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D 
ESPITE ADVANCES 1~ ASTHMA 
therapy. asthma rcmains a 
substanual public heahh 
problcm . ln the United 

States, asthma 1s a lcading cause of 
ch1ldhood morbiditv. with an csti· 
mated prcvalence of 6. ~ in ch1ldrcn 
and youth younger than 18 years. 1 Nu
merous stud1es have documentcd a risc 
in the morbidily. mortalny. and prcva
lence of asthma in d1fferent popula
tions. 2.a The cause or causes of lhis trend 
remain controversial. .. 11 

Expcrimcnt.al. labora,ory. and epi
demiologic studics in the la.st several 
years have linked high conccn1ra1ions 
of known air pollutants LO rcspiraiory 
heahh problcrns, most not.ably exacer
bai ions of asthma. 11-n Howc•,er, op
portunities to study the hcahh cffccts 
of anihropogenic improvcmcnlS in air 
quality arc rare. One study found a de
crease in particulatc pollution and res
piratory hospital admissions associ
ated with the closurc of an industrial 
factory in that community.H To our 
knowledge, no study has examined the 
impact of improved ozone pollution for 
an extended ptriod of time on asthma 
exacerbations or othcr markcrs of 
asthma morbidity. Also. the cxtcnt to 
which moderate conccntra1ions or 

Context Vehicle exhaust is a major source of ozone and other air polutants. Al
though high ground-level ozone pollution is associated with transient increases in asthma 
mort:11dity, the impact of citywide transportation changes on air quality and childhood 
asthma has not been studied. The alternative transportation strategy implemented dur
ing the 1996 Summer Olympie Garnes in Atlanta. Ga, provided such an opportunity. 

Objective To descnbe traffic changes in Atlant.!. Ga, dunng the 1996 Su~r Olym
pie Games and concomitant changes 1n arr quahty and ch1ldhood asthma events. 

Design Ecolog1cal study companng the 17 days of the Olympie Garnes (July 19-
August 4, 1996) to a basehne penod cons1sting of the 4 weelcs before ind 4 weeks 
after the Olympie Games. 

Setting and Subjects Ch1ldren aged 1 to 16 years who resided in the 5 central coun
bes of metropolitan Atlanta and whose data were captured 1n 1 of 4 databases. 

Main Outcome Measures (1tyw1de acute care v1s1ts and hospitalizabons for asthma 
(asthma events) and nonasthma events concentrations of maior air polutants, me
teorological variables. and traffic counts. 

Results During the Olympie Garnes. the number of asthma acute care events de
creased 41 .6% (4 .23 vs 2.47 da1ly events) in the Georg,a Medicaid daims file, 44.1 % 
(1 .36 vs 0.76 daily events) in a health maintenance organrzation database, 11.1 % (4 .n 
vs 4.24 daily events) 1n 2 pediatric emergency departments, and 19.1 % (2.04 vs 1.65 
daily hospitalizations) in the Georgia Hospital Discharge Database. The nwnber of non
asthma acute care e-1ents 1n the 4 databases changed-3.1%. +1.3%, -2.1%, and 
+ 1.0%, respectively. ln multivariate regression analysis. only the reduction in asthma 
events recorded in the Medicaid database was significant (relative risk. 0.48; 95% con
fidence interval, 0.44-0 86). Peak daily ozone concentrations decreased 27.9%, from 
81 .3 ppb during the baseline penod to 58.6 ppb during the Olympie Games (P< .001 ). 
Peak weekday morning traffic counts dropped 22 .5% (P< .001). Traffic counts were 
significantly correlated with that day's peak ozone concentration (average r=0.36 for 
all 4 roads examined). Meteorological conditions during the Olympie Garnes did not 
differ substantiaffy from the ba.seline period. 

Conclusions Efforts to reduce downtown tratfic congestion in AUanta during the 
Olympie Cames resulted in decreased traffic density, especially during the aitical mom
ing period. This was associated with a pro!onged reduction in ozone pollution and sig
nificanUy lower rates of childhood asthma events. These data provide support for ef
forts to reduce air pollution and improve health via reductions in motor vehicle traffic. 
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ozone (ic, daily ptak of 50-100 ppb) 
during various exposure lengths af
fects asthrm morbidity rcmains con
troversial. ,,.., 
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AIR QUALITY AND CHILDHOOD ASTHMA 

The main sources of ambicnt air pol· 
lutants arc vch1cle exhaust, industry, 
power generalton plants, and back· 
ground concamination. Compared wnh 
cmtSSions from nonvchicle sources, the 
rclauve amounts oC nstrogen ox1dcs. car· 
bon monox1de, and smalt particulate 
mauer emmed from veh1cles have in· 
crc~d disproportionately due to the 
dramauc incre2Se in worldwide automo
bile use in the past 30 years. 11 1

' Many 
studies have found posiuve associa· 
tions bctween 1raffic densny on sme1 of 
residencc and either asthma e,.·ents or 
asthma prevalence.i~10 However. the im
pact of citywide automobile use and traf
fic now on .ambient air polluuon and 
asthma morb1dity has not bcen studied. 

The 1996 Summer Olympie Garnes 
in Atlanta , Ga, provided a unique op
portunity 10 study the relationship be
twcen automobile traffic, air quality, 
and asthma morbidity. Preparations for 
the Olympie Garnes required a mat· 
cgy for m1nimizing road traffic conges
tion and ensunng that spectators could 
rcach Olympie events in a reasonable 
amount of Lime. Additionally. the more 
than 1 m1lhon v1sitors to Atlanta (re
suhing in increased regional transpor· 
talion demands) could have magni
fied the reg1on·s ex1s1ing air qual11y 
violauons for oz.one poilu non that OC· 

cur each summer. Atl.anta's strategy was 
similar to that used in Los Angeles. 
Calif. for the 1984 Summer 01) mplC 
Garnes. x• lt included the development 
and use or an integrated 24-hour-a
day public transportation system, the 
addition of 1000 buses for park-and
ride services, lo\.al business use of al
ternative work hours and telecommut· 
ing. closure of the downtown sector 10 
private automobile travel , ahered down
town delivery schedules, and public 
warnings of potential traffic and air 
quality problems. n -ll 

METHODS 
Study Design 
We used an ecological study design and 
compared the 17 days of the 1996 Sum
mer Olympie Garnes (July 19-August 
4) to a summertime baseline pcriod de
fincd as the 4-week periods bcfore and 

aftcr the Olympie Cames (June 21-
July 18andAugust 5-Stptember l} . We 
measured the number of asthma acute 
care event.s. number of nonasthma acute 
care events. air pollution, meteorolog1-
cal cond111ons. and amount of vehicu
lar trame. The spec1fic dates for srudy 
were detenmned bcfore any data were 
analyzed. Four-week baseline ~riods 
were used 10 avoid the spnng and fall 
seasons. wh1ch can affect ozone lev
els 1111 and ast hma exacerba11on rates."' 

Medical Definitlons 
and Data Collection 
Our primary ou1come measure was the 
number of hcspnal:zauons. c:mergency 
department V\SÎts, and urgent care cen
ter visits for as1hma. The study popula
uon included personsaged l through 16 
years residing in the 5 central counties 
of metropolitan Atlanta (ie, Fulton, 
DeKalb. Cobb. Gwinneu, and Clayton). 
Because of their cen1ral location. these 
densely populated counues were more 
hkely to experience dramauc changes m 
air quahty in response to changes in dnv
mg and commuung behaV10rs (ie. grea1er 
access to public transportation as an 
altemauve). Visnors to Atlanta were ex
cluded from the study. 

Data regarding asthma acute care 
events were collected from Georgia's 
Medicaid daims rHe. the patient data
base or a heahh ma101enance organi
zat ion (H~10) . computerized emer
gency departmen1 records from 2 of the 
3 ~diatric hospitals in Atlanta (com
bined to create a single emergency de
partment data source), and the Geor
gia Hospital D1SCharge Database, which 
includes hospitalization records from 
ail metropolitan Atlanta hospitals . 
Medical records at the l publicly funded 
pediatric hospital in Atlanta were not 
available for review. However. 60% to 
66% or children seeking emergency care 
at that hospital were receiving Medic
a1d in 1996 (Robcrtj. Geller, MD, writ
ten communication,January 17, 2001 ). 
Therefore, we bclieve that the Medic
aid files captured clinical information 
on most of this population. For the 
Georgia Hospital Discharge Databtie. 
a child admiued 10 a metropolitan Al · 
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lanta hospital dunng the study period 
wuh a pnmary diagnosJS of asthma (ln
ttrnot ional Clamfica11on of D1stases. 
N1nth Rtvision /ICD-9/. code 49)) met 
our study ddin111on for an uthma acute 
care event. For the other J data sourcts, 
a child seen in an emergency depar1-
men1 or urgent care cen1cr with a pri
mary d1agnos1s of a.sthma met our study 
definitton for an asthma acute care 
event. regardless or whether the ch1ld 
was hospuahzed . 

To determine 1f the study popula-
11on was more. Jess. or a.s hkely 10 seek 
emergency services 1n general dunng 
the Olympie penod compartd w11h the 
prn0ds bcfore and after the Olympie 
Garnes. or if the s1z.e of the s1udy popu
lation s1gmficantly changed during the 
Olympie Garnes, we collected and ana
lyz.ed da~ on the day-by-day tow num
ber of ail nonasthma-related acute care 
events du ring the study penod among 
Atlanta residents aged l 1hrough 16 
years from the same 4 dau sources. 

Air Quafity Dau Collection 

Ali data on primary pol\uunts (ie. par
ticu la te malter of 10 µm or smaller 
1 P~ :,,J . carbon monoxide. nnrogen di
ox1de . and sulfur diox1de land second
ary pollutants (oz.one) .,.,tre obtained 
Jointly from the Env1ronmental Pro
tection Agenq· (EPA) and the Envi
ronmental Protecuon Dhis1on of Geor
g1a's Department of ~atural Rrsources. 
Ali air qualny measurement sues used 
in the study were located m the 5 cen
tral counties of Atlanta and were state 
operated and EPA regulated (FIGL'RE l). 

The ozone concentrallon chosen 10 

represent each day·s exposure was the 
average or the pak 1-hour ozone con
centrations from the 3 monitoring sites 
in the study area. The daily 1-hour peak 
ozone levels for the same time periods 
in 1997-1998 were used for compari
son. To see if other areas in the region 
with similar weather patterns experi
enced similar oz.one patterns during the 
1996summer, weobtaineddaily 1-hour 
peak ozone concen1rations at 3 other 
Georgia sites (Fannin County, Au
gusta, and Columbus) . ail 60 to 150 
miles from Atlanta. 
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We used the EPA's standard meihod 
of measuring the 4 major primary pol
lutants.15 Data on PM 10 were collecled 
at the l site capable of conlinuous 24-
hour monitoring and expressed as the 
cumulative total for each 24-hour pe
riod. The mean 8-hour running daily 
peak carbon monoxide level, the 24-
hour daily mean sulfur dioxide level, 
and the 1-hour daily peak nitrogen di
oxide level were collected al 1, 2, and 
3 monitoring sites, respectively. The 
daily levels obtained al the 2 sulfur and 
3 nitrogen dioxide sites were thcn av
eraged. Allergen exposure was deter
mined by total daytime mold counts 
(the predominant summertime aller
gen in Atlanta) collected weekdays dur
ing the study period at the Atlanta Al
lergy and Asthma Clinic. 

Meteorological Data 
We obtained hourly data for 5 weather
related variables (temperature, wind 
speed, relative humidity, barometric 
pressure. and solar radiation) from a 
state-run weather monitoring site lo
cated east of downtown Atlanta. These 
5 variables have a direct or indirect im
pact on the rate of ozone formation and 
clearance in the lower atmosphere and, 
to a lesser extent, can affect levels of the 
primary pollutants.12 For each day and 
for each variable. we calculated the mean 
of the 12 readings from 6 AM to 6 PM . 

Traffic Counts 
We obtained hourly traffic data coi
lected by the Georgia Department of 
Transportation from the 4 function
ing sites (2 highwaysand 2 local roads) 
located \\'ilhin Atlania's perimeier in
terslate highway. Total 24-hour and 
1-hour moming peak bidirectional traf
fic counts were available for analysis for 
92% of the study weekdays and 85% of 
the study weekend days. 

Public Transportation Data 
We examined the total number of pas
scnger trips per day on Atlanta's pub
lic buses and rail lines during the study 
period. The Metro Atlanta Rapid Tran
si! Authoriiy providcd data for aver
age weekday and weekend daily rider-

AIR QUALITY AND CHILDHOOD ASTHMA 

Figure 1. Functioning Traffic Count and Air Qualrty Momtonng Sites in Atlanta. Ga, During 
the 1996 Summer Olympie Garnes 
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ship lotals for the pre- and post
Olympic Garnes periods . For the 
Olympie period, totals for each of the 
17 days wcre available for analysis. 11 

Statewide Gasoline Sales 
We collected and compared total gal
lons of gasoline purchased in the state 
of Georgia in June, Jul}'. and August 
1991-1997. The Georgia S1a1e Depart
ment of Revenue routinely calculates 
these gallon totals based on receipts of 
the state fuel tax. The month of pur
chase was determined by the month in 
which the fuel distributors dcli\'ered the 
gasoline to individual filling stations. 

Statistical Analysis 
We analyzed ail collected data to de
termine the percentage change in mean 
values during the Olympie period com
pared with the 1996 summertime base
line period. One-way analysis of vari
ance t testing was used 10 deterrnine if 
the daily air pollutant, meteorologi
cal, and traffic count values differed sig
nificantly between the 2 study peri
ods. Significance was defined as PS.05. 

Funher analysis of the asihma event 
data was performed using a time-series 
Poisson regression model Univariate and 
adJUS!ed relati\'e risk (RR) (w1th 95% 
confidence iniervals [Cls))) of asthma 
acute care events during the Olympie 
period compared with the baseline 
period was calculated for each of the -+ 
sources of data. The uni'w'ariate analysis 
was based on the fraction of total acute 
care events with a primary diagnosis of 
asihma. The multivariale time-series 
Poisson mode! was fiued using gener
alized estimating equations 10 address 
possible serial (auto) correlalion in the 
number of asthma events.11, Models were 
implemented using the GENMOD pro
cedure in SAS with AR(l) (SAS lnsti
tule Inc, Cary, NC) to account for cor
relation in asthma events on a given day 
with the previous day's events. The 
Durbin-Watson statistic was 1.96-
2.01, which indicates minimal residual 
serial correlation. This mode! was 
adjusted for day of the week (weekday 
vs weekend) and minimum tempera
lure (lagged 1 day to improve the fit of 
the mode)). Total mold counts were only 

02001 Amcrican Mcdical Associalion. Ali rights rcscr\'td. (Reprinted) JAMA, Frbruary 21. 2001-v,,1 285, N,, 7 899 



AIR QUALITY AND CHILDHOOD ASTHMA 

collected on weekdays, and therefore, 
were not included in the multivariate 
model. Seasonality and time trends were 
not included in this mode! due to the very 
short study period covering only the 
summer season. The Olympie period was 
modeled here instead of ozone or PM 10 

levels due to the correlation between 
these variables and because we wanted 
to emphasize the changes directly asso
ciated with the Olympie Garnes. 

A second autoregressive time-series 
mode! analyzed the change in ozone con
centrations in Atlanta and the other 3 
Georgia sites during the Olympie Garnes. 
The mode! was used to adjust for day of 
the week (weekday vs weekend) and 
trends in weather conditions (mean day
time wind speed, temperature, solar ra
diation, and barometric pressure). Rela
tive humidity was not included because 
it was strongly correlated with solar ra
diation (inverse relationship) . The model 
(using AR[ 11) found minimal serial cor
relation in daily ozone levels (Durbin
Watson statistic, 1.94 ). 

ln a separate analysis, Pearson coef
ficients were used to measure the cor
relation between morning peak-total 
traffic counts and that day's peak ozone 
concentration. Significance was de
fined as P:S.05. 

ln addition to our analyses compar
ing the Olympie period with the base
line period, data for ail 73 study days 
were used to examine the relationship be
tween ozone accumulation and daily 
asthma acute care events. The mean 

number of asthma events was deter
mined for days in which the peak ozone 
concentrations for that day plus the pre
vious 2 days averaged less than 60 ppb 
(low cumulative exposure), 60 to 89 ppb 
(moderate cumulative exposure). or 90 
ppb or more (high cumulaùve exposure) . 
Controlling for day of the week and mini
mum temperature (lagged 1 day) in a 
Poisson regression model. the RR of 
asthma events was deterrnined at cumu
lative ozone concentrations of 60 to 89 
ppb and 90 ppb or more cornpared wi th 
ozone concentrations less than 60 ppb. 

To test our hypothesis that cumula
tive exposures to air pollutants for 2 to 
3 days are more strongly associated with 
asthma acute care events than tradi
tional single-day exposures, we com
pared the RR of asthma events per 50 
ppb incrernental change in ozone and 
10-µg/m 3 incremental change in PM 10 

levels based on a same-day, 2-day, and 
3-day cumulative exposure measure. 
We used time-series regression rnod
els similar to our primary asthma event 
mode! except that the dependent vari
able (Olympie vs baseline period) was 
replaced by a single pollutant expo
sure variable. 

RESULTS 

Among children aged 1 through 16 
years in the Medicaid daims file data
base, the number of asthma emer
gency care visits and hospitalizations 
decreased from 4.23 events per day dur
ing the baseline period to 2.47 events 

per day during the Olympie period, .i 

41.6% overall decrease (TABLE 1). The 
number of asthma-related emergency 
department, urgent care visits, and hos
pitalizations arnong HMO enrollees de
creased 44. 1 % du ring the sarne time pe
riod. Asthma-related visits to 2 large 
pediatric emergency departments in At
lanta decreased 11 .1 %, and citywide 
hospitalizat1ons for asthma were re
duced 19.1 %. Using our 4 data sources, 
this equates to respectively 30. 1 O. 9 . 
and 7 fewer emergency asthma events 
during the Olympie Garnes than would 
have been expected based on the pre
and post-Olyrnpic period averages . 

The total number of nonasthma
related acute care events per day de
creased only 3.1 % in the Medicaid da
ta base and 2.1 % at the pediatric 
ernergency departments; this number 
increased 1.3% among HMO enroll
ees. Nonelective nonasthrna hospital 
izations increased 1.0% during the 
Olympics. 

As illustrated in TABLE 2, the uni
variate RR of asthma acute care e\'ents 
during the Olympics compared with the 
baseline period was significantly re
duced in the Medicaid database (RR. 
0.61 : 95°i0 Cl, 0.-H -0.85) and ap
proached statistical significance in the 
HMO database (RR, 0 .56; 95% CI. 
0.31-1.02) . Although less than l. the RR 
at the 2 pediatric ernergency depart
rnents and arnong those hospitalized 
was not significant (RR, 0.91 and 0.81. 
respectively) . Adjusting the RR to con-

Table 1. Acute Asthma Events and Acute Nonasthma Events Among Ch1ldren and Youth Dunng the 1996 Summer Olympie Garnes 
Compared With the 1996 Summertime Baseline Penod 

Acute Asthma Events 

Mean (SD) No. of Events Per Day 
Type of 

Data Source Asthma Event Baseline Period-

Georgia Medicatd Emergency care and 4.23 (2.81) 
cfaims file hospitalizations 

Health maintenance Emergency care, 1.36(1 .63) 
organization urgent care, and 

hospitalizations 

Pediatric emergency Emergency care and 4.77 (2.52) 
departments hospitalizations 

Georgia Hospital Hospttalizations 2.04 (1 .53) 
Discharge Database 

•Deftned as June 21-July 18 and August 5--September 1. 1996 
tDelined as Juty 19-Augusl 4, 1996. 
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Olympie Periodt 

2.47 (1.46) 

0.76 (0.83) 

4.24 (2.4g) 

1.65(1 .50) 

Acute Nonasthma Events 

Mean (SD) No. of Events Per Day 

o/o Change Baseline Period · Olympie Periodt o/o Change 

-41.6 100.5 (1 8.6) 97.4 (16.4) -3.1 

- 44.1 37.6 (19.6) 38.1 (18.4) +1.3 

- 11.1 118.4 (20.5) 115.9(15.9) -2.1 

-19.1 19.7 (5.1) 19.9(3.5) +1 .0 

©2001 Amcrirnn \1cd1cal Association . Ali rights rcs•·n cd . 
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trol for minimum temperature and day 
of the week did not alter these find
ings. The data from Atlanta's Medic
aid database remained statistically sig
nificant (adjusted RR. 0.48; 95% Cl, 
0.44-0.86) . 

FIGURE 2 shows the daily lime se
ries of each of the 5 measured pollut
ants and mold counts during the Olym
pie and baseline periods. The 1-hour 
peak o:.mne concentration in Atlanta de
creased 27 .9% from an average daily 
peak of 81.3 ppb du ring the base li ne pe
riod to 58.6 ppb during the Olympie 
Garnes (P<.001). The daily ozone con
centrations at the 3 monitoring sites 
in Atlanta were highly correlated 
(r=0.91-0.97). Combined ozone data 
for the 1997 and 1998 summer sea
sons did not show a similar decrease
the average peak ozone concentration 
was 77.2 ppb duringJuly 19-August 4 
and 78.8 ppb during the remainder of 
the study dates. 

Ozone concentrations at Georgia sites 
outside of Atlanta decreased 11.1 % in 
Augusta (58.8 ppb vs 66.2 ppb; P= .l l), 
17.5% in Fannin County (50.5 ppb vs 
61.2 ppb; P= .003). and 18.5% in Co-

AIR QUALITY AND CHILDHOOO ASTHMA 

lumbus (52.2 ppb vs 64. l ppb; P= .01) 
du ring the Olympie Garnes. These ozone 
reductions were, respectively, 6()Cl6, 37%, 
and 34% less than the ozone reductions 
experienced in Atlanta during the same 
period with similar weather conditions. 
After controlling for the 4 weather vari
ables, serial correlation, and day of the 
week in a time-series regression mode!, 
the reduction in Atlanta's ozone concen
trations during the Olympie Garnes was 
13% (P= .06). Comparatively. the reduc
tion in ozone was calculated at 2% in Au
gusta (P=.71), 7% in Fannin County 
(P= .12), and 6% in Columbus (P= .30). 

During the Olympie period, Atlanta 
additionally experienced significant re
ductions in daily carbon monoxide lev
els ( 1.26 vs 1.54 ppm. 18.5% decrease; 
P= .02) and PM 10 concentrations (30.8 
vs 36.7 µglm 1

, 16.1% decrease; P=.01). 
Nitrogen dioxide levels decrrased 6.8% 
(36.5 vs 39.2 ppb; P= .49), whereassul
fur dioxide levels increased 22.l % ( 4.29 
vs. 3.52 ppb; P= .65). FtGURf 3 summa
rizes these findings relative to the EPA 
National Ambient Air Quality Stan
dards for each of these pollutants. 1' Data 
for the baseline period are divided into 
pre- and post-Olympic lime periods 

Table 2. Univariate and Adjusted Relative Risk of Acute Asthma Events During the 1996 
Summer Olympie Garnes Compared With the 1996 Summertirne Baseline Period* 

Univariate RRt Adjusted RRt 
Data Source {95% Cl) P Value (95% Confidence lnterval) P Value 

Georgia Medicaid claims Ne 0.61 (0.44-0.85) .003 0.48 (0.44-0.86) .005 
Health méllntenance 0.56 (0.31-1.02) .06 0.58 (0.32· 1 .06) .10 

organaation 

Pediatnc emergency 0.91 (0.85-1 .42) 48 0.93 (0 71-1 .22) .69 
departments 

Georg,a Hosprtal D1scharge 081 (0.54-1.23) .34 0.71 (0.46-1.11) .22 
Database 

•RR ooocates relalrve nsk. c : confidence 1n1erva1. For cleflfV!,on d baSeline penoo, see ·s1uày Desqi" subsect,on ot 
·Me1h0ds· sect,on 

tRelall\/8 nsk based Oil Poisson model (fracl,on ol tolal acule c:a-~ evenls w- a pr:-.a,, diagnosls ~ asltma). 
i T rne-senes regression ana1ys1s was adjusted for day of week (·...œkday vs 1M!ekena• arc, mnnun œily temperatlle 

(lagged 1 day to mnITT11Ze senaJ corretalion). 

Figure 2. Daily T1me Senes of lnd1vidual Air Pollutant Levels and Mold Counts During the 1996 Summer Olympie Garnes and Baseline Penod 
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demonstrating the uncharacteristic de
crease in air pollution levels du ring the 
Olympie Garnes. 

Mean daytime weather conditions in 
Atlanta were determined for both the 
Olympie and baseline periods. Tem
perature decreased 0.67°C, wind speed 
increased 0.19 m/sec, and solar radia
tion decreased 29.6 W/m2 during the 
Olympie Garnes. These changes were 
not statistieally significant. Baromet
ric pressure did not change. Total mold 
counts did not diff er signifieantly dur
ing the Olympie vs the baseline period 
(daily mean, 597 vs 551 molds/m 1; 

P= .58; Figure 2). Moreover, mold 

Figure 3. Mean Levels of Ma1or Pollutants 
Before, During, and After the 1996 Summer 
Olympie Garnes as a Percentage of the 
National Amb1ent Air Quality Standard 
(NAAQS} 
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National Ambtent AJr Quaf,ty Standard at t,me of study· 
ozone 1 -hour peak average, 120 ppb. particulate mat
ter of 10 µm or smaller (PM,0) 24-hour average, 150 
µg/m1• carton monoxide (CO) 8-hour average. 9 ppm. 
nitrogen d10x1de (NO,) 1-hour peak average. 600 ppb, 
sulfur d10x1de (SO,) 24-hour average. 140 ppb " 

counts were not correlated with same
day asthma events (average r=-0.15) . 

Weekday 1-hour morning peak traf
fie counts decreased 22.5% overall dur
ing the Olympie Garnes (range, 17.5%-
23 .6%; P< .001 for ail 4 sites) . This 
amounted to a reducuon of 4260 ve
hicle trips du ring the peak moming traf
fic hour on these 4 roads. Weekend 
moming peak traffic counts decreased 
9.7% overall (range, 3.6%-12.3%), al
though only the change in traffic counts 
at the site closest to downtown was sig· 
nificant. Weekday total 24-hour traffic 
counts decreased 2.8% overall (range, 
1.3%-3.6%), wi.th the significant changes 
occurring at the 2 sites closest to down
town. Public transportation ridership in
creased 217% (190% on weekdays; 
334% on weekends) during the Olym
pie Garnes. A total of 1 7. 5 million more 
trips occurred on public transporta
tion throughout the Olympie Garnes 
than would be expected based on the 
baseline period ridership. 

Weekly total gallons of gasoline pur
chased in Atlanta were not available for 
analysis. The number of gallons of gaso
line purchased statewide in July 1996 
was 3.9% lower thanjune and August 
1996 In contrast. July sales for 1995 
and 1997 were 1.2% higher than the 
June and August sales for those 2 years . 

To explore whether automobile traf
fic is a critical factor in urban ozone ac
cumulation, we analyzed the relation-

Table 3. Relat1onship Between Acute Asthma Events and the 3-Day Cumulative Ozone 
Levels During the 73-day Summer Study Penod• 

Ozone <60 ppbt Ozone 60-89 ppbt Ozone 2::90 ppbt 

Mean Mean Mean 
Oaily Daily Oaily 

Asthma Asthma RR Asthma 
Data Source Events RR Events (95%CI) Events RR(95%CI) 

Georg1a Medicald 2.20 1.00 3.85 1.61 (1 13·2 30)t 5.11 1.88 (1.24 ·2.83)t 
cla1ms file 

Health maintenance 1.07 1.00 1.15 1 11 (0.63-1 .96) 1.50 1.33 (0.68-2 .61) 
organizahon 

Pediatnc emergency 3.00 1.00 4.65 1.33 (0.98-1.81) 6.00 
departments 

Georg1a Hospital 1.67 1.00 2.15 1.19 (0.77-1.84) 1.72 1.03 (0.58-2.11) 
Discharge Oatabase 

•c1 lfldicales confidence 1t1leM1I Relatrve nsk IRA) based on Pocsson model (lract,on ol 101a1 acute care events wilh a 
pnmary diagnos,s of asthma), 1,me-se,es regressoon anaJysis was adtusted for day of lhe week (weel<day vs week· 
end) and morrum dally temperatl6e (lagged 1 day to mn,m,ze senal cooelat,on). 

t Average of the peak ozone concentrations for 3 days (day of event plus the preceding 2 days). 
fPs .01 
§P : 04 

ship between weekday traffic counts and 
peak ozone concentrations on that day. 
We found a signif1cant correlation be
tween l-hour morning peak traffic 
counts and peak ozone concentrations 
at ail 4 traffic-count sites (Pearson 
r=0.29. 0 .42, 0.34, and O 39, respec
tively; average r =0.36). Nodifference in 
this correlation was seen between the 
Olympie and baseline periods. An 
equally strong and significmt correla
tion was found between total 24-hour 
traffic counts and ozone concentra
tions (a\'erage r=0.38: range. 0.33-0.48). 

We used data from the entire 73-
day study period to analyze the rela
tionship between the number of asthma 
acute care events on a given day and the 
average daily peak ozone concentra
tion during the preceding 48 to 72 
hours . For data from the Medicaid, 
HMO, and emergency depanment da
tabases . the RR of asthrna events in
creased stepw1se at cumulative ozone 
concentrations 60 to 89 ppb and 90 ppb 
or more compared wi.th ozone concen
trations of Jess than 60 ppb (TABLE 3) . 
This trend was significant for the Med
icaid and emergency department data . 

A 3-dar cumulative exposure mea
surc was selected for the analysis shown 
in Table 3 instead of a smgle-day or 
2-day exposure measure because it was 
found to be more consis1,mtly corre
lated wilh asthma e,·ents (TABLE 4) . For 
data from the Medicaid and pediatric 
emergency department databases, the 
RR of asthma events per incremental 
changes in ozone and PM,~ levels in
creased as thr. number of cumulative ex
posure days included increased from 1 
to 2. The RR pcr mcremental change 
in PM 1,, further increased when the 
number of cumulative exposure days 
increased from 2 to 3. However, in
creasing the cumulative e-.:posure from 
2 to 3 days did not further increase the 
RR per incremental change in ozone. 

COMMENT 
Evidence linking air quality to respira
tory health has been accumulating in 
recent years. Many studies, including 
2 conducted in Ailanta, 1" r have dem
onstrated significant associations be-
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tween days with high ozone levels and 
increased rates of asthma exacerba
tions.12· u .io-n Our results support these 
previous findings and also indicate that 
extended reductions in o~one and PM 11, 

concentrations at levels considerably 
below the EPA's Na11onal Ambient Air 
Quality Standards can reduce asthma 
morbidity in children. Furthermore, our 
findings suggest that by decreasing au
tomobile emissions through citywide 
changes in transportation and com
muting practices. a substantial num
ber of asthma exacerbations requiring 
medical attention can be prevented. 

We found variation in the relative 
change in asthma acute care events dur
ing the Olympie Garnes among the 4 
sources of medical data. Ali showed a de
crease in asthma events, ranging from 
11 % to 44%. Only the data from the 
Georgia Medicaid daims file reached sta
tistical significance, which may be re
lated to the low power of this shon
term intervention. Based on a power of 
80% and the number of events in each 
database, the percent reduction in 
asthma events needed to detect a sig
nificant difference between the base
line and Olympie periods was 37% for 
the Georgia Medicaid daims file. 58% 
for the health maintenance organiza
tion database, 33% for the pediatric 
emergency room database. and 51 % for 
the Georgia Hospital Discharge data
base (without adjustment for scrial cor
relation). Other possible explanations in
clude differences between the study 

AIR QUAUTY Ar-;O CHILOHOOD ASTHMA 

population in the 4 data sources in 
asthma severity. medication use. 18 cx
posure to other allergens, particularly 
those that could synergistically worsen 
the untoward eff ects of ozone and other 
atr pollutants, w.4'1 extent of indoor ozone 
exposure.~• and of outdoor exposure. 

The observed reductions in asthma 
events require us to address the follow
ing potentially confounding situation: 
did enough Atlanta children leave the 
city during the Olympics to signifi
cantly reduce the number of children 
with asthma who would seek medical 
attention for an acute asthma exacer
bation? If true. this could account. in 
whole or in part, for the reduction in 
asthma events observed. However, for 
ail 4 data sources, use of nonasthma
related urgent and emergency medical 
services by Atlanta children changed 
minimally. This suggests that neither 
the size of the study population nor use 
of emergency medical services by this 
population changed significantly dur
ing the Olympie games. 

or the factors potentially affecting 
asthma morbidity that we could readily 
assess. air quality remains the likely 
cause for the decline in asthma acute care 
e\'ents. Our analysis demonstrated a 
large and significant decrease in ozone 
concentrations, and to a lesser extent, 
PM,t'I, and carbon monoxide concentra
tions. Of ail the pollutants. Atl,mta·s 
ozone concentrations in the summer 
most frequently violate the National Am
bient Air Quality Standards.~! These 

standards attcmpt to set a maximum pol
lution lt'\·d, which, if exceeded, may be 
hazardous to the ~eral public's health. 
The standards are bascd, in part, on the 
available information regarding the 
health efTects of the 5 major air pollut
ants. Howevcr. pollution levels below 
these standards may be harmful to cer
tain, high-risk populations (such as in- I 
dividuals "";th asthma and the elderly) . 
Therefore. the 28% drop in ozone con
centrations during the Olympie Garnes 
represented a substantial decrease in a 
potential health hazard. 

Our study design and findings make 
it difficult to determine to what de
gree the observed reductions in ozone. 
PM 10, carbon monoxide. and nitrogen 
dioxide pollution individuaHy contrib
uted to the observed changes in health. 
As controlled studies of human expo
sure to multiple pollutants have dem
onstrated, u .n 19 the df ects of reduced 
levels of ozone and these primary pol
lutants likely were additive. This is sup
ported by the finding that both ozone 
and PM:, leHls were similarly corre
lated ,nth asthma events. The fact that 
ozone and PMI(' levels were highly cor
related ";th each other (r=0.58-0.69) 
additionalh- lim11s our ability to deter
mine wh1ch pollutant(s) accounted for 
the reduction in asthma events. This 
correlation between ozone and PM 11, 

le\"els should have been expected. given 
that the em;ronmental changes occur
ring during the study period (ie, de
creased automobile emissions and 

Table 4. Comparison of the Relative Risk of Asthma Events per 50-ppb lncremental Change in Ozone and 10-µg/rr.1 lncremental Change in 
PM,o Levels Based on a Same-Day, 2-Day. and 3-Day Cumulative Exposure Measure· 

Data Source 

Georg1a Medicaid cla1ms file 

Health maintenance 
organization 

Pediatric emergency 
departments 

Georgia Hospital Oischarge 
Database 

SameDay 

1.1 (0.88-1.47) 

1.4 (0.88-2.14) 

1.2 (0.99-1 .56) 

0.9 (0.64-1.34) 

Ozone 

2 Day 

1 .4 ( 1 .05-1 .93)t 

1.2 (0.68-1.96) 

1.4 (1 .04-1 . 79)t 

1.0 (0.62-1.51) 

Relative Risk (95% Confidence lnterval) 

PM,0 

3Day SameDay 2Day 3Day 

1 .4 (1 .01 -1.94)t 0.9 (0.57-1.49) 1-1 (0.62 · 1.7 8) 1.4 (0.80-2.48) 

1.2 (0.69-2. 11) 2.1 (0.92-4.61) 1.8 (0.72-4.40) 1 .8 (0.68-4.81) 

1.4 (1.03-1.86)t 1.2 (0.81-1.89) 1.3(081-2.08) 1.5 (0.91-2.47) 

1.0 (0.61 -1.58) 0.7 (0.34-1 .45) o 6 ro 29. 1 45) 0 .8 (0.33-1.88) 

•PM,o ondocates panicua1e malter of 10 1-fTl or smaller. same Clay, songle-day measure ol exposure (day of asttma IM!l'lt only): 2 da, 2-œ, measue of exposure (Clay of asuvna 
event plus the preceong day): and 3 day, 3-day measure ol exposu,e (day of asltvna l!llenl plus the preceor,g 2 days) Rel.r.r.e "Sk ::..sec, :n POISSOfl tme·senes regreSSJOn 
analysls was adjusted for Clay of the week Jweekday vs weekend) and mnmum dally 1emperatl6e (1aggecJ 1 day to nw-,mze sena correlalior: 

tPs 05 
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weather variability) would have had a 
strong influence on the daily levels of 
both these pollutants. 

The more immediate question is what 
accounted for this change in air quality. 
We suggest that il was caused by changes 
in both meteorological conditions and 
automobile emissions, with decreases in 
peak moming rush hour traffic playing 
a major role. Weather conditions dur
ing the Olympie Garnes (increased wind 
speed and decreased temperature and so
lar radiation) favored less accumula
tion of ozone, but the degree of weather 
improvements was measurably small and 
not statistically significant. Even when 
controlling for these weather variables in 
a multivariate regression mode!, ozone 
levels in Atlanta during the Olympie 
Garnes were reduced 13% whereas the 
changes in ozone levels at the other 3 
Georgia sites with the same prevailing 
weather patterns were reduced be
tween 2% and 7%. 

Other indirect evidence supports our 
conclusion. The concentration of car
bon monoxide, which is prirnarily emit
ted directly from automobiles and is 
much less dependent on weather con
ditions for its accumulation in the lower 
atmosphere, decreased significantly 
during the Olympie Garnes. The small 
increase in sulfur dioxide levels (far 
below health hazard levels) during 
the Olympie Garnes is consistent with 
the increased use of diesel-powered 
buses, lui and should not have in
creased if the prevailing weather con
ditions had indee<l prevented the nor
mal accumulation of air pollutants in 
Atlanta. The amount of emissions from 
stationary sources (eg, power plants 
and industry) did not change during the 
Olympie Garnes.lui The additional 
electrical needs required during the 
Olympie Garnes came from power 
stations outside the immediate At
lanta area and, therefore, would not 
have caused the increase in sulfur 
dioxide observed. 

Evidence of changes in automobile 
traffic and emissions include the marked 
decreases in weekday and weekend 
moming peak traffic counts at all 4 traffic
coun t sites, the statistically significant 

decreases in weekday total traffic counts 
at the 2 traffic-count sites closest to down
town Atlanta, the statistically signifi
cant correlation between weekday mom
ing peak and 24-hour total traffic counts 
and that day's peak ozone concentra
tion, the 3. 9% decrease in statewide gaso
line sales inJuly compared withJune and 
August, and the 217% increase in over
all public transportation use . These traf
fic data probably underestimate the 
impact of the alternative transportation 
strategies on local residents of Atlanta 
because they include automobile use by 
the estimated 1 m1llion visitors during 
the Olympie intervention period. Using 
this same logic. however, the increase in 
public transportation use is probably an 
overestimation of the behaviors of local 
residents since it also includes use by visi
tors to Atlanta. 

The science of ozone fonnation helps 
exp Iain our findings. The moderate al
terations in moming traffic levels (and 
probably traffic flow) experienced dur
ing the Olympie Garnes would have de
creased the buildup of ozone precur
sors emitted into the atmosphere from 
7 AM through 2 PM. Without sufficient 
atmospheric concentrations of these 
precursors being present during this 
time of maximum sunlight and heat, 
rapid ozone production and accumu
lation could not occur, thus leading to 
lower than anticipated peak ozone lev
els. Du ring a period of 17 days. this ap
peared to have contributed to the im
proved respiratory health of children 
with asthma residing in Atlanta. What 
motivated businesses and individuals 
to change their transportation and com
m u ting behaviors temporarily is a cru
cial question, which has not been prop
erly addressed. Fear of traffic and Jack 
of parking, and social pressures to con
form certainly played a rote. How this 
can be adapted to more routine condi
tions remains a major public health 
challenge. For example, Atlanta's Clean 
Air Campaign43 (largely initiated after 
the Olympie Garnes) has been shown 
to increase use of alternative commut
ing methods within 3 companies that 
promoted this.44 But the effects of this 
citywide campaign on air pollution to 

date appear to be small compared wilh 
what was observed during the Olym-

G
\~:::~~ht of evidence linking air 
uality to respiratory health contin
s to grow. Our fmdings suggest that 

efforts to decrease ozone and PM 10 con
centrations from moderate to low lev-
els can decrease the burden of asthma. 
Consistent with our findings for the 
Olympie period. we found an increas
ing correlation between daily asthma 
events and ozone and PM 10 levels as the 
period of exposure was increased from 
less than 24 hours prece<ling the asthma 
event to the 48 10 72 hours preceding 
the event. When using this 3-day cu
mulative exposure measure, the risk of 
asthma exacerbations increased sub
stantially after only moderate levels of 
ozone exposure (60-89 ppb). These data 
suggest that the cumulative effect of 
moderate levels of ozone and other pol
lutants during a more extended pe
riod is as or more important to respi
ratory health than single-day levels 
exceeding the national standards (ie. 
1-hour peakozone > 120 ppb or8-hour 
peak >80 ppb). Recent research with 
PM10 supports the important effect of 
extended exposure to pollutants on res
piratory health: ; "" 

Our study methods and findings have 
several limi.ljltions. The special nature 
of the Olympie Garnes, the relatively 
short intervention period and limited 
statistical power, the lack of an up- A. J;,,o 
dated traffic counting system, and the r 
limited number of air pollution moni-
toring sites (for PM10 and carbon mon-
oxide) make firm conclusions diffi-
cult . Unmeasured medical or social 
factors may have influenced our find-
ings. A citywide alternative transpor-
tation and commuting intervention, not 
associated with a special event , would 
provide a better study situation. How-
ever, the power of the Olympie Garnes 
to transform behavioral norms should 
not be underestimated and deserves 
close scrutiny for its lessons. 

We conclude that the alternative 
transportation plan in Atlanta during the 
Olympie Garnes reduced ozone and 
other air pollutants and was associated 
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with a significant, al~it ttmporary, de
crease in the burden of asthma among 
Atlama's children. 
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