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Purpose: The purpose of this study was to evaluate the effects of lifestyle behav-
iors and health habits on the risk for acquiring pandemic influenza (HIN1) virus
infection. Materials and Methods: We conducted a case-control study in a sec-
ondary care hospital in South Korea between November 2009 and August 2010.
We enrolled patients with HIN1 infection, as confirmed by a positive result of the
real-time reverse transcriptase polymerase chain reaction assay; for each patient,
we enrolled 4 age- and gender-matched controls with no history of HIN1 infection
or severe acute respiratory illness during the HIN1 pandemic in South Korea (1:4
match). Results: During the study period, 33 cases and 132 age- and gender-
matched controls were enrolled. The case group had a higher percentage of current
smokers (p<0.01), fewer subjects reporting regular physical activity (p=0.03), or
regular vitamin supplementation (p<0.01), and more subjects reporting a higher
annual incidence of the common cold (p=0.048) as compared to the control group.
In the multivariable analysis, 2 factors were independently associated with the ac-
quisition of HINI infection: current smoking [adjusted odds ratio (OR)=5.53;
95% confidence interval (CI), 1.60-19.16; p<0.01] and a higher annual incidence
of the common cold (adjusted OR=1.24; 95% CI, 1.002-1.53; p=0.048). Conclu-
sion: A current smoking status and a history of frequent colds were associated with
an increased risk of acquiring HIN1 infection.

Key Words: Influenza A virus, HIN1 subtype, life style, smoking

INTRODUCTION

A novel strain of influenza A (HIN1), identified in Mexico and the United States
(USA) in 2009, spread rapidly worldwide, and many countries experienced the
first wave of infection between spring and the end of 2009,' and the cumulative
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number of people infected also increased rapidly. The Cen-
ters for Disease Control and Prevention estimated 60 mil-
lion cases of pandemic HIN1 in the USA since the spring
0f2009.

A series of teleconferences organized by the World Health
Organization concluded that the risk factors for severe dis-
ease following HINT1 virus infection were similar to those
for seasonal influenza infection, e.g., chronic medical con-
ditions, certain cognitive conditions, and immunodeficien-
cy.’ In addition, several new risk factors such as pregnan-
¢y, obesity, and tuberculosis*® were also noted. However,
data on the risk factors for increased susceptibility to HIN1
infection in a healthy population are scarce.

Lifestyle behaviors such as cigarette smoking, physical
activity, and stress have an impact on respiratory infections;
cigarette smoking alone is known to be a major risk factor.
The basis for increased susceptibility to infections in smok-
ers is multifactorial, and one of the mechanisms is altera-
tion of structural and immunological defenses.” An associa-
tion between physical activity and upper respiratory infection
has also been documented. Nieman suggested that moder-
ate levels of physical activity reduce the risk of upper respi-
ratory tract infection.® In addition, chronic stress is known
to be associated with suppression of both cellular and hu-
moral immune function,” and self-reported perceived stress
is associated with an increased risk of upper respiratory tract
infection.'® To our knowledge, however, there has been thus
far no research on the relationship between lifestyle behav-
iors and HIN1 infection.

The purpose of this study was to determine whether life-
style behaviors (smoking, alcohol consumption, physical
activity, and sleep duration) and health habits (use of vita-
min supplements) are risk factors for HIN1 viral infection.

MATERIALS AND METHODS

Participants

A case-control study was conducted at the Seoul Metropoli-
tan Government Seoul National University Boramae Medi-
cal Center, a secondary care hospital in South Korea. Between
November 2009 and March 2010, we recruited patients who
visited the hospital because of suspicion of influenza. The
inclusion criteria were age >18 years and a pandemic 2009
influenza (HIN1) virus infection confirmed by a positive re-
sult of real-time reverse transcriptase polymerase chain re-
action using nasopharyngeal or oropharyngeal swab sam-

ples. We recruited 4 age- and gender-matched controls for
each confirmed case of HIN1 influenza from among high
school and college students, healthcare personnel, and
adults who visited the same hospital for a health screening
between June and August 2010. Control subjects reported
that they had no history of HINI infection or severe acute re-
spiratory illness from September 2009 to March 2010 (the
period of the HIN1 pandemic in South Korea). All partici-
pants signed a written informed consent form and agreed to
participate in the study.

Analysis

All participants filled out a questionnaire, which collected
demographic information such that on age, gender, height,
body weight, body mass index (BMI), and co-morbidities.
Participants were also asked to report whether they had
been vaccinated for the HINT1 virus and to provide an esti-
mate of their historical average frequency of common colds
per year. The following information on lifestyle behaviors
was collected: smoking status, alcohol intake (frequency
and amount per week), physical activity (type, duration,
and frequency per week), stress (numeric rating scale), and
sleep duration (wake-up time and bedtime). Health habits
recorded included the use of vitamin supplements (type and
frequency per week) and frequency of meals per day (for
nutritional status). Differences between cases and controls
for the variables of lifestyle behaviors and health habits
were evaluated using the Student’s t-test or the Mann-Whit-
ney U test for continuous variables and the ) test or Fish-
er’s exact test for categorical variables in univariate analyses.
Multivariate logistic regression analysis was also performed.
A p value <0.05 was considered statistically significant.
Statistical analyses were performed using SPSS 17.0 (SPSS
Inc., Chicago, IL, USA) and STATA 12.1 (StataCorp, Col-
lege Station, TX, USA).

RESULTS

During the period of enrollment, 33 patients with diagnosed
HINT infection and 132 age- and gender-matched controls
were recruited. The median age was 41 years (range, 18-72
years) in the case group and 40 years (range, 19-72 years)
in the control group; 45.5% were men in the entire popula-
tion. Table 1 presents the baseline characteristics of the case
and control groups. There were no differences in BMI or
comorbid diseases (diabetes mellitus, hypertension, or asth-
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ma) between the 2 groups, and there were no pregnant
women in the study population.

The case group had a higher annual frequency of com-
mon cold (p=0.048) (Table 1) and higher percentage of cur-
rent smokers (p<0.01) (Table 2), but a lower percentage of
participants performing regular physical activity (>3 times
per week) than the control group (p=0.03). The types of

Table 1. Baseline Characteristics

physical activity included weight training (23.6%), walking
(20%), golf (16.4%), running (10.9%), climbing (10.9%),
and swimming (9.1%). The case group also had a lower per-
centage of participants reporting regular vitamin supplemen-
tation (=3 times per week) than the controls (p<0.01) (Table
2). There were no differences in the frequency of meals per
day, alcohol intake, stress intensity, or sleep duration be-

Case, N=33 Control, N=132 p value
Age (median, range) 41 (18-76) 40 (19-72)
Male, sex (%) 15 (45.5) 60 (45.5)
Height (mean+SD) 163.6+8.6 166.1+8.6 0.14*
Weight (mean+SD) 62.1+10.2 63.4+12.0 0.57*
BMI, kg/m’ (mean=SD) 232432 22.8+3.2 0.61*
Hypertension (%) 3094 12 (9.6) >0.99"
Diabetes mellitus (%) 2(6.3) 1(0.8) o.11"
Asthma (%) 2(6.3) 2 (1.6) 0.19'
Common cold, frequency/yr (median, IQR) 2.0(1-3) 1.0 (1-2.1) 0.048"
N, number; SD, standard deviation; IQR, interquartile range; BMI, body mass index.
*Student’s t-test.
"Fisher's exact test.
*Mann-Whitney U test.
Table 2. Lifestyle Behaviors and Health Habits
Case, N=33 Control, N=132 p value
Smoking
Current smoker (%) 12 (36.4) 18 (14.2) <0.01"
Pack-yr, median (IQR) 0(0-8.8) 0(0-0) 0.26'
Physical activity
Frequency per wk, median (IQR) 0(0-1) 0(0-2) 0.054"
>Once a wk (%) 10(30.3) 57 (44.5) 0.14*
>Three times a wk (%) 2(6.5) 29 (24.2) 0.03*
Use of vitamin supplements (%) 13 (41.9) 63 (48.5) 0.51*
Frequency per wk, median (IQR) 0(0-3) 0(0-4) 0.42'
>Three times a wk (%) 9 (30.0) 47 (59.5) <0.01"
Meal
Frequency per day, median (IQR) 3(2-3) 3(2-3) 0.91"
Three times a day (%) 23 (66.7) 89 (67.4) 0.98*
Alcohol intake (g/day)
g/day, median (IQR) 0(0-11.3) 0(0-11.1) 0.93°
Frequency per wk, median (IQR) 0(0-1.5) 0(0-2) 0.83°
Sleep time (hr/day)
Duration (hr/day), median (IQR) 6 (6-8) 7 (6-7) 0.56'
Go to bed after 0 AM (%) 10(31.3) 27 (21.6) 0.25%
Stress
Numeric rating scale, median (IQR) 6 (4-7) 5(4-7) 0.34"
>NRS 5 (%) 19 (57.6) 60 (46.9) 027"

NRS, numeric rating scale; N, number; IQR, interquartile range.
*Student’s t-test.

"Chi-square test.

*Mann-Whitney U test.
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tween the 2 groups (Table 2).

In the multivariate analysis, 2 variables were independent-
ly associated with the acquisition of HINT1 infection: current
smoking status [adjusted odds ratio (OR)=5.53; 95% confi-
dence interval (CI), 1.60-19.2; p<0.01] and a higher annual
frequency of the common cold (adjusted OR=1.24; 95%
CI, 1.00-1.53; p=0.048) (Table 3). We also conducted a
sensitivity analysis for the participants without a history of
vaccination for HIN1 influenza, and the results obtained
were similar to those obtained for all the participants, ex-
cept that the variable of vitamin supplementation >3 times
per week was associated with a lower risk of acquiring
HINI infection (Table 4).

DISCUSSION

The current study focused on determining whether lifestyle
behaviors (smoking, alcohol consumption, physical activity,
and sleep duration) and health habits (use of vitamin supple-
ments) were risk factors for HIN1 viral infection. In this
case-control study, current cigarette smoking and a higher
annual frequency of common cold were associated with the
acquisition of HINI influenza. There have been several
studies evaluating the effect of lifestyle behaviors on the risk
of respiratory disease, such as chronic bronchitis, emphyse-
ma, and upper respiratory infection. However, to our best
knowledge, no previous studies have evaluated the effect of
lifestyle behaviors on the risk for HINT infection.

Current smoking was a major independent risk factor for

acquiring HINT infection in our study, consistent with those
of previous studies evaluating the relationship between smok-
ing and influenza.!! Kark and Lebiush'? showed that female
smokers in the Israeli Army had a 60% risk for influenza as
compared to a 41.6% risk among female nonsmokers (OR=
1.44; 95% CI, 1.03-2.01), and the same authors in another
study reported that 68.5% of smokers as compared to 47.2%
of nonsmokers contracted HINT infection (p<0.01).!* The
study showed that smoking was a major determinant of
morbidity in an epidemic HINTI infection, and that out-
breaks of HIN1 in heavy smokers might contribute to sub-
stantial incapacitation.'> Mechanisms increasing the risk of
infections in smokers include structural changes in the re-
spiratory tract and a decrease in the immune response.’
Structural changes include peribronchiolar inflammation
and fibrosis, increased mucosal permeability, impairment of
mucociliary clearance, changes in pathogen adherence, and
disruption of the respiratory epithelium.'* These changes
may alter both susceptibility to infection and the course of
an infection and compromise the ability to mount appropri-
ate immune and inflammatory responses.’* Meliska, et al.'®
and Hersey, et al.”” reported that natural killer cell cytotoxic
activity increased substantially in smokers who quit smoking
compared to current smokers. This could explain why cur-
rent smokers have a higher risk than never- or ex-smokers.
Previous studies have reported the beneficial effects of
physical activity on HINT1 infection or other upper respira-
tory tract infection (URTI), which was attributed to the im-
munological effects of exercise. These studies suggested
that exercise was associated with a lesser decline in circu-

Table 3. Multivariable Analysis to Identify Independent Preventive or Risk Factors of HIN1 Infection Acquisition

Variable p value OR* 95% CI
Current smoking <0.01 5.53 1.60-19.16
Physical activities>three times a wk 0.15 0.28 0.05-1.58
Vitamin intake>three times a wk 0.052 0.31 0.09-1.01
Frequency of common cold 0.048 1.24 1.002-1.53

OR, odds ratio; Cl, confidence interval.
*Multivariable logistic regression.

Table 4. Multivariable Analysis to Identify Independent Preventive or Risk Factors of HIN1 Infection Acquisition among Par-

ticipants without History of HIN1 Vaccination

Variable p value OR* 95% CI
Current smoking 0.02 5.12 1.35-19.39
Physical activities>three times a wk 0.25 0.337 0.05-2.12
Vitamin intake>three times a wk 0.04 0.25 0.07-0.96
Frequency of common cold 0.049 1.25 1.001-1.57

OR, odds ratio; Cl, confidence interval.
*Multivariable logistic regression.
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lating T-cell function with viral clearance, specific antibody
production, and neuroendocrine changes in the immune
system.'®22 Interestingly, a J-curve relationship has been
shown for the effects of exercise on risk for infection;® there-
fore, as the amount of exercise increases, the risk first de-
creases but then increases after some level.® In our study,
physical activity failed to show a significant effect on HIN1
acquisition in multivariate analysis, although the controls
reported more frequent physical activity than the cases in
univariate analysis.

Micronutrients such as vitamins affect the susceptibility
to infection, and there has been considerable interest in the
association of vitamin supplementation with URTIs. Vita-
min D was found to modulate the macrophage response by
reducing the amount of inflammatory cytokines and che-
mokines released.” A study using an influenza virus-infect-
ed vitamin C-deficient mouse model demonstrated en-
hanced lung pathology.** One randomized controlled trial
testing the effects of vitamin supplementation showed a
lower rate of development of self-reported cold and influ-
enza symptoms.” Although our study did not show a signif-
icant effect of vitamin supplementation on HIN1 acquisi-
tion, vitamin supplementation >3 times per week prevented
HINT1 acquisition (OR=0.251; 95% CI, 0.07-0.96; p=0.043)
(Table 4) in the sensitivity analysis for the participants
without a history of vaccination for HIN1 influenza. How-
ever, it should be acknowledged that the statistical signifi-
cance of the effect of vitamin supplementation on the risk
for acquiring influenza might have been due to multiple
testing.

Previous epidemiologic studies reported that a mean annu-
al incidence of common colds in adults varied from 0.9 to 3.3
(illness per person-year), depending on age and gender.?*?’
The frequency of common colds reported by participants of
our study was consistent with the findings of previous epide-
miological studies. In our study, a higher frequency of con-
tracting the common cold was related to HINT infection
acquisition. Hosts susceptible to common colds caused by
several respiratory viruses are likely to be susceptible to
HINT1 influenza virus. In addition, there is a possibility that
people with frequent common colds visit the clinic more
often and are more likely to be diagnosed with HIN1 infec-
tion. Therefore, we used the frequency of common colds as
a confounder in the adjusted multivariable analysis.

Besides smoking, vitamin supplementation, and physical
activity, several other factors have been associated with the
risk of HINI infection. A cross-sectional survey evaluating

the characteristics of HIN1 outbreaks among healthcare per-
sonnel?® showed that the female gender, an age <40 years,
chronic underlying diseases, and having infected household
members were associated with HIN1 infection. Obesity
was also identified as a risk factor for HIN1 infection. A re-
cent study from California reported that half of Californians
aged >20 years, and hospitalized with HIN1 infection were
obese,” and extreme obesity (BMI >40 kg/m?) was found
to be independently associated with death due to the 2009
HINI pandemic after adjusting for co-morbidities and oth-
er risk factors. However, this study did not show a relation-
ship between BMI and the risk for HINT infection.

The present study has several limitations. First, the num-
ber of cases enrolled was small. This one-center, case-con-
trol study was initiated at a late phase of the pandemic in
Korea, after receiving approval from the ethical review
board. However, we attempted to compensate for this weak-
ness by increasing the number of controls. Second, the peri-
od of enrollment was different between the cases and the
controls. Whether a subject acquired HINT1 infection was
better determined after the pandemic ended; therefore, con-
trol subjects were enrolled after the enrollment of the cases.
This might have induced recall bias. In addition, it could
have led to bias in the comparison of physical activity be-
tween the cases and controls because physical activity can
vary during the year. Nevertheless, the percentages report-
ing outdoor exercise were similar between the cases and
controls (62.5% vs. 54.5%, respectively; p>0.99). Third,
there could have been healthy volunteer bias, as many con-
trol subjects were healthcare personnel or people who visit-
ed hospitals for health screening.***! Finally, it is possible
that some of the control subjects experienced mild HIN1 in-
fection without influenza-like symptoms, because they were
enrolled by self-reporting no history of HIN1 infection; this
was not confirmed by serologic testing for HIN1 infection.

In conclusion, our study showed that current smoking
and a frequent history of common colds were risk factors
for acquiring HINT infection.
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