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Abstract

Aims This study aims to determine the trend of allergic rhinitis (AR) prevalence in a tertiary hospital between 2017 and
2022, and to compare its prevalence pre- and post-COVID-19 pandemic.

Methods This was a cross-sectional study involving the extraction of all Malaysian patients’ medical records who were
diagnosed with AR and attended the otorhinolaryngology outpatient clinic of a government-funded tertiary hospital in
Malaysia between 2017 and 2022.

Results 3,744 cases out of the 57,968 first-encounter outpatient visits to the otorhinolaryngology clinic were extracted for
analysis. Overall, the prevalence of AR cases ranged from 1.83 to 9.23% between 2017 and 2022. There was a significant
drop of 21.38 to 70.22% between the pre- and post-COVID-19 pandemic (p<0.001). Males (0.34 to 1.60%) were more
prevalent in the 6 to 18 year old than females (0.09 to 1.23%). The trend shifted with age, whereby females (0.50 to 2.45%)
experienced a higher prevalence than males (0.21 to 1.77%) as they aged from 19 to 59. The Malay (1.01 to 4.59%) demon-
strated a two-time higher prevalence than the Chinese (0.30 to 2.01%) and Indian (0.40 to 2.14%) ethnicities. After stratify-
ing by gender and ethnicity, Indian women (0.17 to 1.09%) had a higher rate of AR than their Chinese counterparts (0.12 to
0.99%) across all years.

Conclusion The AR prevalence consistently ranged from 8.14 to 9.23% pre-pandemic. A remarkable drop was observed
post-pandemic, ranging from 1.83 to 6.40%. A gender shift from male to female predominance as age progressed. The Malay
had the highest prevalence of AR.
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Introduction

The World Allergy Organization (2013) reports a worldwide
frequency of allergic rhinitis (AR) occurring among 10 to
40% of adults and 2 to 60% of children [1-4]. In the last two
decades, the burden of AR has increased, with a prevalence
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ranging from 10 to 23.2% affecting all age groups in the
USA, Europe, and China [5, 6]. This increased the burden
of direct and indirect healthcare costs [7-9].

The types of AR are phenotypic according to geographi-
cal locations; the distribution of disease prevalence has
varied across different parts of the world. In Europe, the
cumulative reported prevalence has been bertween 9 and
20% over the past 20 years [1]. Specifically, in Italy, 60%
of the patients reported having uncontrolled AR in 2018
[10]. The child population in Hungary aged 6 to 12 reported
a prevalence of 36.2%. [11]. In Ukraine, Kazakhstan, and
Azerbaijan, the prevalence reported from 2013 to 2015 was
3.4,92.1, and 82.7 per 1,000 people, respectively [12].

In recent years, from 2010 to 2017, the prevalence of AR
in Asian countries has ranged from 5.5 to 53% [13, 14]. The
prevalence was 6.2% in the general population of Guang-
zhou, China, 16% in Turkey, 27% in South Korea, 32% in
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the United Arab Emirates, 20.4% in Kuwait [14], and 42.7%
in Taipei [15].

The outbreak of COVID-19 prompted a lockdown to
contain the virus’s spread. The lockdown restricts public
travel and forces people to stay indoors. Indirectly, this
minimises human contact with outdoor allergens and, in
turn, may reduce the incidence of AR symptoms. In addi-
tion, imposing rules that mandate wearing a face mask in
public areas during the pandemic was suggested to reduce
inhalation of allergens. A face mask is suggested to act as a
physical barrier for filtering allergens, potentially reducing
atopic responses, and thus benefiting patients with AR by
reducing the severity of their symptoms. A study conducted
during the COVID-19 pandemic shows that nurses wear-
ing either a surgical or N95 mask had significant improve-
ments in mild (42.3% to 29.3-25.1%) and severe (20.5% to
13.0-12.6%) overall symptom burdens when compared with
those not wearing masks in one week [16]. The decreasing
trend of AR in the COVID pandemic (January to July 2020)
is demonstrated in a tertiary hospital in India, with a sig-
nificant reduction in the incidence of AR in all age groups
(5 to 65 years old) and of different levels of severity. The
decrease in pollutant levels seen in the reduction of PM 2.5
concentration by 43% and regular use of a face mask were
proposed as significant causes of the declining number of
cases of AR in the study [17].

The risk factors triggering AR have been changing over
time, and these factors are different between Western and
Asian countries. The variation between Asian and Western
countries could be due to cultural or climatic differences.
Nevertheless, the common risk factors in both regions are
pet adoption and family history, suggesting their pervasive-
ness in inducing AR manifestations worldwide. In Asian
countries, demographic characteristics, including age, gen-
der, race, and nationality, are linked to a higher risk of AR
[14]. A recent study in Turkey reports that the prevalence of
AR is higher in males in childhood, but females are affected
more from 15 years of age onwards [18]. The child popula-
tion of Hungary aged 6 to 12 years, male gender, family his-
tory, constant heavy vehicle traffic, living in a weedy area,
and living near an air-polluting factory are risk factors of
AR [11]. Children in Taipei aged 6 to 8 years who are male
were associated with an increased risk of AR [15]. Living
in cities is one of the most common trigger factors, while
family history and current living place are significant risk
factors for AR in China [19].

In Malaysia, the prevalence of AR reported in the two
most recent studies ranged from 21 to 24% in office workers
[20] and 18.8% in high school adolescents [21]. According
to a study conducted among Malaysian office workers, an
increase in age by ten years is associated with 0.72 times
lower odds of rhinitis. Meanwhile, patients with house dust

mite allergies have significantly higher odds of developing
rhinitis in the previous 12 months. Gender was, however,
not associated with the odds of rhinitis [20]. Following
these studies, limited information on the prevalence and
demography of risk factors for AR in recent years has been
reported. This study aims to describe the trend of AR in a
tertiary hospital in Malaysia over 6 years starting from 2017
to 2022, and the change in the trend of occurrence pre- and
post-pandemic.

Methods
Study Design and Population

This cross-sectional study was conducted by extracting data
from medical records of patients diagnosed with AR and
followed up in the otorhinolaryngology outpatient clinic of
Hospital Raja Permaisuri Bainun in Malaysia. This hospital
is the third largest government-funded tertiary state hospital
with 990 beds and offers specialists in all core disciplines
and subspecialties. The retrospective data of patients from
January 2017 to December 2022 were extracted from the
hospital information system. Malaysian patients of all ages
who are newly diagnosed with AR or have pre-existing
AR and have been followed up in the otorhinolaryngology
outpatient clinic were collected. The prevalence of patients
with AR who visited the otorhinolaryngology clinic after
the COVID-19 outbreak (January 2020 to December 2022)
was compared to the preceding three years (January 2017 —
December 2019).

Data Source and Extraction

We used electronic health records from the hospital infor-
mation system from Jan 1, 2017, to Oct 31, 2022. We identi-
fied the cases by searching the hospital information system
using the keywords of “allergic rhinitis, “rhinitis”, “A.R”
“A Rhinitis”, “A. Rhinitis” or “AR”. The data on age, gen-
der, ethnicity and date of hospital visit were also extracted.

Statistical Analysis

The data were analysed using IBM SPSS Statistics version
20.0. Descriptive data were expressed as mean and stan-
dard deviation (SD), while categorical data were presented
in frequency and percentage. The burden of AR was calcu-
lated by determining the prevalence, that is, by calculating
the proportion of patients with AR over the total number
of first-encountered outpatient visits to the otorhinolaryn-
gology clinic each year. A comparison was made for the
number of cases that occurred pre- and post-pandemic. A
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p-value of less than 0.05 is deemed statistically significant.
The patterns of each selected indicator and their change
were described numerically and graphically with a bar chart
plotted using points on the X-Y axis, where X is the time in
years (from 2017 to 2022), and Y is the value of the selected
indicator for each year in percent.

Results

Data were extracted from the records of 57,968 first-encoun-
ter visits to the otorhinolaryngology outpatient clinic, and
3,744 cases were included for data analysis. Overall, the
prevalence of AR cases ranged from 1.83 to 9.23% between
2017 and 2022. There was a slight decrease from 2017 to
2018 of 5.30% (9.23 to 8.74, p=0.202), and a continued
decline in 2019 of 6.83% (8.14 to 8.74%; p=0.087). When
compared to pre-pandemic levels, the prevalence of cases
fell significantly in 2020, with a 21.38% reduction in 2020
(8.14 to 6.40%; p<0.001) and a 70.22% (6.40 to 1.91%;
p<0.001) reduction in 2021. There was a slight declina-
tion 0f 4.08% in 2022 (1.91 to 1.83%; p=0.709) despite the
number of cases demonstrating an increasing trend over the
preceding year.

Table 1 The prevalence of AR cases from 2017 to 2022

When comparing different age groups, children aged 5
and below had the lowest prevalence, ranging from 0.11
to 0.43% between 2017 and 2022. Within the same period,
the age group with the highest prevalence was between 19
and 59 years old, occurring at a rate of 0.70 to 4.23%. The
AR prevalence fell drastically across all age groups except
among those aged 5 and less which showed an increase of
41.38% (0.29 to 0.42%, p=0.160). The greatest drop occur-
ring in the age group of 6 to 18 in 2020, by 36.76% (2.53 to
1.60; p<0.001); and the smallest drop occurring in the age
group of 19 to 59, by 14.37% (3.55 to 3.04; p=0.083).

In general, females had a higher prevalence of having
AR than males across all years, ranging from 0.77 to 4.65%
vs. 0.77 to 4.58%. The Malay population had the highest
rate of AR (1.01 to 4.59%), followed by the Indians (0.40 to
2.14%) and Chinese (0.30 to 2.01%) (Table 1).

Trends in Prevalence of AR by Age and Gender

A similar pattern of distribution was observed in compari-
sons of different age groups between the two genders for the
younger group (age 5 years old and below) and the older age
group (age 60 and above) (Fig. 1A and D). Males aged 6 to
18 had a higher prevalence distribution (Fig. 1B), but the
trend shifted with age. The female population was observed

Year 2017 2018 2019 2020 2021 2022
Prevalence of AR 9.23 8.74 8.14 6.40 1.91 1.83

cases [95% CI] [8.67-9.81] [8.25-9.25] [7.68-8.62] [5.76-7.09] [1.61-2.24] [1.57-2.12]
Total number of AR cases 937 1071 1078 341 148 169

Total new cases in otorhinolaryngology outpatient clinic 10,152 12,253 13,237 5326 7761 9239

Age group (year)

<5 44 (0.43) 31 (0.25) 38 (0.29) 22 (0.41) 9(0.12) 10 (0.11)
n (%) [95%ClI] [0.32-0.58] [0.17-0.36] [0.20-0.39] [0.26-0.62] [0.05-0.22] [0.05-0.20]
6to 18 284 (2.80)  329(2.69)  335(2.53)  85(1.60) 33(0.43) 56 (0.61)
n (%) [95%CI] [2.49-3.14] [2.41-2.99] [2.27-2.81] [1.28-1.97] [0.29-0.60] [0.46-0.79]
19 to 59 429 (4.23)  492(4.02) 470 (3.55) 162 (3.04) 76 (0.98) 65 (0.70)
n (%) [95%CI] [3.84-4.64] [3.67-4.38] [3.24-3.88] [2.60-3.54] [0.77-1.22] [0.54-0.90]
>60 180 (1.77)  219(1.79)  235(0.67) 72 (1.35) 30 (0.39) 38(0.41)
n (%) [95%ClI] [1.53-2.05] [1.56-2.04] [0.58-0.76] [1.06-1.70] [0.26-0.55] [0.29-0.56]
Gender

Male 465 (4.58) 514(4.19)  527(3.98) 165 (3.10)  88(1.13) 71 (0.77)
n (%) [95%CI] [4.18-5.01] [3.85-4.57] [3.654.33] [2.65-3.60] [0.91-1.40] [0.60-0.97]
Female 472 (4.65) 557 (4.55) 551(4.16) 176 (3.30) 60 (0.77) 98 (1.06)
n (%) [95%ClI] [4.25-5.08] [4.18-4.93] [3.83-4.52] [2.84-3.82] [0.59-0.99] [0.86-1.29]
Ethnicities

Malay 466 (4.59) 549(4.48) 573(4.33) 200(3.76) 87(1.12) 93 (1.01)
n (%) [95%CI] [4.19-5.02] [4.12-4.86] [3.99-4.69] [3.26-4.30] [0.90-1.38] [0.81-1.23]
Chinese 204 (2.01)  223(1.82) 227(1.71) 70(1.31) 23 (0.30) 35(0.38)
n (%) [95%ClI] [1.75-2.30] [1.59-2.07] [1.50-1.95] [1.03-1.66] [0.19-0.44] [0.26-0.53]
Indian 217 (2.14)  251(2.05) 232(1.75) 60(1.13) 31 (0.40) 40 (0.43)
n (%) [95%CI] [1.86-2.44] [1.81-2.31] [1.54-1.99] [0.86-1.45] [0.27-0.57] [0.31-0.59]
Others (e.g., Orang Asli) 50 (0.49) 48 (0.39) 46 (0.35) 11 (0.21) 7 (0.09) 1(0.01)

n (%) [95%CI] [0.37-0.65] [0.29-0.52] [0.25-0.46] [0.10-0.37] [0.04-0.19] [0.00-0.06]
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Fig. 1 (A to D) Trends in prevalence of AR among patients visiting an otorhinolaryngology outpatient clinic stratified by age and gender, 2017 to

2022

to have a higher prevalence of AR between the ages of 19
and 59 (Fig. 1C).

Trends in Prevalence of AR by Ethnicity and Gender

In comparing different ethnicities by gender, both genders
among the Malay population had the highest prevalence,
nearly two times higher than the Chinese and Indian ethnici-
ties. Our results indicate that the prevalence of AR among
Indian differed by gender. Among females, the prevalence
of AR was higher among Indian ethnicity than among Chi-
nese and other ethnicity. However, among males, Chinese
was higher than Indian.

Trends in Prevalence of AR Pre- and Post-pandemic

There was no statistical difference in gender (p=0.864),
in comparing genders across four different age groups
(p=0.363, 0.556, 0.948, 0.456 for the ages of <5, 6-18,
19-59, and >60, respectively), as well as in comparing
genders across different ethnicities (p=0.909, 0.772, 1.000,
1.000 for the Malay, Chinese, Indian, and other ethnicities,
respectively) in the pre-pandemic (years 2017-2019) and
post-pandemic (years 2020-2022) periods. In comparing
ethnicities for each age group, only those aged 60 and above
had significant associations with the ethnicity pre- and post-
pandemic. During the pre-pandemic, 75.4 to 87.5% of those
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Fig.2 (A) & 2 (B) Trends in prevalence of AR among patients visiting an otorhinolaryngology outpatient clinic stratified by ethnicity and gender,

2017 to 2022
Table 2 Comparison of preva- Age group Ethnic Pre-Pandemic Post-Pandemic (2020-2022) $(df) p-value
lence of AR between pre- and (2017-2019) n=658,n (%)
post-.p.andemics by age group and n=3086, n (%)
ethnicity <5 Malay 80 (70.8) 33(29.2) 1.401* 0.715%
Chinese 11 (78.6) 3(21.4)
Indian 19(79.2) 5(20.8)
Others 3 (100.0) 0(0.0)
6to 18 Malay 629 (83.0) 129 (17.0) 4.525(3) 0.208
Chinese 117 (89.3) 14 (10.7)
Indian 174 (86.6) 27 (13.4)
Others 28 (87.5) 4(12.5)
19 to 59 Malay 750 (81.0) 176 (19.0) 3.479 (3) 0.327
Chinese 234 (83.6) 46 (16.4)
Indian 343 (82.5) 73 (17.5)
Others 64 (88.9) 8 (11.1)
>60 Malay 129 (75.4) 42 (24.6) 8.507(3)  0.037
The p-value was analysed using Chi.nese 292 (81.8) 65(18.2)
the Chi-square test. *analysed Indian 164 (86.3) 26 (13.7)
with Fisher’s Exact test Others 49 (87.5) 7(12.5)

aged 60 and up had AR, while in the post-pandemic, it
decreased to 12.5 to 24.6% (p=0.037) (Table 2).

Discussion

This study describes the trend of AR in the past six years,
encompasses all age groups, and informs the gap in prev-
alence data beyond 2016 in an urban region in Malay-
sia. Additionally, the result showed the trend of AR case
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distribution pre- and post-pandemic. The information
derived from the comparison of genders, age groups, and
ethnicities adds knowledge about the demographic charac-
teristics of AR patients.

In general, our findings showed that the prevalence of
AR was higher in the pre-pandemic period (2017-2019)
than in the post-pandemic period (2020-2022). These three
years recorded a prevalence ranging from 8.14 to 9.23%
among patients visiting the otorhinolaryngology outpatient
clinic. The pre-pandemic prevalence trend is consistent with
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findings in other countries. An epidemiology study of AR
in Asia shows a wide range of prevalence, ranging from
1.4 to 32% [14]. The prevalence varied mainly due to dif-
ferences in terms of geographical location, study design,
and the populations being studied between 1994 and 2017.
The findings of our study suggested the relation between
AR and COVID-19 in terms of epidemiology. The reduc-
tion trend of prevalence was also demonstrated in other
studies [17, 22]. This phenomenon could be explained by
the social changes driven by COVID-19. The changes are
innumerable and should be considered, as those factors may
have contributed to the decrease in allergic diseases. These
factors may include increased vigilance about sanitation
and hygiene, increased awareness of medical conditions
and vulnerability to disease, improved compliance with
medications, decreased spread of respiratory infection, and
decreased exposure to inhaled irritants because of reduced
socioeconomic activities [23, 24].

Our study shows that those aged 6 to 18 represented
nearly one-third of the cases yearly from 2017 to 2019. This
finding is similar to two studies in Budapest. First, the prev-
alence of primary school children aged 6 to 12 increased
significantly from 14.9 to 23.5% between 2007 and 2013
[25]. Secondly, in 2019, about one-third (36.2%) of primary
school children had AR [11]. A significant rise is observed
among Korean school-age children (6 to 18 years old), from
24.3 to 27.6% between 2013 and 2017 [26]. According to
the findings of this study, males aged 6 to 18 had a higher
prevalence than females. A similar distribution pattern is
seen in Korea and Budapest in 2017 and 2019, for 52.6%
vs. 47.4%, 37.9% vs. 31.2%, and 38.4% vs. 29.5%, respec-
tively [11, 25, 26].

A shift in the prevalence from male predominance in
the younger age group (6 to 18 years old) to female pre-
dominance in the older age group (19 to 59 years old) was
observed in this study. Our findings were consistent with pre-
vious evidence that disease prevalence differed across gen-
der and changed over the circle of life. A study by Frohlich
et al. (2017) found a gender shift in prevalence: the male-
to-female ratio in adolescents is 0.80, and the prevalence of
females increases as the age progresses to adulthood, with
a male-to-female ratio of 0.98 among the population with
allergic rhinitis only [27]. Disparities in the development
of allergy reactions between males and females are deter-
mined by genes, hormones, immunology, and the environ-
ment [28]. Knowing the role of gender provides insights to
drive exploration of the many aspects of this relationship
that are yet unknown, which could improve preventive,
diagnostic, and therapeutic approaches to allergic diseases
[29]. Notably, there was no difference between the two gen-
ders across different age groups and ethnicities before and
after the COVID-19 pandemic. In congruence with a recent

study done in Korea, there is no significant change in the AR
prevalence between genders when comparing the number of
cases among adults between 2019 and 2020 [30].

The Malay population demonstrated approximately two
times higher prevalence than the other ethnicities. The
Bumiputra (Malay as the majority in Peninsular Malaysia)
comprised 69.9%, the Chinese 22.8%, the Indians 6.6%,
and others 0.7% of the Malaysian population. The ethnic
composition of the country is nearly identical to that of
Malaysia’s Perak State [31]. In this state, in 2020, the Malay
constituted 59.6%, the Chinese 28.2%, and the Indian 11.9%
[32]. Ethnicity is shown to have an influence on symptom
manifestations and degrees of severity. Significantly, Chi-
nese people have the mildest symptoms, while Malay peo-
ple have the worst [33], and our study showed a consistent
result with those findings, where the Malays had the highest
prevalence of the three ethnicities. Despite the fact that Indi-
ans comprise about 10% of the Malaysian population, the
prevalence of AR in this study is comparable to that of the
Chinese population, implying that the Chinese population
is the least affected by AR. This finding was also consistent
with a previous local study [33]. However, there is a pau-
city of published material on the relationship between local
population ethnicity and AR, and the causative mechanism.
More attention to this characteristic may help in the under-
standing of scientific and clinical research findings, as well
as in the designing of future therapeutic strategies.

Study Limitations

This was a single-center study and may not represent the
trend of AR distribution in other centres or regions of
Malaysia. Nevertheless, the otorhinolaryngology depart-
ment in this tertiary hospital is the main referral hospital
in Perak, a state in the northwest of Peninsular Malaysia.
Hospital Raja Permaisuri Bainun is a state hospital located
in the Kinta District, with a population of one million. This
hospital’s epidemiology data is comparable to other referral
hospitals with comparable population sizes.

This study investigated the trend and the association of
age, gender, and ethnicity with the prevalence of AR; other
demography factors, such as the location of residency (rural
vs. urban), comorbidities, and other ethnic groups in East
Malaysia (Sabah and Sarawak), are recommended to be
explored in future studies.

Conclusion
The trend in the prevalence of AR in a tertiary referral

hospital in Malaysia was 8.14 to 9.23% pre-pandemic and
reduced to 1.83 to 6.40% post-COVID-19 pandemic. The
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change in the prevalence of AR during the COVID-19 pan-
demic warrants public health attention. More research is
needed to determine the association between the prevalence
of AR and the social-cultural changes caused by COVID-
19. The findings could lead to future recommendations to
experts for assisting patients in preventing AR exacerba-
tions. There was a substantial difference in the prevalence
of allergic rhinitis based on ethnicity and age group. Our
findings have significant clinical and research implications.
Further research is required to understand the mechanisms
underlying these disparities. Understanding the interface
between an epidemiological approach and clinical and sci-
entific research in this field may also provide tools for opti-
mal allergic rhinitis management in different age groups and
ethnicities. Providing accessible tools and resources, includ-
ing materials appropriate for different literacy levels, lan-
guages, and cultures, will promote effective communication
with diverse patient groups, given that these factors inter-
sect and compound, leading to poorer therapeutic outcomes.

Acknowledgements We would like to thank the Director General of
Health Malaysia for his permission to publish this article.

Authors’ Contribution The first two authors each wrote the first
draught of the manuscript. The third, fourth, and fifth edit and review
the article. The last authors proof-read and finalised the article.

Funding The authors did not receive funding for this write-up.

Data availability The data are belonged to Clinical Research Centre
and the Perak State Health Department under the Malaysian Ministry
of Health. Hence, it cannot be shared publicly. However, with a rea-
sonable request, should any party require the data, they can send their
request to the corresponding author with permission from the Director
General of Health prior to being shared with any party.

Declarations

Ethics approval and consent to participate to conduct this study has
been obtained from the Malaysian Medical Research & Ethics Com-
mittee. This study has been registered with the Malaysian National
Medical Research Register NMRR 1D-22-02200-FTJ (IIR)]. Obtain-
ing informed consent is not required as this study involved the extrac-
tion of patient records. The unique identifier was not collected.

Consent for publication All authors agree to the submission of this
article to the Allergy, Asthma & Clinical Immunology.

Competing interests The authors declared no conflict of interest.

References

1. Bauchau V, Durham SR (2004) Prevalence and rate of diagnosis
of allergic rhinitis in Europe. Eur Respir J 24(5):758-764

2. Asher MI, Montefort S, Bjorkstén B, Lai CKW, Strachan DP,
Weiland SK et al (2006) Worldwide time trends in the prevalence
of symptoms of asthma, allergic rhinoconjunctivitis, and eczema

@ Springer

10.

11.

12.

13.

14.

20.

21.

in childhood: ISAAC phases one and three repeat multicountry
cross-sectional surveys. Lancet 368(9537):733-743

Meltzer EO, Blaiss MS, Naclerio RM, Stoloff SW, Derebery MJ,
Nelson HS et al (2012) Burden of allergic rhinitis: allergies in
America, Latin America, and Asia-Pacific adult surveys. Allergy
Asthma Proc 33(Suppl 1):S113-S141

Pawankar R, Canonica GW, Holgate ST, Lockey RF, Blaiss
MS (2013) World Allergy Organization (WAQO) White Book on
Allergy: Update 2013. World Allergy Organization, Wisconsin
Ozdoganoglu T, Songu M (2012) The burden of allergic rhinitis
and asthma. Ther Adv Respir Dis 6(1):11-23

Zhang Y, Zhang L (2018) Increasing prevalence of allergic rhini-
tis in China. Allergy Asthma Immunol Res 11(2):156-169
Zuberbier T, Létvall J, Simoens S, Subramanian SV, Church MK
(2014) Economic burden of inadequate management of allergic
diseases in the European Union: a GA(2) Len Review. Allergy
69(10):1275-1279

Kulthanan K, Chusakul S, Recto MT, Gabriel MT, Chen DWA,
Prepageran N et al (2018) Economic burden of the inadequate
management of allergic rhinitis and urticaria in asian countries
based on the GA’LEN model. Allergy Asthma Immunol Res
10(4):370-378

Li X, Xu X, Li J, Huang Y, Wang C, Zhang Y, Zhang L (2022)
Direct and indirect costs of allergic and non-allergic rhinitis to
adults in Beijing, China. Clin Transl Allergy 12(4):e12148

Gani F, Lombardi C, Barrocu L, Landi M, Ridolo E, Bugiani M et
al (2018) The control of allergic rhinitis in real life: a multicenter
cross-sectional italian study. Clin Mol Allergy 16:4

Sultész M, Horvath A, Molnar D, Katona G, Mezei G, Hirsch-
berg A et al (2020) Prevalence of allergic rhinitis, related comor-
bidities and risk factors in schoolchildren. Allergy Asthma Clin
Immunol 16(1):98

Nugmanova D, Feshchenko Y, Khegay Y, lashyna L, Gyrina O,
Vasylyev A et al (2021) The prevalence of allergic rhinitis, its
triggers, and associated factors in Commonwealth of Independent
States countries (Ukraine, Kazakhstan, and Azerbaijan): results
of the CORE Study. Dubai Med J 4:81-92

Ministry of Health, Singapore (2010) Clinical practice guide-
lines: management of rhinosinusitis and allergic rhinitis. Ministry
of Health, Singapore

Chong SN, Chew FT (2018) Epidemiology of allergic rhinitis and
associated risk factors in Asia. World Allergy Organ J 11(1):17
Ho CL, Wu WF (2021) Risk factor analysis of allergic rhinitis in
6-8 year-old children in Taipei. PLoS ONE 16(4):0249572

. Dror AA, Eisenbach N, Marshak T, Layous E, Zigron A, Shi-

vatzki S et al (2020) Reduction of allergic rhinitis symptoms with
face mask usage during the COVID-19 pandemic. J Allergy Clin
Immunol 8(10):3590-3593

Dayal AK, Sinha V (2022) Trend of allergic rhinitis post COVID-
19 pandemic: a retrospective observational study. Indian J Otolar-
yngol Head Neck Surg 74(1):50-52

Kef K, Giiven S (2020) The prevalence of allergic rhinitis and
associated risk factors among university students in Anatolia. J
Asthma Allergy 13:589-597

Li CW, Chen DH, Zhong JT, Lin ZB, Peng H, Lu HG et al (2014)
Epidemiological characterization and risk factors of allergic rhi-
nitis in the general population in Guangzhou City in China. PLoS
ONE 9(12):¢114950

Lim FL, Hashim Z, Than LTL, Md Said S, Hashim JH, Norback
D (2015) Asthma, airway symptoms and rhinitis in office workers
in Malaysia: associations with house dust mite (HDM) allergy,
cat allergy and levels of house dust mite allergens in office dust.
PLoS ONE 10(4):¢0124905

Norbiack D, Hashim JH, Cai GH, Hashim Z, Ali F, Bloom E et
al (2016) Rhinitis, ocular, throat and dermal symptoms, head-
ache and tiredness among students in schools from Johor Bahru,



Indian Journal of Otolaryngology and Head & Neck Surgery (2023) 75:2952-2959

2959

22.

23.

24.

25.

26.

27.

28.

Malaysia: associations with fungal DNA and mycotoxins in class-
room dust. PLoS ONE 11(2):e0147996

Koo MJ, Kwon R, Lee SW, Choi YS, Shin YH, Rhee SY et al
(2022) National trends in the prevalence of allergic diseases
among korean adolescents before and during COVID-19,
2009-2021: a serial analysis of the national representative study.
Allergy. https://doi.org/10.1111/all.15600

Choi HG, Kong IG (2021) Asthma, allergic rhinitis, and atopic
dermatitis incidence in korean adolescents before and after
COVID-19. J Clin Med 10(15):3446

Shah M, Alsabri M, Al-Qadasi F, Malik S, McClean C, Ahmad
K et al (2022) Asthma outcome measures before and after the
COVID-19 outbreak among the pediatric population in a com-
munity hospital. Cureus 14(6):¢25621

Sultész M, Balogh I, Katona G, Mezei G, Hirschberg A, Galffy
G (2017) Trends in prevalence and risk factors of allergic rhinitis
symptoms in primary schoolchildren six years apart in Budapest.
Allergol Immunopathol (Madr) 45(5):487—495

Ha J, Lee SW, Yon DK (2020) Ten-year trends and prevalence of
asthma, allergic rhinitis, and atopic dermatitis among the korean
population, 2008-2017. Clin Exp Pediatr 63(7):278-283
Frohlich M, Pinart M, Keller T, Reich A, Cabieses B, Hohmann
C et al (2017) Is there a sex-shift in prevalence of allergic rhini-
tis and comorbid asthma from childhood to adulthood? A meta-
analysis. Clin Transl Allergy 7:44

Leffler J, Stumbles PA, Strickland DH (2018) Immunological
processes driving IgE sensitisation and disease development in
males and females. Int J Mol Sci 19(6):1554

29.

30.

31.

32.

33.

De Martinis M, Sirufo MM, Suppa M, Di Silvestre D, Ginaldi L
(2020) Sex and gender aspects for patient stratification in allergy
prevention and treatment. Int J Mol Sci 21(4):1535

Choi HG, Kim SY, Joo YH, Cho HJ, Kim SW, Jeon YJ (2022)
Incidence of asthma, atopic dermatitis, and allergic rhinitis in
korean adults before and during the COVID-19 pandemic using
data from the Korea National Health and Nutrition Examination
Survey. Int J Environ Res Public Health 19(21):14274

The Office of Chief Statistician Malaysia (2022) Current Popula-
tion estimates, Malaysia, 2022. Department of Statistics Malay-
sia, Putrajaya

Mohamad Ashi SH (2021) Population by age group, sex and eth-
nic group, Perak. Department of Statistics Malaysia, Putrajaya
Amini P, Abdullah M, Seng LS, Karunakaran T, Hani N, Bakar
SA et al (2016) Ethnicity influences disease characteristics and
symptom severity in allergic rhinitis patients in Malaysia: eth-
nicity in severity of allergic rhinitis. Int Forum Allergy Rhinol
6(6):624-630

Publisher’s Note Springer Nature remains neutral with regard to juris-
dictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds
exclusive rights to this article under a publishing agreement with the
author(s) or other rightsholder(s); author self-archiving of the accepted
manuscript version of this article is solely governed by the terms of
such publishing agreement and applicable law.

@ Springer


http://dx.doi.org/10.1111/all.15600

	﻿The Trend of the Burden of Allergic Rhinitis Pre- and Post-COVID-19 Pandemic in the Urban Population of Perak, Malaysia
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Study Design and Population
	﻿Data Source and Extraction
	﻿Statistical Analysis

	﻿Results
	﻿Trends in Prevalence of AR by Age and Gender
	﻿Trends in Prevalence of AR by Ethnicity and Gender
	﻿Trends in Prevalence of AR Pre- and Post-pandemic

	﻿Discussion
	﻿Study Limitations

	﻿Conclusion
	﻿References


