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Objectives. We conducted a case–control study of adulthood asthma and point-
source respirable particulate air pollution with asthma-diagnosed case patients
(n=3717) and gastroenteritis-diagnosed control patients (n=4129) to determine
effects of particulate air pollution on public health. 

Methods. We used hospitalization data from Buffalo, NY, neighborhoods for a
5-year period (1996 through 2000), geographic information systems techniques,
the Diggle method, and statistical analysis to compare the locations of case pa-
tients and control patients in terms of proximity to different known pollution
sources in the study area.

Results. We found a clustering of asthma cases in close proximity to the Peace
Bridge Complex and the freeways and a dose–response relationship indicating
a decreased risk of asthma prevalence the farther an individual resides from the
source of exposure.

Conclusions. These findings provide a basis for the development of new hy-
potheses relating to the spatial distribution of asthma prevalence and morbidity
in this community. (Am J Public Health. 2004;94:1250–1257)
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the United States Environmental Protection
Agency (EPA) concluded that long-term in-
halation exposure to diesel exhaust particles
is likely to pose a lung damage threat, includ-
ing a risk for cancer, to humans.22 The study
further noted that short-term exposures can
cause irritation and inflammatory symptoms
of a transient nature.22

In previous studies, we reported an in-
creased risk of asthma among residents living
along the US–Canada border crossing and
the major roadways feeding it. An association
between increases in commercial traffic
across the PBC and increases in health care
use for asthma was reported in Lwebuga-
Mukasa et al.23 A sharp decrease in traffic
after the September 11, 2001, World Trade
Center terrorist attacks was associated with a
decline in health care use for respiratory ill-
nesses, which rebounded when traffic recov-
ered.7 A house-to-house survey of 214 homes
in the area (from 1996–1997) and another
of 1644 homes (in 2002) found households
in close proximity to the PBC to have asthma
prevalence rates that were double those of
households located on Buffalo’s East Side

(J. S. Lwebuga-Mukasa, MD, PhD, unpub-
lished data).6 These observations indicate
that increased traffic on Buffalo’s West Side
may be associated not only with asthma ex-
acerbations but also with increased preva-
lence in the community.

Cumulative evidence is also emerging from
studies reviewed in Peterson and Saxon,24

Kane et al.,25 Lwebuga-Mukasa and Dunn-
Georgiou,2,3,26 Lwebuga-Mukasa and
Pszonak,4 and Lin et al.5 showing a higher res-
piratory burden on the communities residing
in Buffalo’s West Side than on the surround-
ing communities. However, there is little focus
on the spatial relationships between increased
risk of asthma and environmental exposure. In
this study, we investigate the hypothesis that
proximity to the major commercial routes; the
PBC; and EPA-designated toxic air release
sites and multiple-emission sites are associated
with increased asthma risk. Characterization
of environmental and human characteristics of
clusters would provide a basis for identifica-
tion of factors contributing to an increased
asthma burden in the community and to the
development of mitigation measures.

Buffalo’s West Side contains the Peace Bridge
Complex (PBC), the busiest US–Canada
crossing point for commercial traffic in the
eastern United States. Over the past decade,
there has been a steady increase in commer-
cial traffic primarily owing to the increased
trade resulting from the North American
Free Trade Agreement (NAFTA).1 Increased
asthma prevalence and health care use re-
sulting from traffic-related pollution around
the US–Canada border crossing point has
been a major focus of previous studies.2–7

These studies have provided evidence sup-
porting the hypothesis that there is a high
respiratory burden among residents living in
close proximity to the NAFTA corridor.

The PBC is located in a densely populated,
urban, and predominantly minority commu-
nity. Although the increased traffic through
the PBC has brought economic prosperity to
the United States, Canada, and Mexico, the
health effects of NAFTA trade associated with
traffic pollution in the communities along the
US–Canada border have not been extensively
studied. A recent report on health effects in
NAFTA corridors8 concluded that commercial
traffic contributes significantly to air pollution
in all NAFTA corridors, particularly to nitro-
gen dioxide and particulate matter, but the re-
port did not include the PBC. Diesel exhaust
particles have been shown to worsen respira-
tory symptoms and to lead to deterioration in
lung function, especially among individuals
with preexisting chronic conditions such as
asthma.9–12

Previous studies, such as those by
Schwartz and Dockery,9,10 Dockery et al.,13

Schwartz,14,15 Schwartz and Morris,16 Styer et
al.,17 Norris et al.,18 Wong et al.,19 Samet et
al.,20 and Peters et al.,21 have reported an as-
sociation between cardiopulmonary morbidity
and mortality and exposure to respirable par-
ticulate matter. In a groundbreaking study,
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FIGURE 1—Resident locations of case patients and control patients, network of major
roads, and focus sites in the study area.

METHODS

Study Area and Population
The study area covered 156 census tracts

with an estimated population of 529846
people in Erie County, according to the 2000
population data obtained from the US Census
Bureau.27 About 40% of the study population
was between 18 and 64 years of age. The
study area includes inner-city areas character-
ized by low socioeconomic status, poor hous-
ing conditions, low education levels, high un-
employment, and high percentages of
minority population.27 Figure 1 shows resi-
dent locations of case patients and control pa-
tients, the network of major roads, and focus
sites in the study area.

Study Design
A cross-sectional study based on case–

control data for adulthood asthma (case pa-
tients) and nonrespiratory disease (control pa-
tients) for a 5-year period (1996–2000) was
conducted using hospitalization data. Case
subjects (n=3717) and control subjects (n=
4129) consisted of asthma patients (Interna-

tional Classification of Diseases, 9th Revision
[ICD-9] code 493)28 and gastroenteritis pa-
tients (ICD-9 code 558), respectively, residing
in Buffalo neighborhoods during the same pe-
riod. The study was based on a database that
was obtained from Kaleida Health Systems, a
major provider of health care in western New
York. The data were available at individual
and zip code levels. Data with residential ad-
dresses was separated, processed, and geo-
coded for use in spatial analysis and a geo-
graphic information systems (GIS). At the
census tract level, we analyzed cases patients
per population and identified local asthma
clusters. At the zip code level, a comparison
of case patients and control patients was con-
ducted to identify which zip codes had an ele-
vated risk of asthma. We also conducted a
field assessment of the previously identified
focus sites.

Data Categories
The 3 data categories analyzed in this

study are as follows: hospitalization and out-
patient visits for asthma, 1996 through 2000;
hospitalization and outpatient visits for gastro-

enteritis, 1996 through 2000; and focus
sites. The data categories are described in de-
tail in the following sections.

Hospitalization and outpatient visits for
asthma, 1996 through 2000. The hospitaliza-
tion and outpatient visits data were based on
the patient records of kept by Millard Fill-
more Health Hospitals, which are divisions of
the Kaleida Health System, and covered ad-
missions from January 1996 to August 2000.
Some of these data have been published in
Lwebuga-Mukasa et al.6 and in Oyana and
Lwebuga-Mukasa.30 The records contained
the residential addresses of patients and their
insurance status. The data were vital for the
identification of spatial relationships between
case address locations and polluting sources. 

Hospitalization and outpatient visits for gas-
troenteritis, 1996 through 2000. Data on
hospitalization and outpatient visits for gas-
troenteritis were obtained from the same
source for the same time period. The data-
base contained information on the case pa-
tients, including the patient’s address and in-
surance status. The case patients were also
categorized into 2 groups: clinical and emer-
gency department cases. Gastroenteritis was
used as the control disease. Only cases de-
tected from 1996 through 2000 among resi-
dents of the study area were included in the
case–control study.

Focus sites. Focus sites were previously ob-
tained from the EPA Web site (http://www/
epa.gov/enviro/index.html) and mapped as
point data, as shown in Figure 1. Three focus
sites identified in Oyana and Lwebuga-
Mukasa29 were of primary interest, given
their statistically significant association with
increased risk for asthma, and 10 additional
sites were also included. Six of these addi-
tional sites were test sites used in the valida-
tion of the model. The test sites were chosen
randomly, outside of the statistically signifi-
cant distance bands. However, the 13 focus
sites used in this study do not constitute an
exhaustive list of possible exposure sites in
the study area.

We conducted a preliminary field assess-
ment of the 3 sites (Birge Company, Ogrady
Winnifred Silver, and Marnap Industries) to fur-
ther our understanding of their surroundings in
the study area. A working assumption was de-
veloped after finding out that 2 of the 3 focus
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sites had gone out of business, thereby attract-
ing new business opportunities and develop-
ments in their original locations. We agreed
that the focus sites represented air pollution in
the preceding decade, when exposures might
have occurred. This assumption seems reason-
able for air pollution sources that have been in
operation since the 1980s and whose dispersal
is mediated by transport mechanisms (e.g., pre-
vailing winds) that have not changed a great
deal in the past 10 to 20 years.

Three additional sites (Miken Company,
Nabisco Company, and Harrison Radiator)
that are currently in operation and that have
active licenses were obtained from the De-
partment of Environmental Conservation,
Buffalo. We also conducted a preliminary
field assessment of these 3 sites that con-
firmed that the sites were functional.

Analytical Techniques
Rigorous analytical methods were applied

to the case–control data to study whether
there is an association between increased risk
of asthma and pollution sources. The Diggle
method was applied to test disease clustering
of asthma around the focus sites.30,31

The Diggle method is a focused cluster-
detection approach appropriate for handling
spatial data at the individual level.31,32 The
method compares the spatial pattern of case
locations with the spatial pattern of control
locations; for instance, using a more common
control disease. The control acts as a null
model of no clustering and normally reflects
the spatial pattern of the population-at-risk.
The test is based on maximizing the likeli-
hood of the sample of case patients and con-
trol patients, which in turn is based on an ex-
ponential decline in risk as the squared
distance from the source increases.

GIS techniques combined with statistical
analysis were used to compare odds ratios
(ORs) for the location of case patients and
control patients in relation to proximity to dif-
ferent pollution sources in the study area. The
choice of these analytical techniques was
based on their wide applications in studying
patterns of disease, prevalence, health care
use, and incidence. These techniques have
also been widely popularized by the develop-
ment of the ClusterSeer32 (TerraSeer, Inc,
Ann Arbor, Mich) and ARCGIS33 (Environ-

mental Systems Research Institute [ESRI], Inc,
Redlands, Calif) software packages, which
handle large volumes of geographical data.

ClusterSeer Version 1.1.4 (TerraSeer);
ArcStreet USA, ARCGIS 8.1.2, and
ARCVIEW 8.1 (ESRI); and Microsoft Excel
(Microsoft, Inc, Redmond, Wash) software
packages were used in spatial analysis, GIS
mapping, and data analysis. All of the data
were compiled and analyzed at the Center
for Asthma and Environmental Exposure,
Kaleida Health Buffalo General Division,
University at Buffalo School of Medicine and
Biomedical Sciences.

The data were also loaded into ARCStreet
USA to match the physical addresses with
geographical latitudes and longitudes. ARC-
Street USA contains the most up-to-date
street addresses in the United States. Ad-
dress matching was based on the Dynamap/
Zip+4 Centroids and Correspondences Files
(Geographic Data Technology, Inc, Lebanon,
NH). Geographic Data Technology provided
this comprehensive street database to ESRI.
Case patients’ and control patients’ addresses
were mapped as point data. We had 2340
and 2571 case and control patients, respec-
tively, with matched addresses. We obtained
an accuracy level of over 90% during the ad-
dress-matching exercise. The geocoded data
were processed in ARCGIS 8.1.2 for further
spatial analysis.

It was assumed that those who lived
within 1 km of the emission sites and busily
traveled roadways were exposed to vehicle
exhaust fumes and pollutants from suspected
sources of pollution, and that those living far-
ther away (>2 km) were assumed to be un-
exposed. Rijnders et al.34 recommended that
variables such as degree of urbanization,
traffic density, and distance to a nearby high-
way or any potential pollution source can be
used to estimate exposure to traffic-related
air pollution. Milligan et al.35 also used a dis-
tance of more than 2 km in their study to es-
timate exposure resulting from traffic-related
air pollution.

Epidemiological methods based on ORs
and 95% confidence intervals were used to
compute the spatial risk relationships between
case patients and control patients (using a sig-
nificance level of P≤ .05). A 2 � 2 table anal-
ysis was conducted to demonstrate the rela-

tionship between 2 dichotomous or binary
variables (exposed and unexposed groups).

RESULTS

Case–Control Demographics
In the Kaleida database, there were 3717

patients hospitalized because of asthma.
There were 6265 hospital discharges for
asthma during the period between 1996 and
2000. The majority (80%) of the patients
were adults (aged 17–64 years). Thirty-two
percent were from the city of Buffalo, 3.2%
were from the town of Amherst, 3.1% were
from Williamsville, and 61.7% were from
other places. There was a notable increase in
hospital admission between 1996 and 2000,
especially in zip codes 14201 and 14213.

In the Kaleida database, there were 4129
patients hospitalized because of a nonrespira-
tory disease—gastroenteritis. Inpatients consti-
tuted 3.9% of the patients, and the remaining
96.1% were outpatients. Emergency depart-
ment and clinic patients constituted 36.4%
and 40.3% of the total, respectively. The
number of patients admitted with gastroenter-
itis remained constant over this period. An-
nual admissions ranged from 800 to 829,
with an average of 826 patients admitted an-
nually from 1996 to 2000. Zip codes 14201,
14213, and 14221 contributed 44% of the
patients during this period.

Table 1 lists the odds ratios from the case–
control study at the zip code level between
1996 and 2000. A comparison of odds ratios
by zip codes shows certain zip codes with sta-
tistically significant increased odds of having
asthma, relative to nonrespiratory disease. We
observed a positive association between possi-
ble exposure and outcome at the 5% signifi-
cance level in zip codes 14201, 14213, 14207,
and 14204. All of these zip codes that were
statistically significant with odds ratios greater
than the value 1 are located on Buffalo’s
West Side. In zip codes 14221, 14214, 14217,
14150, and 14227, we observed a negative
association between possible exposure and
outcome at the 5% significance. Zip codes
that were statistically significant with odds ra-
tios less than the value 1 are located further
away from the West Side of Buffalo. The re-
maining zip codes had statistically nonsignifi-
cant results.
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TABLE 1—Exposure Based on Geographic Locations Identified at the Zip Code Level: Odds
Ratios From a Case–Control Study, 1996–2000

Case Patients (n = 3717) Control Patients (n = 4129)

Asthma Gastroenteritis
% Diagnosed Hospitalization % Diagnosed Hospitalization Odds Ratio

Zip Code Asthma Rates (per 10 000) Gastroenteritis Rates (per 10 000) (95% Confidence Interval)

14228 3.82 767 4.53 1010 0.84 (0.67, 1.05)

14201 15.77 349 11.04 271 1.51 (1.32, 1.72a)

14213 24.19 275 18.16 229 1.44 (1.29, 1.61a)

14203 0.43 129 0.34 113 1.27 (0.61, 2.61)

14068 1.67 114 1.99 150 0.84 (0.60, 1.17)

14026 0.08 109 0.15 218 0.53 (0.14, 2.08)

14222 3.55 105 2.88 95 1.24 (0.96, 1.60)

14207 6.54 101 5.01 86 1.33 (1.10, 1.61a)

14209 2.18 89 2.49 113 0.87 (0.65, 1.17)

14216 4.20 63 4.94 82 0.84 (0.68, 1.04)

14204 1.75 58 0.97 35 1.82 (1.22, 2.72a)

14226 4.95 57 5.55 71 0.89 (0.73, 1.08)

14202 0.43 56 0.53 78 0.81 (0.43, 1.54)

14221 8.18 55 14.48 109 0.53 (0.46, 0.61a)

14208 1.32 34 1.19 34 1.11 (0.75, 1.66)

14212 1.53 29 1.11 23 1.38 (0.93, 2.05)

14214 1.61 28 2.25 43 0.71 (0.51, 0.98b)

14217 1.88 27 3.39 55 0.55 (0.41, 0.73b)

14215 3.44 27 3.92 35 0.87 (0.69, 1.11)

14223 1.91 27 2.47 39 0.77 (0.57, 1.04)

14211 2.64 25 2.16 23 1.23 (0.92, 1.64)

14150 3.63 25 5.74 44 0.62 (0.50, 0.77b)

14210 0.78 16 0.75 17 1.04 (0.63, 1.73)

14227 0.91 13 1.72 28 0.52 (0.35, 0.79b)

14206 0.89 13 1.07 17 0.83 (0.53, 1.30)

14220 0.78 10 0.58 8 1.35 (0.78, 2.33)

14218 0.59 10 0.44 8 1.34 (0.72, 2.52)

14219 0.35 10 0.15 4 2.34 (0.88, 6.22)

Note. Denominators derived from population data from the 1990 US Census; case patients and control patients derived from
hospitalization and outpatient visits for asthma (ICD-9 code 493) and gastroenteritis (ICD-9 code 558) from Kaleida
database, 1996–2000.
aPositive association between exposure and outcome at the 5% significance level.
bNegative association between exposure and outcome at the 5% significance level.

Spatial Analysis of Case–Control Study
The Diggle method, as used within Clus-

terSeer, was applied to test the null hypothesis
of no clustering of case patients in compari-
son with a common control disease around a
focal point, at α =0.05. GIS was used to de-
termine whether spatial associations were
between emission sites, major roadways, and
residential locations of case patients and
control patients. Sites were defined to in-
clude the PBC, air, toxic, and multiple re-

leases, as shown in Figure 1. The busily trav-
eled roadways were defined according to the
type and volume of traffic on the basis of
data from the Department of Transportation,
as well as on information obtained from the
residences, to include Main Street, Bailey Av-
enue, Niagara Street, Seneca Street, Dela-
ware Avenue, Interstate 198, Interstate 190,
and Route 33 (Figure 1).

Figure 1 shows the increased odds of hav-
ing asthma among the residences living in

close proximity to the sites or interstate road-
ways. Overall, there was a lower risk of
asthma diagnosis for adults living farther
away from sites and busily traveled roadways.

We analyzed exposed and unexposed case
patients and control patients living within
1 km or farther away from sites and road-
ways. Table 2 shows increased odds of having
asthma among the residences living in close
proximity to the sites or roadways—there was
a higher risk of asthma diagnosis for adults
who lived in close proximity to those areas.

Case–control data showed that patients liv-
ing along Main Street, Bailey Avenue, Niagara
Street, Seneca Street, and Interstate 190 all
had increased odds of having asthma. Most of
the case patients at sites had statistically sig-
nificant increased odds of asthma within
0.5 km versus more than 2 km away from
the roadways, but the control patients did not.
Apart from Interstate 190, which had statisti-
cally significant increased odds of asthma
both at 0.5 versus 2.0 km and 1 versus 2 km,
4 roadways (Main Street, Bailey Avenue, Nia-
gara Street, and Seneca Street) were also sta-
tistically significant at 1 versus 2 km. Three
roadways (Delaware Avenue, Interstate 198,
and Route 33) that carry mostly automobile
traffic did not seem to have much effect when
case patients and control patients were com-
pared at 0.5 or 2 km farther away (within
500 m or more than 2 km).

The highest odds ratios were observed at
air release sites (stationary sources of air pol-
lution), with OR=15.77 at 0.5 versus 2 km.
Residents living at 0.5 km from air release
sites have 15 times the odds of having asthma
among all emission sites compared with those
living more than 2 km away. The PBC had
OR=4.41 at 0.5 versus 2.0 km, toxic sites had
OR=0.70 at 0.5 versus 2.0 km, and multiple
release sites had OR=1.93 at 0.5 versus
2.0 km.

The evaluation of increased risk of diag-
nosed asthma near the focus sites that were
identified in Oyana and Lwebuga-Mukasa29

was carried out using the Diggle method and
the individual-level data. Figure 2 both shows
asthma clusters identified by 2 methods using
group-level data36,37 and shows the distribu-
tion of asthma cases per 1000 people. For
this analysis, we have increased the scope of
the investigation to include test and alterna-



American Journal of Public Health | July 2004, Vol 94, No. 71254 | Research and Practice | Peer Reviewed | Oyana et al.

 RESEARCH AND PRACTICE 

0 9 121.5
Kilometers

Clusters, Besag–Newell method

1–8 (Very low)

9–28 (Low)

29–108 (Medium)

109–233 (High)

234–434 (Very high)

First most likely cluster,
Turnbull method

Third most likely cluster,
Turnbull method

3 6

Second most likely cluster,
Turnbull method

FIGURE 2—Asthma clusters identified by 2 methods and the distribution of asthma cases
per 1000 people.

TABLE 2—Spatial Analysis of Case–Control Study Showing Odds Ratios

Odds Ratios 95% Confidence Interval

Sites 0.5 vs 2 km 1 vs 2 km 0.5 vs 2 km 1 vs 2 km

Peace Bridge Complex 4.41a 0.52 3.26, 5.97 0.39, 0.70

Air release 15.77a 0.91 9.93, 25.04 0.67, 1.22

Toxic release 0.70 0.42b 0.40, 1.22 0.29, 0.60

Multiple release 1.93a 0.56b 1.60, 2.32 0.46, 0.69

Interstate 190 1.30a 3.26a 1.02, 1.66 2.67, 3.97

Interstate 198 and Route 33 0.67b 0.49b 0.51, 0.87 0.39, 0.63

Main St, Bailey Ave, Niagara St, and Seneca St 1.11 1.36b 0.95, 1.30 1.15, 1.61
Delaware Ave 0.65a 0.96 0.51, 0.83 0.76, 1.21

Note. Case patients and control patients derived from hospitalization and outpatient visits for asthma (ICD-9 code 493) and
gastroenteritis (ICD-9 code 558) from Kaleida database, 1996–2000.
aPositive association between exposure and outcome at the 5% significance level.
bNegative association between exposure and outcome at the 5% significance level.

tive sites (geographic coordinates) around the
focus sites to evaluate how the P value
changed. Our null hypothesis was that the
case and control occurrences have the same
underlying spatial distribution. The alterna-
tive hypothesis was based on case subject lo-
cations having different spatial patterns in
comparison with the control locations and on
the fact that the density of the case locations
was higher than that of the control near the
focus sites.

Model results for the 13 focus sites showed
that certain geographical areas were signifi-
cantly more affected by asthma than others.
For instance, our study shows that the chance
of achieving more extreme outcomes (if the
null hypothesis was true) for the model pa-
rameters for 4 focus sites (Birge Company,
PBC, Ogrady Winnifred Silver, and Miken
Company) located in Buffalo’s West Side had
P≤ .0001. We further observed that focus
sites located in Buffalo’s West Side have asso-
ciations that are very highly significant, and
the effects appear to extend over a large area.
However, there were also modest associations
for 2 focus sites (Marnap Industries, P≤ .053;
and Nabisco Company, P≤ .045) located on
Buffalo’s East Side, and the effects appear to
extend over a small area. There was no evi-
dence of association for Harrison Radiator,
also located on Buffalo’s East Side, as well as
the other 6 test sites. Overall, the analysis of
case–control data establishes further evidence
of an association between diagnosed asthma
and 4 focus sites located on Buffalo’s West
Side. Our study also finds modest associations
for locations within Buffalo’s East Side, espe-
cially the Nabisco Company, which manufac-
tures Milk-Bone bakery products and releases
respirable air-borne dust particles. These as-
sociations warrant further investigation.

Comparability of Case Patients 
and Control Patients

Insurance status as a possible confounder
was evaluated during the study period. A
comparison of insurance status for case pa-
tients and control patients was conducted to
evaluate whether a significant difference ex-
isted between asthma and gastroenteritis pa-
tients in 34 subcategories of insurance status
reported in the databases, which were identi-
fied following these 5 tallies: total number of
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case patients, inpatients, outpatients, emer-
gency room use, and clinical case patients.
Overall, based on a t test, there was no statis-
tical difference in insurance status between
asthma and gastroenteritis patients in the sub-
categories described above. However, there
were some slight differences that were ob-
served in 3 subcategories: outpatients
(tobserved=1.669, df=66, tcritical=1.668, P≤
.049), clinical (tobserved =2.562, P≤ .006), and
case patients diagnosed in 2000 (tobserved =
1.694, P≤ .047).

Additional analysis was conducted on the
basis of the 4 categories of benefits (private
benefit programs, public-sponsored benefit
programs, self-sponsored benefits, and others)
that were identified with insurance status
data. In this particular analysis, it was as-
sumed that those patients who were most
likely to have access to private preventive
care belonged to the private benefit programs
category. Insurance status data for patients
seeking emergency and urgent care in the
hospital showed that 34.85% and 30.28% of
the patients with asthma and gastroenteritis
diagnoses, respectively, were most likely to
have private preventive care as well. The re-
maining subcategories showed that public-
sponsored benefits were used by 26.99%
and 28.41% of the asthma and gastroenteritis
patients, self-sponsored benefits constituted
20.62% and 22.15% of the asthma and gas-
troenteritis patients, and others constituted
17.5% and 18.9% of patients with asthma
and gastroenteritis diagnoses, respectively.
Overall, the comparison of insurance status
for patients seeking care in the emergency
room during the study period shows a com-
parable ratio of 1:1 in all 4 subcategories.
The insurance status of case patients with
asthma diagnosis and diagnosed gastroenteri-
tis was therefore comparable, lending support
for gastroenteritis as an appropriate candidate
for the case–control study.

DISCUSSION

There are 4 major findings from this study:
first, the distribution of asthma, after account-
ing for spatial variation in the population at
risk, is nonhomogenous; second, areas in
which case patients have high rates of asthma
appear clustered in proximity to air-polluting

sites, including the PBC and the busily trav-
eled roadways supplying it, in addition to
EPA-designated toxic air release sites; third,
the decrease in asthma prevalence as a func-
tion of distance from sites indicates that pollu-
tants from the sites are not only associated
with the worsening of asthma symptoms but
may also play a role in the etiology of asthma;
and fourth, further analysis of common fea-
tures of pollutants may help elucidate mecha-
nisms relating exposures to the genesis of
asthma. To date, studies have focused on high-
level exposures and have paid relatively little
attention to local multiple exposures. Identifi-
cation of clusters associated with different
sources may provide insights into how mix-
tures of pollutants may interact and lead to
development of asthma in susceptible individ-
uals. The study findings support and expand
our earlier observations in Lwebuga-Mukasa
and Dunn-Georgiou,2,3 Lwebuga-Mukasa and
Pszonak,4 Oyana and Lwebuga-Mukasa,29 and
Lwebuga-Mukasa et al.6 These findings are
also consistent with previous findings that
have been reported in Peterson and Saxon,24

Kane et al.,25 Briggs et al.,38 Donaldson et
al.,12 Dockery,39 Loh et al.,40 Lin et al.,5 and
Lin et al.41 The findings confirm earlier re-
ports that indicated that increases in NAFTA
traffic across the PBC were related to in-
creases in prevalence and health care use for
asthma.23 This study, together with the previ-
ous studies, provides a basis for systematic in-
vestigation of environmental exposures in
communities and their effect on residents.

Levels of Geographic Resoloution
This study has benefited from the use of

more than 1 level of geographic resolution.
Our spatial analysis has been conducted here
at 2 different levels. At the individual level,
we analyzed and compared spatial locations
of case patients and control patients at vary-
ing distances from sites. At the zip code level,
we computed odds ratios to evaluate which
zip codes were heavily burdened by respira-
tory illnesses. In a previous study,29 we ana-
lyzed census tract (group)–level data to ob-
tain case patients per population size and to
identify local asthma clusters. These different
levels of geographic resolution enabled us to
gain more insight into the problem of respira-
tory illnesses faced by communities living in

close proximity to the PBC, major roadways,
and pollution sites.

Proximity to Sites
This study pinpoints proximity to air re-

lease sites including the PBC as a significant
contributor to increased asthma exacerba-
tions in the study area. For the residents liv-
ing within 0.5 km from air release sites, the
odds of having asthma were 15 times greater
compared with those of patients living more
than 2 km away. We also observed a 4-fold
increase in the odds of having asthma among
residents living in close proximity to the PBC
compared with those living in nonexposed
areas farther away. It is probable that these
sites significantly affect the quality of inhal-
able air, which in turn could trigger episodes
of airway inflammation among individuals
with asthma. It is therefore reasonable to sus-
pect that communities living in close proxim-
ity to these sites are exposed to high levels of
particulate emissions42 that contribute to in-
creased asthma exacerbations. In addition,
this particular finding might explain the high
rates of hospitalization and emergency room
use already reported in previous studies.4,23

Overall, the extreme increase in asthma risk
associated with toxic air release sites points
to the need to minimize toxic releases be-
cause of their potential health risk to resi-
dents nearby.

Significant Associations
Six statistically significant associations of di-

agnosed asthma near the focus sites, in com-
parison with the geographical distribution of
gastroenteritis, were found using the Diggle
method. Although 1 focus site located on
Buffalo’s East Side did not reach statistical
significance, there was modest evidence of
increased diagnosed asthma in 2 focus sites
located in this area. Of the 13 sites for which
we fitted models, we observed a higher in-
creased density of case locations in compari-
son with control locations on Buffalo’s West
Side than in other areas. These associations
are consistent with those identified using
K-means and nearest-neighborhood hierarchi-
cal clustering techniques, the score test of
Lawson and Waller, the Bithell score risk
test, and Besag and Newell’s methods. The
PBC site was not statistically significant by 1
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method—the score test of Lawson and
Waller,29 but all the other methods, including
the Diggle model, found that particular site
very highly significant. 

The analysis of case–control data estab-
lishes further evidence of associations be-
tween diagnoses of asthma and the 4 focus
sites located on Buffalo’s West Side. However,
we cannot necessarily attribute all of the ef-
fects to these 4 focus sites, because statisti-
cally significant P values extend over a large
area. Other possible explanations are ex-
plored below. This study also found modest
associations for 2 focus sites located on Buf-
falo’s East Side, especially for the Nabisco
Company, which produces grain and flour,
and these associations warrant further investi-
gation. Current data do not permit determina-
tion of whether the increase in diagnosed
asthma is related to residents working at the
factory or whether exposure was secondary
to air pollution.

Our study had 3 limitations. First, because
the hospital data we used were from a single
hospital system, we could not examine other
hospital admissions in the same area. Second,
it was not possible to determine why patients
were admitted to the hospitals (i.e., the pa-
tient’s original complaint). Third, the data set
did not contain information pertaining to the
living conditions of the patients; this informa-
tion could explain other exposures to asthma
risk factors.

Although there is mounting cumulative evi-
dence associating increased risk of asthma to
traffic-related pollution, it is reasonable to sus-
pect the existence of a number of other prime
risk factors, such as possible mixtures of pol-
lutants and the interaction of local ecological
factors that might better explain spatial varia-
tions of asthma in the study area. We suspect
that these risk factors are key contributors of
asthma on Buffalo’s West Side, given that pre-
vious studies6 have absolved possible con-
founders such as exposure to environmental
tobacco smoke, race, and income. 

Interpretations
These interpretations were arrived at on

the basis of the following factors. First, there
is a significant release of diesel exhaust parti-
cles42 from a busily traveled state highway in
which the bulk of commercial traffic serving

the NAFTA trade corridor flows through this
community. In the summer of 2002, a pre-
liminary chemical analysis of respirable parti-
cles collected from the PBC by Baier, one of
the research scientists studying traffic-related
pollution, revealed high ammonium carbon-
ates, nitrates, and sulfates in the study area
(R. E. Baier, oral communication, August 23,
2002). His analysis further revealed a net ad-
dition of silicates and iron-bearing particles to
the respirable fraction, which was indepen-
dent of wind direction. Baier suggested that
the net increase of respirable silicate-rich and
iron-rich matter was attributable to truck
emissions, based on further comparisons to
spectra of impacted aerosol samples from a
Cheektowaga truck stop, where numerous
idling trucks were present. These unusually
high levels of silicate-rich and iron-rich matter
are residues of burning diesel that may com-
bine with local factors and contribute to
chronic airway and lung inflammation44–49

and set the stage for airway hyperresponsive-
ness, a characteristic of asthma, and worsen-
ing of asthma symptoms among individuals
who already have the disease. Second, there
is a significant number of manufacturing in-
dustries located on Buffalo’s West Side that
might be emitting respirable particulates. The
evidence of clusters of asthma about the
focus sites we studied illustrates this point.
Third, local ecological factors may be impor-
tant, including the urban heat island phenom-
enon,49,50 residential overcrowding, and most
important, meteorological conditions influ-
enced by the presence of Lake Erie and the
Niagara River, which have an effect on the
dispersion of particulate pollutants. There is
a low density of vegetation on Buffalo’s West
Side compared with other areas in the study
area, which causes the area to be warmer
than normal. Finally, the age of the housing
units is a potential confounder that warrants
further investigation.

CONCLUSIONS

There are 2 implications of the study find-
ings: first, current traffic levels not only con-
tribute to asthma and other respiratory dis-
ease exacerbations but may also contribute
to high asthma prevalence on Buffalo’s West
Side in comparison with other Buffalo com-

munities; and second, identification of
asthma clusters along busily traveled road-
ways and the PBC, in addition to other sites,
indicates an etiological link between pollu-
tants and high asthma prevalence rates.
These implications are important for the de-
velopment of new hypotheses relating to the
spatial distribution of asthma prevalence and
morbidity in this community. Although our
study does not provide specific information
pertaining to the chemical compositions of
the focus sites, it provides evidence about the
locations at which exposures may affect sus-
ceptible individuals.
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