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Abstract

Background—Extremes of temperature have been associated with short-term increases in daily
mortality. We identified subpopulations with increased susceptibility to dying during temperature
extremes, based on personal demographics, small-area characteristics and preexisting medical
conditions.

Methods—We examined Medicare participants in 135 U.S. cities and identified preexisting
conditions based on hospitalization records prior to their deaths, from 1985-2006. Personal
characteristics were obtained from the Medicare records, and area characteristics were assigned
based on zip-code of residence. We conducted a case-only analysis of over 11 million deaths, and
evaluated modification of the risk of dying associated with extremely hot days and extremely cold
days, continuous temperatures, and water-vapor pressure. Modifiers included preexisting
conditions, personal characteristics, zip-code-level population characteristics, and land-cover
characteristics. For each effect modifier, a city-specific logistic regression model was fitted and
then an overall national estimate was calculated using meta-analysis.

Results—People with certain preexisting conditions were more susceptible to extreme heat, with
an additional 6% (95% confidence interval= 4% — 8%) increase in the risk of dying on an
extremely hot day in subjects with previous admission for atrial fibrillation, an additional 8%
(4%—-12%) in subjects with Alzheimer disease, and an additional 6% (3%-9%) in subjects with
dementia. Zip-code level and personal characteristics were also associated with increased
susceptibility to temperature.

Conclusions—We identified several subgroups of the population who are particularly
susceptible to temperature extremes, including persons with atrial fibrillation.
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Numerous multi-city time-series analyses have demonstrated that cold and hot temperatures,
as well as temperature extremes, are associated with increased death rates in the days
following these weather conditions.1 = Less is known about water-vapor pressure and
mortality. In two Chinese cities, high water-vapor pressure was associated with increased
risks of all-cause and cardiorespiratory deaths during influenza outbreaks,'° and another
study in several U.S. counties found an association with influenza mortality.11 These
findings are important for understanding the health effects of climate change, which affects
temperatures, extreme heat, water vapor and other weather conditions.12

Identifying factors that confer susceptibility to temperature extremes can help in developing
public health programs that better target the most vulnerable. Greater susceptibility has been
reported among the elderly, those of lower socioeconomic status, minorities, and persons
with diabetes.>6:13-16 Community-level modifiers, such as vegetative covering or green
space, have rarely been examined as modifiers, and usually only for entire urban areas rather
than at smaller spatial scales. An exception is a recent study in Phoenix, AZ that found non-
vegetated areas to be associated with heat-associated death in a Census block group.t’

Physiologically, the underlying mechanisms for heat-associated mortality may be related to
the stress placed on the respiratory and circulatory systems to increase heat loss through
skin-surface blood circulation.118 This stress, coupled with an increase in blood viscosity
and cholesterol levels with high temperatures,19 may increase cardiorespiratory death risk.
Recent studies report that changes in temperature and water-vapor pressure were associated
with increased blood pressure, lipid levels, inflammatory markers, plasma cholesterol, and
plasma fibrinogen and heart rate variability in the elderly or in persons with preexisting
cardiovascular disease.29-25 High humidity has been associated with declines in physical
and mental capacity, but high humidity often occurs when temperature is high.28

Less is known about medical conditions that confer susceptibility. Diabetes and chronic
obstructive pulmonary disease (COPD) may make people more susceptible to temperature
extremes.14 A multi-city study® found that cardiac-arrest deaths increased on extremely cold
days, whereas heat-related mortality was higher for those with coexisting atrial fibrillation.

With an aging population, the prevalence of neurologic conditions is increasing, but this is
under-investigated as a characteristic of vulnerability to weather. Several studies have
identified persons with mental illness, dementia, substance misuse and cognitive impairment
as being particularly susceptible to heat.47:15.27-31

In this study we applied a case-only approach to examine susceptibility to weather
parameters and temperature extremes in 135 U.S. cities. We hypothesized that subjects with
specific preexisting conditions, or who were previously admitted to the hospital for specific
primary or concomitant medical conditions, are more susceptible to the effect of weather on
mortality. The case-only approach does not assume that the stated cause of death was also a
preexisting condition, and it tests whether the risk differs for people with versus without the
condition, regardless of the proximate cause of death. Based on the literature reviewed
above, we focused on COPD, pneumonia, diabetes, congestive heart failure, and atrial
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fibrillation, as well as neurologic disorders such as Alzheimer disease, Parkinson disease,
disorders of the peripheral nervous system, and dementia.

As additional factors that could confer susceptibility, we examined several personal and zip
code characteristics that have previously been demonstrated to modify the relationship
between heat and health.32 Sex, race, education and poverty may be associated with weather
vulnerability because they are associated with differences in health status, air conditioning
use, and social isolation and support.33-35 Green space and population density may
physically alter the weather within microclimates and lower the temperature, particularly in
the summer.17

Study design and population

As previously described,36 we chose 135 U.S. cities from the 201 counties with the highest
number of cardiovascular hospital admissions in 2004-2006. Cities were then defined
according to the county or counties corresponding to their metropolitan statistical area.

Health data—The U.S. Medicare program covers hospitalization for most U.S. citizens
aged 65 years and older. Using Medicare claims records from the Medicare Provider
Analysis and Review File for the years 1985 to 2006, we examined all patients admitted for
any conditions; we then selected those who subsequently died and whose date of death was
validated. We excluded subjects who died in the hospital after having been in the (climate-
controlled) hospital for at least one day. Information on sex and race was available for each
subject.

Persons for whom the following conditions were noted as the admission’s primary discharge
diagnosis, or as any of nine coexisting conditions, were classified as having the condition:
chronic obstructive pulmonary disease (International Classification of Disease 9th revision
[ICD-9] 490-496, except 493), pneumonia (480 — 487), diabetes (250), congestive heart
failure (CHF; 428), atrial fibrillation (A fib; 427.3), myocardial infarction (Ml; 410), stroke
(430-438), Alzheimer disease (331.0), Parkinson’s disease (332), dementia (290), disorders
of the peripheral nervous system (350-359), and hereditary and degenerative diseases of the
central nervous system (330-337).

Modifiers—We defined three types of modifiers: specific cause of admissions (preexisting
medical conditions), personal characteristics, and area-level modifiers. U.S. Census zip code
tabulation areas for the year 2000 Census were used to define boundaries of the 5-digit zip
codes (http://www.census.gov/geo/www/tiger/tigermap.htmI#ZIP).

In a case-only analysis, the outcome variables are the presence or absence of each specific
modifier. Therefore we created an indicator variable for presence or absence of the specific
causes of admission specified above, sex, and non-white race.

We obtained area (zip-code) — level madifiers from the U.S. Census for the years 1980,
1990 and 2000 standardized to 2000 boundaries.3” From the 1992 and 2001 National Land
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Cover Dataset, we calculated percent of area with green space and covered by a water
body.32 The census and land-use data were merged with the Medicare patient records by zip
code of residence.

We defined, for each of the area-level modifiers, the 25! and 75t percentiles across all the
cities for each available year of Census and National Land Cover Dataset data. We then
assigned the 1980, 1990 and 2000 Census variable values to the deaths occurring in the
years 1985-1989, 1990-1999, and 2000-2006, respectively. For each of the following
modifiers, we then computed indicator variables equal to 1 when below the 25™ percentile
of the modifier: percent of area with green space, area covered by water, and population
over 25 years of age who completed college. Indicator variables were equal to 1 when above
the 75! percentile of the modifier for: proportions of the population below the poverty level,
of non-white race, and population aged 25+ years who had not completed high school, and
population density.

Environmental data

We obtained daily weather data from the National Oceanic and Atmospheric Administration
(NOAA) for a single weather station for each city, as previously described36. “Extremely
cold days” were those with a daily maximum temperature at or below the 15t percentile of
the distribution in that city.>38 Similarly, we defined extremely hot days as those with a
daily minimum temperature at or above the 99t percentile. We chose the daily maximum
temperature to examine extreme cold and the daily minimum to examine extreme heat
because these indicate situations in which little relief exists during the day (for cold) or at
night (for heat). Because study cities represented a wide range of climates, in some cases the
percentile-based cutoff points to define extreme temperatures were at very mild
temperatures. Therefore, cities were excluded from the extreme cold analysis if their cutoff
for extreme cold was = 10°C and were excluded from the extreme heat analysis for extreme
heat was < 20°C, leaving a total of 111 and 123 cities, respectively.

We also examined the following continuous weather parameters: mean temperature,
apparent temperature and water-vapor pressure in order to evaluate associations between
mortality and more moderate weather exposures.3° For these continuous exposure variables,
we tested the association on the same day and for the average of the date of death and the
two previous days.

Apparent temperature (AT, ‘°C) is the perceived air temperature given the humidity; it was
calculated with the following formula“0:

AT= — 2.653+0.994*Ta+0.0153*(Td?)
where Ta is air temperature and Td is dew point temperature. Water-vapor pressure (wvp) is

the water content of a mixture of water vapor and other constituents of air; water vapor
pressure (hPa) is computed as*142:

WVP=6.1078*10(7->"Td)/(237.7+Td)
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Water vapor pressure is lowest during winter and highest during summer.

Statistical analysis—The case-only approach can investigate how characteristics that do
not vary (or vary slowly) over time (e.g., sex or socioeconomic status) modify the effect of a
time-varying exposure (e.g., weather parameters) on the outcome of interest (e.g., death) by
restricting the sample to cases (e.g., decedents).>1443

This approach provides important advantages over traditional analyses, including reduction
of potential confounding by variables typically associated with mortality (e.g., smoking
history, blood pressure), simplification of modeling, and reduction of result sensitivity to
model misspecification bias.1443

In the case-only design, a negative association does not necessarily indicate a decreased risk
of dying on extreme temperature days for the group of persons or causes examined. Rather,
it indicates that the risk of dying associated with extreme temperatures is less pronounced
for that group of persons or causes than for the others; a positive association shows that
people with certain personal, medical, or area characteristics are more highly represented
among the group of people who die on the extreme-temperature days. That is, the case-only
analysis estimates what would be the coefficient of an interaction term in a Poisson
regression, and provides the incremental effect in that group.

We fitted city-specific logistic regression models in which the dependent variable was the
presence or absence of the hypothesized modifier that was a personal characteristic, an area-
level characteristic or a cause of admission. The predictors were either extreme hot or cold
temperature (indicator variables) or continuous forms of air temperature, water-vapor
pressure or apparent temperature.

We conducted separate analyses for cold months (November-March) and warm months
(May-September) to exclude extremely hot days from the reference group for extremely
cold days and vice versa, thus avoiding an over- or underestimation of the interaction in
situations where the modifier of interest is relevant for both hot and cold days.

All models included sine and cosine terms with a 365.24 day period to capture possible
interactions between season and the characteristic being investigated (e.g., if people with
diabetes have a stronger seasonal pattern in mortality than other persons).14

The main effects of temperature on mortality are well established. Because the case-only
analysis estimates the modification of effect but not the main effect of temperature, the
reported results are estimates of the additional effect in the subgroup with the characteristic
being examined. Therefore, this approach serves our goal of determining whether personal
and area-level characteristics are markers of vulnerability to temperature-related mortality.

In a second stage of analysis, we combined the city-specific results using a random-effects
meta-analysis.#4 Cities in which the proportion of cases was less than 1% were excluded
from the analysis. We used the 12 statistic to assess the proportion of total variation in effect
estimates attributable to between-city heterogeneity.*>
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For binomial outcomes, results are presented as the relative odds of dying on an extreme-
temperature day for persons who had the condition (e.g. Alzheimer), were in a certain
demographic group (e.g. female), or lived in a zip code with the characteristic of interest
(e.g. less green space) compared with persons who, to continue the examples, did not have
Alzheimer disease, were male, or lived in an area with more green space. For the continuous
predictors, the relative odds of dying are presented (for interquartile ranges [IQRs] across all
cities) for an increase in warm-month temperature (7.7 °C), an increase in warm-month
water-vapor pressure (8.1 hPa), a decrease in cold-month temperature (8.6 °C), and a
decrease in cold-month water vapor pressure (5.2 hPa). For small coefficients, these are
essentially equivalent to the additional percent change in mortality in the subgroup
compared with the general population. That is, an OR of 1.04 indicates a 4% additional
increase in mortality associated with hot days in the susceptible group.

Analyses included 7,204,031 total deaths across 135 U.S. cities. Table 1 shows descriptive
information about the persons who died and the areas (zip codes) in which they lived.
eTable 1 presents the same data for each city, while eTable 2 shows the city-level exposure
variables and the thresholds used to define extreme temperatures in each study city and in
the excluded cities. Minneapolis, MN had the lowest temperature threshold for extreme cold
(-16.7°C), while Phoenix, AZ, had the highest temperature threshold for extreme heat
(31.7°C).

Chicago had the highest number of deaths during the study period (n=414,741), while
Salinas, CA and Spokane, WA had the smallest number of deaths (fewer than 17,000 deaths
each). Among the decedents 39% had a previous admission for congestive heart failure, and
20% had a previous admission for diabetes. The percent of subjects with neurological
disorders and dementia varied between 3% and 7%.

Study cities had a wide range of climates, with warm-month mean temperatures ranging
from 14.4°C in Portland, ME to 29.7°C in Phoenix, AZ, and cold-month temperatures
varying between —0.5°C in Minneapolis, MN and 24.3°C in Honolulu, Hawaii. The
correlation between mean temperature and water-vapor pressure during warm months varied
among the cities, with the weakest correlation (0.13) in El Paso, TX and the strongest
correlation (0.89) in Hamilton, OH, Utica, NY, Lansing, Ml and Cincinnati, OH. In cold
months, the lowest correlation of 0.06 was found in Ventura, CA and the highest
correlations were observed in several cities in Florida.

Table 2 shows correlations among the zip-code-level-characteristics. Notably, we found a
correlation of —0.80 between the proportion of green space and population density, and
between the proportion of population who had graduated from college and who had not
graduated from high school. In general, we found substantial effect modification by medical
conditions and personal- and area-level characteristics of the association between total
mortality and weather parameters (extreme hot and cold temperature; warm- and cold-month
continuous temperature; and water-vapor pressure) (Figures 1-6), with the strongest
associations observed for neurological disease. The results for extreme-hot and extreme-cold
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temperature defined instead at the 5 and 95t percentiles of temperature and for apparent
temperature are presented in eFigures 1-3; they were similar to results presented in the text.

The following results report the odds ratios for the interactions, i.e. the additional effect of
the weather parameters in people with the examined modifier. Having had a previous
admission that included Alzheimer disease as a cause was the strongest modifier of the
extreme-heat effect (odds ratio of dying = 1.08 [95% confidence interval (Cl) = 1.04-1.12]);
of warm-month temperature for the day of death (1.03 [1.00-1.05] per 7.7 °C increase in
temperature), and for the 3-day average (1.03 [1.00-1.07] per 7.7 °C increase in
temperature) and of warm-month water-vapor pressure for the day of death (1.04 [1.02—
1.06] per 8.1 hectopascals (hPa) increase in water-vapor pressure) and for the 3-day average
(1.06 [1.03-1.08] per 8.1 hPa increase in water-vapor pressure).

In addition to those having Alzheimer’s disease, other persons at greater risk of dying on
extremely hot days included those with a previous admission for dementia (1.04 [1.02—
1.09]), hereditary and degenerative diseases of the central nervous system (1.05 [1.02-1.08])
and atrial fibrillation (1.06 [1.03-1.08]).

Other causes of admission that modified the associations between mortality and extreme
heat were: congestive heart failure (1.01 [1.00-1.02]), diabetes (1.01 [1.00-1.03]), COPD
(1.02 [1.00-1.04]), pneumonia 1.02 [1.01-1.04]), and stroke (1.02 [1.00-1.04]). A similar
pattern of effect modification was observed for water-vapor pressure and temperature
(Figures 3 and 5), with the results for the three-day average having higher odds ratios than
for the same day.

Zip code-level characteristics were modifiers of the association between mortality and
extremely hot weather, warm-month water-vapor pressure, and warm-month temperature.
Specifically, for a 7.7 °C increase in warm-month temperature, we found enhanced risk for
subjects living in codes with higher poverty (1.02 [1.01 — 1.04]); greater population density
(1.02 [1.01 - 1.03]); and more residents without high school degrees (1.04 [1.02-1.05]).

Similarly, during extremely hot days mortality was higher in zip codes with higher poverty
(1.03 [1.00-1.05]); higher population density (1.02 [0.99-1.05]); and more residents of non-
white race (1.03 [0.99-1.06]) and without high school degree (1.04 [1.01-1.06]).

The results for zip codes with less water and green space varied by exposure; with less water
(1.03 [1.01-1.05]) modifying the effect of water-vapor pressure on mortality, and less green
space (1.03 [1.01-1.05]) modifying the effect of temperature in warm months on mortality.
Women and subjects with race defined as non-white had a higher risk of mortality for all
exposures examined.

For effects of extreme cold, subjects with a previous admission for dementia (1.07 [1.03—
1.11]) and disorder of the peripheral nervous system (1.07 [1.01-1.13]) had a higher risk of
mortality. However, the risks of dying with other medical conditions were lower on
extremely cold days. Similar results were observed for temperature and water-vapor
pressure.
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Among the zip code-level characteristics associated with increased susceptibility to cold-
month temperature were low proportions of green space (1.01 [0.99-1.01]) and of residents
with a college degree (1.01 [1.00-1.02]). A similar pattern of effect modification during cold
months was observed for water-vapor pressure (Figure 6).

We found moderate heterogeneity (12 < 0.5) among the city-specific effect estimates during
cold and warm weather, and during extreme cold and hot days.

Discussion

In this large multi-city study, we identified several subpopulations particularly susceptible to
temperature extremes, continuous temperature and water-vapor pressure. Subjects with a
neurological disorder, dementia and atrial fibrillation were especially vulnerable to each of
these exposures. The increase in deaths on extremely high-temperature days was higher also
for congestive heart failure, Ml, stroke, diabetes, COPD, and pneumonia, and similar
increases were observed for the continuous weather parameters. Among personal
characteristics, being non-white and female was associated with elevated risk of mortality
due to increases in warm-month temperatures and in water-vapor pressure, and on extremely
hot days.

Notably, local zip-code-level socioeconomic characteristics modified susceptibility to all the
warm-month exposures. During warm months, in zip codes with a low percent of green
space, associations between mortality and temperature were higher, but low percent water in
a zip code did not modify the effect. By contrast, during the warm months, associations
between water-vapor pressure and mortality were higher in zip codes with less water but not
in those with less green space Both green space and presence of water may systematically
change the experience of temperature and water-vapor pressure exposure for people living in
those areas. For example, people living in areas with low percent of green space may
experience hotter temperatures than those in verdant areas, and indoor humidity may
correlate more strongly with outdoor water-vapor pressure in areas with more surface water.
Further analysis using finer-spatial scale data would be necessary to evaluate whether these
contrasting patterns would persist.

Our results suggest that some specific medical conditions as well as area-level
characteristics increase susceptibility to temperature extremes and to continuous weather
parameters. Several studies on the effects of temperature on mortality have also found a
greater susceptibility of the elderly to both cold®46 and hot temperatures.1* A reduced
thermoregulatory capacity in the elderly, combined with a diminished ability to detect
changes in their body temperature, may partly explain their increased susceptibility,4’
although physiologic differences in other responses to extreme temperatures may also play a
role.48

Three studies have found decreased temperature associated with increases in inflammatory
markers,20 low-density lipoprotein, and low levels of high-density lipoprotein?! and blood
pressure?2 in elderly men, suggesting that these risk factors may be among the underlying
mechanisms which may lead to cold-related, but not heat-related, cardiovascular deaths.
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Similarly, Ren and co-authors?3 showed that higher ambient temperature was associated
with decreases in heart-rate-variability measures during the warm but not the cold season,
concluding that temperature could precipitate cardiovascular events via autonomic-nervous-
system dysfunction.

It has also been reported that exposure to cold temperatures increases levels of plasma
cholesterol and plasma fibrinogen,® which could lead to thrombosis through
hemoconcentration.

Subjects with neurological disorders and dementia are more vulnerable to extreme heat due
to physiological, behavioral and social factors,*° but also because psychiatric medications
can increase vulnerability to heat-related morbidity by altering the body’s ability to
thermoregulate®%-51 due to pharmacologic effects on the parasympathetic pathway.>2

Our study therefore confirms and supports previous findings of increased risk of exposure to

warm weather in persons with mental illness, dementia, and neurological
disorders.4:15.16,27-29,31,53,54

When examining whether chronic conditions recorded on admission records prior to death
increase the susceptibility to extreme temperatures, we confirmed previous findings®14 that
people with diabetes are particularly vulnerable to heat. This could be explained by impaired
thermoregulation through impaired autonomic control and endothelial function.

An important finding of our study is that subjects with atrial fibrillation are more susceptible
to temperature extremes than to other weather parameters. Atrial fibrillation is a main risk
factor for stroke, which has been found to be particularly vulnerable to the effects of
extreme heat.>3 An increase in blood viscosity and cholesterol levels with high
temperatures® may interact with atrial fibrillation to facilitate the formation of blood clots
that cause stroke.

We found that subjects of non-white race living in areas with lower education, higher
poverty, and lower percent of green space and water were more susceptible to extreme heat,
temperature, and water-vapor pressure during warm months. Greater susceptibility to dying
on extremely hot days has been previously reported for non-whites and those of lower
socioeconomic status, and could be related to poorer health status, limited access to health
care, and poorer housing conditions.>13-15.33

Regarding water-vapor pressure, Yang and co-authors19 found a 0.35% increase [0.07 —
0.62] in total mortality with each 1% increase in influenza virus activity during periods of
high water-vapor pressure. In Germany, a decrease in air temperature and in water-vapor
pressure doubled the risk of ST-segment depression, which could explain the association
between weather changes and cardiovascular mortality.2> Our results confirm these previous
findings that changes in water-vapor pressure are associated with increased risk of mortality
in susceptible populations.

One limitation of our study is that we lack data on medication use and therefore cannot
examine whether specific drugs modify the effect of weather on mortality. Another
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limitation relates to the case-only study design, which cannot estimate the main effects of
temperature but only effect modification by certain characteristics. Moreover, those
characteristics could not be evaluated as continuous variables or as categorical variables
with three or more levels.

Our population may not be representative of the populations of decedents with these
conditions, given that it consisted of people who were hospitalized for any reason prior to
dying. Medicare billing records probably do not identify pre-existing conditions in
decedents as comprehensively as, for example, the clinical information (not just
hospitalizations) from the UK General Practice Research Database used by Page and
colleagues.31 However, we believe we captured most of the cases of these medical
conditions (among persons hospitalized for any reason), given that, for example, Alzheimer
disease will generally be noted on an admission for pneumonia, given that the cognitive
impairment will affect management of the case in the hospital.

Previous studies have suggested that populations tend to adapt to the local climate.%:56 This
adaptation may occur by physiologic acclimatization, behavioral patterns, or other adaptive
mechanisms, such as having heating or air conditioning at home.5” The effects of an
increase in global temperature may be partly mitigated by these adaptive mechanisms, and,
as our results suggest, increasing green space might ameliorate the heat effects.

In conclusion, this study’s identification of subpopulations particularly vulnerable to
temperature extremes is of public health relevance, especially if such subpopulations are
growing proportions of the population —as is the case for persons with diabetes and for the
elderly in many countries.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Effect modification by medical condition of the effect of extreme-hot and extreme-cold

temperature (defined at 1st and 99th percentiles of temperature) on total mortality. Results
from the meta-analysis of 123 and 111 U.S. cities, respectively, during the period 1985-
2006, among Medicare enrollees. Estimates represent the relative odds of dying on an
extreme-temperature day for persons who had the medical condition compared with persons
who did not have the condition. See Methods section for definition of each medical
condition.
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Figure2.

Effect modification by subject and area-level characteristics of the effect of extreme-hot and
extreme-cold temperature (defined at 1st and 99th percentiles of temperature) on total
mortality. Results from the meta-analysis of 123 and 111 U.S. cities, respectively, during the
period 1985-2006, among Medicare enrollees.
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Effect modification by medical condition of the effect of warm-months’ and cold-months’
temperature for the day of death and for the 3-day average on total mortality. Results from
the meta-analysis of 123 and 111 U.S. cities, respectively, during the period 1985-2006,
among Medicare enrollees. Estimates represent the relative odds of dying for persons who
had the medical condition compared with persons who did not have the condition for an
increase in warm-months’ temperature of 7.7 °C, and for a decrease in cold-months’
temperature of 8.6 °C.
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Effect modification by subject and area-level characteristics of the effect of warm-months’
and cold-months’ temperature for the day of death and for the 3-day average on total
mortality. Results from the meta-analysis of 123 and 111 U.S. cities, respectively, during the
period 1985-2006, among Medicare enrollees. Estimates represent the relative odds of dying
for persons who had the medical condition compared with persons who did not have the
condition for an increase in warm-months’ temperature of 7.7 °C, and for a decrease in cold-

months’ temperature of 8.6 °C.
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water-vapor pressure for the day of death and for the 3-day average on total mortality.

Results from the meta-analysis of 123 and 111 U.S. cities, respectively, during the period
1985-2006, among Medicare enrollees. Estimates represent the relative odds of dying for

persons who had the medical condition compared with persons who did not have the
condition for an increase in warm-months’ water-vapor pressure of 8.1 hPa, and for a
decrease in cold-months’ water-vapor pressure of 5.2 hPa.
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Effect modification by subject and area-level characteristics of the effect of warm-months’
and cold-months” water-vapor pressure for the day of death and for the 3-day average on
total mortality. Results from the meta-analysis of 123 and 111 U.S. cities, respectively,
during the period 1985-2006, among Medicare enrollees. Estimates represent the relative
odds of dying for persons who had the medical condition compared with persons who did
not have the condition for an increase in warm-months’ water-vapor pressure of 8.1 hPa, and

for a decrease in cold-months’ water-vapor pressure of 5.2 hPa.
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Descriptive statistics for persons who died (n=7,204,031) across the 135 US cities

Individual characteristics No.

% of deaths

previous admission for:

Table 1

Atrial fibrillation 1,206,427 17

Congestive heart failure 2,790,616 39

MI 686,927 10

Stroke 1,340,368 19

Diabetes 1,410,099 20

COPD 2,025,149 28

Pneumonia 1,779,908 25

Alzheimer disease 370,158 5

Parkinson disease 201,333 3

Dementia 466,675 6

Individual-level modifiers

Non-white race 1,006,641 14

Female 4,117,023 57

Area-level Modifiers by code No. % of deaths
proportion green space <25th percentile 2,552,223 35
proportion water <25th percentile 1,744,768 24
Proportion in poverty level >75th percentile 2,100,936 29
Population density >75th percentile 2,816,427 39
Proportion without high school diploma >75th percentile 1,964,069 27
Proportion with college degree <25th percentile 1,454,113 20
Proportion non-white >75th percentile 2,133,811 30
Proportion black race >75th percentile 2,287,239 32
Zipcode-level descriptives 25th Percentile  Median  75th Percentile
Proportion black race 0.008 0.030 0.107
Proportion with college degree 0.134 0.226 0.373
Proportion Hispanic 0.014 0.040 0.132
Proportion without high school diploma 0.090 0.151 0.240
Proportion non-white race 0.052 0.141 0.337
Population density (persons/km?) 133 616 1578
Proportion poverty level 0.042 0.075 0.143
Proportion green space 0.262 0.619 0.900
Proportion water 0.000 0.004 0.012
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