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Abstract:

Title: Total and Cardiovascular Mortality Risk Associated
with Allergic Rhinitis and Allergic Asthma: A Retrospective
Cohort Study

Background: Asthma and allergic rhinitis are two major
respiratory conditions of public health concern
worldwide. These conditions are also identified as risk
factors for atherosclerosis, a contributor of cardiovascular
outcomes. Our objectives were to investigate the
independent and concomitant role of allergic rhinitis and
asthma on cardiovascular and all-cause mortality.

Methods and findings: The study participants consisted of
a probability sample of US civilians from the Third
National Health and Nutrition Examination Survey; vital
status was ascertained through the National Death Index.
Men and women 240 vyears from all racial/ethnic
backgrounds were included in the study. For all-cause
mortality (n=9,450) and CVD-specific mortality (n=9,410),
the baseline characteristics of participants were similar
except for age, education, and smoking status. For both
the outcomes, hazard ratios were estimated using Cox
regression models.

Risk for all-cause mortality increased for those with
histories of allergic rhinitis [HR: 1.08 (95%: 0.91-1.29)],
and asthma [HR: 1.36 (95%: 1.00-1.89)] whereas risk for
CVD-specific mortality showed null association for those
with histories of allergic rhinitis [HR: 1.00 (95%:
0.75-1.31)], with elevated risk for those with asthma [HR:
1.32 (95%: 0.85-2.06)]. The combined effect of allergic
rhinitis and asthma showed increased risk for all-cause
mortality [HR: 1.23 (95%: 0.91-1.29)] and CVD-specific
mortality [HR: 1.66 (95%: 0.85-3.25)].

Conclusion: Our study provides preliminary evidence of
the independent and concurrent association between
allergic rhinitis and asthma and all-cause and CVD-specific
mortality.

Keywords: Asthma; Allergic rhinitis; Bronchitis;

Immunoglobulins

Introduction

Asthma and allergic rhinitis are the two most common
respiratory conditions that cause significant morbidity and
mortality in the United States. Asthma is a lower respiratory
disease that affects approximately 23 million Americans [1],
whereas allergic rhinitis is an upper respiratory condition that
affects up to 60 million Americans (10-30%) [2]. These two
respiratory conditions can affect the overall quality of life,
cause loss of productivity, and may even lead to premature
mortality [2-5]. Allergic rhinitis and asthma differ in terms of
anatomical location and symptoms. However, these two
conditions demonstrate similar inflammatory responses where
similar effector cells are found in the upper and lower
respiratory airways [6]. Some studies have highlighted the link
between allergic rhinitis and asthma, with an increased
prevalence and severity of asthma in the presence of allergic
rhinitis and vice versa [7-9].

Inflammation appears to be a critical mechanism linking
allergic rhinitis and asthma with many chronic conditions. This
possible link is demonstrated by several studies where atopic
patients are at increased risk for diabetes, and specific cancers
such as prostate, bladder cancer, and lymphoma [10-12].

Increased susceptibility of Cardiovascular Disease (CVD)
among atopic patients has been demonstrated by some
studies where inflammation is suspected to play a key role in
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the atherosclerotic process [10-14]. For instance, histamine
released by the mast cells during atopy could increase vascular
permeability permitting the influx of lipoproteins and other
chemicals involved in the formation of atherosclerotic plaques
[13-14], and other products of mast cells such as cytokines and
growth factors could increase endothelium injury and
inflammatory response [13]. These observations lead us
believe that if there is an association between atopic
conditions with other diseases via inflammation, it may be
more likely be demonstrable in CVD compared to the other
diseases. Taken collectively, a combined history of having
asthma and allergic rhinitis may carry more risk of CVD than
having a history of only one condition due cumulative
inflammatory load.

Thus far, there are no studies that have explored the risk of
CVD-specific mortality resulting from a combined history of
asthma and allergic rhinitis. Hence, the objectives of our study
were to investigate the independent and concomitant role of
allergic rhinitis and asthma on cardiovascular and all-cause
mortality. This study utilized the Third National Health and
Nutrition Examination Survey (NHANES Ill) and NHANES IlI-
linked mortality files to investigate whether individuals with
combined histories of asthma and allergic rhinitis elevate the
risk for CVD-specific mortality. To our knowledge, this is the
first retrospective cohort study to examine the effects that a
combined history of asthma and allergic rhinitis has on all-
cause mortality or CVD-specific mortality using a
representative sample of the U.S. population.

Methods

Study population

The study population included participants of NHANES I,
from whom data was originally collected from 1988 up to
1994, and for whom mortality data was obtained until
December 31, 2006 [15]. We utilized NHANES Il participants
that were 240 years of age at the time of home interview and
whose mortality was ascertained based on the probabilistic
match between the NHANES Ill records, and the National
Death Index (NDI) records were eligible for this retrospective
cohort study. Study eligibility was restricted to NHANES |II
participants who reported no prior diagnosis of chronic
bronchitis or emphysema at baseline (time of the interview).
Study eligibility was then restricted to participants with
complete data on allergic rhinitis and asthma at baseline as
well as completes data on variables of interest at baseline.

The initial NHANESIII file contained records for 20,050
participants and the NHANES Ill-Linked Mortality File
contained records for 20,024 participants. After merging these
two files and excluding participants that were <40 years
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(n=8,576), those with bronchitis and emphysema (n=1,119),
and those with missing values of the pertinent variables
(n=879), 9,450 participants remained in the dataset. Figure 1
shows the process of final study population selection after
applying the inclusion/exclusion criteria.

( 7

Initail NHANES 111
participants

[n=20,050]

Total after merging
NHANES Il1and linked
mortality file (>40 years)

[n=11,448]

Total after excluding
bronchitis and
emphysema patients

[n=10,329]

Final study populaton
after excluding values of
missing variables
[n=9,450]

Figure 1: Process of study population selection: NHANES Ill
and NHANESIII-linked mortality files (1988-2006).
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Exposure assessment

Data for the histories of allergic rhinitis and asthma were
obtained from the Household Adult File of NHANES Il
Participants that answered “yes” at the time of the survey to
the questions pertaining to having had a prior diagnosis of
allergic rhinitis by a physician, or a prior diagnosis of asthma by
a physician were categorized as exposed to the respective
condition. Additionally, participants that answered “yes” to
both questions were categorized as exposed to allergic rhinitis
and asthma. Participants that reported having never been
diagnosed with either condition were assigned to the referent
category.

Covariates assessed for confounding included age, sex, race,
alcohol history (yes/no), smoking history (ever/never),
education (HS, college), physical activity (moderate, light), and
BMI (normal, overweight, obese). All were extracted from the
Household Adult File of NHANES Il

Outcome assessment

For all-cause mortality, deaths from all causes (ICD-10
codes) listed in the NHANES Ill linked mortality file that
occurred among NHANES Il participants from 1988 until were
included in the analysis in December 31, 2006. For CVD-
specific mortality, deaths from CVD-specific causes (ICD-10
codes: 110-113, 120-128, 134-138, 142-151, 160-199) listed in the
NHANES III Linked Mortality File that occurred among NHANES
Il participants from 1988 until a period after December 31st,
2006 were included in the analysis.
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Statistical analysis

Univariate and bivariate analyses were performed to to test the null hypothesis of independence for categorical
compare the frequency and percent distributions of was used variables (p-value of <0.05, two-tailed). The covariates

Table 1: Characteristics of the study participants by allergic status at baseline for all-cause mortality: NAHANES Ill and NHANESIII-
linked mortality file (1988-2006).

Allergic Allergic Allergic Rhinitis and No Allergic Rhinitis and No P-value
Rhinitis Asthma Allergic Asthma Allergic Asthma (n=8599)
(n=577) (n=185) (n=89)
Demographic Factors
Total=9450
Age categories
Age 40-49 184 (9.15) 45 (2.35) 35 (1.60) 2171 (86.89) <0.001"
Age 50-59 122 (8.00) 33 (1.48) 20 (1.11) 1579 (89.41)
Age 60-69 106 (6.21) 48 (2.05) 18 (0.93) 1956 (90.81)
Age 70-79 95 (6.05) 32 (1.49) 11(0.71) 1608 (91.74)
Age 80-90 70 (5.49) 27 (1.71) 5(0.36) 1285 (92.43)
Gender
Male 239 (6.59) 73 (1.84) 35(0.88) 4245 (90.69) 0.07
Female 338 (8.57) 112 (2.01) 54 (1.39) 4354 (88.02)
Racel/ethnicity
Non-Hispanic white 341 (7.87) 90 (1.79) 51 (1.13) 4507 (89.21) 0.62
Non-Hispanic black 148 (6.80) 56 (2.31) 28 (1.46) 2041 (89.43)
Mexican-American 68 (5.31) 29 (1.62) 9(0.83) 1753 (92.24)
Other race/ethnicity 20 (7.06) 10 (3.34) 1(1.04) 298 (88.56)
Smoking
Current smoker 96 (5.42) 40 (2.00) 18 (0.89) 1856 (91.69) 0.03
Former smoker 201 (8.28) 72 (2.28) 28 (0.77) 2838 (88.67)
Non-smokers 280 (8.27) 73 (1.60) 43 (1.59) 3905 (88.53)
Alcohol
Non-drinkers 321 (7.35) 116 (2.13) 48 (1.24) 5072 (89.28) 0.74
Drinkers 256 (7.93) 69 (1.72) 41 (1.05) 3527 (89.29)
Education
Less than high school 177 (4.61) 91 (2.21) 25 (0.54) 3975 (92.64) <0.001"
High school-GED 174 (7.48) 52 (2.01) 25 (1.02) 2428 (89.50)
More than high school 226 (9.96) 42 (1.66) 39 (1.70) 2196 (86.68)
Physical activity
Active 171 (8.19) 43 (1.36) 29 (1.33) 2509 (89.12) 0.22
Insufficiently active 287 (7.57) 77 (1.91) 42 (1.06) 3931 (89.46)
Inactive 119 (6.82) 65 (3.02) 18 (1.10) 2159 (89.06)
Body Mass Index
Normal (<25) 240 (8.09) 66 (1.61) 29 (1.11) 3463 (89.19) 0.42
Overweight (25-30) 212 (7.22) 66 (1.84) 34 (1.00) 3345 (89.94)
Obese (>30) 125 (7.46) 53 (2.79) 26 (1.53) 1791 (88.22)
% and mean (SE) are weighted (the percentages may not add to 100% due to rounding), frequencies are not weighted; Chi-square test for categorical variables:
Rao-Scott; "Statistically significant
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assessed for confounding included age, sex, race, BMI,
smoking, alcohol, education, and physical activity.

Cox proportional hazards regression models were fitted
using SAS PROC SURVEYPHREG procedure (SAS 9.2, SAS
Institute, Cary, NC). The follow-up (in person-years) was
calculated from baseline (day of the interview) until CVD-
related deaths, or deaths from other causes, or termination of
the study. These models with censored observations and time
at risk (years) for all-cause mortality and CVD-specific mortality
were utilized to calculate HRs, along with the corresponding
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95% Cl. For all-cause mortality, censored individuals were
those that did not die during the observation period, and
those that were lost to follow up by the end of 2006. For CVD-
specific mortality, censored individuals were those that did not
die from CVD-related complications, and those that were lost
to follow up by the end of 2006. The proportional hazards
assumption was checked by using the interaction terms
(variable x time); no violations were detected.

Table 2: Hazard Ratios (HR) and 95% confidence intervals (Cl) for all-cause mortality and CVD-specific mortality: NHANES Ill and

NHANES lll-linked mortality file (1988-2006).

All-cause mortality

CVD-specific mortality

Unadjusted
HR (95% CI)

Adjusted
HR (95% CI)

Unadjusted
HR (95% CI)

Adjusted
HR (95% CI)

Self-reported allergic conditions

Allergic rhinitis

0.83 (0.67, 1.03)

1.08 (0.91, 1.29)

0.77 (0.56, 1.05)

1.00 (0.75, 1.31)

Allergic asthma

1.26 (0.85, 1.86)

1.36 (1.00, 1.89)"

1.21(0.74, 1.98)

1.32 (0.85, 2.06)

Allergic rhinitis

and allergic asthma

0.62 (0.38, 1.00)

1.23(0.78, 1.93)

0.80 (0.42, 1.54)

1.66 (0.85, 3.25)

No allergic rhinitis

1.00

1.00

1.00

and allergic asthma

significant.

All-cause mortality: adjusted for age (continuous), education, and smoking; CVD-specific mortality: adjusted for age (continuous) and education. “Statistically

Results

Table 1 demonstrates the baseline characteristics of
NHANES Il participants with allergic rhinitis and asthma. The
study participants with these two conditions were similar in
their underlying characteristics except for age, smoking, and
education (p<0.05).

Table 2 details the unadjusted and adjusted hazard ratios
with 95% confidence intervals for allergic conditions and all-
cause and CVD-specific mortality. After adjusting for age,
education, and smoking, people having allergic rhinitis [HR:
1.08 (95% Cl: 0.91, 1.29)], allergic asthma [HR: 1.36 (95% Cl:
1.00, 1.89)], and both allergic rhinitis and allergic asthma [HR:
1.23 (95% Cl: 0.78, 1.93)] all demonstrated increased risk for
all-cause mortality. Only the risk estimate associated with
allergic asthma was marginally significant.

The risk of CVD-specific mortality was null for having a
history of allergic rhinitis [HR: 1.00 (95% ClI: 0.75, 1.31)], but
increased for those with a history of asthma [HR: 1.32 (95% Cl:
0.85, 2.06)] when adjusted by age and educational status. The
risk of CVD-specific mortality was higher yet for those who
reported having had both conditions [HR: 1.66 (95% Cl: 0.85,
3.25)]. Change in risk estimates were negligible for CVD-
specific mortality upon further adjustments by common
confounders noted in the literature and for the covariates that

were significantly associated with CVD-specific mortality
(results not shown).

Discussion

Although the majority of findings were not significant, data
from this study support an increased risk of CVD-specific
mortality due to combined histories of both allergic rhinitis
and asthma. A follow-up study that used a cohort of 203,595
participants reported joint effects between asthma and a
history of allergy, and three CVD-specific outcomes: CHD [HR:
1.39 (95% CI: 1.32, 1.45)], cerebrovascular disease [HR: 1.18
(95% Cl: 1.11, 1.25)], and heart failure [HR: 1.80 (95% Cl: 1.72,
1.89)] [16]. Although we could not calculate the risk estimate
for heart failure due to low numbers, our sub-analysis of CVD-
specific estimates replicated the findings of the study by
Iribarren et al. [16]. We observed an elevation in risk for the
combined effect of having allergic rhinitis and allergic asthma
for cerebrovascular disease [3.75 (95% Cl: 1.09, 13.00)], CHD
[1.47 (95% CI: 0.35, 6.12)], and MI [2.08 (95% CI: 0.53, 8.19)].
This suggests that when different cardiovascular diseases are
combined into one category, dilution of effect may occur,
underestimating the total risk of CVD-specific mortality.

Another potential source of dilution of effect in previous
studies has been in the broad categorization of allergic
conditions. Matheson et al. [17] found the risk of stroke
mortality was 50% higher among survey participants that
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reported previously diagnosed allergic rhinitis, asthma, or both
the conditions (as one exposure) compared to the non-
exposed category [HR: 1.52 (95% CI: 0.80, 2.92)] [17]. We
estimated the risk of stoke mortality to be 1.16 (95% Cl: 0.68,
1.98) from allergic rhinitis alone, 0.66 (95% Cl: 0.26, 1.70) from
asthma alone and 3.75 (95% ClI: 1.09, 13.00) from a combined
history of allergic rhinitis and asthma, which supports a
dilution of effect when these categories were combined into
one group. While the main interest of this study was in CVD-
specific mortality, all-cause mortality was also examined to
gain perspective in interpreting results for CVD deaths
associated with allergies. Although it is possible the risk of all-
cause mortality could be driven mainly by CVD-related deaths,
the proportion of deaths due to CVD in our data (47.8%) do
not support this explanation (data not shown). Hence, we
suspect that other causes of mortality associated with allergies
(e.g., cancers and autoimmune diseases) may have influenced
the risk estimates for all-cause mortality.

The results of this study should be interpreted cautiously
considering its limitations. We did not have data regarding the
severity and onset of allergic rhinitis and asthma, and were
unable to determine if the duration of disease increased risk
among those with persistent/severe forms compared to the
ones with intermittent/mild forms with shorter duration.
Internal validity of the study could have been threatened when
the exclusion criteria was applied during study population
selection. Participants that were excluded from the study
could be much older from those who were included. However,
the demographics of the study participants were similar to
those who were excluded, making selection bias less likely due
to subject participation.

Measurement error is also highly likely in this study, which
could have influenced our study findings. Unlike asthma,
allergic rhinitis is considered a mild disease and over 50% of
people do not seek care [18-20]. Therefore, NHANES III
participants may have severely underreported this condition,
as they were not “physician diagnosed.” Similar to allergic
rhinitis, many participants may have undiagnosed asthma as
well. In a population-based study (n=1,149) conducted in
Denmark among those with allergic rhinitis or asthma, of all
the asthmatic cases, almost 50% of the participants had
undiagnosed and untreated asthma [21].

Despite these limitations, there were a number of strengths
associated with this study. This is the first longitudinal study to
discern the combined effects of two common allergic
conditions (allergic rhinitis and asthma) on CVD-specific
mortality. We accounted for the key confounders that could
obscure our study findings. Some of the previously conducted
studies did not control for COPD, which could be a strong
confounder for the explored relationships [17,22]. However,
we have excluded participants having two major forms of
COPD, chronic bronchitis and emphysema. Additionally, these
studies controlled for factors that could have mediated the
pathway (mediators), instead of acting as a confounder. For
example, controlling for hypertension could have biased their
results as there is evidence that allergic conditions can
increase blood pressure [23,24].

© Copyright iMedPub
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Our results suggest that inflammation being the link
between atopic diseases such as asthma and allergic rhinitis
and CVD-specific mortality is a feasible hypothesis. This study
provides new evidence and should be used to support future
molecular studies measuring total inflammatory burden in the
body contributed by these two allergic conditions.
Additionally, findings uncovered from this study may aid
health practitioners to closely monitor patients that have prior
diagnoses of allergic rhinitis and asthma to reduce the burden
of CVD-specific mortality. However, the need for public health
interventions to decrease allergen exposures and premature
mortality, assuming there is a causal relationship, cannot be
recommended until absolute measures of association (e.g.,
PAR %) rather than relative measures of association (e.g., HR)
determine public health significance of this study’s findings.
Future prospective studies that incorporate data related to
episodic events and duration of the disease, in order to
accurately measure the long-term effects of these conditions,
it will be important to further elucidate the joint effects of
allergens on mortality.

Conclusion

The results of our study indicate that a combined history of
asthma and allergic rhinitis may increase the risk of premature
mortality from CVD, and from all-causes combined. Future
molecular studies that utilize specific methods to ascertain
allergic conditions (e.g., use of immunoglobulins), and rigorous
population-based studies should focus on the long-term health
effects of allergic rhinitis and asthma. If additional robust
studies replicate our findings, public health efforts can be
focused on prevention and treatment strategies that could
reduce the burden of morbidity and mortality associated with
allergic conditions.
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