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Chapter 6. Care for vulnerable 
population groups: updated 
evidence on risk factors and 
vulnerability

Summary
In the last decade, the quantity of literature on factors affecting vulnerability to heat has greatly increased. 
It is well established that elderly people are most at risk to extreme heat; other vulnerable groups at greater 
risk include people with chronic conditions (such as cardiorespiratory diseases, endocrine system disorders, 
mental health disorders, metabolic disorders and kidney disorders), pregnant women, small children, workers, 
people living in urban settings in socially and economically deprived environments, migrants and travellers.

HHAPs should identify subgroups at risk, provide tailored advice, implement specific prevention measures 
and actively monitor those most at risk during heat-waves. To date, most national HHAPs mention vulnerable 
groups but do not contain actions addressed to them. More effort should be put into raising awareness and 
promoting active response measures and training of health and social care professionals. Monitoring and 
evaluation of these measures is also important to assess their effectiveness.

Key messages
•	 Evidence on who is most at risk during heat-

waves has become more consistent.
•	 Vulnerable subgroups and their needs change 

over time and need ongoing monitoring and 
study.

•	 Public health prevention and response 
measures tailored to vulnerable groups need 
to be promoted – especially active response 
measures and proactive outreach for vulnerable 

individuals and their care givers by health and 
social services when warnings are issued during 
extreme events.

•	 Advice for vulnerable individuals should be 
improved, and health and social care training 
enhanced to improve awareness of risks and 
response.

•	 Actions targeted at vulnerable subgroups 
should be monitored and evaluated.
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6.1	 Introduction
The main objective of an HHAP in all its operational 
components is to reduce the health impacts of 
extreme heat. It is therefore of particular importance 
to focus on those population subgroups that are 
most vulnerable to heat as a result of pre-existing 
health, sociodemographic and environmental 
conditions. The WHO Regional Office for Europe’s 
guidance on heat–health action planning 
acknowledged the importance of identifying 
and localizing vulnerable population subgroups 
(Matthies et al., 2008), defining this as a core 
element of HHAPs. Specific information and advice 
should be issued to these groups to improve 
awareness of the health risks and help protect 
them during heat-waves. Health and social services 
should focus efforts and resources on them, with 
specific response measures aimed at reducing 
health impacts.

Initially, the focus was mainly on elderly people, 
as the literature showing a greater risk of dying 
during heat-waves among this group was 
more robust, followed by subjects with chronic 
conditions (Kovats & Hajat, 2008; Basu, 2009). 
WHO’s 2011 public health advice revised and 
updated individual (demographic, socioeconomic 
and health conditions) and environmental risk 
factors to identify better those most at risk and 
improve response measures addressed to them 
(WHO Regional Office for Europe, 2011). In the last 
decade the scientific literature addressing heat 

vulnerability factors and estimating the health risks 
among specific population subgroups has increased 
exponentially, confirming previous findings and 
shedding light on new subgroups at risk and 
potential response measures to protect them 
(Linares et al., 2020).

Both WHO publications stressed the need for an 
enhanced and more proactive approach in terms 
of both awareness-raising and response measures 
with reference to vulnerable groups. Active 
surveillance by health and social care services is 
still lacking and should be promoted at all levels. 
The 2008 WHO guidance provided examples 
of vulnerable group selection and identification 
through registry data and notifications by GPs and 
health services and gave general recommendations 
for GPs and retirement and care home medical staff 
(Matthies et al., 2008). The updated advice set out 
more exhaustive information on the health risks 
associated with heat for the different vulnerable 
groups (WHO Regional Office for Europe, 2011). 
Examples of specific health measures and practices 
or actions were not provided, however. To date, 
formal assessments of actions carried out, along 
with the coverage and an evaluation of these 
measures, are limited. This process would be useful 
not only to provide evidence of what is being done 
but also to identify best practices and ensure that 
resources are allocated in an efficient manner.

6.2	 Heat vulnerability, vulnerable groups and risk 
factors

Specific vulnerability factors are able to confer a 
greater risk of dying due to exposure to extreme 
heat. These may be related to individual (age, 
gender, health status) or context characteristics, 
such as social and economic conditions and the 
environment (including climate, living environment 

of urban versus rural setting, level of air pollution, 
green areas, presence of AC and building structure). 
Vulnerability to heat varies geographically, based 
on these characteristics, but some common 
factors confer a greater vulnerability on individuals 
(Table 8).
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Table 8. Summary of evidence on vulnerable subgroups

Subgroup Relevant studies and factors

Elderly people •	 Biological mechanisms: Kenny et al. (2010); Stapleton et al. (2014); Flouris et al. (2017)
•	 Epidemiological studies/reviews: Kovats & Hajat (2008); Basu (2009); Bunker et al. (2016); Mayrhuber 

et al. (2018)
•	 Parkinson’s disease and dementia: Linares et al. (2016); Wei et al. (2019)

People with 
cardiovascular 
disease

•	 Biological mechanisms: Liu, Yavar & Sun (2015)
•	 Epidemiological studies/reviews of:

•	 effects of heat on cardiovascular health: Bhaskaran, Hajat & Smeeth (2011); Gasparrini et al. 
(2012); Yu et al. (2012); Sun et al. (2016); Cheng et al. (2019)

•	 ischaemic stroke and heat metanalysis: Lian et al. (2015); Wang et al. (2016)
•	 acute myocardial infarction and heat: Bhaskaran et al. (2009); Bhaskaran, Hajat & Smeeth 

(2011); Goggins, Woo et al. (2012); Breitner et al. (2014); Kwon et al. (2015)

People with 
respiratory 
disease

•	 Biological mechanisms: Kenny et al. (2010); McCormack et al. (2016)
•	 Epidemiological studies/reviews of:

•	 respiratory mortality: Benmarhnia et al. (2015); Cheng et al. (2019)
•	 respiratory morbidity: Turner et al. (2012); Anderson et al. (2013); Zhao et al. (2019)
•	 Chronic obstructive pulmonary disease (COPD) and asthma: McCormack et al. (2016); Zhao et 

al. (2019)

People with 
mental health 
disorders

•	 Biological mechanisms: Stöllberger, Lutz & Finsterer (2009); Thompson et al. (2018)
•	 Epidemiological studies/reviews: Hansen et al. (2008); Page et al. (2012); Thompson et al. (2018)
•	 Increases in ER visits: Wang et al. (2014); Thompson et al. (2018); Basu et al. (2018); Min et al. (2019)
•	 Medication during heat: Martin-Latry et al. (2007); Stöllberger, Lutz & Finsterer (2009); Min et al. 

(2019)

People with 
diabetes

•	 Biological mechanisms: Yardley et al. (2013); McGinn et al. (2015); Carrillo et al. (2016); Kenny, Sigal & 
McGinn (2016); Notley et al. (2019)

•	 Epidemiological studies/reviews: Yardley et al. (2013); Zanobetti et al. (2014)

Children •	 Epidemiological studies/reviews: Sheffield & Landrigan (2011); Williams et al. (2012); Xu, Etzel et al. 
(2012); Xu, Sheffield et al. (2012); Xu et al. (2014); Iñiguez et al. (2016); Lam et al. (2016); Stanberry, 
Thomson & James (2018)

•	 Asthma: Z Xu et al. (2013); Li et al. (2014); Xu et al. (2014)
•	 Bacteria-related gastroenteritis: Xu, Sheffield et al. (2012); Xu et al. (2014); Carlton et al. (2016); 

Iñiguez et al. (2016)

Pregnant 
women

•	 Biological mechanisms: Strand, Barnett & Tong (2011); Carolan-Olah & Frankowska (2014); Zhang, Yu 
& Wang (2017)

•	 Epidemiological studies/reviews: Dadvand et al. (2011); Kloog et al. (2012); Strand, Barnett & Tong 
(2012); Schifano, Cappai et al., (2013); Vicedo-Cabrera et al. (2014); Vicedo-Cabrera, Olsson & 
Forsberg (2015); Schifano et al. (2016); Cox et al. (2016); Basu et al. (2017); Ha et al. (2017); He et al. 
(2017); Khan et al. (2017); Zhang, Yu & Wang (2017); Guo et al. (2018); Asta et al. (2019); Son et al. 
(2019); Song et al. (2019); Sun et al. (2019); Gronlund et al. (2020); Ilango et al. (2020)

Workers •	 Biological mechanisms: Jay & Brotherhood (2016); Meade et al. (2016); Ioannou et al. (2017); Quiller 
et al. (2017); Kenny (2019); Notley, Flouris & Kenny (2019)

•	 Epidemiological studies/reviews: Ioannou et al. (2017); Quiller et al. (2017); Flouris et al. (2018); 
Marinaccio et al. (2019); Messeri et al. (2019); Schifano et al. (2019)

Further, the COVID-19 pandemic may augment 
the health risks from heat among these vulnerable 
groups (Box 7), as several of the risk factors for 

severe COVID-19 overlap with key heat risk factors 
(Wang et al., 2020; CDC, 2020; Singh et al., 2020; 
Bukhari & Jameel, 2020).
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Box 7. Heat and COVID-19: vulnerable groups

People vulnerable to both COVID-19 and heat include:
•	 elderly people – especially those who are very old and those with multiple chronic conditions 

(Armitage et al., 2020; Bunker et al., 2016; Shahid et al., 2020; Wang et al., 2020) or living in nursing 
homes or residential care facilities without cooling or adequate ventilation (Klenk, Becker & Rapp, 
2010; Nanda, Vura & Gravenstein, 2020);

•	 people with underlying medical conditions, including:
•	 cardiovascular disease (heart failure, coronary artery disease or cardiomyopathies);
•	 cerebrovascular disease;
•	 hypertension;
•	 chronic pulmonary disease such as COPD;
•	 kidney disease;
•	 diabetes;
•	 obesity;
•	 neurologic conditions such as Alzheimer’s disease and dementia;
•	 mental health issues (psychiatric disorders, depression) (Benmarhnia et al., 2015; Cheng et al., 

2019; Lippi & Henry, 2020; Mantovani et al., 2020; Pranata et al., 2020; Shang et al., 2020; Singh et 
al., 2020; J Yang et al., 2020);

•	 people on medication, as some medication for the diseases listed above impairs thermoregulation 
and perception to risks related to heat exposure (Daanen et al., 2020);

•	 pregnant women (Zhang, Yu & Wang, 2017; Juan et al., 2020; Z Yang et al., 2020);
•	 essential (indoor/outdoor) workers exposed to heat (Flouris et al., 2018; Spector et al., 2019; Morabito 

et al., 2020);
•	 health workers and staff wearing personal protective equipment (PPE) that may increase thermal 

stress (Ehrlich, McKenney & Elkbuli, 2020; Morabito et al., 2020; Sud, 2020);
•	 people who are socially isolated (homeless people, migrants, old people living alone) and those with 

low income or inadequate housing, who have limited resources and access to care (Armitage et al., 
2020; GHHIN, 2020; Martinez et al., 2020);

•	 people who have – or are recovering from – COVID-19, who may be more vulnerable to heat-related 
illness.

Heat-related health effects are largely preventable through good public health practice, while following 
relevant advice. Operational responses and implications for HHAPs related to COVID-19 are reported in 
Box 11 in Chapter 7. Moreover, it is particularly important that vulnerable subgroups continue to receive 
the necessary health and social care during the pandemic, and that awareness of risks and responses is 
enhanced (GHHIN, 2020; Martinez et al., 2020; Wood, 2020).

The WHO Regional Office for Europe has issued health advice for hot weather during the COVID-19 
outbreak as described in Box 5 in Chapter 4, as well as guidance for health care of elderly people and 
management of long-term care facilities during the COVID-19 pandemic (WHO Regional Office for Europe, 
2020a; 2020b; 2020c). Some countries have also updated HHAPs to account for the COVID-19 pandemic 
and to raise awareness of risks among vulnerable subgroups (HCSP, 2020; INSPQ, 2020; KLUG, 2020; 
PHE, 2020; RIVM, 2020).
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6.2.1	 Elderly people

Ageing affects thermoregulatory capacity and can 
reduce thermal perception, leading to compromised 
behavioural responses of elderly citizens to heat 
stress, and increasing the onset of heat-related 
illnesses and deaths (Kenny et al., 2010; Stapleton 
et al., 2014; 2015; Benmarhnia et al., 2015). A 
systematic review and meta-analysis including 61 
studies on vulnerability to heat found the strongest 
evidence for old age, with an increasing trend in 
risk as age progresses from 65 years onwards 
(Benmarhnia et al., 2015). Controlled laboratory 
studies suggest that the detrimental impact of age 
on people’s capacity to thermoregulate in a hot 
environment can be detected as early as 40 years, 
and that these differences become evident in most 
people by their mid-50s (Flouris et al., 2017).

Elderly people are at particular risk due to 
dysfunctional thermoregulatory mechanisms 
(limited sweating and skin blood flow), chronic 
dehydration, multiple chronic diseases (especially 
cardiopulmonary disease, diabetes and dementia), 
use of medications, disability and non-self-
sufficiency and possible social isolation (Kovats 
& Hajat, 2008; Basu, 2009; Hajat, O’Connor & 
Kosatsky, 2010; Bunker et al., 2016; Mayrhuber et al., 
2018). Neurodegenerative diseases like dementia 
and Parkinson’s disease, which are associated with 
old age, have also been identified as risk factors, 
with evidence of an increase in hospitalization 
during heat-waves among patients with these 
conditions (Linares et al., 2016; Wei et al., 2019). 
Eurostat (2019) estimates that by 2050 an average 
40% of the European population will be aged over 
55 years (ranging between 47% in Italy and Portugal 
and 35% in Sweden). Ageing of the European 
population and rises in noncommunicable disease 
prevalence suggest that the number of subjects 
at risk in this group will continue to increase in the 
coming years.

6.2.2	 Children

In summer and during heat-waves infants and 
children are particularly vulnerable to dehydration 
and heat stress, due to their greater body surface-
to-volume ratio. Furthermore, children have less 
effective heat adaptation capacity than do adults 
(Committee on Sports Medicine Fitness, 2000).

Heat has also been associated with an increase 
in ER visits or hospital admissions for paediatric 
diseases, respiratory diseases, gastroenteritis, 
renal diseases and diseases of the central nervous 
system among children (Sheffield & Landrigan, 
2011; Williams et al., 2012; Xu, Etzel et al., 2012; 
Xu, Sheffield et al., 2012; Xu et al., 2014; Iñiguez 
et al., 2016; Lam et al., 2016; Stanberry, Thomson 
& James, 2018). Asthma symptoms – especially 
wheezing and chest tightness – have been shown 
to worsen with increasing temperatures (Z Xu et al., 
2013; Li et al., 2014; Xu et al., 2014). Bacteria-related 
gastrointestinal diseases among children are also 
more likely to increase with high temperatures (Xu, 
Sheffield et al., 2012; Xu et al., 2014; Iñiguez et al., 
2016).

6.2.3	 Pregnant women

Heat has been identified as a risk factor for 
adverse birth outcomes such as low birth weight 
and preterm birth (Strand, Barnett & Tong, 2011; 
Carolan-Olah & Frankowska, 2014; Zhang, Yu & 
Wang, 2017). During pregnancy, women may be 
more susceptible to heat stress due to body weight 
gain, which increases heat production and reduces 
capacity to lose heat by sweating. The fetus also 
adds its body composition and metabolic rate, 
which further alters the mother’s heat stress. 
Difficulty in thermoregulation and dehydration 
among pregnant women may cause a decrease 
in uterine blood flow, which may trigger labour. 
Furthermore, heat stress may trigger a release of 
hormones such as cortisol or increase secretion 
of oxytocin and prostaglandin, which may in turn 
induce labour and increased uterine contractions 
(Strand, Barnett & Tong, 2011; Carolan-Olah & 
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Frankowska, 2014). To date, however, the causes 
or biological mechanisms associated with preterm 
births and low birth weight in response to heat are 
still unclear.

Several studies have shown a significant positive 
short-term association between exposure to heat 
and preterm delivery in Europe (Dadvand et al., 
2011; Schifano, Cappai et al., 2013; Vicedo-Cabrera 
et al., 2014; Vicedo-Cabrera, Olsson & Forsberg, 
2015; Cox et al., 2016; Schifano et al., 2016; Asta 
et al., 2019) and in Australia, China, the Republic 
of Korea and the United States (Kloog et al., 2012; 
Strand, Barnett & Tong, 2012; He et al., 2017; Guo et 
al., 2018; Son et al., 2019; Song et al., 2019; Sun et 
al., 2019; Ilango et al., 2020). A study conducted in 
the over 400 counties of the United States showed 
that the fraction of preterm births attributable to 
extreme heat was 154 (empirical 95% CI: 127, 173) 
preterm births per million (Sun et al., 2019). Studies 
conducted specifically on extreme events rather 
than temperatures increases also found a greater 
risk of preterm births during heat-wave episodes 
than non-heat-wave days (Schifano, Lallo et al., 
2013; Ilango et al., 2020). Ilango et al. (2020) found 
that exposure to heat-waves of longer duration had 
greater effects in California compared to short-lived 
events; similar findings were observed in Italy when 
consecutive days of heat were considered (Schifano, 
Lallo et al., 2013). This aspect is important to bear in 
mind in HHAP preparedness, warning system advice 
and action modulation targeted to this specific 
vulnerable subgroup.

Effect estimates in the various studies diverge 
due to differences in study design, definition of 
critical windows of exposure and gestational 
age assessment, local climate and population 
adaptation, population characteristics, access to 
health care and pregnancy health care assistance 
(Ha et al., 2017; Zhang, Yu & Wang, 2017; Gronlund 
et al., 2020). Confounders and possible effect 
modifiers such as air pollution, humidity, maternal 
age, marital status, ethnicity, socioeconomic status, 
smoking or drinking status, previous pregnancies, 

antenatal visits and gestational complications and 
pre-existing health conditions (such as body mass 
index, hypertension and diabetes) should also be 
considered when studying determinants of birth 
outcomes (Strand, Barnett & Tong, 2011; Basu et 
al., 2017; Khan et al., 2017; Son et al., 2019; Sun et 
al., 2019). In a study conducted in the United States, 
extreme heat was strongly associated with preterm 
birth in regions with colder and drier climates, and 
among younger women (Sun et al., 2019). Pre-
existing health conditions also influenced the risk 
of preterm delivery: Basu et al. (2017) found that 
women with pre-existing or gestational hypertension 
or diabetes were at greater risk. Similarly, Schifano 
et al. found that women with chronic disease 
(especially cardiac conditions) and young mothers 
(less than 20 years of age) were at higher risk of 
preterm delivery (Schifano, Cappai et al., 2013; 
Schifano et al., 2016).

Socioeconomic differences may further contribute 
to the differential risk of preterm birth when exposed 
to heat (Dadvand et al., 2011; Strand, Barnett & 
Tong, 2011; Basu et al., 2017; Zhang, Yu & Wang, 
2017; Asta et al., 2019). Son et al. (2019) found 
a higher risk of preterm delivery among women 
residing in areas of low socioeconomic status and 
with low education levels. In urban areas, proximity 
to green space has been linked to beneficial health 
effects such as reduced stress, increased social 
contact and cohesion, increased physical activity 
and reduced temperature extremes – especially 
heat and lower air pollution levels (WHO Regional 
Office for Europe, 2016). Moreover, several studies 
have looked at the association between green space 
and preterm births, but results are contrasting: 
most studies have not found an association with 
preterm births (Asta et al., 2019; Kloog, 2019), while 
a beneficial effect on fetus growth has also been 
shown (Dadvand et al., 2012). These factors are 
important for heat prevention in order to identify 
those most at risk that need to be monitored 
actively with particular attention during heat-waves, 
as well as to provide accurate advice to improve 
awareness and preparedness.
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6.2.4	 Workers

In the occupational setting, workers can be 
exposed to heat for prolonged periods of the day – 
particularly those whose roles involve manual 
tasks (physical work) with elevated endogenous 
(metabolic) heat production. Workers thus 
experience negative effects of environmental heat 
stress at lower temperature levels than those 
eliciting public alerts. Furthermore, protective 
clothing and PPE required for work safety 
may hamper natural heat loss. For outdoor 
workplaces exposure to solar radiation may 
add to the environmental heat, while for indoor 
workplaces cooling of large production bays is 
often not possible, and industrial heat generated 
by machinery can increase indoor heating. At 
present, evidence-based recommendations for 
indoor workplaces or residential buildings are 
sparse (Kenny et al., 2019). If appropriate preventive 
action is not taken, however, workplace temperature 
can increase to dangerous levels. It is therefore 
advisable that indoor work areas include some 
form of climate control (AC, electric fans or the 
opportunity of cooling during breaks if solutions are 
not applicable at the workstation or are constrained 
by PPE).

Occupational heat strain (the physiological 
consequences of occupational (environmental) heat 
stress) undermines the health and productivity of 
workers in major industries including agriculture, 
construction, manufacturing, tourism and 
transportation (Ioannou et al., 2017; Quiller et al., 
2017; Marinaccio et al., 2019; Messeri et al., 2019; 
Schifano et al., 2019). A recent systematic review 
and meta-analysis of 111 studies, including more 
than 447 million workers from over 40 different 
occupations, estimated that 35% of individuals who 
frequently work in heat stress conditions experience 
negative effects of occupational heat strain 
(Flouris et al., 2018). Workers who are particularly 
vulnerable to the impacts of heat are those who 
work under heat stress conditions for prolonged 
periods, those exposed to high heat in a hypo-
hydrated state, those who are older and those with 

underlying pathophysiological conditions. Field and 
lab studies have investigated human responses to 
elevated thermal stress during work using various 
physiological measures, and it is quite clear that 
occupational heat stress and strain can negatively 
affect workers’ health, impair their performance 
capacity and compromise work safety (Jay & 
Brotherhood, 2016; Meade et al., 2016; Ioannou et 
al., 2017; Quiller et al., 2017; Notley, Flouris & Kenny, 
2019). Kenny et al. (2019) suggest that occupational 
heat strain has important impacts on health and 
should be promoted accordingly in the light of 
climate change and the resulting rise in heat stress 
in coming years.

6.2.5	 People with pre-existing conditions

Subjects with cardiovascular diseases are at 
greater risk during extreme heat (Bhaskaran, Hajat & 
Smeeth, 2011; Gasparrini et al., 2012; Turner et 
al., 2012; Yu et al., 2012; Sun et al., 2016; Cheng 
et al., 2019) due to their limited cardiovascular 
adjustment, which is needed during exposure 
to heat stress. The mechanisms underlying 
initiation of cardiovascular disease in response 
to temperature challenges involve multiple 
physiopathology regulations (Liu, Yavar & Sun, 
2015). Under controlled conditions, heat exposure 
has been shown to lead to increases in red blood 
cell counts, platelet counts and blood viscosity, 
as well as increases in heart rate (Bhaskaran 
et al., 2009). Temperature-induced damage is 
thought to be related to heat-mediated dehydration 
and heatstroke-induced systemic inflammatory 
response (Liu, Yavar & Sun, 2015).

Heat has also been identified as risk factor for 
ischaemic stroke, with differences by age and 
gender in a recent meta-analysis (Lian et al., 2015; 
Wang et al., 2016). Several studies have shown 
the effect of heat on acute myocardial infarction 
hospital admissions and mortality (Bhaskaran et al., 
2009; Bhaskaran, Hajat & Smeeth, 2011; Goggins, 
Woo et al., 2012; Breitner et al., 2014). Kwon et al. 
(2015) recently focused on the risk factors of this 
relationship, and found that females, those aged 75 
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years and over and those with low socioeconomic 
status were at greater risk. The authors 
suggested that the lifestyles of subjects with a 
low socioeconomic status seemed to be more 
vulnerable to weather, which could affect increased 
acute myocardial infarction hospital admissions. 
Furthermore, elderly patients with diabetes were 
also found to be at greater risk when temperatures 
increased (Lam et al., 2018).

Several studies have identified individuals with 
underlying respiratory diseases, including COPD, 
as being at increased risk from the adverse health 
effects of heat (Kenny et al., 2010; Turner et al., 
2012; Anderson et al., 2013; Benmarhnia et al., 2015; 
Cheng et al., 2019; Zhao et al., 2019). The underlying 
mechanisms through which high temperatures 
may increase this risk are not entirely clear. Studies 
have found that heat is associated with airways 
and systemic inflammation, and vascular changes 
may trigger a respiratory distress syndrome through 
episodes of activation of the complement system 
(Michelozzi et al., 2009; Zhao et al., 2019). A recent 
systematic review found a significant effect of 
heat-waves on total respiratory mortality and COPD 
mortality but not on morbidity, with contrasting 
effects in different regions of the world and by 
morbidity indicator (Cheng et al., 2019). A study on 
a cohort of COPD patients found that increases in 
indoor and outdoor temperatures were associated 
with increases in daily indicators of COPD morbidity, 
including respiratory symptoms and rescue inhaler 
medication use (McCormack et al., 2016). Among 
COPD patients symptoms can worsen in response 
to the hyperventilation required to disperse heat and 
the bronchoconstrictive effects of heat (McCormack 
et al., 2016). Among subjects with asthma it has 
been suggested that breathing hot humid air may 
result in bronchoconstriction and increased airways 
resistance that is mediated via cholinergic pathways 
(McCormack et al., 2016; Zhao et al., 2019). 
Furthermore, asthma medication may interfere with 
the thermoregulatory response, thereby increasing 
heat stress conditions.

Mental health and behavioural disorders such 
as depression, bipolar disorder, schizophrenia, 
mental disability and developmental disorders have 
been associated with a risk of worsening of health 
conditions during heat-waves or exposure to heat 
(Hansen et al., 2008; Page et al., 2012; Wang et al., 
2014; Basu et al., 2018; Thompson et al., 2018; Min 
et al., 2019; Mullins & White, 2019). Exposure to high 
temperatures can cause particular discomfort and 
heat stress among people with mental disorders – 
they may become agitated, more aggressive and 
violent, with an increase in the risk of suicide and 
conflicts (Wang et al., 2014; Basu et al., 2018; 
Thompson et al., 2018; Kim et al., 2019; Min et 
al., 2019). A recent review reported that 15 of 17 
studies found a positive and significant association 
between heat and suicide frequency (Thompson et 
al., 2018). Several studies have shown an increase in 
hospital admissions and mortality among subjects 
with diagnosed mental health illnesses (Hansen et 
al., 2008; Thompson et al., 2018; Min et al., 2019).

The biological mechanisms include heat altering 
the metabolites of certain neurotransmitters, such 
as 5-hydroxytryptamine and dopamine, which 
are associated with the onset of depression and 
bipolar disorders (Stöllberger, Lutz & Finsterer, 2009; 
Thompson et al., 2018). Another important aspect 
is the use of medication in this group and the role of 
heat in altering the effect of the drugs; for example, 
psychotic drugs have side-effects associated with 
heat (Martin-Latry et al., 2007; Stöllberger, Lutz & 
Finsterer, 2009; Min et al., 2019). Medication used 
in psychiatry increases vulnerability to heat-related 
morbidity by altering the body’s thermoregulatory 
capacity. Furthermore, among this subgroup 
cognitive awareness of environmental conditions – 
in this case heat-waves – and the ability to 
undertake adaptive behaviours such as increased 
fluid intake or wearing appropriate clothing, 
especially in those with disabling mental illnesses 
such as Alzheimer’s disease, dementia, senility, 
psychosis and developmental disorders, may 
increase the risk of adverse health effects during 
heat-waves (Hansen et al., 2008; Basu et al., 2018).
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Mental health issues are not solely related to 
elderly people but also apply to younger individuals, 
increasing the pool of susceptible individuals (Basu 
et al., 2018; Mullins & White, 2019). In particular, 
the low perception of risk among this group calls 
for a more active role from caregivers and health 
and social services. Prevention measures need 
to address each subgroup accordingly, in both 
management and care. Although an association 
between mental health disorders and heat has 
been shown, more information on the causes of 
this are needed. Further research should focus on 
potential effect modifiers and confounders such as 
medication history, comorbidities and various social 
indicators (income, living conditions, AC usage), as 
well as more precise exposure mapping to better 
characterize this vulnerable group (Hansen et al., 
2008; Wang et al., 2014; Basu et al., 2018).

Exposure to heat has been shown to increase 
the risk of hospitalization and death among 
individuals with diabetes during heat-waves 
(Stafoggia et al., 2006; Zanobetti et al., 2014). 
Patients with type 1 and type 2 diabetes mellitus 
and the pharmacological treatments they require 
may cause dehydration, lower skin blood flow and 
reduced sweating, which could consequently impair 
thermoregulation during heat-waves (McGinn 
et al., 2015; Carrillo et al., 2016; Kenny, Sigal & 
McGinn, 2016; Notley et al., 2019). A recent review 
addressed how comorbidities such as obesity, 
hypertension, dyslipidaemia, cardiovascular 
disease, diabetic neuropathy and skin disorders, 
as well as medication, may contribute to the level 
of vulnerability among diabetic patients (Yardley et 
al., 2013). Ageing can further undermine the ability 
of diabetes patients to thermoregulate (Carrillo et 
al., 2016). Performing physical work in the heat 
is another important challenge for patients with 
diabetes, as physical activity is recommended for 
diabetes management. In this regard, the evidence 
to date shows that exercise heat stress may pose 
a health concern in diabetes patients (Carrillo et 
al., 2016; Notley et al., 2019). A recent study in 
middle-aged well controlled type 2 diabetes patients 
showed, however, that heat acclimation can offset 

diabetes-related thermoregulatory impairments and 
health complications during heat exposure (Notley 
et al., 2019). Further research examining skin blood 
flow responses concurrently with changes in core 
temperature and the role of thermoregulatory 
responses during physical activity among 
people with diabetes is warranted to improve the 
knowledge base and introduce adequate response 
measures during heat-waves (Yardley et al., 2013; 
Kenny, Sigal & McGinn, 2016).

6.2.6	 People affected by food- and 
waterborne diseases caused by a hot 
environment

Several studies have shown an association 
between heat and food- and waterborne diseases 
from the proliferation of different bacteria in hot 
environments: the most common health effects 
are gastroenteritis and diarrhoea (Tam et al., 2006; 
Zhang, Bi & Hiller, 2010; Carlton et al., 2016). A 
recent systematic review of the association between 
temperature and diarrhoea in studies in low-, middle- 
and high-income countries found a significant 
positive pooled estimate between temperature 
for both all-cause and bacterial diarrhoea (Carlton 
et al., 2016). Future climate change – especially 
associated with an increase in temperatures and 
changes in frequency and intensity of extreme 
events – may alter the distribution, survival and 
virulence of pathogens and changes in host 
exposure patterns, thus increasing the impact on 
health and the consequent additional burden to 
the health system. Advice and prevention on these 
aspects is limited and needs to be enhanced.

6.2.7	 Travellers, tourists and migrants

People coming from cool or temperate climates 
who are not in good physical condition and not 
acclimatized to the heat may be at greater risk 
during heat-waves. They may be unaware of 
health risks and behavioural changes necessary 
to cope with heat (Hansen et al., 2013; Messeri et 
al., 2019; Pradhan et al., 2019). Migrant workers, 
refugees and internally displaced people may have 
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pre-existing and post-displacement vulnerabilities 
such as malnutrition and untreated chronic medical 
conditions from limited access to health care 
and lack of shelter providing adequate protection, 
predisposing them to a greater risk to heat (Levy & 
Patz, 2015).

6.2.8	 People affected by socioeconomic 
factors

Having low socioeconomic status and/or low 
income, living alone and being socially isolated 
were found to be associated with increased adverse 
health effects during extreme heat (Basu, 2009; 
Zanobetti et al., 2013; Benmarhnia et al., 2015). 
A systematic review and meta-analysis reported 
greater risk among people with low socioeconomic 
status and poor living conditions and built 
environment (Benmarhnia et al., 2015). Debate is 
ongoing around the role of socioeconomic factors 
in contributing to heat vulnerability, and whether it is 
solely individual or neighbourhood socioeconomic 
conditions that have an impact. Individual 
conditions (education, income and so on) influence 
health, while attitudes and behaviours diffused 
between people at the community or neighbourhood 
level may also influence health education.

The differential vulnerability of populations living in 
urban areas is also a matter of concern, considering 
the continual urbanization and urban growth in 
the WHO European Region. In metropolitan areas 
the effects of heat on health may be exacerbated 
by greater socioeconomic disparities, inadequate 
housing conditions and concurrent exposure to 
air pollution (O’Neill, Zanobetti & Schwartz, 2003; 
Reid et al., 2009; Kwon et al., 2015; Taylor et al., 

2016; Urban et al., 2016; Willers et al., 2016). A 
recent study found a strong effect modification 
by social deprivation; this was greatest among 
population groups that were simultaneously 
exposed to high levels of air pollution or other 
environmental exposures, thus representing so-
called environmental injustice (Benmarhnia et al., 
2014).

Furthermore, in urban environments, temperatures 
are higher and the daily thermal pattern is different 
(less variable) from the surrounding rural areas due 
to the urban structure and materials that retain 
heat and alter the microclimate. This phenomenon 
is known as the urban heat island (UHI) effect. Few 
studies have accounted for the differential effect of 
heat within urban areas, mostly due to the limited 
availability of high spatial resolution temperature 
data and geocoded health data or data stratified by 
small spatial units. As expected, warmer inner city 
central areas of low socioeconomic status have 
shown greater heat-related effects (Smargiassi et 
al., 2009; Huang, Zhou & Cadenasso, 2011; Goggins, 
Chan et al., 2012; Wong, Paddon & Jimenez, 2013; 
Y Xu et al., 2013). Considering future climate 
change and the UHI effect in the United Kingdom, 
two studies estimated that, by 2080, a heat-wave 
could be responsible for an increase in mortality of 
around three times the rate observed in 2003, with 
278 deaths compared to 90 (Heaviside, Vardoulakis 
& Cai, 2016; Heaviside, Macintyre & Vardoulakis, 
2017). This aspect is important for the promotion 
of measures to reduce greenhouse gas emissions 
and to mitigate the UHI effect within cities. Further 
details on the built environment can be found in 
Chapter 8.

6.3	 Identification, surveillance and mapping of 
vulnerable subgroups

As noted in the 2008 WHO guidance (Matthies et 
al., 2008), an important preparatory measure of an 
HHAP is identification and localization of vulnerable 
subgroups. Once formally identified, specific actions 

and response measures need to be put in place to 
protect those most at risk. Raising awareness and 
providing advice is insufficient for these subgroups: 
they need to be monitored actively and response 
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measures addressed to them should be enhanced 
during heat-wave days.

Active surveillance entails the identification of 
susceptible subgroups through health system 
registries, population registries and health and 
social service notifications. Most people suffering 
from chronic diseases receive specialist care, are 
partly monitored or traced by health services or are 
included in health registries.

Ad hoc surveillance systems to monitor the 
health status of vulnerable subgroups have been 
implemented throughout the summer to ensure a 
timely response during extreme events. Integrated 
syndromic surveillance systems were implemented 
by Public Health England in the United Kingdom 
(Elliot et al., 2014). GP active surveillance (home 
visits and questionnaire) and out-of-hours calls are 
used in France, Italy and the United Kingdom to 
monitor vulnerable groups and collect information 
on their health status during the summer 
(Michelozzi et al., 2010; Pascal et al., 2012; Elliot et 
al., 2014). The Italian HHAP, for example, formally 
requires the drawing up of lists of susceptible 
subgroups; these are sent to health authorities to 
implement active surveillance by GPs and social 
services (Michelozzi et al., 2010; Schifano, Lallo et 
al., 2013; Liotta, Inzerilli et al., 2018). A susceptibility 

score is defined at the local level based on individual 
risk factors associated with heat, using population 
and health registries (age, sex, health status, use 
of medication, access to health care services such 
as hospitalizations, ER visits, specialist care and 
so on) or through notifications from GPs and social 
services. Occupational health surveillance systems 
for sectors most at risk are also implemented to 
monitor prevalence of occupational heat strain and 
work injuries related to heat, to improve prevention 
and response (Casanueva et al., 2019; Morabito et 
al., 2019).

6.3.1	 Current status of HHAP responses to 
vulnerable subgroups

Among the 16 countries that responded to WHO’s 
2019 survey of heat–health action planning and 
reported the existence of a national HHAP, 11 (69%) 
stated that their HHAP fully addresses vulnerable 
subgroups; the remaining five (11%) had only partial 
implementation of this component. The survey 
specifically enquired about how advice is issued 
to vulnerable subgroups and who is considered 
vulnerable in the HHAP. Specific vulnerable groups 
to whom advice is targeted include elderly people in 
14 countries (88%), chronically ill people in 12 (75%), 
outdoor workers in 10 (63%) and people exercising 
outdoors in eight (50%) (Fig. 10).

Fig. 10. Vulnerable subgroups targeted in national HHAPs
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Information is issued by all HHAPs to the general 
public, which is a way of raising awareness both in 
the general population and among vulnerable groups 
directly and indirectly through relatives, care givers 
and friends. Targeted advice is delivered to health 
care practitioners in 13 countries (81%), nursing 
homes in 12 (75%), health care administrators in 11 
(69%), social workers in seven (44%) and schools in 
three (19%) (Fig. 11). Results from the survey show 
that although targeted information to the main 
vulnerable groups is defined, dissemination of risks 
and prevention measures is still very much limited to 
health care workers.

A multitude of means are used in HHAPs to 
communicate health advice during heat-waves to 
vulnerable subgroups, as described in Chapter 4. It 
is worth noting, however, that direct and proactive 
methods such as face-to-face interactions, direct 
messages or telephone calls are less used (less 
than 30%) than more indirect means such as 
websites and media (over 80%).

6.3.2	 Vulnerability mapping in urban areas

Mapping is an increasing popular environmental 
health surveillance tool. It can identify important 
health and exposure disparities and help target 
interventions. Heat vulnerability mapping considers 

extreme heat risk factors and provides an aggregate 
measure of risk. Studies published in peer-reviewed 
journals have identified a series of risk factors 
that modify the heat–health association. These 
comprise factors that vary across space and are 
interlinked, including:

•	 environmental factors (UHI intensity, green 
space, air pollution, land use and land cover, 
building type, access to AC);

•	 sociodemographic factors (proportion of elderly 
population, low socioeconomic status, level 
of education, ethnic minority groups, public 
housing);

•	 and health factors (prevalence of chronic 
disease).

Several studies have developed vulnerability 
indicators that combine these risk factors and 
facilitate geographical representation through 
mapping to identify hotspots and areas most 
at risk. Satellite data for land coverage or UHI 
intensity have also been used with vulnerability 
characteristics from census data in North America 
and European cities (Reid et al., 2009; Kestens et 
al., 2011; Steeneveld et al., 2011; Tomlinson et al., 
2011; Buscail, Upegui & Viel, 2012; Johnson et al., 
2012; Heaton et al., 2014; Wolf, McGregor & Analitis, 
2014; Taylor et al., 2015; Lim et al., 2016). Nayak et 

Fig. 11. Stakeholders to whom specific advice on vulnerable subgroups is provided
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al. (2018) defined a heat vulnerability index for New 
York State at the census tract level made up of four 
core risk factors: socioeconomic conditions; old age 
and social isolation; ethnicity, language and social 
barriers; and environmental exposure and urban 
design (land cover/land use, building age and so on). 
A similar model was developed to map at-risk areas 
in Rennes, France, to help target interventions for 
the most vulnerable populations (Buscail, Upegui & 
Viel, 2012). Bradford et al. (2015) defined a similar 
heat vulnerability indicator to identify the best spots 
to locate cooling centres according to high risk in 
Pittsburgh, United States. Taylor et al. (2015) looked 
at the spatial distribution of heat vulnerability across 

London, United Kingdom, considering UHI and 
housing characteristics to account for indoor heat 
and the importance of this factor when planning 
urban heat adaptation and mitigation measures 
(Box 8).

Vulnerability mapping, coupled with identification 
of vulnerable subjects, can help to guide prevention 
actions and target interventions at the local 
and community level, optimizing resources. 
Furthermore, heat–health warning systems could 
be spatially graded within urban areas to take heat 
vulnerability and other risk factors into account.

Box 8. Vulnerability mapping of excess heat-related mortality in London, United 
Kingdom

The derivation and combination of different variables for heat risk – age, UHI and dwellings – were 
integrated and presented over spatial distribution of heat vulnerability across the city of London. 
Population age and sex data were obtained at the ward level, and sex-specific age-standardized mortality 
rates in London were modified using seasonal data for England and Wales to reflect summertime 
mortality rates; the baseline mortality rate for each ward was calculated from these data. Internal 
temperatures were estimated using an extensively validated dynamic thermal modelling tool. During 
the study’s period a range of 5.8 °C across dwelling types was estimated. The hottest buildings were 
bungalows built between 1900 and 1918; the coolest dwellings were ground-floor flats in high-rise 
buildings built after 1990.

The outdoor temperatures used in the models exceeded the temperature–mortality threshold, with a 
range of 7.4 °C between the hottest and coolest dwellings. The results indicated that top-floor flats and 
bungalows have a greater overheating health risk. Spatial variation of heat-related mortality was found 
to reflect background mortality rates due to population age, while dwelling characteristics were found to 
cause larger variation in temperature exposure (and therefore risk) than the UHI effect. The highest levels 
of excess mortality were found in areas with larger elderly populations, towards the outskirts of London. 
The results provide a platform for further work to investigate the effects of climate change, building 
retrofitting, population ageing and changes to the UHI effect on population mortality due to heat (Taylor et 
al., 2015).
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6.4	 Prevention measures and guidance
Recommendations accounting for new evidence 
on vulnerable subgroups should be integrated in 
HHAPs and included in education and outreach 
programmes. Health and social care staff should 
be trained on health risks associated with heat 
exposure among emerging vulnerable groups in 
order to respond in an efficient and timely manner.

An Australian survey showed that elderly people are 
generally resilient, but that interventions addressing 
multimorbidity, medication interactions and social 
isolation should be developed. Targeted education 
for elderly people on adaptation measures and 
the development of specific policy measures 
could ensure that the health impacts among this 
subgroup are reduced (Nitschke et al., 2013). 
Details of preparedness and response measures 
from health systems are outlined in Chapter 7. 
Furthermore, integration with European initiatives 
like the European Innovation Partnership on Active 
and Healthy Ageing seems a possible way forward 
to better address needs for heat prevention among 
the elderly population in the coming years (Liotta, 
Ussai et al., 2018).

Since most individuals with mentally illnesses are 
unaware of the risks from extreme temperature 
exposure, adequate patient counselling regarding 
exposure reduction, use of heat shelters in 
urban areas and preventive measures should be 
incorporated into outpatient care programmes and 
outreach groups (Hansen et al., 2008; Wang et al., 
2014; Price et al., 2018). Patients with substance 
use disorders are often hard to reach using public 
health interventions, and not always in contact with 
professional health services. Alternative outreach 
measures need to be introduced to protect these 
subjects during heat-waves (Page et al., 2012).

With reference to pregnant women, midwives 
and gynaecologists need to be aware of the risks 
associated with heat during pregnancy and can 
advise pregnant women to adopt specific measures 
such as increasing fluid intake, residing in cool 
environments and reducing activity levels (Kovats & 
Hajat, 2008; Carolan-Olah & Frankowska, 2014).

6.5	 Specific advice for at-risk subgroups
Awareness among vulnerable subgroups of the 
health risks related to heat is still low and needs 
to be addressed in HHAPs. The pool of vulnerable 
subjects changes over time due to ageing, 
deterioration of pre-existing health conditions or 
having another comorbidity and worsening of 
socioeconomic status. This should be addressed 
in information campaigns and response measures 
updating current informative material and adjusting 
prevention measures and actions to account for 
new evidence on vulnerable groups and local 
population susceptibility characteristics.

Vulnerable subgroups should be contacted at the 
beginning of summer, informed about health risks, 

given guidance on how to cope with heat and 
advised about the health and social care services 
available. In several European countries with an 
operational HHAP, brochures, leaflets and other 
information material are distributed in health care 
centres and GP practices. Information is also given 
to patients during check-up visits, sent via email 
or post or transmitted via telephone (Lowe, Ebi & 
Forsberg, 2011; Bittner et al., 2014; Casanueva et 
al., 2019). Active communication is limited, to date: 
only a few countries actively contact vulnerable 
individuals via email, phone calls or text message, 
as reported in WHO’s 2019 survey of heat–health 
action planning, in Chapter 4 and publications 
(Lowe, Ebi & Forsberg, 2011). Further details 
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on communication campaigns and informative 
material can be found in Chapter 4.

With HHAPs, occupational health prevention 
needs a specific intersectoral and multidisciplinary 
approach and targeted actions at several 
levels (individual, enterprise, local and national 
government) to include workforce categories, 
employers, unions and health and safety legislation.

Establishing active early warning systems to 
address occupational heat stress and strain is vital, 
alongside awareness-raising activities targeting the 

working population, regular communication about 
risks and continued monitoring and evaluation 
of activities (Morabito et al., 2019). Examples of 
integration of occupation health and worker heat 
prevention include adopting thresholds for work 
restrictions and guidance based on meteorological 
data; engineering solutions, such as cooling, AC and 
provision of sustainable energy sources; increased 
use of mechanization to reduce physical workloads; 
appropriate use of equipment and ventilation 
systems; and adoption of improved and heat-
friendly PPE (Box 9).

6.6	 Conclusions
Information campaigns and informative material 
for vulnerable subgroups should be defined and 
updated regularly on the basis of new evidence 
and emerging risk factors. The diversity within 
vulnerable groups should be acknowledged in both 
advice tools and information campaigns and in 
the response measures implemented. Key aspects 

to promote are formal identification of vulnerable 
groups, active information and response measures 
and consistent evaluation of measures put in 
place targeted at these subgroups. Monitoring of 
vulnerable groups and health risks associated with 
heat should be undertaken to account for potential 
changes over time.

Box 9. Occupational health in North Macedonia: heat-waves and workers’ 
health

A national study carried out by the National Institute of Occupational Health in North Macedonia aimed 
to assess the attitudes, knowledge and practices of 350 outdoor workers regarding the harmful effects 
of heat-waves and protection from them. The interview results showed that more than 30% of the 
participants were not informed about procedures for dealing with the impact of heat-waves on human 
health. Lack of support by management (36%) and fear of losing their job (34%) were listed as the most 
significant impeding factors for use of health and safety procedures at work during heat-waves.

This was a trigger to the National Institute of Occupational Health to provide specific recommendations 
for employers, workers and specialists in occupational health, to ensure proper implementation of 
the measures proposed in the HHAP for prevention, alongside raising awareness among the working 
population, regular communication of risks and continual monitoring and evaluation of the activities 
conducted (EEA, 2014). Occupational health specialists and GPs play an important role in implementation 
of North Macedonia’s HHAP of (Karadzinska-Bislimovska, 2015; Kendrovski & Spasenovska, 2011).
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