
Original Article

Impact of population aging on the presentation of out-of-
hospital cardiac arrest in the Pan Asian Resuscitation
Outcomes Study

Takashi Tagami,1,2† X Hideharu Tanaka,3 Sang Do Shin,4 Matthew Huei-Ming Ma,5

Patrick Chow-in Ko,5 Sarah Karim,6 Pairoj Khruekarnchana,7 Ghulam Yasin Naroo,8 and
Marcus Eng Hock Ong2,9

1Department of Emergency and Critical Care Medicine, Nippon Medical School Tama Nayagama Hospital, Tokyo,
Japan, 2Health Services and Systems Research, Duke-NUS Medical School, Singapore, Singapore, 3Department of
EMS System, Graduate School, Kokushikan University, Tokyo, Japan, 4Department of Emergency Medicine,
College of Medicine, Seoul National University, Seoul, Korea, 5Department of Emergency Medicine, National
Taiwan University, Taipei, Taiwan, 6Department of Emergency Medicine, Hospital Sungai Buloh, Sungai Buloh,
Selangor, Malaysia, 7Department of Emergency Medicine, Rajavithi Hospital, Bangkok, Thailand, 8Department of
Health & Medical Services, ED-Trauma Centre, Rashid Hospital, Dubai, United Arab Emirates, and 9Department of
Emergency Medicine, Singapore General Hospital, Singapore, Singapore

Aim: As a population ages, it can impact on the characteristics and outcomes of cardiogenic out-of-hospital cardiac arrest (OHCA)
patients. This study aimed to evaluate the relationship between the age incidence of cardiogenic OHCA and population aging.

Methods: This was a post-hoc analysis of the Pan Asian Resuscitation Outcomes Study (PAROS) database. Data on the population
old-age dependency ratio (i.e. elderly/non-elderly) were extracted from publicly accessible sources (United Nations and World Health
Organization).

Results: We analyzed 40,872 OHCA cases from seven PAROS countries over the period 2009 to 2013. We found significant correla-
tion between the population old-age dependency ratio and elderly/non-elderly ratio in OHCA patients (r = 0.92, P = 0.003). There was
a significant correlation between the population old-age dependency ratio and risk differences of 30-day survival rates for non-elderly
and elderly OHCA patients (r = 0.89, P = 0.007).

Conclusions: Our findings suggest that the proportion of elderly among OHCA patients will increase, and outcomes could increas-
ingly differ between elderly and non-elderly as a society ages progressively. This has implications for planning and delivery of emer-
gency services as a society ages.
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INTRODUCTION

OUT -of-hospital cardiac arrest (OHCA) is an impor-
tant public health problem affecting approximately

100,000 people per year in Japan and 300,000 people each
in the USA and Europe. Previous studies suggest that one of
the important factors related to the outcome of cardiogenic
OHCA patients is age.1

Recent research by the World Health Organization sug-
gests that the overall world population is rapidly aging.2

Thus, in the near future, many countries will experience an
unprecedented era of an aging society.2 Aging is an impor-
tant risk factor for cardiovascular diseases, including
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cardiogenic OHCA. Therefore, it is rational to presume that
the proportion of the elderly among cardiogenic OHCA
patients would also increase in the near future. The more a
population ages, the older OHCA patients become. Elderly
patients generally have more comorbid diseases and compli-
cations, which could result in a greater health-care burden.3

However, very few studies have evaluated the relationship
between age incidence of cardiogenic OHCA and population
aging.

The aim of the present study was to evaluate the relation-
ship between age incidence of cardiogenic OHCA and popu-
lation aging in Asian countries.

METHOD

THIS WAS A post-hoc analysis of the Pan Asian Resus-
citation Outcomes Study (PAROS)4 data from 2009 to

2013. The study protocol conforms to the ethical guidelines
of the 1975 Declaration of Helsinki as reflected in a priori
approval by the Institutional Review Boards. Each partici-
pating site was responsible for obtaining approval from their
local ethics committee to undertake the study.4

The concept and design of PAROS has been previously
described in detail.4 In short, PAROS was established in col-
laboration with emergency medical services agencies and
academic centers in Japan, Singapore, Korea, Malaysia, Tai-
wan, Thailand, and the United Arab Emirates (UAE; Dubai).
We reported OHCA events using common data definitions

and collection methods, thus arriving at a better understand-
ing of OHCA trends in Asia.4

We defined the elderly as those aged ≥65 years, as per
previous studies and the definition provided by the United
Nations.5 Old-age dependency ratio is the ratio of the num-
ber of elderly (i.e. age ≥65 years) to the number of work-
ing-age people (age 15–64 years). The global average of the
old-age dependency ratio in 2015 was 12.6%.5 We thus
defined “aged” countries as those with an old-age depen-
dency ratio ≥12.6%, and “aging” countries as those with an
old-age dependency ratio <12.6%. We evaluated cardio-
genic OHCA patients in the current study; non-cardiogenic
OHCA patients were excluded. We evaluated the ratio of
elderly/non-elderly (i.e. old-age dependency ratio in popula-
tion data) from both OHCA (PAROS) and population (Uni-
ted Nations) data for each country.5 We also extracted
population life expectancy data from the 2015 World Health
Organization database for the corresponding seven coun-
tries.2

The data are presented as medians and interquartile
ranges. We compared “aged” and “aging” countries using
the Mann–Whitney U-test. We evaluated 30-day survival
rates in both elderly and non-elderly patients with risk differ-
ences in each country. Spearman’s correlation coefficient (r)
was used to determine the correlations among the variables.
The statistical significance threshold was set at P < 0.05.
All analyses were carried out using IBM SPSS version 23
(IBM, Armonk, NY, USA).

Table 1. Age-related data among seven Pan-Asian Resuscitation Outcomes Study (PAROS) countries

Japan Korea Singapore Taiwan Thailand United Arab

Emirates

Malaysia

Population data

Life expectancy† 83.7 82.3 83.1 80.1 74.9 77.1 75

Median age‡ 45.9 40.8 40 39.6 37.8 33.4 27.7

Old-age dependency ratio‡ 42.7 17.7 16 16.6 14.8 1.2 8.5

PAROS data, n 29,929 5605 2251 2384 210 362 131

Median age (interquartile range) 78 (18) 70 (24) 66 (23) 76 (24) 60 (27) 51 (24) 59 (19)

Proportion of elderly, % 79.2 61.6 52.7 70.8 40.7 22.3 34.4

Ratio of elderly/non-elderly 3.8 1.6 1.1 2.4 0.7 0.3 0.5

30-day survival rate among non-elderly, % 14.0 16.5 4.8 11.6 10.4 3.9 1.2

30-day survival rate among elderly, % 4.1 5.0 2.4 5.2 5.9 2.5 2.3

Risk difference of 30-day survival rates

between non-elderly and elderly, % (95% CI)

9.9 (9.2

–
10.5)

11.5

(10.0–
13.1)

2.4 (0.8–
3.9)

6.4

(4.1–
8.7)

4.5

(�3.2

–8.7)

1.4 (�3.2–
6.0)

1.1

(�5.7

–3.3)

†Data from World Health Organization 2015.2
‡Data from United Nations 2015.5

CI, confidence interval.
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RESULTS

A TOTAL OF 66,780 OHCA cases from 808 receiving
hospitals and 113 emergency medical service agencies

in seven countries were identified in the PAROS database
from 2009 to 2013. For the current study, 40,872 cases of
cardiogenic OHCA were included, after excluding 25,908
cases of non-cardiogenic OHCA.

Although we only found a maximum difference of
8.8 years in population life expectancy between Japan and
Thailand, the highest difference in population median age
was 18.2 years between Japan and Malaysia (Table 1). A
variety of population old-age dependency ratios was docu-
mented among the seven countries (range, 1.2–42.7).

As shown in Figure 1, there was a significant difference
in the age of OHCA patients between “aging” and “aged”
countries (age, interquartile range: 55, 23 vs. 76, 21;
P < 0.001). Figure 2 shows a histogram of the age distribu-
tion of cardiogenic OHCA in seven countries. The median
age of OHCA patients in the PAROS data of Japan and Tai-
wan was 78 years and 76 years, respectively. In contrast,
the median age of OHCA patients in the UAE was 51 years.

We found a highly variable ratio of elderly/non-elderly in
OHCA patients in the seven countries (range, 0.3–3.8). We
found more than 10% higher rate of 30-day survival in non-
elderly as compared to elderly in Japan and Korea.

Although we could not find a significant correlation
between population life expectancy and the median age of
OHCA patients (r = �0.37, P = 0.41) or with elderly/non-
elderly ratio in OHCA patients (r = �0.24, P = 0.61), we
found significant correlation between the population median
age and median age of OHCA patients (r = 0.78, P = 0.04)
and the elderly/non-elderly ratio in OHCA patients
(r = 0.80, P = 0.03). The population old-age dependency
ratio was significantly correlated with median age of OHCA
patients (r = 0.82, P = 0.02). We found the strongest corre-
lation between population old-age dependency ratio and
elderly/non-elderly ratio in OHCA patients (r = 0.92,
P = 0.003) (Figure 3). We investigated the risk differences
in 30-day mortality between non-elderly and elderly patients
among seven countries and found that the values were sig-
nificantly correlated with the old-age dependency ratio
(r = 0.89, P = 0.007) (Figure 4).

DISCUSSION

IN THIS POST -hoc analysis of 40,872 cardiogenic
OHCA patients using an international database from

seven Asian countries, we found a significant correlation
between population old-age dependency ratios (i.e. elderly/
non-elderly) and elderly/non-elderly ratios in OHCA
patients. We also found significant correlations between risk
difference of 30-day survival rates between non-elderly and
elderly and the old-age dependency ratio. Our findings sug-
gest that the proportion of elderly among OHCA patients
will increase and outcomes will increasingly differ between
elderly and non-elderly as a society ages progressively.

Our results are consistent with several previous studies.
Becker et al.6 reported that the incidence of sudden cardiac
arrest markedly increases with age, from 100 per 100,000
for 50-year-old patients to 800 per 100,000 for 75-year-old
patients in Chicago, USA.6 Studies in OHCA from “aged”
countries (e.g. country, old-age dependency ratio, mean or
median age of OHCA patients: Denmark, 29.7, 72.0;7 Eng-
land, 28.2, 68.6;8 USA, 22.3, 60.19), show that their OHCAs
seem to be older than those from “aging” countries (e.g.
Cameroon, 5.9, 46.0;10 Qatar, 1.3, 51.011). As per Figure 1,
we found higher proportions of older OHCA patients in
“aged” countries (e.g. Japan, Taiwan, Korea, Singapore, and
Thailand) than in “aging” countries (e.g. Malaysia and the
UAE).

Many reports from several countries suggested that out-
comes for cardiogenic OHCA have improved over the last

Fig. 1. Age distribution in out-of-hospital cardiac arrest patients

between seven “aging” and “aged” countries. We defined popu-

lation “aged” countries as those with an old-age dependency

ratio ≥12.6% (global average in 2015) and population “aging”

countries as those with an old-age dependency ratio <12.6%.
Population aged countries were Japan, Taiwan, Korea, Singa-

pore, and Thailand. Population aging countries were Malaysia

and the United Arab Emirates.
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Fig. 2. Age distribution of cardiogenic out-of-hospital cardiac arrest in seven countries
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10 years for people aged 65 years and above.12–16 How-
ever, if the proportion of elderly increases among OHCA
victims, the national outcomes could get worse in the near
future. For example, Japan has one of the largest propor-
tions of elderly in the world, with more than 21% of the
population aged 65 years or more (old-age dependency
ratio 42.7% in 2015), and is called a “super-aging soci-
ety”.17 Owing to several investments in strengthening each
link in the “chain of survival” for OHCA, the last decade
has witnessed continuous improvement of favorable out-
comes for cardiogenic OHCA in Japan.18 However,
according to a recent report from the Japanese fire and
disaster management agency, the proportion of favorable
neurological outcomes and survival after 1 month among
cardiogenic OHCA patients with bystander witnesses and
automated external defibrillator provided has decreased for

the first time since 2005. Although there might be several
factors that have caused this decline in outcomes, aging
could have influenced the outcome. In fact, our data found
a significant correlation between the risk difference of 30-
day survival rates between non-elderly and elderly and the
old-age dependency ratio. This might imply that the dis-
crepancy of outcomes between the elderly and non-elderly
may increase, as a society ages progressively. This has
implications for aging societies worldwide. These could
include issues related to: (i) implementation of termination
of resuscitation rules, (ii) geriatric medicine training for
paramedics/physician, (iii) withdrawal/provision of expen-
sive post-resuscitation care.

The current study has some limitations. The PAROS data
are not a population-based registry in some countries, thus it
may result in under-reporting in these countries (Thailand,
Malaysia). PAROS data for that period were limited only to
7 Asian countries. More data from other countries are
required to confirm our results.

CONCLUSION

OUR findings suggest that the proportion of elderly
among OHCA patients will increase and outcomes

could increasingly differ between the elderly and non-
elderly as a society ages progressively. This has implications
for planning and delivery of emergency services as a society
ages.
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