http://informahealthcare.com/ceh
ISSN: 1064-1963 (print), 1525-6006 (electronic)

informa

healthcare

HYPERTENSION

Clin Exp Hypertens, 2014; 36(4): 206-210
© 2014 Informa Healthcare USA, Inc. DOI: 10.3109/10641963.2013.804545

ORIGINAL ARTICLE

Hay fever and hypertension in the US adult population
Chao Li, Ching-Lung Cheung, Tommy T. Cheung, Nithushi R. Samaranayake, and Bernard M. Y. Cheung

Department of Medicine, University of Hong Kong, Queen Mary Hospital, Hong Kong, China

Abstract Keywords

Purpose: Hypertension is associated with inflammation. Whether the inflammation caused by  Allergic rhinitis, blood pressure, hypertension,

allergic diseases such as allergic rhinitis can predispose to hypertension is controversial. NHANES
Therefore, we studied the association between hay fever and hypertension in the United States
National Health and Nutrition Examination Survey (NHANES). History

Methods: We analyzed data on 1883 men and 2029 women in NHANES 2005-2006. We included
participants aged 20 years or older who had valid data on hay fever and hypertension.
Results: 13.5% of the participants had a previous diagnosis of hay fever and 36.2% of them had
hypertension. There were ethnic differences in the prevalence of previous hay fever diagnosis
(p<0.001) and hypertension (p <0.001). There was no significant association between previous
hay fever diagnosis and hypertension in men in any age group. The association between
previous hay fever diagnosis and hypertension in women was significant in those aged 20-39
years (OR=2.59, 95%Cl=1.26-5.30, p=0.013). The association between previous hay fever
diagnosis and hypertension in women aged form 20 to 39 years remained significant after
adjustment for age, race and body mass index (OR =2.74, 95%C| = 1.48-5.06, p = 0.003). After
further adjustment for physical activity, alcohol consumption and smoking, the association was
not attenuated (OR = 2.68, 95%Cl = 1.38-5.18, p = 0.006). Further adjustment for liver enzymes,
C-reactive protein and immunoglobulin E level attenuated the association slightly (OR=2.72,
95%Cl =1.19-6.22, p =0.021).

Conclusions: In this nationally representative population-based survey, previous hay fever
diagnosis is not significantly associated with hypertension in adults overall. There is an
association in subgroup of young women aged 20-39. Further work is needed to confirm that
this is a true association.
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Introduction relationship between hay fever, which is a type of allergic

Allergic rhinitis is common in the general population, rhinitis due to outdoor triggers, and hypertension in the US
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especially among adolescents and young adults. It occurs in
individuals with a sensitized immune system when an allergen
(e.g. pollen, dust or animal hairs) is inhaled and triggers an
immunoglobulin E (IgE)-mediated allergic response and
inflammation (1).

Low-grade chronic inflammation plays an important role
in both the development and the progression of hypertension
(2). The mechanism underlying the association between
hypertension and chronic inflammation has been studied in
the past decades. Recently, epidemiological evidence has
demonstrated the association between hypertension and
several chronic inflammatory diseases such as periodontitis
and inflammatory bowel diseases (3,4). However, studies
exploring the association between rhinitis and hypertension
have yielded conflicting results (5). Therefore, we studied the
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population.

Methods
Study population

For this analysis, we used data from the United States
National Health and Nutrition Examination Survey
(NHANES). All participants gave informed consent, and the
study protocol was approved by the Centers for Disease
Control and Prevention Institutional Review Board.
Participants were examined in well-equipped mobile exam-
ination centers located around the US. Detailed measurement
procedures and protocols are described on the NHANES
website (6). Participants were selected using a stratified,
multistage probability sampling design from the civilian non-
institutionalized US population. In NHANES 2005-2006,
there were 4504 participants aged >20 years who had valid
data on hay fever and hypertension. Among them, 3912
participants had valid data on body mass index (BMI),
alcohol consumption, smoking status, anti-hypertensive medi-
cation status, physical activity and laboratory data, including
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C-reactive protein (CRP), IgE, white blood cell (WBC) level
and liver enzymes. Participants were categorized into age
groups of 20-39, 40-59 and >60 years for analysis.

Variables of interest

Hypertension was defined as previous diagnosis by a doctor,
with blood pressure >140/90 mm Hg or ever use of any anti-
hypertensive medications. Definition of previous diagnosis of
hypertension was according to the questionnaire ‘‘have you/
has your patient ever been told by a doctor or other health
professional that you/she/he had hypertension, also called
high blood pressure?’” Participants taking anti-hypertensive
medications were determined by the questionnaire ‘are you/is
your patient now taking prescribed medicine for hyperten-
sion?”’ Blood pressure was measured manually by a trained
operator using a mercury sphygmomanometer. After resting
quietly in a sitting position for 5 minutes, three consecutive
blood pressure readings were obtained. Five sizes of cuff fit
for appropriate arm were applied in measuring blood pressure.
If a blood pressure measurement is interrupted or incomplete,
a fourth attempt might be made. All blood pressure
measurements (systolic and diastolic) were taken in the
Mobile Examination Center.

A previous diagnosis of hay fever was determined by the
question in the 2005-2006 survey — ‘‘has a doctor or other
health professional ever told you/survey participant that you
have/she/he has hay fever?”’

Race/ethnicity was based on self-report in the question-
naires. Participants were classified as non-Hispanic whites,
non-Hispanic blacks, Mexican Americans and others. Adults
should wear only underwear, disposable paper gowns and
foam slippers when measuring weight. BMI was calculated as
the weight in kilograms divided by the square of the height in
meters. Never smokers were defined as participants who
never smoked or smoked <100 cigarettes in their lives.
Current smokers were defined as participants who smoked
>100 cigarettes in their lives and reported current smoking.
Former smokers were defined as participants who smoked
>100 cigarettes in their lives, but reported current cessation
of smoking. Alcohol drinking was defined as drinking any
type of alcohol beverage at least once a week (5 times a month
or 53 times a year as an equivalent) in the past 1 year.
Participants having vigorous or moderate activity were
considered to be physically active.

Plasma CRP was measured in participants using a latex-
enhanced nephelometric method. Serum alkaline phosphatase
(ALP), alanine aminotransferase (ALT), aspartate amino-
transferase (AST) and gamma-glutamyl transpeptidase (GGT)
activities were determined with a Beckman Synchron LX20
analyzer (Beckman Coulter Inc., Fullerton, CA). Samples for
ALP and CRP analysis that were not assayed within 48 h were
frozen and thawed only once to avoid analyte degradation and
abnormal over expression. Serum samples were analyzed for
total IgE using the Pharmacia Diagnostics ImmunoCAP 1000
System (Kalamazoo, MI). A more detailed explanation of the
study design, interview techniques, measurement procedures
and protocol is given on the NHANES website (6). ALT,
AST, GGT, ALP, CRP, WBC and IgE were treated as
covariates.
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Data were analyzed using the complex sampling function
of SPSS version 20.0 (IBM Corporation, Armonk, NY). Two-
year mobile examination weights were used in all analyzes to
account for non-response bias and the oversampling of blacks,
Mexican Americans and the elderly in NHANES, so that the
estimates were nationally representative according to the US
Census population. p Values were obtained using logistic and
multiple regression analysis, where appropriate, using the
complex sampling function. Logistic and multiple regressions
were used to adjust for covariates. Variables that significantly
differed between participants with and without hay fever,
or with and without hypertension, were used as covariates in
the regression models. Variables with a skewed distribution
were log transformed in assessing p and all regression
analysis.

Results

Table 1 shows the prevalence of previous hay fever diagnosis
and hypertension in men and women of different age groups
in NHANES 2005-2006. A total of 12.4% of men and 14.4%
of women had been told to have hay fever, and 37.0% of men
and 35.5% of women had hypertension. All the percentages
were calculated after weighting to the US Census population.
The prevalence of hypertension increased with age. Men and
women aged 40-59 years had a higher rate of previous
diagnosis of hay fever than other age groups.

Table 2 shows the characteristics of all participants
according to previous hay fever diagnosis. Participants with
previous hay fever diagnosis were older (p=0.039 after
adjusted for gender and race/ethnicity) and more likely to
never smoke or smoke previously but not currently, compared
to participants without previous hay fever diagnosis
(p=0.052 after adjusted for age and race/ethnicity). There
were significant racial/ethnic differences between participants
with and without hay fever (p<0.001 after adjusted for
gender and age). The GGT level of participants with previous
hay fever diagnosis tended to be higher than that of
participants without previous hay fever diagnosis (p =0.057
after adjusted for age and race/ethnicity). The IgE level of
participants with previous hay fever diagnosis was signifi-
cantly higher than those of participants without previous hay
fever diagnosis (p<0.001 after adjusted for age and race/
ethnicity).

Table 3 shows the characteristics of all participants
according to hypertension status. Participants with

Table 1. Prevalence of previous hay fever diagnosis and hypertension.

n Hay fever Hypertension
Men 1883 12.4 (1.0) 37.0 (1.4)
20-39 645 7.3 (0.7) 18.5 (2.6)
40-59 605 16.1 (2.1) 38.6 (2.1)
>60 633 14.4 (1.7) 66.7 (2.5)
Women 2029 14.5 (1.0) 355 (1.4)
20-39 831 11.6 (2.2) 7.9 (1.2)
40-59 621 17.6 (1.9) 38.5 (3.0)
>60 577 13.4 (1.6) 71.5 (2.1)

Data are expressed as percent (SE).
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Table 2. Characteristics of all 3912 participants with and without previous hay fever diagnosis.
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Characteristics

Hay fever No hay fever p

n 419 3493 -
Age, years 48.9 (1.0) 46.4 (0.8) 0.039
Men, % 44.4 (2.2) 48.8 (0.8) 0.117
BMI, kg/m* 28.7 (0.5) 28.5 (0.3) 0.534
Race/ethnicity, %

Non-Hispanic white 84.3 (1.7) 71.7 (2.8) <0.001

Non-Hispanic black 6.7 (1.5) 11.1 (1.9)

Mexican American 2.8 (0.7) 8.7 (1.1)

Others 6.2 (1.2) 8.5(1.2)
Smoking, %

Never 54.8 (3.0) 50.1 (1.5) 0.052

Former 26.9 (3.2) 25.0 (1.1)

Current 18.3 (2.0) 24.9 (1.3)
Alcohol drinking, % 36.2 (2.3) 35.0 (1.7) 0.805
Physical activity, % 71.0 (2.9) 67.3 (1.8) 0.267
SBP¢, mmHg 119.3 (0.7) 119.2 (0.5) 0.354
DBP‘, mmHg 70.9 (0.9) 69.6 (0.4) 0.107
ALT, U/L 22.95 (21.63-24.34) 22.89 (22.43-23.37) 0.367°
AST, U/L 23.92 (22.82-25.06) 24.14 (23.78-24.49) 0.858"
GGT, U/L 22.24 (20.69-23.91) 20.97 (20.21-21.75) 0.057°
ALP, U/L 65.46 (61.49-69.71) 65.69 (64.37-67.03) 0.924°
CRP, mg/dL 2.10 (1.68-2.62) 1.83 (1.67-2.00) 0.190°
WBC, 1000 cells/uLL 7.12 (6.92-7.33) 7.06 (6.93-7.20) 0.739"
IgE, kU/L 57.56 (47.33-70.02) 38.43 (35.43-41.69) <0.001°

Data are expressed as mean or percent (SE), or geometric mean (95% confidence interval).

SBP, systolic blood pressure; DBP, diastolic blood pressure; CRP, C-reactive protein; ALT, alanine aminotransferase; AST,
aspartate aminotransferase; GGT, glucosyltransferase; ALP, alkaline phosphatase; and WBC, white blood cell.

“p was derived from multiple logistic or linear regression models, where appropriate, after adjusting for age (except age-
specific estimates), sex (except sex-specific estimates), race/ethnicity (except race/ethnicity-specific estimates) and

survey years.

"Data were log-transformed in assessing p due to their skewed distribution.
“A total of 898 participants taking anti-hypertensive medication were excluded from the analysis (n = 308 for previous hay
fever diagnosis group and n =2706 for no previous hay fever diagnosis group).

Table 3. Characteristics of all 3912 participants with and without hypertension.

Characteristics Hypertension No hypertension p*
N 1514 2398 -
Age, years 56.6 (1.3) 41.1 (0.6) <0.001
Men, % 49.2 (1.4) 47.6 (0.9) 0.036
BMI, kg/m* 30.4 (0.3) 27.5 (0.3) <0.001
Race/ethnicity, %

Non-Hispanic white 75.6 (2.6) 72.1 (2.8) <0.001

Non-Hispanic black 12.8 (2.2) 9.1 (1.6)

Mexican American 4.9 (0.9) 9.6 (1.1)

Others 6.7 (1.1) 9.1 (1.3)
Smoking, %

Never 47.8 (2.1) 524 (1.4) 0.561

Former 30.8 (1.4) 22.1 (1.3)

Current 21.4 (1.7) 25.5 (1.6)
Alcohol drinking, % 34.2 (1.6) 35.7 (2.0) 0.790
Physical activity, % 61.8 (1.6) 71.2 (2.1) 0.271
SBP¢, mmHg 137.9 (0.8) 114.8 (0.4) <0.001
DBP¢, mmHg 76.9 (0.6) 68.1 (0.4) <0.001
ALT, U/L 23.73 (22.94-24.55) 22.47 (21.88-23.08) <0.001°
AST, U/L 24.85 (24.27-25.46) 23.71 (23.33-24.10) 0.008"
GGT, U/L 24.99 (23.91-26.10) 19.25 (18.60-19.92) <0.001°
ALP, U/L 69.84 (67.64-72.13) 63.37 (61.92-64.86) 0.003"
CRP, mg/dL 243 (2.19-2.71) 1.60 (1.44-1.78) <0.001°
WBC, 1000 cells/ulL 7.15 (6.98-7.32) 7.03 (6.90-7.16) <0.001°
IgE, kU/L 43.87 (38.22-50.37) 38.74 (36.0-41.70) 0.010°

Data are expressed as mean or percent (SE), or geometric mean (95% confidence interval).
“p was derived from multiple logistic or linear regression models, where appropriate, after adjusting for age (except age-
specific estimates), sex (except sex-specific estimates), race/ethnicity (except race/ethnicity-specific estimates), and

survey years.

®Data were log-transformed in assessing p due to their skewed distribution.
“A total of 898 participants taking anti-hypertensive medication were excluded from the analysis (n =308 for previous hay
fever diagnosis group and n=2706 for no previous hay fever diagnosis group).
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Table 4. Association of previous hay fever diagnosis with hypertension
in men.

Unadjusted Model 1 Model 2 Model 3
20-39
OR 0.88 0.77 0.74 0.73
95%CI1 0.29-2.64 0.24-2.43 0.21-2.57 0.23-2.36
P 0.809 0.629 0.616 0.575
40-59
OR 0.89 0.84 0.87 0.64
95%CI 0.53-1.50 0.50-1.41 0.53-1.43 0.30-1.35
P 0.639 0.477 0.563 0.221
>60
OR 1.23 1.50 1.31 1.31
95%CI1 0.58-2.62 0.74-3.06 0.61-2.84 0.55-3.12
P 0.570 0.241 0.465 0.514

Model 1: Adjusted for age, race and BMI (kg/m?).

Model 2: Further adjusted for physical activity, alcohol consumption and
smoking.

Model 3: Further adjusted for ALT (In U/L), AST (In U/L), GGT (In
U/L), ALP (In U/L), CRP (In mg/dL), WBC (In 1000 cells/uL) and IgE
(In kKU/L).

Table 5. Association of previous hay fever diagnosis with hypertension
in women.

Unadjusted Model 1 Model 2 Model 3
20-39
OR 2.59 2.74 2.68 2.72
95%CI 1.26-5.30 1.48-5.06 1.38-5.18 1.19-6.22
P 0.013 0.003 0.006 0.021
40-59
OR 0.87 0.97 0.99 0.95
95%CI 0.48-1.58 0.52-1.79 0.53-1.87 0.48-1.87
P 0.634 0.904 0.985 0.868
>60
OR 0.68 0.63 0.64 0.59
95%CI 0.35-1.31 0.31-1.25 0.33-1.25 0.31-1.13
4 0.231 0.167 0.178 0.105

Model 1: Adjusted for age, race and BMI (kg/m?).

Model 2: Further adjusted for physical activity, alcohol consumption and
smoking.

Model 3: Further adjusted for ALT (In U/L), AST (In U/L), GGT (In
U/L), ALP (In U/L), CRP (In mg/dL), WBC (In 1000 cells/uL) and IgE
(In KU/L).

hypertension were older (p <0.001 after adjusted for gender
and race/ethnicity) and had a greater BMI (p <0.001 after
adjusted for age and race/ethnicity), compared to participants
without hypertension. There were significant racial/ethnic
differences between participants with and without hyperten-
sion (p <0.001 after adjusted for gender and age). Compared
with participants without hypertension, participants with
hypertension had higher levels of ALT (p<0.001), AST
(»p=0.008), GGT (p<0.001), ALP (»p=0.003), CRP
(p<0.001), WBC (p<0.001) and IgE (p=0.010) after
adjustment for age and race/ethnicity.

Tables 4 and 5 show the logistic regression analysis
before and after adjusting for covariates. There was no
significant association between previous hay fever diagnosis
and hypertension in men in any model in any age group before
or after adjustment. The association between previous hay
fever diagnosis and hypertension in women was also
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insignificant except those aged 20-39 years (OR=2.59,
95%CI=1.26-5.30, p=0.013). The association between
previous hay fever diagnosis and hypertension in women
aged form 20 to 39 years remained significant after adjust-
ment for age, race and BMI (OR =2.74, 95%CI = 1.48-5.06,
p =0.003). Further adjustment for physical activity, alcohol
consumption and smoking did not attenuate the association
(OR =2.68, 95%CI = 1.38-5.18, p = 0.006). After adjustment
for liver enzymes, WBC and IgE, the association was slightly
attenuated but still significant (OR=2.72, 95%CI=1.19-
6.22, p=0.021).

Discussion

The main finding in our analysis of NHANES data was that a
previous diagnosis of hay fever was associated with hyper-
tension in women aged 20-39 years. This association
remained significant after adjustment for covariates.

An association between rhinitis and increased systolic
blood pressure was found in a study of 330 men aged 28-56
years in the European Community Respiratory Health
Survey (ECRHS) (7). However, this conclusion was
challenged by another group analyzing the MONICA/
KORA study database whose rhinitis assessment was
according to ECRHS screening questionnaire (8). Besides,
a study of Japanese adolescents showed that diastolic blood
pressure was higher in participants without rhinitis than in
those with rhinitis (9).

While findings of previous studies are controversial, there
are some possible mechanisms linking rhinitis with hyper-
tension. Inflammation occurs in both allergic rhinitis and
hypertension. In patients with both hypertension and allergic
rhinitis, treatment of allergic rhinitis can improve blood
pressure control (10). In hypertensive patients, the serum
levels of inflammatory marker like CRP, ALT, AST, GGT
and ALP are increased. Serum CRP level also predicts the
future development of hypertension (11,12). In our study,
serum levels of CRP, ALT, AST, GGT and ALP were
associated with hypertension but not related to hay fever
though inflammation occurs in allergic rhinitis as well.
Perhaps, elevated CRP level in individuals with hay fever is
not sensitive enough to reflect the systemic inflammation in
allergic rhinitis. Therefore, inflammatory mechanism behind
the possible link between hypertension and allergic rhinitis
still has to be well hypothesized and tested.

Although no strong evidence that allergic rhinitis is a
significant cause of hypertension has been found in this
clinical study, there is a theoretical basis for this association
and several mechanisms can be envisaged. A defect in the
Na+/K+ pump is one of the possible elements for linking
allergic rhinitis with hypertension. Na+/K+ pump exports
sodium from the cell and imports potassium into the cell. A
defect in the Na+/K+ pump leads to intracellular sodium
accumulation. Previous studies suggested an accumulation of
sodium in the platelets, leukocytes and the peripheral blood
mononuclear cells in individuals with allergic rhinitis (13,14).
Elevated cytosolic sodium level also promotes calcium influx,
thereby raising intracellular Ca2+ levels (15,16). Increased
intracellular calcium is required for the contraction of
vascular smooth muscle cell that is highly sensitive to
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extracellular calcium influx. If Na+/K+ pump is defective in
vascular smooth muscle, these processes could possibly
further lead to elevation in blood pressure. It was proposed
that Na+,K+-ATPase inhibitor of unknown molecular struc-
ture may partly regulate the mechanical activity of cardio-
vascular muscle and participate in the genesis of certain forms
of hypertension (17). Therefore, a defect in Na+/K+ pump
activity was suggested to be associated with both rhinitis and
hypertension. Furthermore, hypertension in allergic individ-
uals may be controlled by a medication that targets Na+/K+
pump (14), which also supported that Na+/K+4 pump
participated in the possible association between rhinitis and
hypertension.

Another reason to account for the association between
rhinitis and high blood pressure is that patients with hay fever
have inflamed nasal passages leading to nasal obstruction,
snoring, hypopnea and apnea during sleep (18,19). Sleep
apnea is a well-known risk factor for hypertension and
cardiovascular diseases by inducing hypoxemia, hypercapnia,
a decrease in serum pH and an increase in catecholamine
levels. A study in Italy showed that rhinitis and snoring
might indirectly increase the risk of hypertension in post-
menopausal women (20).

Our study had several limitations. First of all, previous
diagnosis of hay fever was determined by questionnaire in
NHANES database. The diagnosis was not checked with the
participants’ medical records. Second, this is a cross-
sectional analysis. Thus, we focus on exploring whether
there is an association, but these findings are inherently
limited in the ability to eliminate causal relationships
between hay fever and hypertension. Finally, we divided
the population into three age subgroups due to differences in
the prevalence of allergic rhinitis and hypertension in
different age groups. Dividing the population into different
age groups was a necessary process but reduced the sample
size.

In conclusion, in our 2-year database study, previous
diagnosis of hay fever was not associated with hypertension in
adults overall. There is an association in subgroup of women
aged 20-39 years before or after adjustment but not in other
groups. Studies of large sample size with more comprehen-
sive information on risk factors are needed to elucidate the
complex relationship.
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