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Abstract
Vietnam is one Southeast Asian country most vulnerable to climate change. By the end of the twenty-first century, temperature
could rise above 5°C across Vietnam according to the IPCC highest emission pathway scenario. However, research on the
temperature-health effects from the geographically diverse sub-tropical northern region of Vietnam is limited making location
specific health system preparedness difficult. This study examines the elevated temperature-hospitalization relationship for the
seven provinces in northern Vietnam by using generalized linear and distributed lag models. A random-effect meta-analysis was
used to estimate the pooled temperature hospitalizations risks for all causes, and for infectious, cardiovascular, and respiratory
diseases. The pooled estimates show a significant effect of high temperature on hospitalizations for the same day (lag 0), when a
1°C increase in temperature above 24°C was significantly associated with 1.1% (95% CI, 0.9–1.4%) increased risk for all-cause
hospital admissions, 2.4% (95% CI, 1.9–2.9%) increased risk for infectious disease admissions, 0.5% (95% CI, 0.1–0.9%)
increased risk for cardiovascular disease admissions, and 1.3% (95% CI, 0.9–1.6%) increased risk for respiratory disease
admissions. This research adds to the scant evidence examining heat and health morbidity effects in sub-tropical climates and
has important implications for better understanding and preparing for the future impacts of climate change related temperature on
Vietnam residents.
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Introduction

Like many parts of the world, an increase in temperature has
been observed across Southeast Asia over past decades
(Hijioka et al. 2014). Vietnam, located in Southeast Asia, is
one of the ten countries most affected by global warming in
the past 20 years (Eckstein et al. 2020). The rate of warming in
Vietnam is estimated at 0.26°C per decade for 1971–2010,

which is almost twice the rate of global warming for the same
period (Nguyen et al. 2014). Global warming scenarios also
indicate Vietnam is among five countries in the world most
likely to be affected in the future (WBG and ADB 2021).
Temperature is projected to increase across Vietnam including
northern regions, with annual changes ranging from 2.4 to
5.1°C for high emission scenarios by the end of the twenty-
first century (Katzfey et al. 2014). Growing evidence indicates
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that temperature increases are likely to intensify the existing
impacts of temperature on human health via increased mortal-
ity, morbidity, and health care utilization (Watts et al. 2015).
Ample research indicate that high temperature is associated
with increased risk of deaths and illnesses (Green et al. 2019;
Chen et al. 2018; Song et al. 2017; Bunker et al. 2016), in-
cluding chronic cardiovascular (Bai et al. 2018) and respira-
tory conditions (Wu et al. 2021; Turner et al. 2012) and infec-
tious diseases associated with food, water, and vector trans-
mission (Phung et al. 2015a, 2015b, 2015c; Hashizume et al.
2008). However, research on temperature morbidity effects is
still under-represented globally particularly from low-income
and tropical and sub-tropical climates (Campbell et al. 2018;
Green et al. 2019). Increased health impacts associated with
high temperatures have been reported in several studies from
southern Vietnam (Phung et al. 2015a, 2015b, 2015c, 2015d;
Phung et al. 2016a, 2016b) with less attention on the sub-
tropical northern area (Giang et al. 2014; Xuan et al. 2014a,
2014b). A more nuanced understanding of spatiotemporal dif-
ferences in heat-health impacts is essential, requiring the con-
duct of location-specific studies to inform local climate and
health adaptation policies tailored to local vulnerable popula-
tions (Green et al. 2019).

The few studies targeting Vietnam have reported an in-
creased risk of water- and vector-borne diseases (Phung
et al. 2015a, 2015b, 2015c), cardiovascular (Phung et al.
2016c; Giang et al. 2014) and respiratory diseases (Phung
et al. 2016a, 2016b; Phung et al. 2018), and risk of hospital
admissions among young children from exposure to high tem-
peratures (Luong et al. 2019; Phung et al. 2015d), but most of
this research is focused on tropical, southern Vietnam.
Although WHO’s health vulnerable assessment to climate
change has indicated northern Vietnam as one of the most
highly vulnerable areas (WHO 2011), very few studies have
reported temperature-morbidity and mortality relationships
from the region. Studies from Hanoi (Xuan et al. 2014a) and
Thai Nguyen provinces (Giang et al. 2014) indicate significant
increase in mortality and hospital admissions due to cardio-
vascular diseases only with cold temperatures, especially in
the elderly. However these studies were limited to single dis-
ease outcomes, single city, and the older population group.

This study examines the effect of temperature on risk of all-
cause hospitalizations, and hospitalizations due to cardiovas-
cular, respiratory, and infectious illnesses in multiple cities in
northern Vietnam.

Methods

Study setting

Vietnam’s land area spans a large latitude range (between the
latitudes 8° and 24°N). Southern parts of Vietnam experience

a tropical climate, and northern parts in the humid subtropics
observe greater seasonal variation (Institute of strategy and
policy on natural resources and environment (ISPONRE)
2009). The seven provinces included in this study represent
3 sub-regions: northwest, northeast, and Red River Delta. The
northwest is a mountainous region with a population of 3.5
million people. Its climate is characterized by cold, dry, and
sunny winters. Summers in the region are hot due to a high
frequency of hot and dry days and westerly winds (Institute of
strategy and policy on natural resources and environment
(ISPONRE)2009). Northeast Vietnam has a population of 13
million accounting for 15% of Vietnam’s population. The
climate of this region is strongly influenced by the north-
eastern monsoon (Mui 2006). The summers are hot, humid,
and coincide with the rainy season, but in contrast to the
northwest, dry conditions are rare due to a low frequency of
westerly winds. Red River Delta has a population of 17 mil-
lion, of which a half live in the capital city, Hanoi. Summers
are also hot and rainy. The mean temperature in northern
regions ranges from 22–27.5°C in summer to 15–20°C in
winter.

Data sources

We obtained inpatient hospitalization records from the provin-
cial hospital in each of the seven provinces. Daily hospital
admission data were extracted from these records of Bac
Giang (BG), Tuyen Quang (TQ), Phu Tho (PT), Dien Bien
(DB), Lai Chau (LC), Ha Noi (HN), and Quang Ninh (QN)
provincial hospitals (Supplemental Figure 1), representing the
major tertiary/large hospital in each region, for the period
between January 2005 and December 2015. For each hospi-
talization, we extracted primary diagnosis, date of admission,
and patient’s province of residence. Patients who were not
residents of the selected provinces and hospital records
(<1%) with missing data were excluded from the analysis.
All provincial hospitals used the same hospital record man-
agement software, so the data source quality was similar
across the provinces. From the hospitalization database, we
derived daily counts for all causes (excluding external causes),
cardiovascular diseases (I00-99; excluding: acute rheumatic
fever, I00-02, and chronic rheumatic heart diseases, I05-09),
and respiratory diseases (J00-99; excluding: lung diseases due
to external agents, J60-70), and certain infectious and parasitic
diseases (ICD10-Code: A00-B99; excluding: infections with
predominantly sexual mode of transmission, A50-64, HIV,
B20-24, helminthiases, B65-83, sequelae of infectious and
parasitic diseases, B90-94). Disease classification was
based on discharge diagnosis. The time-span of daily
hospitalization data varied from 2 to 11 years as the
electronic data management system became operational
in the respective provincial hospital.
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Daily meteorological data (ambient temperature, humidity,
and precipitation) were obtained from the provincial hydro-
meteorological stations or from the closest airport weather
stations. The precipitation data for province Phu Tho was
not available; therefore, humidity only was adjusted for in
the respective model. The project was approved by the ethical
committee of Griffith University (GU Ref No: ENV/23/15/
HREC) and Health and Environment Management Agency,
the leading agency of the health sector responsible for climate
change and health in Vietnam (1290/MT-SKCD).

Data analysis

Data analyses involved three steps. First, we performed
descriptive statistics for exposure (temperature) and out-
come (hospitalization) variables (i.e., hospitalization for
all causes, infectious diseases, respiratory, and cardio-
vascu la r d i seases ) . Second , we examined the
temperature-hospitalization relationship for each prov-
ince using mean temperature centered at 24°C which
represents the mean temperature for the majority of the
studied provinces (Table 1). For data analysis, we cen-
tered the values of the daily average temperature to
examine the effect of temperatures with one unit in-
crease from the centered value (rather than value of
0). Third, we performed a random-effect meta-analysis
to estimate the pooled effect sizes of temperature on all-
cause, infectious, cardiovascular, and respiratory admis-
sions. Poisson generalized linear model (GLM) and dis-
tributed lag model (DLM) were used to examine the
province-specific association between temperature and
daily average temperature and risk of hospitalization.
We used a generalized linear model (GLM) with the
family of Poisson because the outcome variable is a
count (the number of hospital admissions each day),
and the distribution of the outcome values was over-
dispersed. We incorporated distributed lags into the
model (distributed lag model: DLM) to examine the

delayed effects of the temperatures on the outcome
based on previous research that showed the high tem-
peratures have a short-term effect within a week (Ye
et al. 2012). The Poisson regression time-series model
to examine the effect of daily average temperature on
all-cause, infectious, respiratory, and cardiovascular ad-
missions for each province was:

Yt∼Poisson μtð ÞLn μtð Þ ¼ αþ ∑6
t¼0βi Tt; l þ βjH þ βkR

þ s time; 7*yearð Þ þ γDOW

where Yt is the observed daily count of hospital admis-
sions on day t; α is the intercept; Tt is the daily aver-
age temperature on day t and l is the lag days; H is the
daily average humidity; R is the daily cumulative rain-
fall. s is the flexible spline function with 7 knots per
year; DOW is the day of the week. The Poisson regres-
sion model was applied separately for each province to
examine the effect of temperature on each outcome of
hospitalizations (i.e., all-cause, infectious, respiratory,
and cardiovascular).

The linear distributed lag model of temperature for
lags up to 6 days (a week) was used to examine the
delayed effect of temperature on hospitalizations. A
flexible spline function with 7 knots per year was used
to control for long-term trends and seasonal patterns in
hospitalizations (Bhaskaran et al. 2013). The model was
adjusted for humidity, rainfall, and day of the week to
control for potential confounding effects.

A random-effect meta-analysis was applied to calculate
within-province and between-province variation and generate
pooled effect size (relative risk, RR). The pooled effect sizes,
which were calculated for cause-specific hospitalizations,
comprising all-cause, infectious diseases (ID), cardiovascular
disease (CVD), and respiratory diseases (RD), were computed
by lag day (from 0 to 6 days). I-squared (coefficient of incon-
sistency) statistics was used to determine the heterogeneity
between studies (Higgins et al. 2003).

Table 1 Descriptive data on temperature and hospitalization across seven provinces in northern Vietnam

Provinces Study period Temperature (°C) Hospitalization (daily average)

Mean Min Max All cause Infection Cardiovascular Respiratory

Bac Giang (BG) 2008–2015 24.5 9.0 34.0 97 2 7 5

Phu Tho (PT) 2014–2015 24.9 10.0 34.0 234 10 15 26

Ha Noi (HN) 2009–2013 24.2 9.0 34.0 77 8 5 20

Quang Ninh (QN) 2010–2015 24.4 9.0 34.0 89 6 6 14

Tuyen Quang (TQ) 2010–2015 24.4 9.0 34.0 84 3 6 12

Dien Bien (DB) 2005–2015 22.2 6.0 31.0 51 2 3 9

Lai Chau (LC) 2006–2011 21.8 6.0 30.0 29 1 1 7
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All the data analyses were conducted using the “glm” and
“db metan” packages of Stata 14.0 (Stata Corporation,
College Station, TX, USA).

Results

Descriptive statistics

Table 1 summarizes the descriptive statistics for temperature
and hospitalizations for the seven provinces in northern
Vietnam during the study period. A total of 15,400 total ad-
missions were recorded, and average daily hospital admis-
sions for all causes ranged from 29 to 235 across the prov-
inces, depending on the size of the data-providing hospitals.
Daily average respiratory and cardiovascular hospital admis-
sions were higher than infectious admissions in almost all the
provinces. The average temperature ranged from 21.8 to
24.9°C.

Temperature-hospitalization risks

Across almost all the provinces, a rise in temperature above
24°C was associated with an increased risk of hospitalization
for all-causes (except PT province), infectious (except LC
province), and respiratory diseases (except BG province),
but the effect sizes were variable across the provinces
(Table 2). Similar positive effects of temperature on all-cause,
infectious and respiratory hospitalizations were observed on
the same day (lag 0) across the provinces (Supplementary
Tables 1–4). The percentage changes in risk of hospitalization
with a 1°C increase in mean temperature above 24°C are
shown in Table 2, and lag effects are shown in
Supplementary Tables 1–4.

A 1°C rise in temperature above the mean reference tem-
perature was significantly associated with an increase in all-
cause hospital admissions in all but PT province with the
lowest positive change observed in TQ (0.8%, 95% CI 0.2–
1.4%) and the highest positive change observed in LC (1.8%,
95% CI 1.1–2.5%). When examined for temperature lag ef-
fects on all-cause hospitalizations, an identical effect was ob-
served for same day (lag 0) rise in temperature across the
provinces (Supplementary Table 1). Regarding temperature
and infectious disease hospitalizations the significant positive
changes were observed in BG, DB, QN, and TQ provinces,
with the lowest positive effect in DB (1.6%, 95% CI 0.2–
3.1%) and the highest positive effect in BG (3.5%, 95% CI
2.2–4.9%). The positive effect was also consistent for same
day (lag 0) rise in temperature across BG, DB, QN, and TQ
provinces (Supplementary Table 2) with the lowest positive
effect was observed in DB (1.8%, 95% CI 0.1–3.6%). A sig-
nificant positive effect on respiratory disease hospitalizations
from increase in temperature was observed in all but BG prov-
ince, with the lowest positive change in QN (1.0%, 95% CI
0.2–1.8%) and highest in LC (2.1%, 95% CI 1.1–3.1%)
(Table 2), which was also consistent for same day rise in
temperature in all but LC and QN provinces (Supplementary
Table 3). None of the other temperature lag days (lag 1–lag 6)
showed any significant positive effect on all-cause, respiratory
or infectious disease hospitalizations (Supplementary
Tables 1–3). In LC, the highest positive effect of temperature
was observed for all-cause and respiratory hospitalizations
with no statistically significant effect on infectious hospitali-
zations. Similarly the highest positive change in temperature-
infectious disease hospitalizations was observed in BG though
no such significant change in respiratory admissions was iden-
tified (Table 2). The temperature and cardiovascular hospital
admissions relationships were not statistically significant for
any province (Table 2), nor for any lag day except in BG

Table 2 Province-specific estimate of percentage change associated with 1°C increase in daily average temperature above 24°C on daily all- and cause-
specific hospitalizations

Provincesa All causes (%) 95% confidence interval (CI)b Infectious disease 95% CI CVD c 95% CI Respiratory 95% CI

BG 1.3 0.7, 1.8* 3.5 2.2, 4.9* 0.6 −0.3, 1.4 0.8 −0.4, 2.0
DB 1.1 0.5, 1.6* 1.8 0.5, 3.1** 0.4 −0.5, 1.4 1.0 0.3, 1.8**

HN 1.1 0.6, 1.7* 2.3 1.3, 3.2* −0.1 −1.1, 0.1 1.2 0.5, 1.9**

LC 1.8 1.1, 2.5* 1.7 −0.7, 4.2 1.2 −0.1, 3.4 2.1 1.1, 3.1*

PT 0.7 −0.4, 1.8 1.6 0.2, 3.1*** −0.8 −2.3, 0.8 1.9 0.7, 3.0**

QN 1.0 0.3, 1.7** 1.9 1.0, 2.8* 0.9 −0.1, 1.8 1.0 0.2, 1.8***

TQ 0.8 0.2, 1.4** 2.2 0.1, 3.3* 0.5 −0.4, 1.3 1.1 0.4, 1.8**

a Provinces—BG Bac Giang, PT Phu Tho, HN Ha Noi, QN Quang Ninh, TQ Tuyen Quang, DB Dien Bien, LC Lai Chau
b Percentage change (95% CI) associated with 1 °C increase in daily average temperature above 24°C
cCVD, Cardiovascular disease
* p value <0.001, ** p value <0.01, *** p value <0.05
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where same day rise in temperature showed a positive effect
on cardiovascular admissions (Supplementary Table 4).

The pooled estimates of the effect of high temperatures on
hospitalizations across lag days for all provinces are presented
in Fig. 1. The pooled estimates show a significant effect of
high temperature on hospitalizations for the same day (lag 0),
when a 1°C increase in temperature above 24°C is significant-
ly associated with 1.1% (95%CI, 0.7–1.4%) increased risk for
all-cause admissions, 2.3% (95%CI, 1.6–3.0%) increased risk
for infectious admissions, 0.9% (95%CI, 0.3–1.5%) increased
risk for cardiovascular admissions and 1.3% (95% CI, 0.8–
1.8%) increased risk for respiratory admissions. None of the
other lag days was significantly associated with any hospital
admission category. I-squared statistics for heterogeneity for
all-cause hospitalizations were 0.0% across all lag days, for
infectious admissions were 0.0% in all but lag 0 (14.8%), for
respiratory admissions were 0.0% in all but lag 5 (19.0%) and
6 days (47.8%), and for cardiovascular admissions were 0.0%
in all but lag 5 (25.4%).

Sensitivity analyses that changed measure of temperature
(maximum, minimum) and excluding temperature below
24°C did not substantially influence the estimates of mean
temperature effects on hospitalizations (data not shown).

Discussion

Our research presents the short-term effects of temperatures
on risk of hospitalizations across multiple provinces in north-
ern Vietnam adding to the understudied body of evidence in

LMICs and sub-tropical environments; (Campbell et al. 2018;
Green et al. 2019). Overall, pooled estimates for all the study
provinces in northern Vietnam indicate a significant effect of
same day rise in temperature above 24°C on hospital admis-
sions for all cause, infectious, respiratory, and cardiovascular
admissions. A previous study in a single city in northern
Vietnam reported an increased risk of cardiovascular hospital-
izations from cold temperatures among the older population
(Giang et al. 2014). Similarly cold temperature was associated
with mortality in an elderly population in Hanoi, Vietnam
(Xuan et al. 2014a). However our multi-province study in
the same northern region of Vietnam did not find any adverse
health effect of cold temperatures, which could indicate that
populations are more adapted to low temperatures rather than
higher temperatures in this setting. A temporal study in
Queensland, Australia representing both sub-tropical and
tropical climates showed a decrease in cardiovascular disease
admissions from cold temperature and an increased risk from
the heat effect (Lu et al. 2020). Although these two study areas
differ in sociodemographic characteristics and economic de-
velopment status, it could be that heat exposure is more detri-
mental to health in sub-tropical settings. Therefore, further
exploration of temperature-morbidity effects in the local con-
text of similar global settings would be useful for designing
geographically targeted adaptation strategies. Recent research
argues the co-benefits in investing in mitigating emissions and
increasing expenditure to incentivize adoption of sustainable
production methods, therefore, reducing health risks, deliver-
ing a healthy workforce, and contributing to health and eco-
nomic benefits (Ahmad et al. 2021).
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increase) on hospitalizations by
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Similar to mortality, the temperature–morbidity relation-
ship is generally nonlinear and shows U-, V-, or J-shaped
patterns, where a certain temperature or temperature range
(threshold temperature) is associated with minimum morbidi-
ty and temperature below and above the threshold increased
morbidity (Zhai et al. 2021; Lu et al. 2020; Phung et al. 2016c;
Turner et al. 2012). One recent study from a sub-tropical cli-
mate has demonstrated an unusual L-pattern, with the steeper
mortality effect of lower temperature and flat effect of higher
temperature (Dang et al. 2016). Elsewhere a few studies also
showed clear threshold temperatures based on model fit
(Turner et al. 2012). However, the temperature threshold ap-
pears to vary by study location. For example, in the tropical
Mekong Delta Region of Vietnam, Phung et al. (2016b) has
reported that a 1°C increase in average minimum temperature
above 21°Cwas significantly associated with 1.3% increase in
risk of all-causes hospital admissions, 2.2% increase of risk
for infectious disease admission, and 1.1% increase of risk for
respiratory disease admissions (Phung et al. 2016b). In con-
trast, a study in a single city of Thailand representing a tropical
climate did not show any significant increase in all-cause ad-
missions (overall 5.3%, 95% CI − 0.2%, 11.1%) per 1°C
increase in temperature above 29 °C (Pudpong and Hajat
2011). Moreover, this study showed a significant increase in
admissions (5.8% increase, 95% CI: 2.3–9.3%) due to intes-
tinal infectious disease with each 1 °C increase in temperature.
In sub-tropical Hong Kong, Chan et al. (2013) reported that
hospitalizations increased by 4.5% for every 1 °C increase in
mean daily temperature above 29.0 °C as well as a significant
association between increased average temperature and respi-
ratory and infectious hospital admissions. Such differential
temperature thresholds for health effects could be due to dif-
ferences in population characteristics and activity patterns in
different settings, socioeconomic status, adaptive capacity,
and lower acclimatization to higher temperatures in cooler
climates (Green et al. 2010; Hondula and Barnett 2014).
Previous research in the MDR by Phung et al. (2016b) did
not observe significant modifying effects of socio-
demographic factors on temperature–morbidity relationship.
However, further research, especially applying a prospective
study design, is recommended to better explore the factors
related to adaptive capacity in tropical/sub-tropical climates.

Spatiotemporal difference in temperature-health effects
have been clearly demonstrated in several studies (Phung
et al. 2015a; Hondula and Barnett 2014; Guo et al. 2014)
suggesting that location-specific studies are critical to inform
local policies, provide an evidence-base for appropriate cli-
mate change and health adaptation strategies and identify cli-
mate sensitive and vulnerable population sub-groups.
Vietnam’s northern region has the highest poverty and the
highest proportion of ethnic minorities compared to other lo-
cations (Quyen 2019). Studies across different settings have
shown that people with low socio-economic status are

particularly vulnerable to heat effects (Xu et al. 2020; Green
et al. 2019). This has also been the case in northern Vietnam as
demonstrated by health vulnerability assessment studies to
climate change that have shown high health sensitivity to tem-
peratures in northern Vietnam (Tran et al. 2020; WHO 2011).
Future research to undertake assessment of health adaptive
capacity for ambient temperature change with current and fu-
ture projections is important.

The pooled effect of high temperature on cardiovascular
admission on the same day in our research corroborates with
results reported elsewhere (Zhai et al. 2021; Tian et al. 2019).
However, a recent meta-analysis of estimates from systematic
reviews indicated a non-significant effect of high temperature
on cardiovascular morbidity (Song et al. 2017). In our re-
search, overall temperature effect on cardiovascular admis-
sions was the weakest among other disease categories, and
none of the province specific estimates for temperature effect
on cardiovascular admissions was found statistically signifi-
cant. Previous research among elderly people in Thai Nguyen
province of Northern Vietnam reported a non-significant as-
sociation between hot temperature and CVD admission (RR
1.17, 95% confidence interval: 0.90–1.52) (Giang et al. 2014).
Non-significant association between temperature and CVD
has also been reported from studies in the MDR (Phung
et al. 2016b). As explained in previous research, the differen-
tial effects of temperature on cardiovascular morbidity and
mortality could be due to increased number of temperature-
related cardiovascular deaths before seeking care at the hospi-
tal (Michelozzi et al. 2009; O'Neill et al. 2003). However,
several studies have reported about the significant effects of
extreme temperatures (heatwaves) on increased cardiovascu-
lar hospitalizations (Lin et al. 2009), especially in the elderly
(Bunker et al. 2016). Different age structures across the prov-
inces could also contribute to such differential health effects as
areas with high elderly populations are more likely to be sen-
sitive to high temperatures (Tran et al. 2020). Therefore, age-
stratified analysis to elicit temperature and health effects is
recommended to identify vulnerable populations and their
adaptive capacity. Given projections of high burden of CVD
deaths in high-, middle-, and low-income countries (Rehman
et al. 2021), it is important that climate change and health
adaptation strategies also focus on prevention of non-
communicable diseases including CVD.

Some limitations are noted for interpreting our research
findings. First, severe admission cases are more likely to be
included in the analyses as the hospital data were obtained
from the largest public referral hospital at the provincial level,
thus the study might have missed the minor cases that were
admitted to lower level hospitals (i.e., district hospitals).
However, our results still reflect effects on severe admissions.
Second, due to small number, the individual-specific cause
could not be studied for each province. We recommend future
studies in a larger population to look at some heat sensitive
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individual diseases. Third, although we could not examine the
modification effects of socioeconomic factors (e.g., age, occupa-
tion) due to lack of data, these factors are less likely to play
important role in temperature-hospitalization relationship be-
cause they do not change within a short period of time (i.e., day).

Conclusions

The results of this multi-province study enhance the evidence
that high temperature is associated with increased risk of mor-
bidity, as measured by hospitalizations in sub-tropical north-
ern Vietnam. As temperature is projected to continue to rise in
this region due to climate change, our findings have important
implications for public health interventions and adaptation
strategies. However further research is recommended focusing
on health vulnerability assessment using prospective data in
order to better account for variability in temperature, exposure
to different temperature thresholds and individual factors re-
lating to age, economic status, etc.
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