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Clinical deterioration in pediatric
asthmatic patients after September 11,

2001
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Sony Brook and New York, NY, and Pittsburgh, Pa

Background: New York City residents were exposed to a vari-
ety of inhaled substances after the collapse of the World Trade
Center. Exposure to these substances might lead to an increase
in asthma severity, with residential distance from Ground
Zero predictive of the degree of change.

Objective: We sought to assess the effect of the World Trade
Center collapse on local pediatric asthmatic patients.
Methods: We retrospectively reviewed the charts of 205 pedi-
atric patients with established asthma from a clinic in lower
Manhattan’s Chinatown. Clinical data were obtained for the
year before and the year after September 11, 2001. Measure-
ments included number s of visits, asthma medication prescrip-
tions, oral corticosteroid prescriptions, weekly doses of rescue
inhaler, and peak expiratory flow rates. Residential zip codes
were used to compare the asthma severity of patientsliving
within and beyond a 5-mile radius of Ground Zero.

Results: After September 11, 2001, these children had more
asthma-related clinic visits (P = .002) and received more pre-
scriptions for asthma medications (P = .018). No significant
differencesin oral steroid or rescue inhaler use were noted.
Those living within 5 miles had more clinic visits after Septem-
ber 11, 2001 (P = .013); theincrease in clinic visits for patients
living more than 5 miles from Ground Zero was not signifi-
cant. Mean percent predicted peak expiratory flow rates
decreased solely for those patients living within 5 miles of
Ground Zero during the 3 months after September 11, 2001.
Conclusions: Asthma severity worsened after September 11,
2001, in pediatric asthmatic patients living near Ground Zero.
Residential proximity to Ground Zero was predictive of the
degree of decreasein asthma health. (J Allergy Clin Immunol
2004;113:420-6.)
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Many months after the collapse of the World Trade
Center (WTC), an image of dust, smoke, and fumes cov-
ering lower Manhattan endures. One and 2 days after the
disaster, McGee et all collected samples of falen dust
from sites near the WTC. Chemical analysisrevealed cal-
cium sulfate and calcium carbonate, 2 compounds that
are known to irritate the upper airways, as major compo-
nents of the dust and fine particulate matter measuring
less than 2.5 pm. Particles of this size can possibly
induce disease in the small airways. Prezant et al?
demonstrated that occupational exposure to the
aerosolized dust at the WTC siteinduced acute bronchial
hyperreactivity and persistent cough in previously
healthy rescue workers. Some of these workers also had
chronic inflammatory respiratory diseases, such as reac-
tive airways dysfunction syndrome.3 In addition to res-
cue workers, children with asthma living near Ground
Zero make up another group of subjects at risk for respi-
ratory complications after exposure to WTC dust. It is
well known that asthma continuesto increase in the Unit-
ed States, especially among inner-city children, and is a
leading cause of chronic disability in this population.4
Clinical manifestations of asthma, such as wheezing,
dyspnea, and cough, might be exacerbated by environ-
mental exposures, such as outdoor airborne pollutants,
allergens, and fumes.®

To study the effects of the WTC collapse on children
with asthma, we conducted a retrospective chart review
of Chinese-American pediatric asthmatic patients treated
at a community health center in lower Manhattan in the
year before and the year after September 11, 2001. We
hypothesized that asthma severity would increase in this
preexisting group of pediatric asthmatic patients after
exposure to aerosolized pollutants from the WTC col-
lapse. We further hypothesized that the proximity of a
patient’s residence to the WTC would correlate with the
degree of increased asthma severity.

METHODS
Study population

Subjects for this study were Chinese-American pediatric asth-
matic patients who live in New York City and receive medical care
at the Charles B. Wang Community Health Center (CBWCHC), a
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Abbreviations used
CBWCHC: Charles B. Wang Community Health Center
PEFR: Peak expiratory flow rate
WTC: World Trade Center

facility located in lower Manhattan’'s Chinatown, approximately 1.5
miles from the WTC. Chinatown comprises one of the largest homo-
geneous ethnic neighborhoods nearest to the WTC. Eligible subjects
included patients less than 18 years of age (as of September 11,
2001) who had established asthmaand enrolled in an asthmaregistry
at the CBWCHC. All patients included in the study were given a
diagnosis of asthmaby apediatric alergist. Patients less than 6 years
old were given adiagnosis of asthmaif they had 2 or more episodes
of wheezing or coughing within a 12-month period and their symp-
tomsimproved after administration of asthmamedication in the clin-
ic. Children more than 6 years old were given a diagnosis of asthma
if they had wheezing, cough, or dyspnea on at least 2 occasions and
their symptoms, physical examinations, and peak flow rates
improved after bronchodilator therapy. We only included subjects
who had at least one clinic visit for asthma between September 11,
2000, and September 10, 2001, and at least one clinic visit between
September 11, 2001, and September 10, 2002.

The study was approved by the CBWCHC and the State Univer-
sity of New York Stony Brook School of Medicine institutional
review boards.

Data collection

Seven physicians trained in internal medicine or pediatrics
reviewed 319 patient charts from an established asthma registry.
Two hundred five patients met the inclusion criteria. Data were
extracted onto standardized study forms and then entered into our
study database. Data collected included the following: (1) number
of asthma visits; (2) number of prescriptions for asthma medica-
tions (combination medications with a steroid inhaler and a long-
acting [3,-agonist were counted as 2 medications); (3) oral steroid
use; (4) weekly doses of rescue inhaer; (5) age; (6) height and
weight (data from before September 11, 2001, were collected from
clinic appointments within 3 months of that date, and data from
after September 11, 2001, were collected from within 3 months of
that date); (7) sex; and (8) residential zip code. Physicians were
blinded to the geographic location of the children’s residences. Peak
expiratory flow rates (PEFRS) in liters per minute were measured by
using an Assess brand peak flowmeter. The best value of 3 trialswas
recorded at each visit. PEFRs were obtained from al patients who
were able to consistently perform the maneuver.

Statistical analyses

We sorted all subjects according to their residential zip codes to
assess the effect of distance from Ground Zero on asthma severity.
Patients who lived within 5 miles of the WTC were classified asliv-
inginregion 1, and patients who lived greater than 5 miles from the
WTC were classified as living in region 2 (Fig 1).

To assess differences in demographic and clinical parameters
between patientsliving in region 1 and region 2, we used t tests or x2
tests as appropriate. Wilcoxon signed-rank tests or McNemar tests,
as appropriate, were used to assess changes in numbers of clinic vis-
its, numbers of asthma medication prescriptions, percentage using
ora steroids, and weekly doses of rescue inhalers before and after
September 11, 2001, for all patients and within regional groupings.

PEFRs were converted into percent predicted values on the basis
of expected values for a given height. The percent predicted was
calculated by dividing the peak flow rates we obtained by the
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expected values for healthy children at a given height.6 The mean
percent predicted PEFRs were calculated for each month. Quarter-
ly mean values for each 3-month period starting on September 11,
2000, are reported for region 1 and region 2 populations.

P values of less than .05 were considered statistically significant.

RESULTS

Demographics

A total of 205 eligible patients were identified. All
patients were of Chinese descent. Table | displays select
demographic characteristics of all eligible patients and of
eligible patients according to residential regions. No sta-
tistically significant differences in age, sex, height, and
weight were found between residents of region 1 and
region 2. As expected, al subjects were taller and heav-
ier after September 11, 2001, compared with the prior
year (mean height, 48.69 inches before September 11,
2001, and 50.63 inches after September 11, 2001; mean
weight, 63.94 |bs before September 11, 2001, and 71.43
Ibs after September 11, 2001).

Clinical parameters before and after
September 11, 2001

Table Il shows the clinical parameters for asthma,
including means per child for clinic visits, asthma med-
ication prescriptions, rescue inhaler doses, and oral
steroid prescriptions for al patients before and after Sep-
tember 11, 2001. After September 11, 2001, al patients
had a significantly greater number of clinic visits for
asthma (3.79 before September 11, 2001, vs 4.69 after
September 11, 2001, P = .002). Patients were also pre-
scribed a significantly greater number of asthma medica-
tions (2.05 before September 11, 2001, vs 2.33 after Sep-
tember 11, 2001, P = .011). There were no statistically
significant differencesin either the use of oral steroids or
the number doses of rescue inhaler used before and after
September 11, 2001.

Clinical parameters by region

Table 111 compares clinical parameters on the basis of
residential region. Before September 11, 2001, there
were no statistical differences between region 1 and
region 2 in numbers of clinic visits, numbers of asthma
prescriptions, doses of rescue inhaler, or ora steroid use
per child. In the year after September 11, 2001, residents
of region 1, those living within 5 miles of Ground Zero,
had significantly more clinic visits per child than in the
previous year (3.95 before September 11, 2001, vs 5.10
after September 11, 2001, P = .013). There was also an
increase in the number of asthma medications prescribed
per child in region 1 in the year after September 11,
2001; however, this increase was not statistically signifi-
cant. In region 2 no significant year-to-year differences
werefound in any of the 4 clinical parameters. Inthe year
after September 11, 2001, region 1 patients had more
clinic visits, prescriptions, and oral steroid use per child
than patients in region 2; however, these differences did
not reach statistical significance.
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Map of New York City with zlp codes from
patlents seen at the Charles B. Wang
Community Health Center.
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FIG 1. Region 1, highlighted in red, indicates zip codes less than or equal to 5 miles from the WTC. Region

2 includes all other zip codes.

PEFR trends

PEFRs were converted into percent predicted values
on the basis of expected values for agiven height. Means
of the percent predicted values are reported for yearly
quarters from September 11, 2000—September 10, 2002,

in Table 1V and Fig 2. Throughout the 2-year study peri-
od, all values in region 2 were within normal limits
(>80% predicted). In region 1, however, values decreased
to 73.4% for the quarter after September 11, 2001. The
valuesin region 1 gradualy returned to baseline, within
the normal range, 2 quarters after the disaster.
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FIG 2. Mean percent predicted peak flow. All values in region 2 were within normal limits (>80% predicted)

throughout the 2-year study period. In region 1, however, values decreased to less than normal (73.4%) for
the quarter after September 11, 2001, and gradually returned to baseline (within the normal range) 2 quar-

ters after the disaster.

DISCUSSION

Dust and fumes from the WTC collapse are credible
triggers of worsening asthma severity in this cohort. Dust
samples collected from sites near Ground Zero on Sep-
tember 12, 2001, wererich in calcium-based compounds,
which are known to irritate the upper airways in human
subjects.® Lioy et a7 performed an analysis of the com-
position of dust and smoke aerosol from the collapse of
the WTC collected on September 16 and 17, 2001. More
than 70% of the collected specimens were composed of
construction materials: primarily pulverized cement,
wallboard, glassfibers (mineral wool and fiberglass), and
office furnishings. In addition, soot, paint (leaded and
unleaded), plastic, and partially burned jet fuel were
detected. The analyses revealed inorganic metals,
radionuclides, ionic species, asbestos (0.8%-3.0% of the
mass), polycyclic aromatic hydrocarbons (>0.1% of the
mass), polychlorinated biphenyls, polychlorinated diben-
zodioxins, polychlorinated dibenzofurans, pesticides,
phthalate esters, brominated diphenyl ethers, and other
hydrocarbons. WTC dust has recently been shown to
cause airway hyperresponsiveness in mice.8

In children with preexisting asthma, acute exposures
to components of air pollution increase respiratory symp-
toms and decrease respiratory function.® Koenig et al10
found that increased levels of particulate matter correlat-
ed with decreases in FEV, and forced vital capacity in
asthmatic children. Other studies have demonstrated that
exposure to increased levels of particulate matter are
associated with an enhanced response to aeroallergens,
such as pollen.1112 Also, an increase in asthma symp-
toms and increased health care use are associated with
increased levels of particul ate matter.13-19

At the CBWCHC in lower Manhattan's Chinatown,
asthma health care resource use increased nearly 50% in
the year after September 11, 2001. Three hundred six
pediatric patients had 1044 asthma-related visits in the
year before September 11, 2001, and 510 patients had
1554 visitsin the year subsequent to September 11, 2001.
Although we did not study patients older than 18 years of
age, there was also an increase in adult visits: 96 patients
had 190 visits from September 11, 2000-September 11,
2001, and 125 patients had 268 visits the following year.
Another study evaluated the effect of the WTC disaster on
patients with preexisting asthma. In a random telephone
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TABLE I. Demographic characteristics of Chinese American pediatric asthmatic patients, September 11, 2000-Septem-

ber 10, 2002
Characteristics All patients Region 1: <5 miles from WTC Region 2: >5 miles from WTC P value
Age (y) 8.18 + 3.47 7.81+ 3.07 842+ 3.70 NS
Sex
Female, n (%) 69 (34.2) 27 (33.3) 42 (34.7) NS
Male, n (%) 133 (65.8) 54 (66.7) 79 (65.3) NS
Height (in)
Before 9/11 48.69 + 9.71 4753+ 7.38 49.40 + 10.98 NS
After 9/11 50.63 + 8.05 49.99 + 7.08 51.24 + 8.67 NS
Weight (Ibs)
Before 9/11 63.94 + 31.45 59.80 + 26.26 66.57 + 34.30 NS
After 9/11 71.43 + 34.43 66.58 + 28.91 74.93 + 37.48 NS

NS Not significant.

Two charts did not contain patient zip codes and could therefore not be classified into regions.

TABLE II. Clinical parameters in Chinese American pediatric patients treated for asthma at the CBWCHC, September

11, 2000-September 10, 2002

Clinical parameter 9/11/2000-9/10/2001 9/11/2001-9/10/2002 P value
Clinic visits for asthma (no. of visits per child) 3.79+318 4.69 + 3.54 .002
Asthma prescriptions (no. of prescriptions per child) 205+ 1.48 2.33+1.19 .018
Rescue inhaler doses per week (no. of doses per child) 7.15+ 9.46 525+ 8.85 .058
Oral steroid use (% yes) 20+ 45 19+ 45 NS
NS Not significant.
TABLE lll. Asthma treatments in Chinese American pediatric patients treated at the CBWCHC, September 11,
2000-September 10, 2002, according to region of residence
Region 1 Region 2
9/11/2000- 9/11/2001- 9/11/2000- 9/11/2001-
Clinical parameter 9/10/2001 9/10/2002 P value 9/10/2001 9/10/2002 P value
Clinic visits for asthma 3.95+ 3.07 510+ 4.01 .013 371+3.26 440+ 321 .063
(no. of visits per child)
Asthma prescriptions 215+ 151 246+ 114 NS 200+ 1.46 223+ 1.22 NS
(no. of prescriptions per child)
Rescue inhaler doses per week 461+ 7.70 4.89+ 841 NS 8.87 £ 10.17 757+9.21 NS
(no. of doses per child)
Oral steroid use (% yes) 0.23+0.45 020+ 0.44 NS 0.18+0.45 0.17+0.45 NS

NS, Not significant.

TABLE IV. Mean percent predicted PEFRs by yearly quar-
ters (September 11, 2000-September 10, 2002): Region 1
versus region 2

Yearly quarter Region 1 (n=81) Region 2 (n=122) P value
Quarter 4, 2000 87.4% 85.6% .73
Quarter 1, 2001 82.5% 88.4% .36
Quarter 2, 2001 84.9% 92.6% 44
Quarter 3, 2001 85.8% 85.8% .99
Quarter 4, 2001 73.4% 83.7% .052
Quarter 1, 2002 74.2% 81.5% .15
Quarter 2, 2002 82.6% 88.8% .21
Quarter 3, 2002 91.5% 101.94% A1

survey conducted 5 to 9 weeks after September 11, 2001,
13.4% of 1008 adult residents of Manhattan noted a pre-
existing diagnosis of asthma. Twenty-seven percent of

these asthmatic patients reported subjective worsening of
their symptoms after the terrorist attack.20

We al so gathered data from a satellite clinic in Flush-
ing, NY, approximately 15 miles from Ground Zero.
Total numbers of patients and visits, but not specific clin-
ical criteria, were collected at this clinic, which also
serves Chinese American patients. In contrast to our
Manhattan data, total pediatric asthma visits in Flushing
dropped from 751 visits before September 11, 2001, to
649 visits after September 11, 2001. The number of indi-
vidual pediatric patients seeking asthma-related health
care also decreased from 264 to 235. These data a so sup-
port our conclusion that children with asthmaliving clos-
er to the WTC had a greater increase in asthma severity
after September 11, 2001.

Our findings aso revealed trends in medication use
over the study period. Use of a rescue inhaler and ora
steroid prescriptions were expected to increase after Sep-



J ALLERGY CLIN IMMUNOL
VOLUME 113, NUMBER 3

tember 11, 2001, as a reflection of increased asthma
severity. Data regarding rescue inhaler use before and
after September 11, 2001, could have strengthened our
assessment of asthma severity.2l Unfortunately, docu-
mentation of inhaler use was found in only 63% of
reviewed charts before September 11, 2001, and 69% of
charts after September 11, 2001. Therefore the calculat-
ed mean frequency of inhaler use, although almost reach-
ing statistical significance, might not be clinically mean-
ingful. Our study aso showed that oral steroid use did
not significantly change after September 11, 2001.
Increased use of anti-inflammatory medications, such as
leukotriene modifiers and inhaled steroids, might have
averted such an increase.

To provide an objective assessment of asthma severity,
we analyzed the PEFRs of our study group in the year
before and the year after September 11, 2001. The
National Asthma Education and Prevention Program
guidelines recommend the use of PEFRs as a gauge of
asthma severity.22.23 The mean percent predicted peak
flow rates for al patients were within normal limits
(>80%) before September 11, 2001 (Table 1V and Fig 2).
In the quarter after the WTC collapse (September 11,
2001-December 10, 2001), patients living in region 1 had
a decrease in mean percent predicted PEFR. This
decrease was not observed in patients living in region 2.
The difference in mean percent predicted PEFRs between
the 2 regions approached statistical significance (P =
.052) in the 3 months after the disaster. PEFRs in region
1 gradually returned to baseline (>80% of predicted
value) over the next 6 months. These findings support our
hypothesis that asthma severity worsened in the months
after September 11, 2001. The study of previously healthy
adult firefighters who spent significant time at Ground
Zero by Prezant et a2 elucidated differences in metha
choline reactivity. Although not available at the CBW-
CHC, complete pulmonary function tests (with baseline
and postdisaster values) and an assessment of metha-
choline reactivity could provide a more accurate measure
of changesin asthma severity in this pediatric population.

Although the increase in airborne pollutants likely
explains our observations of worsening asthma severity
in this vulnerable population, other factors might play a
role. For example, emotional distress can be atrigger for
an asthma attack.24 Patients might have been prompted to
seek medical attention because of increased public
awareness of possible effects of airborne pollutants after
the disaster or as aresult of a psychologic reaction to the
WTC disaster by both adults and children. In fact, the
number of visitsto psychiatristsincreased in lower Man-
hattan during the weeks after September 11, 2001.25 A
telephone survey of residents of New York, New Jersey,
and Connecticut showed an increase in alcohol con-
sumption and smoking.2® In another study Chen et al26
looked at emotional distress in an adult population in
Chinatown, Manhattan. They found a higher prevalence
of anxiety and depression immediately and 5 months
after the WTC disaster. In afollow-up unpublished study
of this population, there was a post—September 11, 2001,
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increase in the average number of mental health encoun-
ters per patient (personal communication, Chen). Tradi-
tionally, Chinese patients do not readily volunteer infor-
mation regarding their mental health.27 Instead, they tend
to somaticize their symptoms.28 Physicians who provide
care to this population have to be culturally sensitive and
explore the possibility of anxiety and depression mas-
querading as asthma. Emotional distress might be a con-
founding factor for the increased number of asthma
encounters in this study cohort.

Our study highlights the immediate adverse repercus-
sions of the WTC collapse on the respiratory health of
pediatric patients with preexisting lung disease. Asthma
severity worsened after September 11, 2001, in Chinese
American pediatric asthmatic patients living near
Ground Zero, as evidenced by an increase in numbers of
clinic visits and numbers of medications. Residential dis-
tance from Ground Zero was predictive of the degree of
decrease in asthma health. Specifically, patients living
closer to Ground Zero had a significant increase in num-
ber of clinic visitsin the year after September 11, 2001,
whereas patients living further from the site did not.
Additionally, the mean percent predicted PEFR value in
region 1 decreased to less than the normal value in the
quarter after the disaster, whereas the corresponding
valuein region 2 remained stable.

Our findings suggest that exposure to substances
released during the WTC disaster led to an acute increase
in asthma severity. We are concerned about long-term
health outcomes in this vulnerable population and are
engaging in a study to explore whether the WTC disaster
will have chronic respiratory consequences for these
asthmatic children.

This study is dedicated to the victims of the World Trade Center
disaster.

We thank Holly Lee, FNP, for her assistance. Karen Chang
Chen, BS, Roger Yang, BA, and Ramneek Rana participated in asth-
ma fairs that led to the creation of the database. Roger Grimson,
PhD, Clinical Statistics Company, conducted the initial statistical
analysis. Hongtu Chen, PhD, Instructor, Department of Psychiatry,
Harvard Medical School, completed the statistical analysis.
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