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Summary
What is already known about this topic?
Previous  studies  have  mainly  focused  on  the
relationship  between  temperature  and  mortality  from
stroke,  but  analysis  on  the  effects  on  years  of  life  lost
(YLL) is limited.
What is added by this report?
YLLs  were  used  as  the  health  outcome,  and  cold  and
hot  weather  were  found  to  be  significantly  associated
with an increase in YLLs from stroke and for different
groups,  with  a  stronger  effect  found  to  be  associated
with low temperature.
What  are  the  implications  for  public  health
practice?
These  findings  could  help  identify  vulnerable  regions
and populations that have a more serious temperature-
related burden and to guide the practical  and effective
measures for stroke control from a YLL perspective.

 

Although  numerous  studies  suggested  non-optimal
temperatures  may  lead  to  increased  stroke  mortality,
the  evidence  concerning  the  effect  of  ambient
temperature on years of life lost (YLLs) due to stroke is
still  scarce  (1).  Data  on  daily  mortality,  years  of  life
lost,  meteorological  factors,  and air  pollution from 93
cities  within  30  provincial-level  administrative
divisions  (PLADs)  between  2013  and  2016  was
collected.  We  applied  a  two-stage  analytic  strategy  to
assess  the  association  between  temperature  and  YLLs.
We used  a  distributed  lag  non-linear  model  (DLNM)
with  a  Gaussian  link  to  evaluate  the  city-specific
association  between  ambient  temperature  and  YLLs
from stroke, and then we applied a multivariate meta-
analysis  to  obtain  the  pooled  effects  at  regional  and
national levels. Inverse “J” shaped associations between
temperature and YLLs from stroke were found. At the
national  level,  we  observed  19.77  (95%  CI:  11.16,
28.40),  15.34  (95% CI:  7.77,  22.91),  5.47  (95% CI:
2.57,  8.37),  and  2.99  (95%  CI:  0.49,  5.49)  of  YLLs
were  associated  with  the  effects  of  extreme  cold,  mild
cold,  extreme  heat,  and  mild  heat  relative  to  the

optimum  temperature,  respectively.  In  addition,
10.91%  (95% CI:  5.67%,  16.15%)  of  YLLs  could  be
attributed to non-optimum temperatures, and for each
deceased  person,  a  national-averaged  1.39  YLLs  (95%
CI:  0.72,  2.06)  were  caused  by  non-optimum
temperature.  This  study  suggested  both  cold  and  hot
weather  would  lead  to  significant  life  lost  for  stroke
patients  and  regional  adaptation  policies  and
interventions should be considered.

We initially obtained the mortality and YLL data for
100  representative  cities  from  the  China  Cause  of
Death  Reporting  System (CDRS)  between  January  1,
2013 and December 31, 2016. After checking the daily
mortality and YLLs distribution in each city, we finally
selected  93  cities  as  our  study  sites.  Based  on  the
climate types and administrative regions (2), the study
sites  were  divided  into  seven  regions  (Supplementary
Figure S1  available  in  http://weekly.chinacdc.cn/):
north,  northeast,  northwest,  east,  central,  south,  and
southwest. And according to initial diagnosis coded by
10th International Classification of Diseases (ICD-10),
stroke was extracted from the system (I60-I64).

We  obtained  daily  mean  temperature  (°C)  and
relative humidity (%) of the selected cities from China
Meteorological  Data  Sharing  Service  System
(http://data.cma.cn/). Also, daily concentrations of fine
particulate  matter  with  an  aerodynamic  diameter  ≤
2.5  μm  (PM2.5),  ozone  (O3),  sulfur  dioxide  (SO2),
nitrogen  dioxide  (NO2)  was  collected  from  the
National  Real-time  Publishing  Platform  for  Air
Quality (http://106.37.208.233:20035).

We  conducted  a  two-stage  analysis  to  assess  the
associations between ambient temperature and YLL of
stroke.  At  the  first  stage,  we  estimated  city-specific
temperature-YLL  associations.  Since  the  daily  YLL
obeys  a  normal  distribution  (3),  we  used  a  DLNM
with  a  Gaussian  link  to  evaluate  the  nonlinear  and
delayed effects of ambient temperature on YLLs due to
stroke.  To  capture  the  nonlinear  relationship  between
temperature and YLLs, we fitted the exposure-response
relationship through a natural  cubic B-spline function
with  three  placed  knots  at  10th,  75th,  and  90th
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percentiles  of  city-specific  temperature  distribution.  A
B-spline  with  three  knots  at  equally-spaced  log  scales
was applied for the space of lags, with a maximum set
of 21 days in according with previous studies (4). Some
confounding  factors,  including  relative  humidity,
PM2.5, day of the week, public holidays, and long-term
trend  and  seasonality  were  also  controlled  in  the
model.  At  the  second  stage,  we  obtained  the  regional
and  national  effects  within  21  lags  between
temperature  and  YLLs  by  using  the  best  linear
unbiased prediction (BLUP) approach. The minimum
YLL  temperature  (MYLLT)  corresponds  to  the
minimum  risk  of  YLL  across  the  temperature  range,
based  on  the  overall  temperature-risk  curve.  On  this
basis, we further calculated the effects of extreme cold,
mild  cold,  extreme  heat,  and  mild  heat  on  YLL  risk
and the  attributable  YLL fraction  and attributable  life
expectancy  loss  per  death.  The  detailed  methods

concerning  the  attributable  burden  analyses  and
sensitivity  analyses  were  provided  in  the
Supplementary Material  (available  in weekly.chinacdc.
cn).  We  used  R  (Version  3.3.2,  R  Foundation  for
Statistical Computing, Vienna, Austria) to conduct all
the  analyses,  “dlnm”  package  was  used  to  fit  DLNM
model,  and  “mvmeta”  package  was  used  to  conduct
meta-analysis.  P<0.05  (two-tailed)  was  considered
statistically significant.

A  total  of  1,317,503  deaths  due  to  stroke  with
16,793,014  years  of  life  lost  were  recorded  in  the  93
cities from January 1, 2013 to December 31, 2016. In
Table 1,  we  observed  that  the  daily  death  and  YLL
from  stroke  varied  across  study  regions,  with  highest
daily deaths and YLL in the northeast. The lowest daily
stroke  death  counts  and  YLLs  were  found  in  the
northwest,  corresponding  to  7  deaths  and  97.7  years,
respectively. In addition, the daily average temperature

TABLE 1. Summary statistics for daily deaths, years of life lost from stroke and ambient temperature in in seven regions of
China, 2013–2016.

Variables Northwest North Northeast East Central Southwest South Nationwide

Daily YLL of stroke

Mean 97.7 158 218 153 145 172 114 155

SD 111 122 160 128 117 230 75 143

Minimum 2.9 2.9 2.4 2.9 2.4 2.4 2.9 2.4

25th percentile 22.4 62.9 108 58.6 71.5 46.8 55 59.1

Median 50.9 119 168 213 121 92.1 102 116

75th percentile 129 230 277 121 184 150 160 202

Maximum 697 736 1,070 1,180 1,530 1,490 540 1,530

Daily mortality of stroke

Mean 7 14 15 14 12 13.6 9 12

SD 8 11 11 11 9 18.9 6 11

Minimum 1 1 1 1 1 1 1 1

25th percentile 2 5 8 5 6 4 4 5

Median 4 10 12 10 10 7 8 9

75th percentile 9 19 19 19 14 11 13 16

Maximum 91 95 70 95 112 136 37 136

Daily temperature (°C)

Mean 11.5 12.4 8.6 16.2 17.3 16.9 22.0 15.0

SD 10.7 11.2 13.2 9.4 8.8 7.2 6.6 10.6

Minimum −22.4 −23.9 −26.4 −20.4 −9.5 −8.1 1.7 −26.4

25th percentile 2.9 2.3 2.5 8.4 9.8 11.7 16.8 7.6

Median 12.7 14 10.4 17.5 18.4 17.5 23.8 16.8

75th percentile 20.3 22.3 20.6 24.0 24.6 22.2 27.5 23.5

Maximum 35.1 33.4 30.8 36.5 35.8 36.2 33.5 36.5

Abbreviations: YLL=years of life lost; SD=standard deviation.
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ranged from 8.6 °C in the northeast to 22.0 °C in the
south.

We observed the  optimum temperature  that  caused
the  lowest  YLL  risk  ranged  from  16.7  °C  in  central
region  to  28.7  °C  in  the  south  region  in  Table 2.  In
general,  the  estimated  effects  of  cold  weather  were
stronger  than  that  of  high  temperature.  Specifically,
extremely  cold  weather  was  significantly  associated
with YLLs due to stroke, with the strongest magnitude
of  effects  in  the  northeast,  corresponding  to  53.73
(95% CI:  8.91,  98.55) years  of  life  lost  relative to the
reference temperature.

Figure 1  show  the  BLUP  on  exposure-response
curves  of  the  cumulative  effects  of  temperature  on
YLLs  from  stroke  at  the  national  level  in  China,
2013–2016.  We  observed  an  inverse  “J”  shaped
association,  with  increasing  YLLs  for  moving  up  and
down  from  the  minimum  YLL  temperature.
Furthermore,  we  found  consistent  curves  stratified  by
sex,  regions,  and  subtypes  of  stroke  (Supplementary
Figures S2–S4 available in http://weekly.chinacdc.cn/),
particularly in the terms of the general shape.

In attribution burden analysis (Supplementary Table
S1  available  in  http://weekly.chinacdc.cn/),  we
observed that at the national level, the total fraction of
YLLs by non-optimum temperature was 10.91% (95%
CI: 5.67, 16.15), in which cold temperature (10.84%,
95%  CI:  5.69,  15.99)  accounted  for  a  significantly

higher  contribution.  The  national-pooled  life
expectancy  loss  per  death  due  to  non-optimum
temperature was 1.39 years (95% CI: 0.72, 2.06), with
a  significantly  higher  contribution  of  cold  weather
(1.38,  95%  CI:  0.72,  2.04)  than  that  of  hot  weather
(0.01,  95% CI:  −0.00,  0.02).  The life  expectancy loss
caused by cold temperature was higher than that of hot
temperature in all the regions, and the highest estimate
occurred  in  the  north  region  (2.19,  95%  CI:  0.31,
4.07). 

DISCUSSION

Our present study explored the associations between
ambient temperature and daily YLL due to stroke in 93
Chinese  cities.  We  found  cold  and  hot  weather  were
significantly associated with an increase in years of life
lost from stroke and for different groups, with stronger
effects  in  low  temperature.  The  present  study  could
provide ample evidence to planning and policy-making
in stroke control and climate governance.

A  large  body  of  epidemiological  studies  have
documented  the  link  between  temperature  and
mortality  due  to  stroke  and  its  subtypes,  however  the
relevant research about association of temperature with
YLL from stroke within China was still scarce. Previous
studies  have  provided  similar  findings,  applying  the
YLL as the outcome measurement. Luan et al. reported

TABLE 2. Estimated  cumulative  effects  (lag0-21)  on  YLL  under  different  patterns  of  temperature  relative  to  the  YLL  at  the
reference temperature.

Variables  Overall YLL  OT (°C)
Extreme cold *
(years, 95% CI)

Mild cold *
(years, 95% CI)

Mild heat *
     (years, 95% CI)     

Extreme heat *
(years, 95% CI)

Overall region 16,793,014.0 25.6 19.77 (11.16, 28.40) 15.34 (7.77, 22.91) 2.99 (0.49, 5.49) 5.47 (2.57, 8.37)

Northeast 3,562,080.8 23.2 53.73 (8.91, 98.55) 30.15 (−5.48, 65.77) 23.96 (4.88, 43.04) 21.16 (0.45, 41.88)

Northwest 979,861.7 17.0 12.51 (−22.04, 47.05) 14.57 (−18.83, 47.97) 1.13 (−17.55, 19.80) 10.53 (−5.84, 26.90)

North 1,573,462.6 24.9 41.67 (3.70, 79.64) 46.61 (7.83, 85.39) 11.95 (−4.68, 28.) 11.39 (−0.07, 22.85)

Central 2,380,406.4 16.7 22.28 (−16.52, 61.07) 15.58 (−17.04, 48.20) 0.01 (−0.56, 0.59) 17.09 (−2.79, 36.97)

East 5,413,438.8 25.2 21.80 (8.38, 35.23) 7.38 (−5.65, 20.41) 1.69 (−3.35, 6.72) 18.90 (9.89, 27.90)

Southwest 1,786,702.7 27.7 54.18 (9.90, 29.19) 16.54 (7.86, 25.21) 3.34 (0.01, 6.68) 4.41 (2.31, 6.51)

South 1,097,060.8 28.7 84.98 (22.29, 147.68) 32.24 (−1.88, 66.37) 3.99 (−11.59, 19.57) 2.24 (−8.18, 12.66)

Subtype

Hemorrhagic stroke 9,852,444.0 28.2 11.62 (4.51, 18.73) 10.53 (4.08, 16.97) 3.13 (0.13, 6.12) 0.36 (−0.60, 1.32)

Ischemic stroke 6,028,666.0 22.4 7.55 (3.50, 11.60) 4.63 (1.18, 8.08) 0.03 (−0.20, 0.25) 6.33 (3.64, 9.01)

Sex

Male 10,033,788.0 26.0 13.05 (6.87, 19.24) 10.57 (5.32, 15.81) 2.09 (−0.02, 4.21) 2.43 (0.71, 4.17)

Female 6,759,226.0 25.1 5.53 (0.92, 10.15) 4.19 (0.04, 8.34) 0.84 (−0.53, 2.21) 2.45 (0.76, 4.13)
Abbreviations: YLL=years of life lost; OT=optimum temperature. The reference temperature was set at the temperature with lowest YLL.
* Extreme cold, mild cold, extreme hot, and mild hot temperature were defined as 2.5th, 25th, 97.5th and 75th percentile of temperature
distribution, respectively, compared with the reference temperature (minimum YLL temperature).
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that  both  cold  and  hot  temperature  were  significantly
associated  with  increasing  YLL  of  cardiovascular
diseases  in  which  the  effects  of  low  temperature  took
such  a  large  share  (5).  A  recent  study  conducted  in
three  largest  English  cities  found  that  there  was  an
increased  risk  in  YLL  with  the  increment  and  decline
of the temperature from the thresholds (6).

The  non-linear  relationships  between  temperature
and  YLLs  from  stroke  that  emphasized  the  adverse
health effects  of both low and high temperatures were
found  in  present  study.  Furthermore,  there  was
biologically  plausible  evidence  for  these  associations.
The  effects  induced  by  cold  temperature  were  in
association  to  increasing  the  level  of  inflammatory
response, and oxidative stress in brain and variation of
the  blood  pressure  and  autonomic  nervous  system
(7–8).  In  addition,  high  outdoor  temperature  was
associated  with  increasing  cardiac  output  and  heart
rates,  dehydration,  hypotension,  and  vasodilatation,
which would lead to microvascular thrombosis in brain
and  elevate  the  mortality  of  stroke  (9).  In  addition,
compared with the heat exposure, the effects from low
temperatures  on  stroke  tended  to  be  stronger,  which
might  be  explained  by  the  variation  in  autonomic
nervous  system and  thermogenesis,  and  fluctuation  in
blood pressure in cold days (7).

We  also  found  that  the  temperature-related  effects
could  variy  across  geographical  regions.  For  example,
in south region, where the mean temperatures reached
8.4  °C  or  below  (2.5th  percentile  of  the  temperature
distribution in south region), we observed the strongest
YLL (84.98, 95% CI: 22.29, 147.68) for extreme cold
temperature,  while  in  northwest  region  the
corresponding  number  declined  to  be  nonsignificant
(12.51,  95%  CI:  –22.04,  47.05).  The  observed

differences  in  the  estimated  effects  of  temperature
across regions might be explained by the discrepancy in
climate  condition,  population  susceptibility,  and
socioeconomic status (10). In addition, central heating
capacity  might  be  another  important  region-level
characteristic to explain the observed differences across
different regions.

We  further  assess  the  attributable  fraction  of  YLLs
and  life  expectancy  loss  per  death  relative  to  the
reference  temperature  at  the  regional  and  national
level.  The  attributable  burden  analysis  reported  that
the  effects  of  non-optimum  temperature  constituted
10.91% of YLLs due to stroke and 1.39 years potential
gain  in  life  expectancy  per  death  would  achieve  by
attaining  the  optimum  temperature  rom  the  national
perspective.  As  stroke  was  the  leading  cause  of  death
with  remarkably  high  prevalence  in  China,  our  study
would  provide  guiding  and  fundamental  advice  to
improve  existing  preventive  strategies  for  stroke  and
reduce the ambient temperature-related burden.

This  study  was  subject  to  at  least  some  limitations.
First, we used monitoring temperature data as the real
exposure for the population due to the unavailability of
the  individual  exposure,  which  may  cause  exposure
misclassification.  Second,  this  study  was  an  ecological
study  in  essence  without  adjustment  for  the
unmeasurable individual-level covariates. Third, due to
mortality  data  unavailability,  the  included  cities  were
mainly  distributed  in  the  east  and  central  regions  but
fewer  in  the  northwest,  which  could  lead  to  a  low
representativeness  of  the data and uncertainty to draw
a nationwide conclusion. Finally, the coding errors and
misclassification  may  inevitably  occur  in  the
nationwide  registry-based  YLL  data,  though  this
process was under strict quality control.

In  summary,  this  nationwide  analysis  elaborated
non-linear  associations  between  ambient  temperature
and  YLLs  from stroke  in  China,  with  evident  adverse
health  effects  due  to  both  cold  and  hot  temperatures.
Reducing  exposure  to  ambient  non-optimum
temperature  could  lead  to  a  substantial  benefit  in  life
expectancy.  Our  findings  could  help  identify  the
vulnerable  regions  and  populations  that  bore  more
serious  temperature-related  burdens  and  to  guide  the
practical and effective measures for stroke control.
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FIGURE 1. Exposure-response  curve  of  the  cumulative
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Supplemental Material
 

Statistical Model
We  used  the  best  linear  unbiased  prediction  (BLUP)  to  pool  the  regional-  and  national-  overall  cumulative

associations. This method allows cities with small numbers of deaths to borrow information from larger populations
sharing  similar  characteristics,  which  could  provide  more  accurate  estimates  (1).  To  account  for  the  effect
modifications  of  climatological,  demographic  and  socioeconomic  factors,  we  included  latitude  and  longitude,
urbanization rates, population, gross domestic product (GDP), average temperature, and temperature range of each
city into the BLUP estimations. Cochran Q test and I2 statistic was reported to represent the residual heterogeneity
(Supplementary Table S2). 
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between ambient temperature and years of life lost due to
stroke.
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SUPPLEMENTARY FIGURE S2. The  associations  between
ambient  temperature  and  years  of  life  lost  due  to  mortality
from stroke by sex in China, 2013–2016.
Abbreviation:  MYLLT=The  minimum  years  of  life
lost temperature.

SUPPLEMENTARY TABLE S1. The fractions of years of life lost  and life expectancy loss caused by hot,  cold and overall
temperature across the seven regions.

Region
Attributable fraction (%, 95% CI) Attributable life expectancy loss (years, 95% CI)

Hot Cold Non-optimum Hot Cold Non-optimum

North 0.10 (−0.14, 0.35) 16.85 (2.36, 31.35) * 16.96 (2.21, 31.70) * 0.01 (−0.02, 0.05) 2.19 (0.31, 4.07) * 2.20 (0.29, 4.11) *

Northeast 0.16 (−0.16, 0.47) 8.59 (−0.70, 17.87) 8.75 (−0.85, 18.34) 0.02 (−0.02, 0.07) 1.26 (−0.10, 2.61) 1.28 (−0.12, 2.68)

Northwest 1.72 (−1.07, 4.50) 5.79 (−8.56, 20.14) 7.51 (−9.63, 24.64) 0.24 (−0.15, 0.62) 0.80 (−1.18, 2.77) 1.03 (−1.32, 3.38)

East 0.55 (0.15, 0.94) * 4.88 (0.35, 9.40) * 5.42 (0.50, 10.35) * 0.06 (0.02, 0.11) * 0.56 (0.04, 1.08) * 0.62 (0.06, 1.19) *

Central 2.40 (−8.21, 13.02) 8.30 (−2.51, 19.12) 10.71 (−10.72, 32.14) 0.31 (−1.07, 1.69) 1.08 (−0.33, 2.48) 1.39 (−1.39, 4.17)

South 0.07 (−0.37, 0.50) 8.68 (−4.60, 21.97) 8.75 (−4.97, 22.47) 0.01 (−0.05, 0.06) 1.08 (−0.57, 2.73) 1.09 (−0.62, 2.79)

Southwest 9.36×10−5 (−2.89×10−3, 3.08×10−3) 12.91 (1.10, 24.71) * 12.91 (1.10, 24.71) * 1.19×10−5 (−3.69×10−4, 3.92×10−4) 1.64 (0.14, 3.15) * 1.64 (0.14, 3.15) *

Nationwide 0.07 (−0.02, 0.16) 10.84 (5.69, 15.99) * 10.91 (5.67, 16.15) * 1.47×10−2 (3.60×10−3, 2.58×10−2) 1.38 (0.72, 2.04) * 1.39 (0.72, 2.06) *

* The estimated value is statistically significant.
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Estimating the Attributable Number and Fraction of YLLs
Based  on  the  overall  cumulative  temperature-YLL  curve,  we  divided  daily  mean  temperature  into  components

related  to  low  and  high  temperatures  separated  by  MYLLT.  The  coefficients  corresponding  to  each  unfavorable
temperature were then extracted for the following analyses. The calculation formula for a specific region was shown
as below:
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SUPPLEMENTARY FIGURE S3. The associations between ambient temperature and years of life lost due to mortality from
stroke by regions in China, 2013–2016.
Abbreviations: MYLLT=The minimum years of life lost temperature.
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AY = ∑j(i=) (Tempi −MYT) × coefi
AF = AY/TotalYLLs

where  j  represents  the  sequence  of  non-optimum  temperature  days;  Tempi  refers  to  the  value  of  unfavorable
temperatures  on  day  i;  MYLLT represents  the  temperature  corresponding  to  minimum YLL risk;  coefi  represents
exposure-response  coefficient  at  specific  temperature;  AY and AF represents  the  YLLs  and fraction  attributable  to
non-optimum temperatures, respectively; Total YLLs represents the sum of the daily YLLs during the study period. 

Calculating the Attributable Loss of Life Expectancy
To assess how many years of life expectancy lost to each of the deceased person due to unfavorable temperatures,

we further calculated the attributable life expectancy loss in a specific region, by adopting the following formula:
Attributable life loss = AY / Total deaths
where AY represents the attributable YLLs, total deaths represent the sum of daily death count during the study

period. 
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SUPPLEMENTARY FIGURE S4. The associations between ambient temperature and years of life lost due to mortality from
hemorrhagic stroke and ischemic stroke in China, 2013–2016.
Abbreviation: MYLLT=The minimum years of life lost temperature.

SUPPLEMENTARY TABLE S2. I2  statistic  and  Cochran  Q  test  from  different  multivariate  random-effects  meta-regression
models.

Model Predictor Test for predictor Q test I2 (%)

Intercept-only − <0.00 904.79 46.90

Single predictor

Average temperature <0.01 889.71 46.60

Temperature range <0.01 891.63 46.70

GDP <0.01 858.59 44.70

Urbanization rate <0.01 888.13 46.50

Latitude <0.01 892.71 46.80

Longitude <0.01 874.32 45.70

Full model − <0.01 767.27 42.00

Abbreviation: GDP=gross domestic product.
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Lag Effects of Temperature on YLLs from Stroke
Supplementary Figure S5 depict  the  pooled delayed associations  within 21 days  between cold and heat  weather

and YLL due to stroke.  We defined the 2.5th and 97.5th percentile  of  the daily  average temperature to represent
cold  and  hot  days.  We  observed  that  cold  weather  was  associated  with  longer-lasting  effects  on  YLL  than  heat
weather and the YLL risk could last for 10 days with a highest effect on lag 3 day. For hot temperatures, there was
the strongest YLL risk on the current day and the effects decreased rapidly to zero until lag 2 day, which followed by
an obvious mortality displacement. In addition, we observed the similar patterns for lag-response curves of the heat
and cold temperature, stratified by subtypes of stroke (Supplementary Figures S6, S7). 
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SUPPLEMENTARY  FIGURE S5. Lag-response  curves  of
effects  of  extreme heat  and extreme cold  temperature  on
years of life lost due to stroke on the days of death (lag=0)
and up to 21 days prior to death.
The  red  and  blue  sections  represent  extreme  heat  and
extreme cold temperature, respectively.
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SUPPLEMENTARY  FIGURE S6. Lag-response  curves  of
effects  of  extreme  heat  and  extreme  cold  temperature  on
years  of  life  lost  due  to  hemorrhagic  stroke  on  the  days  of
death (lag=0) and up to 21 days prior to death.
The  red  and  blue  sections  represent  extreme  heat  and
extreme cold temperature, respectively.
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SUPPLEMENTARY FIGURE S7. Lag-response curves of effects of extreme heat and extreme cold temperature on years of
life lost due to ischemic stroke on the days of death (lag=0) and up to 21 days prior to death.
The red and blue sections represent extreme heat and extreme cold temperature, respectively.
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Sensitivity Analyses
To evaluate the robustness of the main model, we conducted the following sensitivity analyses by: (1) controlling

for  the  confounding  effects  of  other  air  pollutants  by  adding  the  concentrations  of  O3,  SO2,  and  NO2;
(2) alternating maximum lags at 15 d, 18 d, 21 d, and 24 d; (3) alternating the df of time term from 6 to 9. And we
obtained the robust findings from the sensitivity analyses. (Supplementary Figures S8, S9 and S10).
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SUPPLEMENTARY  FIGURE S8. The  national-pooled  cumulative  temperature-years  of  life  lost  (estimates  and  95%
confidence intervals), with and without the adjustment of O3, SO2, and NO2. A, B represents not added and added the above
pollutants, respectively. Abbreviations: YLL=years of life lost.
 

Y
LL

Y
LL

A

60

50

40

30

20

10

0

60

40

20

0

B

C D

60

70

50

40

30

20

10

0

60

80

40

20

0

−20 −10 0 10 20 30 −20 −10 0 10 20 30

−20 −10 0 10 20 30 −20
Lag (d)

−10 0 10 20 30

SUPPLEMENTARY  FIGURE S9. The  national-pooled  cumulative  temperature-years  of  life  lost  (estimates  and  95%
confidence intervals), by changing maximum lags. A, B, C, and D represents 15 d, 18 d, 21 d, and 24 d, respectively.
Abbreviation: YLL=years of life lost.
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