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ABSTRACT 

A recent study based on data over a 10-year period (1991-2000) showed a positive 
association between health care utilization and prevalence of asthma, and commercial 
traffic at a U.S.—Canada border crossing. We wanted to determine whether decreases 
in total traffic would also be associated with decreases in health care utilization for 
respiratory illnesses. Following September 11, 2001, there was a 50% drop in total 
traffic at the Peace Bridge border crossing point between Buffalo, New York and Fort 
Erie, Ontario, Canada. To investigate the impact of such a traffic decline on health 
care utilization for respiratory illnesses, weekly respiratory admissions to Kaleida 
Health System, Western New York's largest health care provider were analyzed 
according to ICD9Clvl classification and compared with total weekly traffic volumes 
for 3-month periods in 2000 and 2001 (August, September, and October). The total 
number of patients admitted to hospital or seen in emergency departments for 
respiratory illnesses during the 3-month periods of both years was 5288. A 50% drop 
in total traffic following Labor Day and September 11, 2001, from week 4 to week 7 
was found to be statistically significant (p = 0.031) when a one-way ANOVA was 
performed. Likewise, the drop in total respiratory cases approached statistical 
significance (p = 0.052) when a one-way ANOVA was conducted. The results suggest 
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an association between decrease in traffic volumes with decrease in health care 
utilization for respiratory diseases. These results suggest that current levels of traffic 
may be impacting on the respiratory health of residents in the nearby community. 

Key Words: Traffic-related pollution; Asthma; Respiratory health; North American 
Free Trade Agreement (NAFTA); Health impacts; Health care utilization; US—Canada 
border crossing points; Peace Bridge; Trade corridors. 

INTRODUCTION 

Located in residential Buffalo's west side, the Peace 
Bridge Plaza Complex (PBC) is the busiest U.S.—Canada 
border crossing for commercial traffic in the northeastern 
United States (1). The Peace Bridge Complex consists 
of U.S. Customs Inspection Station, Bridge toll booth 
plaza, and a duty-free shop. The community provides a 
unique clinical setting in which up to 7,000 trucks and 
26,000 automobiles are processed daily by the U.S. 
Customs Station and Peace Bridge toll booths plaza (2). 
The Peace Bridge connects Fort Erie, Ontario, Canada, 
to Buffalo, NY, U.S.A. Since the implementation of 
the North American Free Trade Agreement (NAFTA) in 
1994, commercial traffic crossing the Peace Bridge has 
grown at an annual rate of 9% (3). In contrast, auto-
mobile traffic has decreased slightly (4). Buffalo's west 
side has been found to have a high asthma prevalence (4) 
and health care utilization for asthma (4,5). A previous 
communication also suggests a link between asthma 
prevalence and health care utilization for asthma, and 
commercial traffic volume (4). An association has also 
been found between proximity to the PBC and high 
asthma prevalence (2). 

Traffic-related pollution has been shown to be 
related to an increase in health care utilization for a 
number of acute respiratory illnesses, including upper 
respiratory diseases such as sinusitis, otitis, bronchitis; 
lower respiratory diseases such as pneumonia and in-
fluenza, and airway diseases such as asthma and chro-
nic obstructive pulmonary disease (COPD) (5-11). 
Residents of border communities in close proximity 
to major USA—Canada trade corridors are exposed to 
increased commercial traffic-related pollution (1). How-
ever, health impacts of traffic-related pollution have 
not been fully evaluated. We had initially reported 
admission rates for asthma and bronchitis to be a major 
health problem in the study region (12); Buffalo's 
lower west side had an admission rate that was two-
fold higher than surrounding communities. We have 
subsequently investigated home environmental and 
personal factors and found that although they play 
important roles in triggering asthma, they did not fully 
account for the higher asthma prevalence among resi- 

dents living in Buffalo's west side ( 2) . Rather, the study 
(2) found that living in close proximity to the Peace 
Bridge Plaza Complex (PBC) was associated with a high 
asthma prevalence. Hence, a need was felt to investigate 
the role of traffic volume in this region as a contributing 
factor to adverse respiratory health outcomes. 

In a orevious communication, we reported an 
association of increased health care utilization due to 
asthma with increases in commercial traffic through 
Buffalo's west side following implementation of the 
North American Free Trade Agreement (NAFTA) (4). 
The study found that the zip code areas closest to the 
traffic corridor were the most severely affected (4). 
The study also found a cluster of households with in-
creased asthma prevalence in close proximity to the 
PBC. Criteria for causality include presence of out-
come when exposure is present and absence of outcome 
when exposure is absent. In the light of this background, 
this study sought to investigate the relationship between 
an acute decrease in traffic volumes and a decrease in 
health care utilization for respiratory illnesses. Studies of 
health impacts over a short time period provided a unique 
opportunity that minimized the confounding of personal 
factors such as smoking, household triggers, or socio-
economic status. 

Following, September 11, 2001, there was a dra-
matic decrease in commercial and automobile traffic 
crossing the U.S.—Canada border through the Peace 
Bridge. The current study examines the impact of de-
creased traffic on health care utilization for respiratory 
conditions among residents of the community border-
ing the trade corridor. 

METHODS AND PROCEDURES 

The study population consisted of all the residents 
of zip codes 14201-14204, 14206-14216, and 14222 
(See map of study area, Figure 1). The same study area 
had been included in a previous study that found an 
association between traffic volume and health care 
utilization for asthma (4). The total population of this 
study area was 279,362 according to the 2000 U.S. 
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Figure 1. Map showing postal zip codes of study area. (Go to www.dekker.com  to view this figure in color.) 

census data. The Peace Bridge is located in 14213, and 
most of the traffic passes through the lower west side, 
which is comprised of 14201-14204. Hospital utiliza-
tion data were obtained from Kaleida Health System, 
which is the largest health care provider in western 
New York and within the City of Buffalo, with a 
market share of 42%. 

Data Categories 

The following categories of data were analyzed: 1) 
commercial and automobile traffic across the Peace 
Bridge, 2000-2001; 2) hospital utilization data of 2000 
and 2001; and 3) U.S. census data for the region for 
the year 2000 was obtained from the U.S. census 
bureau. Each data category is described in detail below. 

Traffic Data Across the Peace Bridge 
During August, September, and 

October 2000-2001 

Traffic data for the Peace Bridge Plaza for the 
period of August, September, and October were ob-
tained from the Public Bridge Authority, Buffalo, NY,  

for both 2000 and 2001. Weekly traffic counts of cases 
were taken from Saturday to Friday instead of daily 
counts because the number of cases was otherwise 
too small, Hence, August 1-4, 2000, and October 28-
31, 2000, were not included. Likewise, August 1-3, 
2001, and October 27-31, 2001, were omitted. Data 
were collected for trucks, buses, and automobiles. 
Trucks and buses were considered together as commer-
cial traffic because of the greater contribution they 
make to air pollution from diesel engine exhaust. Air-
monitoring data were unavailable because of lack of air-
monitoring facilities on Buffalo's west side. Hence, 
traffic volume was used as a surrogate for air moni-
toring. Moreover, central air monitoring may not 
capture localized high levels of pollution in certain 
neighborhoods located at varying distances from the 
source of air pollution (1,13). 

Hospital Utilization Data of 
2000 and 2001 

Electronic hospital discharge data for respiratory 
were obtained from Kaleida Health System, Western 
New York's largest health care provider with 42% of 
regional market share. 
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The database included data from the five com-
ponent hospitals of the Kaleida Health System for the 
two study years of 2000 and 2001. A 3-month study 
period from August to October of each year was se-
lected to take into account seasonal and natural va-
riability in health care utilization rates. The data 
analyzed included only respiratory cases as defined by 
ICD9CM codes 460-519.99. Upper respiratory disease 
was classified as ICD9CM codes, which included 
460-466 and 470-478 and included conditions such 
as pharyngitis, otitis, and sinusitis. Lower respiratory 
disease, which included conditions such as pneumonia 
and influenza, was classified as ICD9CM codes, which 
included 480-487 and 510-519.99. Airway disease 
was defined as conditions that arc included in 
ICD9CM codes 490-496 and included asthma and 
COPD exacerbations. ICD9CM codes from 500 to 508 
were not included because we considered them to be 
either respiratory diseases, which are not directly 
triggered by air pollution (e.g., asbestosis and coal 
workers pneumoconiosis). Although the existence of 
the prior condition could worsen with exposure to 
pollutants, available data did not permit determina-
tion whether that was the reason for which the patient 
was seen. 

US Census Data 

Census data for the year 2000, for population by 
zip code in the study area were obtained from the U.S. 
census bureau at www.uscensus.gov. 
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Data Analysis 

The data were analyzed with MS-Excel 2000 
(Microsoft, Inc.) and SPSS version 10.1 (SPSS Inc, 
Chicago, IL). Descriptive graphs were generated with 
MS-Excel. The study period was divided into three 
periods: weeks 1-4 (before traffic drop), weeks 5-8 
(right after traffic drop), and weeks 9-12 (far beyond 
traffic drop). The difference in total traffic, commercial 
traffic, total respiratory, airway diseases, lower respira-
tory, and upper respiratory cases was calculated for 
corresponding weeks in 2000 and 2001. A one-way 
ANOVA was conducted to detect statistically significant 
differences in means of variables for corresponding 
periods in 2000 and 2001 with SPSS. Two-sided 
statistical tests were performed with a 5% level of sig-
nificance. All population rates were calculated per 
10,000 persons. 

RESULTS 

Traffic Volume 2000 and 2001: August, 
September, and October 

The total number of vehicles was counted as the total 
number of automobiles, buses, and trucks, and a line 
graph for the time period was plotted (Figure 2). Si-
milarly, graphs were plotted for trucks and buses together 
as well as for trucks alone, buses alone, and automobiles 
alone (data not shown). In the current study, we included 
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Figure 2. Total traffic volume during August, September, and October of 2000 and 2001. (Go to www.clekker.com  to view this 
figure in color.) 
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Figure 3. Total respiratory cases for August, September, and October of 2000 and 2001 by the week (excluding clinic cases). (Go 
to www.dekker.com  to view this figure in color.) 

automobiles in our total traffic volume analysis because 
they constituted the bulk of traffic volume in terms of 
gross numbers and also constituted the bulk of traffic 
decline following September 11, 2001. The drop in 
commercial traffic (25%) was less dramatic than the drop 
in total traffic (50%) from week 4 to week 7. The drop in 
traffic might have been due to cross-border restrictions 
on travel in the aftermath of the World Trade Center 
attack as well a general fear among the public to travel in 
an environment of heightened cross-border security. 

Figure 2 shows a precipitous decline in total traffic 
volume in the week of September 11, to 64% of the 
previous week. Traffic volumes reached the lowest point 
in the third week of September after which it started to 
rise. Week five included U.S. Labor Day weekend, which 
explains the decrease in commercial traffic volume for 
2000. The traffic volume stabilized in October, although 
at a consistently lower level than the previous year. 

When the volume of commercial traffic was 
considered (data not shown), there was a decline in 
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Figure 4. Airway disease cases for August, September and October of 2000 and 2001 by the week (excluding clinic cases). (Go to 
www.dekkercom to view this figure in color.) 

O 

PICINTS LIN Ke 
AI  270 Madison Avenue, New York, New York 10016 	I  

N
um

be
r  o

f c
as

e
s  

a 
0 

:2 

0 

7.; 

0 



(b) 
180 

160 

N
u

m
b

e
r  
of

 c
a

se
s  

50 

45 

40 

35 

30 

25 

20 

15 

10 

        

       

       

       

       

       

      

—4/-2000 

      

M 	2001 

       

        

        

        

2 	3 	4 	5 	6 	7 	8 	9 	10 	11 	12 

860 

traffic volume to 69% of the previous years in the week 
of September 11, 2001. Again, a recovery in traffic 
volume was not seen till the third week of September 
2001, although levels generally remained consistently 
lower than the previous years. 

Health Care Utilization Data from the 
Kaleida Health System Database 

The total number of respiratory disease cases seen 
for the entire study period excluding those seen in the 
clinics was 5288. Of the total, 41% were males and the 
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remaining were females. The mean age of this sample 
was 26.6 years with one standard deviation of 24.75 
years. The racial breakdown of the patient population 
for respiratory cases is as follows: 45% African Ame-
rican, 21% Hispanic, 28% white, and the remaining 6% 
others. During the 2000 study period, the total number 
of cases was 5735, whereas it dropped to 5458 during 
the 2001 study period. Of these patients, emergent 
cases (not seen in clinics) were 2671 in 2000 and 2617 
in 2001. The gender distribution of patients for both 
years in the study period was comparable, with 60% of 
cases being female patients. Health care utilization by 
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Figure 5. (a) Lower respiratory cases for August, September, and October of 2000 and 2001 by the week (excluding clinics). (b) 
Upper respiratory cases for August, September, and October of 2000 and 2001 by the week (excluding clinics). (Go to 
www.dekker.coni to view this figure in color.) 
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Latino Hispanics increased from 18.88% in 2000 to 
23.78% in 2001, whereas there was a slight decline 
in utilization for African Americans from 45.65% to 
44.8% and for whites from 29.05% to 25.91%. 

Data for health care utilization for respiratory ill-
nesses were plotted for all respiratory diseases together. 
Cases evaluated in clinics were excluded because 
we wanted to focus on emergent cases (Figure 3). 
The usual pattern shows an increase in health care 
utilization from the late summer, to fall and winter. 
This is reflected in the 2000 study period. A line 
graph of health care utilization seen in the study pe-
riod of both years showed a decreased number of res-
piratory cases during the month of September 2001, 
which remained consistently lower than the previous 
year's September. The levels for the two years did not 
begin to approximate until the beginning of October. 
The number of total cases, excluding those seen at the 
clinics, dropped to as low as 75% of the previous 
year's level. 

Line graphs were plotted for each of three ca-
tegories of respiratory diseases based on ICD9CM 
codes: airway disease, lower respiratory disease, and 
upper respiratory disease. The graph for airway disease 
(Figure 4), which included conditions such as asthma, 
COPD, and allied conditions, showed an overall climb 
in the number of cases in the study months in 2001, but  
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the expected peak in September, which is representa-
tive of the natural variability, was not seen. In fact, 
from the 6th to the 10th week, the number of cases was 
far less than what was seen during 2000, whereas 
during the period on either side of this period, the 
number of cases in both the years approximate each 
other. In the last week of September 2001, the number 
of cases was only 75% of what was seen in the pre-
vious year where it peaked at 74 cases compared to 99 
of the previous year. 

A line graph of lower respiratory disease (Figure 5a) 
showed that during the month of September, there was 
consistently a lower number of cases in 2001 than in 
2000 and that this was not the case for August and 
October where numbers for the 2 years were more equal. 
During the sixth week of the study, which is the second 
week of September, the number of cases was only 72% of 
the previous year. 

Figure 5b shows line graphs for admissions for 
upper respiratory disease. The number of cases in 2001 
for weeks 5 and 7 was lower than in the previous year. 
The number of cases in weeks 1-4 were comparable 
for the 2 years. In the 8 to 11-week segment, there was 
an overshoot of cases for 2001 compared to 2000. 

The above patterns suggest that a decrease in traffic 
volume was associated with a decrease in health care 
utilization for respiratory cases during September 2001. 

Table 1. Results of one-way ANOVA comparing difference in means for corresponding periods in 2001 and 2000 for the variables 
in the study. 

Period Period Mean difference p Value p Value of model 

1. Total respiratory cases Weeks 5 to 8 Weeks 1 to 4 -40.25 0.052** 
Weeks 5 to 8 Weeks 9 to 12 -45.75 0.029* 0.023* 
Weeks 9 to 12 Weeks 1 to 4 5.50 0.925 

2. Airway disease cases Weeks 5 to 8 Weeks I to 4 -15.50 0.343 
Weeks 5 to 8 Weeks 9 to 12 -17.50 0.266 0.240 
Weeks 9 to 12 Weeks 1 to 4 2.00 0.980 

3. Lower respiratory cases Weeks 5 to 8 Weeks 1 to 4 -10.50 0.066** 
Weeks 5 to 8 Weeks 9 to 12 - 3.50 0.670 0.073** 
Weeks 9 to 12 Weeks 1 to 4 - 7.00 0.242 

4. Upper respiratory cases Weeks 5 to 8 Weeks 1 to 4 - 15.75 0.354 
Weeks 5 to 8 Weeks 9 to 12 -25.25 0.101 0.114 
Weeks 9 to 12 Weeks 1 to 4 9.50 0.666 

5. Total traffic volumes Weeks 5 to 8 Weeks 1 to 4 -36807.25 0.031* 
Weeks 5 to 8 Weeks 9 to 12 - 7884.75 0.790 0.030* 
Weeks 9 to 12 Weeks 1 to 4 - 28922.50 0.088** 

6. Commercial traffic volumes Weeks 5 to 8 Weeks 1 to 4 - 2463.00 0.274 
Weeks 5 to 8 Weeks 9 to 12 - 811.00 0.852 0.291 
Weeks 9 to 12 Weeks 1 to 4 - 1651.25 0.533 

Weeks 1 to 4: Before traffic drop. 
Weeks 5 to 8: Right after traffic drop. 
Weeks 9 to 12: Far beyond traffic drop. 
*P value of <0.05 indicates statistical significance by convention. 
**P value approaches but does not attain statistical significance. 
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Statistical Analysis 

Statistical analysis using one-way ANOVA was 
performed, and results are shown in Table 1. The drop 
in total traffic was statistically significant (p = 0.031), 
and the drop in total respiratory cases approached sta-
tistical significance (p = 0.052). The one-way ANOVA 
evaluated the drop from weeks 1 to 4 to weeks 5 to 
8 (i.e., the period right after the traffic drop compared 
to the period before the traffic drop), Comparison of 
weeks 5-8 segment with weeks 9-12 segment for total 
respiratory cases attained p value of 0.029. Figure 6 
shows a plot of means of the one-way ANOVA com-
paring difference in total respiratory cases by period 
for corresponding weeks in 2001 and 2000. Similar 
analysis was conducted for subcategories of respira-
tory disease (Table 1), and an association approaching 
statistical significance was obtained for lower respira-
tory diseases which include pneumonia and influenza 
(p = 0.073). Association between the drop in upper 
and lower respiratory cases could not be found with 
acceptable p values, and this may be due to the small 
number of cases in subcategories of respiratory di-
seases, which is a limiting factor in the study. 

DISCUSSION 

This is the first demonstration of an association 
between decrease in traffic and a decline in health care 
utilization for respiratory diseases in close proximity to 

Period (weeks 1-4, weeks 5-8, weeks 9-12) 

Figure 6. Plot of means of one-way ANOVA comparing the 
difference in total respiratory cases for corresponding weeks 
in 2001 and 2000 and the difference in traffic in the corres-
ponding period. (Go to www.dekkercom to view this figure 
in color,) 
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this U.S.—Canada border crossing point. A previous 
report had revealed an association between increased 
traffic and increased health care utilization (4). Com-
bined, the two studies link variations in current traffic 
volume with health care utilization. 

The current study contributes to a growing list of 
published studies that have reported an association 
between traffic volume and health care utilization. A 
unique attribute of the study is the relatively short pe-
riod during which traffic volume and health care 
utilization were studied. The short period minimizes 
confounders such as personal habits, smoking, socio-
economic status, or demographic shifts in the study 
population. Previous studies have found an association 
between traffic volume and respiratory health effects 
(6-12). Two studies from Japan (6,9) found that 
housewives who lived within 20 meters of the road had 
more respiratory symptoms than their peers who lived 
farther away. Another study found that respiratory 
symptoms in 4 to 11-year-old children were double 
that seen in their peers who lived farther away (10). 
Similarly, studies by Wjst (6), Brunekreef (11), and 
Ciccone (12) reported an association between increased 
respiratory symptoms and children living in close 
proximity to busily traveled roadways. These studies 
have shown that in the absence of particulate moni-
toring, traffic volumes could be used as a surrogate 
instead. It must be noted, however, that certain stu-
dies have failed to find an association between asthma 
and busily traveled roadways. For example, Livingstone 
and coworkers (14), who used case-matched controls 
including additional specific information about cases, 
did not find an association between traffic and health 
care utilization. 

In a separate report (4), we found a positive asso-
ciation between increasing annual commercial traffic 
volumes and increasing rates of health care utilization 
that was statistically significant (p < 0.05) in zip codes 
around the Peace Bridge Plaza Complex between 1991 
and 1996. The study found that there was an annual 
excess of 230.2 adult hospital discharges due to asthma 
in the same time period, which were associated with the 
increase in annual commercial traffic volumes in the 
same study area shown in Figure 1 (4). The effect was 
seen to be greatest in communities closest to the PBC 
and the major roadways supplying it and decreased as 
distance from the PBC increased. These findings 
showing increasing traffic volumes were associated 
with an increase in health care utilization are compli-
mented by the current study, which showed an 
association between decrease in traffic and decrease in 
health care utilization for all respiratory cases. 

The current study has a number of limitations. 
Traffic volume data do not take into account longer 
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waiting periods, which were required for border security 
checks. This may have contributed to failure to achieve 
statistical significance. Measurement of air quality pol-
lutant levels would overcome this limitation. Second, 
health care utilization data do not provide information 
on personal data (e.g., exposure to environmental trig-
gers, tobacco smoke, home environment, or genetic 
factors). In addition, history data of individuals who 
moved into the west side were not available, so the 
initial susceptibility of the target population was not 
known to environmental triggers as well as the duration 
of residence in the study area. Third, using zip code of 
the residence may not take into account the duration of 
time spent at the workplace assuming, that there will 
always be people who work at a distance from their 
workplace. However, the converse is also true that 
people who come to the study area including the west 
side to work could have been excluded from the study if 
their area of residence was outside the study region. 

In this study, traffic volumes were used as a 
surrogate for air particulate monitoring because the air 
particulate data for the time period of study were not 
available to us. However, as mentioned before, central 
air quality-monitoring stations may not always capture 
local trends. Furthermore, susceptible individuals may 
become symptomatic at levels below the U.S. Envi-
ronmental Protection Agency (EPA) accepted levels. 
Insufficient data did not permit statistical analysis 
using multivariate regression analysis to be conducted, 
which would have adjusted for possible confounding 
variables such as temperature or precipitation. Data 
were not available on the cost of ill health to measure 
the financial loss borne by the community. It is possi-
ble that susceptible people would move away from an 
area they associate with their illness. However, the 
observation that changes in health care utilization oc-
curred over short periods of time argues against changes 
in demographics or socioeconomic susceptibility fac-
tors. Finally, analysis based on health care utilization 
misses out on a large number of residents who are 
affected but choose to treat themselves without going 
to a clinic or emergency department to be hospitalized. 
Prospective studies are needed in the future in which 
personal pollutant exposures are measured and related 
to respiratory outcomes and costs, including over-the-
counter drug costs and social costs. 

The strength of the study lies in its ability to 
demonstrate temporality. Buffalo's west side provides 
a model for future research both here and at other 
border crossing points. The studies (1,2,4,12) raise an 
intriguing possibility that traffic-related pollutants may 
not only be associated with exacerbation of respira-
tory conditions but may also play an etiological role 
in asthma. 
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