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Abstract: The transdisciplinary project “Heat-Health Action Plan for Elderly People in Cologne”
addresses the most heat-vulnerable risk group, people over 65 years of age. A quantitative study
aimed to better understand heat perception and coping strategies of elderly people during heat
waves to inform heat-health action plans. We conducted a representative quantitative survey via
structured interviews with 258 randomly chosen people over 65 years old, living in their own homes
in four areas of Cologne, Germany. These areas varied, both in terms of social status and heat strain.
Data regarding demographics, health status, coping strategies, and heat perception were collected in
personal interviews from August to October 2019. The majority of the participants perceived heat
strain as moderate to very challenging. Women, people with a lower monthly income, and those
with a lower health status found the heat more challenging. We found that participants adapted to
heat with a number of body-related, home-protective, and activity-related coping strategies. The
number of coping strategies was associated with perceived personal heat strain. There is a definite
underuse of water-related heat adaption strategies among the elderly. This is of increasing relevance,
as rising heat impact will lead to more heat-related geriatric morbidity. Our results are seminal to
inform elderly-specific, socio-adapted local heat-health action plans.

Keywords: climate change adaptation; health; community health; heat perception; coping strategies;
heat-health action plan; heatwave; self-reported health; climate change adaptation

1. Introduction

Rising global temperatures, with the last decade as the warmest on record, have
contributed to increased and more intense extreme weather events [1]. Heat extremes are
occurring with higher frequency and longer duration and are setting new temperature
records [2,3]. In June and July 2019, the months before the study performance, Western
Europe experienced two extreme heatwaves, with temperature records in several countries,
including Germany. In Germany the historical record of 40.3 ◦C was broken at many
stations, one of them Cologne-Stammheim (41.1 ◦C) by 1–2 degrees [4,5]. The next year,
2020, was the second warmest year registered ever, with a mean temperature of 10.4 ◦C
(mean 1900–2000: 8.3 ◦C) and the third year of drought in a row on record [6].

Climate change threatens the very foundations of human health and wellbeing, with
climate change as one of the five most damaging or probable global risks for the past
decade [7]. Vulnerable populations experienced additional exposures to 475 million heat-
wave events, respectively 2.9 billion additional days of heatwaves globally in 2019 [8].
Heatwaves enhanced impacts to public health, especially for vulnerable groups like elderly

Int. J. Environ. Res. Public Health 2021, 18, 7495. https://doi.org/10.3390/ijerph18147495 https://www.mdpi.com/journal/ijerph

https://www.mdpi.com/journal/ijerph
https://www.mdpi.com
https://orcid.org/0000-0002-1282-7772
https://doi.org/10.3390/ijerph18147495
https://doi.org/10.3390/ijerph18147495
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/ijerph18147495
https://www.mdpi.com/journal/ijerph
https://www.mdpi.com/article/10.3390/ijerph18147495?type=check_update&version=1


Int. J. Environ. Res. Public Health 2021, 18, 7495 2 of 19

people, are of additional significance, as the world’s population is aging rapidly [9,10].
Elderly people are the most vulnerable group because ageing brings about physiological
changes that affect people’s thermal sensitivity and thermoregulation; moreover, there
is a progressive increase of multimorbidity with increasing age [11]. Multimorbidity in-
cludes diabetes, cardiovascular, and respiratory diseases [12]. Additionally, increased
social isolation has been identified as a risk factor [13]; this leads to excess morbidity and
mortality. Excess mortality was 33% in those aged 75 and over, compared with 13.5% in
those aged under 75 years [14]. During the past 20 years, there has been a 53.7% increase
in heat-related mortality in people older than 65 years, with a global total of 296,000 such
deaths in 2018 [8]. More than 70,000 additional deaths occurred in Europe during the
heatwave in the summer of 2003 [15], 7000 of which were in Germany [16].

Aspects of demographics, pre-existing conditions, and the urban heat island effect
lead to increasing health problems associated with heat. The demographic change shows
a global distribution of the change in the percentage of people over 65 between 1980 and
2018, highlighting an increase of over 10% of this vulnerable group in some regions of
Europe [10]. In the 65–74 age group, the risk of dying during heatwaves was higher
among unmarried people and those with a previous hospitalization for chronic pulmonary
disease or psychiatric disorders. In the age group 75 and older, women and unmarried
people were more susceptible to heat. Furthermore, a higher susceptibility to heat among
those with previous hospitalization for diabetes, diseases of the central nervous system
(CNS), psychiatric disorders and cerebrovascular diseases related to these pre-existing
conditions [17]. Other research with a general population underlines the higher mortality
risk for women [18–20], widows or widowers [18], and people living alone [21–23]. Further
socio-economic risk factors are lower education and lower income [18] or poverty [24].
However, it is not confirmed consistently that these socio-economic factors increase the
risk of mortality [25,26]. Regarding housing conditions, non-access to functioning air
conditioning is seen as a major risk factor as confirmed by many studies [21,27,28] as
well as living in the top floor [21,29] or living in a flat instead of a house [28]. Health-
related factors increasing the risk of mortality are fewer social or physical activities [27,30],
hospitalization during the past two years [26,27], mobility restrictions [30], frailty [29],
and several chronic or acute diseases such as diabetes, cardiovascular, pulmonary, and
psychiatric diseases [21,23,28,31,32].

Another challenging aspect is that in many urban areas with high population density,
climate change aggravates the so-called “urban heat island” effect: the high density of
buildings, with reduced wind velocity and albedo, contributes to higher temperatures
during days as well as nights in urban, as compared to rural, areas [31]. Considering
that more than 50% of the world’s population currently resides in cities, with numbers
continuing to increase rapidly, urban heat affects the majority of humans [33]. In Germany
nearly 64 million (76%) live in urban settlements. These urban agglomerations include
79 cities with more than 100,000 inhabitants [34]. Cologne is one of four German cities
with more than one million inhabitants. Due to its demographic factor distribution, ageing
population, high rates of urbanization and prevalence of multimorbidity, the population
of Germany tends to be increasingly at risk and highly vulnerable to heat exposure [12].
Effects tend to be unequal in different socioeconomic groups [8]. A survey of the general
population in Germany indicated that 59% of those interviewed quote climate change
as one of the biggest challenges (total Europe 47%) [35]. Against this background the
German Federal Government adopted the „German Strategy for Adaptation to Climate
Change” (Deutsche Anpassungsstrategie DAS) in 2008. This strategy aims at reducing the
vulnerability of the population, the economy and the environment, and encourages the
development of adaption capacities. Furthermore, the awareness of climate change and its
consequences is to be promoted and relevant actors made aware of the significance of their
own actions [36]. “Heat-Health Action Plan for Elderly People in Cologne” (2019–2021) is
one of the lighthouse projects under the DAS umbrella. This project applies a transdisci-
plinary approach which combines public health research with administrative capacities
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at a local government level and the facilities of a regional water supplier. The project is
conducted in Cologne, Germany, and is based on both qualitative and quantitative research
methods. Two quantitative surveys were conducted, addressing on the one hand retirement
home managers and, on the other hand, community-dwelling older adults in four areas
of Cologne, targeting the population with an age of 65 years and older. Both approaches
addressed knowledge, information flow, heat perception, coping strategies, and health
aspects. This paper is focused on the elderly adults living independently as to their heat
perception and coping strategies.

Several studies have been focusing on heat perception and coping strategies [37–40].
Few studies are focusing on the vulnerable group of elderly people [41–43]. These studies
identified a variety of coping strategies during heatwaves. Banwell et al. [41] found that
the participants reported a number of coping strategies including a universal use of air
conditioning, adaptation of daily activity and changing dietary habits. The use of cooling
appliances as a main strategy is underlined by the findings of Kondo et al. [42] and Nitschke
et al. [43], in which the efficacy of targeted information was explored. They found an
increased use of cooling systems after receiving information leaflets. Research in Germany
on perception and coping strategies of an elderly population during episodes of heat is
rare. There are only two studies focusing on heat-related behavior in older adults during
heatwaves [44,45]: Lindemann et al. [44], examining a sample from sheltered care facilities,
found that social participation decreases with increasing temperature whereas water intake
increases; Conrad and Penger [45] showed the decreased mobility behavior during cold
and hot episodes and presented a relation between health status and heat perception.
Internationally, there has been limited research adding aspects of self-perceived health
or participant’s health outcomes in general. Consequently, we integrated self-perceived
health and a functional ability index based on a set of questions regarding health resources
and health risks into our approach.

The objectives of our study, conducted within the DAS-project, were to assess and
identify: (i) the heat perception and perception of vulnerability of an elderly population in
Germany; (ii) coping strategies during episodes of heat used by an elderly population in
Germany; (iii) adverse health effects of heat and the examination of heat related aspects
of GP consultations; (iv) heat-related information sources and knowledge; (v) mobility
aspects during episodes of heat; and (vi) social participation in general and during heat. In
this paper we present the findings of objectives (i) and (ii). We intend to publish further
results soon. Our assumptions were that heat perception is strongly influenced by health-
related factors and that there is a lack of coping strategies. Our findings seek to improve
heat-health risk communication in the context of heat-health action plans.

2. Materials and Methods
2.1. Study Areas and Data Collection

A quantitative survey was conducted with community-dwelling adults above the
age of 65 years from August up through October 2019 in four urban areas of Cologne. A
pre-test was conducted in July 2019. The sample included people living in these four areas
(Figure 1). The study areas were chosen to depict the range of both socioeconomic and
climatic living conditions in the city. Therefore, the selection of study areas was based on
two dimensions: socioeconomic status (affluent vs. deprived) and objective heat impact
(less impacted vs. highly impacted). Area 1 is characterized as being affluent and highly
heat-impacted, area 2 as affluent and less heat-impacted, area 3 as deprived and less
heat-impacted, and area 4 as deprived and highly heat-impacted (Figure 1).
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Figure 1. Study Areas of Heat-Health Action Plan in Cologne. 

Study areas 3 and 4 are so-called “social areas”, as defined by the city of Cologne, 
which are characterized by social deprivation above the city average [46]. Socio-econom-
ical (e.g., percentage of unemployed people, percentage of households with low income), 
political-cultural (e.g., percentage of non-voters, share of people with no cultural partici-
pation), and health-related (e.g., obese children, percentage of people with no sport-re-
lated activities) aspects of deprivation have been considered in the definition. Study areas 
1 and 2 are city zones not designated as “social areas”, as they are populated by a more 
affluent population. The data of objective heat strain is based on Cologne’s climate data 
analysis conducted in a previously conducted project, “Klimawandelgerechte Metropole 
Köln” [47]. Figure 1 shows the predicted climatic characteristic in 2021–2050 for the urban 
area of Cologne. For instance, the (red) area with a very high heat strain is characterized 
by 10K warmer temperature during episodes of extensive heat as compared to the (or-
ange) area with high heat strain and has a 40–80% higher number of days with a perceived 
temperature above 32 °C. To select areas with a higher or lower objective heat strain, we 
conducted a vulnerability analysis including these climate data and the share of elderly 

Figure 1. Study Areas of Heat-Health Action Plan in Cologne.

Study areas 3 and 4 are so-called “social areas”, as defined by the city of Cologne,
which are characterized by social deprivation above the city average [46]. Socio-economical
(e.g., percentage of unemployed people, percentage of households with low income),
political-cultural (e.g., percentage of non-voters, share of people with no cultural participa-
tion), and health-related (e.g., obese children, percentage of people with no sport-related
activities) aspects of deprivation have been considered in the definition. Study areas 1 and
2 are city zones not designated as “social areas”, as they are populated by a more affluent
population. The data of objective heat strain is based on Cologne’s climate data analysis
conducted in a previously conducted project, “Klimawandelgerechte Metropole Köln” [47].
Figure 1 shows the predicted climatic characteristic in 2021–2050 for the urban area of
Cologne. For instance, the (red) area with a very high heat strain is characterized by 10K
warmer temperature during episodes of extensive heat as compared to the (orange) area
with high heat strain and has a 40–80% higher number of days with a perceived tempera-
ture above 32 ◦C. To select areas with a higher or lower objective heat strain, we conducted
a vulnerability analysis including these climate data and the share of elderly people living
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in social areas or city zones, respectively. Study areas 2 and 3 are both characterized by
very few elderly people living in areas with very high or high heat strain (<30%). Study
areas 1 and 4 are characterized by a high share of elderly people living in areas with a high
or very high heat strain (>75%).

In each of the four study areas, we randomly selected 690 people from city council
data aged 65 years and older. These 2760 older people received a municipal letter with a
description of the study and a polite request to participate. A team of interviewers visited
the areas from August to October 2019. We conducted face-to-face interviews with nearly
10% of 2760 addressed people living in private homes (n = 258 people). Table 1 shows
the age groups of the total population in the study areas as compared to the number of
contacted people and the number of people in the sample. In study areas 1 and 4, age
class III is clearly underrepresented in the sample. All over the sample there is a lesser
participation of older aged people. Otherwise the distribution of age groups is fairly
similar to the full sample. The interviews lasted between 20 and 60 min. To record the
answers, we used tablets and the online-survey tool “umfrage-online.de”. The interviewer
team also provided printed questionnaires for those who did not want to participate in a
face-to-face interview. To include people with an immigrant background, the questionnaire
was translated into Russian and Turkish, as these two communities represent the largest
non-German speaking ethnic groups in the study areas. All data were anonymized.

Table 1. Age classes of population in the study areas compared to sample (Age Class I: 65 to 74 years,
Age Class II: 75 to 84 years, Age Class III: over 84 years).

Variables Number of People in
Study Area (%)

Number of
Contacted People

Number of People in
Sample (%)

Study Area 1
Age Class I 2510 (50.2) 336 40 (58.0)
Age Class II 1898 (38.0) 255 25 (36.2)
Age Class III 588 (11.8) 79 4 (5.8)

Study Area 2
Age Class I 1007 (44.5) 298 35 (50.7)
Age Class II 1034 (45.7) 306 27 (39.1)
Age Class III 219 (9.7) 65 7 (10.1)

Study Area 3
Age Class I 2436 (52.1) 349 35 (59.3)
Age Class II 1713 (36.6) 245 18 (30.5)
Age Class III 527 (11.3) 76 6 (10.2)

Study Area 4
Age Class I 2075 (49.9) 334 32 (52.5)
Age Class II 1568 (37.7) 253 25 (41.0)
Age Class III 512 (12.3) 82 4 (6.6)

All subjects gave their written informed consent for inclusion before they participated
in the study. The study was conducted in accordance with the Declaration of Helsinki. The
protocol was approved by the Ethics Committee of the Medical Faculty of the University of
Bonn (Project identification code: 265/19) and the data protection council of the University
Hospital Bonn.

The topics of the standardized interview were developed based on a literature review
and by drawing on the experience of the project’s scientific council. The main part of the
interview was structured, whereas it contained some open questions (see Supplementary
Word S1). The questionnaire covered several thematic areas, out of which heat perception,
heat coping strategies, and self-reported health will be presented in this paper. We consid-
ered hot days as days with a maximum temperature over 30 ◦C and heatwaves as several
hot days (>3 days) in a row without a cool night (tropical night) [48].



Int. J. Environ. Res. Public Health 2021, 18, 7495 6 of 19

2.2. Interview Topics
2.2.1. Demographic and Socioeconomic Characteristics

Demographic factors included sex, age, education, former occupation, house owner
or not, living space, number of people in household, and household income per month.

2.2.2. Perceived Heat Strain

Perceived heat strain and perceived health risk were measured on a 5-level Likert
scale by asking “How would you rate your personal heat strain?” and “How would you
rate your risk for personal health issues during heatwaves?”.

2.2.3. Coping Strategies

Adapted heat coping strategies were explored through the question “What do you do
during an episode of heat to protect yourself?” as well as several more detailed questions
addressing specific adaptation measures, including air conditioning (AC), ventilation,
dressing more lightly, using water to cool down and the rescheduling of activities. We also
asked about access to AC and shading options like blinds, shutters, and curtains.

2.2.4. Self-Reported Health and Functional Ability

Self-reported health was measured through the question “How is your health in
general” with five possible answers (very good—very poor) [49]. Health status was
also measured by using the self-reporting Functional Ability Index (FA Index) which is
based on twelve questions regarding health risks and resources. This index was primary
developed to screen functional competence of older adults in community settings [50].
Based on these variables, a score is built which classifies the participants into four groups:
ROBUST (=many resources and few risks), postROBUST (=many resources and many
risks), preFRAIL (=few resources and few risks) and FRAIL (=few resources and many
risks). As health risk indicators, the index considers: loss of weight (>5 kg) during the last
six months, degradation of walking, climbing of steps or the ability to get into a car or
bus, furthermore a falling event during the last 12 months. As health resources, the index
considers: ability to walk 500 m without difficulties or medical accessories (e.g., walking
stick or rollator), participating at sport activities, or community service and more than two
days during the week spending time outside the house or flat. Only people without daily
need of assistance or professional care were included into the variable [50]. The index has
been used in several publications on frailty, functional decline, and disability in the setting
of community-dwelling older adults [51,52].

2.3. Statistical Analysis

Statistical analysis was conducted by use of IBM SPSS Statistics V25 (International
Business Machines Corporation, Armonk, NY, USA). We applied Chi2-Tests, Kruskal-
Wallis-Tests, and Mann-Whitney-U-Tests to test for significant differences between groups.
We used Spearman correlation to calculate the direction and strength of correlations.

3. Results
3.1. Demographic, Socio-Economic, and Health-Related Characteristics of Participants

A total of 258 people were interviewed from August through October 2019: 69 people
in study area 1; 69 people in study area 2; 59 people in study area 3; and 61 people in
study area 4. The age of the participants was between 65 and 93 years. Table 2 displays the
sociodemographic characteristics of the participants. Women more frequently live alone
and live in households with a lower monthly income. Women also have lower level school
leaving certificates, are more often housewives or manual workers, and are rarely in a
managing position. More than twice the number of men than women hold an academic
degree (37.0% vs. 15.3%). We did not find any significant differences between men and
women respecting age classes, self-reported health status, FA Index, and social contacts.
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Table 2. Sociodemographic statistics of the participants (* p < 0.05, ** p < 0.01, *** p < 0.001 Chi2-Test
for comparison between men and women).

Variables
Men Women

Chi-Quadrat p-Value
n (%) n (%)

Age: mean (range) 75 (65–93) 74 (65–93)

Age classes (n = 258) n = 127 n = 131
I: 65 to 74 years 61 (48.0) 81 (61.8) χ2(2) = 5.846 0.054
II: 75 to 84 years 56 (44.1) 39 (29.8)
III: over 84 years 10 (7.9) 11 (8.4)

Living situation (n = 257) n = 126 n = 131
alone 31 (24.6) 64 (48.9) χ2(2) = 16.212 0.000 ***

with one other person 88 (69.8) 62 (67.3)
with >2 people 7 (5.6) 5 (3.8)

Monthly Household Income (n = 198) n = 95 n = 103
I (<1000 €) 7 (7.4)) 9 (8.7) χ2(4) = 23.727 0.000 ***

II (1000–<2000 €) 21 (22.1) 51 (49.5)
III (2000–<3000 €) 29 (30.5) 19 (18.4)

IV (≥3000 €) 38 (40.0) 24 (23.3)

School leaving certificate (n = 245) n = 121 n = 124
I Academic secondary school 60 (49.6) 31 (25.0) χ2(4) = 21.008 0.000 ***

II Secondary school 15 (12.4) 6 (21.0)
III Secondary general school 46 (38.0) 60 (48.4)

IV No school certificate 0 (0.0) 4 (3.2)

Former Occupation (n = 250) n = 123 n = 127
Self-employed 13 (10.6) 8 (6.3) χ2(5) = 35.353 0.000 ***

Employee or public servant in a
managing position 43 (35.0) 19 (15.0)

Employee or public servant
Skilled worker 43 (35.0) 71 (55.9)

Worker 21 (17.1) 9 (7.1)
Farmer 3 (2.4) 13 (10.2)

Housewife/homemaker 0 (0.0) 0 (0.0)
0 (0.0) 7 (5.5)

Academic Education (n = 258) n = 127 n = 131
Yes 47 (37.0) 20 (15.3) χ2(1) = 15.854 0.000 ***
No 80 (63.0) 111 (84.7)

Self-reported health status (n = 226) n = 124 n = 129
Very good 10 (8.10) 10 (7.8) χ2(4) = 3.423 0.49

Good 58 (46.80) 48 (37.2)
Fair 43 (34.70) 54 (41.9)
poor 11 (8.90) 12 (9.3)

Very poor 2 (1.60) 5 (3.9)

FA Index (n = 226) n = 116 n = 110
ROBUST 82 (70.7) 78 (70.9) χ2(3) = 1 0.972

postROBUST 14 (12.1) 15 (13.6)
preFRAIL 11 (9.6) 9 (8.2)

FRAIL 9 (7.8) 8 (7.3)

Social contacts (n = 256) n = 125 n = 131
Once or more a week 102 (81.6) 110 (84.0) χ2(3) = 6.536 0.088

Two or three times a month 11 (8.8) 9 (6.9)
Once per month 8 (6.4) 2 (1.5)

Less than once per month 4 (3.2) 10 (7.6)

3.2. Perception of Heat Strain and Vulnerability

The participants were asked how they perceived their personal heat strain during a
heat episode. About a quarter of them reported perceiving not any (n = 22; 8.6%) or a little
(43; 16.6%) heat strain (n = 256). Most participants reported perceiving a moderate heat
strain (110; 42.6%). One third rated the heat clearly (51; 19.9%) or extremely challenging
(30; 11.7%). We identified significant differences for gender, former occupation, household
income, self-reported health status, FA Index, and household size (Table 3). The results
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suggest that women tend to find heat more challenging. Self-employed people, employees,
and public servants in a managing position found the heat very challenging less frequently.

For ordinal variables which showed significant differences (self-reported health status,
FA Index, household income), a Spearman correlation coefficient was calculated. People
with a lower self-reported health status experienced heat as more challenging (Spearman’s
ρ = 0.397, p = 0.000, n = 252). Additionally, people with a higher FA Index (i.e., fewer
resources and more risks) reported more heat strain (Spearman’s ρ = 0.217, p = 0.001,
n = 226). The more household income a person declared the less heat strain was perceived
(Spearman’s ρ = −0.189, p = 0.008, n = 198).

We could not detect any differences between people living in areas with a relatively
high objective heat strain (area 1 and 4) as compared to those living in areas with relatively
low objective heat strain (areas 2 and 3). The same was true for people living in houses
as compared to people living in a flat. Likewise, age, school leaving certificate, and social
contacts did not show a significant correlation for our sample.

Table 3. Perception of heat strain (* p < 0.05, ** p < 0.01, *** p < 0.001, Mann-Whitney U-Test, or Kruskal-Wallis-Test).

Variables Perception of Personal Heat Strain
No Little Moderate Clearly Very Much Mann-Whitney U-Test (W)
(%) n (%) n (%) n (%) n (%) Kruskal-Wallis-Test (H)

Gender
Female 8 (6.1) 15 (11.5) 60 (45.8) 24 (18.3) 24 (18.3) W = 14294 p = 0.002 **
Male 14 (11.2) 28 (22.4) 50 (40.0) 27 (21.6) 6 (4.8)

Age Class
I: 65–74 years 11 (7.8) 28 (19.9) 61 (43.3) 24 (17.0) 17 (12.1) H = 1.260 p = 0.532
II: 75–84 years 8 (8.5) 13 (13.8) 39 (41.5) 22 (23.4) 12 (12.8)
III: >84 years 3 (14.3) 2 (9.5) 10 (47.6) 5 (23.8) 1 (4.8)

Household size
single 10 (10.5) 10 (10.5) 37 (38.9) 20 (21.1) 11 (11.6) H = 6.785 p = 0.034 *

with one other person 12 (8.1) 12 (8.1) 68 (45.6) 27 (18.1) 16 (10.7)
with more than one person 0 (0.0) 0 (0.0) 4 (36.4) 4 (36.4) 3 (27.3)

School leaving certificate
I Academic secondary school 11 (12.1) 17 (18.7) 39 (42.9) 18 (19.8) 6 (6.6) H = 7.283 p = 0.063

II Secondary school 5 (12.2) 6 (14.6) 20 (48.8) 9 (22.0) 1 (2.4)
III Secondary general school 6 (5.5) 16 (14.7) 45 (41.3) 23 (21.1) 19 (17.4)

IV No school certificate 0 (0.0) 1 (25.0) 2 (50) 0 (0.0) 1 (25.0)

Former Occupation
Self-employed 5 (23.8 3 (14.3) 5 (23.8) 7 (33.3) 1 (4.8) H = 12.340 p = 0.030 *

Employee or public servant in a
managing position 4 (6.5) 19 (30.6) 24 (38.7) 12 (19.4) 3 (4.8)

Employee or public servant
Skilled worker 8 (7.0) 16 (14.0) 56 (49.1) 19 (16.7) 15 (13.2)

Worker 3 (10.3) 2 (6.9) 10 (34.5) 9 (31.0) 5 (17.2)
Farmer 2 (12.5) 3 (18.8) 7 (43.8) 1 (6.3) 3 (18.8)

Housewife/homemaker 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
0 (0.0) 0 (0.0) 2 (28.6) 3 (42.9) 2 (28.6)

Household Income per month
I (<1000 €) 3 (18.8) 2 (12.5) 7 (43.8) 2 (12.5) 2 (12.5) H = 12.790 p = 0.005 **

II (1000–<2000 €) 4 (5.6) 7 (9.7) 28 (38.9) 21 (29.2) 12 (16.7)
III (2000–<3000 €) 2 (4.2) 12 (25.0) 20 (41.7) 9 (18.8) 5 (10.4)

IV (≥3000 €) 6 (9.7) 16 (25.8) 28 (45.2) 8 (12.9) 4 (6.5)

Self-reported health status
Very good 5 (25.0) 6 (30.0) 9 (45.0) 0 (0.0) 0 (0.0) H = 40.452 p = 0.000 ***

Good 12 (11.4) 25 (23.8) 45 (42.9) 15 (14.3) 8 (7.6)
Fair 1 (1.0) 11 (11.3) 46 (47.4) 25 (25.8) 14 (14.4)
Poor 2 (8.7) 0 (0.0) 6 (26.1) 10 (43.5) 5 (21.7)

Very poor 0 (0.0) 1 (14.3) 2 (28.6) 1 (14.3) 3 (42.9)

FA Index
ROBUST 15 (9.2) 34 (20.9) 76 (46.6) 23 (14.1) 15 (9.2) H = 12.797 p = 0.005 **

postROBUST 1 (3.0) 3 (9.1) 15 (45.5) 12 (36.4) 2 (6.1)
preFRAIL 4 (14.8) 2 (7.4) 10 (37.0) 5 (18.5) 6 (22.2)

FRAIL 2 (6.1) 4 (12.1) 9 (27.3) 11 (33.3) 7 (21.2)
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Table 3. Cont.

Variables Perception of Personal Heat Strain
No Little Moderate Clearly Very Much Mann-Whitney U-Test (W)
(%) n (%) n (%) n (%) n (%) Kruskal-Wallis-Test (H)

Social contacts
Once or more per week 19 (9.0) 36 (17.1) 91 (43.1) 44 (20.9) 21 (10.0) H = 4.809 p = 0.186

Two or three times per month 2 (10.0) 4 (20) 10 (50.0) 1 (5.0) 3 (15.0)
Once per month 0 (0.0) 1 (10.0) 5 (50.0) 3 (30.0) 1 (10.0)

Less than once per month 1 (7.1) 2 (14.3) 3 (21.4) 3 (21.4) 5 (35.7)

Living in house vs. flat
Flat 16 (9.5) 29 (17.2) 66 (39.1) 35 (20.7) 23 (13.6) W = 10893.500 p = 0.592

House 6 (6.9) 14 (16.1) 44 (50.6) 16 (18.4) 7 (8.0)

Objective heat strain
High 12 (9.3) 22 (17.1) 53 (41.1) 29 (22.5) 13 (10.1) W = 16461.0 p = 0.838
Low 10 (7.9) 21 (16.5) 57 (44.9) 22 (17.3) 17 (13.4)

The participants were asked for reasons why they perceived the heat strain as being not
challenging or less challenging, respectively moderate, clearly or very challenging. Reasons
were categorized afterwards. Subjective reasons why participants (n = 59) perceived no or
little heat strain were “less heat sensitivity” (24; 40.7%), “adaptive strategies” (22; 37.3%),
“good health status” (13; 22.0%), “enjoying heat” (8; 13.6%), or other reasons (3; 5.1%).
Reasons for a moderate to extremely challenging heat perception (n = 177) were categorized
into six categories. Thirty-three people mentioned a “general heat sensitivity” (18.6%),
46 specified “co-morbidities or a poor health status” (46.3%). For some of the participants
it was “age” per se what made them suffer from heat (15; 8.5%). “Mobility constraints or
reduced social interactions” were also mentioned several times (18; 10.2%).

We found a similar distribution for the perceived risk to suffer from personal health
issues during heatwaves. Around 40% of the participants (n = 251) assessed this risk to be
very low (34; 13.5%) or low (66; 26.3%). While slightly more than a third rated the risk as
moderate (92; 36.7%), the rest thought it would be high (43; 17.1%) or very high (16; 6.4%).

When we were asking with an open question about vulnerability to heat strain of
different population groups, most commonly, “older people” were seen to be vulnerable
(217; 84.1%). Children (121; 46.9%), people with diseases (117; 45.3%), babies (80; 32.9%),
outside workers (27; 10.5%), pregnant women (8; 3.1%), people with limited mobility (7;
2.7%), outside athletes (2; 0.8%), and overweight people (2; 0.8%) were mentioned as being
vulnerable as well.

3.3. Heat Coping Strategies

Based on literature we identified three different groups of heat coping strategies: body-
related strategies (wearing less or thinner clothes, drinking more fluids, eating differently,
taking showers more frequently, cooling arms with water, using wet towels, cooling
feet with water), home-protective strategies (using thinner beddings, opening windows
for ventilation, closing blinds/shutters, turning on a fan and AC), and activity-related
strategies (reducing and rescheduling physical activities) [53]. The majority of respondents
used multiple approaches for heat-coping strategies (Table 4). Use of electric devices, such
as fans or AC, was uncustomary. While nearly half of the participants (47.3%) stated that
they used a fan, it was uncustomary to use AC (3.9%) on hot days. Water-related cooling
strategies such as “Cooling arms with water”, “Cooling feet with water”, and “Using wet
towel” were used only by a few people. The number of heat-coping strategies varied
between 2 and 13, while the majority combined a set of 8–10 strategies.
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Table 4. Coping strategies.

Coping Strategy n (%)

Body-related strategies
Wear less or thinner clothes 256 (99.2)

Drink more fluids 206 (79.8)
Eat differently 195 (75.6)

Shower more frequently 183 (70.9)
Cooling arms with water 78 (30.2)

Using wet towel 60 (23.3)
Cooling feet with water 59 (19.4)

Home-protective strategies
Open windows for ventilation 250 (96.9)

Use thinner bedding 237 (91.9)
Close blinds/shutters 221 (85.7)

Turn on fan 122 (47.3)
Air Conditioning 10 (3.9)

Activity-related strategies
Less physical activity 207 (80.2)
Reschedule activities 198 (76.7)

Regarding the access to AC we found that the number of people owning AC is identical
with the number of people using AC (10; 3.9%). One person stated to use AC permanently
during hot days, six people would use it for several hours a day, and three people claimed
to use it very rarely.

Regarding the access to shading options we found that around two thirds of the
participants (154; 61.4%) owned rolling-shutters, almost half of the sample had awnings
(115; 45.8%) or curtains (113; 45.0%), others owned blinds (94; 37.5%) or folding-shutters
outside the building (6; 2.4%). Every participant had at least one shading option in his flat
or house (1 option: 89; 35.5%; 2 options: 106; 42.2%; 3 options: 44; 17.5%; 4 options: 11;
4.4%; 5 options: 1; 0.4%).

3.4. Correlation of Coping-Strategies and Perception of Heat Strain, Socio-Economic, and
Health-Related Factors

The sum of all coping-strategies is positively correlated with perception of heat strain
(Spearman’s ρ = 0.396 **, p = 0.000, n = 256). More adapted coping strategies are associated
with more perceived heat strain. We also found positive correlations of the sum of body-
related strategies (Spearman’s ρ = 0.328 ***, p = 0.000, n = 256), of home-protective strategies
(Spearman’s ρ = 0.208 **, p = 0.001, n = 256), as well as of activity-related strategies
(Spearman’s ρ = 0.285 **, p = 0.000, n = 256) with perception of heat strain.

We used a Chi-Square Test to demonstrate which of our demographic or further
reasonable variables had an influence on each coping strategy (Tables 5–7). We excluded
wearing less or thinner clothes from that analysis as it was used by 99.2% of the participants.
Looking at gender, we found statistically significant different usage patterns regarding thin
bedding and cooling arms with water: 88.0% of the men (n = 111) and 96.2% of the women
(n = 126) stated using thinner bedding; 38.2% of the women (n = 50) stated that they would
cool their arms with water, whereas only 22.0% of the men (n = 28) reported doing so.

With respect to age, we found differences in eating differently and showering more
frequently: with increasing age, participants changed their diet less frequently during
heatwaves (Age Class I: 116, 81.7%, Age Class II: 69, 73.4%, Age Group III: 10, 47.6%). The
distribution was similar for the frequency of taking a shower (Age Class I: 107; 75.4%, Age
Class II: 66; 69.5%, Age Class III: 10; 47.6%).
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Table 5. Body-related coping strategies (Chi2-Test, * p < 0.05, ** p < 0.01, *** p < 0.001).

Variables Body-Related Coping Strategies

Drink More Fluids Eat Differently Shower More Frequently Cool Arms with Water Use Wet Towels Cool Feet with Water

Chi2 p-Value Chi2 p-Value Chi2 p-Value Chi2 p-Value Chi2 p-Value Chi2 p-Value

Gender χ2(1) = 2.469 0.116 χ2(1) = 2.670 0.102 χ2(1) = 0.326 0.568 χ2(1) = 7.945 0.005 * χ2(1) = 3.711 0.054 χ2(1) = 2.112 0.146

Age classes χ2(2) = 4.117 0.128 χ2(2) = 12.096 0.002 ** χ2(2) = 6.979 0.031 * χ2(2) = 2.661 0.264 χ2(2) = 1.670 0.434 χ2(2) = 2.914 0.233

School Leaving Certificate χ2(3) = 8.045 0.045 * χ2(3) = 6.866 0.760 χ2(3) = 3.216 0.360 χ2(3) = 2.078 0.556 χ2(3) = 4.783 0.188 χ2(3) = 0.942 0.815

Former Occupation χ2(5) = 9.200 0.101 χ2(5) = 7.2740 0.201 χ2(5) = 4.115 0.533 χ2(5) = 6.577 0.254 χ2(5) = 4.233 0.516 χ2(5) = 10.563 0.061

Household Income per month χ2(3) = 6.753 0.080 χ2(3) = 2.631 0.452 χ2(3) = 4.773 0.189 χ2(3) = 8.989 0.029 * χ2(3) = 8.042 0.045 * χ2(3) = 5.387 0.146

Health Status χ2(4) = 9.41 0.919 χ2(4) = 3.761 0.439 χ2(4) = 6.959 0.138 χ2(4) = 16.319 0.003 ** χ2(4) = 9.210 0.056 χ2(4) = 5.339 0.254

Lucas Functional Index χ2(3) = 4.014 0.260 χ2(3) = 6.565 0.087 χ2(3) = 13.145 0.004 ** χ2(3) = 3.284 0.350 χ2(3) = 3.497 0.321 χ2(3) = 0.924 0.820

GP Consultation χ2(1) = 0.354 0.553 χ2(1) = 0.642 0.423 χ2(1) = 1.700 0.192 χ2(1) = 0.921 0.337 χ2(1) = 0.021 0.884 χ2(1) = 1.943 0.163

Social Contacts χ2(3) = 7.243 0.065 χ2(3) = 0.522 0.907 χ2(3) = 3.340 0.342 χ2(3) = 3.025 0.388 χ2(3) = 2.540 0.468 χ2(3) = 0.948 0.814

Household size χ2(2) = 8.086 0.018 * χ2(2) = 4.531 0.104 χ2(2) = 3.271 0.195 χ2(2) = 2.318 0.314 χ2(2) = 1.547 0.461 χ2(2) = 0.688 0.709

Objective Heat Strain (area) χ2(1) = 0.507 0.477 χ2(1) = 0.228 0.633 χ2(1) = 0.047 0.828 χ2(1) = 0.036 0.850 χ2(1) = 5.241 0.022 * χ2(1) = 0.065 0.800

House or Flat χ2(1) = 4.069 0.044 * χ2(1) = 0.985 0.321 χ2(1) = 0.489 0.484 χ2(1) = 1.734 0.188 χ2(1) = 6.924 0.009 χ2(1) = 0.000 0.986
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Level of education showed differences concerning fluid consumption habits on hot
days. People with lower-level school leaving certificates increased their water intake less
frequently during hot days as compared to people with higher-level certificates. The
participants with the highest school leaving certificates (group I: 78, 87.6%) drank more
water most frequently. The percentage decreased to its lowest in the group without any
school leaving certificate (group II: 34, 82.9%, group III: 83, 77.6%, group IV: 1, 33.3%).

Household income per month was correlated with strategies such as cooling arms
with water, using wet towels and using AC. Cooling arms with water was more often used
in groups with less income. We found the rarest use of this strategy in participants with
a household income of 3000 Euro or more (I: 7, 43.8%, II: 24, 33.3%, III: 20, 41.7%, IV: 11,
17.7%).

Lower health status was identified with cooling arms with water more often. From
the participants with the lowest health status, 85.7% claimed to cool their arms with water,
whereas people with a better health status used this strategy less frequently (health status
very good: 4, 20.0%, good: 24, 22.6%, fair: 35, 36.1%, poor: 9, 39.1%, very poor: 6, 85.7%).
Participants with a fair to very poor health status always used the strategy of closing blinds,
shutters, or curtains (very good: 16, 88.9%, good: 88, 98.9%, fair: 90, 100%, poor: 17, 100.0%,
very poor: 7, 100.0%). Lower FA Index went along with decreased number of people
showering more frequently (ROBUST: 118, 72.0%, postROBUST: 29, 87.9%, preFRAIL: 19,
67.9%, FRAIL: 17, 51.5%).

Table 6. Home-protective coping strategies (Chi2-Test, * p < 0.05, ** p < 0.01, *** p < 0.001).

Variables Home-Protective Coping Strategies

Open Windows Close Blinds/Shutters Turn on Fan Air Conditioning

Chi2- p-Value Chi2 p-Value Chi-Quadrat p-Value Chi2 p-Value

Gender χ2(1) = 1.445 0.229 χ2(1) = 0.303 0.582 χ2(1) = 0.969 0.325 χ2(1) = 0.483 0.487

Age classes χ2(2) = 3.991 0.136 χ2(2) = 0.352 0.839 χ2(2) = 0.978 0.613 χ2(2) = 0.121 0.941

School Leaving
Certificate χ2(3) = 2.660 0.447 χ2(3) = 0.542 0.910 χ2(3) = 2.039 0.564 χ2(3) = 3.563 0.313

Former Occupation χ2(5) = 5.162 0.396 χ2(5) = 6.465 0.264 χ2(5) = 8.567 0.128 χ2(5) = 8.000 0.156

Monthly Household
Income χ2(3) = 3.871 0.276 χ2(3) = 3.610 0.307 χ2(3) = 0.879 0.831 χ2(3) = 10.067 0.018 *

Health Status χ2(4) = 5.856 0.210 χ2(4) = 14.393 0.006 * χ2(4) = 6.458 0.167 χ2(4) = 2.395 0.663

Lucas Functional
Index χ2(3) = 1.316 0.725 χ2(3) = 0.864 0.834 χ2(3) = 2.808 0.422 χ2(3) = 2.158 0.540

GP Consultation χ2(1) = 0.710 0.399 χ2(1) = 2.039 0.153 χ2(1) = 0.830 0.362 χ2(1) = 0.014 0.906

Social Contacts χ2(3) = 26.456 0.000 *** χ2(3) = 0.685 0.877 χ2(3) = 2.618 0.454 χ2(3) = 1.675 0.642

Household size χ2(2) = 0.403 0.818 χ2(2) = 1.634 0.442 χ2(2) = 4.221 0.121 χ2(2) = 7.525 0.023 *

Objective Heat Strain
(area) χ2(1) = 0.155 0.694 χ2(1) = 0.0.239 0.625 χ2(1) = 0.014 0.906 χ2(1) = 6.788 0.009

House or Flat χ2(1) = 0.103 0.749 χ2(1) = 1.931 0.165 χ2(1) = 1.472 0.225 χ2(1) = 5.963 0.015 *

The more social contacts the participants had, the more they opened windows for
ventilation (one or more social contacts per week: 210, 99.1%, two to three social contacts
per month: 20, 100.0%, one social contact per month: 7, 77.8%, more seldom or never: 12,
85.7%).

Household size turned out to have an influence on fluid consumption and use of AC.
Fewer singles drank fluids as frequently during episodes of heat than participants living
together with at least one person (single: 66; 72.5%, two people: 129; 87.2%, more than two
people: 10; 83.3%). Non-single households were more likely to own AC (single: 1; 1.1%,
two people: 7; 4.7%, more than two people: 2; 16.7%).
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Participants living in areas with higher heat strain used wet towels to cool down
more frequently (objectively higher heat strain: 28, 29.2%, objectively lower heat strain: 22,
17.2%).

People living in houses as compared to flats more often owned AC (flat: 3; 1.8%, house:
7; 8.0%).

There were no discernible differences in coping strategies with respect to level of
education and GP consultation for medical advice about heat adaption strategies.

Table 7. Activity-related coping strategies (Chi2-Test, * p < 0.05, ** p < 0.01, *** p < 0.001).

Variables Activity-Related Coping Strategies

Reduce Physical Activity Reschedule Activities

Chi2- p-Value Chi2- p-Value

Gender χ2(1) = 1.677 0.195 χ2(1) = 0.974 0.324

Age classes χ2(2) = 0.612 0.736 χ2(2) = 3.756 0.153

School Leaving Certificate χ2(3) = 1.975 0.578 χ2(3) = 0.992 0.803

Former Occupation χ2(5) = 4.412 0.492 χ2(5) = 2.017 0.847

Household Income per month χ2(3) = 2.912 0.405 χ2(3) = 5.130 0.162

Health Status χ2(4) = 7.905 0.095 χ2(4) = 1.857 0.762

Lucas Functional Index χ2(3) = 6.555 0.088 χ2(3) = 6.320 0.097

GP Consultation χ2(1) = 0.054 0.816 χ2(1) = 0.255 0.614

Social Contacts χ2(3) = 0.726 0.867 χ2(3) = 0.336 0.953

Household size χ2(2) = 0.422 0.810 χ2(2) = 2.273 0.321

Objective Heat Strain (area) χ2(1) = 0.173 0.678 χ2(1) = 0.732 0.392

House or Flat χ2(1) = 0.380 0.537 χ2(1) = 1.543 0.214

4. Discussion
4.1. Perception of Heat Strain and Vulnerability

Elderly people are a vulnerable group during heatwaves, as previous research
shows [15,54]. We conducted a quantitative study to better understand the perception
of heat strain and coping strategies of the elderly. As experimentally demonstrated, per-
ceived heat is strongly associated with physiological thermal strain [55]. Against that
background, and as no other method was available, we used perception of heat strain as
adequate proxy to assess thermal heat stress. We found that the majority of the participants
reported finding the heat moderately or clearly challenging. This goes along with findings
of Kalkstein and Sheridan [56] who conducted a survey in Phoenix, Arizona, USA, focusing
on heat perception and behavioral changes as a result of heat warnings. To measure the
perceived risk, they asked 201 participants: “How dangerous do you think the heat is
for you?” Two thirds of their participants perceived heat as being “somewhat dangerous”
(25.0%) to “very dangerous” (44.7%). Only 7.6% rated heat as “not at all dangerous”. Our
findings concerning women tending to find heat more dangerous are consistent with that
study. A study in Southern Germany with independent older adults living in sheltered care
facilities revealed that of the 79 participants of a structured interview, 77.2% perceived heat
waves as stressful or very stressful [44]. While few participants in a study with individuals
aged 75 years or older in London and Norwich, UK, found heat extremely challenging,
many reported feeling uncomfortable [53]. Liu et al. [39] uncovered a lower risk perception
in males, less educated people, people who had extremely low income or extremely high
income, and people employed in agriculture, forestry, animal husbandry, or fishing.

Our study showed heat perception as significantly correlated with both FA Index
and self-reported health status, but not with age per se. The FA Index applied here was
developed to screen functional competence of community-based older adults [50]. The FA
Index distribution of our sample matches the large primary study conducted in Hamburg,
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Germany (since 2001). FA Index correlates with self-reported health, chronic pain and
depressive mood [50]. Dapp et al. [50] claim that age per se has minor significance in
discriminating between robust, prefrail, frail and disabled people: “These classes show dif-
ferent perspectives of functional decline, developing need of nursing care and survival” [50].
There are few other studies addressing health status or functional ability in the context of
heat perception and coping strategies. Our findings are in line with results of a telephone
survey with 499 South Australians aged 65 and older who found themselves to be more at
risk during extreme heat if they had reduced self-assessed health status (OR 2.3, 95% CI:
1.3, 4.4, p < 0.05) or used mobile aids (OR 2.2, 95% CI:1.1, 4.3 p < 0.05) [57]. Interestingly,
many of our participants were aware of a link between their personal health status and
their personal heat perception. Those who felt that heat was not particularly challenging
often mentioned a “good health status” while those with stressing heat perception specified
“co-morbidities or a poor health status” as reasons for their perception.

Considering vulnerability, our results show that almost 85% of the participants con-
sidered older people to be a vulnerable group during heat events. By contrast, we found
that only around one fifth of the participants considered their personal risk of suffering
from personal health issues during heatwaves as high (43; 17.1%) or very high (16; 6.4%).
Thus, we can confirm findings from London and Norwich, UK, revealing that only a few
respondents considered themselves to be elderly or at risk in episodes of hot weather, al-
though the researchers of these findings classified all their participants as being vulnerable
according to heat [53]. A quantitative study in Australia showed the same tendency of
underrating the perception of personal risk of heat: people stated having no perception
of heat as a threat as they “had lived with it all their lives” [41]. A study in New York,
USA, with four focus-groups comprising a total of 38 participants (seniors aged >65 years
or their care-givers) found that most seniors knew about the dangers of heat for older
people but did not see themselves as being at risk [37]. All these findings, set out in this
paragraph, underpin the conclusions of the studies that it is crucial to inform the public
and particularly the elderly about heat risks.

4.2. Coping Strategies

Nine different heat coping strategies were adapted by more than 70% of the partici-
pants. Some strategies, e.g., water-related strategies such as cooling arms and feet with
water or the use of wet towels are rarely used. A review showed that taking extra showers
or baths was associated with a lower risk of death during a heatwave [32]. We assume
based on underuse of these diverse strategies that the participants might not know about
the positive effects of these strategies, and we clearly recommend public information about
the positive outcomes. In France, a survey showed that the awareness of heat risk after
heat alerts broadcast on radio and television was highly associated with an increase of
coping strategies (e.g., hydration, closing sun-facing windows) from 6–15% [58].

Our results indicate that coping strategies are associated with the perception of per-
sonal heat strain. We recognized that people who found heat more challenging (higher heat
perception) applied more coping strategies. This effect could be shown for body-related,
for home-protective, and for activity-related coping strategies. Our results are in line with
the work of Kalkstein and Sheridan [56] who found perceived risk to be a strong predictor
as to whether or not an individual changed their behavior. Kalkstein and Sheridan [56]
were also interested in how people reacted to heat warnings and which behavioral changes
they showed. While more than 80% of the participants who perceived heat to be very
dangerous for themselves changed their behavior, only 20% of those who found heat “not
at all” dangerous performed behavioral adaptions. Women were slightly more likely than
men to change behavior on heat warning days. We could confirm this gender effect for only
two coping strategies, namely the use of thinner beddings and cooling arms with water.

Eighty percent of our participants stated that they would drink more fluids during
hot days. Again, this finding is in line with the results of Kalkstein and Sheridan [56] who
found that 83.3% of their participants reported drinking more fluids after receiving heat
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warnings. It is important to consider that people stating they would drink more fluids does
not prove that they drink a sufficient amount of fluids. As reported elsewhere, another
outcome of our study is that even on a day with moderate temperatures, only one third of
the participants drank a sufficient amount of fluids [59].

Interestingly, participants’ use of electric fans (47.3%) is only moderate and use of AC
is extremely low (3.9%). This seems to be a typical phenomenon of Northern or Western
European countries: by way of example, in Vienna, Austria, only 7% of randomly selected
participants of a survey with people 65 years of age and older had AC at home [60]. Many
non-European studies show that for many elderly people, the use of AC is the main or
even the only adaption strategy [41,42,53,61–63]. In Canada, only 2% of the Montreal
residents with chronic cardiac and pulmonary disease did not use AC or a fan [63]. Lee
and Shaman [61] found that use and frequency of AC in the bedroom were significantly
associated with better thermal comfort for 706 survey participants in New York, NY, USA.
In addition to thermal comfort, the use of AC is also associated with a decreased mortality
risk during heatwaves [32]. Nonetheless, AC as a coping strategy has limits with regards
to energy consumption and technical dependency. We did not ask the respondents in our
sample why they would not own or use AC as a strategy against heat, but some authors
suggest high energy cost might be one factor not to install AC or make only sporadic
use of it, especially for low-income households [64,65]. With respect to climate change
mitigation strategies we do not suggest the installation of AC for elderly people without a
clear assessment of personal benefit and climatic disadvantages. In contrast, we found that
it is very common to own and use shading options like curtains, shutters, and blinds. All
of our participants had access to at least one shading option and 85.7% made use of them.

4.3. Limitations

We conducted face-to-face interviews. For some participants, this may have resulted
in socially accommodating answers (social-desirability bias). Even though we randomly
selected 2760 participants out of city council data and reached the targeted 10% of this
sample, not every participant had an equal chance to be part of the sample (selection bias).
As the interviewers walking on foot through the urban areas were small in number, they
were not able to ring the doorbell more than once at every residence. Despite these limita-
tions, conducting interviews face-to-face or via telephone are well-established methods of
gathering information about a population [56]. Even though the study was only conducted
in one city, through the variety of social characteristics and subjective heat impact it can be
assumed that results are transferrable to other contexts.

Reporting bias may have influenced the results of some variables, such as the daily
fluid intake, the use of coping strategies, or self-reported health, as we did not measure
them but ask for outcomes. We measured health through self-reported health status and the
FA Index which is also based on self-reported factors. On the one hand, self-reported health
data could be considered unreliable compared to objectively measured data; however, on
the other hand, research has shown the predictive character of self-reported data [66,67].

5. Conclusions

Our study illustrates that the vast majority of elderly people surveyed are imple-
menting at least some coping strategies against heat strain. Further questions into which
strategies were applied showed that some strategies are underused. Suitable commu-
nication through varied media channels should be used to increase the implementation
of mitigation measures. Encouragement of media consumption of heat warnings on a
daily basis is essential, as this is the only way to raise sustainable awareness among the
population. In order to ensure that recommended measures are carried out, these measures
need to be adapted to the respective target group and incorporated into everyday routines.

Kalkstein and Sheridan [56] point out that coping strategies for heatwaves, although
associated with an extreme increase of morbidity and mortality, might be less memorable
than other natural catastrophes. According to these findings and to our own results,
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we strongly recommend extensive, targeted information campaigns for the vulnerable
population. These should include but are not limited to short information leaflets or com-
prehensive information booklets. The project “Heat–Health Action Plan for Elderly People
in Cologne” is using the short “Hitzeknigge” published by the German Environment
Agency (UBA) and includes local information such as location of pharmacies, cooling
centers, or drinking fountains [68]. An example for a comprehensive booklet is a brochure
by Lindemann et al. [69] which includes target oriented information about adverse health
effects through heat and provides detailed recommendations how to keep the apartment
cool as well as the body cool and hydrated during episodes of heat. In addition, we recom-
mend creative communication methods which remind readers on a playful or subliminal
basis on the use of coping strategies. One humorous but still practical example is the catchy
song “Drinke!” (Cologne idiom for “Drink!”), reminding elderly people to drink every
30 min, sung in the local idiom and published by a local band for the Cologne project.
Finally, wearable sensors to measure humidity and temperature could raise heat perception
of the vulnerable population and additionally would provide data for further research
projects [70].

Mees et al. [71] revealed that cities still do not adequately address the protection of
their vulnerable citizens against extreme heat. They suggest strong public intervention,
as well as public–private partnerships for cooperation, during heatwaves to ensure that
people living alone who are dependent on help due to social isolation are also taken
into account. We emphasize these recommendations and invite cities to adapt towards
heatwaves with centrally coordinated task forces with local stakeholders as well as health
and climate experts. Representatives of vulnerable population groups need to be integrated
into these task forces just as social workers, health insurances, local pharmacies, general
practitioners, and civil protection are.

Heatwaves occurring in urban agglomerations are particularly challenging for the vul-
nerable group of the elderly related to their physiological changes and progressive increase
of multimorbidity. Since 2020, this group is moreover one of the most vulnerable groups
facing the COVID-19 pandemic challenge. The burden is twofold and self-reinforcing.
Facemasks, for example, used to prevent spread of the SARS-CoV-2 virus, may aggravate
cardio-pulmonary effects through heat strain. We underscore that Heat Health Action
Plans are urgently needed to provide help towards assisting those people particularly at
high risk adapt effective coping strategies at a time where the daily priority is to avoid
potentially fatal SARS-CoV-2 infection.
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