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Quality of Pulmonary Function Testing in
3 Large Primary Care Pediatric Clinics in Rural
North Carolina

Chris Gillette, Ceila E. Loughlin, Betsy Lynn Sleath, Dennis M. Willliams, Stephanie D. Davis

BACKGROUND Pulmonary function testing (eg, spirometry) is recommended by the National Heart, Lung, and Blood Institute as part of basic
asthma management. Previous research has shown that spirometry is feasible in primary care settings.

OBJECTIVES In this retrospective study, we sought to describe the proportion of spirometries meeting American Thoracic Society (ATS) and
European Respiratory Society (ERS) quality criteria in children with asthma evaluated in North Carolina primary care pediatric clinics and
to characterize predictors of spirometry that meets ATS/ERS quality criteria.

METHODS Medical records and spirometries from January 1, 2001, to August 1, 2009, were reviewed and analyzed from children enrolled in
a larger asthma study that focused on communication between physicians, children, and caregivers. Children were eligible for the larger
study if they were between the ages of 8 and 16 years and had received a previous diagnosis of persistent asthma. Children were enrolled
from primary care pediatric practices.

RESULTS Spirometry was not acceptable, on the basis of ATS/ERS criteria, in 75% of cases. Approximately 19% of spirometries used incor-
rect or outdated predictive sets.

CONCLUSIONS More than three-quarters of spirometries in these primary care pediatric clinics were unacceptable. Changes or lack of
changes in asthma management may be based on unacceptable spirometry. Additional education and training regarding accurate spirom-

etry and interpretation are warranted.

A sthma currently affects approximately 9 million chil-
dren in the United States and 7.9%-8.5% of children
in North Carolina [1, 2]. The National Heart, Lung, and Blood
Institute (NHLBI) recommends that all medical profession-
als who treat asthma patients have access to pulmonary
function testing (eg, spirometry) [3]. Children as young as
4 years are able to complete spirometry in accordance with
American Thoracic Society (ATS) and European Respiratory
Society (ERS) guidelines, when trained and enthusias-
tic technicians perform the test [4]. However, very little is
known about the quality of spirometry in primary care set-
tings overall, and even less is known about spirometry qual-
ity in primary care pediatric clinics. Most children receive
asthma care at generalist clinics, so it is important to assess
the quality of spirometry in this setting [5].

Spirometry is a screening test of general respiratory
health that provides important objective data to clinicians
that assist diagnosis. The presence or absence of symptoms
has not been shown to directly correlate with pulmonary
function measures. The NHLBI recommends using multiple
measures of asthma severity, such as symptoms, the need
for short-acting beta-agonists, and spirometry results, in
the initial diagnosis and subsequent management of asthma
[3]. Spirometry that is technically incorrect may lead to
substantial misclassification (due to false-positive or false-
negative findings) of the child’s pulmonary function and to
unwarranted therapies or undertreatment.

There is evidence of a disparity in spirometry quality and
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interpretation skills between office staff and hospital staff
[6, 7]. There are also differences in performance between
groups who have been trained intensively on spirometry and
groups who have not been trained [7]. Nevertheless, the
consensus from researchers and the NHLBI reflects agree-
ment that spirometry in general practices is feasible if physi-
cians and staff receive proper training [4].

The ATS and ERS have issued joint statements to reduce
the variability in and improve the quality of spirometry.
However, these guidelines may be too stringent for young
children, and new acceptability criteria are now being pro-
posed for this age group [8-12]. Table 1 highlights the criteria
for performing spirometry on children, as defined by the ATS
and ERS guidelines.

Additionally, there is published evidence that spirometry
results affect treatment decisions and severity classifica-
tions for children who received abnormal spirometry results,
but that investigation was performed in an outpatient pul-
monary office [5]. To our knowledge, there are no data on
the acceptability of spirometry results in a subspecialty
clinic. However, given that respiratory therapists may receive
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TABLE 1.

Components of Acceptable Spirometry Among Children

Component

Definition

Demographic variables

Correct height and weight must be obtained before spirometry

Predictive set

For children <8 years, use the set from Wang et al. [13]; for those
aged =8 years, use the set from NHANES III [13]

Maximal exhalation duration

Children <13 years of age must exhale maximally for at least 3
seconds; those aged =13 years must exhale maximally for =6 seconds

Reproducibility

Values from the final 3 FVC and FEV, measurements must be within
10% of each other

Nutrition Examination Survey.

Note. FEV,, forced expiratory volume in 1second; FVC, forced vital capacity; NHANES, National Health and

more-intense training and clinic staff (ie, nurses) may have
more experience conducting the test, spirometry performed
in subspecialty clinics may differ in quality from spirometry
performed in a primary care pediatric setting. Currently,
there are certifications available from the National Institute
for Occupational Safety and Health (NIOSH) on how to
properly conduct spirometry [14, 15]. There are also certifi-
cations through Kettering National Seminars for individuals
who wish to become registered pulmonary function tech-
nicians; these seminars are also accredited for continuing
nursing education [15]. However, we are not aware of any
studies that have evaluated this training and have examined
the quality of spirometry in primary care pediatric settings.
The ATS/ERS guidelines endorse that technicians in the
United States should be certified through NIOSH, to ensure
that they can correctly administer spirometry. The ATS/
ERS guidelines also recommend that technicians undergo
refresher training every 3-5 years, so they can learn new
skills in spirometry [12].

To our knowledge, no studies have investigated the qual-
ity of spirometry in primary care pediatric clinics in North
Carolina or other US states. There also has been no formal
assessment of the impact of unacceptable spirometry on
treatment decisions. Therefore, the aims of this study were
to determine the proportion of spirometries that accorded
with ATS/ERS guidelines (ie, “acceptable spirometry”)
among children evaluated in North Carolina primary care
pediatric clinics and to characterize predictors of acceptable
spirometry.

Methods

Participants. This study was approved by the University
of North Carolina-Chapel Hill Institutional Review Board,
and the sample was drawn from a larger pediatric asthma
study. In the larger study, children and their caregivers were
recruited between 2006 and 2009 at rural primary care
pediatric practices in North Carolina. Children were eligible
for the larger study if they were 8-16 years of age, were able
to speak English, could read the assent form, had been seen
at the clinic at least once before, were present at the visit
with an adult caregiver (parent or legal guardian) who could
read and speak English and who was at least 18 years of age,
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and were categorized as having mild or moderate/severe
persistent asthma.

Subjects were eligible for the present study if at least 1
clinic visit before enrollment in the larger asthma study
included spirometry. The subject’s entire medical chart was
required and was reviewed by C.M.G.

Procedures. We performed a retrospective analysis of spi-
rometries and clinical characteristics of a subset of pediatric
subjects currently participating in a larger asthma research
study. For eligible children, medical records and spirometry
data from January 1, 2001, to August 1, 2009, were reviewed
and analyzed. Twenty-one pediatric medical providers and
100 of their subjects were enrolled into the present study.
After initial analysis, we calculated the 25th and 75th per-
centiles of the dispersion of spirometries per subject, to
determine subjects with an outlying number of spirometries.
The number of spirometries per subject ranged from 1to 7
(interquartile range, 1.75-5.25 spirometries/subject) during
the study period. Three subjects underwent more than 5 spi-
rometries and were classified as outliers and excluded from
analysis.

After enrollment, data on all spirometries and patient clin-
ical characteristics from each medical visit were abstracted
from the medical charts. Each spirometry was then rated
by a pediatric pulmonologist (C.E.L.) as acceptable or not
acceptable, with stated reasons if not acceptable. Data from
a random sample of 10% of the children were then analyzed
by a second pediatric pulmonologist (5.D.D.), to verify con-
cordance in the assessment of spirometry acceptability.
Concordance between the 2 pediatric pulmonologists was
100%. Acceptability was based on ATS/ERS quality criteria
[16].

Measurement. Age at each spirometry was measured as
a continuous variable. Correct height and weight were mea-
sured as dichotomous variables. Child race was measured
as white, African American, American Indian, Hispanic, or
other. Asthma severity was classified as either mild persis-
tent or moderate/severe persistent. Subjects were classified
as having mild, persistent asthma if at least 1asthma-control
medication was being taken on the day of enrollment and/or
asthma symptoms were experienced more than 2 times per
week, but not every day, during the year before enroliment.
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Subjects were classified as having moderate/severe persis-
tent asthma if at least 2 controller medications were being
taken on the day of enrollment and/or asthma symptoms
were experienced on a daily basis during the year before
enrollment [17]. Child sex was measured as a dichotomous
variable.

The following variables were abstracted from the medi-
cal record for each clinical visit subjects had from January
1, 2001, to August 1, 2009: prescribed medication, defined
as all medications to treat asthma (eg, short-acting beta-
agonists and inhaled corticosteroids); frequency of use of
all prescribed asthma medications (ie, controller and/or res-
cue inhaler/nebulizer) reported at the clinic visit at which
spirometry was performed; performance of spirometry (at
least 1 effort for a given test); height and weight, as noted on
printed spirometry results; correctness of the predictive set,
defined as the National Health and Nutrition Examination
Survey (NHANES) Il set [13], for children aged 8 years or
older, and as the set by Wang and colleagues [13], for chil-
dren younger than 8 years; presence of asthma symptoms
on the day of the visit, as noted in the medical chart; and
change in the prescribed asthma-control medication on the
same day of the visit, defined dichotomously as “yes" or “no,”
where “yes" was assigned if the physician (a) increased or
decreased the dose for the current asthma medication and/
or (b) added an asthma-control medication or had the child
discontinue an asthma-control medication.

Statistical analyses. All analyses were conducted using
SAS, version 9.2 (SAS Institute). First, a descriptive analy-
sis of demographic variables and clinical characteristics was
performed. Child race was recoded as a dichotomous vari-
able (ie, “white” or “nonwhite”) for all analyses. Next, race
and sex differences were analyzed for the total number of
acceptable spirometries, as well as for the total number of
spirometries, using independent sample t tests.

Zero-inflated Poisson regression was used to evaluate
the relationship between the total number of acceptable
spirometries and demographic variables (ie, asthma sever-
ity, race, and sex) [18]. There was also interest in evaluating
the relationship between the number of excessive zeros in
the outcome variable, the total number of acceptable spi-
rometries, and the child's age at the time of first spirometry.
We hypothesized that age at first spirometry would be sig-
nificant in the model because children who are older at their
first spirometry would have fewer problems following the
specific instructions that are required for technically accept-
able spirometry. If we did not account for the excess of zeros
in our outcome variable by using zero-inflated Poisson
regression, it would have led to biased parameter estimates
and incorrect inferences [19].

Multivariate logistic regression was used to exam-
ine the relationship between each spirometry and demo-
graphic variables (ie, asthma severity, race, sex, and age).
We used Spearman'’s rank correlation coefficient to deter-
mine whether there was a bivariate relationship between
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the number of spirometries and acceptable spirometry for
the sample. Finally, multiple logistic regression was used to
examine whether a physician’s change to the child’s asthma-
control medication was associated with subject age, asthma
severity, presence of asthma symptoms, and acceptable spi-
rometry (for the first 2 visits).

Results

Table 2 shows the demographic characteristics of our
sample. One hundred subjects were enrolled, and 97 were
included for analysis. We analyzed 196 spirometries for the
97 subjects. The mean age (+SD) of subjects at first spirom-
etry was 10.6 = 2.3 years, with a range of 5 to 15 years. All
subjects had received a previous diagnosis of asthma and
met NHLBI guidelines for diagnosis. Seventy-two percent
of children were classified as having moderate/severe per-
sistent asthma by a clinical pharmacist with experience in
asthma (D.M.W.) and by a pediatric pulmonologist (S.D.D.).
The mean number of spirometries (+SD) per child was
2.0 = 1.1. There were no statistically significant differences
between races and sexes in the total number of spirom-
etries. Additionally, there were no significant demographic
differences in the total number of acceptable spirometries
(data not shown).

In total, 50 (25%) of spirometries were acceptable on
the basis of ATS/ERS criteria. Figure 1 shows the most-
prevalent reasons why spirometry was not acceptable. Each
category is not mutually exclusive. The most prevalent rea-
sons for unacceptable spirometry were reproducibility and
nonmaximal efforts. Spearman'’s rank correlation coefficient
suggested that the relationship between the number of spi-
rometries and the total number of acceptable spirometries
was not statistically significant (p = 0.17; P =.09).

TABLE 2.

Demographic Characteristics of Study Participants
Subjects, no. (%)

Characteristic (N=97)

Sex

Male 55 (56.7)

Female 42 (43.3)
Race

White 58 (59.8)

Black 29 (29.9)

Hispanic® 33D

Other® 7(7.2)
Asthma severity*

Mild, persistent 26 (26.8)

Moderate/severe persistent 70 (72.2)

No data 1(1.0)
Note. The mean age (+standard deviation) at first spirometry was
10.6 = 2.3 years, with a range of 5 to 15 years.

Includes Mexican Americans.
®Includes subjects with mixed race.
<See Methods for definitions of asthma severity.
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FIGURE 1.
Reasons for Unacceptability of Spirometry
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Note. Data are for 147 spirometries considered to be unacceptable on the
basis of American Thoracic Society and European Respiratory Society guide-
lines. Individual spirometries can appear in >1 category.

The zero-inflated Poisson regression results showed
no significant associations between the total number of
acceptable spirometries and demographic variables (data
not shown). Multiple logistic regression results showed
no significant predictors of acceptable spirometry, after
control for each individual spirometry (data not shown).
Thirty-eight spirometries (19%) were done using outdated
or incorrect predictive sets, with the first session having the
greatest concentration of outdated or incorrect predictive
sets (almost 31%).

Asthma-control medication was changed in association
with 22 unacceptable spirometries (15%), with no clinical
symptoms documented in the medical chart to explain the
change. Conversely, asthma-control medication was not
changed in association with 48 unacceptable spirometries
(33%), with clinical symptoms noted in the medical chart
that may have prompted a change in medication otherwise.
Multiple logistic regression analysis showed no statistically
significant associations between changes to prescribed
asthma medications and either demographic variables or
clinical aspects of the visit, such as the presence of asthma
symptoms (data not shown).

Discussion

Our results show that the quality of spirometry for chil-
dren in these primary care pediatric clinics was poor, with
only 1in 4 tests being acceptable, as defined by ATS/ERS
guidelines. The most common problems with spirometry
among these patients were reproducibility and submaxi-
mal efforts. For our study, a child was included even if only
1 spirometric maneuver had been attempted. Therefore, it is
likely that issues with reproducibility could be even greater
than what this study reports. This has important treatment
implications because exhalations that are not performed
maximally by the patient can lead to important misclas-
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sifications that may result in suboptimal or unnecessary
therapies.

The technical quality of spirometry is extremely impor-
tant for validity and reproducibility. Failure to meet the qual-
ity standards for 1 component of the test can influence the
interpretation of the results. For example, an exhalation that
is not done at maximal inspiratory capacity may not detect
an obstructive component. Failure to obtain 3 measurements
with values that are within 10% of each other suggests poor
reproducibility of FEV, (forced expiratory volume in 1second)
results. An inadequate duration of measurement can also
affect the results. The FVC (forced vital capacity) is depen-
dent on an adequate measurement period. If the duration of
measurement is too short, the FVC will be underestimated,
which affects the FEV,/FVC ratio. Technicians who conduct
spirometry on children should be trained thoroughly so that
they can help young patients attain maximal effort, which
is crucial to the correct interpretation of spirometry results.
The courses taught by NIOSH should be able to help techni-
cians obtain the best efforts from children.

There were no statistically significant predictors of
acceptable spirometry in our data set. This is extremely
important because one hypothesis is that the prevalence
of acceptable spirometries is greater among children who
have undergone more spirometries. However, this associa-
tion was not detected in our study. Although we did not ana-
lyze the association between individual technicians and the
prevalence of acceptable spirometries, past research has
shown that proper training of both physicians and nurses
results in high-quality spirometry [5]. We chose not to ana-
lyze individual technicians because the technician's name
was not updated in the computer each time spirometry was
attempted. This makes it impossible to tell which technician
was actually performing the spirometry.

Physicians changed decisions about medication manage-
ment in association with approximately 15% of unaccept-
able spirometries, with no asthma symptoms documented
in the medical chart to explain the change. Previous studies
have found that spirometry results prompt pediatric pulmo-
nologists to change medication, but further research would
need to replicate the study by Nair and colleagues [5] in pri-
mary care pediatric offices, to determine the role of spirom-
etry in medication-management decisions made by general
pediatricians.

We also found that providers did not change asthma
medication in association with almost 33% of unacceptable
spirometries, even though the medical chart documented
that the child was experiencing asthma symptoms at the
visit. It is important to note that the spirometers used in
these cases had interpretive software, which may by itself
have influenced management decisions. There were no
instances in which the spirometer’s interpretive software
acknowledged poor spirometry quality.

Almost one-fifth of all spirometry was performed using
outdated or incorrect predictive sets. One explanation for
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this finding could be that technicians in general pediatric
clinics may lack important knowledge to properly select
correct reference values. Another explanation for the find-
ing could be that the spirometers used at these clinics were
outdated and lacked the ability to download updates. This
further points to a need for more-thorough training and edu-
cation of technicians.

Accurate clinician interpretation of pulmonary function is
dependent on correct performance of spirometry. However,
correct performance was rare in our sample. There were
instances in which technicians did not update the height and
weight of patients for more than 2 months (some data had
not been updated for more than 1year), as well as instances
in which the wrong age was entered into the computer (the
age of one child was entered as 88 years, instead of 9 years).
If a technician inputs the wrong demographic parameters,
such as height and age, for a subject, then output vari-
ables, such as FVC and FEV,, are also incorrect. Therefore,
if a subject has an obstructive component in their breathing,
the condition might not be detected because the variables
for predicting pulmonary function are incorrect. In a case
in which height was not updated for more than 1 year, the
physician clearly wrote in the medical chart that spirometry
results were normal. The physician then decreased the dose
of asthma medication, even though the patient was expe-
riencing symptoms that suggested that spirometry results
were incorrect. Physicians rely on technicians to perform the
test correctly, and good patient outcomes depend on correct
test interpretations.

Spirometers are often purchased from companies that
provide limited training to clinic office staff. One solution to
this issue is that companies that provide spirometry equip-
ment should provide continuing education and training on
spirometry. For practices that have already purchased spi-
rometry equipment, it is important that their technicians
receive certification to conduct the test. No staff in this
study were respiratory therapists, and none had a certifica-
tion through Kettering or NIOSH, which, if received, could
lead to improvements in quality at these clinics. The staff
that received training when the spirometer was originally
purchased may no longer be working at the clinic, or there
may be new staff who never received proper training. It
might also be more feasible for practices to have consistent
personnel who are trained in acceptable spirometry and/or
to have 1trained physician dedicated to interpreting spirom-
etry results.

Future research needs to focus on the training of clinic
personnel who perform spirometry, as well as on analyzing
the quality of spirometry before and after training, to deter-
mine the effect of training. It will be important to determine
whether individual technicians have an effect on the abil-
ity to perform acceptable spirometry on a child. Additional
studies are also needed to analyze the importance that phy-
sicians place on spirometry results in treatment decisions.

Our research should be considered in light of the limita-
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tions of our study. First, we did not have direct access to each
medical encounter at which spirometry was performed,
and therefore we cannot directly conclude that spirometry
results had a direct impact on disease management. For
example, the physician may not have noted symptoms in
the medical chart, but symptoms may have been discussed,
leading to a change in treatment. Another limitation is that
we did not directly compare individual technicians and can-
not conclude that technicians are the most important factor
in determining acceptable spirometry. We could not assess
how many individuals have performed spirometry at each
site, because of turnover of clinic staff over a 9-year period.
Our subjects were not tested on the same day in a pulmonary
function laboratory or by a trained technician, and therefore
we cannot rule out that our population had characteristics
that prevented them from undergoing acceptable and repro-
ducible spirometry. Furthermore, since our inclusion criteria
allowed children into the study who had performed only 1
spirometric maneuver instead of 3, reproducibility issues in
our sample could have been even worse. Last, our data are
limited to rural North Carolina and may not be generalize-
able to other geographic areas.

In conclusion, only 25% of spirometries in these primary
care pediatric clinics were acceptable. Given that most asth-
matic children receive asthma care from generalists and
that spirometry is recommended as basic asthma manage-
ment in national guidelines, it is not ideal that spirometry
is restricted to tertiary care centers and subspecialty pro-
viders. Changes or lack of changes to the management of
asthma medication may be based on results from a techni-
cally unacceptable spirometry. Further training and educa-
tion is necessary to justify the continued use of the test in
primary care pediatric clinics. NCM

Chris Gillette PhD candidate, Pharmaceutical Outcomes & Policy,
Eshelman School of Pharmacy, University of North Carolina-Chapel Hill,
Chapel Hill, North Carolina.

Ceila E. Loughlin, MD assistant professor, Department of Pediatrics,
School of Medicine, University of North Carolina-Chapel Hill, Chapel
Hill, North Carolina.

Betsy Lynn Sleath, PhD, RPh professor, Eshelman School of Pharmacy,
and research fellow, Cecil G. Sheps Center for Health Services Research,
University of North Carolina-Chapel Hill Chapel Hill, North Carolina.
Dennis M. Williams, PharmD vice chair for professional education and
associate professor, Eshelman School of Pharmacy, University of North
Carolina-Chapel Hill, Chapel Hill, North Carolina.

Stephanie D. Davis, MD associate professor, Department of Pediatrics,
School of Medicine, University of North Carolina-Chapel Hill, Chapel
Hill, North Carolina.

Acknowledgments

Financial support. National Heart, Lung, and Blood Institute (grant
HLO69837).

Potential conflicts of interest. All authors have no relevant conflicts
of interest.

References

1. Akinbami LJ. The State of Childhood Asthma, United States, 1980-
2005. Hyattsville, MD: National Center for Health Statistics; De-
cember 29, 2006. http://www.cdc.gov/nchs/data/ad/ad381.pdf.
Accessed October 1, 2009.

2. Butz AM, Walker J, Land CL, et al. Improving asthma communication

109

NCMEDICALJOURNAL.COM



in high-risk children. J Asthma. 2007;44(9):739-745.
. Expert Panel Report 3 (EPR3): Guidelines for the Diagnosis and
Management of Asthma, 2007. National Heart, Lung, and Blood

Institute Web site. http://www.nhlbi.nih.gov/guidelines/asthma/

asthgdIn.pdf. Accessed September 1, 2009.

. Loeb JS, Blower WC, Feldstein JF, Koch BA, Munlin AL, Hardie WD.

Acceptability and repeatability of spirometry in children using up-

dated ATS/ERS criteria. Pediatr Pulmonol. 2008;43:1020-1024.

Nair SJ, Daigle KL, DeCuir P, Lapin CD, Schramm CM. The influence

of pulmonary function testing on the management of asthma in chil-

dren. J Pediatr. 2005;147:797-801.

. Schermer TR, Jacobs JE, Chavannes NH, et al. Validity of spirometric

testing in a general practice population of patients with chronic ob-

structive pulmonary disease (COPD). Thorax. 2003;58:861-866.

Eaton T, Withy S, Garrett JE, Mercer J, Whitlock RML, Rea HH. Spi-

rometry in primary care practice. Chest. 1999;116:416-423.

. Crenesse D, Berlioz M, Bourrier T, Albertini M. Spirometry in chil-

dren aged 3 to 5 years: reliability of forced expiratory maneuvers.

Pediatr Pulmonol. 2001;2001:56-61.

. Arets HGM, Brackel HJL, van der Ent CK. Forced expiratory maneou-
vres in children: do they meet ATS and ERS criteria for spirometry?
Eur Respir J. 2001;18:655-660.

. Tomalak W, Radlinski J, Latawiec W. Quality of spirometric mea-
surements in children younger than 10 years of age in the light of the
recommendations. Pneumonol Alergol Pol. 2008;76(6):421-425.

. Enright PL, Linn WS, Avol EL, Margolis HG, Gong H Jr, Peters JM.

Quality of spirometry test performance in children and adolescents.
Chest. 2000;118:665-671.

. Miller MR, Crapo R, Hankinson J, et al. General considerations for

lung function testing. Eur Respir J. 2005;26:153-161.

. Pellegrino R, Viegi G, Brusasco V, et al. Interpretative strategies for

lung function tests. Eur Respir J. 2005;26:948-968.

. Workplace safety & health topics: spirometry. Centers for Disease

Control Web site. http://www.cdc.gov/niosh/topics/spirometry/.
Accessed May 28, 2010.

. Registered pulmonary function examination review. Kettering Na-

tional Seminars Web site. http://www.ketteringseminars.com/rpft
.cfm. Accessed May 28, 2010.

. Miller MR, Hankinson J, Brusasco V, et al. Standardisation of spi-

rometry. Eur Respir J. 2005;26:319-338.

. National Asthma Education and Prevention Program. Expert Panel

Report 2: Guidelines for the diagnosis and management of asthma.
National Institutes of Health (NIH) publication no. 97-4051. Bethes-
da, MD: NIH; 1997.

. Allison PD. Logistic Regression Using SAS: Theory and Application.

Cary, NC: SAS Institute; 1999.

. Lee AH, Wang K, Scott JA, Yau KKW, MclLachlan GJ. Multi-level

zero-inflated Poisson regression modeling of correlated count data
with excess zeros. Stat Methods Med Res. 2006;15:47-61.

Fighting for:

all the things that make air worth breathing.

breathe easier. When every child'’s lungs are healthy and strong, and
the air they breathe is safer. Until that day, we are fighting for air.

Join the fight at FightingForAir.org.

The American Lung Association is fighting for a day when we can all

AMERICAN
LUNG

ASSOCIATION-:
Fighting for Air

NCMJ voL. 72, NO. 2
NCMEDICALJOURNAL.COM





