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Background: Chronic respiratory diseases are risk factors for severe disease in coronavirus disease 2019 (COVID-
19). Respiratory tract infection is one of the commonest causes of acute exacerbation of chronic obstructive
pulmonary disease (AECOPD). There has not been evidence suggesting the link between COVID-19 and AECOPD,
especially in places with dramatic responses in infection control with universal masking and aggressive social
distancing.

Methods: This is a retrospective study to assess the number of admissions of AECOPD in the first three months of
2020 in Queen Mary Hospital with reference to the admissions in past five years. Log-linear model was used for
statistical inference of covariates, including percentage of masking, air quality health index and air temperature.
Results: The number of admissions for AECOPD significantly decreased by 44.0% (95% CI 36.4%-52.8%, p <
0.001) in the first three months of 2020 compared with the monthly average admission in 2015-2019. Compare
to same period of previous years, AECOPD decreased by 1.0% with each percent of increased masking (p <
0.001) and decreased by 3.0% with increase in 1 °C in temperature (p = 0.045). The numbers of admissions for
control diagnoses (heart failure, intestinal obstruction and iron deficiency anaemia) in the same period in 2020
were not reduced.

Conclusions: The number of admissions for AECOPD decreased in first three months of 2020, compared with
previous years. This was observed with increased masking percentage and social distancing in Hong Kong. We
postulated universal masking and social distancing during COVID-19 pandemics both contributed in preventing
respiratory tract infections hence AECOPD.

1. Introduction

In late 2019, coronavirus disease 2019 (COVID-19) due to severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infections
started off in Wuhan, China. The infection rapidly evolved and spread to
most countries around the world, leading to a pandemic. As of 12 June
2020, more than 7.4 million people were infected, causing more than
418,000 deaths globally. Clinical presentation of COVID-19 ranges from
asymptomatic to fatal pneumonia. Underlying chronic respiratory dis-
eases was identified as one of the risk factors for severe COVID-19
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disease [1-3].

Chronic obstructive pulmonary disease (COPD) is one of the com-
monest chronic respiratory diseases in the world and in Hong Kong.
Acute exacerbation of COPD (AECOPD) requiring hospitalizations is
associated with accelerated decline in lung function, worsened quality of
life, increased risk of future exacerbations and increased mortality. It is
the fourth leading cause of death in the world but is projected to be the
third leading cause of death by 2020 [4-9].

Respiratory tract infection is one of the commonest triggers of
AECOPD in which influenza is associated with considerable mortality
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and morbidity [10-14]. Both exposure to certain air pollutants and low
temperature are also shown to confer increased risk of AECOPD [15].

There is yet no evidence suggests the link between COVID-19 and
AECOPD requiring hospitalization. As a respiratory tract pathogen,
SARS-CoV-2 infections can potentially cause more AECOPD. Hong Kong
society had dramatic responses in infection control and voluntarily
adopted universal masking and aggressive social distancing since the
first confirmed case of COVID-19 on 23™ January 2020. The percentage
of wearing masks by the public was 74.5% on 20th to 23rd January
2020, 97.5% on 11th to 14th February and 98.8% on 10th to 13rd March
2020 (n = 10,319, Fig. 1). It was obtained from a survey from the Hong
Kong Public Opinion Research Institute (HKPORI), which carried three-
cross sectional telephone survey among general adult population in
Hong Kong, with self-reporting of wearing a face mask when going out.
Telephone numbers were randomly generated by computer system.
Masking was not specifically defined but was generally understood by
the public as surgical masks, while some may use re-useable mask [16,
17]. Social distancing was widely practised by Hong Kong citizens, with
some government policy since 25th January 2020 including closure of
all schools, work from home policy for most government employees,
closure of recreational business and bars, and ban on gathering of more
than four people in public places ([18], Fig. 1). As such, for a city in close
proximity to China, Hong Kong has a relatively low case load of
COVID-19. Whether universal masking can provide additional benefits
on AECOPD, is the focus of our current study.

2. Materials and methods

This was a retrospective study to assess number of admissions for
AECOPD during the period of COVID-19 in Queen Mary Hospital (QMH)
with reference to the admission number in the past 5 years. QMH is a
tertiary hospital provides acute care under Hospital Authority, a public
organization accountable for 90% of in-patient services in Hong Kong
[19]. The study period was January to March 2020, when World Health
Organization (WHO) confirmed the novel coronavirus, later called
COVID-19 infection on 9 January 2020, with the first imported case
from Wuhan to Hong Kong on 23 January 2020. Patients above 45 years
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old with known COPD admitted for AECOPD from the period 1st
January 2015 to 31st March 2020 were included in the study. Data was
obtained by retrieval of admission records from the Clinical Data
Analysis and Reporting System (CDARS) of Hospital Authority. Principal
diagnoses with ICD-9 codes of 469 and 491 were searched on CDARS.
Inclusion criteria include 1) age above 45-year-old 2) with known
diagnosis of COPD 3) and with AECOPD. Exclusion criteria include 1)
Age of 45-year-old or below 2) with COPD admitted for causes of dys-
pnea other than AECOPD 3) with coexisting pulmonary diseases
including asthma-COPD overlap syndrome and bronchiectasis, which
are being identified as the secondary diagnoses in CDARS. Demographic
data (including age, gender), clinical data/investigations (including
date of admission, length of hospital stay, blood and sputum culture
results, use of non-invasive ventilation and invasive mechanical venti-
lation) were collected. Length of stay (LOS) and mortality were used as
markers of severity of AECOPD admission, with longer length of stay and
higher mortality indicated more severe condition of patients. Data on
other acute admissions within the same period including heart failure
(ICD-9 code 428), intestinal obstruction (ICD-9 code 560) and iron
deficiency anaemia (ICD-9 code 280) were taken as control diagnoses.
These control diagnoses were taken as reference of health-seeking
behavior during period of COVID-19 with evaluating possibility of
decreased hospital attendance due to various reasons including fear of
being infected by COVID-19 or not to overload hospital care.
Percentage of masking [16], air quality, as measured by Air Quality
Health Index (AQHI), temperature and incidence of influenza A and B in
the period from January 2015 to March 2020 in Hong Kong were also
collected and their associations with COPD exacerbation were studied
with highlights on the COVID-19 period. Relationship between per-
centage of mask usage and AECOPD was calculated with assumption of
1% on the period prior COVID-19, in accounting for the pregnant lady
and immunocompromised patients who were advised to wear masks.
AQHI was calculated by the Hong Kong Environmental Protection
Department (HKEPD), based on the cumulative health risk attributable
to a 3-hour moving average concentrations of four air pollutants, namely
ozone (03), nitrogen dioxide (NO2), sulphur dioxide (SO2) and partic-
ulate matter (PMy 5/PM;0). The AQHI system provided different health
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advice for people having different degree of susceptibility to air pollu-
tion, including people with existing heart or respiratory illnesses, chil-
dren and the elderly, outdoor workers and the general public. It was
reported in scale of 1-10 and 10+ and grouped into five health risk
categories, namely low [1-3], moderate [4-6], high [7], very high
[8-10] and serious [10+] with different precautionary actions were
advised. People with respiratory illness were advised to reduced outdoor
physical exertion and to minimize their stay in outdoor when AQHI was
high, very high or serious. The AQHI was reported hourly in 13 stations
located in different area of Hong Kong [20]. The total number of hours
with AQHI recorded as high, very high or serious were summed up and
expressed as percentage of total number of hours collected in a month.
Log-linear model was used for statistical analysis of the possible asso-
ciation between AQHI and AECOPD. Mean ambient temperature in
Degree Celsius of each month was collected from the Hong Kong Ob-
servatory [21]. Influenza incidence was collated from territory-wide
laboratory surveillance data for both in-patients and out-patients in
both public and private medical sectors from the Centre for Health
Protection, HKSAR, with relative static number of specimens collected
over the period [22].

For statistical inference about the association between covariates (air
temperature, AQHI and mask usage) and admission count, log-linear
modeling was used in this study. It was also applied for statistical
inference for admission count between the three different time periods,
namely first three months of 2020, first three months of 2015-2019 and
all months in 2015-2019. To balance the model fitness and complexity,
Akaike information criterion (AIC) was used for model selection. Both
traditional asymptotic test statistics and bootstrapping were considered.
The later approach was a re-sampling method for statistical inference
with less restrictive assumptions, which can help to handle relatively
small sample size. It was designed to recover the distribution of model
parameters and provided alternative estimates of key quantities such as
confidence intervals and p-value based on some randomly shuffling the
labels under the null hypothesis [23,24]. Bootstrap sample size was set
as 9999 to achieve adequate precision for significance. Two-sided tests
were conducted for general differences and p < 0.05 was taken as sig-
nificant differences. Fisher exact test was used to compare the mortality
rate and percentage of LOS of more than 5 days between the two time
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periods. Number of admission of the two time periods were classified
into two categories (for mortality: death/alive or whether LOS
exceeding 5 days) and hence formed a 2-by-2 contingency table. Further
details of these biostatistical methods are listed in Appendix 1. The study
was approved by the local Institutional Review Board for ethical and
scientific review.

3. Results

From January 2015 to March 2020, total of 4749 admissions for
AECOPD were recorded, of which 4627 admissions were from the period
of 2015-2019 and 122 admissions in first three months of 2020 (Fig. 2).
In the five-year period of 2015-2019 as a whole, the monthly average
number of admissions was 77 (ranged from 66 to 89 in each year). We
observed that the admission for AECOPD was highest in the first three
months every year. By averaging the total number of admissions in the
first three months in each year of 2015-2019, the monthly admission
count was 92 (ranged from 81 to 105 in each year). The average monthly
AECOPD admission was 41 in the first three months of 2020 (Table 1).
Based on log-linear modeling, the estimated drop in admission counts in
the first three months of 2020 was 44.0% (95% CI 36.4%-52.8%, p <
0.001). No patient in our included study population was COVID-19
positive.

Further statistical analyze on the severity of admission and effects of
different factors on AECOPD was performed with focus on the first three
months in 2015-2019 and 2020 as more complete masking was
observed in first three months of 2020. LOS and mortality were used as
indicators of severity in admission. In first three months of 2015-2019,
total number of patients with LOS of more than 5 days was 128 out of
1385 patients, while that in the first three months of 2020 was 8 out of
122 patients. Mortality in first three months of 2015-2019 was 32 and 4
in first three months of 2020 (Fig. 3). Comparing the proportion of LOS
and mortality between the two periods by Fisher exact test, both LOS
more than 5 days (p = 0.410) and mortality (p = 0.528) were statisti-
cally insignificant between the two periods (Table 1).

For the effect of wearing facemasks, the expected admission count
would reduce by 1.0% with each percent of increase in masking (p <
0.001). Average monthly admission in the first three months of
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Table 1
Admissions for AECOPD and control diagnoses, influenza detection and AECOPD severity indicators for different periods.
Only Jan to Mar, Only Jan to Mar, All months, Pvalue (A vs Pvalue (A vs P value P value P value
2020 (A) 2015-2019 (B) 2015-2019 (C) B)" Q)* (Masking) (Temp) (AQHD
Admissions, monthly average no.
AECOPD 41 92 77 <0.005 <0.005 <0.001 0.045 0.315
Heart failure 73 89 69 0.086 0.448 0.217 0.173 0.250
Intestinal obstruction 27 23 24 0.192 0.347 0.398 0.933 0.877
Iron deficiency 21 17 19 0.062 0.385 0.186 0.775 0.797

anaemia

Influenza A or B detection, monthly average no.
No. of viruses 1888 3958 1966 <0.005 <0.005

AECOPD severity indicators

LOS >5 days, % (No/ 6.6 (8/122) 9.2 (128/1385) 8.6 (396/4627) 0.410 0.513 - - -
total)

Mortality, % (No 3.3 (4/122) 2.3 (32/1385) 2.5 (117/4627) 0.528 0.553 - -
deaths/total)

AECOPD, acute exacerbation of chronic obstructive pulmonary disease; AQHI = Air Quality Health Index; LOS = length of stay; Temp = Temperature; - not applicable.
? Log-linear modeling or Fisher exact tests.

2015-2019 was 92. Increase in masking from 1% to 98.8% would
decrease admission number by 59.2% to 38 admissions per month, given
temperature remained constant. Increase in 1 °C in temperature would
reduce AECOPD by 3.0% (p = 0.045). The percentage of AQHI with high
to serious levels ranged from 0 to 13% in the period and ranged from 0 to
4.9% in first three months with worse AQHI observed in October and
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January and February 2015 and 2019 (Fig. 2). The average monthly
admission number for heart failure was 73 in the first quarter of 2020.
The effect of masking (p = 0.217), AQHI (p = 0.173) and temperature (p
= 0.250) were statistically insignificant. The difference in admission
number between periods was statistically insignificant (Table 1).

The average monthly admission for intestinal obstruction and iron
deficiency anaemia were static over the period 2015 to 2020. Average
number of admissions was 24 per month for intestinal obstruction and
19 per month for iron deficiency anaemia (Fig. 2). In the first three
months of 2020, the average number of admissions for intestinal
obstruction was 27 and for iron deficiency anaemia was 21. The effect of
wearing facemasks, AQHI and temperature were statistically insignifi-
cant. The difference in admission number between periods was statis-
tically insignificant (Table 1).

4. Discussion

Our study is the first to show the change in hospitalization number of
AECOPD during COVID-19 pandemic and its relationship with per-
centage of masking, temperature and air quality. Compared with other
conditions that require hospitalization for management, including heart
failure, intestinal obstruction and iron deficiency anaemia, AECOPD
admission number in the first three months of 2020 was significantly
lower when compared to the same periods in previous years. The drastic
drop in admission number cannot be fully explained by change in
health-seeking behaviors in fear of attending hospitals as shown by
admission of control diagnoses were not decreased. The COPD mortality
and LOS more than 5 days were similar in the same period which sug-
gested the severity of AECOPD could be the same. Universal masking
and higher temperature were shown to associate with decrease in
AECOPD. The possible explanation could be universal masking and so-
cial distancing could effectively prevent respiratory tract infections and
hence AECOPD. This was further supported by the drastic concomitant
drop in number of influenza in Hong Kong in the same period. The
number of admissions of the conditions including heart failure, intesti-
nal obstruction and iron deficiency anaemia, which are unaffected by
universal masking was static. These results suggested that the decrease
in AECOPD admission in the first quarter of 2020 was attributable to the
effect from universal masking and social distancing, which was vigor-
ously practiced in Hong Kong in time of COVID-19 pandemic.

Worsening of air pollution with higher percentage of AQHI with high
to serious was associated with more AECOPD admission but was sta-
tistically insignificant in our study. However, air pollution is known to
be associated with increase in AECOPD and this should be acknowl-
edged. The statistical insignificance can be accountable by the relatively
small variation of percentage with high to serious AQHI in the period
(ranges from 0 to 4.9% in the first quarter of years).

AECOPD is one of the most important complications of COPD which
could lead to adverse outcomes. Prevention of recurrent AECOPD is the
main goal of respiratory physicians. Both non-pharmacological and
pharmacological therapies, including standard treatment based on
GOLD guideline and influenza and pneumococcal vaccine have been
advocated but the number of hospitalizations for AECOPD remained
static over the past five years [25-29]. The decrease in hospitalization
number for AECOPD in the first three months of 2020 coincided with the
well-observed phenomenon of universal masking and social distancing
in Hong Kong, together with low case load and local transmission rate of
COVID-19 and low incidence of influenza. Apart from reducing
COVID-19 case numbers, these measures were likely to bring about
additional benefit for non-SARS-CoV-2 infected patients, especially
COPD patients by protecting them against respiratory tract infection via
air-borne or droplet transmission. Our study results suggested a possible
link between universal masking and social distancing with decrease in
AECOPD admission.

Masking and social distancing could also contribute to the decrease
in number of influenza from January to March 2020. The number of

Respiratory Medicine 171 (2020) 106085

influenza in January 2020 was close to previous years with 5154 cases,
with a drastic drop in February and March 2020, with commencement of
universal masking and social distancing in end of January. The magni-
tude of drop in influenza case number was not observed following an
increase in influenza vaccination number from 579,000 in year 2015/
2016 to 1,372,300 in 2019/2020, hence cannot be completely
accountable by seasonal influenza vaccination [30].

Apart from the drop in AECOPD in January to March 2020, we also
observed there was a large decrease in admission for heart failure be-
tween January and February 2015 and 2019. Yet there is no obvious
reason accountable for the decrease in admission for heart failure in the
period. This phenomenon should be acknowledged that the drop on
admission may or may not due to obvious external cause.

Our observational study in Hong Kong suggested the benefits of
masking and social distancing can potentially extend beyond prevention
of COVID-19, including early termination of influenza season and drop
in the number of hospitalizations due to AECOPD in the first quarter of
2020.

5. Limitations

The potential limitation of this study was that it only involved a
single centre, QMH. The centre served an area in Hong Kong with
relatively stable population size with no major service change in the past
five years [31]. Using districts with relatively stable population size and
with only one acute hospital with Accident and Emergency Department
would remove the bias from population size change and also that from
loss of patients due to admission to another centre within the same
district. This can also use as a reference for projection of the condition of
healthcare system in Hong Kong.

Moreover, our study only included patients with AECOPD admitted
to aregional tertiary hospital. Some patients with mild attack might visit
outpatient clinics hence not all patients with AECOPD were included.
However, patients with severe attack who attended outpatient clinics
are generally referred to Emergency Department and admitted, hence
they were included in our study. Our study focused on patient popula-
tion with more severe symptoms who required hospital admission after
triage by Emergency Department. The severity of exacerbation was
comparable with other period as shown by the length of stay and mor-
tality data.

Our study showed the observational effect of decrease in AECOPD
with universal masking and social distancing which are both widely
practiced in Hong Kong in COVID-19 period. Both factors occurred
together and the possible effect of each component on decrease in
AECOPD admission cannot be differentiated in our observational study.

6. Conclusion

The number of admissions for AECOPD decreased in the first three
months of 2020, compared with the number in 2015-2019 in Hong
Kong. This was observed with the widely practice of universal masking
and social distancing. We postulated that universal masking and social
distancing could prevented respiratory tract infections which were one
of the triggers of AECOPD, hence was associated with decrease in
AECOPD during the COVID-19 pandemic.
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