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Abstract

Background: External causes include accidents, injuries or health problems
that arise immediately after accidents or other external factors. The purpose
of this review was to collect information about the relation between tempera-
ture and mortality due to external causes. Methods: A systematic search of
articles was conducted in PubMed, Scopus, Science Direct, Embase, and Web
of Science until January 2017, with no restriction. Broad searches were con-
ducted in all fields, using key words related to ambient temperature exposure
and deaths due to external causes. Results: Nine articles were included in the
study. Except two articles, one of which had been designed in a cross-sectional
way and the other that was retrospective, the rest of the articles were ecologi-
cal. The outcomes reported were heterogeneous and different metrics had
been used in the results; therefore conducting of meta-analysis was not possi-
ble. Five articles had found direct and significant relations between high
temperature and deaths due to external causes. Only one study found no rela-
tion. In the case of cold, one study showed that the proportion of death due to
external causes was low during cold waves. Another study showed that there
was no relation between cold waves and mortality due to external causes. But
one article showed that death due to external causes increased on cold days,
significantly. Conclusion: The results of this systematic review showed that
high temperatures (heat) were more likely to cause mortality due to external
causes than low temperatures (cold). Due to the small number of studies in
this field, especially in the context of cold and death due to external causes, it
is difficult to make robust conclusions.
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1. Introduction

Many studies have shown the adverse effects of temperature on human mortality
due to cardiovascular, respiratory diseases, or all causes [1] [2] [3] [4] [5]. There
is also evidence that shows the effect of atmospheric conditions on human mor-
tality. This evidence is mainly related to the effects of temperature, especially
heat waves [6] [7]. External causes, which account for a large proportion of the
causes of death in some countries, include accidents, injuries or situations [8].
The importance of these factors on mortality and burden of diseases has led to
the conduct of many studies in this field. Hajat ef al [9] examined the relation
between temperature and mortality due to external causes in the UK. Basagana
et al. [10] also examined this relation in Catalonia, Spain. Both studies have
shown that high temperatures are associated with increased death due to exter-
nal causes.

Death due to external causes includes the codes VO - Y98 and E800 - E998 in
the International Classification of Diseases, version 10 and version 9 respective-
ly. These categories involve many intentional and unintentional injuries. Inten-
tional injuries include intentional murder or suicide by self-immolation, poi-
soning, hanging, drowning, and etc. Unintentional injuries include traffic acci-
dents, falls, electrical shock, and etc. The above causes are classified in Chapter
20 of the ICD10 book. External causes also cause damage to various areas of the
body which are known as the consequences of external causes. These conse-
quences are classified in Chapter 19 of the ICD10 book [11] [12].

Several studies have examined the effect of temperature on death due to ex-
ternal causes, separately [13] [14] [15]. There are also systematic reviews that
have assessed certain causes, separately. For example, in a review conducted by
Kampe et al, the relation between temperature and only unintentional injuries
has been investigated [16].

In general, studies that examine the effect of climate on death or disability due
to external causes can be divided into two groups. One group investigates death
due to all external causes together instead of investigating deaths due to external
causes separately based on each specific cause. The other group, studies deaths
due to external causes based on each specific cause separately. It is possible that
no significant relation appears between temperature and death due to specific
external causes analyzed separately, but significant relations appear between
temperature and death due to all the external causes together [17], because of the
increased sample size. Also there are studies that although have studied human
mortality and temperature, but have excluded deaths due to external causes [18]
[19] [20]. Excluding mortality due to external causes may lead to problems in
climate studies. For example, by excluding deaths due to external causes from all
causes of death, the effect of temperature on death due to all cause will be unde-
restimated in countries where mortality is high due to external causes.

Evidence about a relation between deaths due to external causes and temper-

ature will help both researchers who study climate change and death and policy
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makers to development plans for preventing death. The purpose of this review
article is to summarize the available information about the relation between

temperature and death due to all external causes.

2. Methods

2.1. Search Strategy and Selection Criteria

A systematic search was conducted in PubMed, Scopus, Science Direct, Embase,
and Web of Science; until January 2017 with no restriction on language, time
and location. Climate, temperature, heat, cold, weather, hot, and ambient tem-
perature were the key words used for exposure. The key word “external causes”
was used as the outcome of this study. The search strategy has been shown in
Table 1 and the search strategy in each database has been shown in Supplemen-
tary (Table S1). In addition to searching the mentioned databases, the reference
list of included articles was also reviewed.

Articles that reported the relation of temperature with deaths due to specific
external causes, were not included in this study. Many studies have been con-
ducted about certain types of deaths due to external causes such as suicide and
temperature studies [21] [22]. Review articles have also been done about this
topic [23] [24]. However, the purpose of this article was to review the studies
about death due to all external causes together, not death due to specific causes
among external causes.

Articles with different designs were included in this review, if they had 1) an
indicator as exposure to outside temperature, 2) mortality due to external causes
as the outcome, 3) and the outcome had been investigated in humans. Articles
were excluded if they 1) had assessed only one type of death due to external
causes out of all external causes, 2) had assessed non external causes, 3) or had

defined a medical visit or morbidity as the outcome.

2.2. Study Selection and Their Data

The title and abstract of the retrieved articles were reviewed separately by two
authors of the study (OA, HS). Then duplicate items were deleted based on au-
thor, title and year using End Note X6. The relevance of articles was determined
initially based on the title and abstract and irrelevance articles were deleted. Af-
ter that, the full text of the ambiguous articles was downloaded and was eva-
luated in terms of the inclusion and exclusion criteria. Then irrelevant articles

were excluded again.

Table 1. The search strategy in the review.

Climate: OR temperature, OR heat, OR cold,
OR hot, OR ambient temperature, OR weather

2 “External cause”

3 1and 2
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We couldn’t find a standard checklist for appraising ecological studies. None-
theless we evaluated the quality of the selected studies using the methods used in
the literature [25] [26]. The articles’ quality were assessed by considering: study
design, study populations, information about exposure and outcome, statistical
methods, measures of air temperature, and adjustment for important confound-
ers such as meteorological factors, long-term trends, and day of the week.

Information was extracted from articles that met the inclusion criteria. A table
was created and used to extract information from the studies. Where ever ne-
cessary, further information was inquired from the corresponding author of the
studies by personal communication. The extracted information included the
author, study period, population, study design, exposure and outcome variables,
confounders that had been adjusted for, statistical methods and the main result.

3. Result

After searching the databases, 696 articles were found and from these, 578 ar-
ticles were irrelevant according to title and abstract and were discarded. Then
from the 65 remaining articles, 52 articles were excluded after reading the full
text, because they did not meet the criteria. A large number of articles had ex-
cluded mortality due to external cause (n = 23) and were therefore excluded
from this review. Also many of them had examined the effect of temperature on
the number of hospital admissions and not mortality. Four other articles were
excluded, because two articles had examined death due to a specific cause (sui-
cide and drowning) separately, and two articles did not have a specific definition
of external causes (Figure 1). Finally, 9 articles were included in this study and
their characteristics are summarized in Table 1. There was no eligible article in
the reference list of the included studies.

Except two articles, one which was retrospective [27] and the other a
case-crossover study [10], the rest of the studies were ecological. In these articles,
the impact of 3 different exposure variables had been studied on death due to
external causes, which were hot waves, cold waves and daily temperatures
(maximum, average). 3 studies had examined the effects of only heat waves [10]
[13] [28] and 2 studies had examined the effects of both heat and cold waves [29]
[30]. Also, two studies had assessed the mean daily temperature [9] [31] and one
study [17] had assessed the maximum daily temperature as the exposure varia-
ble. One other study [27] had defined the upper 95 percentile of temperature for
6 weeks, which is similar to the definition of a hot wave, as its exposure variable.
This study was published in Russian and information was taken from the ab-
stract and by contacting the author. Three studies considered both death due to
external causes (V0O - Y98) and the fatal consequence of external causes (S00 -
T98) as the outcome of the study [9] [29] [31]. For example, consequences such
as injuries or damages that involve different areas of the body and are caused by
external causes, were also defined as the outcome. Two of these articles [9] [31]
had considered factors influencing health status and reasons for contacting

health care services (Z) as an outcome as well. Whereas, this code is not part of

DOI: 10.4236/0dem.2018.63007

84 Occupational Diseases and Environmental Medicine


https://doi.org/10.4236/odem.2018.63007

O. Aboubakri et al.

Records identified throughall databases (n=696)

Scopus (n=408), PubMed (n=17), Science direct (n=224), Web of science (n=26)

Embase (n=21)

l

Records after duplicates removed (n=643)

:

Records screened (n=643) »Records excluded after reviewing title and abstract (n=578)

52 Full-text article were excluded because:

Full text articles assessment for eligibility (n=65) —_—

4 articles were excluded because:
2 Focused on drowning and suicide

2 did not clearly define external cause

Figure 1. Diagram of study selection.

Eligible articles (n=13)

Outcome of interest not mentioned (n=6)
l Exposure of interest not mentioned (n=1)
Duplicates (n=5)
Focused on non-external cause or all cause mortality( n25=)

i Focused on emergency room or hospital visits (n=15)

n=9

external causes according to ICD10 and ICD9, and consequence of external
causes (S - T) are separated from death due to external causes (V - Y) in ICD.
Three studies had examined only death due to external causes as the outcome,
but only the V0O - Y89 codes were included in the study [10] [13] [28]. From the
9 included studies, only one of them had defined external causes correctly [17].
One article did not mention the codes included in the study [31]. Also two stu-
dies had excluded death due to high natural heat (X30), and had analyzed it sep-
arately [13] [28].

Except one study [30], all studies had controlled for potential confounders.
One study had controlled for only age and sex [28] and two studies had analyzed
the relation between temperature and death due to external causes in different
age categories. The rest of the studies had adjusted for the variables that had
changed over time.

The characteristics of the studies included in this review and their results have
been summarized in Table 2. From 6 papers that examined the effect of extreme
hot days or heat waves on death due to external cause, 5 showed a significant re-
lation. One study [29] did not find a relation between hot days and mortality due
to external causes. As the authors of the study pointed out, their results did not
match the results from developed countries. This may be because of the low sta-
tistical power of their study, as they mentioned, themselves. Also Hajat [9] and
Ishigami [31], used mean ambient temperature, and reported that high temper-

ature was related to mortality due to external causes. Ouro [17] also concluded
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Table 2. Characteristics of included studies.

Confounders Outcome
u.
Authors Study X variables Statistical .
X f Exposure metrics that have been . Main results
(Study period) population relevant to analysis
controlled K .
this review
Heat wave The greatest excess
(periods of at least mortality (O - E) in
3 consecutive days heat waves were
. 4 Injury and The excess
when the maximum o R observed for
L. poisoning mortahty .
and the minimum cardiovascular
(V01 -X29, (observed-expected) .
Rey et al. Whole French temperature, . . diseases, neoplasms,
i Age and gender X31 -Y89) and mortality ratio K
(1971 to 2003) territory averaged over respiratory system
and other (observed/expected) .
whole France, were diseases, HRC
. causes were calculated for
simultaneously (e.q. x30) cach cause of death (heat related causes),
.g. u
greater than & ill-defined conditions,
their respective and injury and
95th percentile) poisoning
External
Influenza cause of death
. R The greatest risk of
. . epidemics, (ICD10 codes: . .
Hajat All regions . Poisson heat mortality was
Mean ambient levels S, T,V, W, X, K
etal of England generalized observed for
temperature of PM;, Y, Z and ICD9 ) .
(1993-2003) and Wales . linear models respiratory and
(particulate matter) codes:
5 external causes
and ozone (mg/m’)  800.0 - 999.9
or other)
All external Association between
Heat waves
. cause extremely hot days
(days with . R
. . L. ICD10 codes Conditional and mortality was
Basagana et al. Catalonia maximum Humidity and . .
. . . . (V01 - Y89) logistic seen in lag 0 - 2 but
(1983-2006) region of Spain temperature air pollution (PM) K .
and ICD9 regression was not seen in lag
above the
. codes (E800 - 3 - 6 for the external
95th percentile)
E999) causes category
Heat days
were defined
as days with
maximum
External
temperatures Day of week;
cause External causes of
Ingole et al. above the 98th secular trends and .
Western . . . K of death Quasi-poisson death were not
(January 2003 to ) percentile (>39°C),  other time-varying K . i
India . (ICD regression model associated with
December 2012) and cold days confounding
. S00 - T98, heat or cold days
as days with factors
. V01 - Y98)
maximum
temperatures
below the 2nd
percentile (<25°C)
Daily ambient levels
Ishigami et al Y 5 Effects of high
. of PMy, (ug/m?) External
(Budapest: Three cities i . . temperature on death
R (total suspended disease Poisson generalised
1993-2001 in Europe . . . . from external causes
Daily mean particles (TSP) in (ICD9 linear models X
London: (Budapest, . . were apparent in all
temperature (°C) Budapest), and 900.0 - 999.9; allowing for .
1993-2003 London, 5 . . cities, although not
. . ozone (pug/m?®) ICD10S, T, over-dispersion o o
Milan: and Milan) . statistically significant
were obtained V,W,X,Y, Z) .
1999-2004) . in Budapest
for each city
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Continued
Deaths from
External cause
external . . e
Poisson regression, mortality significantly
causes . .
Orru et al. Northeastern Maximum Seasonality and (ICD10 combined with a increased on hot
(1997-2013) Europe (Estonia) temperatures longer term trends X . distributed lag (the same and previous
diagnosis .
non-linear model day) and cold days
codes (alag of 1 - 3 days)
V00 - Y99) 8 7
Underlying Deaths from external

Joe et al (18-day demographics that External 1 S.implhifil(ed causes increased more

) may change over relative risk (RR) sharply (RR = 1.18,

period between . . causes of death h
California Heat wave years. approac CI 1.10 - 1.27) than
15 July and . (ICD10 ,
Subgroup analysis in A4 from internal causes
1 August, 2006) . V01 to Y89.9) (RR=-"/2)
different age groups A, (RR =1.04,
was done CI1.02 -1.07)

External causes of

Long and short death could be an
Poisson important contributing

temperature waves
defined by daily
Four cities in

North Russian below the cold
Shaposhnikov (Archangelsk, threshold
et al. (1999-2007) Murmansk, (3rd centile) and
Yakutsk, daily mean
Magadan) temperature
above the heat
threshold
(97th centile)
Extremely heat
. 6 week with T
. Russia
Smirnova et al. . above 95th
(Nizhny k
(January 2010 to percentile and
Novgorod . .
December 2012) wildfire with
Oblast) .
increased

air pollution

mean temperatures

distributions of

daily deaths; X*
test for frequency

tables based on

All external
causes and all

. non-accidental . .
Not mentioned ) city-specific
(non-traumatic)

RR estimates
deaths

or fisher’s exact

test for the pooled

RR estimates

External cause

of death 2x2and2 x3
Season and other .
i ) (ICD10 codes:  contingency tables;
time-varying )
R T58; the X* (X 'squared)
confounding factors T
T29 - 32, Pearson criterion
C76.8)

factor to the rise of
total mortality during
heat waves
(they were responsible
for about 8% of an
increase in total
mortality), while they
are less important
during cold waves
(they caused about
3% of an increase)

The period of AH
(Abnormal Heat)
was followed by an
increase of mortality
from external causes
(p < 0.01) comparing
to the summer 2011

that hot days, which were defined using maximum daily temperature, signifi-
cantly increased mortality due to external causes. Rey [28] and Joey [13], despite
the fact that they excluded death due to excessive natural heat (X30), saw a sig-
nificant relation between deaths due to external causes and heat.

It seems that the effect of cold days on mortality due to external causes is less
significant. One study [30] had shown that the proportion of death due to ex-
ternal causes is small in comparison to death due to all causes during cold waves
(about 3%). Ingole et al [29] did not see any relation between cold waves and
death due to external causes. But one study [17] that had defined exposure cor-
rectly, found a significant relation and death due to external causes increased on

cold days.

4. Discussion

As far as we know this is the first literature review done about the relation be-
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tween temperature and death due to all external causes together. This review
suggests that high temperatures are probably more related to deaths due to ex-
ternal causes than low temperatures. Rey ef al. [28] despite excluding deaths due
to excessive natural heat (X30), observed the greatest excess mortality for other
deaths(ICD: O - E) due to external causes. Similarly, Joe et al. excluded deaths
due to excessive natural heat and still observed a direct relation between temper-
ature and deaths due to external causes.

The results of studies that have addressed death due to one or more external
causes separately, are consistent with these results. For example, several studies
have examined the effect of temperature on death due to suicide and have shown
that high temperatures are associated with an increase in suicides [32] [33] [34].
Also studies that have examined the effects of temperature on road accidents
have also concluded that high temperatures increase crashes [1] [35]. In a review
conducted by Campe et al, from 13 studies that were included, 11 of them
showed an increase in unintentional injuries related to high temperatures [16].

In the present review, due to the small number of studies about the effect of
cold or low temperature on deaths due to external causes, it is difficult to con-
clude how cold is associated with death due to external causes. Most studies that
have investigated death due to specific external causes have also focused more on
high than low temperatures [36]. Therefore, further investigation on the effects
of cold is needed. A study conducted by Ingole et al [29] did not show any sig-
nificant effect of cold in three different lags (0, 0 - 4, 0 - 14) on death due to ex-
ternal causes. However, this study had used oral autopsy for data collection and
included only deaths in which an oral autopsy with the deceased person’s family
member had been done.

Shaposhnikov et al’s study showed that although death due to external causes
had a significant relation with cold waves, but this relation was weak. They
showed that the age group over 65 was more vulnerable to cold than the younger
group (under 65). A study conducted by Ishigami et a/ [31] showed that deaths
due to external causes are associated with both age and high temperature, and as
age increases, the risk of death increases more steeply. But Hajat et al reported
that the highest risk of death due to high temperature happened in the 0 - 64 age
group [9]. Considering this point is necessary that if deaths due to specific ex-
ternal causes (for example deaths from road crashes, get studied separately; the
results may be different. For example in a study conducted by Ishigami et a/, the
younger age group was at a higher risk of deaths due to road traffic injuries, falls
and drowning related to high temperature, than the elderly. This is probably due
to the fact that younger people are more likely to seek adventure and encounter
external causes than the elderly.

Increased mortality due to external causes at high temperatures is justifiable
through mechanisms and intermediate variables and also depends on the specif-
ic cause. For example, road accidents, which account for a large proportion of
deaths due to external causes in some countries, can occur due to changes in

road or car conditions that happen in high temperatures [37] [38]. Also it can
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occur due to changes in human behavior in hot temperatures [17]. For example
high temperatures reduce people’s performance and skill in doing their routine
work and the risk of unintentional injuries, such as work accidents or occupa-
tional injuries, increases. One of the other reasons is that recreational activities
such as swimming increase in hot temperatures, and this increases the risk of
drowning. Also outdoor fires occur more frequently in high temperatures [16]
[39].

Some studies have shown that injuries occur more on certain times of the year
and locations. For example a study conducted in British Columbia [40] showed
that the majority of injuries occurred in the afternoon and on weekends. They
also showed fatal incidents most often occurred during summer (particularly in
the month of August) and the majority of fatalities occurred during daylight
hours, and on dry roads. They recommended prevention programs such as
strengthening individual knowledge and skills, promoting community educa-
tion, and changing organization practices. Also special safety laws and regula-
tions are needed for injury prevention in specific seasons, and weather condi-
tions. For example safety tips are recommended for safe driving in the cold sea-
son. Although recommendations have been made for certain causes such as
drowning in the hot season as well, this review shows that the heat season needs
more attention to prevent accidents and injuries.

Some population subgroups are more vulnerable to injuries than others. A
study that assessed the association between high temperature and work-related
injuries in Australia [41], mentioned that people working outdoors are at high
risk of weather-related heat exposure and male workers, young workers aged <
24 years, those working in industries such as “agriculture, forestry and fishing”,
“construction” and “electricity, gas and water”, laborers, production and trans-
port workers, and tradespersons in small and medium-sized businesses were
more vulnerable than others. Therefore, industry-specific and hot-weather alert
and response mechanisms need to be developed through multi-sector coopera-
tion to improve risk perceptions and knowledge of vulnerable groups about mi-
nimizing harm strategies during extremely hot weather.

However, the results of this review are not enough for making concrete con-
clusions, and further studies are needed to determine the relation between tem-
perature and death due to external causes. Most studies about the effects of am-
bient temperature have excluded death due to external causes. Moreover, due to
inaccuracy in recording the causes of death in some countries, it is possible that
death due to external causes may have been underestimated [42] [43]. One rea-
son maybe because the consequence of these external causes (Chapter 19 of
ICD10 book) was recorded as the main cause of death, instead of the external
cause itself (Chapter 20 of ICD10). This may lead to inaccuracy of the estimates
in investigating the relation between mortality due to external causes and its risk
factors. Therefore, the results of these studies should be interpreted cautiously.

A limitation of this review is that due to the ecological nature of most of the

articles included in this study, their quality was not evaluated using an existing
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standard checklist. It is suggested that more robust studies be done in this field.

5. Conclusions

The results of this systematic review show that high temperatures (heat) are
more likely to cause mortality due to external causes than low temperatures.
Considering the increase in average global temperature and the increasing
number of deaths due to high temperature in many parts of the world, effective
intervention programs are need to raise awareness among people, especially
vulnerable groups such as specific job groups, children, people with disabilities,
and the elderly to prevent and reduce the adverse effects of high temperatures.
However, there were a small number of studies about cold and death due to

external causes, and further studies about this topic should be done.
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Supplementary

Table S1. Search strategy and search terms used in the databases.

Data base
Search set
Pubmed Embase Scopus Web of Science Science Direct

#1 climate climate climate climate climate
#2 weather weather weather weather weather
43 Ambient Ambient Ambient Ambient Ambient

temperature temperature temperature temperature temperature
#4 temperature temperature temperature temperature temperature
#5 heat heat heat heat heat
#6 hot hot hot hot hot
#7 cold cold cold cold cold

#1 OR #2 OR #1 OR #2 OR #1 OR #2 OR #1 OR#2 OR  #1 OR#2 OR
#8 #3 OR #4 OR #3 OR #4 OR #3 OR #4 OR #3 OR#4 OR  #3 OR #4 OR
#5 OR #6 OR #7 #5 OR #6 OR #7 #5 OR #6 OR #7 #5 OR #6 OR #7 #5 OR #6 OR #7

» o« » «

#9 “external cause” “external cause” “external cause” “external cause” “external cause”

#10 #8 and #9 #8 and #9 #8 and #9 #8 and #9 #8 and #9

The same terms were applied in each databases. The searches were done without any limitation in search
field (Title, Abstract, Key word, --).
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