Health care costs of allergic rhinitis-associated
conditions vary with allergy season
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Background: Studies have documented how allergic respiratory symptoms vary with alergen levels, but the impact of
alergen levels on hedlth care expenditures for allergy-related conditions has never been shown using actual data on outdoor
alergen levels. Evidence linking respiratory allergy to comorbid conditions has also been scanty.

Objective: Toinvestigate the link between respiratory allergy and presumably associated conditions by documenting seasonal
patterns in their severity and co-occurrence, and to suggest a plan for future research.

Methods: A retrospective, cross-sectional analysis of medical claims datafrom 1995 to 1996 were linked to monthly datafrom
federal counting stations on outdoor allergen levels. Participants were employed persons and their dependents, living within 15
miles of an allergen-counting station, continuously enrolled in a health plan for 1995 and 1996, and identified through medical
claims data as having asthma, alergic rhinitis (AR), migraines, sinusitis, tonsillitis, otitis media, depression, or anxiety disorder.

Results: All conditions studied were more likely to occur during alergy season than during nonallergy season. For persons
with health care claims for a condition of interest in both seasons, total health care costs during allergy season were significantly
higher than during nonallergy season. Predicted condition-related expenditures were higher in alergy season for every condition
even after controlling for the effect of AR.

Conclusion: Allergy effects appear to extend beyond AR symptoms. Other conditions may be affected by outdoor allergen
levels even in the absence of AR symptoms, implying that these conditions may be etiologically related to allergy, irrespective
of their co-existence with allergic rhinitis, further implying that allergic sensitization can independently affect different parts of

the respiratory tract as well as the brain.

INTRODUCTION
Respiratory allergies affect at least 20% of the United States
population and are the sixth leading cause of chronic illness.!
Seasonal allergic rhinitis is found in 35 to 40 million Amer-
icans each year, sinusitis in 31 million, and asthma in 17
million,?® and their prevalenceis growing.®’” The total burden
of alergy-related conditions in the United States exceeds $10
billion per year in medical expenses and lost productivity.>8
A full accounting of the economic impact of alergic rhi-
nitis (AR) must also consider that it may exacerbate certain
comorbid conditions, leading to additional direct and indirect
expenditures. The link between comorbid conditions and AR
may be because of the outdoor allergen levels causing alergic
reactions that directly affect the relevant target organs, to
local or systemic consequences of AR, or to a combination of
the two.%1° If alergen levels directly effect target organs
involved in a given condition, the prevalence of that condi-
tion should increase during periods of time where high aller-
gen levels are recorded. Outdoor allergens may also impact
severity, with or without a change in disease prevalence. If
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the link is attributable to the local or systemic effects of AR
rather than allergens, AR may serve as a predisposing factor
for the comorbid conditions. Beyond prevalence, AR could
also affect the severity of the conditions.

In this study we provide evidence on the relation of co-
morbid conditions to outdoor allergen levels while control-
ling for the presence of AR and illustrate how variations in
alergen levels affect health care spending for these condi-
tions. Seven conditions were chosen based upon an observed
or theorized relationship to AR: anxiety disorder, asthma,
depression, migraine, otitis media, sinusitis, and tonsillitis.
AR is highly comorbid with asthma5&13 Studies have
found asthmain 19 to 38% of people with a history of AR but
only 3 to 5% of the general population.’*!> As many as 78%
of patients with asthma report nasal allergy symptoms, well
above the 20% rate in the general population.*** Further,
treatments that relieve nasal symptoms of AR and asthma
also improve the pulmonary symptoms of allergic asthma.”
AR has been linked to many other illnesses as well. Among
patients with sinusitis and comorbid AR, a worsening of
symptoms during alergy season is noted.’® Acute sinusitis
frequently occurs as a complication of AR, and the paranasal
sinuses have been shown to develop mucosal alterations after
experimental nasal allergy exposure.® Otitis media is a rec-
ognized complication of AR,? although AR aone is not
sufficient to produce otitis media® Relative to the genera
pediatric population, children ages 3 to 6 years old with AR
are at least three times more likely to have otitis media with
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effusion.? Tonsillitis has been linked to AR and other upper
respiratory illnesses, particularly as a predisposing factor for
sinusitis?* The inflammatory mediator leukotriene causes
symptoms of AR and seems to play a role in the onset of
migraine headaches.?? There is also evidence linking allergic
conditions to mental health conditions.?®> AR has been found
to be associated with higher rates of depression and anxiety
disorder and to increased mental-health-related outpatient
expenditures.?®

METHODS

Data and Analytic Sample
Data for this study were extracted from The MEDSTAT
Group’'s MarketScan database for calendar years 1995 and
1996 and included paid claims for inpatient services outpa-
tient services, and outpatient prescription drugs.?* The data-
base represents the health care experiences of persons em-
ployed in large companies or organizations and the covered
dependents of those employees. In general, the plans are
operated asindemnity-type or preferred provider organization
programs. In addition to information on diagnoses, proce-
dures, providers, and site of care, positive enrollment data are
available for a subset of the MarketScan population.
Weekly outdoor alergen data for 1995 through 1996 were
obtained from Surveillance Data Incorporated (SDI). SDI
collected information on allergen levels from 50 stations in
the United States during the months of February through
November. Data were not collected during December and
January because of safety concerns and the extremely low
winter allergen levels in many states. The data used for this
study contained a rating of the level of the predominant
outdoor allergens (trees, grasses, weeds, or molds) in each of
the 50 areas during a given week. The allergen level was
rated as absent, low, moderate, high, or very high based upon
the actual predominant allergen in the area for that week.

Sudy Population

The study population was limited to persons who lived within
a 15-mile radius of one of the alergen-counting stations,
were continuously enrolled in the same health plan from 1995
through 1996, and had data available on prescription drug
use. Persons with evidence of AR or any of the seven con-
ditions expected to be comorbid with AR were identified
using this subset of MarketScan data. The algorithms for
identifying people with the conditions of interest were devel-
oped in conjunction with clinical experts based from diagno-
sis codes and National Drug Codes (Table 1). After applying
these algorithms, we aggregated each patient’ s inpatient, out-
patient, and prescription drug health care claims for the years
1995 and 1996.

The tempora and geographic nature of the allergen count
data enabled us to use empirical evidence on alergen levels
to define alergy and nonallergy seasons for specific loca-
tions. For each area we defined periods of time when outdoor
allergens were absent or low and periods when they was
moderate, high, or very high. Allergy season was defined as
the period in which there was moderate to very high outdoor
alergen counts in the area. Nonallergy season was during
periods when the same allergens were absent or low in the
given area. In specifying allergy and nonallergy seasons for
the defined areas, we established criteria for computing the
total duration (in months) of the seasons over the 2-year
period. The duration variables for each season were then
merged to the patient-level file using the patient’s zip code.

Analytical Approach

We first calculated incidence rates for each condition based
on the entire study population. Separate rates were derived
for allergy and nonallergy seasonsto illuminate how variation
in outdoor allergen levels affects incidence. By dividing the
alergy season rate by the nonallergy season rate, we deter-

Table 1. Inclusion and Exclusion Criteria for Identifying Conditions of Interest’

Condition Inclusions: diagnosis codes Inclusions: drug classes . EXCIU_S'O"S:
diagnosis codes

Migraine 346, 346.0, 346.1, 346.8, 346.9, 307.81 Caffeine, ergotamine tartrate,

methysergide maleate,

sumatriptan succinate
Asthma 493 COPD, chronic

bronchitis?

Depression 296.20-296.23, 296.25-296.26, 296.30-

296.33, 300.4, 309, 309.1, 311
300, 300.01-300.03, 300.09, 300.20-
300.23, 300.29, 308, 309.24, 309.81

Anxiety disorder

Sinusitis 461.0-461.9, 473.0-473.99
Tonsillitis 34.0, 463, 474.0, 475

Otitis media 55.2, 381.0-381.09, 382.0-382.09
AR 477

Nonsedating antihistamines,
nasal inhaled steroids

" In some cases multiple prescriptions or a combination of diagnoses and prescriptions were required. Details are available from the corresponding

author+A8.

2 Condition names shown for clarity. COPD, chronic obstructive pulmonary disease.
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mined incidence rate ratios. If the corresponding 95% confi-
dence interval does not bracket the value 1.0, we may con-
clude that the conditions are more (or less) common during
times of high allergen counts.

Severity of illness was measured by health care payments
for the conditions under the assumption that greater severity
leads to higher payments. Individuals with each condition of
interest were then categorized into three mutually exclusive
groups based upon when they used health care services for
the given condition: in alergy season only, in nonallergy
season only, or in both seasons. The expenditure analysis was
conducted on the subsample having utilization for the condi-
tion of interest in both allergy and nonallergy seasons. This
enabled us to compare individuals disease-specific health
care expenditures in alergy season to their expenditures for
that condition during nonallergy season.

Monthly outpatient, inpatient, drug, and total expenditures
for the period 1995 to 1996 were analyzed. Condition-related
expenditures refer to health care spending for the specific
conditions of interest. Claims for condition-related payments
were identified through procedure codes, diagnosis codes,
and National Drug Codes indicative of each condition of
interest (Table 1). We then categorized payments as belong-
ing to alergy season or nonallergy season. The expenditure
measures were constructed on a monthly basis because the
seasons varied in length across counting stations.

To control for the impact of covariates, we estimated
multivariate regression models of mean monthly health care
payments in alergy and nonallergy seasons for each condi-
tion and expenditure measure (outpatient, drug, and total).
The parameter estimates were used to predict disease-specific
payments in each season separately, controlling for covari-
ates. Covariates in our analyses included the patient’s sex,
age, region of residence (south, west, northeast, or north
central), and relationship to the insured employee (employee,
spouse/dependent). We also included a proxy for overall
health status, measured as the number of unique ICD-9-CM
diagnoses received over the 2-year period. Paired t-tests were
computed to test for differences in predicted payments be-
tween allergy and nonallergy seasons.

Soecification of the Multivariate Models

The multivariate analysis follows recent advances in the
specification of statistical models of health care expenditures.
These models are typically estimated with log-transformed
dollars as the outcome variable.?>% Researchers routinely
retransform the resulting coefficients (from log-dollars to
dollars) by incorporating a “smearing” term into the retrans-
formation.?” Y et, this method is unbiased only if the errorsin
the equation do not vary systematically with any of the
confounding factors, an uncommon situation in practice.?®
We therefore modeled mean monthly expenditures using an
exponential conditional mean specification, an appropriate
choice for nonnegative outcomes, such as payments.?® Be-
cause the outcome variable is measured in dollars, the exponen-
tial conditional mean model avoids the retransformation diffi-
culty that plagues log-transformed models. Parameter estimates
were obtained though the method of nonlinear least squares.

RESULTS

There were 40,188 individuals in the final study sample with
at least one condition of interest. The number of people with
health care utilization for each condition is presented in Table
2, disaggregated by when the claims were incurred. At least
50% of all sample patients had claims in both alergy and
nonallergy seasons for 6 of the 8 conditions of interest.

Incidence rates for each condition are reported in Table 3.
They represent the proportion of individuals having phar-
macy or medical claims indicating the presence of each
condition. Incidence rate ratios were calculated to compare
the rates in allergy and nonallergy seasons. The incidence of
al conditions was significantly higher (P < 0.05) in alergy
season, in some cases twice as high. Although this finding is
unexceptional for conditions directly related to alergens,
such as AR and asthma, there was aso strong seasonality in
the likelihood of having medical claims for migraine, depres-
sion, and anxiety.

To determine whether the observed seasonality was an
artifact of the analytic file rather than a true clinical pattern,
we calculated incidence rates of two conditions presumed to
be unrelated to AR: bladder infection and inguinal hernia. We

Table 2. Number of People with Health Care Utilization For Each Condition of Interest by When Claims Were Incurred

Total number in Allergy Both
Nonallergy season only
Condition sample season only seasons
Number % Number Number % Number
Total Sample 40,188
Migraine 1,687 4.20 290 955 56.61 442
Asthma 9,154 22.78 657 3,526 38.52 4,971
Depression 10,173 25.31 355 2,239 22.01 7,579
Anxiety disorder 2,659 6.62 216 917 34.49 1,526
Sinusitis 13,681 34.04 672 5,742 41.97 7,267
Tonsillitis 4,758 11.84 272 2,200 46.24 2,286
Otitis media 2,918 7.26 164 1,149 39.38 1,605
AR 17,101 42.55 1,507 5,679 33.21 9,915
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Table 3. Incidence Rates per 1,000 Person Months, Selected Conditions, and Allergy and Nonallergy Seasons

Incidence rate

Incidence rate during

Incidence rate ratio

Condition during allergy nonallergy season
season Rate
Migraine 67.94 47.02 1.44 1.58
Asthma 97.62 52.44 1.86 1.93
Depression 121.92 54.83 2.22 2.29
Anxiety disorder 102.69 52.14 1.97 2.10
Sinusitis 92.85 53.57 1.73 1.78
Tonsillitis 87.87 52.73 1.67 1.75
Otitis media 93.19 53.95 1.73 1.83
AR 108.41 51.12 2.12 217

found that these conditions did not occur more frequently in
alergy season. Of the 2,364 people with claims for urinary
tract infection, 418 (17.7%) had claims in alergy season
alone whereas 1,573 (66.5%) had claims only in nonallergy
season. Inguinal hernia claims were found for 279 people, of
whom 43 (15.4%) had them in allergy season alone and 181
(64.9%) had them only in nonallergy season. On this basiswe
conclude that the patterns of seasonality are not artifacts of
the data collection and analysis.

Table 4 presents descriptive statistics for the study popu-
lation used in the multivariate regression models. Only indi-
viduals with complete data for al analytic variables were
included in the analyses. Patients had mean ages of 33 to 42
years except for otitis media (14.7) and tonsillitis (16.5),
which have greater prevalence among children. Males were a
minority of patients for every condition, from 19% of mi-
graineurs to 43% of asthma patients. Southern states contrib-
uted 25 to 39% of all observations, Northeast states 7 to 17%,
and Western states 5% to 8%. (The reference category, Cen-
tral states, accounted for 45 to 53% of all observations.)
Among the conditions that primarily affect adults, approxi-
mately half of patients (42 to 58%) were covered employees,
whereas the remainder were spouses, children, or other de-
pendents. Employees were a much smaller proportion of
otitis media patients (16%) and tonsillitis patients (18%),
however. The mean number of unique diagnoses received
during the study period ranged from 12.2 for otitis media
patients to 18.1 for migraine patients. As expected, AR was
most common among people with sinusitis (52%) or asthma

(50%). It was least common among those with anxiety (31%)
or depression (31%).

Table 5 presents regression-adjusted mean condition-re-
lated expenditures in alergy and nonallergy seasons for pa-
tients with each condition. People who did not incur any
services in either alergy season or nonalergy season for a
given condition are are not included in the expenditure cal-
culations for that condition. Total disease-specific payments
were uniformly higher in allergy season (P < 0.01), ranging
from $1.61/month higher for otitis media to $17.82/month
higher for anxiety disorder. Within each condition, spending
during allergy season was typically higher in most or all
categories than in nonallergy season (results not shown). For
example, depression-related spending during allergy season
was significantly higher for outpatient services (6.7%) and
prescription drugs (7.0%). Similarly, health care spending for
anxiety disorder rose by 15.1% in allergy season for outpa-
tient services and 1.6% for prescription drugs.

There was also surprising evidence that outdoor allergens
affect the conditions of interest even in the absence of AR.
Using the regression coefficients derived earlier, we pre-
dicted total asthma-related expenditures for people having
asthma-related claims in both seasons. To eliminate the im-
pact of AR, we calculated the predicted expendituresasif AR
had no impact on expenditures (ie, as if it had a regression
coefficient of zero) and then compared predicted expendi-
turesin allergy season to those in nonallergy season. If higher
expenditures in alergy season are driven by AR, then after
controlling for it, there should be no statistically significant

Table 4. Clinical and Demographic Characteristics of Condition-Specific Samples

Covariates Anxiety Asthma Depression Otitis media Sinusitis Tonsillitis

N = 1,501 N = 4,849 N = 7,436 N = 1,573 N = 7,164 N = 2,251
Age 40.21 33.27 42.43 14.72 34.09 16.46
Male (%) 34.97 42.79 32.89 45.77 36.81 41.89
Northeast (%) 17.02 10.44 8.34 8.20 7.30 7.37
South (%) 24.50 32.65 33.14 38.53 35.22 34.92
West (%) 6.38 5.44 5.82 5.66 5.40 4.53
Employee (%) 57.68 42.28 55.46 15.96 46.20 18.17
Diagnosis count 15.44 13.08 14.70 12.18 15.05 12.29
AR (%) 30.53 49.66 31.28 33.50 52.30 31.85
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Table 5. Regression-Adjusted, Condition-Related Monthly
Expenditures Allergy and Nonallergy Seasons'

Allergy Nonaller: .

seasgn seasongy Difference*
Asthma 39.22 33.46 5.76
Depression 85.33 78.96 6.37
Anxiety disorder 94.55 76.73 17.82
Sinusitis 30.26 26.53 3.73
Tonsillitis 19.53 15.02 4.51
Otitis media 18.12 16.51 1.61
Migraine 63.53 41.48 22.05

1 Sample consists of individuals with complete data for all analysis
variables and who have claims for selected conditions in both allergy
and nonallergy seasons.

2 Values for allergy and nonallergy seasons were significantly different
(P < 0.01 for all conditions).

difference in expenditures across seasons. Instead, we found
that asthma expenditures were significantly higher during
allergy season (P <.01, results not shown). A similar exercise
was carried out for the six remaining conditions of interest
other than AR. In each case, allergy-season expenditures were
significantly higher (P < 0.01) than those in nonallergy season.
The increment in expenditures during alergy season ranged
from $1.12 per month for asthma (3.7% of the nonallergy season
level), to $22.42 per month for anxiety (29.2%).

COMMENTS

This study investigated whether health care expenditures for
seven major illnesses were associated with outdoor alergen
levels. To our knowledge, this is the first study to link
location-specific outdoor allergen counts to administrative
data on individuals health care use. Previous studies have
relied on small samples or personal recall of sensitive, de-
tailed information on health care use and expenditures. By
linking scientific measurements of allergen counts to admin-
istrative claims data, we were able to circumvent both these
problems.

There are several limitations to consider when interpreting
the results presented in this paper. The allergen data reported
by SDI represent an average weekly rating for the predomi-
nant type of outdoor allergen, which may or may not be the
only allergen present in the given area. Individual sensitivity
to different types of alergens varies and is not accounted for
in this analysis. The data are measured at reporting stations
rather than in the regions around the stations. Although the
sample was limited to individuals living within a 15-mile
radius of a reporting station, the allergen counts may not be
accurate for every locality within that area because of geo-
graphic features or weather patterns. In addition, this study is
subject to limitations faced by all retrospective analyses of
claims data, notably the possibility of inaccurate coding of
medical services and errors in transcription of medical
records to discharge forms and claims records.

Additionally, it is important to consider the seasonal pat-
terns associated with the conditions that we studied that may

be unrelated to pollen counts. For example, there is a recog-
nized seasonality associated with depressive disorders and
anxiety. Seasona affective disorder is a condition that is
characterized by recurrent episodes of depression in certain
months of the year. Usually those affected by seasonal affec-
tive disorder become depressed in the fall and winter and feel
better during the spring and summer. (Rosenthal NE, 1993)
The observed increase in expenditures for anxiety and de-
pression during allergy season may be related to the overlap
in the seasonality of these conditions.

The findings presented here could be extended in several
directions. AR may be a predisposing factor for the seven
conditions studied. If so, the prevalence of these conditionsin
the population with AR should be higher than in the popula-
tion without it. Several studies have supported the theory that
AR is a predisposing factor for asthma, but most other aler-
gy-related conditions have not been extensively investigated
in this regard. The current literature does link AR to several
of the illnesses discussed in this paper. As discussed earlier,
sinusitis patients with comorbid AR experience a worsening
of symptoms during allergy season.?® There is also evidence
linking AR to mental health conditions.?® AR has been found
to be associated with higher rates of depression and anxiety
disorder and to increase mental health-related outpatient ex-
penditures.®® AR, is also a common comorbidity found in
people suffering from migraines.?® Although the relationship
between migraine and the AR has not been extensively doc-
umented in the literature, Sibbald and Rink* observed that
compared with those with seasonal AR, patients with peren-
nial rhinitiswere more likely to have past or current migraine.
In addition, it has been found that the inflammatory mediator
leukotriene causes symptoms of AR and seemsto play arole
in the onset of migraine headaches.®

Further investigation is also needed to determine why
allergy-season expenditures are higher for these conditions
even when controlling for the impact of AR. Although some
illnesses are known to vary by calendar season regardless of
alergy status, such as depression, many others are not con-
sidered strongly seasonal. Careful clinical analysis of indi-
vidual patients may be necessary to determine the cause of
higher expenditures during allergy season.

We also hypothesize that when AR co-exists with any of
these respiratory or mental conditions, it may act as an
aggravating factor. If this is true, the severity of AR will
paralel that of the other illnesses. Note that this will hold
regardless of the reason for the co-existence of AR and the
co-existing condition. Because a percentage of patients with
AR suffer from perennia disease with seasonal exacerba-
tions, they would provide a reference population for investi-
gating similar seasonal patterns among the other conditions.
The sample population would necessarily be limited to those
with perennial AR who have increased claims during high-
allergen season plus the relevant diagnosis for the co-existing
condition. One would then track the expenditures for the
other condition; if rhinitis acts as an aggravating factor, these
expenditures will rise during high-allergen season.
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Testing these hypotheses will require researchers to follow
a large and medically diverse population over the course of
many seasons. A combination of allergen data for relatively
small areas will be needed, matched to administrative claims
data for persons who reside there. The ability to gather
information directly from patients would widen considerably
the range of potentia research topics. Although it is costly
and time-consuming to develop comprehensive longitudinal
databases, the high and growing prevalence of allergy-related
illnesses suggest that the investment would be wise.

CONCLUSION

We found that individuals were significantly more likely to
have claims for migraine, asthma, depression, anxiety disor-
der, sinusitis, tonsillitis, otitis media, and AR during allergy
season than during nonallergy season. For the subset of
persons having claims for a condition of interest in both
seasons, total health care costs during allergy season were
significantly higher than during nonallergy season. Further,
the same result held even when we controlled for the presence
of AR. A natural implication of this unexpected result is that
the other conditions may be affected by outdoor alergen
levels even in the absence of AR symptoms. A number of
respiratory and mental conditions may be etiologically related to
allergy, irrespective of their co-existence with AR, implying that
allergic sengtization can independently affect different parts of
the respiratory tract aswell asthe brain. If thisistrue, thenin
the absence of any evidence of AR, patients will experience
a worsening of the condition during high-allergen season.

REFERENCES

1. American Academy of Allergy, Asthmaand Immunology. Task
Force on Allergic Disorders. Executive Summary Report. Mil-
waukee, WI: The Academy, 1998.

2. Nathan RA, Meltzer EO, Selner JC, Storms W. Prevalence of
alergic rhinitis in the United States. J Allergy Clin Immunol
1997;99:S808-S814.

3. Spector SL, Bernstein IL, Li JT, et a. Parameters for the
diagnosis and management of sinusitis. JAllergy Clin Immunol
1998;102:S107-S144.

4. United States Centers for Disease Control. Forecasted state-
specific estimates of self-reported asthma prevalence—United
States, 1998. MMWR Morb Mortal Wkly Rep 47:1022-1025.

5. American Academy of Allergy, Asthma and Immunology. Fast
facts: statistics on asthma and allergic diseases. http://
www.aaaal .org/public/fastfacty/statistics.stm (accessed June 1,
2000).

6. Rowe-Jones JM. The link between the nose and lung, perennial
rhinitis and asthma-is it the same disease? Allergy 1997
52(Suppl):20-28.

7. Sly RM. Changing prevaence of alergic rhinitis and asthma.
Ann Allergy Asthma Immunol 1999;82:233-252.

8. Fireman P. Otitis media and its relation to alergic rhinitis.
Allergy Asthma Proc 1997;135-143.

9. Togias G. Mechanisms of nose-lung interaction. Allergy 1999;
54(Suppl):94-105.

10. Togias G. Systemic immunologic and inflammatory aspects of
alergic rhinitis. J Allergy Clin Immunol 2000;106:247-250.

11

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.
25.

26.

27.

28.

29.

30.

. Rimpela AH, Savonius B, Rimpela MK, Haahtela T. Asthma
and alergic rhinitis among Finnish adolescents in 1977-1991.
Scand J Social Med 1995;23:60—65.

Settipane RJ, Hagy GW, Settipane GA. Long-term risk factors
for developing asthma and allergic rhinitis: a 23-year follow-up
study of college students. Allergy Proc 1994;15:21-25.

Zeiger RS. Allergic and nondlergic rhinitis: classification and
pathogenesis. Part I. Allergic rhinitis. Am J Rhinol 1989;3:32—-47.
Pedersen PA, Weeke ER. Asthma and alergic rhinitis in the
same patients. Allergy 1983;38:25-29.

Evans R 3rd, Mullally DI, Wilson RW, et al. National trendsin
the morbidity and mortality of asthma in the US. Prevalence,
hospitalization and death from asthma over two decades,
1965-1984. Chest 1987;91(Suppl):65S-74S.

Smith JM. Epidemiology and natural history of asthma, allergic
rhinitis and atopic dermatitis (eczema). In: Middleton E, editor.
Allergy: Principles and Practice. St. Louis, MO: Mosby, 1988.
Fireman P. Rhinitis and asthma connection: management of
coexisting upper airway allergic diseases and asthma. Allergy
Asthma Proc 2000;21:45-54.

Benninger MS, Anon J, Mabry RL. The medica management of
rhinosinusitis. Otolaryngol Head Neck Surg 1997;117:S41—S$49.
Pelikan Z, Pelikan-Filipek M. Role of nasal alergy in chronic
maxillary sinusitis—diagnostic value of nasal chalenge with
alergen. J Allergy Clin Immunol 1990;86:484—491.

Bernstein M. Recent advances of immunologic reactivity in otitis
media with effusion. J Allergy Clin Immunol 1982;81:1004.
Kvaerner KJ, Tambs K, Harris JR, et al. Otitis media: relation-
ship to tonsillitis, sinusitis and atopic diseases. Int J Pediatr
Otorhinolaryngol 1996;35:127-141.

Sheftell F, Rapoport A, Weeks R, et a. Montelukast in the
prophylaxis of migraine: a potential role for leukotriene modi-
fiers. Headache 2000;40:158—-163.

Cuffel B, Wamboldt M, Borish L, et al. Economic consequences
of comorbid depression, anxiety, and allergic rhinitis. Psycho-
somatics 1999;40:491—-496.

MarketScan Database, The MEDSTAT Group, Inc. Ann Arbor, MI.
Manning WG, Newhouse JP, Duan N, et a. Health insurance
and the demand for medical care: evidence from a randomized
experiment. Am Econ Rev 1987;77:251-277.

Duan N, Manning W, Morris C, Newhouse J. A comparison of
alternative models for the demand for medical care. JBus Econ
Stat 1983;2:115-126.

Duan N. Smearing estimate: a nonparametric retransformation
method. Am Stat Assoc 1983;78:605—610.

Mullahy J. Much ado about two: reconsidering retransformation
and the two-part model in health econometrics. J Health Econ
1998;17:247-281.

Sillanpaa M, Aro H. Headache in teenagers. comorbidity and
prognosis. Funct Neurol 2000;15(Suppl):116—-121.

Sibbald B, Rink E. Epidemiology of seasonal and perennial
rhinitis: clinical presentation and medical history. Thorax 1991;
46:895-901.

Requests for reprints should be addressed to:
Jodi Crystal-Peters

The MEDSTAT Group

Suite 330

4301 Connecticut Avenue, NW,

Washington, DC 20008

E-mail: jodi.peters@medstat.com

462

ANNALS OF ALLERGY, ASTHMA, & IMMUNOLOGY



