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Abstract

Introduction: Temperature is a key factor influencing the occurrence of out-of-hospital cardiac arrest, yet there is
no equivalent study in Hong Kong. This study reports results involving a large-scale territory-wide investigation on the
impacts of ambient temperature and age—gender differences on out-of-hospital cardiac arrest outcome in Hong Kong.
Methods: This study included 25,467 out-of-hospital cardiac arrest cases treated by the Hong Kong Fire Services
Department between December 201 | and November 2016 inclusive. Simple correlation and regression analyses were
used to examine the relationships between out-of-hospital cardiac arrest cases and temperature, age and gender.
Calendar charts were used to visualise temporal patterns of pre-hospital emergency medical services related to out-of-
hospital cardiac arrest cases.

Results: A strong negative curvilinear relationship was found between out-of-hospital cardiac arrest and daily temperature
(r2>0.9) with prominent effects on elderly people aged >85years. For each unit decrease in mean temperature in °C,
there was a maximum of 5.6% increase in out-of-hospital cardiac arrest cases among all age groups and 7.3% increase in
the >85years elderly age group. Men were slightly more at risk of out-of-hospital cardiac arrest compared with women.
The demand for out-of-hospital cardiac arrest—related emergency medical services was highest between 06:00 and | 1:00
in the wintertime.

Conclusion: This study provides the first local evidence linking weather and demographic effects with out-of-hospital
cardiac arrest in Hong Kong. It offers empirical evidence to policymakers in support of strengthening existing emergency
medical services to deal with the expected increase in out-of-hospital cardiac arrest in the wintertime and in regions with
a large number of elderly population.
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Table |. Percentage change in cardiac arrest cases by temperature differences (values highlighted in bold represents the maximum
rates of change in cardiac arrest cases and corresponding mean temperatures in ‘all age groups’ and ‘age group 285 years’).

Mean Total cardiac arrest % change Total cardiac arrest % change
temperature (°C) (all age groups)? (R?=0.939) (age group >85years)® (R2=0.943)
10 4068 5.6 1852 6.9
I 3852 5.6 1731 7.0
12 3647 5.6 1616 7.1
13 3452 5.6 1508 72
14 3267 5.7 1405 7.3
15 3093 5.6 1310 7.3
16 2929 5.6 1220 7.3
17 2776 5.5 1137 7.3
18 2633 5.4 1060 7.2
19 2501 5.3 990 7.1
20 2379 5.1 926 6.9
21 2268 4.9 868 6.7
22 2167 4.6 8lé 6.3
23 2077 43 771 5.8
24 1998 4.0 733 5.3
25 1930 35 700 4.6
26 1872 3.1 674 3.9
27 1825 2.6 655 3.0
28 1789 2.0 641 2.1
29 1764 |.4 634 .1
30 1750 0.8 634 0.1

2All age groups: y=0.0057x3 +4.9578x2-321.62x +6782.7 (adjusted R2=0.939).

b>85 years age group: y=3.1755x2— 187.95x + 3414.4 (adjusted R?=0.943).

fatality rate of OHCA is found to associate with both patient
and environmental factors. OHCA cases seemingly occur
more frequently on days with extreme low and high tem-
peratures.>!! Moreover, studies have consistently showed
that incidence/survival of OHCA is influenced by respon-
siveness of emergency medical services (EMS) as well as
patient characteristics (such as gender, age, habits and medi-
cal history). Specifically, OHCA affects more male,'?!3
elderly,'? overweight,!3 and people with cardiovascular and
respiratory diseases.!* Seasonal patterns of cardiovascular
mortality is also evident in United States,'>!¢ Britain,!?
Australia,'® Germany!? and Japan.20

There have been no representative large-scale studies on
OHCA in Hong Kong. The increasing number of OHCA
cases expects to be a major public health concern for Hong
Kong particularly in the presence of ageing population and
increasing frequency of extreme weather events. A better
understanding of weather-related and demographic effects
on OHCA is helpful for relevant authority to better prepare
for the expected increase in the demand for EMS. This
study examines the relationships between OHCA cases and
three aspects: (1) weather — ambient air temperatures, (2)
demography — age and gender and (3) ambulance demand
— temporal patterns. Findings of this study will have direct
implications for public health policy and strategic planning
of EMS provision.

Methods

The study data included 25,467 cardiac arrest cases (exclud-
ing incomplete and duplicate records) treated by EMS pro-
vided by the Hong Kong Fire Services Department
(HKFSD) between December 2011 and November 2016
inclusive. Each OHCA record was anonymised and con-
tained personal data (age, gender, medical condition etc.)
and relevant items from the incident report (date, time,
location, treatment rendered, outcome etc.). Ambient tem-
perature data (including daily maximum, minimum and
mean temperatures) for the same period were downloaded
from the website of Hong Kong Observatory (HKO).

The relationships between OHCA cases and weather or
demographic variables were examined by means of simple
correlation and regression analyses. Temporal patterns of
EMS were analysed using calendar charts or calendar heat
maps?! that use colour gradients to show hourly variations
in the demand of EMS by days and months of the year.

Results
OHCA and air temperatures

Table 1 shows the percentage change in cardiac arrest cases
for each unit drop of mean temperature in °C. The table
entries register OHCA cases for ‘all age groups’ and the
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Figure 1. Relationships between daily temperatures (minimum, mean and maximum) and OHCA cases. Strong negative curvilinear
relationships were evident between daily temperatures and OHCA.

‘>85 years age group’. The number of OHCA cases tended to
increase with decreasing mean temperatures. The maximum
rate of change was 5.7% for all age groups and 7.3% for the
85years and above age group. The elderly age group not only
showed higher risks of OHCA in response to cold tempera-
tures but also reacted much earlier at mean temperatures of
17°C and below compared with 14°C for all age groups.

A strong negative curvilinear relationship was found
between daily temperatures (including maximum, mini-
mum and mean temperatures) and OHCA cases (r>>0.9;
Figure 1). The plot shows that cardiac arrest cases
increased exponentially with decreasing temperatures.
More prominent effect was evident on daily minimum
temperatures (r>=0.9507) as they dropped below 14°C.
Although diurnal temperature difference is not uncom-
mon in Hong Kong, the temperature difference gets com-
paratively larger in cooler season, especially from
December to January. It is also noteworthy that cardiac
arrest cases decreased with increasing daily maximum
temperatures but then rebounded from 33°C onwards. The
rebound implied that extreme hot temperatures could also
be a risk factor for cardiac arrest. However, the overall
trend for Hong Kong showed that extreme cold weather in
the winter resulted in more cardiac arrest cases than hotter
temperatures in the summer.

Apart from the mean temperature, this study also found
a strong positive curvilinear relationship between diurnal
temperature variation (the difference between daily maxi-
mum and minimum temperatures) and cumulative OHCA
cases (r>>0.97; Figure 2). The increase in cumulative car-
diac arrest cases started to level off after a 6°C difference in
diurnal temperature variation.

OHCA and age or gender groups

Table 2 shows the breakdown of monthly OHCA cases by
different age groups. The table shows that elderly people
(aged >65 years) accounting for nearly 78% of total cases in
the past 5years were among the largest group contributing
to OHCA cases in Hong Kong. The occurrence of OHCA
among younger age groups was relatively lower. For
instance, OHCA cases for the 30—64 years age group were
only a third of cases for the 65years and above elderly
group. OHCA displayed an initial upward trend by age fol-
lowed by a sharp increase in incidence after the age of
74 years.

The study also analysed the effects of temperature on
cardiac arrest by age groups. Figure 3 shows the relation-
ships between mean daily temperature and OHCA stratified
by different age groups. Figure 3(a) reveals that the
>65years elderly age group compared with their younger
counterparts was highly susceptible to OHCA with decreas-
ing temperatures. The almost horizontal trend lines near the
bottom of Figure 3(a) indicate that there were hardly linear
relationships between temperature and cardiac arrest for the
two younger age groups. Figure 3(b) shows a further break-
down of the >65 years elderly group into five age groups
(6569, 70-74, 75-79, 80-84 and >85years) to examine
effects of daily mean temperature on OHCA. The results
clearly suggest the detrimental effects of cold temperatures
on OHCA for people aged 85 years and above.

Apart from age, gender is also an important and non-
modifiable factor for OHCA. Figure 4 shows significant
differences existed between men and women in OHCA
(p<0.05) where men (55.6%) were more likely than women
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Figure 2. Relationships between diurnal temperature variations (°C) and cumulative OHCA cases. Strong positive curvilinear
relationships were evident between diurnal temperature variations and cumulative OHCA cases.

Table 2. Monthly cardiac arrest cases by different age groups (December 201 |-November 2016).

Cardiac arrest December 201 I-November 2016

cases

January February March April May June July August September October November December

Sub-total (%)

04 9 8 8 6 6 4 3 9 3 5 9 4
5-9 8 3 I 2 0 3 0 2 4 5 5 0
10-14 2 2 I | 2 0 I 0 | 2 2 6
15-19 5 4 0 4 6 2 I 3 | 4 3 4
20-24 10 I 5 5 10 4 7 9 3 13 10 5
25-29 I 8 13 I 9 10 1l 13 7 7 7 12
0-29 45 26 28 29 33 23 23 36 19 36 36 31
30-34 20 18 15 18 19 18 19 14 I 12 I 19
35-39 30 28 27 20 25 23 23 15 13 21 19 24
4044 35 41 34 3 40 33 42 33 30 28 30 37
45-49 59 41 62 29 68 56 41 42 41 50 50 55
50-54 80 100 73 72 8 81 78 7l 75 88 83 93
55-59 134 118 110 101 106 89 94 8l 86 92 97 108
60-64 124 132 I55 121 114 113 111 109 101 99 15 140
30-64 482 478 476 392 454 413 408 365 357 390 405 476
65-69 163 125 135 11299 1112 10l 105 107 120 123 149
70-74 198 153 137 140 125 135 122 lé 130 129 118 182
75-79 289 281 251 221 227 180 180 209 173 202 234 280
80-84 450 446 368 319 298 298 264 269 266 334 272 422
>85 121 1021 909 755 700 663 579 660 624 611 678 904
265 2221 2026 1800 1547 1449 1388 1246 1359 1300 1396 1425 1937
All age groups 2775 2549 2332 1987 1956 1848 1699 1782 1701 1849 1901 2465

74
33
20
37
82
19

365 (1.5)
194
268
414
594
976
1216
1434

5096 (20.8)
1451
1685
2727
4006
9225

19,094 (77.8)
24,555

2Excluding 912 patients with missing data on age.

(44.4%) to experience OHCA. The graphic plot also shows
that monthly OHCA cases for men consistently outnum-
bered women by 8.6-16.3%. Precipitated by changing

summer (June—August) months.

temperatures, OHCA cases for both genders had larger
numbers in winter (December—February) as opposed to
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Figure 3. Relationships between daily mean temperature and OHCA cases stratified by age groups: (a) all age groups 0-29years
(n=654), 30-64years (n=5096), >65years (n=19,094) and (b) finer breakdown of 65-69years (n=1685), 75-79years (n=2727),

80-84years (n=4006), >85years (n=9225).

B women [[] Men
1800
1600
1400
1200 [ r—
B = I m B i
800 r —
600 —
400 |
200
3 |
Month Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Total
Women 1286 1189 1081 894 853 822 758 766 791 830 842 1147 11259
% 45.50% 45.70% 45.50% 44.40% 42.90% 43.60% 43.40% 41.90% 45.50% 44.00% 43.20% 45.50% 44.40%
Men 1538 1412 1293 1120 1134 1065 988 1064 947 1056 1106 1373 14096
% 54.50% 54.30% 54.50% 55.60% 57.10% 56.40% 56.60% 58.10% 54.50% 56.00% 56.80% 54.50% 55.60%
Sub-total 2824 2601 2374 2014 1987 1887 1746 1830 1738 1885 1948 2520 25355%
* = Excluding 112 OHCA cases with unknown gender classification
The difference in mean between men and women is statistically significant at 0.01 level (p<0.05) using independent-samples T-Test

Figure 4. Monthly OHCA cases by gender groups (December 201 I-November 2016).

Temporal patterns of OHCA

Figure 5 reveals discernible seasonal and temporal patterns
of OHCA according to the EMS demands. The calendar
chart (Figure 5(a)) shows a daily high incidence of OHCA
at about 200-300 cases between 06:00 and 11:00. The high

incidence period seemed consistent throughout the year
with an exceptionally high incidence in January that peaked
at 07:00 (Figure 5(b)). Figure 5(b) also shows that the inci-
dence of OHCA was generally higher in cooler (November—
March) than the other seasons. Conversely, a relatively low
incidence of fewer than 100 cases was found between
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Figure 5. Temporal patterns of OHCA cases in Hong Kong (December 201 I-November 2016): (a) total OHCA cases by day of
week (December 201 I-November 2016) and (b) total OHCA cases by month (December 201 I-November 2016).

midnight and 03:00, especially from June to October. These
daily and monthly profiles had been consistently demon-
strated in the pre-hospital cardiac arrest demand over the
Syears of study period.

Discussion

This study is the first large-scale and representative
account of OHCA and its demand for EMS in Hong Kong.
It offers not only the much needed evidence about tem-
perature and age—gender effects on OHCA occurrences but
also temporal trends in cardiovascular demand in EMS.
Similar to findings in the literature, this study confirms the
negative effects of ambient temperatures on OHCA in
Hong Kong. In particular, cold temperatures (see Table 1
and Figure 1) and large diurnal temperature variations (see
Figure 2) are risk factors for cardiovascular incidents
which exacerbate in older age groups (see Table 2 and
Figure 2). This phenomenon can be attributed to the inabil-
ity of older people to endure exposure to and sudden drops
in cold temperatures,?? while cold temperatures have been
known to raise blood pressure in normotensive and hyper-
tensive individuals.?3-2 It is also possible that elderly peo-
ple may have other chronic illnesses leading to OHCA

although not substantiated in this study due to incomplete
data on medical history. As the elderly population in Hong
Kong expects to double from 15% in 2014 to 32% in
2041,2 the HKFSD must cater for the expected increase in
OHCA and its demand for EMS.

A recent study in Japan showed that the occurrence of
OHCA is attributable not only to low temperatures but also
to high temperatures.?’” The OHCA cases in Hong Kong
also appeared to rise, albeit by only a small proportion,
when the daily maximum temperatures reached 33°C and
above (Figure 1). This observation suggests that cardiac
arrest occurrences may be exacerbated by extreme high
temperatures as much as low temperatures. As the number
of very hot days (daily maximum temperature >33°C) in
Hong Kong’s summer is likely to increase with climate
change,?® the number of OHCA cases expects to rise in the
foreseeable future. This rising trend warrants attention and
further exploration of the impacts of very hot weather on
OHCA.

This study also finds that men were more likely than
women to suffer OHCA, in which approximately three in
five cases occurred in men (see Figure 4). The finding agrees
with observations reported in the United States*2%3% and
consistent with results in past research.2!22 Accounting for
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temperature and age—gender effects on OHCA determined
through this study, cardiovascular demand for EMS in the
future would have been underestimated for elderly people
especially in months of low temperature. Similar results
have been established in a recent study on future emergency
ambulance demand in Hong Kong.3!

The temporal breakdowns of OHCA-related demands
for EMS (see Figure 5) reveal seasonal and daily varia-
tions that can help improve service preparedness and
provision. For example, a surging demand for EMS
involving cardiac arrests in the winter months and early
morning hours suggests critical time/period for efficient
allocation of ambulance resources, such as trained para-
medics and advanced cardiovascular life support equip-
ment. Optimal allocation of resources and effective
preparedness strategies can improve survival from
OHCA in which timeliness and quality of life-saving
equipment and procedures can make a big difference.*32
It is also important to take preventive measures during
the winter months, such as opening more cold shelters
and provision of warm clothing for vulnerable popula-
tions, including elderly and socially disadvantaged peo-
ple, even when temperatures are moderately cold.
Different people may have different adaptability and
responses to changing temperature.

Future study shall focus on spatio-temporal analysis of
OHCA to examine temporal patterns of service demands
across the whole territory of Hong Kong. The spatio-tem-
poral approach is necessary to identify hot spots or high-
risk neighbourhoods for OHCA .33 Integrating both spatial
and temporal factors in the analysis of OHCA will provide
more robust and reliable estimates for the strategic plan-
ning and delivery of future EMS.

Conclusion

This study initiated by the HKFSD represents an unprece-
dented local territory-wide study to investigate the impacts
of ambient temperature and age—gender differences on the
occurrence of cardiac arrests in pre-hospital settings of
Hong Kong. The study helps inform management practices
and suggest policy changes to improve EMS guided by
research-based evidence. Identifying high-risk groups and
temporal variation in service demand is a first step towards
improving existing service provision.
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