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Low Concentration PM;o Had No Effect on Nasal
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Young Hyo Kim'* - Kwang Pil Ko?>* - Il Gyu Kang?® - Joo Hyun Jung® - Dae Kyu Oh? - Tae Young Jang' - Seon Tae Kim?*

!Department of Otorhinolaryngology-Head and Neck Surgery, Inha University School of Medicine, Incheon;

’Department of Preventive Medicine, Gachon University College of Medicine, Incheon;

*Department of Otorhinolaryngology-Head and Neck Surgery, Gachon University Gil Medical Center, Gachon University College of Medicine,

Incheon, Korea

Objectives. Since Korea is geographically close to China (the origin site for Asian sand dust [ASD]) the health influence of
ASD event will be still greater in Korea. We aimed to evaluate the effect of PMa (particulate matter with aerodynam-
ic diameter <10 pm, below 150 pg/m?) on the clinical course of allergic rhinitis (AR).

Methods. We enrolled 47 healthy volunteers (group A) and 108 AR patients sensitized to house dust mites (group B). For
120 consecutive days (from February 1st to May 30th, 2012), all subjects reported their daily nasal symptoms and
performed 2 peak flowmeter readings to measure peak nasal inspiratory flow (PNIF). We evaluated the correlation
between the daily concentration of PMio, symptoms, and PNIF of patients. We also investigated changes in symptoms
and PNIF 2 days before and after ‘dusty’ days (daily concentration of PMio >100 pg/m®)

Results. There was no significant difference between group A and B in nasal symptoms and PNIF during the 120-day peri-
od. Changes in nasal symptoms and PNIF were not statistically significant before or after a PMio concentration rise

above 100 pg/m?>.

Conclusion. Low concentration PMio does not have significant effect on nasal symptoms and PNIF in AR patients.
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INTRODUCTION

Asian sand dust (ASD) is originated from China, Mongolia, and
Kazakhstan area and moves eastward to affect eastern China,
Japan, and Korea. Occasionally, ASD can exert its influence on
the United States across the Pacific Ocean [1,2]. ASD events are
closely correlated with an increase in outpatient visits, admis-
sions and mortality due to the aggravation of respiratory diseas-
es [3-6].
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Some researchers studied the correlation between PMi (par-
ticulate matter with aerodynamic diameter <10 um) exposure
and airway diseases. Adamkiewicz et al. [7] suggested that there
was a significantly increased risk for pulmonary obstruction af-
ter exposure to high concentrations of PMo. Clifford et al. [8]
also suggested that geogenic exposure to PMio could increase
pulmonary inflammation and impair pulmonary function, and
eventually exacerbate responses to respiratory virus infections.

There are still few studies regarding the effect of ASD on the
clinical course of allergic disorders. Chang et al. [9] tried to ana-
lyze the correlation between the ASD storm and increases in
clinic visit due to allergic rhinitis (AR), but found no significant
correlation. Several researchers in Japan have tried to evaluate
the correlation between ASD event and Japanese cedar pollino-
sis [10,11].

Since Korea is geographically so close to China, the origin
area, we hypothesized that the influence of ASD events would
be more significant in Korea than in any other nation. Because
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indoor allergens such as house dust mites are the most prevalent
causative allergens in Korea, the characteristics of Korean pa-
tients are likely to differ significantly from those of Japanese
ones. However, there are no studies that evaluated the effect of
ASD on the clinical course of AR in Korea, to the best of our
knowledge.

PMo (particulate matter with less than a 10 ym aerodynamic
diameter) comprises as much as 70% of ASD [12,13]. As PMio
is so tiny, it could directly infiltrate the upper and lower airway.

Therefore, we aimed to evaluate the effect of PMio on the
clinical course of AR by assessing: (1) the degree and change of
nasal symptoms and (2) peak nasal inspiratory flow (PNIF)
measured by peak flowmetry and their variability during 120-
day period in patients with AR.

MATERIALS AND METHODS

Subjects

We planned to enroll 150 healthy volunteers and another 150
patients with allergic rhinitis before the beginning of ASD sea-
son (from October 1, 2011 through January 31, 2012). We en-
rolled 47 healthy volunteers with no nasal symptoms and nega-
tive results on the skin prick test (SPT) (group A, 19 males and
28 females, mean 25.4 years old). We enrolled another 108 pa-
tients who had suffered allergic rhinitis for more than 1 year
(group B, 58 males and 50 females, mean 20 years old) between
October 2011 and January 2012. All healthy volunteers and pa-
tients were living in Incheon city. Demographic variables such as
gender and age were not significantly different between groups.
In group B, the proportion of patients with mild, persistent dis-
ease according to the Allergic Rhinitis Impact on Asthma (ARIA)
classification was 69.5%. We diagnosed allergic rhinitis if a pa-
tient had typical symptoms of allergic rhinitis and his SPT re-
sults were strongly positive to house dust mite (Dermatophagoi-
des pteronyssinus and/or Dermatophagoides farinae, size of
wheal larger than that of histamine). We performed the SPT us-
ing more than 40 antigens, including house dust mite, fungi, pet
animals like cats and dogs, tree or weed pollens, and cockroach-
es (Lofarma, Milan, Italy). We excluded subjects who had used
any anti-allergic drugs within 1 month, those with positive re-
sults to any allergens other than house dust mites, patients with
unstable systemic disease, pregnant or lactating women, those
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= Low concentration PMo (particulate matter with aerodynamic
diameter<10 pm; below 150 ug/m®) has no significant effect
on nasal symptoms in allergic patients.

= Low concentration PMo induces no significant change of peak
nasal inspiratory flow.
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who had nasal surgery within the past 3 months, and those with
exposure to chemical irritants or smoking. We also excluded
those with chronic rhinosinusitis and/or nasal polyposis upon
nasal endoscopic examination.

Before enrollment, we obtained written informed consent
from all patients after a full explanation about the aim of this
study, and the study was approved by the Gachon University Gil
Medical Center and Inha University Institutional Review Board
Committee on Studies Involving Human Beings (IUH-IRB 11-
2456).

Symptoms and PNIF

All patients and healthy volunteers completed a daily symptom
diary for consecutive 120 days (from February 1st to May 30th,
2012). They recorded their daily symptom score for nasal ob-
struction according to a modified 6-point Likert scale (from 0
[absolutely no discomfort] to 5 [the most troublesome]) [14].
Patients who needed anti-allergic medication used it and report-
ed this using a diary (0, no medication; 1, oral anti-histamines; 2,
intra-nasal steroids; and 3, oral corticosteroids). There was no
loss of follow-up during the study period.

All subjects also measured PNIF daily using portable nasal in-
spiratory flow meter (Clement Clarke International Ltd., Har-
low, UK). They were asked to breathe in with their maximal ef-
fort with masks firmly attached to their face. Subjects recorded
their PNIF (L/min) twice a day, at the same time of the day.

Measurement of PM1o

We measured PMio concentrations for 120 consecutive days
(from February 1st to May 30th, 2012) in 15 areas in Incheon,
Korea with help from Environmental Health Center for Allergic
Rhinitis, Inha University Hospital. The mean value of 15 PMao
concentrations was defined as PM1o concentration of that day.

Statistical analyses

We used SAS ver. 9.3 (SAS Institute, Cary, NC, USA) for all sta-
tistical analyses. We used a mixed regression model in evaluate
the association between daily allergic symptoms and the PMio
concentration for each day, correcting within-subject covariance
using a 1st-order autoregressive covariance structure. We also
used linear correlation analysis. All data was expressed as
mean tstandard deviation and the P-value<0.05 was consid-
ered as statistically significant.

RESULTS

Correlation between the PM1o concentration and nasal
symptoms

The concentration of PMo throughout the study period was sig-
nificantly below 200 ug/m? (cf. the criteria for yellow-dust warn-
ing: which is above 400 pg/m?). There was no definite correla-
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Table 1. Correlation between nasal obstruction symptom and PMo
concentration

Effect Estimate Standard error P-value
Nasal obstruction
Group A -0.00023 0.00034 0.495
Group B 0.00008 0.00032 0.795
Rhinorrhea
Group A -0.00002 0.00025 0.943
Group B -0.00041 0.00031 0.179
Sneezing
Group A -0.00005 0.00027 0.862
Group B -0.00033 0.00031 0.224
ltching
Group A 0.00010 0.00016 0.521
Group B -0.00037 0.00029 0.120

PMo, particulate matter with aerodynamic diameter <10 pm.

tion between PMio concentration and each nasal symptoms
during the study period (P>0.05) (Table 1).

Throughout the 120-day period, we found 3 ‘dusty’ days
when PMa, concentration was above 100 pg/m® (February 24th,
105.53 pg/m’; March 29th, 139.8 pg/m®; May 5th, 116.13 pg/
m?). We compared each nasal symptoms 2 days before and 3
days after these ‘dusty’ days, and group A (healthy volunteers)
and group B (allergic group) had no significant aggravation of
nasal symptoms (P>0.05).

Correlation between the PM1o concentration and PNIF
There was no definite correlation between PM1o concentration
and daily PNIF (measured in the afternoon) during the study
period (P>0.05) (Table 2). We compared PNIF values 2 days be-
fore and after ‘dusty’ days (February 24th, March 29th, and May
5th), group A (healthy volunteers) and group B (allergic group)
had no significant aggravation of nasal symptoms (P>0.05).
When we defined PNIF variability as: (the difference between
morning PNIF and afternoon PNIF)/(mean PNIF)Xx100%,
PNIF variability significantly decreased as the PMio concentra-
tion was increased (P=0.041) (Table 3).

DISCUSSION

We did not identify a significant correlation between the PMio
concentration and nasal symptoms of AR patients in this study.
In fact, Chang et al. [9] tried to evaluate the association between
ASD storm events and increases in daily clinic visits in Taiwan.
However, they also failed to find any significant correlation [9].
The most important reason for our negative finding is the rela-
tively low PMio concentration (below 150 pg/m?) throughout
the 120-day period. This lower PMio concentration may be in-
sufficient to provoke any symptoms. Although we set 3 ‘dusty’
days, 2 of them were below the criteria for ‘particulate matter
warning’ (criteria for warning is daily concentration above 120

Table 2. Correlation between PM1o concentration and daily peak na-
sal inspiratory flow (measured in the afternoon) during the study pe-
riod

Effect Estimate Standard error P-value
Intercept 74873 11.508 <0.001
Group -3.972 6.153 0.520
PM1o -0.003 0.012 0.818
Age 0.372 0.178 0.038
Sex -5.054 5.765 0.382

PMo, particulate matter with aerodynamic diameter <10 pm.

Table 3. Linear correlation analysis between PM+o concentration and
PNIF variability

Effect Estimate Standard error P-value
Intercept 47.244 16.672 0.005
Group -33.453 8.927 <0.001
PMio -0.024 0.012 0.041
Age -0.249 0.258 0.337
Sex 6.022 8.364 0.473

PNIF variability=(maximum PNIF-minimum PNIF)/%2 (maximum PNIF+
minimum PNIF).

PMyo, particulate matter with aerodynamic diameter<10 pum; PNIF, peak
nasal inspiratory flow.

ug/m? or above 200 pg/m? for 2 consecutive hours in Korea).

Furthermore, as we enrolled patients when they visited the
clinic while suffering from symptoms of AR, their symptoms
were already moderate to severe. Therefore, aggravation of
symptoms by PMio could be masked by the more powerful in-
fluence of causative allergens (house dust mites, in our study).
Ogi et al. [10] suggested that in patients with Japanese cedar
pollinosis, patients suffered from aggravated symptoms before
the pollen season. However, during the pollen season, they re-
ported no difference in their symptom in spite of ASD event.
Therefore, further studies should be designed to enroll symp-
tom-free patients with formerly diagnosed AR.

PNIF has many advantages in that it is non-invasive, inexpen-
sive, and easy to perform. Furthermore, its results are quite well
correlated with those of rhinomanometry, and with subjective
feeling of patients about their nasal patency [15-19]. Cho et al.
[20] suggested that as PNIF had good reproducibility, it could be
used in various epidemiologic studies that evaluate the effect of
air pollutants on the upper and lower airway. To the best of our
knowledge, this is the first study which evaluated the effect of
PMio on the clinical course of AR using objective parameters
such as PNIF. However, PNIF showed no significant differences
according to the concentration of PMio. Considering that PNIF
is well-correlated with patients’ subject feeling of nasal obstruc-
tion [16], it is natural that PNIF was not decreased in patients
whose feeling of nasal obstruction was not aggravated. Further
studies with higher PMio concentration and symptom-free AR
patients could yield more meaningful results.

In spite of these all negative findings, we found that as the



PMuo increased, the variability of PNIF was significantly de-
creased. This may be due to persistent turbinate hypertrophy as
PMo increases. As the inferior turbinate gets congested consis-
tently, there is little change in the patent nasal airway and less
variation of PNIF as a result. Procedures to measure the actual
change of dimension and volume of the nasal cavity, such as
acoustic rhinometry, could confirm this hypothesis.

The clinical course of AR is also affected by various pollens. In
order to minimize the confounding effect of pollens, we selected
patients whose skin prick test result was only positive to house
dust mites. We excluded any patients who showed a positive re-
sult for pollens. Furthermore, we gained information about the
concentration of 12 pollens in Incheon, with the help of Incheon
City Health Environmental Research Center. When performing
statistical analysis, we excluded the effect of pollen concentra-
tion as a confounding variable.

One of the limitations in our study is that we did not include
other clinical data such as endoscopic findings in the nasal cavi-
ty, any accompanying allergic/sinonasal disorders, and/or clini-
cal laboratory findings. And, during the enrollment period,
young volunteers and patients had actively participated in this
study. Therefore, the mean age of both groups is relatively young.
In further study, we hope we will be able to evaluate the effect
of PM in many different age groups.

In conclusion, low concentration PMio did not have significant
effect on symptoms and PNIF of AR patients.
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