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Abstract

Aims: The climate in Europe is warming, and the population is ageing faster than on other continents. These concurrent
trends present significant challenges for social, economic and ecological sustainability of health care systems. This systematic
scoping review examines how non-optimal air temperatures are associated with health care utilization among older
populations in Europe. Methods: We screened peer-reviewed articles from six databases (MEDLINE, Science Direct, Web
of Science, Scopus, ProQuest and GreenFILE) published in English during 2000-2024. The key search terms were air
temperature, older people, health care services and Europe. We screened 1794 articles, reviewed 144 full-texts and extracted
data from 52 articles. Of the included articles, 29 (56%) focused on heat exposure, 10 (19%) on cold exposure and 13
(25%) on both. Results: A positive association between non-optimal air temperature and health care use was found in 43
(38%) of heat-related and 30 (48%) of cold-related analyses. Emergency hospital admissions were the most frequently
examined type of health care service, with cardiovascular and respiratory conditions being the primary causes. The strongest
evidence of positive associations was observed for respiratory conditions in emergency hospitalisations and for cardiovascular
hospitalisations associated with cold exposure. The evidence regarding modifying effects of social vulnerabilities remains
limited. Conclusions: Our findings highlight the need for future research using large datasets to explore a wider
range of health conditions, to identify individual and area-based risk factors and to explore different types of
health care services, transitions between them, and mortality as a competing event.

Keywords: Hear exposure, cold exposure, health care services, emergency department, hospitalization, ambulance call-out, general
practitioner

impacts such as heat strokes and dehydration [2] as
well as the exacerbation of chronic conditions,
including cardiovascular, metabolic and respiratory
conditions and kidney disorders [3-5].

Background

Europe is experiencing both accelerated warming
and population ageing at a faster rate than other con-

tinents. While the global surface air temperature has
risen by 1.3°C since the pre-industrial era, Europe
has seen an increase nearly 1°C higher than the
global average [1]. This intensified warming trend is
contributing to more frequent and prolonged heat
periods, which are associated with direct health

The U- or J-shaped relationship between tempera-
ture and mortality is well-established, with evidence
showing that both heat and cold exposure can signifi-
cantly affect health. Non-optimal air temperatures
are defined as those exceeding or falling below the
region-specific minimum mortality temperature.
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Between 2000 and 2019, non-optimal air tempera-
tures caused over five million excess deaths globally,
including approximately 835,000 in Europe alone,
with 21% attributed to heat and 79% to cold expo-
sure [6]. This indicates that, to date, the health
impacts of low temperatures are more pronounced
than those of heat. Projections suggest, however, that
by 2100 Europe will experience an increase in heat-
related deaths and a decline in cold-related deaths as
a result of climate warming, accompanied by sub-
stantial regional variation [7,8]. Along with the
expected increase in extreme weather events, both
high and low temperatures will continue to pose a
considerable public health risk.

Europe has the highest proportion of people aged
80 years and older, and this population is projected
to nearly double, increasing from 40 million in 2023
to around 80 million by 2060 [9]. The prevalence of
chronic conditions and multimorbidity rises and the
thermoregulation deteriorates with age, making older
adults more vulnerable to heat- and cold-related
adverse health outcomes [4,10]. Indeed, population
ageing is shown to be a key driver of the future bur-
den of temperature-related mortality [11], suggesting
that the ageing societies are becoming more suscepti-
ble to exogenous health shocks triggered by non-
optimal ambient air temperatures.

Research interest in the association of non-opti-
mal air temperatures with emergency medical service
use, hospital admissions, and out-of-hospital cardiac
arrests has been on the rise. However, review studies
show inconsistent findings regarding health care use
during non-optimal air temperatures [3,12-15].
Even though most report an increase with age and
those with pre-existing chronic conditions, only one
review from the year 2011, comprising six studies,
has focused specifically on older people [14].
Furthermore, most studies included in the reviews
originate from outside Europe and there is a scarcity
in research reporting on individual- and area-based
susceptibility.

Climate change, coupled with the ageing popula-
tion, poses challenges for social, economic and eco-
logical sustainability of the health care systems. For
example, the global estimate for healthcare costs
related to heat-related illnesses is projected to reach
$7.1trillion by 2050 [16]. Consequently, there is a
pressing need for a comprehensive and up-to-date
overview of the association between non-optimal air
temperatures and health care use. This systematic
scoping review examines how non-optimal ambient
air temperatures are associated with health care use
in populations aged over 65 years in Europe and how
medical conditions and social vulnerabilities modify
the association. Our aim is to 1) describe the extent

and nature of the evidence, 2) summarize the main
findings from a multidisciplinary body of knowledge
and 3) identify gaps in the literature to support future
research planning.

Methods
Search strategy and selection criteria

This systematic scoping review was developed in
accordance with the Preferred Reporting Items for
Systematic reviews and Meta-Analyses extension for
Scoping Reviews (PRISMA-ScR) [17]. We included
peer-reviewed journal articles published in English
from 2000 to 2024 that examined the association
between ambient air temperature and health care use
among people aged over 65 years in Europe. We
excluded reviews, studies in which temperature was
measured in combination with other climate indica-
tors, studies that reported results by season and stud-
ies that did not provide numerical results for
individuals aged 65 and older.

Our search period (1 January 2000 to 9 August
2024) was exceptionally extensive. To comprehen-
sively identify relevant studies, we conducted our
search across six databases: MEDLINE, Scopus,
ScienceDirect, ProQuest, Web of Science and
GreenFILE. The search strategy was developed in
consultation with a librarian and refined through dis-
cussions of the authors.

Literature was identified through searches of titles,
abstracts and keywords. Of our four main con-
cepts—1) age, 2) air temperature, 3) health care ser-
vices and 4) Europe region—age was also searched
for the full-texts (Supplemental material 1 online).
Our screening process consisted of two steps. First,
five independent researchers (LE, JT, ET, LK and
JP) screened titles and abstracts. Second, four
research team members (LE, ET, LK and ]P)
screened the full-texts. Each article was assessed
independently by two researchers and if any disa-
greements appeared, it was resolved by involvement
of a third researcher.

After the screening, we searched for relevant arti-
cles from the reference lists of review articles but did
not identify any additional articles that would have
fulfilled our inclusion criteria. Qur search strategy is
reported in Supplemental material 2.

Data extraction and synthesis

We exported the search results to the Covidence
software, which automatically removed duplicates
and provided a platform for the research team to
collaborate systematically and transparently. In
Covidence, we developed and piloted the data



extraction template, and two independent research-
ers (LE and ET) summarized key characteristics
and main findings of the included studies. Two
other researchers (JP and LK) did a random check
and extracted data from 12% of the studies to
ensure the consistency of results. Any disagreements
were resolved by a third researcher. We extracted
information from the authors and publication year,
country and study period, exposure (temperature)
and outcome (health care use), association between
air temperature and health care use, study design,
method of analysis and size of the study by age
group. A description of the data extraction is avail-
able in Supplemental material 3.

In synthesizing the extracted data, we first charac-
terize the studies by year of publication, publication
platform and country. Second, we describe the meth-
odologies employed in these studies. Third, we pre-
sent evidence on the association between non-optimal
air temperature and health care use and explore the
modifying effects of social vulnerabilities. In accord-
ance with PRISMA-ScR guidance, a systematic criti-
cal appraisal of individual sources of evidence was
not undertaken, as scoping reviews aim to map the
extent and nature of the available evidence rather
than assess the methodological quality or inform pol-
icy decisions.

Results

Our search strategy initially identified 2393 records.
After automatic removal of 599 duplicates, 1794
records remained for title and abstract screening.
Following this screening, 144 articles were selected
for full-text review and, ultimately, 52 studies were
included in the final review. The study selection pro-
cess is illustrated in Figure 1.

Characteristics of the studies

Key characteristics of the studies are described in
Table I [18-69]. More than half of the articles
(n=28, 54%) included in this scoping review were
published during the past eight years, that is, 2017
or later, indicating an increasing interest in the
topic. The identified articles were published in 35
different journals, highlighting the multidisciplinary
nature of the research. The most common journals
were the International Fournal of Environmental
Research and Public Health (n=6, 12%), PLoS One
(n=5, 10%), Environmental Health (n=4, 8%) and
the International Journal of Biometeorology (n=3, 6%)
(Supplemental material 4). The most commonly
examined European regions were Spain (n=11,
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21%), England or the UK (n=11, 21%) and Italy
(n=8, 15%).

According to prior reviews [12,13], we classified
the included 52 studies into four categories based on
health care service: emergency hospital admission
(n=27, 52%), hospital admission (n=18, 35%), gen-
eral practitioner (GP) consultation (=4, 8%) and
ambulance call-out (n=3, 6%) (Figure 2(a)). Since
information on the outcome of interest, health care
service use, is typically retrieved from hospital records
or health care registers, all the studies were based on
patient-based register data. The size of the study
samples was reported in various ways, including the
number of patients, the total number of admissions
or the number of admissions within a specific time
period. There was also substantial variation in sample
sizes, ranging from 173 to over a five million health
care visits during the study period (Table I).

We were interested in both heat and cold expo-
sure. Most of the studies examined the association
between heat and health care use (=29, 56%), some
focused solely on cold exposure (=10, 19%) and
the rest examined both (=13, 25%) (Figure 2(a)).
Temperature was most commonly measured as
exceeding the 95th or 99th percentile or falling
below the first or fifth percentile of the daily tem-
perature distribution, a 1°C increase or decrease in
daily mean temperature, an increase or decrease
above or below the determined temperature thresh-
old, or as a temperature range. Additionally, 11 stud-
ies examined longer exposures, defined as heat waves
or cold spells. The variation in determining specific
threshold values for exposures is generally related to
local climatic conditions and the population’ level
of adaptation in a given region. Therefore, compara-
bility between studies is improved when exposure is
presented as a deviation from the daily mean tem-
perature (Table II).

The effect of temperature on health care use can
vary depending on the type of exposure and can be
observed over several days or weeks. The examined
time lag, the period from temperature exposure to
health care use, was generally longer for cold expo-
sure (up to 28 days) compared with heat exposure
(less than seven days, with a few exceptions). The
most common methods used to analyse the associa-
tion between temperature and health care use were
time series (n=28, 54%) and case-crossover designs
(n=10, 19%) (Table II).

In a case-crossover study design, which is suitable
for examining associations between acute, transient
or short-term exposures and various endpoints such
as health care use, each individual acts as their own
control, thereby controlling for stable or slowly
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Figure 1. Study selection process with PRISMA flow chart.
PRISMA: Preferred Reporting Items for Systematic reviews and Meta-Analyses
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Table I. Description of the included studies (52) by the examined health care service.

Reference

Location and study period

Age groups

Number of people/visits

Emergency hospital admission
Achebak et al. 2024 [18]

Achebak et al. 2024 [19]

Suris et al. 2024 [20]

Salvador et al. 2023 [21]

Sohail et al. 2023 [22]
Alvaro-Meca et al. 2022 [23]
Astone and Vaalavuo 2022 [24]
Masiero et al. 2022 [25]

Rizmie et al. 2022 [26]

Ghada et al. 2021 [27]

Schulte et al. 2021 [28]

Hotz and Hajat 2020 [29]

Sohail et al. 2020 [30]
Martinez-Solanas and Basagana 2019 [31]
Ragettli et al. 2019 [32]

Van der Linden et al. 2019 [33]2
Van Loenhout et al. 2018 [34]
Ponjoan et al. 2017 [35]

Smith et al. 2016 [36]?

Condemi et al. 2015 [37]
Abasolo et al. 2013 [38]
Wichmann et al. 2011 [39]
de’Donato et al. 2013 [40]
Linares and Diaz 2008 [41]
Johnson et al. 2005 [42]
Panagiotakos et al. 2004 [43]
Kovats et al. 2004 [44]

Hospital admission

Alho et al. 2024 [45]
Konstantinoudis et al. 2023 [46]
Mir¢ et al. 2023 [47]

Savi¢ et al. 2023 [48]

Bundo et al. 2021 [49]

Van den Wyngaert et al. 2021 [50]
Alvaro-Meca et al. 2020 [51]
Romaszko-Wojtowicz et al. 2020 [52]
Bijelovi¢ et al. 2017 [53]

Hanzlikova et al. 2015 [54]
Ravljen et al. 2014 [55]
Romero-Ortuno et al. 2013 [56]
Morabito et al. 2012 [57]
Morabito et al. 2011 [58]
Bhaskaran et al. 2010 [59]

Pauli and Rizzi 2008 [60]
Misailidou et al. 2006 [61]
Morabito et al. 2005 [62]
GP consultation

Hajat et al. 2017 [63]
Smith et al. 2016 [64]
Hajat et al. 2004 [65]

Hajat and Haines 2002 [66]
Ambulance call-out
Dahlquist et al. 2016 [67]
Vencloviene et al. 2015 [68]
Cerutti et al. 2006 [69]

Spain, 2004-2019
Spain, 2006-2019
Spain, 2010-2019
Spain, 2015-2018
Finland, 2001-2017
Spain, 2013-2015
Finland, 1998-2017
Italy, 2001-2015
England, 2001-2012
Germany, 2014-2018
Switzerland, 1998-2016
England, 2007-2012
Finland, 2001-2017
Spain, 1997-2013
Switzerland, 2015
Netherlands, 2009-2016
Netherlands, 2002-2007
Spain, 2006-2013
England, 2012-2014
Italy, 2007-2010

Spain, 2004-2007
Denmark, 2002-2006
Italy, 2012

Spain, 1995-2000
England, 2005

Greece, 2001-2002
UK, 1994-2000

Portugal, 2000-2018
England, 2002-2019
Spain, 2007-2018
Serbia, 2016-2017
Switzerland, 1973-2017
Belgium, 2013-2017
Spain, 2013

Poland, 2013-2017

The Republic of Serbia,
2010-2011

Czech Republic, 1994-2009

Slovenia, 2008—- 2011
Ireland, 2002-2010
Italy, 1999-2008
Italy, 1997-2007
England and Wales,
2003-2006

Italy, 1995-2003
Greece, 2003-2004
Italy, 1998-2002

England, 2012-2014
England, 2012-2014
UK, 1992-2001

England, 1992-1995

Sweden, 2000-2010
Lithuania, 2009-2010
Switzerland, 2003

65-74, 75-84, 85+
65-74, 75-84, 85+
65-74, 75-84, 85+
65-75

75+

65+

65-74, 75-84, 85+
65+

65-74, 15+

70+

75+

65-74, 75-84, 85+
65-74, 75+

65-74, 75-84, 85+
65-74, 75+

65-74, 75-84, 85+
65-84, 85+

65+

65-74, 75+

65+

65+

66-80, 80+

75+

65-74, 75+
65-74, 75+

65+

65-74, 715+

65+

65+

Mean age 83
65+

65+

Mean age >80
65+

65+

65+

65+
65+

65+

65-74, 75+

65+

65-74, 75-84, 85+

75+
65+
65+

65+, 65-74
65-74, 75+
65+
65+

71+
65+
65+, 75+

NV 3,745,323 and 5,321,851 and 3,463,023
NV 1,495,388 and 2,124,135 and 1,418,394,
NV 9016 and 32,455 and 48,678

NV 3049

VPD 0-13

N 6367

VPM 100,000; 2413.1 and 4438.0 and 6843.5
NA

NV 635,000 and 635,000

NV 233,168

NV 218,728

VPD 445.7 and 430.5 and 262.7

VPD 3-13

NV 2,318,572 and 3,277,524 and 1,678,270
NV 17,455 and 35,669

NA

NA (only in a figure)

NV 11,682-16,654

NA

VPD W 173 and M 266

NV 173

NV 8925-9789 and 6389-7253

VPM 7072

VPD 1.5-10.8 and 2.4-13.1

NA

NV 2823

VPD 284.1 and 426.4

NA

NV 34,765
N 12,352
VPD 29.4
NV 13,596
NV 3048
N 51,862
NV 574
VPD 1210

NA

N 3328

N 280

SAV 18.2-69.3 and 10.4-107.5
NV 98,066

NA

NA
N 964
NV 1879

NV 2,566,034
IR 0.09 and 0.16
NV 330,135

N 38,453-42,772

NA
NV 6783 for 70+
NV 56,920 and 27,077

aTwo outcomes: Van der Linden et al. 2019 [33] (emergency hospital visits and hospitalization after the emergency department visit); Smith et al. 2016 [36]
(emergency hospital admissions and GP consultations).

GP: general practitioner; N: number of patients; NV: number of visits; VPM: visits per month; VPD: visits per day; SAV: seasonal average of visits,; IR: inci-

dence rate/100,000; NA: not available for the age group; W: women, M: men
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A Exposure Outcome
4 83'} 6% m Emergengy hospital
13;25% 'Y admission
® Heat - 590 m Hospital admission
29; 56 % -cer Gy Ve 4
10;19 % ° ® General practitioner
m Both
® Ambulance call-out
B Heat Cold
- ) i .
57: 509 4338 % 27;44%  30: 43 % Vihitd
» Negative
14;12% -
5: 8 % = Non-significant
C Cardiovascular, heat Cardiovascular, cold
18; 51 % 10; 42 % SN
S PTER 13;54%
» Negative
1; 4% = Non-significant
D Respiratory, heat Respiratory, cold
m Positive
10; 38 %
13; 50 %
» Negative
= Non-significant

Figure 2. A panel figure. (a) Number and proportion of identified studies by the exposures and outcomes. (b) Number and proportion of
positive, negative and non-significant associations of heat and cold exposure with health care use due to all causes. (¢) Number and propor-
tion of positive, negative and non-significant associations of heat and cold exposure with health care use by cardiovascular conditions. (d)
Number and proportion of positive, negative and non-significant associations of heat and cold exposure with health care use by respiratory
conditions.
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Table II. Description of the methods of the included studies (52) by the examined health care service.

Reference Measures of temperature Time lag Study design/
method

Emergency hospital

admission

Achebak et al. 2024 [18] Heat and cold, >99th and <1st percentiles Same day Poisson regression

Achebak et al. 2024 [19] Heat, >97.5th percentile Same day Time series

Suris et al. 2024 [20] Heat, mean monthly T Monthly number of events Time series

Salvador et al. 2023 [21] Heat, >97.5th percentile 0-2 days Case-crossover

Sohail et al. 2023 [22]

Alvaro-Meca et al. 2022 [23]

Astone and Vaalavuo 2022 [24]

Masiero et al. 2022 [25]

Rizmie et al. 2022 [26]
Ghada et al. 2021 [27]
Schulte et al. 2021 [28]
Hotz and Hajat 2020 [29]
Sohail et al. 2020 [30]

Martinez-Solanas and Basagana

2019 [31]
Ragettli et al. 2019 [32]

Van der Linden et al. 2019 [33]

Van Loenhout et al. 2018 [34]
Ponjoan et al. 2017 [35]
Smith et al. 2016 (A) [36]

Condemi et al. 2015 [37]
Abasolo et al. 2013 [38]
Wichmann et al. 2011 [39]

de’Donato et al. 2013 [40]

Linares and Diaz 2008 [41]
Johnson et al. 2005 [42]

Panagiotakos et al. 2004 [43]
Kovats et al. 2004 [44]
Hospital admission

Alho et al. 2024 [45]

Konstantinoudis et al. 2023
[46]

Miro6 et al. 2023 [47]

Savi¢ et al. 2023 [48]

Bundo et al. 2021 [49]

Van den Wyngaert et al. 2021
[50]

Alvaro-Meca et al. 2020 [51]

Romaszko-Wojtowicz et al.
2020 [52]

Bijelovi¢ et al. 2017 [53]
Hanzlikova et al. 2015 [54]
Ravljen et al. 2014 [55]
Romero-Ortuno et al. 2013
[56]

Morabito et al. 2012 [57]
Morabito et al. 2011 [58]

Bhaskaran et al. 2010 [59]
Pauli and Rizzi 2008 [60]

Cold, daily mean T, 10th and 5th percentile

Cold, mean T over three days (-1, 1, +1
days)

Heat and cold, temperature range >25-<1
Heat and cold, =2 SD or +2 SD of mean T

Heat and cold, temperature range =30-<-5
Cold, daily min, mean and max

Heat, increase from 22°C to 32°C

Heat, 1°C increase in daily mean T

Heat waves and 1°C increase in daily mean
Ta

Heat and cold, <1st and >99th percentile

Heat, June-August 2015

Heat, mean T 4°C or 7°C above mean T
Heat, max. T 32°C, two days 28°C, three
days 26°C

Heat and cold spell, >95th and <5th
percentile

Heat wave, heat alert 3 at T >28.1°C

Heat, 5°C increase in daily mean T
Heat, increase in daily mean T

Heat and cold, IQR increase in five-day
average

Cold, February 2012

Heat, 1°C increase above 36°C
Heat wave, daily max. T 8°C over daily mean

Cold, 1°C decrease in mean daily T
Heat, 1°C increase above T threshold

Heat, excess heat factor
Heat, 1°C increase in daily mean T

Heat and cold, temperature range 5-40
Heat, increase in daily max

Heat, 10°C increase in daily mean T

Heat wave, daily max T >25°C at least five
days

Cold, 1°C decrease in T

Heat, daily mean T

Heat and cold, =1 SD of mean T
Heat wave, >95th percentile, 2+ days
Heat, 1°C increase in daily mean T
Cold, mean T

Heat and cold, 1°C below/above T threshold
Heat and cold, mean and day-to-day T at
850hPa

Cold, 1°C decrease in daily mean T

Heat, min., mean, max. and T variability
1-24h

Same day, cold spells 4+ days, 0-14
and 0-28 days
Three days, one week, two weeks

Number of days/month in T range
Number of days/month in T range
and (one and four months)®

Same day and 30 days cum.

1-3 days

10 days cum.

0-2 days

0—1 mean and 0-5 days

21 days cum.

June—August 2015/June—August
2012-2014

Same day

0-4 and (21 days)®

Heat and cold spell and three and
seven days after

Heat wave 2013/same period in
2012 and 2014

0-15 days

0-7 days

Five days cum. mean

February 2012/same period in
2008-2011

0-1 days

Heat wave 2003/same period in
1998-2002

Mean over 0-2 days

Average of mean T at days 0-2

Three-day average, centred on
specific day of the year

Average of mean T at days 0-3 and
day by day 0-5 days

A day before admission

Change compared with previous day
0-3 days cum. and (seven days)®
0-3 days

Control periods 1 and 2 weeks
before and after

WeeKkly interval for T

Same day
Five days cum. average
Same day
Same day

Same day and 30 days cum.
60 days

28 days cum.
Same or previous day

Time series
Case-crossover

Time series
Time series

Time series
Linear regression
Time series
Time series
Time series

Time series

Ecological, observed/
expected

Time series

Time series

Self-controlled case
series
Time series

Time series
Case-crossover
Case-crossover

Time series

Time series
Observed/expected

Time series
Time series

Negative binomial
regression
Case-crossover

Logistic regression
Poisson regression
Case-crossover
Case-crossover

Case-crossover
Time series

Time series
Observed/expected
Time series

Logistic regression

Time series
Time series

Time series
Time series

(continued)
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Table II. (continued)

Reference Measures of temperature Time lag Study design/
method
Misailidou et al. 2006 [61] Cold, 1°C decrease in min, max or mean Same day Ecological study
daily T
Morabito et al. 2005 [62] Heat and cold, daily mean T Same day Linear regression

GP consultation
Hajat et al. 2017 [63] Heat, 1°C increase above 22°C

Smith et al. 2016 (B) [64] Heat wave, heat alert 3 at T >28.1°C

Hajat et al. 2004 [65] Cold, 1°C decrease below 5°C

Hajat and Haines 2002 [66] Cold, 1°C decrease below 5°C

Ambulance call-out
Dahlquist et al. 2016 [67]
Vencloviene et al. 2015 [68]
Cerutti et al. 2006 [69]

Heat, 5°C above optimum T
Heat, 10°C increase above 17.5°C

Heat wave, T >24°C, 3+ days

0-7 days sum and (28 days for Case-crossover

cold)®

Heat wave 2013/same period in Time series
2012 and 2014

Summed across 0-20 individual Time series
days

Averaged across lags 6-15 and (24 Time series
days)®

Case-crossover
Poisson regression
Poisson regression

1 h and (six days)®
0-7 days
Summer 2003/summer 2001-2002

aSohail et al. 2020 [30], heat waves: >90th percentile 4-7 days, >90th percentile 4+ days, >90th percentile 10+ days, >95th percentile 3+ days.

b() = tested but numerical results are not shown.

T: temperature; SD: standard deviation; IQR: interquartile range; min.: minimum; max.: maximum; cum.: cumulative

changing individual-level characteristics (e.g. sex,
genetics, socioeconomic status) [21,46]. The well-
known variability in health care use by day of the
week, public holidays, region and season was consid-
ered in most of the studies [28,29]. Especially in
studies with long-term time trends, the calendar year
was also controlled for [24]. Some studies controlled
for seasonal disease outbreaks (influenza) [39].
Regarding other meteorological interference, air
humidity or rain, wind speed and atmospheric pres-
sure were considered [20,53]. Furthermore, air pol-
lutants such as nitrogen oxides, sulphur dioxide,
particles with a median aerodynamic diameter of
<10 or <2.5 um and ozone were controlled for
[22,41]. Overall, there was great variation in the con-
trolled factors across the 52 studies.

Association of ambient air temperature with
health care use

Associations of ambient air temperature with health
care use are presented by exposure type (heat and
cold), outcome (emergency hospital admission, hos-
pital admission, GP consultation and ambulance
call-out) and medical condition (Table III).

It was common for studies to analyse multiple
exposure specifications, such as different tempera-
ture thresholds, exposure durations and time lags.
As a result, some studies reported multiple estimates
for the same outcome, with some analyses yielding
statistically significant associations while others did

not. Our principle was that if multiple variations
were presented for the same exposure, outcome and
medical condition, findings were summarised as one
positive, one negative and/or one non-significant
association. For example, across cold temperature
categories, Astone and Vaalavuo2* reported mixed
associations with emergency department visits,
showing positive associations in some temperature
ranges (<1°C, 4-7°C and 10-13°C) and non-signif-
icant associations in others (1-4°C and 7-10°C).
Following our principles of not emphasizing the
results of a single study and of reporting also non-
significant associations, such heterogeneous findings
were summarized as one positive and one non-sig-
nificant association. A detailed description of the
process leading to results is provided in Supplemental
material 3.

All-causes

Of the 42 studies examining heat exposure, the
results from 114 analyses were included in this syn-
thesis. Heat exposure was positively associated with
health care use in 43 analyses (38%) and negatively
in 14 analyses (12%), indicating a decrease in health
care use with increasing temperature, and had a non-
significant association in 57 analyses (50%). Of the
23 studies examining cold exposure, 62 analyses
were included. Cold exposure was positively associ-
ated with health care use in 30 analyses (48%), nega-
tively in five analyses (8%) and had a non-significant
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association in 27 analyses (44%) (Table III and
Figure 2(b)).

Cardiovascular conditions

The most commonly examined cause-specific condi-
tions were cardiovascular (28 studies) and respiratory
diseases (20 studies). Of the studies examining cardi-
ovascular conditions, most investigated all cardiovas-
cular diseases combined, corresponding to
International Classification of Diseases (ICD)-10
codes 100-199 and ICD-9 codes 390-459. In addi-
tion to the combined categories, several studies exam-
ined myocardial infarction and cerebrovascular
diseases separately. Among the 35 analyses focusing
on heat exposure, a positive association with health
care use due to cardiovascular conditions was reported
in eight analyses (23%), a negative association in nine
analyses (26%) and a non-significant association in
18 analyses (51%). Among the 24 analyses focusing
on cold exposure, a positive association was reported
in 13 analyses (54%), a negative association in one
analysis (4%) and a non-significant association in 10
analyses (42%) (Table IIT and Figure 2(c)).

Respiratory conditions

Most studies examining respiratory conditions inves-
tigated all respiratory diseases combined, corre-
sponding to ICD-10 codes JO0-J99 or ICD-9 codes
460-519. For the specified conditions, the most
commonly examined were asthma, chronic obstruc-
tive pulmonary disease and pneumonia. Among the
29 analyses focusing on heat exposure, a positive
association with health care use due to respiratory
conditions was reported in 13 analyses (50%), a neg-
ative association in three analyses (12%) and a non-
significant association in 10 analyses (38%). Among
the 15 analyses focusing on cold exposure, a positive
association was reported in 11 analyses (73%), a neg-
ative association in one analysis (7%) and a non-sig-
nificant association in three analyses (20%) (Table
IIT and Figure 2(d)).

Positive associations by the type of health care
service

We also examined the associations of non-optimal air
temperatures with the use of different types of health
care services. Heat exposure was positively associated
with emergency hospitalizations in 30 out of 76 anal-
yses (39%), with hospitalizations in 12 out of 27
analyses (44%), with GP consultations in zero out of

seven analyses (0%) and with ambulance call-outs in
one out of four analyses (25%). Positive association
of cold exposure with emergency hospitalizations
was reported in 20 out of 45 analyses (44%), with
hospitalizations in eight out of 13 analyses (62%),
with GP consultations in two out of four analyses
(50%) and there were no analyses on ambulance call-
outs (Supplemental material 5).

In sum:

1. Although more studies examined heat exposure
in relation to health care use than cold exposure,
a higher percentage of analyses on cold exposure
showed a positive association with health care
use.

2. Cardiovascular and respiratory conditions were
the most commonly examined causes of health
care use. Positive associations were most fre-
quently identified for respiratory conditions in
emergency hospitalizations (both heat and cold),
and for cardiovascular conditions in hospitaliza-
tions related to cold exposure.

3. Across the different types of health care services,
the highest proportion of positive associations
was observed for hospitalizations.

The harvesting effect, also known as morbidity or
mortality displacement, refers to the phenomenon
where the number of events increases as an immedi-
ate response to high or low temperatures but the
number of events is lower than expected in the fol-
lowing period. The harvesting effect for the popula-
tion aged over 65 years was examined and discussed
in two out of 52 articles. The first article found a
minor effect in emergency hospital admissions using
two-month moving averages [25]. The second article
found a clear effect on hospitalizations, with an initial
increase in admissions for haemorrhagic stroke (at
0-2 lag days) followed by a clear short-term harvest-
ing effect across 3—6 lag days [58].

The modifying impact of social vulnerability and
sex differences was examined in seven studies
(Supplemental material 6). Those with low income
or living alone had a slightly increased risk of emer-
gency hospital admissions [24]. Based on national
deprivation indexes, individuals with deprivation had
an increased risk of emergency hospitalizations due
to respiratory conditions [26] and hospitalizations
due to hypothermia [56]. Additionally, two studies
found that higher temperatures were associated with
a decrease in hospitalizations due to asthma [46] and
an increase in emergency hospitalizations due to
renal colic and urinary stones [37] among women,



but not men. Furthermore, two studies reported sim-
ilar associations in emergency hospitalizations due to
hip fractures, cardiovascular and respiratory condi-
tions, or all causes, across both sexes [18,20].

Discussion

This systematic scoping review examined how non-
optimal ambient air temperatures are associated
with health care use in populations aged over 65
years in Europe. In addition, we explored how medi-
cal conditions and social vulnerabilities modify the
association.

Our first aim was to describe the extent and nature of
the evidence. Employing systematic scoping review
methods over period 2000-2024, we identified 52
studies that reported associations between heat or
cold exposure with health care use and numerical
results for people aged over 65 years in Europe.
Research has concentrated on Spain, UK and Italy,
leaving several areas unexplored, especially from
eastern parts of Europe. Most records included were
published in the past eight years and overall there has
been an increase in the number of high-quality stud-
ies with large study populations and established
methods of analysis. Most studies have focused on
heat exposure, but we identified also studies involv-
ing cold exposure, and many examined cause-specific
conditions of health care use. It was common to test
several temperature measures and different time lags
but not the harvesting effect. Despite recommenda-
tions from earlier reviews, only a few studies investi-
gated the modifying impact of social vulnerability.

The research was published in a variety of jour-
nals, surprisingly often in the field of environmental
science and less frequently in public health or health
services research journals. Because of the emphasis
on meteorological or environmental factors, health
care services were not always clearly defined. In some
cases, even basic information such as the number of
people or health care visits was missing from the
reports. This information is crucial for understand-
ing which services are needed and to what extent.

The second aim was to summarise the main findings
from a multidisciplinary body of knowledge. Heat expo-
sure was positively associated with health care use in
almost 40% and cold exposure in almost half of the
reported associations. These proportions reflect the
percentage of all positive associations restricted to
one result per study, if multiple variations were pre-
sented for same exposure, outcome and medical con-
dition. We identified four types of health care services:
emergency hospital admissions, hospital admissions,
GP consultations and ambulance call-outs, and, of
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these, the most examined was emergency hospital
admission. Of the cause-specific conditions studied,
most common were cardiovascular and respiratory
conditions. The proportion of positive associations
was highest for emergency hospitalizations owing to
respiratory conditions (both heat and cold) and for
hospitalizations owing to cardiovascular conditions
related to cold exposure.

We suggest two reasons why cardiovascular and
respiratory conditions stood out in the results. First,
prior research has identified several mechanisms
linking non-optimal air temperatures with these two
conditions. Cold temperatures are shown to increase
blood pressure and blood viscosity, activate clotting
pathways and, for instance, exacerbate the symptoms
of chronic pulmonary disease and asthma [70].
Conversely, heat is shown to decrease blood pressure,
increase heart rate and increase cardiac demand
while decreasing the heart’s filling pressure [4].
Second, our findings on the most common condi-
tions leading to health care use during non-optimal
air temperatures might reflect the fact that health
care use due to cardiovascular and respiratory condi-
tions was examined the most and, especially among
the older populations, exacerbation of these underly-
ing conditions. Direct heat- or cold-related illnesses
and injuries, such as heat strokes and hypo- or hyper-
thermia, were examined only in a few studies.
Research on a broader range of conditions is recom-
mended for a more comprehensive view of the conse-
quences of non-optimal air temperatures on health
care use.

Non-optimal air temperatures have less consistent
associations with health care use, regardless of the
type of care service, compared with mortality. It has
been hypothesized that some deaths occur rapidly
among isolated individuals before they can access
health care. A nation-wide study from Finland
(2000-2014) shows that 21% of the deaths during
heat periods occurred before a person was admitted
to health care and half of the deaths occurred after
admission to hospitals or health centres [71].To bet-
ter understand and quantify the extent to which non-
optimal air temperatures are related to different types
of health care services, research on all types of ser-
vices and transitions between them is needed. More
detailed information could help in preparing for sud-
den spikes in health care needs in different parts of
the care system, which is highly interdependent.

Evidence on the modifying impact of social vul-
nerability in the association between non-optimal air
temperatures and health care use remains scarce
after this review. The three studies [24,26,56] that
reported results for social vulnerability suggest a
slightly increased risk for older people with low
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income, those living alone and those defined as
deprived based on the national deprivation index.
Additionally, two studies [18,20] reported no sex dif-
ferences, while two other studies [37,46] reported
both increased and decreased risk for women, but
not for men.

Inconsistencies in the results between the studies
included in this review are likely to reflect differences
in local climate, infrastructure and health care sys-
tem, as well as methodological choices, including dif-
ferent temperature thresholds, time lags and
controlled factors. For instance, health care provision
in terms of the number of available hospital beds or
practices in ambulance call-outs might determine the
quality and quantity of health services received.
Regarding exposure, humidity is known to affect heat
burden because it is related to sweating ability, but it
was not considered in all the studies.

This systematic scoping review was not only lim-
ited to studies reporting on ambient air temperatures,
but none of the studies reported findings on indoor
temperature or aimed to control for it. Information
on building characteristics or activity behaviour
would provide a more comprehensive understanding
of the real exposure to heat or cold. However, health
care registers rarely have this kind of information
available, and examining health care use in relation
to non-optimal air temperature requires large sample
sizes, which are usually available from hospital and
health care registers. Another limitation is related to
the definition of health care use. For example, it was
not possible to separate emergency hospital admis-
sion from other hospital admission in all cases.

Our third aim was to identify gaps in literature to sup-
port future research planning. The number of studies
and the quality of the data has increased over the past
24 years. However, to address knowledge gaps and
support adaptation and mitigation efforts related to
climate change and health care use, more research
using large datasets is needed. Large datasets are
needed to explore 1) a broader range of conditions
leading to health care use, 2) multidimensional mod-
ifying risk factors including individual and area-
based vulnerability, and 3) different types of health
services and transitions between them.

From a methodological perspective, none of the
studies examined mortality as a competing risk for
health care use. Given the well-established associa-
tion between non-optimal air temperatures and mor-
tality, especially among older people, accounting for
mortality as a competing risk could offer new insights
into why individuals do or do not use health care.
Furthermore, only a few studies examined the har-
vesting effect referring to an increase in health care
use as an immediate response to extreme

temperatures, followed by lower-than-expected
health care wuse in the subsequent period.
Distinguishing between excess health care use and a
temporal shift in health care use could enhance
understanding of the magnitude of health burden
caused by non-optimal air temperatures and improve
estimates of the associated health care costs. As more
people are living longer than before, increasing the
demand for health care, exploring the harvesting
effect has become even more important.

Older people have many distinct characteristics,
which is why reporting results for this group sepa-
rately might improve the quality of interpretation.
For instance, the likelihood of living in residential
care increases with age. Exposure to non-optimal
temperatures and the possibilities for monitoring,
such as ensuring adequate hydration, might differ
depending on the place of residence. It has been
shown that, in general, the use of health care services,
such as emergency department visits, is significantly
higher among those living at home compared with
those living in residential care [72]. Moreover, activ-
ity patterns, such as going outdoors during periods of
non-optimal temperatures, might vary substantially
among older people, depending on their place of liv-
ing, and they differ from those of the working-age
population.

We conducted this scoping review following the
PRISMA-ScR guidelines, which included predefined
research questions, comprehensive database searches,
independent dual screening and iterative data chart-
ing followed by a narrative synthesis. We did not pre-
register a protocol, but we consider our scoping
review process rigorous and transparent because of
the extensive and detailed reporting provided in the
Supplemental materials 1-6. This scoping review
process also has limitations inherent to broad evi-
dence mapping. For example, owing to the multidis-
ciplinary nature of the research, health care services
were not always clearly defined, and the large regional
differences as well as methodological heterogeneity
might affect the interpretation of associations
between air temperature and health care use. To
reduce the influence of publication bias, we system-
atically report associations in both positive and nega-
tive directions, including statistically non-significant
findings, from all included studies.

To conclude, our synthesis indicates that even
though not systematically, non-optimal temperatures
are associated with higher health care use among
older Europeans. The results underscore the impor-
tance of considering both heat and cold as drivers of
health service demand. In ageing societies, health
care systems are under increasing pressure owing to
the unprecedented growth in the older population.



Since older individuals are more susceptible to non-
optimal air temperatures, climate warming is
expected to place additional strain on health care sys-
tems that are already stretched to their limits in some
regions. Because different population groups such as
older people, people living alone or those having
financial deprivation, as well as different living areas,
differ in their exposure to non-optimal air tempera-
ture and their adaptive capacities, climate change has
the potential to exacerbate social inequalities in
health and health care use. To address these timely
challenges, more research is needed from the public
health and health services research perspectives.
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