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Introduction

Scientific Questions:
1 Is exposure to PM2.5 below the current national standards

associated with increased mortality risk?
◦ Annual standard: 12 µg/m3

◦ Daily standard: 35 µg/m3

2 Are some populations at higher risk than others?
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Medicare Cohort

Medicare Enrollment by County (2010)

◦ Open Cohort
(2000 – 2012)
◦ > 60M enrollees
◦ > 460M person-years
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PM2.5 predictions

◦ Well-validated model with excellent predictive accuracy
◦ High spatio-temporal resolution: daily 1×1 km2 grids

Average PM2.5 concentrations in the Continental US (2000 – 2012)
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Long-term PM2.5 exposure and mortality
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Results
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Short-term PM2.5 exposure and mortality

Association of Short-term Exposure to Air Pollution
With Mortality in Older Adults
Qian Di, MS; Lingzhen Dai, ScD; Yun Wang, PhD; Antonella Zanobetti, PhD; Christine Choirat, PhD;
Joel D. Schwartz, PhD; Francesca Dominici, PhD

IMPORTANCE The US Environmental Protection Agency is required to reexamine its National
Ambient Air Quality Standards (NAAQS) every 5 years, but evidence of mortality risk is lacking
at air pollution levels below the current daily NAAQS in unmonitored areas and for sensitive
subgroups.

OBJECTIVE To estimate the association between short-term exposures to ambient fine
particulate matter (PM2.5) and ozone, and at levels below the current daily NAAQS, and
mortality in the continental United States.

DESIGN, SETTING, AND PARTICIPANTS Case-crossover design and conditional logistic
regression to estimate the association between short-term exposures to PM2.5 and ozone
(mean of daily exposure on the same day of death and 1 day prior) and mortality in 2-pollutant
models. The study included the entire Medicare population from January 1, 2000, to
December 31, 2012, residing in 39 182 zip codes.

EXPOSURES Daily PM2.5 and ozone levels in a 1-km × 1-km grid were estimated using
published and validated air pollution prediction models based on land use, chemical transport
modeling, and satellite remote sensing data. From these gridded exposures, daily exposures
were calculated for every zip code in the United States. Warm-season ozone was defined as
ozone levels for the months April to September of each year.

MAIN OUTCOMES AND MEASURES All-cause mortality in the entire Medicare population from
2000 to 2012.

RESULTS During the study period, there were 22 433 862 million case days and 76 143 209
control days. Of all case and control days, 93.6% had PM2.5 levels below 25 μg/m3, during
which 95.2% of deaths occurred (21 353 817 of 22 433 862), and 91.1% of days had ozone
levels below 60 parts per billion, during which 93.4% of deaths occurred (20 955 387 of
22 433 862). The baseline daily mortality rates were 137.33 and 129.44 (per 1 million persons
at risk per day) for the entire year and for the warm season, respectively. Each short-term
increase of 10 μg/m3 in PM2.5 (adjusted by ozone) and 10 parts per billion (10−9) in
warm-season ozone (adjusted by PM2.5) were statistically significantly associated with a
relative increase of 1.05% (95% CI, 0.95%-1.15%) and 0.51% (95% CI, 0.41%-0.61%) in daily
mortality rate, respectively. Absolute risk differences in daily mortality rate were 1.42 (95% CI,
1.29-1.56) and 0.66 (95% CI, 0.53-0.78) per 1 million persons at risk per day. There was no
evidence of a threshold in the exposure-response relationship.

CONCLUSIONS AND RELEVANCE In the US Medicare population from 2000 to 2012,
short-term exposures to PM2.5 and warm-season ozone were significantly associated with
increased risk of mortality. This risk occurred at levels below current national air quality
standards, suggesting that these standards may need to be reevaluated.

JAMA. 2017;318(24):2446-2456. doi:10.1001/jama.2017.17923

Editorial page 2431

Supplemental content

CME Quiz at
jamanetwork.com/learning
and CME Questions page
2489

Author Affiliations: Department of
Environmental Health, Harvard T.H.
Chan School of Public Health, Boston,
Massachusetts (Di, Dai, Zanobetti,
Schwartz); Department of
Biostatistics, Harvard T.H. Chan
School of Public Health, Boston,
Massachusetts (Wang, Choirat,
Dominici).

Corresponding Authors: Joel D.
Schwartz, PhD, Department of
Environmental Health, Harvard T.H.
Chan School of Public Health,
Landmark Center West 404H,
Boston, MA 02215 (jschwrtz@hsph
.harvard.edu).

Research

JAMA | Original Investigation

2446 (Reprinted) jama.com

© 2017 American Medical Association. All rights reserved.

Downloaded From: https://jamanetwork.com/ on 01/18/2020

12



Results

Meteorological variables, including air and dew point tem-
peratures, were retrieved from North American Regional
Reanalysis data and estimated daily mean values were
determined for each 32-km × 32-km grid in the continental
United States.15

For each case day (date of death) and its control days, the
daily 24-hour PM2.5, 8-hour maximum ozone, and daily air and
dew point temperatures were assigned based on zip code of
residence of the individual (eAppendix 1 in the Supplement).
Because we estimated air pollution levels everywhere in the

continental United States, the number of zip codes included
in this study was 39 182, resulting in a 33% increase com-
pared with the number of zip codes with a centroid less than
50 km from a monitor (n = 26 115).

Statistical Analysis
The relative risk (RR) of all-cause mortality associated with
short-term exposures to PM2.5 (adjusted by ozone) and
warm-season ozone (adjusted by PM2.5) was estimated by
fitting a conditional logistic regression to all pairs of case
days and matched control days (eAppendix 2 in the
Supplement).9 The regression model included both pollut-
ants as main effects and natural splines of air and dew point
temperatures with 3 df to control for potential residual con-
founding by weather. For each case day, daily exposure to
air pollution was defined as the mean of the same day of
death (lag 0-day) and 1 day prior (lag 1-day), denoted as lag
01-day.5,16,17 Relative risk increase (RRI) was defined as
RR − 1. The absolute risk difference (ARD) of all-cause mor-
tality associated with air pollution was defined as
ARD = α × (RR − 1)/RR, where α denotes the baseline daily
mortality rate (eAppendix 3 in the Supplement).

The robustness of the analysis results was assessed with
respect to (1) choosing the df used for the confounding adjust-
ment for temperature, (2) using lag 01-day exposure as the ex-
posure metric, (3) the definition of warm season, and (4) using
only air pollution measurements from the nearest EPA moni-
toring sites. Splines on meteorological variables with 6 and 9
df yielded results with a difference of less than 5% of the stan-
dard error (eFigure 1 in the Supplement). The main analysis,
which used the lag 01-day exposure, yielded the lowest val-
ues of the Akaike Information Criteria values, indicating bet-
ter fit to the data (eTable in the Supplement). Different defi-
nitions of warm season yielded similar risk estimates
(eAppendix 4 in the Supplement), and using exposure mea-

Table 1. Baseline Characteristics of Study Population (2000-2012)

Baseline Characteristic Value
Case days, No. 22 433 862

Control days, No. 76 143 209

Among All Cases (n = 22 433 862), %

Age at death, y

≤69 10.38

70-74 13.37

75-84 38.48

≥85 37.78

Sex

Male 44.73

Female 55.27

Race/ethnicity

White 87.34

Black 8.87

Asian 1.03

Hispanic 1.51

Native American 0.31

Medicaid Eligibility (n = 22 433 862), %

Ineligible 77.36

Eligible 22.64

Table 2. Relative Risk Increase and Absolute Risk Difference of Daily Mortality Associated With Each 10-μg/m3 Increase in PM2.5

and Each 10-ppb Increase in Ozone

Air Pollutant Analysis

Relative Risk Increase, % (95% CI)
Absolute Risk Difference in Daily Mortality Rates,
No. per 1 Million Persons at Risk per Day (95% CI)a

PM2.5 Ozoneb PM2.5 Ozoneb

Main analysisc 1.05 (0.95-1.15) 0.51 (0.41-0.61) 1.42 (1.29-1.56) 0.66 (0.53-0.78)

Low-exposure analysisd 1.61 (1.48-1.74) 0.58 (0.46-0.70) 2.17 (2.00-2.34) 0.74 (0.59-0.90)

Single-pollutant analysise 1.18 (1.09-1.28) 0.55 (0.48-0.62) 1.61 (1.48-1.73) 0.71 (0.62-0.79)

Nearest monitors analysisf 0.83 (0.73-0.93) 0.35 (0.28-0.41) 1.13 (0.99-1.26) 0.45 (0.37-0.53)

Abbreviations: PM2.5, fine particulate matter; ppb, parts per billion.
a The daily baseline mortality rate was 137.33 per 1 million persons at risk per

day; the warm-season daily baseline mortality rate was 129.44 per 1 million
persons at risk per day.

b Ozone analyses included days from the warm season only (April 1 to
September 30).

c The main analysis used the mean of daily exposure on the same day of death
and 1 day prior (lag 01-day) as the exposure metric for both PM2.5 and ozone,
and controlled for natural splines of air and dew point temperatures with 3 df.
The main analysis considered the 2 pollutants jointly included into the
regression model and estimated the percentage increase in the daily mortality
rate associated with a 10-μg/m3 increase in PM2.5 exposure adjusted for ozone
and the percentage increase in daily mortality rate associated with a 10-ppb
increase in warm-season ozone exposure adjusted for PM2.5.

d The low-exposure analysis had the same model specifications as the
2-pollutant analysis and was constrained for days when PM2.5 was below
25 μg/m3 or ozone below 60 ppb.

e The single-pollutant analysis estimated the percentage increase in the daily
mortality rate associated with a 10-μg/m3 increase in PM2.5 exposure
without adjusting for ozone and the percentage increase in the daily
mortality rate associated with a 10-ppb increase in ozone exposure without
adjusting for PM2.5.

f PM2.5 and ozone monitoring data were retrieved from the US Environmental
Protection Agency Air Quality System, which provides the daily mean of PM2.5
and daily 8-hour maximum ozone levels at each monitoring site. Daily ozone
concentrations were averaged from April 1 to September 30. Individuals were
assigned to the PM2.5 and ozone levels from the nearest monitor site within
50 km. Those living 50 km from any monitoring site were excluded.
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Results (cont’d)
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Conclusions

◦ Significantly harmful PM2.5 effect estimates in the US
elderly both for long- and short-term exposures
◦ No evidence of threshold:
→ Significant estimated effects even at levels below the

current standards

◦ Next steps: comparison of effects estimated by traditional
approaches vs. causal inference modeling
◦ Preliminary analyses indicate the results are robust
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Thank you!

Questions?
mk3961@cumc.columbia.edu
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