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Crude death rates (per 100,000) caused by exposure
to excessive natural cold in the United States, 1996-
2016
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How Ambient Temperature Affects Health

Health impacts:
Mortality

Morbidity

Deceased maternal, fetal, neonatal health

Decreased occupational health
/ [ Vulnerability moderators ]

4 Physical environment: Policy and Planning: Social environment:

i Urban form Building codes Access to social support services
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Physical environment: Policy and planning: Social environment:

Improved housing Building codes Healthcare development and

Climate-controlled facilities access improvement
\_ Improved welfare and nutrition

Access to social support services

Source: Jurgilevich, A., Kayhko, J., Rasanen, A., Porsti, S., Lagstrom, H., Kayhkd, J., & Juhola, S. (2023). Factors influencing
vulnerability to climate change-related health impacts in cities—A conceptual framework. Environment International, 173, 107837.




Example 1: Cold Weather and Cardiovascular Diseases

The global temporal trends of age-standardized mortality rate (per 100,000) of cardiovascular
diseases, hypertensive heart disease, ischemic heart disease, and stroke attributed to high, low,
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Example 1: Cold Weather and Cardiovascular Diseases

The global age-standardized mortality rate (per 100,000) of cardiovascular disease attributed to (a,
b) high temperature and (c, d) low temperature in 1990 and 2019
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Example 1: Cold Weather and Cardiovascular Diseases

Age-specific, sex-specific mortality rate (per 100,000), and disability-adjusted life rate (per
100,000) of cardiovascular disease attributed to a, d low temperature, b, e high temperature, and c,
f non-o ptimal temperafl rra ;l’\ ?a)’l}wlm%ature (b) High temperature (c) Non-optimal temperature
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Example 2: Cold Weather and Emergency Hospital Admission in
Texas

December in Texas
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https://www.chron.com/news/houston-weather/article/Texas-is-freaking-out-over-the-first-cold-front-10782841.php#photo-12010652
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Study design

* Multi-city study using time series data in Texas

* Major exposure:
* Daily mean temperature

* National Oceanic and Atmospheric
Administration (NOAA) Integrated Surface Database
(ISD)

* Major outcomes:

* Daily counts of emergency hospital admissions (EHA)
e Cause-specific
* Age-stratified (0-64, 65-74, 75+)

* Texas Department of State Health Services

e Study period: 2004-2013




The international classification of Disease (ICD)

Outcome

Description

ICD-9

ICD-10

All-cause

CVvD

IHD

Ml

STROKE

RESP

COPD

PNEU

Including external causes

Cardiovascular disease
Ischemic heart disease
Myocardial infarction
Stroke

Respiratory disease

Chronic obstructive
pulmonary disease

Pneumonia

000-999
EandV

390-429
410-414
410
430-438

460-519

490-496
except 493

480-486

A00-U99

101-152
120-152
121, 122
160-169

JOO-J99

J40-J44, 147

J12-)1




Statistical analysis: Two stage approach
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Second
Stage

e MSA-specific temperature- Random effe(?ts
hospital admission meta-analysis
association

e Poisson regression model




Poisson regression Model

Log|E(Y,)] = a + cb(meTMP,;,) + BCW,+ yDOW, +
s(DOY;, 7/year) +s(meDW P, 3)

Yi: number of deaths or hospital admissions on day t
* o:intercept
cb( ): cross-basis function
meTMP, ;: mean temperature on day t with lag effects [ up to 25 days
CW:;: binary variable for cold wave days (0/1)
s( ): a smooth function with degrees of freedom specified
meDW P.: mean dew point temperature on day t
DOW;: day of the week
DOY;: day of year
B,V : regression coefficients




Cold effects on all-cause emergency hospital admissions at lag 0-25in 12
major Texas MSAs during 2004-2013.

Texas MSA % Increase Risk [ 95% Cl ]

Austin-Round Rock § ] o :
Beaumont-Port Arthur ; = A 1°C decrease in temperature

{B:rnwnsv(i:llﬂ—HarlingEn : below cold thresholds was
orpus Christi : ?-‘-1 3.80 : .

Dallas-Fort Worth-Arlington | 1.40, 1 41% associated with a 1.6%

El Paso : D 69 [0.68, 0.70] increase in all-cause EHA.
Houston-The Woodlands-Sugar : 1.94[1.93, 1.96]

Killeen-Temple : -0.03 [-0.04, -0.02]

Lubbock j 0.08 [ 0.07, 0.09]

McAllen-Edinburg-Mission : 1.10[1.09, 1.10]

San Antonio-New Braunfels ; 1.86[ 1.85, 1.87]

Waco § 3.29[3.27, 3.31]

Random-Effects Model for All MSAs 1.55[0.90, 2.20]

% Increase Risk

Source: Chen TH, Du XL, Chan W, Zhang K. "Impacts of cold weather on emergency hospital admission in Texas, 2004-2013. " Environmental research 169 (2019): 139146.



Cold effect to age-stratified and cause-specific emergency hospital
admissions at State-level in Texas.

Morbidity Type % Increase Risk [ 95% CI ]

All-Cause : 1.55[0.90, 2.20] Risk of EHA was highest among
Age : elderly individuals aged 75 years
Age 0-65 : | 76 5 ] and older, with a 2.4% increase.
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Source: Chen TH, Du XL, Chan W, Zhang K. "Impacts of cold weather on emergency hospital admission in Texas, 2004-2013. " Environmental research 169 (2019): 139146.



Example 3: Cold Weather, Air Pollution and Anxiety

Three subtropical Chinese cities in the study

Li, Huan, et al. "Interactive effects of cold spell and air pollution on outpatient visits for anxiety in three subtropical Chinese cities." Science of The Total Environment 817 (2022): 152789.




Relative Excess Risk Due to Interaction (RERI) of Cold Spells and Air Pollution on Anxiety
in Three Subtropical Cities in China

2.50
».00 1.95 2.00
1.73
1.49
1.50 1.40
® Huizhou
B Shenzhen
1.00 .
Zhaoqing
0.50
0.00

PM2.5 PM10 SO2

Source: Li, H., Li, M., Zhang, S., Qian, Z. M., Zhang, Z., Zhang, K., ... & Lin, H. (2022). Interactive effects of cold spell and air pollution on outpatient visits for anxiety in three subtropical Chinese cities. Science of The Total
Environment, 817, 152789.



Future Direction: Resilence
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Future Directions

*»» Synergistic Effects of Cold Weather and Other
Environmental and Social Stressors

** Biological mechanisms

** Vulnerable Populations

** Innovative Solutions
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Questions?

kzhang@albany.edu
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