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Abstract: There is increasing evidence that rising temperatures and heatwaves in the United Kingdom
are associated with an increase in heat-related mortality. However, the Public Health England (PHE)
Heatwave mortality monitoring reports, which use provisional death registrations to estimate heat-
related mortality in England during heatwaves, have not yet been evaluated. This study aims to
retrospectively quantify the impact of heatwaves on mortality during the 2019 summer period using
daily death occurrences. Second, using the same method, it quantifies the heat-related mortality for
the 2018 and 2017 heatwave periods. Last, it compares the results to the estimated excess deaths
for the same period in the PHE Heatwave mortality monitoring reports. The number of cumulative
excess deaths during the summer 2019 heatwaves were minimal (161) and were substantially lower
than during the summer 2018 heatwaves (1700 deaths) and summer 2017 heatwaves (1489 deaths).
All findings were at variance with the PHE Heatwave mortality monitoring reports which estimated
cumulative excess deaths to be 892, 863 and 778 during the heatwave periods of 2019, 2018 and 2017,
respectively. Issues are identified in the use of provisional death registrations for mortality monitoring
and the reduced reliability of the Office for National Statistics (ONS) daily death occurrences database
before 2019. These findings may identify more reliable ways to monitor heat mortality during
heatwaves in the future.
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1. Introduction

Record-breaking extremes over the last century are five-times higher than expected [1]
and are driven by anthropogenic, greenhouse gas emissions [2]. So far, the global climate
has warmed by around 1 ◦C since pre-industrial conditions, and the Intergovernmental
Panel on Climate Change’s high-emission scenario projects an average increase in global
mean surface temperature between 2.6 ◦C and 4.8 ◦C by 2100 relative to 1986–2005 [3,4].
The Paris Agreement aims to limit the temperature increase to 1.5 ◦C [5], however, two-
thirds of the “allowable” cumulative carbon dioxide emissions to stay below the 2 ◦C target
have already been used [6,7]. In addition, there is a high probability that the planet is
already committed to average warmings over land exceeding 1.5 ◦C [8]. Warming rates
over land will be higher than warming rates over oceans [8], which will expose human
populations to higher heat stress than the average global temperature rise suggests [9].

Global [10,11] and European heatwaves are projected to increase [12,13]. One-third of
the world’s population is currently exposed to heat stress [14]. The impact of this on the
European population will be greater than any other weather-related hazard exacerbated
by climate change [15]. An increased frequency of temperatures exceeding 35 ◦C in the
southeast and 30 ◦C in the north of England [16] are expected. Days above 40 ◦C currently
have a return time of 100–300 years, however, this could decline to a return time of 3.5 years
by 2100 if greenhouse gas emissions are not reduced [17]. Anthropogenic causes are
central [18,19], making the record-breaking summer temperatures of 2018 around 30-times
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more likely [20]. Whilst the UK’s maritime climate is self-regulating, hot extremes are more
frequent and intense in the UK [21].

The summer of 2019 was the Northern Hemisphere’s warmest meteorological summer
since records began in 1880, tied with 2016 [22]. Heatwaves peaked over northern and
central Europe [9]. In the UK, a new all-time record, measured at Cambridge University
Botanic Garden on 25 July (38.7 ◦C), occurred during one of the three heatwaves that
year from 28 to 30 June, 21 to 28 July and 23 to 29 August 2019 [23]. Again, these are
linked to climate change [24]. Atmospheric ‘blocking events’ [8] are potentially due to the
slowing down of midlatitude summer circulation [8]. In 2019, these events induced intense
advections of hot air from Northern Africa to Europe [24]. These resulted in high daytime
heat loads and heatwave conditions in the UK [24], though other mechanisms have been
proposed [25].

Health impacts are predicted to increase with heatwaves [26,27]. Thousands of people
have died in the recent UK heatwaves [28,29]. Unlike cold weather, the rise in mortality
caused by warm weather occurs rapidly [30]. As a result, there are relatively more impacts
occurring during the first 1 to 2 days [31,32]. Heatwaves affect the health of those who are
vulnerable [33]. Outcomes range from dehydration to death [26]. The highest vulnerability
is in the elderly with pre-existing medical conditions, such as cardiovascular diseases and
respiratory illnesses [34], although children [35] and other age groups can be affected,
particularly in hot countries [36].

Heat-related mortality occurs under environmental conditions where the human body
is unable to maintain a stable core body temperature near 37 ◦C [37]. This core body
temperature varies minimally between individuals and does not adapt to local climate [37].
Critically, the human skin temperature must be regulated at 35 ◦C or below as the skin
must be cooler than body core for the effective conduction of metabolic heat to the skin [38].
Sustained skin temperatures above 35 ◦C cause hyperthermia, which can be lethal if skin
temperatures reach 37–38 ◦C [39]. This vulnerability is a function of humans’ upper
physiological limit to heat, which sets an upper limit to the adaptation levels of humans to
future climate-change impacts [40].

In response to the 2003 European heatwaves which exceeded 70,000 deaths [41], the
Department of Health in England set up the Heatwave Plan for England (HPE), which is
updated yearly to integrate learning from the previous summer [30]. It provides guidance
to the National Health Service (NHS) and local authorities [30]. HPE’s Heat-Health Watch
alert system operates between 1 June and 15 September. The Met Office issues alerts which
correspond to the level of risk of a heatwave and trigger a range of short-term protective
measures [30,42]. Level 1 is the default setting, indicating that the preparedness programme
is in operation. Level 2 indicates that a heatwave has been forecasted, and an alert and
readiness status is set. Level 3 signifies that heatwave action has been activated. Finally,
level 4 declares that an emergency response has been implemented [30].

The PHE Heatwave mortality monitoring report is based on the cumulative excess
deaths during a heatwave [23]. It uses data from the provisional figures on deaths registered
in England and Wales and is calculated using the upper 2 z-score threshold after correcting
the ONS data for reporting delays using the standardised EuroMOMO algorithm [43].
The ONS data used in the PHE reports are broken down into age groups and regional
areas, which are only available from the weekly registered deaths database [44] and not
the daily death occurrence database [45]. The PHE report calculates heat-related mortality
by subtracting the expected deaths (based on a 5-year average) from the registered deaths
using temperature as a heat stress measure. Other studies have used a variety of heat
stress measures, such as humidity, wind speed, atmospheric pressure and solar radiation.
However, a single temperature measure continues to be the usual proxy for thermal
discomfort [46–48].

As the impact of heat on mortality varies each year, an annual retrospective look at
the heat-mortality relationship is useful. Previous studies on excess mortality in the UK
have used death registration data from the ONS Quarterly Mortality database [28,29,32,49].
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However, between 2001–2018, the median time between death occurrence and registration
in England and Wales has increased from 2 to 5 days [50]. There has also been a sharp
rise from 8.7% to 14.5% in deaths registered 1 to 2 weeks late and a rise of 1.8% in death
registered 2 to 3 weeks late [50]. These increasing delays in death registrations suggest that
the use of death registrations as a source of death data is problematic. Despite this, there
are scant studies using daily death occurrences, even though they are recognised as being
more reliable and can be related to other factors such as climate [51].

Historically, data on daily death occurrences from the ONS Quarterly Mortality
database have been problematic because extraction has been fixed to ensure datasets
have a similar extraction date [51]. However, this meant that the data were frozen in time
and were too unreliable for use in studies. However, from April 2019, this statistical limita-
tion was removed to ensure the data would be more up to date [51]. With this came the
discovery of the impact of fixing the extraction date on the mortality data, as the wholesale
update of daily death occurrences on the ONS Quarterly Mortality database (post-April–
June 2019) revealed significant discrepancies. For instance, the death occurrence on 30 June
2018 was changed from 1149 in the Quarterly Mortality database of Q3 2018 to 1230 in the
Quarterly Mortality database of Q3 2019, a discrepancy of 81 deaths [48]. This has revealed
a gap in the existing knowledge as an analysis of the heat-temperature relationship using
reliable daily death occurrence data has yet to be undertaken. In order to contribute to
filling this gap, this paper sought to evaluate the impact of the 2019 heatwaves on mortality
and compare this impact to the impact of the heatwaves of 2017 and 2018 on mortality
using these hitherto unavailable data.

The need for this study is particularly pertinent, as a report evaluating the Heatwave
Plan for England concluded:

“There is no evidence that general summertime relationships between temperature
and mortality . . . have changed substantially in the years since the introduction of the first
HWP in 2004.” [52] (p. 1).

This is problematic as the report did not evaluate the PHE Heatwave mortality moni-
toring reports.

Equally, this study is timely for two other reasons. First, the last study into the impact
of heatwaves on mortality focused on the 2013 heatwaves [28], even though 2017 and 2018
were 2 of the hottest 10 years in the UK and collectively had 6 heatwave periods [17]. The
reason for that is likely to be that the PHE Mortality Monitoring report was commissioned
to undertake this task. However, these reports have not yet been independently evaluated.
Second, the significance of this paper is heightened due to the impact of COVID-19 on
mortality rates. Both COVID-19 and heat-related mortality impact similar groups, such
as the elderly and those with cardiovascular and respiratory disease [53]. Thus, the dis-
tinction between deaths attributable to heat and COVID-19 is likely to be problematic. The
complexity of the figure published for the 2020 PHE Heatwave mortality monitoring report
bears witness to this (Figure 1) [23]. In addition, the report uses a different methodology,
making a retrospective analysis based on these data difficult (PHE 2020a).

An analysis of the heat-temperature relationship using the recently corrected daily
death occurrence data from the ONS Quarterly Mortality has not yet been undertaken.
To fill this gap, the objectives of this study are threefold. First, we aim to determine the
excess death attributable to the three heatwaves in 2019 relative to the 5-year average.
Second, we aim to compare heat-mortality deaths during the 2019 summer period to those
during the heatwaves in 2017 and 2018. Third, we aim to compare the excess daily death
occurrences found in this study to the excess registered deaths in the PHE Heatwave
mortality monitoring reports of 2017, 2018 and 2019.
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Figure 1. All-cause excess mortality in 65+ years group during the 2020 summer period. The shaded areas highlight periods
which meet the Heatwave Plan for England (PHE) heatwave criteria for estimating heatwave excess mortality [23].

2. Materials and Methods
2.1. Study Period

The definition of a study period corresponds with the definition used by the Heatwave
Plan of England [30]. Accordingly, the study period coincides with the period of summer
preparedness and long-term planning, 1 June to 15 September, which coincides with the 4
hottest months. The study periods for the years 2017, 2018 and 2019 are analysed.

2.2. Heatwave Definition

The definition of a heatwave corresponds with the definition used by the Heatwave
Plan for England, which defines it as a period of days when:

(a) The Met Office issue a Level 3 heatwave alert in any part of the country, or
(b) The mean Central England Temperature (CET) is greater than 20 ◦C

Plus 1 day before and after the days identified through (a) and (b) above.
The day before helps to include the impact linked to the initial increase in temperature,

and the day after helps to capture the delay from temperature to impact on mortality [28].

2.3. Temperature

Outdoor mean temperatures were used as an indicator of exposure as air conditioning
in private homes is uncommon in the UK. Mean temperatures were used rather than
maximum or minimum temperatures as they are a better predictor of mortality [48].

The daily CET from 1 June to 15 September, for the years 2014 to 2019, were extracted
from the CET daily series database [54]. The latter is the weighted mean temperature
derived from the mean of 3 observing stations (Lancashire, London and Bristol), which
covers a roughly triangular area and is corrected for a small effect of urban warming [55].
It is kept up to date by the Climate Data Monitoring section of the Hadley Centre, Met
Office.

2.4. Data Sources

The mortality data were extracted from the Quarter Mortality database of the ONS
for the daily occurrence deaths in England occurring from 1 June to 15 September for the
period 2012 to 2019. These data were found in the Q2 and Q3 Quarterly Mortality 2012
to 2019 database [48]. As found in the literature review, death occurrences were more
date-specific than death registrations for the purpose of relating the mortality data to other
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factors such as weather patterns [51]. All datasets exclude non-residents and deaths with
an unknown day of death [51].

2.5. Generalised Additive Model

A generalised additive modelling approach was used to describe the relations in the
time-series data. We assumed that there was a Poisson distribution and used temperature
as the main independent variable. The same method was used to identify excess deaths for
each heatwave in 2017, 2018 and 2019.

To implement the additive hazard method, excess mortality was assessed as the
number of death occurrences (‘observed mortality’) minus the expected mortality [28].
Expected mortality represents the all-cause mortality of the general population based on the
assumption that the heat-related mortality is negligible compared to the overall mortality
in the general population [56]. Thus, the expected mortality was found by calculating the
average number of deaths on the same date over the previous 5 years [57].

The expected mortality was then used to find the excess mortality for each heatwave
in 2017, 2018 and 2019. To do this, the number of death occurrences for each heatwave in
each year was treated as a Poisson variable. Next, the 95% confidence limits for the Poisson
variable were subtracted from the expected mortality to obtain confidence limits for the
excess mortality. Tables were then drawn up to display the findings and compare them to
the findings in the 2017, 2018 and 2019 PHE Heatwave mortality monitoring reports.

The generalised additive model is considered to be the most effective and applicable
model to investigate the overall impact of environmental exposures, such as temperature,
which vary over time [58,59]. It has also been used in other studies to calculate heat-related
mortality in UK even though it points to correlation rather than causation [28,29,32,49]. It is
recognised that higher temperatures may not be the sole or direct cause of death, and other
studies have traced the impact of covariates and confounders, such as humidity and wind
speed, which contribute to heat stress. That said, this study focused on a single variable,
replicating the model used by the PHE Heatwave mortality monitoring reports. Thus, the
model, whilst somewhat utilitarian, interprets excess mortality as the extra deaths beyond
the expected number for each day of a heatwave [60].

Tables were produced to compare the findings to the excess mortality given in the
2017, 2018 and 2019 PHE Heatwave Mortality Monitoring reports.

2.6. Time-Series Graph

A time-series graph was plotted for 2019 showing the data for death occurrences from
all causes, expected deaths, the daily mean and the maximum CET over the study period.
The 7-day moving average for the 2019 death occurrence data was also shown to smooth
the data.

2.7. Excess Mortality Graphs for the Whole Summer Period

Graphs showing excess deaths across the summer periods for 2017 to 2019 were used
to identify the variability in temperatures across the study period. Excess deaths for the
entire summer period for 2017, 2018 and 2019 were found using the same generalised
additive model.

3. Results

The summer period of 2019 saw three heatwaves, with two defined by virtue of Level
3 heatwave alerts issued by the Met Office and one heatwave defined from the mean CET
when the CET was greater than 20 ◦C [17,28].

During the brief heatwave from 28 to 30 June, a peak mean CET of 30.6 ◦C was
observed on 29 June 2019 (Figure 2). Following the additive hazard model, excess mortality
was estimated by subtracting expected mortality from observed mortality. The total number
of deaths for the 3-day period was below the 5-year average for 2014 to 2018. Thus,
there were no excess deaths during this period (95% confidence interval (CI) −508 to
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134) (Table 1). The wide confidence interval suggests this finding has a low statistical
significance. The Summer 2019 PHE Heatwave mortality monitoring report also detected
that there were no excess deaths for this period [23].

During the longer heatwave from 21 to 28 July, a peak mean CET of 34.1 ◦C was
observed on 25 July 2019 which recorded 222 excess deaths, the highest number for any
heatwave day in 2019 (Figure 2).

It is clear from the figure that the relationship between mortality and temperature is
nonlinear with the typical V shape [61,62].
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Figure 2. Comparison of observed and expected daily mortality in England in Summer 2019 relative to the mean Central
England Temperature (CET). The daily number of deaths (green line) and 7-day moving average were compared to the
expected number (black line) with the daily maximum CET (◦C, brown line) and daily mean CET (◦C, purple line) during
the summer period of 2019. The shaded blue area highlights periods which met the PHE heatwave criteria as defined in
Green et al. 2016.

Table 1. Summer 2019 heatwave periods, the corresponding 5-year average of death occurrence for the same period and the
excess number of deaths with 95% confidence intervals.

Heatwave
Period

Average
Deaths

2014–2018
Total Deaths

95%
Confidence

Limits

Total
Excess Deaths

95%
Confidence

Limits

PHE Heatwave
Mortality

Monitoring
Excess Deaths

28–30 June 3556 3369 3048 to 3690 0 −508 to 134 0

21–28 July 9471 9632 8720 to 10,500 161 −751 to 1053 572

23–29 Aug 8334 8267 7826 to 8708 0 −508 to 374 320

Total 17,805 17,899 161 892

However, cumulatively during that heatwave period, there was only an excess of
161 deaths (95% CI −751 to 1053) (Table 1). This figure represents the mortality that is
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directly or indirectly related to the heatwave. Thus, based on background mortality for the
same period during 2013–2018, we would have expected 161 fewer deaths for this period
had the heatwave not happened. However, the large interval width again suggests that the
finding is not statistically significant. Nonetheless, the finding of 161 excess deaths was
three-times lower than the excess deaths (572) detected in the 2019 Heatwave mortality
monitoring report [23].

During the final heatwave from 23 to 29 August, a peak mean CET of 29.9 ◦C was
observed on 25 August which recorded 90 excess deaths, the highest for that heatwave.
However, the cumulative number of deaths for the entire 7-day period was below the
5-year average for 2014 to 2018, resulting in no overall excess death figure during this
heatwave. In contrast, the PHE Heatwave mortality monitoring report estimated 320 excess
deaths during this heatwave.

Accordingly, the total impact on the mortality of the Summer 2019 heatwaves was
estimated to be 161 excess deaths, which was 731 deaths less than the total 892 excess
deaths estimated in the 2019 PHE Heatwave mortality monitoring report. Acknowledging
the statistical limitations to these findings, there is a clear disparity.

The excess deaths measured for the 2018 heatwaves were equally revealing (Table 2).
In contrast to the finding of 161 excess deaths during the 2019 heatwaves, the analysis
of the 2018 heatwaves, using the same methods, resulted in a higher cumulative excess
death total of 1700 (Table 2). This was broken down over 4 heatwave periods, spanning
31 days in total, with the highest number of excess deaths during the third heatwave
period, 21–29 July, when there were 645 excess deaths (95% CI −508 to 374). The other
3 heatwaves recorded 362, 458 and 235 excess deaths for the heatwave periods of 25–27
June, 30 June–10 July and 2–9 August, respectively. The finding of 1700 excess deaths for
the entire summer period is 837 deaths higher than the estimated 863 excess deaths in the
summer 2018 Heatwave mortality monitoring report. Thus, the PHE Heatwave mortality
monitoring reports overestimated excess deaths by 731 in 2019 but underestimated excess
deaths by 837 in 2018 (although statistical significance was again problematic) (Table 2).

Repeating the same process for the heatwaves in 2017, the total number of excess
deaths over the 2 heatwaves was 1489 (Table 3). This was broken down over 2 heatwave
periods, spanning only 10 days in total. The first heatwave period, 17–23 June, had
1113 excess deaths (95% CI −508 to 374), which was the highest number for a single
heatwave across the 2017–2019 summer periods (Tables 1–3). The second heatwave period,
5–7 July, recorded 376 deaths (95% CI 196–556). Across the entire summer period, the
finding of 1489 excess deaths is 711 deaths excess deaths higher than the estimated 778
deaths in the summer 2017 PHE Heatwave mortality monitoring report.

The overall pattern of excess deaths across the 2019 summer period is distinctive to
the patterns of excess deaths for the 2018 and 2017 summer periods (Table 4; Figure 3).
The total number of death occurrences in 2019 (122,257) was substantially lower than the
expected deaths (128,087), which is indicated by the large number of excess deaths shown
in Figure 3a. Likewise, the total number of death occurrences over the 2018 summer period
(126,115) was also lower than the number of expected deaths (126,155). However, as shown
in Figure 3b, the summer 2018 period was the closest to the expected values out of the
3 years. Last, the total number of death occurrences over the 2017 summer period (129,998)
was significantly higher than the expected deaths (126,059), resulting in an excess death
total of 3939 for the entire summer period.

The temperatures for the summer periods in 2017, 2018 and 2019 demonstrate that
the temperatures for 2019 were generally lower than 2017 and 2018, with short spikes for
the heatwave periods and a significant spike for 25 July 2019 when the all-time highest
recorded temperature of 38.7 ◦C was recorded (Figure 4) [17]. This correlates with the
lower-than-usual excess deaths for the summer 2019 period.
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Table 2. Summer 2018 heatwave periods, the corresponding 5-year average of death occurrence for the same period and the
excess number of deaths with 95% confidence intervals.

Heatwave
Period

Average
Deaths

2013–2017
Total Deaths

95%
Confidence

Limits

Total
Excess Deaths

95%
Confidence

Limits

PHE Heatwave
Mortality

Monitoring
Excess Deaths

25–27 June 3755 4117 3844 to 4389 362 89 to 634 188

30 June–10 July 14,080 14,538 14,056 to 15,015 458 −24 to 935 266

21–29 July 11,206 11,851 11,127 to 12,575 645 −79 to 1369 409

2–9 August 10,053 10,298 9808 to 10,788 235 −255 to 725 0

Total 39,094 40,804 1700 863

Table 3. Summer 2017 heatwave periods, the corresponding 5-year average of death occurrence for the same period and the
excess number of deaths with 95% confidence intervals.

Heatwave
Period

Average
Deaths

2012–2016
Total Deaths

95%
Confidence

Limits

Total
Excess Deaths

95%
Confidence

Limits

PHE Heatwave
Mortality

Monitoring
Excess Deaths

17–23 June 8216 9237 8730 to 9928 1113 514 to 1712 598

5–7 July 3528 3904 3724 to 4084 376 196 to 556 180

Total 11,744 13,141 1489 778

Table 4. Total excess deaths during the summer period (1 June to 15 September) for 2017, 2018 and
2019 based on daily death occurrences. The negative excess death total indicates that the deaths for
that year were lower than the average number of deaths for the previous 5-year period.

Year Total Deaths Expected Deaths Excess Deaths

2019 122,257 128,087 0 (−5830)

2018 126,627 126,115 0 (−1506)

2017 129,998 126,059 3939
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Figure 3. Daily excess deaths during the summer period (1 June to 15 September) for (a) 2017, (b) 2018
and (c) 2019 based on daily death occurrences. The negative excess deaths refer to days when death
was lower than expected relative to the average of the previous 5-year period.
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Figure 4. Maximum temperatures during the summer period (1 June to 15 September) for 2017, 2018 and 2019.

4. Discussion

A retrospective analysis of the 2019 summer period was carried out to quantify excess
mortality during the three heatwaves. The same method was also used to quantify excess
mortality during the heatwaves in 2017 and 2018. The cumulative excess deaths for the
three heatwave periods in 2019 were low (161) and were not statistically significant. The
longer heatwave periods in 2018 and the more intense heatwaves in 2017 had significantly
more excess deaths (1700 and 1489, respectively). All findings were significantly at variance
to the excess deaths recorded in the PHE Heatwave mortality monitoring reports, which
only include persons over 65 years old and should therefore be an underestimate of the
figure for the whole population [23]. The reasons for these findings are not clear. However,
several explanations are offered.

Both this study and the PHE reports used a simple generalized additive model. The
main difference between the studies is that our study used death occurrences rather than
death registrations, which contain unexplained disparities (Figure 5). The impact of this
is significant as the total death registrations for the entire study period (146,564) is over
10,000 more than total death occurrences (136,144) (Table 5). This overestimation of death
registrations corresponds with the overestimation of excess mortality in the 2019 PHE
Heatwave Mortality Monitoring report, which may explain the difference in the findings.

Further investigation is advised to confirm whether the disparity displayed is accurate
as the pattern suggests that any data analysis based on provisional death registrations
would be unreliable. It is acknowledged that the excess deaths in the PHE reports are
estimates, however, they are not updated at any later stage [23]. In contrast, this study
used data which were updated regularly and provided the most reliable evidence to test
for a heat-mortality relationship.
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Figure 5. Daily death occurrences (red line) compared to death registrations (blue line) for the period 1 June to 15
September 2019.

Table 5. Death registrations compared to death occurrences for the summer 2019 period.

Week Number Week Ended Death Registrations Death Occurrences

22 1 June 2019 7722 8121
23 7 June 2019 9489 8018
24 14 June 2019 8826 8003
25 21 June 2019 8895 8002
26 28 June 2019 8918 7874
27 5 July 2019 8499 8036
28 12 July 2019 8557 8024
29 19 July 2019 8509 7960
30 26 July 2019 8537 8647
31 2 August 2019 8666 7617
32 9 August 2019 8555 8036
33 16 August 2019 8467 7667
34 23 August 2019 8421 7848
35 30 August 2019 7655 8239
36 6 September 2019 9087 7856
37 13 September 2019 8924 8163
38 20 September 2019 8837 8033

Data before 2020 will be of inestimable value when considering the heat-mortality
relationship in the future as data post-2020 will be contaminated by excess deaths from
COVID-19 for at least 2 to 3 years. Indeed, the impact of COVID-19 on excess death figures
may last longer as ‘long COVID’ may increase excess deaths during heatwaves beyond
2020. The recently released 2020 PHE Heatwave mortality monitoring report [23] stated
that “Cumulative excess all-cause mortality related to heatwaves in summer 2020 was the
highest observed since the introduction of the Heatwave Plan for England” [23]. It is not the
remit of this study to analyse the 2020 heatwaves, however, this statement is problematic
for several reasons. First, to rely on death certificates to identify deaths attributed to
COVID-19 would be unreliable due to widespread lack of testing of COVID-19 in large
parts of the population during the 2020 summer period. Second, the 2020 report changed
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the methodology used to calculate heat-related excess deaths by comparing deaths on
heatwave days to deaths on non-heatwave days before and after the heatwaves days to take
account of COVID-19 [23]. However, this does not take into account the fact that deaths
increase as temperature increases prior to actual heatwave days, and people vulnerable to
COVID-19 are also vulnerable to heat-related mortality. This makes it problematic to use
the pre-heatwave period as a baseline, and we suggest that it is not possible to separate the
contribution of COVID-19 and heat to a particular death as the conditions would interact to
some degree. Indeed, an estimate of heat-mortality during the 2020 summer period would
be unreliable regardless of the methodology used. Whereas the 2020 PHE report recognises
this, it still suggests that the 2556 excess deaths (95% CI 2139 to 2926) over and above the
COVID-19 deaths were heat-related.

In light of these observations, an evaluation of the operation of the PHE Heatwave
mortality monitoring reports would be valuable to determine their reliability. This would
provide stronger evidence as to whether there has been a substantial change in the general
summer relationship between temperature and mortality since the introduction of the
Heatwave Plan for England in 2004, as suggested in its recent evaluation [52]. This
is made more pertinent by the fact that the last study on excess mortality in England,
which analysed mortality during the 2013 heatwaves, also recorded a lower-than-expected
mortality rate [28].

One explanation for the lower-than-expected excess deaths during the 2019 heatwaves
is that the heatwaves were relatively short-lived and most periods of high temperatures
throughout the summer were relatively short (Figure 4). In fact, the entire 2019 summer pe-
riod was relatively showery, unsettled and cold as low pressure often dominated [17]. As a
result of these conditions, there was only a modest July temperature anomaly of +1.2 ◦C [17].
Further studies could consider whether unsettled, changeable weather (regardless of the
temperature) affects the heat-mortality relationship.

In response to the study’s objectives, the findings demonstrate that the impact of
heatwaves on mortality in 2019 was low (both relative to the 5-year average and relative to
the excess mortality during the 2018 and 2017 heatwaves). Furthermore, the excess death
findings in this study were substantially different from the majority of findings in the 2017,
2018 and 2019 PHE Heatwave mortality monitoring reports. Issues have been identified
in the use of death registrations for mortality monitoring and the potential for increased
reliability through the use of daily death occurrences.

On a broader scale, the significance of heat-related mortality studies in relation to
future projections is often constrained as they are often based on the assumption that
the exposure–response relationship between temperature and mortality will remain the
same [42]. Studies that have examined the exposure-response relationship have considered
this unlikely [62]. In particular, studies in France and New York have reported improved
resilience of the population to heat-related events [63,64]. Thus, simple extrapolation of
data to identify relationships with higher temperatures without considering adaptation
could be unreliable [65]. This has also been demonstrated by longer retrospective studies,
which have observed that there has been a decrease in the vulnerability of populations
to heat across a number of decades [66]. This decrease exceeds anything expected from a
physiological acclimatisation to a changing climate [67], which suggests that non-climate
factors, such as public health strategies to mitigate heat-related mortality, may be a factor.

There are limitations to this study which could be addressed in future studies. For
instance, there is evidence that most heat-related deaths take place outside the heatwave
alert periods [52], particularly in the case of deaths from respiratory and cardiovascular
failure as these deaths often take place in the days after a heatwave and are difficult to
attribute to heat [9]. These difficulties may lead to an underreporting of heat-related
mortality. Likewise, there is a short-term mortality displacement effect, which accelerates
death by a short period of time, which may lead to an overreporting of heat-related
mortality [68]. This raises the question as to whether the thresholds for the heatwave
alerts should be decreased to increase the timespan of the examined heatwave period. This
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corresponds with studies that have suggested that lower or higher temperatures leading
up to a heatwave have a significant impact on excess mortality [69]. Alternatively, an
evaluation of heat-related mortality over the entire summer period would bring a more
contextual understanding of the relationship between heat and mortality and may lead to
a more nuanced understanding of the implications of higher temperatures in the future.
Another difficulty of analysing a specific heatwave period is that there is no universal
definition for a heatwave, which makes reliable comparisons between heatwave mortality
studies problematic [69].

There are statistical factors which could have affected our findings such as the baseline
used, the relative population size and the size of vulnerable groups present in the popu-
lation, such as those with sociodemographic markers or pre-existing conditions [70,71].
Gross domestic product, income inequalities and time-varying confounders, such as days
of the week and public holidays, may also have impacted our findings [72–74].

Higher temperatures are not the only meteorologic factor increasing mortality dur-
ing heatwaves as heatwaves are known to increase air pollutant levels, such as ozone,
fine particulate matter and nitrogen dioxides, which present a major threat to human
health [28]. These pollutants are the result of chemical reactions and various meteorological
effects [63,75,76]. Studies have indicated that a proportion of excess mortality during
heatwaves is associated with the increased concentrations of air pollution rather than a
direct result of high temperatures [49,77]. Thus, heat-related mortality is greater during
high ozone or high particulate matter days, which could potentially lead to overestimations
of the number of excess deaths caused directly by higher temperature [77]. Further studies
investigating the combined and independent impact of temperature and air pollution on
mortality using death occurrences would be beneficial.

There are also other heat-stress metrics, such as humidity, which impact mortality.
Sweating is the main physiological coping method for heat stress as sweating helps to
reduce body temperature by evaporative cooling. Therefore, humidity inhibits sweating.
As a result, days with higher humidity have been observed to have higher heat-related mor-
tality [38]. Future studies investigating the relative impact of humidity on heat-attributable
mortality in England during heatwaves would be advised to use daily death occurrences
rather than death registrations.

The Urban Heat Island (UHI) phenomenon was also excluded from consideration.
This effect causes urban areas to experience higher temperatures than suburban and rural
surroundings due to anthropogenic heating, a lack of moisture and urban morphology and
materials [78]. These higher temperatures (relative to nearby rural temperatures) mean
that urban residents are exposed to higher temperatures [78] and may be more vulnerable
to heat stress. However, the impact of the UHI is difficult to assess as the ONS death
occurrence data is not region-specific.

Another important variable is indoor thermal conditions as people in developed
countries spend most of their time indoors. These conditions are not solely dependent on
external temperature thresholds as they also relate to building characteristics, which sug-
gests that local, dwelling-based thresholds need to be developed as a matter of priority [79].
Studies have shown healthy people indoors are at higher risk of adverse conditions of ex-
treme heat compared to people outdoors [80,81]. The impact of indoor thermal conditions
is likewise outside this study but a further study on the impact of heatwaves on indoor
conditions would be highly beneficial.

At a statistical level, the timely recording of the date of death is essential to attribute a
death to raised temperatures. However, the practice of General Practitioners who certify
deaths can play a role in undermining this reliability. For instance, GPs frequently do not
accurately record the date of death, especially if it takes place over a weekend [72]. One
retrospective study of over 100,000 deaths between 2011–2015 suggested there is a lack
of concordance between national mortality records and date of deaths in primary care in
23.2% cases [72]. Clearly, these practices would adversely affect the reliability of a database.
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5. Conclusions

As climate change continues, accurate and reliable data on cumulative excess deaths
during heatwaves are essential to draw up effective adaptation policies. The finding that
deaths are significantly lower during relatively showery and unsettled summers may be
useful in future evaluations of the Heatwave Plan for England and for other countries that
have adopted heatwave plans [82,83]. This is the second heat mortality study that has
recorded excess deaths which were lower than expected [28]. However, this is the first study
to use the newly available death occurrence data. There is important space for data sources
to be critically reviewed and continuously updated, particularly as heatwaves are expected
to increase. This analysis did not unpack the causality, adaptation measures or their costs.
However, we argue the need to do so. This will allow for a more targeted and measured
sets of actions, particularly for our most vulnerable citizens. Such analysis will need to
include a more detailed demographic cross section and the causal attributes associated
with heatwaves. In so doing. low-cost high impact policies, such as the introduction of air
conditioning in care homes, might be justifiably—and easily—actioned. However, without
such information, appropriately nuanced cost-benefit analysis is simply not available.

We need to move on from our state of global inaction toward a transformation in public
health policies based on accurate and reliable data to reduce heat-related mortality [84].
This study therefore calls for further research into reasons for lower excess mortality during
heatwaves, which will help to refine adaption policies and better predict the public health
impact of increasing global mean temperatures as a result of climate change.
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