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Section 1 List of abbreviations

Abbreviation Full phrase

CKD chronic kidney disease

CRA comparative risk assessment

COPD chronic obstructive pulmonary disease

CSMR cause-specific mortality rate

DALY disability-adjusted life-year

ECMWF European Centre for Medium-Range Weather Forecasts
ERAS ECMWEF Reanalysis v5

GATHER Guidelines for Accurate and Transparent Health Estimates Reporting
GBD Global Burden of Diseases, Injuries, and Risk Factors Study
GHDx Global Health Data Exchange website

HDL high density lipoprotein

HS haemorrhage stroke

ICD International Classification of Diseases

IHD ischaemic heart disease

IS ischaemic stroke

LRI lower respiratory infections

MR-BRT meta-regression—Bayesian, regularised, trimmed

PAF population attributable fraction

ROS risk-outcome score

RR relative risk

SEV summary exposure value

TMREL theoretical minimum risk exposure level

Ul uncertainty interval

YLDs years lived with disability

YLLs years of life lost

Section 2 Guidelines for Accurate and Transparent Health Estimates Reporting

(GATHER) compliance

This study complies with GATHER recommendations.! We have documented the steps in our analytical procedures
and detailed the data sources used. See table S1 for the GATHER checklist. The GATHER recommendations can be
found on the GATHER website.




Table S1: GATHER checklist

Item #

Checklist item

Location

Objectives and funding

Define the indicator(s), populations (including age, sex, and geographic entities), and time

! period(s) for which estimates were made. Main text: Introduction
2 List the funding sources for the work. Main text: Acknowledgments
Data Inputs

For all data inputs from multiple sources that are synthesised as part of the study:

Main text: Methodology

3 Describe how the data were identified and how the data were accessed. . .
Appendix: Section 3

4 Specity the inclusion and exclusion criteria. Identify all ad-hoc exclusions. Main text: Methodology
Provide information on all included data sources and their main characteristics. For each data

5 source used, report reference information or contact name/institution, population represented, Main text: Methodology
data collection method, year(s) of data collection, sex and age range, diagnostic criteria or Appendix: Section 3
measurement method, and sample size, as relevant.

6 Identify and describe any categories of input data that have potentially important biases (e.g., Main text: Methodology
based on characteristics listed in item 5). Appendix: Section 3

For data inputs that contribute to the analysis but were not synthesised as part of the study:

7 Describe and give sources for any other data inputs. N/A

For all data inputs:

Provide all data inputs in a file format from which data can be efficiently extracted (e.g., a
spreadsheet rather than a PDF), including all relevant meta-data listed in item 5. For any data
inputs that cannot be shared because of ethical or legal reasons, such as third-party ownership,
provide a contact name or the name of the institution that retains the right to the data.

Data and citations available
through:
http://ghdx.healthdata.org/gbd
-2019/data-input-sources

Data analysis

Main text: Methodology

9 Provide a conceptual overview of the data analysis method. A diagram may be helpful. Appendix: Section 3
Provide a detailed description of all steps of the analysis, including mathematical formulae. .
. o . . . Main text: Methodology
10 This description should cover, as relevant, data cleaning, data pre-processing, data adjustments Appendix: Section 3
and weighting of data sources, and mathematical or statistical model(s). PP )
11 Describe how candidate models were evaluated and how the final model(s) were selected. Appendix: Section 3
12 Provide the results of an evaluation of model performance, if done, as well as the results of any N/A
relevant sensitivity analysis.
13 Describe methods for calculating uncertainty of the estimates. State which sources of Main text: Methodology
uncertainty were, and were not, accounted for in the uncertainty analysis. Appendix: Section 3
Auvailable online through:
14 State how analytic or statistical source code used to generate estimates can be accessed. hitps.[github.com/thmeww/envi

ronmental_risk_factors/tree/te
mperature lancet 2021

Results and Discussion

Auvailable online through:
https.//github.com/ihmeuw/envi

15 Provide published estimates in a file format from which data can be efficiently extracted. )
ronmental_risk_factors/tree/te
mperature lancet 2021

16 Report a quantitative measure of the uncertainty of the estimates (e.g. uncertainty intervals). All estimates are reported with

95% uncertainty intervals.




17

Interpret results in light of existing evidence. If updating a previous set of estimates, describe
the reasons for changes in estimates.

Main text: Discussion

18

Discuss limitations of the estimates. Include a discussion of any modelling assumptions or data
limitations that affect interpretation of the estimates.

Main text: Discussion

Section 3 Methods and data

Section 3.1 Exposure data
For each pixel, we calculated two temperature metrics: First, we calculated daily mean temperature as the mean of
all 24-hour temperature estimates for that pixel and day, rounded to the nearest 1°C. Uncertainty estimates for
hourly data was provided for every 3-hours and for a 0.5° x 0.5° resolution. We calculated daily averages for
uncertainty and mapped these to the higher resolution temperature values. Second, we calculated the temperature
zone as the mean temperature in the pixel across all days between 1980 and 2016 and categorised daily mean
temperature by truncating all values below the first and above the 99th percentiles, and rounded all values to the
nearest 1°C.




Figure S1: Global distribution of mean annual temperature categories (ie, climate zones) used for analysis

(panel a) and density distribution of daily temperatures in each mean climate zone (panel b).

(a)

Density

(b)

-150

-100

Daily mean temperature (‘C)

Temperature Zone (“C)

L]
7
8
9
10
1"
12
19
"
5

16
7

12
19
2
21
2
2
2
25
2
27
2

25

- 20



Figure S2: Time series of daily population-weighted temperatures in Brazil, Chile, China, Colombia
Guatemala, Mexico, New Zealand, and the United States of America
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Section 3.2

Table S2: Overview over mortality data collected from vital registration systems

Mortality data

Country Years Admin units Deaths

Brazil 1999 - 2016 Municipality (n=5,570) 19.9 million
Chile 1990 — 1996 Regions (n = 15) 0.82 million

2009 — 2011

China 2015 -2016 County (n=2,556) 12.2 million
Colombia 2001 —2005 Municipality (n=1,125) 0.95 million
Guatemala 2009 - 2016 Municipality (n=333) 0.49 million
Mexico 1996 — 2015 Municipality (n=2,438) 9.88 million
New Zealand 1988 —2014 District Health Board (n=20) 0.76 million
South Africa 1997 -2016 Province (n=1) 1.80 million
United States 1980 - 1988 County (n=3,140) 18.1 million
Total 1980 - 2016 n=15,197 64.9 million

11



Table S3: Total death counts for analysed causes of death by country

The absence of counts for a given cause and location does not imply that no such deaths occurred, but that nuances of a given dataset precluded mapping deaths to a given
cause. Most often this occurred where a given dataset did not include the external cause for deaths from injury causes (ie, injury codes may be for either the nature of the
injury (eg, crushing injury of skull) or its external cause (eg, road injury)).

New South
Cause Brazil Chile China Colombia Guatemala Mexico Zealand United States Africa Total
Lower respiratory infections 1,119,646 3,593 236,466 34,658 55,837 210,884 12,166 36,220 180,716 1,890,186
Ischaemic heart disease 2,734,466 76,930 2,308,685 144,614 51,504 1,236,766 171,843 2,268,912 124,524 9,118,244
Stroke 1,938,334 29,783 2,594,745 72,568 25,543 418,639 48,613 306,484 88,555 5,523,262
Hypertensive heart disease 342,487 11,621 416,538 22,015 4,443 112,218 4,295 91,814 29,127 1,034,558
Cardiomyopathy and myocarditis 260,790 583 30,525 5,217 942 11,884 3,886 387,538 17,579 718,944
Chronic obstructive pulmonary disease 999,884 19,866 1,102,349 50,434 8,475 397,773 41,772 263,460 62,624 2,946,637
Diabetes mellitus 740,414 3,611 217,465 34,938 31,349 639,670 11,865 151,700 73,201 1,904,214
Chronic kidney disease 431,817 12,705 222,572 22,320 29,832 654,484 12,738 62,082 38,356 1,486,906
Road injuries 762,256 - 359,088 42,600 6,860 234,203 6,181 - 58,002 1,469,190
Other transport injuries 31,118 - 10,100 2,416 982 11,099 1,659 143 7,676 65,193
Drowning 126,657 - 64,132 6,569 2,334 44,458 1,615 - 10,798 256,563
Exposure to mechanical forces 41,735 - 41,975 3,477 6,006 21,192 1,155 4,504 28,842 149,577
Animal contact 9,054 - 2,879 907 183 5,888 82 - 1,672 20,664
Exposure to forces of nature 4,558 - 843 875 177 2,975 234 870 355 10,887
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Other unintentional injuries

Self-harm

Interpersonal violence

52,888

212,637

1,043,798

21,893

129,935

13,016

2,087

14,048

135,252

1,054

4,638

33,768

12,155

91,449

267,555

288

13,893

1,644

147

4,158

22,051

3,348

49,665

44,788

93,859

520,422

1,561,872
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Section 3.3 Part 1: Modelling the relationship between daily temperature and cause-specific mortality and estimating the
attributable burden of disease

Section 3.3.1 Data

We used temperature estimates from the ERAS, a gridded reanalysis dataset produced by the European Centre for Medium Range
Weather Forecasts (ECMWF) with 0-25° x 0-25° spatial and sub-daily temporal resolutions.? The ERAS is a latest-generation
reanalysis dataset and, to our knowledge, it offers the highest temporal and spatial resolution among reanalysis datasets that offer both
global coverage and a sufficiently long time series, currently from 1979 to present. The ERAS dataset also provides uncertainty for
estimates on a 0-5° x 0-5° spatial and three-hourly resolution, reflecting lower confidence in areas with fewer measurement stations,
such as Africa or South Asia. Using temperature estimates for the period from 1 January 1980 through 31 December 2019, for each
pixel we calculated the daily mean temperature, for each day, and the mean temperature across all days, hereafter referred to as the
temperature zone.

We derived gridded population data from the WorldPop project.® This data source provides multi-temporal, globally consistent, high-
resolution (1 km) human population data for the years 2000, 2005, 2010, 2015, and 2020. To produce annual population estimates, we
interpolated between the five-year bins and extrapolated by using the 2000-2005 growth rate for back-casting until 1990.

Our analysis utilised daily cause-specific mortality data from nine countries: Brazil, Chile, China, Colombia, Guatemala, Mexico,
New Zealand, South Africa, and the USA. These are all the countries where individual deaths with information on ICD code,
administrative unit, and day were available based on publicly available datasets or through GBD collaborators. These data represent a
range of socio-demographic conditions and span the distribution of global temperatures, with only 5% of the global population
residing in zones outside of the temperature range (mean temperature zones from 6° to 28°C) represented in these data. The data were
collected at the administrative level of municipalities or counties. We mapped ICD codes to GBD causes; where deaths were coded to
“garbage codes,” we applied individual-level garbage-code redistribution based on GBD 2019 cause of death redistribution methods.*
When evaluating cause-specific mortality as in our analysis, and especially when including data from multiple countries, it is
important to harmonise the data to account and adjust for between-location variation in coding practices. The general methodology for
the GBD cause redistribution is discussed in detail elsewhere.® Table S2 (section 3.2) gives a detailed description of the mortality data.
Additionally, we provide further meta-information regarding vital registration data in table S7 (section 5).

For each death, we ascertained the temperature zone of location of the death, and the daily mean temperature for the day and location
in which the death occurred. To avoid fitting to overly influential and noisy datapoints at extreme temperatures with few data, and to
avoid extrapolations beyond the range of temperatures that correspond to the locations in our mortality data, we truncated temperature
zones to the 1% and 99" percentiles of those in our mortality dataset; and we truncated daily mean temperatures to the 1% and 99t
percentiles of daily temperatures within each temperature zone. We then calculated cause-specific mortality rates (CSMR) for each
GBD Level 3 cause of death, ¢, and for each combination of administrative Level 2 location (eg, county or municipality), />, and daily
mean temperature, #:

dclzt

CSMR,, , = —<2t
2 pop,, - daysy,;

where d is the number of deaths, pop is the population, and days are the number of days of observation. We calculated the reference
mortality rate for each cause and administrative Level 2 location as the mean CSMR for that cause in that location across all daily
mean temperatures.

2?21 dclzt

CSMR,, =
2 ™ pop,, - days,,

Finally, we calculated relative risks (RR) by cause and administrative Level 2 location as the corresponding CSMR at a given daily
mean temperature divided by the reference CSMR for that cause and location:

CSMR,,.,
RReiye = CSMRC y

cly

In converting CSMRs to RRs within each administrative Level 2 location, we were able to look at the association between temperature
and mortality within a given location, rather than between locations, thereby removing any location effects that could have
confounded our estimates. Since many administrative Level 2 locations have small populations, we commonly observed few or no
deaths for a given cause, daily mean temperature, and location. To minimise problems with small numbers, including the inability to
log-transform zero rates, we aggregated administrative Level 2 RRs by calculating the population-weighted mean RR for each
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combination of administrative Level 1 location (eg, state, province), /;, and temperature zone, z, and treated these aggregate RRs as
our unit of analysis:

n
_ _popy, - daysy,
RR.y 7t = Z RR,; 2 2 /pOlez . daysllzt
I,=1

Section 3.3.2 Relative risk modelling

To estimate outcomes based on daily mean temperature and temperature zone, we used a robust meta-regression framework,
implemented through the MR-BRT tool (meta-regression—Bayesian, regularised, trimmed).5® The tool allows three features that are
essential to the analysis: First, a meta-analytic framework that can handle heterogeneous data sources. Modelling along different
temperature zones and integrating data from all locations into one model allowed us to stabilise our estimates across zones. Second, a
robust approach to outlier detection and removal using trimming methodology which is standard in a vast array of inference and
machine learning problems.®*! and third, specification of the functional dependence of outcome versus daily mean temperature and
temperature zone as a two-dimensional surface through a spline interface.® The functional relationship between any outcome y and
input variables (¢/, t2) models y as a linear combination of 2D spline basis elements. Each spline basis element is a product of
individual basis elements for 1D splines for ¢/ and ¢2. Therefore, the inference problem looks for a combination of simple curvilinear
2D elements that fit the data while preserving smoothness across element boundaries. The MR-BRT tool also allows prior information
to influence the shape of the spline, particularly in areas with sparse data and prior knowledge about the exposure—response
relationship. For exposure-response relationships that depicted a J- or U-shape, we fixed the curve to monotonically decrease or
increase beyond the threshold temperature. For exposure—response relationships that displayed a one-directional relationship (ie, all
external causes) we imposed monotonicity over the entire exposure range. In the direction of temperature zone, we used a cubic spline
with two knots; and in the direction of daily mean temperature, we used a cubic spline with three knots for outcomes with J- or U-
shape and a linear spline with two knots for monotonically increasing outcomes. To evaluate and select final models, we ran iterative
models in MR-BRT with different numbers of knots and shape constraints. We evaluated models based on visual inspection of curves,
choosing those that best balanced flexibility and stability. Figure 1 in the main text displays raw RR and modelled splines.

Section 3.3.3 Cause selection

Starting with a list of all Level 3 causes in the GBD cause hierarchy (N=176), we first reduced the set of potential causes by excluding
those causes for which no deaths were recorded in our mortality dataset (N=44). We also excluded causes for which vital registration
data are not used to model mortality due to known inconsistencies in classification practices across countries, including dementia and
protein-energy malnutrition (N=2).12 We estimated RR surfaces and uncertainties for all remaining (N=130) Level 3 causes in the
GBD cause hierarchy. For each cause, we calculated a risk-outcome score using methods developed for evaluating risk-outcome pairs
in the GBD study. Briefly, for each cause and each temperature zone we normalised the risk curve so that the RR was equal to 1-0 at
the temperature associated with the lowest risk, and log-transformed the resulting normalised curves. We then estimated the area
between the lower bound of the 95% UI and the null (ie, log-RR of 0-0). Regions of the risk curve for which the 95% UI includes the
null will produce negative scores, and regions that exclude the null will produce positive scores; a score of zero indicates that the
lower bound is equal to the null. With that, we included all causes for which the mean risk-outcome score exceeded zero. A table with
average risk-outcome scores for individual causes is provided in table S4 (section 3.4).

Section 3.3.4 Applying risk curves to estimates of the burden of disease

Section 3.3.4.1  Comparative risk assessment framework

We estimated burden attributable to daily non-optimal temperature using the comparative risk assessment metric (CRA) framework
developed by Murray and Lopez.!® This approach uses four inputs: 1) the exposure levels for the risk factor, 2) the relative risk of the
outcome as a function of exposure, 3) the counterfactual level of risk factor exposure, or theoretical minimum-risk exposure level
(TMREL), and 4) the estimate of the burden being assessed for the cause (ie, number of deaths, years of life lost [YLLs], years lived
with disability [YLDs], or disability-adjusted life-years [DALYSs]).1

Section 3.3.4.2 TMREL estimation

To estimate risk-attributable burden, we established a counterfactual level of exposure that was associated with the lowest overall
burden across all causes that were included. Specifically, the TMREL was the location-specific daily temperature associated with the
lowest mortality rates for all included causes combined. As comprehensive cause of death estimates do not exist at a finer spatial
resolution than GBD locations, we assumed that the cause composition of deaths was consistent across all pixels within a given GBD
national or subnational location.
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For a given temperature zone, z, daily temperature, ¢, GBD location, /, and year, y, we calculated the all-cause relative risk as the
death-weighted mean of the cause-specific risk curves for all causes, c, that were included as outcomes of temperature exposure:

'_,deaths * RR
RR c=1 cztly cztly
ztly —

deaths,,
Then, for each temperature zone, location, and year, we calculated the TMREL as the value of daily temperature with the lowest RR:

TMREL,;,, = arg min(RR,,;,)
t

This approach results in location-specific TMRELSs that vary as a function of each location’s mean temperature and cause
composition, and it represents the first use of spatially varying TMRELSs in the GBD study.

Section 3.3.4.3  PAF calculation and burden of disease estimations

We calculated the PAF, ie, the proportion of cause-specific deaths attributable to high or low temperatures, for each pixel and day,
based on the RR associated with a given daily mean temperature within a given temperature zone. We calculated PAFs for high and
low temperatures above and below the TMREL. The non-optimal temperature PAF is an aggregate of the high and low temperature
PAFs.

RR.,; — 1

PAF ;14 = TRR
czt

Where c is the cause, z is the temperature zone, and ¢ is the daily mean temperature for a given pixel and day d. We then calculated
population-weighted averages for each day in location | and derived annual PAFs for each year y as the sum of daily PAFs.

n

pop,

PAF,, = ply /popy, * PAFeua
P=1

365/366
PAFCly = Z PAFCld
d=1

We used estimates of cause-specific burden from GBD 20194 and estimated the temperature-attributable burden for each cause as the
product of the total burden for that cause and the corresponding PAF for each GBD location, year, age group, and sex.

We propagated uncertainty from all components of the modelling chain using posterior simulation: for each quantity of interest, we
pulled 1000 random draws from the posterior distribution of the estimate and performed all calculations at the draw level. For
example, in estimating PAFs, we took 1000 draws from the posterior distribution of our estimates of RRs and 1000 draws from the
distribution of temperature estimates, and for each of those 1000 draws calculated the resulting PAF to produce 1000 draws for our
estimate of the PAF.

Section 3.3.4.4  Summary exposure values

The SEVs are measures of risk-weighted prevalence of exposure and range from 0% to 100%.%*> A SEV of 0% reflects no risk
exposure, while 100% indicates that the entire population is exposed to the maximum possible level for that risk. For each cause and
temperature zone, we estimated RRnax as the 99™ percentile of RRs experienced for that cause and in that zone, across all years and
locations, weighted by person-days of exposure. We then calculated the SEV for each cause, c, temperature zone, z, GBD location, /,
and year, y:

tmax, pop
Y L op sty * (RRee = 1)

tztminzly

SEVeyy = 2R

maxcz

where ¢ is daily mean temperature, and tminzlyand timaxy,, are the minimum and maximum observed daily mean temperatures in

location /, zone z, and year y. We then calculated the SEV for a given GBD location and year as the population-weighted average of
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the zone-specific SEVs, and the all-cause SEVs as the simple means of all cause-specific SEVs; Uls were estimated based on 1000
draws of temperature, TMREL, and RR.

Section 3.4 Part 2: Global estimations of the temperature-attributable burden of disease

For generating global estimations, we applied the derived cause-specific exposure—response curves to a grid of global daily
temperature exposure data from the ERAS dataset. We calculated the PAF for each temperature pixel and population-weighted pixels
before aggregating to the country level. The exposure—response curves were truncated at the outer ends of the temperature distribution
observed in locations included in the mortality dataset. This means that the RR were kept constant for maximum and minimum mean
annual and daily temperature. For instance, for areas with a mean annual temperature below 6°C or above 28°C, the exposure—
response curves for 6°C and 28°C were applied. Similarly, if daily mean daily temperatures in the extrapolation areas were below or
above the daily mean temperatures within the locations with mortality, the RR at the maximum range of the curve was applied. The
calculation of PAFs, TMRELSs, and the attributable burden of disease was carried out analogously to the estimations for within-sample
locations as described above.

RRs were calculated in R and Python, PAFs and TMRELSs were calculated in R and burden of disease was calculated in Python.

Table S4: Average risk-outcome scores across climate zones for individual causes. Causes with an average score above 0 were
included into GBD.

Rank Cause (level 3 %) Parent cause (level 2 %) Cause label (level 3%)  Score average
1 Drowning Unintentional injuries inj_drowning 0.361087
2 Other unintentional injuries Unintentional injuries inj_othunintent 0.269039
3 Lower respiratory infections Respiratory infections and Iri 0.118761
tuberculosis
4 Chronic obstructive pulmonary disease ~ Chronic respiratory diseases  resp_copd 0.105613
5 Animal-related injuries Unintentional injuries inj_animal 0.09697
6 Ischaemic heart disease Cardiovascular diseases cvd_ihd 0.08433
7 Stroke Cardiovascular diseases cvd_stroke 0.071678
8 Suicide Self—harm and interpersonal  inj_suicide 0.070617
violence
9 Disaster-related injuries Unintentional injuries inj_disaster 0.068935
10 Homicide Self—harm and interpersonal  inj_homicide 0.068804
violence
11 Mechanical injuries Unintentional injuries inj_mech 0.066174
12 Other transport-related injuries Transport injuries inj_trans_other 0.052465
13 Hypertensive heart disease Cardiovascular diseases cvd_htn 0.05067
14 Transport-related injuries Transport injuries inj_trans_road 0.048922
15 Diabetes Diabetes and kidney diabetes 0.044704
diseases
16 Cardiomyopathy and myocarditis Cardiovascular diseases cvd_cmp 0.044378
17 Chronic kidney disease Diabetes and kidney ckd 0.032174
diseases

* Within the GBD hierarchy, causes are grouped into four levels: Level 1 includes non-communicable diseases; injuries; and a summary category of infectious diseases,
maternal and neonatal disorders, and nutritional deficiencies. Level 2, reflects a list of 22 disease and injury, such as respiratory infections and tuberculosis,
cardiovascular diseases, and transport injuries. Level 3 includes specific causes such as tuberculosis, stroke, and road injuries. In some cases, these Level 3 causes are
the most detailed classification, whereas for others a more detailed category is specified at Level 4. Examples of Level 4 causes include latent tuberculosis infection,
ischaemic stroke, and pedestrian road injuries.
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Figure S3: Joint exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from 17 selected causes

The 17 selected causes include lower respiratory infections, ischaemic heart disease, stroke, hypertensive heart disease,
cardiomyopathy and myocarditis, chronic obstructive pulmonary disease, diabetes, chronic kidney disease, road injuries, other
transport injuries, drowning, exposure to mechanical forces, animal contact, exposure to forces of nature, other unintentional injuries,
self-harm (suicide), and interpersonal violence (homicide). The RR is referenced to the theoretical minimum exposure risk level
(TMREL) which represents the minimum mortality temperature for death-weighted multi-cause curves in each mean annual
temperature category. The black solid line depicts the location of the TMREL in each mean annual temperature category with dashed
lines depicting 95% UI of the TMREL
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Section 3.4.1 Theoretical minimum risk exposure level

Generally, we found higher TMRELSs in warmer locations (figure S4). The highest TMRELs were found in low-latitude areas, such as
north Africa, south Asia, and Australia, and the lowest TMRELs were found in high-latitude areas of the northern hemisphere, such as
Russia, Scandinavia, and Canada. We observed several clusters of relatively low TMRELSs surrounded by higher TMRELS, especially
in sub-Saharan Africa, Asia, and South America. Comparing TMRELSs in 1990 and 2019, we also see a global increase, reflecting
changes in cause of death composition.

Figure S4: Global distribution of theoretical minimum risk exposure level (TMREL) in 1990 and 2019
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Figure S5: GBD super-regions
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Figure S6: Isopleth diagrams depicting the risk surface of the log RR of mortality of selected causes along daily and annual
mean temperature.
Green and blue dots illustrate data points; red dotted line illustrates trough of surface.
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Figure S7: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from lower respiratory infections.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S8: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from ischaemic heart disease (IHD).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S9: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from stroke.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S10: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for

mortality from hypertensive heart disease.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S11: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from cardiomyopathy and myocarditis.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S12: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from chronic obstructive pulmonary disease.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.

Chronic obstructive pulmonary disease
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Figure S13: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from diabetes mellitus.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S14: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from chronic kidney disease.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S15: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from road injuries.
The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the

TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S16: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from other transport-related injuries.
The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the

TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S17: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from drowning.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S18: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for

mortality from mechanical injuries (exposure to mechanical forces).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S19: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from animal-related injuries (animal contact).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature

for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S20: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from disaster-related injuries (exposure to forces of nature).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature

for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S21: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from other unintentional injuries.

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S22: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from suicide (self-harm).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S23: Exposure-response curves displaying the relationship between daily mean temperature and the log RR for
mortality from homicide (interpersonal violence).

The RR is referenced to the theoretical minimum risk exposure level (TMREL), which represents the minimum mortality temperature
for death-weighted multi-cause curves in each mean annual temperature category. The black solid line depicts the location of the
TMREL in each mean annual temperature category, with dashed lines depicting 95% UI of the TMREL.
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Figure S24: Intra-country differences in the composition of deaths and DALY attributable to high and low temperatures Sao
Paulo (Brazil), Piaui (Brazil), Michigan (USA), and Arizona (USA), Mexico City (MEX), and Campeche (MEX) in 2019.
Note that the x-axis scales vary by location.
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Figure S24 displays the cause composition of heat and cold effects for selected subnational locations in the USA, Brazil, and Mexico.
Michigan, a northern USA state, displays strong cold effects with 40-9 deaths (33-4 —48-7) and 569-1 DALYSs (457-5 — 690-2) per
100,000. These cold effects are primarily driven by cardio-respiratory and metabolic disease. Cold exerts a protective effect on
external causes, and the cold-attributable burden of self-harm and interpersonal violence, as well as injuries in Michigan, is

negative with -2-71 deaths (-3-63—-1-93) and -118-9 DALY (-158-6—-85-3) per 100,000. Arizona, in the

southwestern USA, displays substantially higher heat-attributable burden with 11-0 deaths (5-:36—17-9) and 196-3 DALY’ (104-5—
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307-0) per 100,000 which is mostly driven by non-external causes, but external causes contribute a small share. Sao Paulo, in

Brazil, exhibits substantial cold-related burden with 8-65 deaths (6-90— 10-7) and 141-8 DALY's (110-3-178-4) per 100,000. Contrary
to that, Piaui in the north of the country displays only a small cold-attributable burden of non-external causes that is offset by
protective cold effects on external causes; the total cold-related burden in Piaui amounts to 0-28 deaths (0-052 — 0-68) and -

4-07 DALYSs (-11-0 —1.68) per 100,000. Piaui exhibits a large heat-attributable burden of 11-9 deaths (9-07-15-2) and 385-3 DALYs
(295-7-500-3) per 100,000 driven by external as well as cardiovascular and metabolic causes. Mexico City displays an average share
of cold-attributable burden with 29-8 deaths (22-3 —39.4) and 559-8 DALY's (412-6— 746-4) per 100,000 but no heat-attributable
burden. Campeche, in the southeast of Mexico, shows a comparably small cold-attributable burden with 1-43 deaths (0-68-2-20)

and 12-3 DALYSs (-2-78-29-3) per 100,000 but a large heat-attributable burden with 9-20 deaths (6-19-12-7) and 276 8 DALY's
(192-2—-376-7) per 100,000, driven equally by external and non-external causes in 2019.
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Table S5: Burden estimates for high temperature, low temperature and non-optimal temperature exposure by super-region in

1990 and 2019 (95%UI displayed in parentheses)

1990 2019
Location Attributable Attributable PAFs Attributable Attributable PAFs

DALYs Deaths (% deaths) DALYs Deaths (% deaths)

(thousands) (thousands) (thousands) (thousands)
High temperature
Global 11,113 205 0.44 11,630 356 0.63

(8,067 - 14,356) (163 - 248) (0.35-0.53) (9,300 - 14,228) (289 -430) (0.51-0.75)
Southeast Asia, East Asia, 2,306 49 041 2,026 83 0.54
and Oceania (1,821 - 2,863) (40 - 60) (0.34-0.49) (1,657 -2,418) (68 -101) (0.44-0.64)
Central Europe, Eastern 170 5 0.11 239 10 0.21
Europe, and Central Asia (120 - 235) 3-7) (0.06-0.16) (165 -341) 6-15) (0.13-0.31)
High-income 251 11 0.14 309 18 0.18

(179 - 336) 8-16) (0.1-0.2) (237 -393) (13 -23) (0.13-0.24)
Latin America and 290 5 0.21 478 13 0.37
Caribbean (211 - 384) (4-6) (0.16-0.26) (385 -583) (11 -16) (0.31-0.45)
North Africa and Middle 1,189 23 091 1,130 36 1.16
East (919 - 1,517) (18 -28) (0.73-1.09) (862 -1,411) (28 - 45) (0.92-1.44)
South Asia 5,391 90 0.83 5,389 159 1.33

(3,247 -7,714) (61-121) (0.57-1.11) (3,989 - 6,916) (114 -208) (0.97-1.7)
Sub-Saharan Africa 1,517 22 0.32 2,058 37 0.48

(760 - 2,564) (12 -34) (0.18-0.49) (1,160 - 3,296) (24 - 52) (0.32-0.67)
Low temperature
Global 22,191 1,021 2.19 21,240 1,337 2.37

(19,689 - 25,193) (938 - 1,104) (2.01-2.35) (19,042 - 23,435) (1,187 - 1,456) (2.12-2.57)
Southeast Asia, East Asia, 8,510 360 2.99 7,565 484 3.11
and Oceania (7,161 -9,737) (315 -401) (2.67-3.26) (6,392 - 8,762) (413 -552) (2.82-3.4)
Central Europe, Eastern 3,340 180 4.18 3,162 194 4.1
Europe, and Central Asia (2,815 - 3,882) (154 - 205) (3.56-4.76) (2,608 - 3,706) (164 -223) (3.46-4.66)
High-income 4,220 296 3.85 4,178 342 344

(3,832 -4,583) (267 -321) (3.47-4.17) (3,679 -4,562) (292 -377) (2.94-3.79)
Latin America and 709 27 1.12 631 42 1.18
Caribbean (605 - 815) (24 -29) (1.02-1.23) (538 - 726) (37 -48) (1.04-1.3)
North Africa and Middle 1,986 62 2.42 1,965 99 32
East (1,701 - 2,423) (56 - 69) (2.22-2.68) (1,702 - 2,233) 87-111) (2.91-3.46)
South Asia 1,788 62 0.58 2,915 143 1.2

(739 - 3,015) (46 - 81) (0.42-0.76) (2,090 - 3,777) (114 - 176) (0.97-1.44)
Sub-Saharan Africa 1,638 34 0.5 825 32 0.42

(1,215 - 2,366) (28 -43) (0.41-0.62) (627 - 1,144) (28 -38) (0.36-0.5)
Non-optimal temperature
Global 33,297 1,224 2.62 32,753 1,686 2.98

(29,683 - 37,296) (1,132 - 1,312) (2.43-2.8) (29,567 - 36,062) (1,515 - 1,826) (2.7-3.2)
Southeast Asia, East Asia, 10,838 409 3.39 9,567 565 3.63
and Oceania (9,387 - 12,246) (360 - 451) (3.06-3.65) (8,296 - 10,882) (488 - 638) (3.32-3.92)
Central Europe, Eastern 3,510 185 4.29 3,394 204 4.3
Europe, and Central Asia (2,998 - 4,048) (159 -210) (3.68-4.85) (2,863 -3,930) (174 - 233) (3.67-4.85)
High-income 4,466 307 3.99 4,475 359 3.61

(4,081 - 4,330) (277 - 331) (3.6-4.3) (3,985 -4,833) (307 - 393) (3.1-3.95)
Latin America and 1,002 32 1.34 1,110 56 1.55
Caribbean (887 -1,142) (29 - 35) (1.24-1.44) (978 - 1,265) (50 - 62) (1.4-1.68)
North Africa and Middle 3,167 84 3.32 3,073 134 4.32
East (2,751 - 3,796) (77 - 94) (3.06-3.62) (2,637 -3,531) (118 - 150) (3.95-4.66)
South Asia 7,161 152 14 8,251 299 2.51

(4,983 -9,591) (120 - 185) (1.1-1.71) (6,553 -10,104) (243 -360) (2.07-2.94)
Sub-Saharan Africa 3,153 56 0.82 2,883 69 091

(2,297 -4,387) (46 - 70) (0.67-1.03) (1,984 - 4,060) (56 - 85) (0.75-1.07)
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Table S6: Burden estimates for high temperature, low temperature and non-optimal temperature exposure by cause in 1990

and 2019 (95%UI displayed in parentheses)

1990 2019
Cause Attributable Attributable PAFs Attributable DALY's Attributable PAFs

DALYs Deaths (% deaths) (thousands) Deaths (% deaths)

(thousands) (thousands) (thousands)
High temperature
All causes 11,113 205 0.44 11,630 356 0.63

(8,067 - 14,356) (163 -248) (0.35-0.53) (9,300 - 14,228) (289 - 430) (0.51-0.75)
Lower respiratory 5,323 71 1.5 3,183 64 2.26
infections (2,576 - 8,253) (35-108) (0.76-2.32) (1,547 - 5,004) (32-98) (1.15-3.41)
Ischaemic heart 551 24 0.61 1,997 92 1.5
disease (200 - 882) (10-38) (0.16-1) (1,238 - 2,846) (58 -131) (0.9-2.14)
Stroke 537 22 0.63 1,288 60 1.38

(226 - 840) (9-35) (0.24-1.02) (673 -1,941) (31-90) (0.69-2.06)
Hypertensive heart 18 1 0.14 81 4 0.46
disease (-36-67) (-1-3) (-0.28-0.51) (-11-177) 0-9) (-0.22-1.18)
Cardiomyopathy and 25 1 0.36 49 2 0.55
myocarditis (-6 -59) 0-2) (-0.11-0.83) (-1-101) 0-4) (-0.14-1.29)
Chronic obstructive 127 7 0.23 315 18 0.65
pulmonary disease (-112 - 366) (-4-18) (-0.31-0.72) (-174 - 815) (-8-45) (-0.33-1.56)
Diabetes mellitus 193 7 1.19 734 32 221

(108 - 280) 4-11) (0.62-1.75) (425 -1,014) (19 - 44) (1.26-3.04)
Chronic kidney disease 71 2 0.38 295 11 1

(-39-182) (-1-6) (-0.28-1) (15 -575) (1-21) (-0.06-2.05)
Road injuries 989 17 1.53 1,283 26 2.27

(635-1,401) (11-24) (1.02-2.14) (772 - 1,861) (16 - 38) (1.45-3.21)
Other transport injuries 50 1 1.18 55 1 1.44

(-3-102) 0-2) (-0.1-2.38) (-20-127) 0-3) (-0.58-3.32)
Drowning 1,376 19 3.1 554 10 4

(782 - 2,044) (11-27) (2-4.26) (293 - 842) (5-14) (2.33-5.76)
Exposure to 124 2 1.58 126 2 1.98
mechanical forces (44 - 223) (1-4) (0.64-2.65) (36 -231) 1-4) (0.66-3.33)
Animal contact 211 3 3.39 163 3 3.66

(-2 - 480) 0-38) (0.04-6.91) (-25-377) (-1-8) (-0.52-7.73)
Exposure to forces of 301 5 10.1 11 0 3.36
nature (210 - 406) 3-7) (6.94-13.37) (0-22) 0-0) (-0.03-6.89)
Other unintentional 176 3 2.37 153 3 2.89
injuries (59 -311) (1-5) (1.01-3.87) (29 -284) (1-5) (0.72-4.97)
Self-harm 619 12 1.74 761 16 2.37

(356 - 880) (7-17) (1.01-2.51) (352 -1,186) (8-25) (1.06-3.58)
Interpersonal violence 419 7 1.92 581 11 2.46

(314 - 558) (5-10) (1.44-2.51) (435 - 741) 8-13) (1.89-3.11)
Low temperature
All causes 22,191 1,021 2.19 21,240 1,337 2.37

(19,689 - 25,193) (938 - 1,104) (2.01-2.35) (19,042 - 23,435) (1,187 - 1,456) (2.12-2.57)
Lower respiratory 12,546 212 6.25 3,796 146 4.5
infections (10,395 - 15,471) (183 - 250) (5.52-7.09) (3,052 - 4,763) (124 - 168) (3.8-5.28)
Ischaemic heart 6,785 337 5.15 9,109 493 4.56
disease (5,986 - 7,653) (296 - 379) (4.59-5.77) (7,986 - 10,303) (426 - 561) (3.99-5.2)
Stroke 5915 292 4.97 6,336 359 3.85

(5,241 - 6,617) (257 -327) (4.41-5.54) (5,498 - 7,214) (308 - 409) (3.33-4.43)
Hypertensive heart 905 47 6.62 1,179 74 4.86
disease (713 -1,061) (37-54) (5.73-7.54) (861 - 1,368) (53-87) (4.2-5.58)
Cardiomyopathy and 396 15 5.52 429 18 4.53
myocarditis (296 - 520) (12-19) (3.71-7.28) (271 - 600) (13-24) (2.55-6.54)
Chronic obstructive 4,396 234 7.65 4,007 255 5.19
pulmonary disease (3,526 - 4,972) (192 - 263) (6.7-8.57) (3,426 - 4,609) (218 -292) (4.49-5.92)
Diabetes mellitus 667 29 3.46 1,148 56 3.01

(551-782) (24 -34) (2.78-4.12) (907 - 1,377) (44 - 66) (2.37-3.65)
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Chronic kidney disease 819 30 431 1,397 69 3.44

(698 - 940) (26 - 35) (3.62-5.02) (1,177 - 1,620) (58 -79) (2.79-4.11)
Road injuries -1,694 -32 -3.03 -1,352 -30 -2.48

(-2,085 --1,319) (-39 - -25) (-3.71--2.39) (-1,713 - -1,036) (-37 - -23) (-3.06- -1.92)
Other transport injuries  -252 -5 -6.04 -174 -4 -4.3

(-316 - -189) (-6 - -4) (-7.56- -4.44) (225 - -121) (-5--3) (-5.75- -2.85)
Drowning -4,248 -60 -13.43 -1,418 -28 -11.65

(-4,838 - -3,632) (-69 - -52) (-15.29- -11.45) (-1,661 - -1,219) (-33--24) (-13.23--10)
Exposure to -389 -7 -6.04 -284 -6 -5
mechanical forces (-505 - -295) (-9--5) (-7.6- -4.61) (-370 - -198) (-8--4) (-6.12- -3.8)
Animal contact -347 -6 -5.72 -240 -5 -5.38

(-515 - -189) (-9--3) (-8.03- -3.62) (-372 - -131) (-8--3) (-7.7--3.2)
Exposure to forces of -93 -2 -2.86 -22 0 -6.62
nature (-135--39) (2--1) (-4--1.32) (-31--13) (-1-0) (-9.3--3.76)
Other unintentional =712 -13 -10.82 -506 -10 -9.83
injuries (-841 - -608) (-15--11) (-13.32--9.14) (-599 - -408) (-12--8) (-11.41- -8.48)
Self-harm -1,656 -36 -4.66 -1,443 -34 -4.3

(-2,112 - -1,205) (-46 - -26) (-6.06- -3.39) (-1,846 - -1,081) (-44 - -25) (-5.43--3.27)
Interpersonal violence -846 -15 -3.72 =721 -14 -2.93

(-1,078 - -623) (20 --11) (-4.73- -2.75) (-897 - -551) (-18 --10) (-3.66- -2.28)
Non-optimal temperature
All causes 33,297 1,224 2.62 32,753 1,686 2.98

(29,683 - 37,296) (1,132 - 1,312) (2.43-2.8) (29,567 - 36,062) (1,515 - 1,826) (2.7-3.2)
Lower respiratory 17,699 281 7.71 6,900 208 6.7
infections (14,345 - 21,760) (238 -332) (6.89-8.69) (5,271 - 8,824) (174 - 245) (5.59-7.95)
Ischaemic heart 7,303 359 5.73 11,011 580 5.99
disease (6,458 - 8,187) (317 - 403) (5.06-6.44) (9,592 - 12,418) (501 - 653) (5.19-6.83)
Stroke 6,435 313 5.59 7,589 417 5.19

(5,685 - 7,178) (278 - 350) (4.92-6.22) (6,576 - 8,678) (361 -473) (4.4-5.96)
Hypertensive heart 922 47 6.75 1,255 79 53
disease (720 - 1,082) (38 -55) (5.85-7.58) (927 - 1,467) (57-91) (4.41-6.15)
Cardiomyopathy and 419 16 5.84 474 20 5.03
myocarditis (317 - 556) (12-19) (4.07-7.63) (314 - 649) (14 - 26) (2.94-7.22)
Chronic obstructive 4513 240 7.86 4,305 272 5.82
pulmonary disease (3,590 - 5,141) (196 - 272) (6.85-8.88) (3,534 -5,092) (224 -318) (4.73-6.98)
Diabetes mellitus 854 36 4.62 1,862 87 5.16

(711 - 982) (30-42) (3.79-5.37) (1,499 - 2,208) (70 - 102) (4.09-6.14)
Chronic kidney disease 887 33 4.67 1,682 80 4.4

(732 - 1,044) (28 -38) (3.75-5.6) (1,352 -2,047) (66 - 94) (3.19-5.64)
Road injuries -686 -14 -1.47 -45 -3 -0.16

(-1,185 - -141) (23--4) (-2.31--0.59) (-560 - 509) (-14-8) (-1.12-0.83)
Other transport injuries  -199 -4 -4.8 -117 -3 2.8

(-266 - -132) (-5--3) (-6.32- -3.14) (-192 - -49) (-4--1) (-4.76--0.98)
Drowning -2,729 -40 -10 -812 -18 -7.26

(-3,477 - -1,992) (-50 - -30) (-12.24- -7.81) (-1,116 - -520) (23 --13) (-9.5--5.11)
Exposure to -261 -5 -4.39 -155 -4 -2.95
mechanical forces (-388 - -141) (-7--3) (-6.1 --2.75) (-260 - -58) (-6 --2) (-4.52 --1.35)
Animal contact -123 -2 -2.12 -66 -2 -1.48

(-335-101) (-6-1) (-5.22-1.18) (242 -110) (-5-2) (-5.19-2.12)
Exposure to forces of 216 3 7.46 -11 0 -3.01
nature (144 - 293) 2-95) (4.9-10.08) (-19--3) 0-0) (-5.46--0.57)
Other unintentional -520 -9 -8.22 -338 -7 -6.66
injuries (-670 - -370) (-12--7) (-11.13--5.84) (-480 - -196) (-10--4) (-9.19--4)
Self-harm -1,016 -23 -2.86 -656 -17 -1.85

(-1,538 - -565) (-34 --14) (-4.42--1.5) (-1,168 - -172) (29 --7) (-3.42--0.39)
Interpersonal violence -417 -8 -1.76 -127 -3 -0.42

(-664 - -167) (-12--3) (-2.88--0.61) (-353-102) -7-1) (-1.28-0.48)
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Figure S25: Spatial distribution of the proportion of deaths due to lower respiratory infections attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for lower respiratory infections
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Figure S26: Spatial distribution of the proportion of deaths due to ischaemic heart disease attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for ischemic heart disease
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Figure S27: Spatial distribution of the proportion of deaths due to stroke attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for stroke
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Figure S28: Spatial distribution of the proportion of deaths due to hypertensive heart disease attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for hypertensive heart disease
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Figure S29: Spatial distribution of the proportion of deaths due to cardiomyopathy and myocarditis attributable to high

temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for cardiomyopathy and myocarditis
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Figure S30: Spatial distribution of the proportion of deaths due to chronic obstructive pulmonary disease attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for chronic obstructive pulmonary disease
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Figure S31: Spatial distribution of the proportion of deaths due to diabetes mellitus attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from diabetes mellitus due to high temperature
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Figure S32: Spatial distribution of the proportion of deaths due to chronic kidney disease attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for chronic kidney disease
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Figure S33: Spatial distribution of the proportion of deaths due to road injuries attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for road injuries
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Figure S34: Spatial distribution of the proportion of deaths due to other transport-related injuries attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for other transport injuries
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Figure S35: Spatial distribution of the proportion of deaths due to drowning attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for drowning
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Figure S36: Spatial distribution of the proportion of deaths due to mechanical injuries (exposure to mechanical forces)
attributable to high temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for exposure to mechanical forces
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Figure S37: Spatial distribution of the proportion of deaths due to animal-related injuries (animal contact) attributable to high

temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for animal contact
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Figure S38: Spatial distribution of the proportion of deaths due to disaster-related injuries (exposure to forces of nature)
attributable to high temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for exposure to forces of nature
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Figure S39: Spatial distribution of the proportion of deaths due to other unintentional injuries attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for other unintentional injuries
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Figure S40: Spatial distribution of the proportion of deaths due to suicide (self-harm) attributable to high temperature (A),
low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for self-harm
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Figure S41: Spatial distribution of the proportion of deaths due to homicide (interpersonal violence) attributable to high

temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) High temperature PAFs for interpersonal violence
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Figure S42: Spatial distribution of DALYs (per 100,000) due to lower respiratory infections attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from lower respiratory infections due to high temperature
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Figure S43: Spatial distribution of DALY (per 100,000) due to ischaemic heart disease attributable to high temperature (A),
low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from ischemic heart disease due to high temperature
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Figure S44: Spatial distribution of DALY (per 100,000) due to stroke attributable to high temperature (A), low temperature
(B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from stroke due to high temperature
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Figure S45: Spatial distribution of DALYs (per 100,000) due to hypertensive heart disease attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from hypertensive heart disease due to high temperature

Attributable DALY's per 100,000

Easten
Southeast Asia West Africa Mediterranean

Persian Gulf The Balkans

Attnibutable DALY per 100,000

=m
&
L3
)
®
13

Eastern
West Africa Mediterranean

Caribbean and central America Persian Guif The Balkans

’)\
Oy

< S -

C) Number of DALYs from hypertensive heart di: due to non imal ature

P P

Attributable DALY per 100,000

0to1 11015
1105 = 151030
5t8 = 30 to 228
Eastern
Caribbean and central America Persian Guif The Balkans West Africa Mediterranean
>¥

TN [
X =2
k= &

55



Figure S46: Spatial distribution of DALY (per 100,000) due to cardiomyopathy and myocarditis attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from car yopathy and my ditis due to high temperature
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Figure S47: Spatial distribution of DALY (per 100,000) due to chronic obstructive pulmonary disease attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from chronic obstructive pulmonary disease due to high temperature
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Figure S48: Spatial distribution of DALY (per 100,000) due to diabetes mellitus attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from diabetes mellitus due to high temperature
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Figure S49: Spatial distribution of DALY (per 100,000) due to chronic kidney disease attributable to high temperature (A),
low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from chronic kidney disease due to high temperature
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Figure S50: Spatial distribution of DALYs (per 100,000) due to road injuries attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from road injuries due to high temperature
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Figure S51: Spatial distribution of DALY (per 100,000) due to other transport-related injuries attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from other transport injuries due to high temperature
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Figure S52: Spatial distribution of DALY (per 100,000) due to drowning attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from drowning due to high temperature
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Figure S53: Spatial distribution of DALY (per 100,000) due to mechanical injuries (exposure to mechanical forces)
attributable to high temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from exposure to mechanical forces due to high temperature
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Figure S54: Spatial distribution of DALYs (per 100,000) due to animal-related injuries (animal contact) attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from animal contact due to high temperature

" Attributable DALYs per 100,000

m -32to -3 Oto1
-3to-1 W 1to19
-1t 0

Eastern
Caribbean and central America Persian Guif The Balkans West Africa Mediterranean

=

" _ Attributable DALYs per 100,000
m -321t0-3 m 0to1
-3to-1 W 1to19
-1t00

Eastern
West Africa Mediterranean

Caribbean and central America Persian Gulf The Balkans Southeast Asia

" Attributable DALYs per 100,000
m -32 to -3 Oto1
=3to-1 MW 11019
-1t0

5. Eastern
Caribbean and central America Persian Gulf The Balkans West Africa Mediterranean
>¥

N4
ern Eur
7. 4

64



Figure S55: Spatial distribution of DALY (per 100,000) due to disaster-related injuries (exposure to forces of nature)
attributable to high temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from exposure to forces of nature due to high temperature
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Figure S56: Spatial distribution of DALY (per 100,000) due to other unintentional injuries attributable to high temperature
(A), low temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from other unintentional injuries due to high temperature
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Figure S57: Spatial distribution of DALYSs (per 100,000) due to suicide (self-harm) attributable to high temperature (A), low
temperature (B), and non-optimal temperature (C) exposure, 2019

A) Number of DALYs per 100,000 from self-harm due to high temperature
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Figure S58: Spatial distribution of DALYs (per 100,000) due to homicide (interpersonal violence) attributable to high
temperature (A), low temperature (B), and non-optimal temperature (C) exposure, 2019
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Section 4 Drivers of temperature-induced morbidity and mortality

Temperature affects human health in various ways, and a multitude of biological mechanisms have been described
in the literature: vasoconstriction during cold episodes and vasodilation during hot episodes facilitate heat retention
and release, respectively, and can strain the cardiovascular system.'® Core temperature deviations trigger changes in
haemoconcentration, increased plasma and blood viscosity, increased levels of certain proteins, and inflammatory
changes.'?° Similarly, cold exposure triggers changes in humoral activity (eg, non-specific immune response and
reduced phagocyte activity).2%?2 Moreover, cold can provoke bronchoconstriction, increasing the risk of pulmonary
infections.?® Beyond these biochemical mechanisms, social, behavioural, and environmental factors affect actual
personal exposure to ambient temperatures and may shape adaptation and resilience.?* Increased activity levels
might increase risk for drowning or other accidents, and some evidence suggests that temperature-induced changes
in serotonin function might increase impulsiveness and aggression and possibly lead to suicidal or criminal
behaviours.?%2® Further evidence indicates that heat decreases performance on physical and intellectual tasks.
We detail cause-specific biological mechanisms below:

27,28

Section 4.1 Cardiovascular disease

Section 4.1.1 Ischaemic heart disease

Ischaemic heart disease (IHD), which is the most common type of cardiovascular diseases, is triggered by a limited
blood flow to the heart causing ischaemia, (cell starvation secondary to a lack of oxygen) of the heart's muscle
cells.?® Both high and low temperatures have been associated with increases in IHD.?13%33 Several bio-medical
mechanisms, encompassing changes in blood pressure and blood chemistry, seem to be relevant:

Exposure to cold or a drop in temperature is associated with vasoconstriction and increased blood pressure?'3°, as

well as higher cholesterol levels and heart rate'®313%, Moreover, lower concentrations of high density lipoprotein
(HDL) cholesterol have been found during periods of cold; low levels of HDL have been associated with poor
cardiovascular health. Effects on the haemostatic system seem to be of especially high relevance. During cold
periods higher levels of fibrinogen, the major plasma protein coagulation factor, have been found.3* In addition, a
protein that inhibits fibrinolysis, a process that inhibits blood clots from growing, is also raised.'®2'3* Platelet count
is augmented, increasing the risk of thrombocytosis. Additionally, exposure to cold has been associated with
increased inflammation, as indicated by several markers such as C-reactive proteins and interleukin-6.3° Several of
the mechanisms outlined for cold temperatures also seem to be relevant for high temperatures, leading to increased
blood viscosity and cholesterol levels.3! Furthermore, exposure to hot temperatures may cause dehydration, salt
depletion, and increased surface blood circulation, which can induce a failure of thermoregulation.3?

Section 4.1.2 Stroke

Several previous studies demonstrated U- or V-shaped relationship between temperature and stroke mortality
indicating both heat as well as cold effects.3*8 However, findings are inconsistent and the impact of climate and
weather on stroke has been intensely discussed within the scientific community.3 In a recent literature review,
Lianand colleagues 3 highlighted the importance of distinguishing between haemorrhage stroke (HS) and ischaemic
stroke (IS). While hot temperature acted as a protective factor of HS, it acted as a risk factor for IS. IS is caused by a
blocking of the brain artery, whereas HS occurs due to a brain aneurysm burst or a weakened blood vessel leak. The
mechanisms leading to IS are likely to be similar to those described for IHD: acomplex interplay between blood
chemistry, coagulation and inflammatory responses might ultimately lead to microvascular thrombosis.*® These
mechanisms are likely to be induced by high as well as low temperatures, leading to increased incidence on both
ends of the temperature distribution.

The protective effect of high temperatures on HS is likely due to the peripheral vessels relaxation, lowering the
afterload and reducing blood pressure, thus preventing the ongoing of HS. However, as heat continues, surface
blood circulates faster, and more water comes out to accelerate the process of heat elimination with the implications
of hemoconcentration and electrolyte imbalance.***? Roy and Ray (2004)* found that hyperthermia was strongly
associated with high mortality rates in both IS as well as HS, underlining the importance of high temperature for HS.
As HS is less common than IS, the observed heat effect in our data is likely due to IS.
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Section 4.2 Respiratory diseases

Section 4.2.1 Upper and lower respiratory infection

Exposure to low temperatures can lead to changes in humoral activity (non-specific immune response) characterised
by reduced phagocyte activity, thus hampering the host’s ability to destroy viruses and bacteria.?>** Moreover, cold
might provoke a physiological reaction of the respiratory tract, for example through bronchoconstriction, leading to
an increased risk of pulmonary infections. The presence of inflammatory cells in sputum after breathing cold air
indicates that cold air induces inflammatory changes in the airways.'®*>% In addition, weather and temperature play
a crucial role for pathogens, affecting the survival and replication of disease-provoking agents. Different agents
favor different meteorological and hydrological conditions. High temperatures generally promote the growth of
bacteria while high humidity can favor the survival of pathogens in droplets.*” The relationship between heat and
respiratory disease is less understood: respiratory tract irritations due to increased breathing rates as well as
socio/cultural aspect as the usage of air conditioning or air pollution-temperature interactions might be crucial.

Section 4.2.2 Chronic obstructive pulmonary disease (COPD)

Extremes of temperature—both heat and cold—have been associated with increased respiratory morbidity in COPD.
Several studies highlighted an increased risk of dying from low temperatures among those with COPD.*¥4° Cold
impacts lung functions and increases the risk of exacerbation.>® Additionally, bronchoconstriction and inflammatory
responses to low temperatures might aggravate COPD symptoms. 123454651 A recent study suggests the role of cold-
induced mucus hypersecretion, a major clinical and pathological feature in COPD (and asthma), which is associated
with the activation of the host inflammatory response.>? Similarly, a multitude of studies have shown that
individuals with pre-existing respiratory diseases, such as COPD, have an increased vulnerability to heat exposure.
5357 In terms of high temperature effects and interaction between heat and air pollution has been suggested in the
literature.*®°883 Nevertheless, findings are inconstant with several studies not validating interactive effects>*646>
finding interaction between temperature and air pollution for all-cause or cardiovascular but not respiratory
diseases.®®®” In addition to interaction effects, Hansel et al.®® suggest the relevance to bronchoconstriction from

breathing hot and humid air, similar to those observed for asthma patients.®

or

Section 4.3 Chronic kidney disease (CKD)

Several studies have highlighted the impact of high temperature on renal disease.”® 7’2 Heat most plausibly exerts an
effect through dehydration, which has been linked to acute as well as CKD in various studies.”’* However, a
precise mechanism has not been established so far.”>78 A proposed mechanism is that prolonged elevated
vasopressin secretion, induced by chronic dehydration, contributes to progressive tubulointerstitial damage,
predisposing to CKD.”>7° In addition, causes and co-morbidities of CKD, such as diabetes, obesity, and
hypertension® might aggravate the impact of heat as these are similarly affected by temperature, as outlined
elsewhere in this document. Most research on temperature and renal disease relates to adverse effects of high
temperatures. To our knowledge, there is no body of evidence describing the impacts of cold on CKD, as observed
in our data. Potential mechanisms might be cold-induced inflammatory responses, as described for cardiovascular
disease.

Section 4.4 Diabetes

Several studies highlighted temperature effects in diabetes patients with increased susceptibility to both cold and hot
temperatures.?®381-92 Increased numbers of emergency department visits and hospitalisations, increased occurrence
of dehydration and electrolyte abnormalities, and higher death rate have been observed for diabetics than for non-
diabetics.>*839193 Patients with diabetes may have increased susceptibility to heat due to the impairment of
thermoregulatory mechanisms with reported lower skin blood flow and sweating response.8-°*% Additionally,
weakened orthostatic responses at elevated temperatures have been observed.®*> Moreover, prolonged exposure to
high temperatures can alter insulin kinetics and stability.®* This has strong implications for cardiovascular
regulations and glycemic control.®® In contrast, fewer studies have examined the effects of cold exposure on
individuals with diabetes.?® Research outlined an apparent loss of efferent vasomotor control during diabetic
neuropathy during cold periods which might lead to increased susceptibility.%*9>
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Section 5

Data source citations

Table S7. Vital registration data source citations by location and year

Country Year  Citation

Brazil 2016  Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2016. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2015 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2015. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2014 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2014. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2013 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2013. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2012 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2012. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2011 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2011. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2010 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2010. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2009 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2009. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2008 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2008. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2007 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2007. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2006 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2006. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2005 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2005. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2004 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2004. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2003 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2003. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2002 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2002. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2001 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2001. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 2000 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 2000. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Brazil 1999 Ministry of Health (Brazil). Brazil Mortality Information System - Deaths 1999. Rio de Janeiro, Brazil: Ministry of
Health (Brazil).

Chile 2011 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 201 1. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 2010 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 2010. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 2009 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 2009. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1996 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).

Chile Vital Statistics - Deaths 1996. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).
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Chile 1995 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1995. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1994 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1994. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1993 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1993. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1992 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1992. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1991 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1991. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

Chile 1990 Department of Statistics and Health Information, Ministry of Health (Chile), National Institute of Statistics (Chile).
Chile Vital Statistics - Deaths 1990. Santiago, Chile: Department of Statistics and Health Information, Ministry of
Health (Chile).

China 2016 Chinese Center for Disease Control and Prevention (CCDC), Ministry of Health (China). China Vital Registration -
Death Counts by Cause, County, Age, and Daily Temperature 2016.

China 2015 Chinese Center for Disease Control and Prevention (CCDC), Ministry of Health (China). China Vital Registration -
Death Counts by Cause, County, Age, and Daily Temperature 2015.

Colombia 2005 National Administrative Department of Statistics (DANE) (Colombia). Colombia Vital Statistics - Deaths 2005.
Bogota, Colombia: National Administrative Department of Statistics (DANE) (Colombia).

Colombia 2004 National Administrative Department of Statistics (DANE) (Colombia). Colombia Vital Statistics - Deaths 2004.
Bogota, Colombia: National Administrative Department of Statistics (DANE) (Colombia).

Colombia 2003 National Administrative Department of Statistics (DANE) (Colombia). Colombia Vital Statistics - Deaths 2003.
Bogota, Colombia: National Administrative Department of Statistics (DANE) (Colombia).

Colombia 2002 National Administrative Department of Statistics (DANE) (Colombia). Colombia Vital Statistics - Deaths 2002.
Bogota, Colombia: National Administrative Department of Statistics (DANE) (Colombia).

Colombia 2001 National Administrative Department of Statistics (DANE) (Colombia). Colombia Vital Statistics - Deaths 2001.
Bogota, Colombia: National Administrative Department of Statistics (DANE) (Colombia).

Guatemala 2016 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2016. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2017.

Guatemala 2015 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2015. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2016.

Guatemala 2014 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2014. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2015.

Guatemala 2013 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2013. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2014.

Guatemala 2012 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2012. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2013.

Guatemala 2011 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2011. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2012.

Guatemala 2010 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2010. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2011.

Guatemala 2009 National Statistics Institute (Guatemala). Guatemala Vital Statistics 2009. Guatemala City, Guatemala: National
Statistics Institute (Guatemala), 2010.

Mexico 2015 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2015.

Mexico 2014 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2014.

Mexico 2013 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital

Registration - Multiple Causes of Death 2013.
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Mexico 2012 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2012.

Mexico 2011 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2011.

Mexico 2010 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2010.

Mexico 2009 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Multiple Causes of Death 2009.

Mexico 2008 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2008.

Mexico 2007 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2007.

Mexico 2006 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2006.

Mexico 2005 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2005.

Mexico 2004 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2004.

Mexico 2003 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2003.

Mexico 2002 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2002.

Mexico 2001 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2001.

Mexico 2000 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 2000.

Mexico 1999 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 1999.

Mexico 1998 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 1998.

Mexico 1997 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 1997.

Mexico 1996 National Institute of Statistics and Geography (INEGI) (Mexico), Secretariat of Health (Mexico). Mexico Vital
Registration - Deaths 1996.

New 2014 Ministry of Health (New Zealand). New Zealand Mortality Collection 2014. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2013 Ministry of Health (New Zealand). New Zealand Mortality Collection 2013. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2012 Ministry of Health (New Zealand). New Zealand Mortality Collection 2012. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2011 Ministry of Health (New Zealand). New Zealand Mortality Collection 2011. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2010 Ministry of Health (New Zealand). New Zealand Mortality Collection 2010. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2009 Ministry of Health (New Zealand). New Zealand Mortality Collection 2009. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2008 Ministry of Health (New Zealand). New Zealand Mortality Collection 2008. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).

New 2007 Ministry of Health (New Zealand). New Zealand Mortality Collection 2007. Wellington, New Zealand: Ministry of

Zealand Health (New Zealand).
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New 2006  Ministry of Health (New Zealand). New Zealand Mortality Collection 2006. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2005 Ministry of Health (New Zealand). New Zealand Mortality Collection 2005. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2004  Ministry of Health (New Zealand). New Zealand Mortality Collection 2004. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2003 Ministry of Health (New Zealand). New Zealand Mortality Collection 2003. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2002  Ministry of Health (New Zealand). New Zealand Mortality Collection 2002. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2001 Ministry of Health (New Zealand). New Zealand Mortality Collection 2001. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 2000  Ministry of Health (New Zealand). New Zealand Mortality Collection 2000. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1999  Ministry of Health (New Zealand). New Zealand Mortality Collection 1999. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1998  Ministry of Health (New Zealand). New Zealand Mortality Collection 1998. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1997  Ministry of Health (New Zealand). New Zealand Mortality Collection 1997. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1996  Ministry of Health (New Zealand). New Zealand Mortality Collection 1996. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1995 Ministry of Health (New Zealand). New Zealand Mortality Collection 1995. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1994  Ministry of Health (New Zealand). New Zealand Mortality Collection 1994. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1993 Ministry of Health (New Zealand). New Zealand Mortality Collection 1993. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1992 Ministry of Health (New Zealand). New Zealand Mortality Collection 1992. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1991 Ministry of Health (New Zealand). New Zealand Mortality Collection 1991. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1990  Ministry of Health (New Zealand). New Zealand Mortality Collection 1990. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1989  Ministry of Health (New Zealand). New Zealand Mortality Collection 1989. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

New 1988  Ministry of Health (New Zealand). New Zealand Mortality Collection 1988. Wellington, New Zealand: Ministry of
Zealand Health (New Zealand).

South 2016  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2016. Pretoria, South Africa: Statistics South Africa, 2019.

South 2015 Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2015. Pretoria, South Africa: Statistics South Africa.

South 2014  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2014. Pretoria, South Africa: Statistics South Africa.

South 2013 Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2013. Pretoria, South Africa: Statistics South Africa.

South 2012 Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2012. Pretoria, South Africa: Statistics South Africa.

South 2011 Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of
Africa Death 2011. Pretoria, South Africa: Statistics South Africa.
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South 2010  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa Death 2010. Pretoria, South Africa: Statistics South Africa.

South 2009  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa Death 2009. Pretoria, South Africa: Statistics South Africa.

South 2008  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa Death 2008. Pretoria, South Africa: Statistics South Africa.

South 2007  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa Death 2007. Pretoria, South Africa: Statistics South Africa.

South 2006  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa Death 2006. Pretoria, South Africa: Statistics South Africa.

South 1997  Department of Home Affairs (South Africa), Statistics South Africa. South Africa Vital Registration - Causes of

Africa - Death 1997-2005. Pretoria, South Africa: Statistics South Africa.

2005

United 1988  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1988 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1987  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1987 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1986  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1986 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1985  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1985 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1984  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1984 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1983  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1983 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1982  National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1982 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.

United 1981 National Center for Health Statistics, Centers for Disease Control and Prevention. United States NVSS Mortality

States Data 1981 - NBER. Hyattsville, United States: National Center for Health Statistics, Centers for Disease Control and
Prevention.
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