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A B S T R A C T

Objectives: Our aim was to identify if working during hot days while wearing Covid-19 related personal pro-
tective equipment causes occupational heat stress for nurses and nursing assistants in Germany.
Design: Using an online survey, we assessed the impact of hot weather on nurses and nursing assistants
working with personal protective equipment. Respondents were recruited by distributing the link to the sur-
vey via personal communication, email and various social media channels to nursing staff from hospitals,
nursing homes and outpatient care.
Results: There were in total 428 participants (18.2% male, 82.5% female), mostly (30.5%) aged between 45 and
55 years. Half of respondents (48.3%) had more than 20 years of experience in nursing. Cardiac, pulmonary,
or other pre-existing conditions were reported by 46.2%.
Nurses and nursing assistants working in personal protective equipment during hot days were exposed to
occupational heat stress. Work was found exhaustive by 96.5% of the participants during those days. 93.0%
reported breathing problems and 85.8% reported difficulties with focusing on their work. Many workplaces
did not provide adequate heat protection, with distinct differences concerning the amount of prophylactic
and heat mitigating measures across institutions. There were significant differences across institutions when
it comes to the number of drinks served (p < 0.001), the availability of room thermometers (p < 0.001), the
use of mobile cooling devices (p < 0.001) and fans (p < 0.05).
Conclusions: Results suggest employers must make more of an effort to provide adequate heat protection for
their nursing staff. In order to ensure patient care, there is a need for action; in particular, attention must be
paid to the pre-existing health conditions of the nursing staff.
© 2021 The Authors. Published by Elsevier Masson SAS. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

One of the greatest health threats in our century is climate change
[1]. An increase in global temperature, with negative affects to
human health, is occuring [2]. Average temperatures as well as the
number of heat wave spikes will increase [3]. A recent study com-
pared heat stress experiences of nurses in personal protective equip-
ment (PPE) working in India and Singapore during the 2020 Covid-19
pandemic [4,5]. Healthcare workers (HCWs) from both countries
reported a high degree of thirst, sweating, exhaustion and an
increased desire to move into comfort zones. Singaporean nurses had
more choices to mitigate thermal stress in form of air conditioning,
available rest areas and the opportunity to take off PPE during breaks
[5]. HCWs are often aware of their situation, but with few opportuni-
ties for relief due to work-based constraints [6]. Moreover if institu-
tional environments do not provide dedicated measures to mitigate
heat stress, nurses may not be able to do so themselves [5].

According to the World Health Organization (WHO), one lesson
learned from the West-African Ebola disease outbreaks of the last
decade was that "personal protective equipment is hot and cumber-
some" [7,8]. However, in the case of Ebola, heat stress can be miti-
gated by including ventilation within the PPE, as Ebola is not an
airborne disease [8]. Such an option, of course, is not available for
handling SARS-CoV-2, as the latter can indeed be transmitted
through droplets [9]. Daanen et al. (2020) suggest the implementa-
tion of strategic measures - adjusting work and rest times, wearing
lighter clothing, and drinking cold water to precool and to reduce the
increase in body core temperature [10].

In August 2020, many places across Germany experienced a three-
week long heat wave. The double burden of infection protection
measures due to the ongoing SARS-CoV-2 pandemic and exposure to
heat may have led to added challenges for nurses, as it is known that
on its own, wearing PPE can lead to headaches and other mental and
physical symptoms [11]. Existing heat-health plans may include a
clearly outlined response to heat emergencies, a timely alert system,
and a reduction in exposure to indoor heat [10,12,13].

According to the Federal Statistical Office of Germany, there were
6% excess deaths during August 2020 because of the extreme heat
wave in the country. During the week of August 10th alone, deaths
reported were 20% above average as compared to the same week
between 2016 and 2019 [14]. During such heat waves there is a need
to protect workers in PPE from heat stress, even without the presence
of a pandemic [15−17].

1.1. Objectives

The aim of this survey was to identify if working during hot days
while wearing COVID-19 related PPE causes occupational heat stress
for nurses and nursing assistants in Germany.

Central questions of this study were:

Are nurses and nursing assistants exposed to thermal stress by work-
ing in PPE on hot days?

What measures are being taken to better protect them from heat
strain?

Are there differences in behavioural and condition-oriented preven-
tion when comparing nursing staff in hospitals, nursing homes
and outpatient care services?

What are the implications of wearing PPE and working on very hot
days, for professional nurses and nursing assistants?

2. Material and methods

We collected data for this study via an online questionnaire using
LimeSurvey as our tool.
2

2.1. Settings

The study was a standardized, descriptive cross-sectional survey.
It collected structural data, such as participants' years of employment,
area of work, their usage of PPE, their experiences and perspectives in
relation to the workload and job satisfaction on hot days as well as
their personal feelings of security. If there were more than two
answer choices, a 4-point Likert scale was used. The options were
'yes', 'likely', 'unlikely', 'no'. The online questionnaire was open to
study participants from the 1st to the 31st of August 2020. A pre-test
was run to evaluate potential study results upon their practical rele-
vance and to check whether the questions were easily understand-
able. Specifically, the first section of the survey contained questions
about the participants' current work situation and general workload.
To explore the answers in more detail, this was followed by a the-
matic block on working conditions in PPE, such as protective gowns,
medical mouth and nose protection (FFP2 or FFP3 masks), surgical
caps, protective gloves, goggles or visors, in normal temperature or
heat. A perceived temperature of 32 °C or higher for at least two days
in a row was considered as 'hot'. To elucidate whether employers
took any steps to mitigate the workload under hot conditions, ques-
tions were asked about heat protection measures on the part of the
employer when caregivers in PPE were working (relative prevention),
and questions were asked about the way in which caregivers pro-
tected themselves from heat at work (behavioural prevention).
Finally, socio-demographic information about each participant was
collected. In total, the survey contained 66 questions that could be
answered within 20 minutes.

2.2. Participants

Participants were professional nurses and nursing assistants from
various healthcare homes, hospitals and ambulatory care associations
in Germany. To recruit participants, invitations to participate were
send out via personal communication, email and various social media
channels. Thus, no information about the survey response rate were
available. An information letter was used to further educate the par-
ticipants about the nature of the study. In addition, participants were
encouraged to notify colleagues about the study.

2.3. Ethical considerations

The data collection was based exclusively on prospectively anony-
mised questionnaires. No personally identifiable data was requested
or recorded and participation was voluntary. Participants had to give
informed consent before engaging. Their anonymity, their right to
cancel participation and the protection of people from harm were
guaranteed [18] following the “World Medical Association Declara-
tion of Helsinki” ethical principles. The Ethics Commission of the
Medical Faculty LMU has released a waiver for this project (21-0103
KB).

2.4. Statistical methods

Completely and incompletely answered questionnaires were ana-
lysed using both, Chi-square tests for independence and Fisher's
exact tests (SPSS version 24). Graphics and diagrams were created
using R 4.0.

3. Results

A total of 428 professional nurses and nursing assistants took part
in the survey (see Table 1). 91.3% of respondents found their job
strenuous and 80.2% suffered from physical complaints such as back
pain, sleep disorders, exhaustion or headaches. Almost half (46.2%) of
all participants had a previous illness including hypertension, mental



Table 1
Participants’ demographics and information about employment.

Institution
Characteristics Hospital, N = 254a Nursing home, N = 101a Ambulatory care service, N = 73a Total, N = 428a

Gender
Male 43 (20.1%) 14 (20.0%) 4 (6.5%) 61 (17.6%)
Female 171 (79.9%) 56 (80.0%) 58 (93.5%) 285 (82.4%)
Age
16−25 years 20 (9.3%) 2 (2.9%) 0 (0.0%) 22 (6.3%)
26−35 years 57 (26.5%) 10 (14.3%) 12 (19.4%) 79 (22.8%)
36−45 years 44 (20.5%) 20 (28.6%) 12 (19.4%) 76 (21.9%)
45−55 years 63 (29.3%) 24 (34.3%) 19 (30.6%) 106 (30.5%)
56−65 years 30 (14.0%) 14 (20.0%) 19 (30.6%) 63 (18.2%)
65+ 1 (0.5%) 0 (0.0%) 0 (0.0%) 1 (0.3%)
Working hours
Full-time 125 (58.7%) 48 (69.6%) 40 (64.5%) 213 (61.9%)
Part-time 86 (40.4%) 20 (29.0%) 22 (35.5%) 128 (37.2%)
Mini job 2 (0.9%) 1 (1.4%) 0 (0.0%) 3 (0.9%)
Employment relationship
Directly employed 207 (96.3%) 68 (98.6%) 57 (91.9%) 332 (96.0%)
Leasing 6 (2.8%) 1 (1.4%) 1 (1.6%) 8 (2.3%)
Self-employed 2 (0.9%) 0 (0.0%) 4 (6.5%) 6 (1.7%)
Duration of employment
< 1 year 7 (3.3%) 2 (2.9%) 2 (3.2%) 11 (3.2%)
1−2 years 4 (1.9%) 3 (4.3%) 2 (3.2%) 9 (2.6%)
3−5 years 20 (9.4%) 9 (12.9%) 2 (3.2%) 31 (9.0%)
6−10 years 38 (17.9%) 7 (10.0%) 10 (16.1%) 55 (16.0%)
11−20 years 41 (19.3%) 20 (28.6%) 11 (17.7%) 72 (20.9%)
> 20 years 102 (48.1%) 29 (41.4%) 35 (56.5%) 166 (48.3%)
Previous illnesses 111 (44.0%) 49 (48.5%) 36 (50.7%) 196 (46.2%)
Working mostly alone 61 (24.4%) 41 (40.6%) 66 (91.7%) 168 (39.7%)
Enough protective clothing at workplace 176 (69.8%) 68 (67.3%) 49 (67.1%) 293 (68.8%)
Hygiene plan at workplace 232 (98.3%) 93 (96.9%) 65 (97.0%) 390 (97.7%)
Physically demanding work 236 (93.7%) 91 (91.0%) 60 (83.3%) 387 (91.3%)
Feeling valued 78 (31.1%) 53 (53.0%) 41 (57.7%) 172 (40.8%)
Frequently suffering from physical complaints 206 (83.1%) 77 (77.8%) 53 (73.6%) 336 (80.2%)
a Measures: n (%)
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illness, diabetes, asthma, COPD or skin diseases. 59.2% of those ques-
tioned who felt that their work was not appreciated. In outpatient
care 91.7% of the employees had to perform their work without sup-
port of other nursing staff, for nursing homes the percntage was
40.6% and for hospitals 24.4%. Not having enough protective clothing
at their workplace was reported by around one third of the staff in
each institution.

3.1. Consequences of working in PPE on hot days

When working in PPE on hot days nearly all (99.5%) respondents
said that they were sweating more, and 93.0% had trouble breathing.
88.6% needed more time to work and 85.8% found it harder to con-
centrate (see Fig. 1). 71.6% were on their own when it came to mov-
ing patients, even those with a higher bodyweight. For 57.6%, the
necessity of frequently changing PPE was particularly stressful, which
was the case when there was not enough nursing staff to assist with
the work in the isolation room, and when the nursing staff had to
procure missing material outside the isolation room.

Heat exposure had an impact on emotional experience and physi-
cal well-being. A significant proportion of those questioned reported
exhaustion and irritability. When working in protective clothing on
hot days, most participants reported that they were exhausted, tired,
dissatisfied and irritated (see Fig. 2). A majority of the participants
suffered from headaches and shortness of breath (see Fig. 2).

3.2. Short-term countermeasures to prevent heat problems when
working in PPE (Behavioural Prevention)

To avoid adverse effects the nursing staff took certain counter-
measures when working in PPE on hot days (see Fig. 3). Most com-
monly reported was an increase in liquid uptake (67.0%), likely to
3

compensate for the loss of fluid due to sweating. There was little sup-
port from employers: no additional drinks were available and a sig-
nificant number did not have enough colleagues to help. Almost all
individuals surveyed (96.9%), mentioned that no additional nursing
staff was available to support the regular nursing staff

(see Fig. 3). Only 8.7% of employees were able to take more and/or
longer breaks to better allocate their efforts or to regenerate more
quickly. Only 9.2% were able to make changes to their care planning
and were able to do strenuous work at cooler times of the day.
Shorter workdays were only possible in 6.3% of the workers in outpa-
tient care (see Fig. 3, Table S1, Table S1).

3.3. Heat warnings and heat protection action plans and facility
comparisons

One way to protect nurses and nursing assistants from heat strain
are heat warnings and heat protection action plans. Fig. 4 shows the
current situation across the three institutions. Regarding heat warn-
ings and heat action plans, 12.5% of the nursing staff felt well pro-
tected in the nursing homes. In outpatient care, 24.1% received heat
warnings and 6.7% received heat protection action plans (see Fig. 4,
Table S2,). 22.2% of the nursing staff felt that they were well protected
at work. In the clinics, 4.8% of the nursing staff received heat warn-
ings and 0.9% were aware of heat protection action plans. As a result,
the nursing staff in the hospitals did not feel well protected at all (see
Fig. 4).

3.4. Condition-oriented prevention when working in PPE on hot days
and facility comparisons

Fig. 5 shows that in nursing homes (55.4%) and in ambulatory care
services (57.4%), more drinks were served than in hospitals (33.8%),



Fig. 1. Restrictions due to working with protective clothing on hot days (perceived temperature is at least 32 degrees on two days in a row). “Do you perceive heat as a problem/
burden at your workplace?”. 4-point-likert scale used (1 = “strongly disagree”; 2 = “disagree”; 3 = “agree”, 4 = “strongly agree”).

Fig. 2. Consequences of working in personal protective equipment on hot days (perceived temperature is at least 32 degrees on two days in a row). 4-point-likert scale used
(1 = “strongly disagree”; 2 = “disagree”; 3 = “agree”, 4 = “strongly agree”).
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(p < 0.001). In 56.3% of nursing homes, room thermometers were
Fig. 3. Question regarding occupational safety and health: countermeasures by healthcare w
agree”; 3 = “agree”, 4 = “strongly agree”).
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available. This was significantly more than in clinics (29.0%) or
orkers against excessive heat. 4-point-likert scale used (1 = “strongly disagree”; 2 = “dis-



Fig. 4. Heat alerts, heat action plans and related feeling of protection at work across
institutions.
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ambulatory care sites (16.7%), (p < 0.001). In 59.7% of the nursing
homes, refrigerators were available (43.4% clinic, 41.4% outpatient
care service; p = 0.5). The personnel situation was similarly poor in
all areas, e. g. 75.1% in the clinic, 66.2% in the home and 81.4% in out-
patient care said that there was insufficient staff (p = 0.13). Changes
in care planning were not made in any of the settings (87.7−92.8%)
(p = 0.3) (see also Fig. 1).

Permanently installed air conditioning systems were available in
hospitals, as reported by 12% of nursing staff; in nursing homes, it
was 7.8%, and 12.9% in ambulatory care (p = 0.5). Of all participants,
13.0% mentioned the use of mobile cooling devices in nursing care
facilities (3.2% clinic, 0.0% outpatient care; p < 0.001). In nursing
homes, 53.2% used fans, 30.9% in clinics and 32.3% in outpatient care
(p = 0.002). There were no more fixed air conditioning systems in the
hospitals than in other settings (see Fig. 5).

4. Discussion

The majority of nurses and nursing assistants in our survey were
female, over 45 years of age and had more than 10 years of experi-
ence, some even 20 years. This is in line with the public understand-
ing of the nursing field being dominated by women, however the
shortage of younger nurses could be due to a perceived absence of
appreciation and low pay [19]. Two thirds of participants (59%) felt
that their work was not appreciated, which may have contributed to
feelings of being overwhelmed and psychological or even physical
hardship. 91%, the vast majority of individuals taking part in the sur-
vey, suffered from various complaints like back pain, headaches,
exhaustion, sleep deprivation and so forth. Moreover, 46% of partici-
pants already suffered from pre-existing conditions such as hyper-
tension, depression, diabetes and others. These problems could
become enhanced when being subjected to mentally and physically
taxing work with uncomfortable clothing in hot temperatures. Work-
ing in PPE during hot days resulted in discomfort; almost everyone
complained from more sweating and shortness of breath, and half of
the participants were afraid to make mistakes and became stressed
when changing PPE during shifts. This corroborates with previously
published results [20] and suggests that the anguish and discomfort
felt when wearing PPE was both due to wearing the clothing and the
5

elevated temperatures. Recent studies have pointed out that discom-
fort and stress levels increased with the duration of wearing PPE.
This suggests that the stress felt while wearing PPE is not just a psy-
chological effect but linked to actually wearing the clothing [21]. Irre-
spective of the reason, our survey results suggest that healthcare
organizations should provide opportunities for nurses and nursing
assistants to alleviate the thermal stress they experience, including
institutional policies outlining a maximum duration for which PPE
could be worn, at least during peak temperatures [21].

Offering opportunities and implementing the right policies is also
important because the overwhelming majority of nurses and nursing
assistants were not able to effectively deploy countermeasures
against occupational heat stress on their own. As two thirds of study
participants (67%) reported drinking more water, healthcare centres
may need to offer extra water or ice slurries, as has been recom-
mended recently [9]. Offering cold water has both a cooling effect
and increases the likelihood that nurses will drink more fluid during
their shifts. Moreover, training staff to frequently drink water will
not only help during heat waves but will in general work against
another common danger in the workplace - dehydration [9,15]. One
possibility to incorporate this into the nursing shifts would be for the
employer or hospital to inform nurses of this option and offering
boxes filled with ice for everyone to use. Another way to mitigate
occupational heat stress would be to offer longer breaks to nurses, so
they have more time to recuperate [22]. Still, longer breaks may be
difficult to implement, as as staff may feel obligated to treat patients
throughout their shifts, especially if the hospital is understaffed and
this is consistent with previously published research [23]. Introduc-
ing more rest breaks may not only help provide heat relief, but also
mitigate workplace stress. Therefore, having mandatory break times
may help reduce with nursing staff turnover, which would be a dis-
tinct advantage especially during pandemics like SARS-CoV-2 [24]. A
large number of care facilities in which the questioned participants
worked did not have a clear heat action plan, and even simple devices
like room thermometers and additional refrigerators were absent. In
cases where it is difficult to implement air conditioning, mobile cool-
ing devices can help; less than a fifth of hospitals, nursing homes and
ambulatory care settings had those available at the time of our sur-
vey. Foster et al. recommend a combination of ingestion of water and
ice slurries, air conditioning − if financially possible for the corre-
sponding institution − and shading in areas that are strongly
impacted by heat [9].

In summary, there is a distinct need for stronger institutional poli-
cies that acknowledge the existence of occupational heat stress and
the need of cooling for nurses and nursing assistants. Climate change
will not only increase overall average temperatures but will also
result in a rising number of annual heat waves [3]. Thus, our study
suggests adequate heat mitigation steps should be taken by hospitals,
care homes and even in ambulatory care, to protect nursing staff
from occupational heat stress in combination with, or exacerbating,
the wearing of PPE. Moreover, it may be necessary to add heat pro-
tection measures for nursing staff to occupational health and safety
laws and these need to be stringently enforced. It should be noted
that Germany − has occupational safety laws in place, whereby air
temperatures indoor cannot be higher than 26 °C, however nursing
staff still suffer from occupational heat stress. [25]. The expected
increase in future demand for nursing personnel suggests that there
are good reasons to improve working conditions for nursing staff. In
a future with higher temperatures heat protection measures for
nurses that have to wear PPE [26] will be important .

4.1. Limitations

Our survey was not designed to address whether temperature
and/or uncomfortable, too warm clothing applied independently of
one another, or whether the elevated temperature exacerbated



Fig. 5. Question regarding occupational safety and health: Condition-oriented preventative measures by employer against excessive heat shown across institutions.
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existing discomfort from wearing PPE. The year 2020 was an unprec-
edented time and the pandemic itself might have caused some of the
distress for the staff. Other limitations of this study are imbalances in
the sample (distribution of registered nurses, nursing assistants, geri-
atric nurses) and the possibility of a selection bias in favour of the
participation of dissatisfied older employees. Moreover, the survey
was done exclusively with nurses and nursing assistants in Germany.
Selection bias is also possible due to the participation of nursing pro-
fessionals associated with professional associations and online pub-
lishers; we did not assess from which geographic region the
participants came. Thus, our group of participants may epitomize
employees with special characteristics that are therefore not repre-
sentative of nurses and nursing assistants in general.

5. Conclusions

The results from the survey show that nurses and nursing assistants
report discomfort during hot days whilst working with PPE. As we are
all living in a world of rapid climate change it is important that nurses
6

are knowledgeable about climate change and its impact on people-this
includes their patients and themselves. It is important that employers
have a strong strategy in place to mitigate negative effects from heat,
especially since increased nursing personnel will be necessary in the
future. Training nurses to inform them of the necessity of protecting
themselves from heat and available ways to do so is important. More-
over, hospitals, nursing homes and outpatient services should offer sev-
eral tools to reduce heat and associated stress, such as air conditioning
or cooling devices, ice-water baths for consumption, and an updated
break schedule that allows nurses to properly regain their mental and
physical strength during their respective shift. Further investigation is
needed to ascertain whether occupational heat stress reported by nurs-
ing personnel in this study led to an increased desire to change profes-
sions, a desire to move to a different healthcare region, or an intention to
decrease working hours. A recent paper concluded a paradoxical relation
in the German nursing context between job loyalty and job satisfaction
[27]. Future studies should assess the impact of heat protectionmeasures
and the wearing of PPE during hot ambient temperatures on job satisfac-
tion and turnover.
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