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Abstract

The impact of climate change on the health of vulnerable groups such as the elderly
has been of increasing concern. However, to date there has been no meta-analysis of
current literature relating to the effects of temperature fluctuations upon mortality
amongst the elderly. We synthesised risk estimates of the overall impact of daily
mean temperature on elderly mortality across different continents. A comprehensive
literature search was conducted using MEDLINE and PubMed to identify papers
published up to December 2010. Selection criteria including suitable temperature
indicators, endpoints, study-designs and identification of threshold were used. A two-
stage Bayesian hierarchical model was performed to summarise the percent increase
in mortality with a 1°C temperature increase (or decrease) with 95% confidence
intervals in hot (or cold) days, with lagged effects also measured. Fifteen studies met
the eligibility criteria and almost 13 million elderly deaths were included in this meta-
analysis. In total, there was a 2-5% increase for a 1 °C increment during hot
temperature intervals, and a 1-2 % increase in all-cause mortality for a 1 °C decrease
during cold temperature intervals. Lags of up to 9 days in exposure to cold
temperature intervals were substantially associated with all-cause mortality, but no
substantial lagged effects were observed for hot intervals. Thus, both hot and cold
temperatures substantially increased mortality among the elderly within a global

context.



Introduction

An increasing number of epidemiological studies have found that variation in
temperature is closely associated with mortality in many parts of the world (Anderson
and Bell 2009; Baccini et al. 2008; Basu et al. 2005; Hajat et al. 2005; Kan et al. 2007,
Kysely et al. 2009; McMichael et al. 2008; Stafoggia et al. 2008). Outcomes include
all-cause mortality (Baccini et al. 2008; Hajat et al. 2005; McMichael et al. 2008) ,
cause-specific mortality (Basu et al. 2005; Kysely et al. 2009) or both (Anderson and
Bell 2009; Kan et al. 2007; Stafoggia et al. 2008). Temperature indicators have
included daily minimum, maximum, average, apparent or diurnal temperature
(Baccini et al. 2008; Bell et al. 2008; Goodman et al. 2004; Hajat et al. 2007; Kan et
al. 2007; Kim and Joh 2006; Michelozzi et al. 2006; Stafoggia et al. 2009). Generally,
all-cause mortality is often used to avoid the common misclassification of
temperature-related mortality (Hajat and Kosatsky 2009). Average temperature
experienced throughout the whole day and night usually provides more easily

interpreted results within a policy context (Anderson and Bell 2009).

The relationship between temperature and mortality is commonly described as a
“U”, "V”, or “J” shape (Armstrong 2006; Braga et al. 2002). Investigations of the
association between temperature and mortality have often presumed a log-linear
model below or above a threshold (Curriero et al. 2002; Hajat et al. 2007; McMichael
et al. 2008). The threshold level is generally defined as the optimum temperature

corresponding to the minimum level of mortality (Kalkstein and Davis 1989). The



slopes on two sides of the minimum mortality temperature (MMT) are highly
dependent on the selected threshold (Armstrong 2006). The percent increase in
mortality has often been used as the effect estimate in interregional comparisons for

both hot- and cold-related mortality (The Eurowinter Group 1997).

Many studies have observed that changes in average temperature have a larger impact
on mortality among the elderly compared to younger people (Ballester et al. 1997;
Basu et al. 2005; Carder et al. 2005; Curriero et al. 2002; Donaldson and Keatinge
2003; El-Zein et al. 2004; Gouveia et al. 2003; Hajat et al. 2005; Hajat et al. 2007;
Ishigami et al. 2008; Kim et al. 2006; Michelozzi et al. 2000; Revich and
Shaposhnikov 2008; Rockl6év and Forsberg 2008; The Eurowinter Group 1997). This
difference has in part been attributed to the reduced ability of older adults to maintain
core temperature. The reduced sweat gland output, reduced skin blood flow, smaller
increase in cardiac output and less redistribution of blood flow from renal and
splanchnic circulations can consequently aggravate the injury to thermoregulation
(Basu, 2009; Bouchama and Knochel 2002; McGeehin and Mirabelli 2001). In
addition, other factors such as living conditions including air conditioning, family
and/or social support as well as access to medical care systems can be modifiers of

temperature-related effects on elderly mortality (Stafoggia et al. 2008).

The concern about the health impacts of climate change has increased over the last

few decades (Tong 2000). The wide variation in study location and climatic



conditions, along with inconsistent results of temperature effects on elderly mortality
indicates that there is a need to quantify the overall risk of death among the elderly

associated with temperature changes.

Meta-analysis is a useful statistical tool for assessing the nature, overall magnitude
and major features of an exposure-outcome relationship on the basis of multiple
independent studies (Nam et al. 2003). In addition, a systematic approach to
synthesise recent research results can provide information for timely and urgent
decisions in public health, and also provide evidence of the effectiveness of health

care interventions and policies (Stroup et al. 2000).

Recent meta-analysis research into the association between temperature and mortality
has attempted to estimate the average risk level from a variety of locations by
analysing specific regional data first, the results of which are then combined directly
(Analitis et al. 2008; Medina-Ramén and Schwartz 2007) or within specific
geographical regions (e.g. Mediterranean and north-continental regions) (Baccini et al.
2008). Since data related to specific cities are not always available for analysis, Hajat
and Kosatsky (2009) recently provided an elegant substitutive method to perform the
meta-analysis on temperature and mortality by generalising published literature
throughout the world. However, this study was focused on the general population

rather than the elderly for both hot and cold effects.



It has been increasingly recognised that temperature can affect the number of deaths
occurring on not only the same day, but also on several subsequent days (Armstrong
2006; Muggeo and Hajat 2009). To date, no uniform method has been confirmed to
identify the relevant lag periods. Investigation of such lagged effects has focused on
antecedent days (Muggeo and Hajat 2009) or a particular day with the strongest
association between temperature and mortality (Kysely et al. 2009). Distributed-lag
models have been used to explore lag structures (Analitis et al. 2008; Baccini et al.
2008; Hajat et al. 2005), and to assess the lagged effects of temperature on mortality

(Armstrong 2006).

In this study, a two-stage Bayesian hierarchical model was developed to combine
relevant temperature-mortality studies over different lags and to quantify increased
mortality among the elderly associated with changes in daily mean temperature across

different regions.

Materials and Methods

Strategy for literature searching. Peer-reviewed studies concerning temperature and
mortality among the elderly were identified using the MEDLINE and PubMed
databases. Medicine’s Medical Subject Headings (MeSH) terms which included
“weather”, “temperature”, “hot temperature” , “cold temperature”, “mortality”,
“death” , “ frail elderly” and “aged” were used, and studies published up to December

2010 (The date when the literature was undertaken) were considered. References in



each identified paper were also closely examined to check if any paper was missed in

the electronic database searches.

Study eligibility

The following eligibility criteria were used in this study:

» The exposure indicator was daily mean temperature and the outcome measure was
all-cause mortality.

» A time series or case-crossover study design was used.

» The elderly group was observed separately. Most studies included in this meta-
analysis defined the elderly as people aged over 65 years although the definition
varied slightly in several studies (Ballester et al. 1997; Ishigami et al. 2008; Revich
and Shaposhnikov 2008; The Eurowinter Group 1997).

» The hot or cold threshold was reported or the temperature effect was analysed by
seasons. Studies of weather extremes (e.g. heat waves or cold spells) were not
included in this meta-analysis because they usually explored health effects of a special
event.

* The reported results included the effect estimate associated with a one unit increase
or decrease of temperature. An outcome measure was reported as either: relative risk,
regression coefficient or percent change. Standard errors or 95% credible intervals

(Cls) were reported.

Data extraction



The quantitative estimates of each study which met the eligibility criteria were
retrieved and carefully checked to guarantee the validity of the extraction. Three
reviewers used a standardised spreadsheet to independently abstract data on study
methods and details of studied populations, exposure measures, health outcomes, and
confounders. Disagreements remaining after contact with authors were resolved by

consensus.

The effect estimates reported in each study were transformed into the percent change
in deaths per °C increase (or decrease) in daily average temperature if different scales
were used (such as per 10 °F) (Basu et al. 2005). We contacted authors of some

included studies to request additional data and clarify their methods as necessary.

Temperature intervals

Meta-analysis was performed within several temperature intervals. We selected
temperature intervals from the overlaps of the hot or cold ranges in various cities
included. For each city, we identified the hot range according to its hot threshold and
maximum mean temperature, and its cold range according to its minimum mean
temperature and cold threshold. For seasonal studies (Basu et al. 2005; Michelozzi et
al. 2000), we used the maximum mean temperature minus minimum mean

temperature in summer or winter as the hot or cold range.



We assigned seven temperature intervals: 0-5°C, 5-11°C, 11-15°C for cold studies,
20-25°C, 25-28°C and over 28°C for hot studies, and 15-20°C for both hot and cold
studies. Thus, a single city can be included in multiple temperature intervals. For
example, the study of Stockholm with the range of 12-26°C was included in the hot

interval of 15-20°C, and was also included in the hot interval of 20-25°C.

Meta-analysis. The results in each temperature interval were combined using a two-
stage Bayesian hierarchical model. The first level of the hierarchy comprised the
repeated effect estimates from each study. Most studies gave more than one estimate
of the temperature effects, based on different specific means, lags, or elderly
subgroups. These results were combined to give an overall effect for each study as
described below. At the second level of the hierarchy the study means were combined

to give an overall mean effect.

More formally, the hierarchical model can be described as follows:

0, ~ N(,ui’j,o'iz,j , I=1,..,n,j=1,..,.m,
Hij — N(é‘i’riz)’
o, =9 +lag; 1

G ~ N(v,,yp)-

In this model, the jth observed effect estimate in the ith study is denoted by o, ; with

associated variance aﬁ j- The observed effect has a jth result-level mean 4 j, which



is assumed to be normally distributed around a true result-level mean ¢; with an
estimated variance of ri2 (the variance between estimates within the ith studies). The
true result-level mean depends upon the study mean () and a lagged effect. The
study means are centred around an overall mean, v, and their spread is controlled by

the between-study variance, .

The lagged effect is described by a distributed-lag model defined by days as follows:
d k
lag, = > al,",1<[0,q] 2
k=1

where d is the degrees of freedom, | is the lag days and g; is the maximum number of
lag days reported in the ith study (Braga et al. 2002; Goodman et al. 2004). We chose
d=4 in this study to obtain a reasonably flexible distribution of lags and parsimony in
the number of parameters estimated (Armstrong 2006; Hastie and Tibshirani 1990).
Thus equation 1 can be estimated by up to a fourth-order polynomial in I;, as:

2 3 4
o, =% + al, +a,l, “+a,l,” +a,l 3

Four regression models (d=1, 2, 3, 4) were fitted using eligible data identified in each
temperature interval, with the lag assumed to have a first, second, third or fourth-order
polynomial trend. We used a reference level of zero days for exposure lag.

Uninformative conjugate priors were applied to all parameters (e. g. lag, study mean,

10



overall mean and observed effect). The best model for each temperature interval was

selected on the basis of the Deviance Information Criterion.

The models were fitted using the WinBUGS software (Spieghalter 1995). We used a
burn-in of 3,000 Markov chain Monte Carlo (MCMC) iterations, followed by a
sample of 15,000 iterations for each model. Convergence was based on the stability of
the trace plots and posterior distributions of the parameters, and autocorrelation

between iterations available in WinBUGS.

Results

We identified 786 citations from searches of electronic bibliographic databases and
additional references cited from other sources. We retrieved the abstracts of 362
studies for detailed evaluation of which 144 articles were examined in full, eventually
resulting in fifteen studies being included in the review (Table 1). Figure 1 shows the

details of the literature identification process.

Characteristics of studies included Among the fifteen studies that met the eligibility
criteria, 5 focused on hot effects, 3 on cold effects and the other 7 on both. In total,
these studies comprised almost 13 million elderly deaths. The thresholds ranged from
18°C to 30.2°C for hot effects and 5°C to 27.5°C for cold effects across different
continents. The hot temperatures ranged from 18°C to 36°C and the cold temperatures

11



ranged from -22°C to 27.9°C (Table 1). The selected studies covered four continents:
Europe, North America, South America and Asia. Three main climate zones were
included, namely arid, warm temperate and snow according to the Koppen-Geiger

climate classification (Figure 2) (Kottek et al. 2006).

For hot effects, 37 cities and regions were included and lag times varied among 0, 1, 2,
6, 7, 14 and 28 days. 52 of the 80 estimates were statistically significant (P<0.05),
with a maximum of 25.7% (95% CI, 16.2-35.2) and a minimum of 1.20 % (95% ClI,
1.10-1.30) increase in mortality per degree rise in temperature above the threshold
(Figure 3a). In the studies of cold effects, 36 cities and regions were included and lag
times varied among 0, 2, 3, 6, 14, 20 and 30 days. Among 69 estimates, 44 were
statistically significant (P<0.05) with the 0.05% (95% ClI, 0.01-0.09) to 8.5% (95% CI,
5.44-11.56) in mortality per degree decrease below the threshold (Figure 3b). For both
hot and cold effects, the 95% confidence intervals based on 20 U.S. cities seemed
wider than those in other places which may be due to the fact that only data in 1992
were used (Basu et al. 2005). As part of a sensitivity analysis, we compared the meta-
analysis results with and without this study, and no fundamental differences were

observed.

Across all studies included, the latitude ranged from 25.77° N to 64° N with the
exception of one study from the southern hemisphere in Brazil with latitude 23.5° S

(Gouveia et al. 2003). As indicated in Figure 4, the regression lines for both hot and

12



cold thresholds show that there was a positive relation between thresholds of mortality
and mean temperature, and there was an apparent trend towards lower thresholds in
higher-latitude areas and higher thresholds in lower-latitude areas. The relationship
between mean temperature and latitude shows that higher latitude areas usually
experienced lower temperatures. However, there was considerable variation in mean
temperature along a single line of latitude. European cities were generally warmer
than other areas of the same latitude around the globe due to the fact that Europe is
warmed by an ocean stream from the Gulf of Mexico. For example, Washington had a
much lower average temperature (2.22°C) than Palermo although their latitudes were

very similar (around 38° N) (Figure 4).

In terms of threshold temperatures, a noticeable exception about the threshold was
that some locations at different latitude and mean temperature had the same threshold.
For example, although the latitude varied from 37.98° in Oakland (Basu et al. 2005)
to 64.18° in South Finland (The Eurowinter Group 1997) and the mean temperature
varied from -2.8 °C in North Finland to 15.4 °C in Palermo, the same threshold of

18 °C was reported (Figure 4).

Meta-analysis. Overall, the effect estimates in hot intervals were more than twice
those in cold intervals although no substantial association was identified for the
temperature intervals of 0-5°C (cold) and 15-20°C (both hot and cold). For hot effects,

the temperature interval of 25-28°C had a similar percent increase (2.67%, 95% ClI,

13



0.36-4.81) compared with the neighbouring period of 20-25°C (2.85%, 95% CI, 1.65-
4.41). The largest effect estimate was for temperatures higher than 28 °C with an
increase of 5.08% (95% CI, 1.07-9.32) in elderly deaths with one degree increase in
mean temperature. The percent increase was smallest in the interval of 11-15°C for

cold effects (0.92%, 95% CI, 0.07-1.83) (Figure 5).

Regarding the lagged effects, first and second-order polynomial models were selected
for all temperature intervals. Only in the interval of 5-11°C did the
temperature/mortality have a substantial association with lag days (95% CI did not
include zero). As shown in Table 2, the 95% CI corresponding to lags up to 9 days in
exposure to cold temperature did not include zero, but the corresponding CI for
exposure to hot intervals did include zero. We did not observe substantial between-
study variances except for temperature intervals of 11-15°C, 15-20°C (cold), 20-25°C
and >28 °C (Table 2). There were substantial within-study variances among the

temperature intervals of 5-11°C, 11-15°C, 15-20°C (cold) and 15-20°C (hot).

Discussion

This is the first attempt to quantify, using a systematic approach, the temperature-
related mortality among the elderly across different continents, a group shown to be
vulnerable to both hot and cold temperature fluctuation. In this meta-analysis, we
considered elderly deaths in diverse locations and found a substantial association

between daily mean temperature and mortality for both hot and cold temperature
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intervals. On the basis of the epidemiological evidence, we found that there was a 2-
5% increase in all-cause mortality for a 1°C increment during hot temperature
intervals and a 1-2 % increase in all-cause mortality for a 1°C decrease during cold
temperature intervals. Lags up to 9 days in exposure to cold temperature intervals
were significantly associated with all-cause mortality, but no substantial lagged

effects were observed for hot intervals.

Comparison with other studies

The observation of percent increases in the whole temperature band exhibits stronger
hot effects than cold effects. The results suggest that climate change will play an
increasingly significant role in temperature-related mortality, particularly among the
elderly. Climate change is projected not only to increase the global average
temperature by between 1.1°C and 6.4°C by 2100, but also to change the frequency of
extreme weather events, with the increasing number of extremely hot days and the

decreasing number of extremely cold days (Medina-Ramon and Schwartz 2007).

However, there is no consensus whether decreases in cold-related mortality as a result
of global warming will compensate for increases in heat-related mortality (Medina-
Ramon and Schwartz 2007). Our results corroborate the report by Medina-Ramoén and
Schwartz (2007) which states that as climate change continues, increases in heat-
related mortality are likely to greatly outweigh decreases in cold-related mortality.

However, the fact that a 1 °C decrease in mean temperature increased elderly deaths

15



by a 1-2% adds evidence that cold-related mortality is still an important public health

problem which requires attention (Analitis et al. 2008).

Our findings imply that the cold effects may last longer than the hot effects. Heat-
related mortality seems to be an acute event among people with advanced forms of
illness (e.g., myocardial infarction and stroke) who may be expected to die anyway
within a short period (Muggeo and Hajat 2009), while cold-related effects can
continue to exhibit an influence on less acute mortality rates (e.g. respiratory mortality)
from days to weeks (Braga et al. 2002; Goodman et al. 2004; Gouveia et al. 2003;
Pattenden et al. 2003). In this study, the effects of colder temperatures persisted for

approximately 9 days for temperature intervals of 11-15°C.

The minimum mortality temperature (MMT) is the key factor in analysing
temperature-mortality data since it determines the magnitude of the estimated risk
below or above the MMT (Basu 2009; Kalkstein and Davis 1989). Generally, MMT is
closely related to local climate because of population acclimatisation and adaptation
facilities (Hajat et al. 2002; Lorenzo et al. 1999). As indicated in Figure 4, MMT has a
positive association with local mean temperature. It is lower in the cities with higher
latitude and higher in the cities with lower latitude. This pattern is consistent with
more effective adaptation to colder temperatures in higher-latitude areas and to hotter
temperatures in lower-latitude areas (Analitis et al. 2008; Baccini et al. 2008). The

results were similar to those reported in a previous meta-analysis, in which higher
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heat thresholds were found in those populations accustomed to higher summertime

temperatures (Hajat and Kosatsky 2009).

Moreover, locations which differ widely in socio-economic status may have different
threshold temperatures even if their climate and latitude are similar (Hajat and
Kosatsky 2009). That is, people may become less sensitive to the effects of
temperature as a consequence of advancing economic development (McMichael et al.
2008). For example, in this study, a number of locations with different latitudes had
the same threshold (18 °C) illustrate that socioeconomic conditions may play a
significant role in the temperature-mortality relationship. In addition, due to the
awareness of adverse effects of climate change, especially after several severe heat
waves (Conti et al. 2007; Fouillet et al. 2008; Kaiser et al. 2007), effective preventive
policies such as heat health warning systems in both Europe and the US may have
markedly reduced excess deaths in extremely hot weather (Ebi et al. 2004; Kaiser et al.

2007).

We have also noticed that cities in Korea have higher heat thresholds than US and
European cities with similar latitudes and mean temperatures. As the GDP per capita
of Korea is generally lower than those countries (Word bank 2001), this suggests that
cultural and demographic characteristics may also affect MMT. Moreover, urban heat

islands and the building’s environment (e.g. heating and air conditioning) may also
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modify the MMT and the effect of temperature on mortality (Hajat and Kosatsky

2009).

Strengths and limitations

The major strength of this meta-analysis is that we combined specific results in
several temperature intervals. Previous meta-analysis indentified threshold
temperatures for all selected regions using several methods: choosing a certain
percentile of temperature in each city (i.e., 99" percentile) (Medina-Ramén and
Schwartz 2007); selecting an absolute temperature (i.e. 18 °C) for all cities included
(The Eurowinter Group 1997); or limiting the data to a single season (Analitis et al.
2008). None of these methods has resolved the complexity of threshold temperature in
combining studies from various cities. However, these studies usually reported a high
level of heterogeneity within the same territory or temperature band (Baccini et al.

2008; Medina-Ramon and Schwartz 2007).

The method applied in this study incorporated different thresholds for different cities,
and also considered the effect estimates corresponding to various thresholds. We
assumed less variability within a short temperature interval, and indeed the results

suggest no substantial between-study variance in most temperature intervals.

We used daily mean temperature as exposure indicator for both heat and cold

temperatures because 1) it may best reflect daily thermal stress and has been
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increasingly used in epidemiological studies (Anderson and Bell 2009; Hajat and
Haines 2002; Kim et al. 2006); 2) average temperature experienced throughout the
whole day and night usually provides more easily interpreted results within a policy
context (Anderson and Bell 2009); 3) some researchers compared mean temperature
with other indicators using statistical methods (e.g. comparison of AIC) and found
that mean temperature was a better predictor of the death counts (Anderson and Bell
2009; Hajat and Haines 2002; Yu et al. 2010); 4) we considered other temperature
indicators in the preliminary literature review as different temperature indicators were
used in different studies, however very few studies would have been included in the

meta-analysis if other indicators had been selected.

In addition, a number of important factors related to the design and implementation of
the meta-analysis strategies were considered: a) this meta-analysis involved 46 cities
and almost 13 million deaths across diverse global climate zones. b) the elderly were
selected as the target population to reduce heterogeneity across different locations due
to their similar vulnerability, economic and living conditions; c) the eligibility criteria
for the literature review were explicit and fairly stringent including the selection of a
study population, study design, temperature indicators and endpoints; and d) Bayesian
hierarchal models enabled the inclusion of different explanatory variables and the use

of limited data to obtain more powerful conclusions (Girosi and King 2002).
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However, several limitations should also be acknowledged. Firstly, although we
endeavoured to access all relevant studies from different sources, there is always the
concern about publication bias in meta-analysis. Possible bias is evident in this study,
as indicated by the funnel plot in Figure 6, which depicts the reported percent
increases in daily mortality by the corresponding precision of the estimates. The
absence of relatively low estimates (below average) from small studies (with low
precision) is apparent in the left hand tail of the figure. Secondly, the number of
studies included in this analysis is limited and the quality of the overall assessment is
often dependent on the accuracy of the effect estimates from each selected
investigation. We ameliorate these biases to some extent by weighing the study
variance. Thirdly, although we assessed the lagged effect in the two-stage Bayesian
hierarchical model which may contribute to substantial ratios (within-study
variance/between-study variance) in the temperature intervals of 11-15°C, 15-20°C
(cold) and 15-20°C (hot), age- and sex-specific results may also result in the
substantial ratios such as that observed in the temperature interval of 11-15°C
(Donaldson et al. 2003; Hajat et al. 2007; Ishigami et al. 2008). In practice, this may
have affected the results for London, Budapest and Milan, but probably did not vary
significantly as shown in Figure 3. We did not find a substantial change in the overall
conclusion when the articles by Donaldson et al. (2003), Hajat et al. (2007) or
Ishigami et al. (2008) were added or removed. Fourthly, the included studies used
different covariates although most studies controlled for day of week, holidays,

humidity, seasonality or time trend, which may contribute to heterogeneity of
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between-study variance within particular temperature intervals. Another issue was
that the models used in this study do not allow for non-linear effects. To some extent,
nonlinearities are encompassed by the lag effects and therefore the model can still
provide valuable approximations. Finally, leaving out a great number of studies due to
the use of different temperature variables is a problem. It may be desirable to use
different indicators of temperature to verify the results of this meta-analysis. This

work is warranted for future research.

Implications

Hot Weather-Health Watch/Warning Systems (HHWS) have been established in
many cities throughout Europe and the US (Ebi et al. 2004; Kovats and Ebi 2006).
Prevention programmes that targeted the elderly and other high risk subgroups were
activated in these cities based on the HHWS (Hajat et al. 2010). A series of studies
have explored heat effects of weather on health in multiple cities and provided much
information for public policy (Analitis et al. 2008; Anderson and Bell 2009; Medina--
Ramon et al. 2006; Michelozzi et al. 2007). However, the challenge lies in
determining at which point the weather conditions become sufficiently hazardous to
human health to warrant intervention (Kovats and Hajat 2008). This meta-analysis
provides apparent evidence that even a small change (i.e. 1°C) in average daily
temperature will have an appreciable impact (2-5%) on elderly deaths in hot

temperature intervals. In the meantime, this research may also provide additional
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information about cold-related deaths among the elderly since public health

authorities appear to have paid less attention to this health hazard.

Future research

Several issues should be considered in future meta-analyses of temperature-related
deaths, such as local climates, social-economic status, culture, demographics and
living conditions. Further research is clearly needed to improve our understanding of
the impact of temperature variation on elderly mortality within the context of

environmental, social and behavioural changes.

Conclusions

This meta-analysis found that both hot and cold temperatures affected mortality in the
elderly, but the magnitude of hot effects appeared to be stronger than that of cold
effects, within a global context. Cold temperatures exhibited statistically substantial

lagged effects, while hot temperatures did not.
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Abbreviations: ClI: credible interval; GDP: gross domestic product; MCMC: Markov

chain Monte Carlo; MMT: minimum mortality temperature.
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Table 1. Summary information for the studies included.

Study regions

No. of

Temperature

Reference and period Age daily deaths Category Threshold (°C) interval (°C) Covariates
Revich, 2008 Moscow Cold 18 -10 to18 Season
(Revich and Shaposhnikov 2008) 2000-2006 >75 141 Heat 18 18-25
Stockholm Influenza,
Rockldv, 2008 season, holidays
(Rocklév and Forsberg 2008) 1998-2003 >65 373 Heat 12 12-26  week day, time
Budapest, 1993-2001 55 24.4 24.4-31 Day of the week,
Ishigami, 2008 London, 1993-2003 >75 136 Heat 20.4 20.4-28 holidays
(Ishigami et al., 2008) Milan, 1999-2004 26 26.3 26.3 -33 PMj4,03,time
Hajat, 2007 (Hajat et al., 2007) England and Wales Cold 5 -10to 5 Influenza,
1993-2003 >65 950 Heat 18 18-25 PMy,03,time
Kim, 2006 (Kim et al., 2006) 6 Korean cities Day of the week,
Holidays,
1994-2003 >65 131 Heat 24.3-30.2 24.3-34 humidity
Basu, 2005 (Basu et al., 2005) Winter - -221025.6
20 US cities, 1992 >65 466 Summer - 9.1-33.2 PMj,03,time
Rainfall, PMyg,
London,1991-1994 177 20 20-28 humidity,
Hajat,2005 (Hajat et al., 2005) Delhi,1991-1994 100 20 20-36  day of the week,
Sao Paulo,1991-1994 >65 170 Heat 20 20-27 holidays, time
Carder, 2005 (Carder et al., 2005) 3 Scottish cities Black smoke
1981-2001 >65 51 Cold 11 -10to 11
El-Zein,2004 (EI-Zein et al., 2004) Greater Beirut Cold 27.5 5-27.5 Year, season,
day of the week,
1997-1999 >65 55 Heat 27.5 27.5-31 holidays
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Table 1. Summary information for the studies included (Cont’d).

Study regions No. of Threshold Temperature
Reference and period Age daily deaths Category (°C) interval (°C) Covariates
Donaldson, 2003 England and Wales Influenza

(Donaldson and Keatinge 2003) 1998-2000 >65 950 Cold 18 0-18
Sao Paulo Cold 20 7-20 Humidity,
Gouveia, 2003 PM14,0,,50,,CO,NO2,
(Gouveia et al., 2003) day of the week,
1991-1994 >65 69 Heat 20 20-27 holidays, time
Curriero, 2002 11United States cities Cold 21-27.9 -3.6t027.9 Time

(Curriero et al., 2002) 1973-1994 >65 492 Heat 21-27 21-33
Michelozzi, 2000 Rome Time, day of the week,
(Michelozzi et al., 2000) 1987-1996 >65 15 Summer - 9.6-30.2 holidays, population
Valencia Cold 15 5-15 Influenza, humidity,
Black smoke,
Ballerster, 1997 day of the week
(Ballester et al., 1997) 1991-1993 >70 12 Heat 24 24-31 holidays

The Eurowinter group, 1997 8 European cities

(The Eurowinter Group, 1997) 1988-1992 >50 262 Cold 18 0-18 Influenza
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Table 2. Percent change in all-cause mortality among the elderly associated with a 1°C increase (or decrease) in seven temperature intervals.?

Posterior mean

Ratio (Variance within

studies (7,°)/

No. of Temperature Change with lag Variance between
studies interval (°C) (8) (95% Cl) (a) (95% CI) studies (y°) (95% CI) (vp?) (95% CI)

7 (cold) 0-5  0.96 (-0.72 to 4.60) a;: 0.27 (-0.20 to 0.51) 1.2E-4 (5.7E-4 to 39.6) 862.3 (1.1, 168.9)

8 (cold) 5-11 1.03 (0.02 to 1.91) al: 0.12 (0.01 to 0.24)* 4.5E-7 (5.1E-5 to 4.9) 329116.7 (10.7, 2076)

8 (cold) 11-15 0.92 (0.07 to 1.83) a;: 0.20 (-0.07 to 1.83) 0.002 (2.5E-4 to 4.8)* 106.1 (11.0, 435.2)*

az: -0.004 (-0.02 to 0.01)

4 (cold) 15-20  1.66 (-1.64 to 5.65) a;: 0.02 (-0.15 to 0.23) 0.021 (0.017 to 60.5)* 2.1(0.7, 8.9)*
5 (hot) 15-20  1.91(-0.14 to 3.44) a;: 0.33 (-0.18 to 0.82) 3.1E-4 (4.7E-4 to 18.5) 5.7 (3.0, 133.9)*
9 (hot) 20-25 2.85 (1.65 to 4.41) a1:-0.16 (-0.62 to 0.21)

a,: 0.002 (-0.01 to 0.02) 0.006 (0.005 to 9.8)* 206.2 (5.9, 59.7)
7 (hot) 25-28 2.67 (0.36 to 4.81) a;: 0.56 (-0.93 to 2.88) 5.6E-4 (0.004 to 24.6) 2527 (2.3, 152.4)
az: -0.06 (-0.23 to 0.05)
8 (hot) >28 5.08 (1.07 t0 9.32) a;: -0.13 (-0.37 to 0.06) 10.7 (3.2 to 84.0)* 0.6 (0.8, 0.9)

Abbreviation: Cl: credible interval. ®For an exposure lag of 0 day. *The 95% CI does not include zero.
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Figure 1. Procedure of literature search.
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Figure 2. The cities (the red circles) and the climate zones included in the meta-analysis. Source: adopted from http://www.borntraeger-

cramer.de. (with the publisher’s permission)
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Figure 3. Percent increases in daily deaths among the elderly with one degree decrease or increase of mean temperature reported in published

studies of (a) hot and (b) cold effects.
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Figure 3. Percent increases in daily deaths among the elderly with one degree decrease or increase of mean temperature reported in published

studies of (a) hot and (b) cold effects (Cont’d).

* ) .
1 ] - ' .
ot e cte® |

L
»

- v
[ SRUERNY .

L

. o o ®

* LR B
P

LI P L I SO IR PR I

-

.
S~

o

—_———,_ _ _____ &

-

or—

8]

G|+, ‘Teiene—[[B'E66l — 66l TRUAEA

e + ()L, ‘TewRe— [ 56l — 1660 TouREA
FLae] +0L ‘Teutae — 066l — 166 TRus[Ey
0] +0, ‘euagss— & 'G5l — 166l BRUa[EA

96 +0L “I1E'6661 — 1661 BRUL[EA,

e +(L “TTe' 9661 — 1661 TRUREA,

FLe] +0L ‘e SB61—T66I TuaEA

08 +0 “I1E'8651 — 1651 BRUL[EA

0] +29 FH6L —EL61'SL

0%l 0 ‘2661 — SS61 PUR[L] YHmog

0] +29 ‘gB6I oY

0651 +29 ‘10061861 Puepos

0381 +C9 ‘F661— 1661 0ME] 0Bg

0] +¢9 ‘gB6L AR Y EYUES

0] +29 ‘geerosor g

0] +29 ‘Zeer'oBay] weg

0] +¢9 ‘gear owpILIRg ey

0] +¢9 ‘ge6I oMoy ey

(%] +89 ‘F6 PERmgsL]

0%e] +¢9 2661 w0 ]

0% +29 “‘zesr eydpped

0" +02 ‘G660 — 8861 ouLBR[E]

08 +29 ‘Z6I PUEREQ

0% +0¢ ‘Z661 — 6T HoN

0] +02 ‘3661 — 8961 PUB[UL] YHON

08l +60 ‘ZB6I 0} MaN

0 +0¢ ‘2661 —SSAL SpURHBUIBN

€8] +¢1, ‘G008 — 000G 10s0Jy

(%] +29 “‘ZeeL ‘sodeauny

0%e] +c9 ‘261 Ty

0] +29 ‘geel‘sopEBuy sor]

0%’ +0¢ “g661 — 8961 uopuo'

(8] +29 ‘Z6[ ToRTOF

93] +9 ‘6661 — L6GTILIDG eI

e[ +20 ‘6651 —L6GL DG o)

FliFe] +29 ‘6660~ 1661 Mg T

0] +29 ‘6661 —L66I MRG0

e +0g ‘2661 —sser odamy

e[ FL—COMD 00028661 'SEAL pure pueiiusy
L —COINN ‘000G —S661'SeeM, P puejSuy
ehL—CgHN V00— 8661, pue pueiiury
e, —comed “0005—9661'PMEM pue puegiug
e, —comed 00028661 pue puegusy
e hL—cgHed ‘0007 — 8661 pue pueiduy
£e'hL—cgINd ‘0008— 9661 'Saem, pue puejdug
el pL—coINd 0006— 8661 ‘S pue purejug
e[ L—Comd ‘000G—SB6I'seM pue puefsuy
FehL—COMU 0003 —SBAI'SAMEA, pue pueiFury
£ hL—COINU 000G 9661 ‘SaEM, pure purefBug]
£3e[FL—COHU ‘000G—S66I'seM, pue puesuy
e hL—Cg MUl 0002 —8661'So[2M, pue puejdug
£ pL—COMUL 000G— 8661 SOMEM, pue pueiBug
6L —COINW ‘000G —S661‘Se[EAL pire puefsis
ieFL— COINW ‘0008661 ‘SefEA pure puefSig
e hL—CgHUI ‘00078661, pue pueidug
oL —COHUL ‘0002 —S661'SofeM pue purejSugy
PLSel +ERM ‘G005~ E661° SO e puefSug]
e[ T8 —CLM ‘G005 —8661° safep), pue puefBuy
FEPL—COM ‘B00E— 6661 oMM\ pue pueiBug]
PLel’ +G8IN *E008— £661° SoMEAL pire puefBug]
HSe[ T8 —CLIN “S00G— EB61° SafeM pue puesuy
FFehL—COIN ‘F006—EB61° SO pue puefury
0] +€9 ‘ZB61 M0

(%] +89 ‘Z60 MM, Mo B

0] +¢9 ‘2661 PueR))

0% +29 ‘gesr‘offean)

0l +0¢ ‘2661 — 61 RpquisTy —uspeq
0] +29 ‘ZB6L BNy

0" +0¢ “g661 —SR6L UV

aamjerada) ULt JO JSeAIRP ) T & I aSealdul 9

Included cities and groups (cold)

(b)

Abbreviation: W: woman; M:man; H:Housewives; m:managerial and technical; n: non-manual skilled; pa: partly skilled; p:professional;

u:unskilled.

38



Figure 4. The patterns of reported hot and cold thresholds, temperature and latitude.
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Figure 5. Combined estimates of temperature variation on all-cause mortality among the elderly (mean and 95% posterior interval) based on a

two-stage Bayesian hierarchical model for an exposure lag of 0 day.
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Figure 6. The funnel plot of the reported percent increases by the corresponding

precision of the estimates for the included studies.
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