EMS and hospital ED, results of blood test,
and clinical outcomes.

Each ED physician interviews the patient or patient’s family
face-to-face and collect data on a structured survey form.
The coordinators collect the findings of cardiac
examination and blood test from hospital record reviews,
and interview the patient’s family members via the
telephone for analysis at 6 and 12 months. The project
quality management committee (QMC) comprises ED
physicians, cardiologists, epidemiologists and statisticians.
The QMC gives monthly feedback to coordinators of each
hospital through monthly meetings.

KNHANES is a national surveillance monitoring system
based on the National Health Promotion Act, and has been
carried out every year since 1998 to evaluate the nutritional
and health status of Korean nationals. This nationally
representative cross-sectional survey is conducted by the
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Korea Centres for Disease Control and Prevention (KCDC)
and collects data on about 0.1 million subjects each year
as a study sample. It comprises information on health-
related behaviours, socioeconomic status (SES), healthcare
utilisation, anthropometric measures, quality of life (QOL),
clinical and dietary information collected through health
examinations, personal interview and nutrition surveys
among the subjects. The health examinations and
interviews are conducted by trained personnel, who visit
the homes of the enrolled subjects for follow-ups.13

The Korean EMS is a government-based, single-tier system.
EMS providers can conduct cardiopulmonary resuscitation
(CPR) with advanced airway management and autonomic
external defibrillation under direct medical control.
Termination of resuscitation on scene is not allowed unless
there is an obvious mortality sign. The government has
categorised EDs into three levels, according to the human
resources, instruments, equipment and functional
requirements.’4 Detailed information on OHCA protocols,
EMS characteristics, and ED characteristics have been
reported in literature.’s

The current study included EMS-assessed adult OHCA
patients with a presumed cardiac aetiology who were
transferred to the participating hospitals. Paediatric OHCA
patients and those with missing data about HTN and
medication were excluded.

Critical data element was medical diagnosis of HTN prior
to enrollment and treatment; medication or non-
medication groups, as measured by the interview survey.
Interventions related to exercise and diet were not defined
as treatment.

The CAPTURES project and the KNHANES database use the
same question items for past medical co-morbidity and
health-related behaviours to make the comparison
between the patient group and the control group more
accurate. The medical history of patients and controls was
recorded as “positive” if a condition was clinically
diagnosed. Information was collected on age, gender,
medical history, including diagnosis of HTN, and health
behaviours, such as frequent, occasional or no alcohol
intake, smoking, body mass index (BMI) and sleeping hours.

Data was analysed using SAS 9.4. To detect the odds ratio
(OR) for exposed subjects relative to unexposed subjects
of 1.4, the study needed at least 1450 OHCA patients to be
able to reject the null hypothesis using an uncorrected chi-
square statistic that the OR equals to 1, with type 1 error of
0.05 and power of 95%.

Chi-square test was used for categorical variables, and
Wilcoxon rank sum test for continuous variables. Multiple
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imputations with multivariable proportional logistic
regression models were conducted for missing variables
for health behaviours.

Multivariable logistic regression analysis was performed on
the matched case-control dataset to estimate the effect of
diagnosis and treatment of HTN on the OHCA risk.
Furthermore, the adjusted odds ratios (AORs) and 95%
confidence intervals (Cls) were calculated after adjusting
for potential confounders. The variables contained in the
final model were examined for multi-collinearity between
the potential factors.

Results

Of the 7330 subjects, 1,466(20%) were patients and
5864(80%) were controls (Figure). HTN was found in
662(45.2%) patients. Of them, 566(85.5%) were on anti-
hypertensive medications. Among the controls,
3,190(54.4%) had HTN. Among them, 2,950(50.3%) were on
anti-hypertensive medications. Previous diagnosis of
diabetes was significantly higher in OHCA patients
compared to controls (p<0.05) (Table 1).

HTN patients on anti-hypertensive medications were more
likely to be older and have diabetes and hyperlipidaemia
than those not on anti-hypertensive medications (p<0.05).
Among the HTN patients, the non-medication group was
more likely to comprise more current smokers or frequent
alcohol consumers than the non-HTN group and the on-
medication group (Table 2).

HTN lowered the incidence of OHCA (AOR: 0.69 [95% ClI:
0.60-0.80]); in the medication group 0.64(0.55-0.75), and

The CAPTURES database The KNHANES database

EMS-assessed OHCA, Cardiac origin Survey participants without OHCA

n=1,616 n=85,036
Paediatrics, (n=22) Paediatrics, (n=19,432)

Unknown HTN, (n=128) Unknown HTN, (n=30,475)

Y Y
Adult OHCA Survey participants in communities
n=1,466 n=35,129
Paediatrics, (n=19,432)
Unknown HTN, (n=30,475)
Y Y
Finally enrolled Finally enrolled
n=1,466 n=>5,864

Figure:  Study population flow. CAPTURES: Cardiac Arrest Pursuit Trial with
Unique Registration and Epidemiologic Surveillance; KNHANES: Korea
National Health and Nutrition Examination Survey (KNHANES); OHCA,

out-of-hospital cardiac arrest; HTN, hypertension.
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Table-1: Demographics of out-of-hospital cardiac arrest (OHCA) patients and

community controls.
Community controls OHCA cases
Total n (%) n (%) p-value
Total 7,330(100.0) 5,864 (100.0) 1,466 (100.0)
Age (years) 1.00
19-29 130(1.8) 104 (1.8) 26(1.8)
30-39 335(4.6) 268 (4.6) 67 (4.6)
40-49 780(10.6) 624 (10.6) 156 (10.6)
50-59 1,415(19.3)  1,132(19.3) 283(19.3)
60-69 1,180 (16.1) 944 (16.1) 236 (16.1)
70- 3,490 (47.6) 2,792 (47.6) 698 (47.6)
Gender 1.00
Male 4,915 (67.1) 3,932(67.1) 983 (67.1)
Female 2415(32.9)  1,932(32.9) 483 (32.9)
Metropolis 1.00
Yes 4,610(62.9)  3,688(62.9) 922 (62.9)
Past medical History
Hypertension
Diagnosis 3,852(52.6) 3,190 (54.4) 662 (45.2) <0.01
Treatment 3,516 (48.0)  2,950(50.3) 566 (38.6) <0.01
Drug 3,508 (47.9) 2,946 (50.2) 562 (38.3) <0.01
Diabetes
Diagnosis 1,422 (19.4) 1,035(17.7) 387(26.4) <0.01
Treatment 1,270 (17.3) 951(16.2) 319(21.8) <0.01
OHA 1,119(15.3) 860 (14.7) 259(17.7) <0.01
Insulin 136(1.9) 87 (1.5) 49 (3.3) <0.01
Hyperlipidaemia
Diagnosis 1,305 (17.8) 1,221(20.8) 84(5.7) <0.01
Treatment 913 (12.5) 858 (14.6) 55(3.8) <0.01
Health behaviours
Smoking <0.01
Current smoker 1,915 (26.1) 1,482 (25.3) 433(29.5)
Ex-smoker 2,175(29.7) 1,885 (32.1) 290(19.8)
Never smoker 3,240 (44.2) 2,497 (42.6) 743 (50.7)
Alcohol drink <0.01
Frequent 1,850(25.2) 1,547 (26.4) 303(20.7)
Occasional 3,786 (51.7)  3,375(57.6) 411(28.0)
Never 1,694 (23.1) 942 (16.1) 752 (51.3)
Sleep hour <0.01
0-6 1,363(18.6) 1,208 (20.6) 155(10.6)
6-8 3,636(49.6)  3,061(52.2) 575(39.2)
8-24 2,331(31.8)  1,595(27.2) 736 (50.2)
BMI <0.01
10.5-18.4 310 (4.2) 165 (2.8) 145(9.9)
18.5-24.9 4,400 (60.0)  3,482(59.4) 918 (62.6)
25.0-50.0 2,620(35.7) 2,217 (37.8) 403 (27.5)

OHA: Oral hypoglycaemic agent, BMI: Body mass index.
1.12(0.83-1.49) in the non-medication group (Table 3).

Among those aged >65 years, the incidence of OHCA was
lower in HTN patients (AOR: 0.65 [95% Cl:0.54-0.78]).
However, among participants aged <65 years, there was no
significant association between HTN and OHCA (AOR: 1.16
[95% Cl: 0.93-1.45]) (Table 4).
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Table-2: Demographics according to hypertension (HTN) prevalence and treatment.
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Discussion

HTN(-) HTNand  HTNand  p-value The study observed a lower risk of OHCA among
. Med":‘t”“ no t’eitment patients diagnosed with HTN. However, in subgroup
Total n (%) n (%) n (%) analysis, the finding was only observed among

Total 7,330(100.0) 3,478 (100.0) 3,508 (100.0) 344(100.0) patients who were administered anti-hypertensive

Case-Control <001 medications, suggesting that the main observed
Community controls 5,864 (80.0) 2,674 (76.9) 2,946 (84.0) 244 (70.9) outcome was due to this subgroup of patients.

OHCA cases 1,466 (20.0) 804 (23.1) 562(16.0)  100(29.1)

Age (years) <0.01 In the interaction analysis of administration of
19-49 1.245(17.0) 1,033 (29.7) 16(42)  66(19.2 medications and age, there was no significant
Zg'gg 1"1‘;3(12'3) i;g(ﬁ'g) 213(1;';) gz(ig';) relationship between the administration of anti-

i 180(16.1) (14.3) (176) (18.) hypertensive medications and the risk of OHCA in
70- 3,490 (47.6)  1,130(32.5) 2,215(63.1)  145(42.2) .. .

Gender <0.01 participants aged <65 years, but the risk of OHCA was
Male 4915(67.1) 2,467 (70.9) 2190(624) 258 (75.0) lower in the medication group among pe?rtlupan'ts
Female 2415329)  1,011(20.1)  1318(37.6)  86(25.0) aged >65 years. The prevalence of HTN is steadily

Metroplolis <0.01 increasing, and intensive risk management and
No 272037.1)  1,345(38.7) 1,239(353)  136(39.5) aggressive treatment need to be emphasised to
Yes 4,610(62.9)  2,133(61.3) 2,269 (64.7) 208 (60.5) reduce the burden of HTN and to reduce

Diabetes cardiovascular complications associated with HTN,
Diagnosis 1,422 (19.4) 338(9.7) 996 (28.4) 88 (25.6) <0.01 especially OHCA
Treatment 1,270(17.3) 301(8.7) 932 (26.6) 37(10.8) <0.01 ’

OHA 1,119(15.3) 257(7.4) 81(237) 310900 <001 The importance of HTN as a risk factor in SCD is well
Insulin ~——136(1.9) 2(12) 88(25)  6(17) <001 established.6 In a study conducted in Finland'7 on a

Hyperlipidaemia mixed population of patients with and without HTN

Diagnosis 1,305 (17.8) 332(9.5) 915 (26.1) 58(16.9) <0.01 . . .
and CAD, every 10 mmHg increase in systolic and
Treatment 913 (12.5) 187 (5.4) 707 (20.2) 19(5.5) <0.01 . . L . . 0

Smoking <0.01 diastolic BP was significantly associated with a 15%
Curentsmoker ~ 1,915(26.1)  981(28.2) 815(32)  119(346) and 17% higher risk of SCD, respectively. A recent
Ex-smoker 2175(29.7)  1,010(290)  1,063(303) 102(29.7) large cohort study' suggested that HTN is an
Never smoker 3,40(44.2) 1,487 (42.8) 1,630 (46.5) 123 (35.8) independent risk factor for the incidence of sudden

Alcohol drink <0.01 death.

Frequent 1,850(25.2) 925 (26.6) 820(23.4)  105(30.5)
Occasional 3786(517)  1868(537)  1,766(503) 152 (44.2) The heart seems to be the most vulnerable organ to
Never 1,694 (23.1)  685(19.7) 922(263)  87(25.3) HTN, which leads to the development of different

Sleep hour <001  degrees of left ventricular hypertrophy (LVH), and
0-6 1363(18.6)  574(16.5) 734(20.9)  55(16.0) there is sufficient evidence indicating that LVH could
6-8 3,636(496)  1,809(52.0) 1667 (47.5) 160 (46.5) be responsible for fatal cardiac complications, such
8-24 23310318)  1,095(315) 1107(316) 129 (37.5) as SCD in HTN patients.’ Many studies have shown

BMI <001 that LVH regresses during treatment with anti-
10.5-18.4 310(4.2) 193 (5.5) 96 (2.7) 21(6.1) h t ; J dicati ? d limi t
18.5-24.9 4400(600)  2,269(652)  1,926(549) 205 (59.6) ypertensive medications, and prefiminary reports
25.0-50.0 2,620 (35.7) 1,016(29.2) 1,486 (42.4) 118 (34.3) have documented that the reduction of LVH leads to

OHCA: Out-of-hospital cardiac arrest, OHA: Oral hypoglycaemic agent, BMI: Body mass index.

Table-3: Multivariable conditional logistic regression analysis of diagnosis and
medication for hypertension for out-of-hospital cardiac arrest incidence.

a decrease in the risk of SCD.20-22

Table-4: Multivariable conditional logistic regression analysis for OHCA incidence

OHCA cases/ Unadjusted Adjusted
Community
controls
n/n OR (95% Cl) OR (95% Cl)
Model 1: HTN diagnosis
No 804/2674 1.00 1.00
Yes 662/3190 0.69(0.62-0.77)  0.69 (0.60-0.80)
Model 2: HTN treatment
Non-HTN 804/2674 1.00 1.00
HTN and medication ~ 562/2946 0.64(0.56-0.72)  0.64 (0.55-0.75)
HTN and no treatment ~ 100/244 1.36 (1.07-1.74) 1.12(0.83-1.49)

OHCA: Out-of-hospital cardiac arrest, OR: Odds ratio, Cl: Confidence interval, HTN: Hypertension.

by age group.
Age group
18 < Age < 65 Age > 65
AOR (95% () AOR (95% Cl)
Model 1: HTN diagnosis
No 1.00 1.00
Yes 1.16 (0.93-1.45) 0.65 (0.54-0.78)
Model 2: HTN treatment
No HTN 1.00 1.00

HTN and medication
HTN and no treatment

1.11(0.88-1.42) 0.61(0.50-0.73)
1.33(0.89-2.00) 1.35(0.91-2.00)

OHCA: Out-of-hospital cardiac arrest, CI: Confidence interval, HTN: Hypertension,
AOR: Adjusted odds ratio.
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In contrast to the previous studies,'7.18 the HTN group in
the current study did not show a higher incidence of OHCA
than that of the general population, highlighting the
protective role of anti-hypertensive medications in OHCA.

The risk of cardiac arrest in the medication group was lower
than that in the general population, which is inconsistent
with the findings of other studies.23.24 In addition to the
results of previous studies2526 reporting that anti-
hypertensive medication can decrease LVH, the current
study postulated two possible reasons.

First, patients diagnosed with HTN and receiving anti-
hypertensive medications regularly visited the hospital and
were more likely to be diagnosed earlier with other
diseases that could cause cardiac arrest, and they would be
alerted about their health and perform various health-
friendly activities.

Second, some of the patients in the study who were not
diagnosed with HTN usually showed a lack of concern for
their health and would not test for HTN themselves. It was
carefully speculated that these people could have forced
overestimation of the risk of OHCA of the normal
population.

One of the notable findings of the current study was that
anti-hypertensive medications had a significant protective
effect against OHCA in patients aged =65 years. In the
younger age groups, LVH did not progress, and it is likely
that the protective effect of anti-hypertensive medications
in decreasing the LVH was not significant.2?

In addition to the increasing temporal trend of HTN
prevalence, the population-attributable risk of HTN in
cardiac arrest was also substantial. Moreover, the effects of
risk factors, such as HTN, on the incidence of cardiac arrest
will change with age. In the current study, HTN was not an
independent risk factor for OHCA, and the incidence of
OHCA in patients who were administered anti-
hypertensive medications was lower than that in patients
without HTN. This trend was significant at age 65 years or
above.

The current study has some limitations. First, the study
design was not randomised controlled trial (RCT), and there
is a possibility that confounding variables could not have
been adjusted. Second, because we measured HTN using
a survey questionnaire, the diagnosis of HTN may have
been underestimated or overestimated, and some patients
with HTN may not have been recorded in the database
because they were not diagnosed. Third, the duration of
use and type of anti-hypertensive medication was not
taken into account. Fourth, the patients were enrolled in
2014, while the controls were enrolled between 2008 and
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2017.This difference could be a potential bias factor. Fifth,
the researchers at the CAPTURES project were not blinded
by research hypothesis that could have led to bias in data
collection. Finally, the study could not adjust for
unmeasured bias.

Conclusion

The risk of OHCA was significantly decreased in patients
with HTN who were using anti-hypertensive medications
than in those not using anti-hypertensive medications as
well as in those without HTN.

Disclaimer: None.
Conflict of Interest: None.

Funding Acknowledgement: This study was supported
by a grant (HCRI-20045) of Chonnam National University
Hwasun Hospital Biomedical Research Institute.

References

1. Mozaffarian D, Benjamin EJ, Go AS, Arnett DK, Blaha MJ, Cushman
M, et al. Heart disease and stroke statistics--2015 update: a report
from the American Heart Association. Circulation 2015;131:e29-322.
doi: 10.1161/CIR.0000000000000152.

2. Sasson C, Rogers MA, Dahl J, Kellermann AL. Predictors of survival
from out-of-hospital cardiac arrest: a systematic review and meta-
analysis. Circ Cardiovasc Qual Outcomes 2010;3:63-81. doi:
10.1161/CIRCOUTCOMES.109.889576.

3. Waks JW, Sitlani CM, Soliman EZ, Kabir M, Ghafoori E, Biggs ML, et al.
Global Electric Heterogeneity Risk Score for Prediction of Sudden
Cardiac Death in the General Population: The Atherosclerosis Risk in
Communities (ARIC) and Cardiovascular Health (CHS) Studies.
Circulation 2016;133:2222-34. doi: 10.1161/CIRCULATIONAHA.
116.021306.

4. Rapsomaniki E, Timmis A, George J, Pujades-Rodriguez M, Shah AD,
Denaxas S, et al. Blood pressure and incidence of twelve
cardiovascular diseases: lifetime risks, healthy life-years lost, and age-
specific associations in 1-25 million people. Lancet 2014;383:1899-
911. doi: 10.1016/50140-6736(14)60685-1.

5. YusufS,Hawken S, Ounpuu S, Dans T, Avezum A, Lanas F, et al. Effect
of potentially modifiable risk factors associated with myocardial
infarction in 52 countries (the INTERHEART study): case-control
study. Lancet 2004;364:937-52. doi: 10.1016/S0140-6736(04)17018-
9.

6. Forouzanfar MH, Liu P, Roth GA, Ng M, Biryukov S, Marczak L, et al.
Global Burden of Hypertension and Systolic Blood Pressure of at
Least 110 to 115 mm Hg, 1990-2015. JAMA 2017;317:165-82. doi:
10.1001/jama.2016.19043.

7. Benjamin EJ, Virani SS, Callaway CW, Chamberlain AM, Chang AR,
Cheng S, et al. Heart Disease and Stroke Statistics-2018 Update: A
Report From the American Heart Association. Circulation
2018;137:€67-492. doi: 10.1161/CIR.0000000000000558.

8.  Kannel Wb, Dawber Tr, Kagan A, Revotskie N, Stokes J. Factors of risk
in the development of coronary heart disease--six year follow-up
experience. The Framingham Study. Ann Intern Med 1961;55:33-50.
doi: 10.7326/0003-4819-55-1-33.

9.  StamlerJ, Stamler R, Neaton JD. Blood pressure, systolic and diastolic,
and cardiovascular risks. US population data. Arch Intern Med
1993;153:598-615. doi: 10.1001/archinte.153.5.598.



1693

Law MR, Morris JK, Wald NJ. Use of blood pressure lowering drugs in
the prevention of cardiovascular disease: meta-analysis of 147
randomised trials in the context of expectations from prospective
epidemiological studies. BMJ 2009;338:b1665. doi: 10.1136/bmj.
b1665.

Taverny G, MimouniY, LeDigarcher A, Chevalier P, Thijs L, Wright JM,
et al. Antihypertensive pharmacotherapy for prevention of sudden
cardiac death in hypertensive individuals. Cochrane Database Syst
Rev 2016;3:CD011745. doi: 10.1002/14651858.CD011745.pub2.
Choi DS, Shin SD, Ro YS, Lee KW. Relationship between serum
potassium level and survival outcome in out-of-hospital cardiac
arrest using CAPTURES database of Korea: Does hypokalemia have
good neurological outcomes in out-of-hospital cardiac arrest? Adv
Clin Exp Med 2020;29:727-34. doi: 10.17219/acem/122178.

Kweon S, Kim 'Y, Jang MJ, Kim Y, Kim K, Choi S, et al. Data resource
profile: the Korea National Health and Nutrition Examination Survey
(KNHANES). Int J Epidemiol 2014;43:69-77. doi: 10.1093/ije/dyt228.
Kim MJ, Ro YS, Shin SD, Song KJ, Ahn KO, Hong SO, et al. Association
of emergent and elective percutaneous coronary intervention with
neurological outcome and survival after out-of-hospital cardiac
arrest in patients with and without a history of heart disease.
Resuscitation 2015;97:115-21. doi: 10.1016/j.resuscitation.2015.08.
019.

Jung E, Park JH, Ro YS, Song KJ, Ryu HH, Lee SC, et al. Effect of
hypertension across the age group on survival outcomes in out-of-
hospital cardiac arrest. Am J Emerg Med 2019;37:608-14. doi:
10.1016/j.ajem.2018.06.049.

Tereshchenko LG, Soliman EZ, Davis BR, Oparil S. Risk stratification
of sudden cardiac death in hypertension. J Electrocardiol
2017;50:798-801. doi: 10.1016/j.jelectrocard.2017.08.012.
Laukkanen JA, Jennings JR, Kauhanen J, Makikallio TH, Ronkainen K,
Kurl S. Relation of systemic blood pressure to sudden cardiac death.
Am J Cardiol 2012;110:378-82. doi: 10.1016/j.amjcard.2012.03.035.
Verdecchia P, Angeli F, Cavallini C, Aita A, Turturiello D, De Fano M, et
al. Sudden Cardiac Death in Hypertensive Patients. Hypertension
2019;73:1071-8. doi: 10.1161/HYPERTENSIONAHA.119.12684.

19.

20.

21.

22.

23.

24,

25.

26.

27.

E.Jung, J.H. Park, S.Y. Lee, et al.

Aronow WS, Ahn C, Kronzon |, Koenigsberg M. Congestive heart
failure, coronary events and atherothrombotic brain infarction in
elderly blacks and whites with systemic hypertension and with and
without echocardiographic and electrocardiographic evidence of
left ventricular hypertrophy. Am J Cardiol 1991;67:295-9. doi:
10.1016/0002-9149(91)90562-y.

Levy D, Salomon M, D'Agostino RB, Belanger AJ, Kannel WB.
Prognostic implications of baseline electrocardiographic features
and their serial changes in subjects with left ventricular hypertrophy.
Circulation 1994;90:1786-93. doi: 10.1161/01.¢ir.90.4.1786.

Dunn FG, Ventura HO, Messerli FH, Kobrin |, Frohlich ED. Time course
of regression of left ventricular hypertrophy in hypertensive patients
treated with atenolol. Circulation 1987;76:254-8. doi: 10.1161/01.cir.
76.2.254.

Schmieder RE, Martus P, Klingbeil A. Reversal of left ventricular
hypertrophy in essential hypertension. A meta-analysis of
randomized double-blind studies. JAMA 1996;275:1507-13.
Siscovick DS, Raghunathan TE, Psaty BM, Koepsell TD, Wicklund KG,
Lin X, et al. Diuretic therapy for hypertension and the risk of primary
cardiac arrest. N Engl J Med 1994;330:1852-7. doi:
10.1056/NEJM199406303302603.

Altay H, Cavusoglu Y, Celik A, Demir S, Kilicarslan B, Nalbantgil S, et
al. Management of Hyperkalemia in Heart Failure. Turk Kardiyol Dern
Ars 2021;49(Supp1 1):51-32. doi: 10.5543/tkda.2021.51.

Chen JS, Pei Y, Li CE, Li YN, Wang QY, Yu J. Comparative efficacy of
different types of antihypertensive drugs in reversing left ventricular
hypertrophy as determined with echocardiography in hypertensive
patients: A network meta-analysis of randomized controlled trials. J
Clin Hypertens (Greenwich) 2020;22:2175-83. doi: 10.1111/jch.14047.
Kinfe DG, Berhe G, Gidey K, Demoz GT. Blood Pressure Control, Left
Ventricular Hypertrophy and Treatment Practice Among
Hypertensive Patients in Ethiopia. Int J Gen Med 2020;13:903-16.
doi: 10.2147/1JGM.S273668.

Lozano JV, Redén J, Cea-Calvo L, Ferndndez-Pérez C, Navarro J, Bonet
A, et al. Left ventricular hypertrophy in the Spanish hypertensive
population. The ERIC-HTA study. Rev Esp Cardiol 2006;59:136-42.

J Pak Med Assoc



