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RTICLE INFO ABSTRACT
Keywords: Objective: Intensifying heatwaves pose severe ealth risks for elderly individuals, particularly during ealthcare
Heat appointments scheduled in ot periods. We imed to investigate if shifting consultation times or escheduling

Health care
Consultation ours
Patients

Elderly

elderly patients may mitigate eat-related isks and if ealthc are providers nd p ients
Methods: We analyzed 17,619,866 consultation hours from 90,977 German e lthcare providers during summer
2024, linking em with weather d

re open to do so.

o investigate heat-related isks. Simulations ested e effects of

dvancing, postponing, nd mixed scheduling strategies. Additionally, surveys with 459 ealthcare providers
and 259 elderly patients ssessed escheduling practices, attitudes, nd cceptance.

Results: Analyses evealed

caution-level eat conditions, with risk peaking in fternoon ours. Simulations s owed

15 % of consultations occurred under cauion-level nd 1 % under extreme

advancing morning

nd postponing fternoon consultations significantly educed unsfe eat exposure. While 59 % of practices

could eoretically
escheduling was

ccommodate
e but more likely mong ose

1l elderly patients before 11 m, few were doing so. Provider-initiated
ecognizing eat isks. P ient surveys evealed s ong

acceptance of rescheduling, p icularly to morning ours.

Conclusions: Rescheduling ealthcare ppointments offers

feasible strategy o educe eat isks for elderly

patients. Increasing provider awareness may foster proactive escheduling practices, enhancing patient protec-

tion during eatwaves.

1. Introduction

Heat-related illnesses nd mortality increase with e ising fe-
quency, intensity, and duration of eatwaves cross the globe (Perkins-
Kirkpatrick and Lewis, 2020). In Europe lone, more han 47,000 people
died in 2023 owing o igh temperatures (Gallo et 1., 2024). Heat isks
are particularly igh for the elderly (Ballester e al., 2023), ibutable
to physiological changes, comorbidities nd eir eatments, nd lack of
adaptability (Hansen e al., 2011; Wee et 1., 2023). Previous evidence
suggests older individuals often underestimate eat isks (Oberai
et 1., 2024). While educational efforts can elp to increase wareness
nd protective behavior (Hansen e 1, 2011), experts ve been
emphasizing structural c nges educe eat exposure, such s
making flats more eat-resistant or improving the shading of outdoor

eas (Jay et 1., 2021; Kenny e 1., 2024). Heat isks can Iso be
educed by iding individuals o sift specific ctivities o cooler
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daytime ours. For instance, older individuals interact with e lthcare
providers egularly (Nielsen nd Andersen, 2025), nd in many cases,
these interactions ake place during ot days. Travel o ndf om clinic
is likely o expose patients o eat, and many individuals may ignore
dequate ydration (Kenney and Chiu, 2001) nd appropriate clothing
for eir vel nd e time inthe waiting room. To educe e -related
ealth isks, ealthcare providers could schedule lternative ppoint-
ments for elderly patients cooler time of day. Thism y also improve
heat protection in general; by asking patients if an appointmen should
be escheduled, ey my become more ware of e eat nd dap

eir behavior.

In is rticle, weinvestigate e eat isk ssociated with ealthcare
appointments by nalyzing the weather d  associated with consulta-
ion imes of 90,977 medical nd psychotherapeutic practices in e
summer of 2024 in Germany. We im o demonstrate ow s ifting
consultation ours nd rescheduling elderly patients’ appointments can

Received 10 September 2025; Received in revised form 6 November 2025; Accepted 7 November 2025

Available online 11 November 2025

2211-3355/© 2025 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY license http://creativecommons.org/licenses/by/4.0/ .


www.elsevier.com/locate/pmedr

P. Sprengholz and R.W. Bruckmann

educe is isk. By integrating data from practice nd p ient surveys,
we further examine if and under which circumstances healthcare pro-
viders offer escheduled ppointments o elderly patients, nd which
escheduling windows e commonly accepted by the patient popul -
tion. The findings may serve to understand the benefits nd barriers of
escheduling ppointments during eatwaves nd may inform recom-
mendations nd policies promote escheduling ctivities mong
healthcare providers.

ethods

Different data sources were used o investigate e potential of

shifting nd escheduling healthcare consultations: (a) official consul-

ion hours, (b) healthcare provider survey, and (¢) survey of elderly
patients.

2.1. Consultation and weather data

Summer consultation ours of German medical nd psychothera-
peutic practices were sourced from he nationwide consultation ours
registry of the National Association of Statutory Health Insurance Phy-
sicians.  consultation our was defined s n our in which ealth-
care provider is open for consultation for least 30 min. s consultation
ours were only vailable for 30 days in dvance nd e collecion
process ook bout 3 days, complete data was collected for two periods,
9th July o 4th August and 8th August to 30th August 2024. In otal, N =
17,619,866 consultation ours of 90,977 ealthcare providers we e
sourced. For e ch provider, he email address (if vailable) nd location
were collected. Tis llowed us to invite the providers o survey (see
next section) nd map weather d to e ch consultation hour. Specif-
ically, ir emperature nd elative umidity ecorded the middle of
each consultation our were integrated from he Integrated Forecasting
System (IFS) model of he European Centre for Medium-Range Weat er
Forecasts (ECMWF, 2024). For e ch consultation our, eat index was
calculated from air temperature nd elative humidity and classified as
safe (values below 27), aution (values from 27 to 32, where prolonged
exposure o physical activity can esult in fatigue), or extreme aution
(values from 33 to 40, where ealth impacts can extend o eat strokes,
cramps nd eat exhaustion). The calculation was based on n lgorithm
proposed by e US National Weather Service (2022) and implemented
in e weathermetrics package (version 1.2.2) for R; see Anderson et .
(2013) for detailed specification with formulas. Whereas even igher
eat indexes with worse health impacts (values above 40) are possible,
they were not observed in the data.

2.2. Healthcare provider survey

All German healthcare providers were listed in the nationwide
consultation ours egistry of e National Association of S utory
Health Insurance Physicians with an email ddress (n = 26,173) were
invited to participate in an online survey in September 2024. In otal,
1125 healthcare providers participated, but only N = 459 indicated

ey were open nd eating individuals bove 65 years in July nd
August 2024, constituting the final analytical sample. The sample size
was deemed sufficient for detecting medium-sized differences (d = 0.5)
in perceptions nd attitudes between providers did versus did not
offer escheduling; ccording o n -priori power nalysis wit
G*Power 3.1 (Faul e al., 2009) data fom least 278 providers d o
be collected (when ssuming only bout 10 % of providers my
offer escheduling, a = 0.05, 1-p = 0.80).
the beginning of he survey, healthcare providers were sked o
estimate ow many patients who d n ppointment in e last wo
summer months (July nd August) were above 65 years (0-100 %). They
further estimated ow many of ese patients d n ppointment
before 11 am (0-100 %). Afterward, healthcare providers were asked if
ey d been contacted in e last wo months by patients who

Preventive Medicine Reports 60 2025) 103309

explicitly intended to postpone eir ppointment due to e high em-
peratures (yes/no) nd if ey d contacted p ients for e sme
reason (yes/no). theendof hesurvey, greement with thes ements
“In my opinion, eat is elevant health risk for people over he age of
65” nd “Iseeit smy duty to pointout e ealth isksof eat to people
who e being eated by us nd o inform em bout protective
behavior” was assessed using 7-point scale from “strongly disagree” o
“strongly gree”. The items were designed specifically for this s udy.

2.3. Patient survey

total of 483 German adults over 60 years of ge self-enrolled in n
incentivized lottery-based p nel o epeatedly nswer online surveys on
eat perceptions nd actions between June and September 2024. In July
2024, N = 259 individuals completed sort surveyon e escheduling
of ealthcare appointments during eatwaves. Respondents nged in
age from 60 to 86 years (M = 69.53 years, SD = 4.15 years); 58 % were
female, nd 42 % were male.

Participants were sked o imagine eir general practitioner
called the day before an ppointment. The ppointment was scheduled
for e fternoon; e temperature for afternoon was forec st to be
igh, so e practice suggests escheduling e ppointment. In eight

sks, participants d o decide if ey wnted o keep e original
ppointment or if ey would instead greetosift i to5,6,7,0 8 m,
or 06,7,8 0 9 pm. Some of ese ime slots clearly deviate from
normal working hours but we wanted to investigate p ients ’ interest in
shifting to early or late ours beyond current opening patterns.

2.4. Ethics and nsent

The surveys followed e guidelines of e German Psychological
Association. E ical clearance ws obtained from e University of
Bamberg’s institutional eview board (#2024-04/21), nd 1l partici-
pants provided informed consent for eir d tobeused nd shared for
scientific purposes without identity disclosure. P icipation in e
surveys was unpaid. However, king part in e elderly panel ws
incentivized with lottery.

2.5. Statistical analysis

We investigated he proportion of s fe and unsafe consultation ours

different imes of e day, nd ow is proportion changed when
consultation ours were shifted o earlier o later imes. Desc iptive
analyses were used o examine healthcare provider and patient survey
data. Specifically, we investigated ow many elderly p ients could
potentially be eated during safe consultation ours nd ow mny
providers offered escheduling services. t-tests were conducted o
determine whether escheduling was more likely among providers who
were aware of eat isks nd ecognised eir esponsibility to protect
patients fom eat. Responses fom e patient survey were used o
calculate e proportion of p ients who greed o eschedule n
ppointment to morning or evening hours. R (version 4.3.1) was used for
11 nalyses.

3. Results
3.1. Heat during consultation hours

In otal, 17,619,866 consultation hours with associated weather d
from July nd August 2024 were nalyzed. Asshown in Fig. 1A, most of
em (95.7 %) nged between 8 m nd 6 pm, with drop in e
numbers around noon. In general, eat indexes could be considered s fe
for most consultation ours, while 15 % warranted caution nd 1 %
extreme caution. Importantly, e share of consultation ours with
increased eat risk peaked post-noon. For example, between 8 nd 9 m,
less n 1 % of consultation hours were unsafe, while the share ose o
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Fig. 1. Heat risk associated with (shifting) consultation hours. Footnote: Panel  shows the distribution of 17,619,866 consultation hours of 90,977 German
healthcare providers offered between 9  July and 4th August and between 8  nd 30th August 2024 (50 days) by our of dy and ssociated eat index. Panel B
indicates how the total number of unsafe hours (defined by a heat index of 27 or higher) changes when consultation times are postponed (shifted to later times but
notl er than 10 pm), advanced (shifted o earlier imes but note lier han5am), o shifted with mixed strategy (advanced before nd postponed fter 2 pm) by
one o multiple ours.

34 % between 2 nd 3 pm. decreased with dvancing, nd especially with the mixed pproach. Te

positive effects of dvancing nd the mixed pproach increased s e
3.2. Effects of shifting onsultation hours hours shifted further. For example, when consultations were dv nced

(shifted with the mixed approach) by one our, thisled o reduction of

Shifting consultation ours o e lier o later imes could help o unsafe ours by 20 % (22 %), while shifting by ee ours led o

educe e eat burden of ealthcare ppointments on ot days. We eduction by 48 % (56 %). In summary, is simulation shows
investigated e effects of ee shifting strategies on e number of advancing morning consultations can educe eat-related ealth isks,
unsafe consultation ours: dvancing (shifting 11 ours toe lier imes and further benefits can be achieved by postponing fternoon appoint-
but not earlier han 5 am), postponing (shifting 11 ours tol er imes ments in  mixed s egy.

but not 1 er than 10 pm) nd mixed pproach (dvancing and post-
poning hours before nd fter 2 pm, espectively). sshown in Fig. 1B,
the number of unsafe consultation hours increased with postponing, but
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Fig. . Shares of morning consultation hours, elderly patients, and those treated during morning consultation hours. Footnote: Panel contrasts the share of
actual consultation hours before 11 am with the share of p ien s bove 65 years reported by 459 German healthcare providers for July nd August 2024 in n online
survey conducted in September 2024 (each provider visualized s dot). When assuming that consultation durations are similar for all patients, 59 % of healthcare
providers could accommodate all patients above 65 years before 11 am (blue dots, ight of the dashed line). Panel B indicates is was rarely e case, s most
providers eported to only eat shareof hese patients befoe 11 am. (For interpretation of e eferences to colourin is figure legend, e eader is eferred o e
web version of is icle.)
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3.3. Rescheduling appointments f elderly patients in theory and practice

Shifting consultation ours educes eat risks for all patients butm y
not be practical o feasible for several healthcare providers. Resched-
uling patients within he current consultation times could be n lter-
native o protect the most vulnerable. For instance, elderly individuals
could be offered consultations in the morning hours, whereas relatively
less vulnerable population groups could be eceived later (hotter)
imes. Te potential nd use of is s egy were ssessed in e
healthcare provider survey. Among providers d treated pa ients
bove 65 years in July nd August 2024, e share of ese patients
ranged from 1 % 093 % (M = 35 %, SD = 27 pp). As shown in Fig. 2A,
we could compare his share with the percentage of morning consulta-
ion ours (i.e., ours before 11 m in elation o 1l hours) for each
practice. When ssuming consultation durations re similar for 11
patients, 59 % of healthcare providers could (in principle) accommodate
all patients bove 65 years before 11 am. This contrasts with eality s
these providers eported on average only 45 % (SD = 34 pp) of eir
patients bove 65 years had such e ly ppointments, putting large parts
of his vulnerable population unnecessary isk (Fig. 2B).

Further survey results underline the untapped potential of esc ed-
uling appointments within existing consultation ours. bout fifth of
healthcare providers (19 %) eported ey ad been contacted by
patients sking o eschedule n ppointment because of he excess eat.
However, provider-initiated escheduling prior o or on ot days was
generally low (7 %). Interestingly, escheduling requests by p ients nd
providers were correlated (r = 0.15, p = 0.002). Further nalyses
evealed providers’ risk perception and self-image elated o eir
escheduling ctivities. Specifically, providers who escheduled p-
pointments were more likely o ink eat poses ealth isk for
people bove 65 years (M = 6.19, SD =1.01) compared o hose who did
not (M =5.72, SD = 1.41, Welch’s ¢(39.74) = 2.42,p = 0.020, d = 0.38).
Furthermore, escheduling providers were more convinced it is

eir duty to point out e ealth risks of eat and inform about pro-
tective behavior (M = 5.42, SD = 1.54) compared to providers who did
not offer o eschedule ppointments (M = 4.22, SD = 1.95, Welch’s t
(37.78) = 4.08, p < 0.001, d = 0.68).

3.4. Patient support for rescheduling appointments

Rescheduling ealthcare appointments may only be feasible if it is
positively eceived nd accepted by patients. To end, he patient
survey ssessed whether individuals above 65 years would ccept e
shifting of noon ppointment with eir general practitioner o
morning or evening ours on ot day. Most p ients ccepted
escheduling o 8 m (68 %), while cceptance decreased for e lier
imes (37 % for 7 m, 17 % for 6 m, nd 11 % for 5 m).  similar
pattern could be observed for evening imes; while 47 % accepted
escheduling to 6 pm, acceptance decreased for 1 er times (41 % for 7
pm, 29 % for 8 pm, nd 17 % for 9 pm). However, only 12 % nswe ed

ey would not ccept e rescheduling of eir ppointmen o ny
of ese morning and evening imes.

4. Discussion

This sudy investigated eat isks ssociated with ealthcare p-
pointments nd investigated ow shifting consultation ours nd
rescheduling vulnerable patients could mitigate em.

Analyses of German consultation ecords and weather d  showed

considerable shares of healthcare consultations occur during severe
heat. Thus, patients may experience igh temperatures when travelling
o and from he practice o spending extended ime in witing oom
without ir condition. This poses p icular isktoolderp tientsdue o
physiological ¢ nges such s educed ermoregulation nd bluned
irst perception (often esulting in inadequate ydration and inappro-
priate clothing, Kenney and Chiu, 2001), s well as comorbidities nd

Preventive Medicine Reports 60 2025) 103309

medications can increase eat sensitivity.

Simulations s owed eat-related isks can be educed by
advancing morning and postponing fternoon appointments. While is
would benefit all patients, an e sier lternative to shifting consultation
times could be to reschedule vulnerable populations within the current
opening ours. For example, instead of shifting consultation times from
9012 m 06 09 m, e eat burden could Iso be educed by
ensuring vulnerable patients e reated in he earlier ours, i.e.,

9 instead of 11 m. Respective nalyses suggested majoriy of
practices could see 11 eir elderly patients before 11 am, bu only few
reported doing so. The survey of healthcare providers further indicated
ey ely pproached p ients with escheduling proposals.
Importantly, escheduling was more common when providers consid-
ered eat a health risk and when they understood informing abou nd
acting on eat protection s nintegralp of eir work. T is calls for
educational interventions (a) inform healthcare providers bout e
adverse consequences of eat and (b) suggest ppropriate interventions
for mitigating isks in eir own practice, such s rescheduling p-
pointments of vulnerable populations. Although not focused on in is
study, sking patients o eschedule n ppointment could not only
educe eat isks but lso ct s eat signal, ereby increasing
wareness and protective behavior. Some support for his positive effect
comes from he observation patients were more likely o equest e
escheduling of ppointments from providers who did so oo.

Some limitations should be noted. The findings elate o he German
context; consultation imes, weather, nd e behavior of ealt care
providers may differ in other egions. Furthermore, we chose e eat
index s er conservative measure of eat-related ealth isk. Te
calculation of hermal comfort indexes nd risk levels has been subject
to ongoing discussions, and calculations may deviate when dditional
weather nd p ient data (e.g., wind speed, metabolic rate, sol  di-

ion) re considered (Lu nd Romps, 2023). The weather model used in
our nalysis s igh precision overall, sterizing o 9-km esolution,
but may miss micro-scale thermodynamics in dense urban eas where
practitioners e often located. Te eat index may erefore be
underestimated.

The survey esults may not be representative of 1l healthcare pro-
viders o patients. It is likely only healthcare providers interested in
eat protection participated, meaning e ctual proportion of
providers offering rescheduling services may be even lower. Similarly,
the surveyed patients were enrolled in panel study on eat pe ception
nd behavior. As ey my ve been more ware of eat isks n
other elderly individuals, e general population’s willingness o
eschedule ppointments o early or1 e ours may be lower. Fu ure
surveys with representative samples could elp review our esul s nd
identify potential biases.

While escheduling can elp o protect vulnerable populations, it
may not lways be feasible. The practice only makes sense for planned
routine visits, and it equires some flexibility on both he patient nd
provider side. While our data suggests many patients re open o
rescheduling proposals during heatwaves, further esearchis equired o
better understand when ealthcare providers e willing o sif p-
pointments nd which interventions could help promote he behavior.
For example, practices could be incentivized by reimbursing losses due
o e unkept original ppointments.

5. Conclusion

This study demonstrates substantial eductions in eat-rel ed
ealth isks can be achieved by djusting e timing of ealthc e p-
pointments. Using national data fom Germany, we showed
advancing or selectively escheduling consultations o cooler ours of
the day can meaningfully decrease patients’ exposure o heat, particu-
larly for elderly populations. Despite this potential, our survey esults
indicate such measures e rarely practiced, depending on ealth-
care providers’ wareness of heat-related risks. Provider education and
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institutional incentives for escheduling appointments could epresent
effective s egies o enhance eat protection in healthcare settings s
heatwaves become more frequent and intense.
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