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Abstract
Background and objective: Decline in hospitalizations for various respiratory diseases
has been reported during the COVID-19 pandemic, but what led to such an observa-
tion is uncertain.
Methods: This was a territory-wide, retrospective cohort study involving all public
hospital admissions in Hong Kong from 1 January 2017 to 31 December 2020. Hospi-
tal admissions for respiratory diseases, including asthma, COPD and non-COVID
pneumonia, were assessed. COVID-related admissions were excluded from this study.
The time of commencement of the pandemic was taken from the fourth week of
January 2020. The associations between air pollutant levels, influenza and mask-
wearing rates with hospital admissions were assessed by mediation analyses.
Results: There were altogether 19,485, 78,693 and 238,781 admissions for asthma,
COPD and non-COVID pneumonia from January 2017 to December 2020. There was
a marked reduction in hospital admissions of asthma, COPD and non-COVID pneu-
monia (37%, 36% and 12% decrease in average daily admissions, respectively) during
the COVID-19 pandemic compared to before. Air pollutant levels and influenza rate
were decreased while mask-wearing rate was increased. Collinearity of mask-wearing
rates and pandemic year was observed. For COPD, NO2, SO2, PM10 and influenza
rates (4%, 11%, 4% and 4% of the total effect, respectively), while for non-COVID
pneumonia, PM10 and influenza rates (11% and 52%, respectively) had significant
mediation effect on changes in hospital admissions before and during the COVID-19
pandemic.
Conclusion: During the COVID-19 pandemic, a decrease in air pollutant levels and
influenza rate had mediation effect on the reduction in hospitalizations of COPD and
non-COVID pneumonia.
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INTRODUCTION

The COVID-19 pandemic has changed the healthcare land-
scape. These changes include not just a large number of
patients with COVID-19 requiring medical care, but also the
care being delivered or the way patients seek attention for
medical illnesses during the COVID-19 pandemic. There
were reports about the decline in hospitalizations for acute
coronary syndrome, stroke, gastrointestinal and liver

disease1–4 as medical resources shifted to manage infected
patients.

The airway and lungs are the primary organs affected
during viral respiratory infection, and patients with respira-
tory diseases would be at risk of serious complications from
COVID-19 infection. A study suggested that chronic
obstructive pulmonary disease (COPD) patients had greater
severity of COVID-19 infection and increased mortality.5 In
contrast, other studies have found that asthma, COPD and
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non-COVID pneumonia admissions decreased during the
pandemic compared to before. Some studies have suggested
better hygiene and wearing face masks would decrease viral
respiratory infections and subsequent exacerbations of air-
way diseases.6–9 Reduction in air pollution secondary to
lockdown of cities might contribute to fewer hospital admis-
sions.10 However, many of these studies have not assessed
the mediating effects of the factors associated with exacerba-
tions of airway diseases and pneumonia, such as the effect of
air pollutant levels, influenza rate and mask-wearing
rate, etc.

This territory-wide study aimed to assess the mediation
effects of air pollutant levels, influenza rate and community
mask-wearing rate on the change of respiratory hospitaliza-
tion (asthma, COPD and non-COVID pneumonia) of adults
before (from January 2017 to the third week of January
2020) and during (from the fourth week of January 2020 to
last week of December 2020) the COVID-19 pandemic. This
study would enhance our understanding of the reasons
behind the decrease in respiratory admissions during the
COVID-19 pandemic.

METHODS

This was a territory-wide, retrospective cohort study involv-
ing all public hospital admissions in Hong Kong (HK) from
1 January 2017 to 31 December 2020. Hospital admissions
for respiratory diseases, including asthma, COPD and non-
COVID pneumonia, were assessed. COVID-related admis-
sions were excluded from this study. The time of the onset
of the pandemic was taken from the fourth week of January
2020, when our city started to have confirmed COVID-19
cases.11

Data were retrieved from the Clinical Data Analysis
and Reporting System (CDARS), an electronic health-
care database, of the Hospital Authority in HK.12 This
system captured the health data of patients attending
public hospitals in HK. The public hospital system in
HK looks after approximately 90% of the 7.5 million
population.

Episode-based data for hospital admissions were
retrieved using ICD-9 codes. Cases aged ≥18 with a prin-
cipal diagnosis of asthma (493), COPD (491–492) and
pneumonia (480–488) were identified. Exclusion criteria
included age <18 years and patients with COVID-19
infection (identified by ICD-9 code 480.8 or ICD-10 code
J12.8). We focused on adults only in this study as young
children admitted with wheezing were difficult to differ-
entiate from having viral illness or asthma. In addition,
COPD does not occur in children. Furthermore, the
causes and thresholds for hospitalization for childhood
asthma and pneumonia might be very different from
those of adults. Demographic data, including age, gender,
admission date, hospital length of stay and episode mor-
tality (post-discharge mortality not included), were
recorded.

These data were collected in the study period: ambient
temperature, humidity, air pollutants including ozone (O3),
nitrogen dioxide (NO2), sulphur dioxide (SO2), particulate
matter (PM10), rate of face mask-wearing and rate of influ-
enza A/B infection. Mean weekly ambient temperature in
degree Celsius and humidity data in percentage were
obtained from the Hong Kong Observatory.13 Mean weekly
levels of O3, NO2, SO2 and PM10 at general monitoring sta-
tions were obtained from the Hong Kong Environmental
Protection Department (HKEPD).14 Influenza rates were
obtained from the Center for Health Protection.15 The face
mask-wearing data were collected by cross-sectional tele-
phone surveys among the general population of HK in
February, March and April 2020.11 Subjects were asked
whether they would wear a face mask on leaving their
homes. The face mask-wearing rate was estimated to be 1%
from 2017 to 2019. Based on the survey, face mask-wearing
rates were 74.5% in January, 97.5% in February and 98.8%
from March 2020 onwards.11

The effect of air pollutant levels, influenza virus rate and
community mask-wearing rate on admission counts of the
respiratory diseases between the COVID (January Week
4 2020–December Week 4 2020) and non-COVID (January
Week 1 2017–January Week 3 2020) periods were assessed
by mediation analyses (see Appendix S1 in the Supporting
Information for more details) in separate models with
adjustment by meteorological variables.16 Admission num-
bers, air pollutants, influenza virus rate and meteorological
parameters were represented as average daily values in a
week. Changes in admissions during the COVID-19 pan-
demic compared to before were assessed by Poisson regres-
sion model. Continuous variables were presented as mean
(standard deviation) or median (interquartile-range [IQR]),
as appropriate, while categorical variables were expressed as
n (%). For comparisons of admissions, age, gender, length of
hospitalization and mortality between the COVID and non-
COVID periods, Student t-test, Mann–Whitney U test and
Fisher exact test were used as appropriate. All tests were
two-tailed, and p values <0.05 were considered statistically
significant. Statistical analyses were performed using R pack-
ages V.4.0.3, including mediation, readxl, car, dplyr and
haven (R Foundation for Statistical Computing, Vienna,
Austria) and IBM SPSS Statistics 26 (IBM Corporation,
Armonk, NY).

SUMMARY AT A GLANCE

The reason behind the observation of decline in
respiratory hospitalizations during the COVID-19
pandemic was uncertain. This study found that air
pollutants levels and influenza rate had mediation
effects on the decrease in hospitalizations for COPD
and non-COVID pneumonia, but not for asthma
during the COVID-19 pandemic.
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RESULTS

There were altogether 19,485, 78,693 and 238,781 admis-
sions for asthma, COPD and non-COVID pneumonia
respectively from January 2017 to December 2020. The
number of admissions, age, gender, length of hospitalization
and mortality for patients with the principal diagnosis of
asthma, COPD and non-COVID pneumonia are shown in
Table 1.

The median daily number of admissions from the fourth
week of January 2020 to December 2020 were significantly
lower for asthma, COPD and non-COVID-pneumonia com-
pared to January 2017 to the third week of January 2020.
The length of hospitalization for asthma, COPD and non-
COVID pneumonia, however, showed no differences
between the two periods. The mortality rates for hospitalized
patients were higher for COPD and non-COVID chest
infection when comparing the COVID period to the pre-
COVID period (2.76% vs. 2.17%, p ≤ 0.001 for COPD; 23.21
vs. 16.16%, p ≤ 0.001 for non-COVID pneumonia), but
there was no significant difference noted for asthma.

The characteristics of the meteorological parameters, air
pollutant levels, influenza activity and mask-wearing rate are

listed in Table 2. Decreased air pollutant levels of NO2, SO2

and PM10 were observed in the pandemic compared to the
pre-pandemic period. The rate of influenza detection was
markedly reduced. On the other hand, the mask-wearing
rate was increased (mean [SD] 2.5 [10.4] vs. 98.1 [3.6]%,
p < 0.001).

There was a marked decrease in hospitalizations for
asthma, COPD and non-COVID pneumonia (37%, 36% and
12% decrease in average admissions per day, respectively)
compared with the data in the past 3 years before the pan-
demic. Relationships of the weekly admission number of
asthma, COPD, non-COVID pneumonia with air pollutant
levels are shown in Figure 1 while data with influenza and
mask-wearing rate are shown in Figure 2. There were varia-
tions in the levels of air pollutants and respiratory admis-
sions over time, and respiratory admissions appeared to
follow the trend of the level of air pollutants and influenza
rates.

Since mask-wearing rates started to increase markedly
during the COVID-19 pandemic and remained at a high
level during the whole pandemic period, we assessed if there
was collinearity on the indicator of ‘pre-COVID vs. COVID
period’ in modelling with different respiratory diseases, with

T A B L E 1 Admission and mortality data for asthma, COPD and non-COVID pneumonia

January 2020 Week
4–December 2020
Week 4 (a)

January 2017 Week
1–January 2020
Week 3 (b)

p-value, Difference between
(a) and (b)

Asthma Number of admissions 2792 16,693

Median [IQR] of daily number of admissions 8 [7–9] 14 [13–16] <0.001a

Length of hospitalization, mean (SD)
(median [IQR]) (days)

3.77 (5.49)
(2 [1–4])

3.97 (6.37)
(2 [1–4])

0.082a

Mortality n (%) 13 (0.47%) 77 (0.46%) 1.000b

Age (mean, SD) 60.90 (19.86) 62.08 (20.71) 0.004c

Gender (M:F) (% male) 1069:1723
(38.3%)

5903:10,790
(35.4%)

0.003b

COPD Number of admissions 11,065 67,628

Median [IQR] of daily number of admissions 32 [29–33.5] 60 [53–68] <0.001a

Length of hospitalization, mean (SD)
(median [IQR]) (days)

6.61 (9.52)
(4 [2–7])

6.69 (10.68)
(4 [2–7])

0.203a

Mortality n (%) 305 (2.76%) 1469 (2.17%) <0.001b

Age (mean, SD) 77.51 (10.16) 77.72 (10.00) 0.037c

Gender (M:F) (% male) 9978:1087
(90.3%)

59,463:8165
(87.9%)

<0.001b

Non-COVID
pneumonia

Number of admissions 44,815 193,966

Median [IQR] of daily number of admissions 120 [115–129.5] 165 [138–192] <0.001a

Length of hospitalization, mean (SD)
(median [IQR]) (days)

9.11 (12.97)
(5 [3–11])

9.00 (21.17)
(5 [2–10])

0.513a

Mortality n (%) 10,401 (23.21%) 31,345 (16.16%) <0.001b

Age (mean, SD) 79.38 (15.38) 77.44 (16.63) <0.001c

Gender (M:F) (% male) 25,365:19,450 (56.6%) 102,774:91,192
(52.9%)

<0.001b

aMann–Whitney U test.
bFisher’s Exact test.
cStudent t-test.
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mask-wearing rate added in those models. The variance
inflation factors (VIF)17 of the indicator for ‘before and dur-
ing the COVID pandemic’ corresponding to the respiratory
diseases are presented in Table 3. VIFs of the indicator for
‘before and during the COVID pandemic’ for asthma,
COPD and non-COVID pneumonia admissions were >5
when ‘mask-wearing rate’ was added, indicating the pres-
ence of collinearity of mask-wearing rates and time
periods.18

Mediation analyses were performed for each factor of air
pollutants and influenza rate and the results are shown in
Table 4 (mask-wearing rate was not assessed due to collin-
earity with the pandemic period). For asthma, air pollutants
and influenza rate were not mediators for changes in hospi-
tal admissions before and during the COVID-19 pandemic.
For COPD, NO2, SO2, PM10 and influenza rates (4%, 11%,
3.8% and 3.8% of the total effect, respectively) and non-
COVID pneumonia, PM10 and influenza rates (with 11%
and 52% of the total effect, respectively) had significant
mediation effect on changes in hospital admissions before
and during the COVID-19 pandemic. As the COVID-19
pandemic started after the first 3 weeks of 2020, we have
also performed a sensitivity analysis by taking away all the
data in the first 3 weeks of 2017–2020. The results were sim-
ilar and are shown in Table S1 in the Supporting
Information.

DISCUSSION

This study has demonstrated a marked reduction in hospi-
talizations for asthma, COPD and non-COVID pneumonia
(37%, 36% and 12% average daily admissions, respectively)
during the COVID-19 pandemic compared with the data in
the past 3 years. Moreover, we observed significantly higher
mortality rates of COPD and non-COVID pneumonia

(0.59% and 7.05% increments, respectively). Air pollutant
levels were also significantly lower during the pandemic pre-
sumably due to lockdown in the Pearl Delta region resulting
in reduction in traffic and pollutant emissions by industries.
For asthma, air pollutants and influenza rates were not
mediators for changes in hospital admissions before and
during the COVID-19 pandemic. For COPD, NO2, SO2,
PM10 and influenza rates, while for non-COVID pneumo-
nia, PM10 and influenza rates had significant mediation
effect on changes in hospital admissions before and during
the COVID-19 pandemic.

The reduction of asthma admissions during the period
of the COVID-19 pandemic was similar to the lockdown
period in the first 18 weeks of 2020 in Scotland and Wales
(36%)19 but less than that from February to July 2020 in
Korea (52%).6 Most studies did not examine the interactions
of potential mediation/association factors with acute admis-
sions. Some studies reported a decrease in influenza rate,
increase in mask-wearing rate and social distancing mea-
sures such as lockdown, but the association or contribution
of these factors with acute admissions was unclear.6,19

Our study found no increase in the mortality rate of
hospitalized patients during the pandemic for asthma
admissions, which was similar to the observation in meta-
analyses.20–22 Previous studies did not observe asthma
patients having a higher risk of being infected, hospitalized
or having worse clinical outcomes from COVID-19.23

A meta-analysis even reported asthma was significantly
related to a reduced risk for COVID-19 mortality.22 How-
ever, our study was different from previous studies, as we
excluded all COVID-19 cases and found that non-COVID
related asthma attacks requiring hospitalization did not
increase mortality during the pandemic.

For COPD admissions, a study found that lockdown in
the first 30 weeks of 2020 in Scotland and Wales was associ-
ated with a 48% overall reduction in emergency admissions

T A B L E 2 Data on the temperature, humidity, air pollutants, influenza activity and mask-wearing

January 2020
Week 4–December 2020 Week 4

January 2017
Week 1–January 2020 Week 3 p-value

Ambient temperature (weekly average) (�C) 24.7 (4.6) 24.0 (4.7) 0.362a

Ambient temperature (range, min–max) (�C) 15.4–30.4 10.8–30.6

Humidity (weekly average) (%) 77.7 (6.6) 78.0 (7.3) 0.793a

Humidity (range, min–max) (%) 63.0–88.6 48.7–90.5

Air pollutant levels (weekly average [SD])

Nitrogen dioxide (μg/m3) 32.0 (7.5) 39.2 (8.8) <0.001a

Ozone (μg/m3) 51.3 (21.3) 54.0 (21.2) 0.464a

Sulphur dioxide (μg/m3) 4.4 (0.7) 6.4 (1.6) <0.001a

Respirable suspended particulates (PM10) (μg/m3) 25.5 (12.2) 33.3 (12.5) <0.001a

Mask-wearing %, (weekly average % of the population)
(median [IQR])

98.1 (3.6)
(98.8 [98.8–98.8])

2.5 (10.4)
(1 [1–1])

<0.001b

Influenza A/B virus detected (average daily incidents
in a week) (median [IQR])

5.4 (24.3)
(0 [0–0])

70.7 (83.2)
(43 [16–84])

<0.001b

aStudent t-test.
bMann–Whitney U test.
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F I G U R E 1 Average daily admissions for (A) asthma, (B) COPD and (C) non-COVID pneumonia and air pollutant levels
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for COPD without significant change in deaths due to
COPD.24 In Singapore, COPD admissions decreased by 58%
from February to July 2020 compared to the pre-pandemic
period but mortality was not assessed.25 Our study period
covered the first three waves of COVID-19 in HK where
there were tight social distancing measures and gathering
ban. There were reduced attendance rates at the public hos-
pital respiratory clinics while general practitioners were see-
ing fewer patients than usual as many people with chronic
illness would stay more at home for fear of being infected by
SARS-CoV2 in the community. Lack of prompt and proper
medical attention with delayed admissions and milder exac-
erbations being treated at home rather than admitted might
have contributed to the higher in-hospital mortality due to
acute exacerbations of COPD.

In this study, we found that for COPD, air pollutant
levels and influenza rate had mediation effect on the reduc-
tion in hospitalizations during the pandemic. Our previous

study found that ambient air pollutants had an adverse
effect on hospital admissions for COPD, particularly in win-
ter.26 With the lower air pollutant levels during the pan-
demic, air pollutants probably would lead to fewer
admissions than the pre-pandemic period. A study in
Singapore found a lower rate of PCR-positive respiratory
viruses in the patients admitted with COPD (the pandemic
vs. the pre-pandemic rates were 10.8% vs. 48.8%) but the
proportion of various viruses was not reported.25 A study
in the Netherlands found human metapneumovirus rate
remained stable during the COVID-19 pandemic compared
to before.27 During the outbreak of SARS-CoV1 in HK in
2003, community hygienic measures such as mask-wearing
and hand hygiene significantly reduced the incidence of
various respiratory viral infections.28 Since February 2020,
there has been almost no influenza activity in HK presum-
ably related to universal mask-wearing, hand hygiene and
other stringent social distancing measures.29

T A B L E 3 Variance inflation factor of the indicator of ‘pre-COVID versus COVID period’ on the respiratory diseases admissions

All data Without data of the first 3 weeks of 2017–2020

VIF without
mask-wearing rate

VIF with
mask-wearing rate

VIF without
mask-wearing rate

VIF with
mask-wearing rate

Asthma 1.00 12.73 1.00 424.01

COPD 1.00 12.51 1.00 420.59

Non-COVID pneumonia 1.01 13.54 1.00 318.72

Abbreviation: VIF, variance inflation factor.

F I G U R E 2 Average daily admissions for asthma, COPD and non-COVID pneumonia and the influenza and mask-wearing rate
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During the COVID-19 pandemic, many places, such as
Denmark, New York, Korea and Taiwan reported a reduc-
tion in hospitalization for non-COVID pneumonia.6,30–32

A study in Denmark observed an increase in mortality of
non-COVID pneumonia.30 However, these reports did not
assess the factors that would contribute to this observation.
While a decline in air pollutant levels and influenza infec-
tion rate might have contributed (as shown by the mediation
effect of these factors on hospital admission in this study),
people’s behaviour of attending hospital service during the
pandemic would possibly have an effect, and this was not
assessed in our study. A study in Italy noted an overall
reduction in emergency department non-COVID admis-
sions in 2020 by 39.5% compared to 2019.33 There was an
increase in triage urgency levels for the emergency admis-
sions.34 It is possible that milder patients with community-
acquired pneumonia were treated by general practitioners as
out-patients. Admission of patients with more severe rather
than milder pneumonia probably contributed to higher in-
hospital mortality.

The strength of this study was that the mediation effect of
the related factors for hospitalizations of respiratory diseases was
assessed. This study examined a longer duration of the pan-
demic when compared to earlier publications. This study was
limited by the retrospective design based on diagnosis coding,
and thus individual patient characteristics were not assessed.
Also, only the rate of influenza, but not for other respiratory
viruses, was evaluated in this study. Due to the collinearity in
modelling the hospitalization with mask-wearing rate and the
indicator of pre- and COVID-19 pandemic, we cannot conclude
whether mask-wearing rates mediate the change in admissions.
Factors such as behavioural changes of patients during the pan-
demic, including related changes in self-management and smok-
ing cessation, hesitance to visit the emergency department and
so on, were not assessed in this study.

In conclusion, during the COVID-19 pandemic, there
was a decrease in hospitalization for asthma, COPD and
non-COVID pneumonia, while the mortality rates of
patients hospitalized for COPD and non-COVID pneumo-
nia were increased. Reduction in air pollutants levels and
influenza rate had mediation effect on the decrease in hospi-
talizations for COPD and non-COVID pneumonia during
the COVID-19 pandemic compared to before, but this was
not observed for asthma.

AUTHOR CONTRIBUTION
Fanny Wai San Ko: Conceptualization (lead); data curation
(equal); formal analysis (equal); methodology (equal); pro-
ject administration (lead); writing – original draft (lead);
writing – review and editing (equal). Louis Ho Shing Lau:
Conceptualization (equal); data curation (equal); methodol-
ogy (equal); writing – review and editing (equal). So Shan
Ng: Data curation (equal); writing – review and editing
(equal). Terry Cheuk Fung Yip: Conceptualization (equal);
data curation (equal); formal analysis (equal); writing –
review and editing (equal). Grace Lai Hung Wong: Concep-
tualization (equal); data curation (equal); methodologyT

A
B
L
E

4
M
ed
ia
ti
on

an
al
ys
es

of
th
e
ef
fe
ct
of

ai
r
po

llu
ta
nt
s,
m
as
k-
w
ea
ri
ng

ra
te
an
d
in
flu

en
za

ra
te
on

th
e
av
er
ag
e
da
ily

ad
m
is
si
on

s
of

re
sp
ir
at
or
y
di
se
as
es

in
th
e
pr
e-
C
O
V
ID

an
d
C
O
V
ID

pe
ri
od

s
(a
ll
da
ta
)

A
st
hm

a
C
O
P
D

N
on

-C
O
V
ID

pn
eu
m
on

ia

M
ed
ia
to
rs

A
C
M
E

A
D
E

T
ot
al

ef
fe
ct

P
ro
po

rt
io
n

m
ed
ia
te
d

p
A
C
M
E

A
D
E

T
ot
al

ef
fe
ct

P
ro
po

rt
io
n

m
ed
ia
te
d

p
A
C
M
E

A
D
E

T
ot
al

ef
fe
ct

P
ro
po

rt
io
n

m
ed
ia
te
d

p

N
O
2

�0
.1
73

�1
2.
69
2

�1
2.
86
5

0.
01
3

0.
46

�2
.2
47

�5
0.
17
6

�5
2.
42
3

0.
04
3

<0
.0
01

0.
44

�5
4.
96
6

�5
4.
52
7

�0
.0
08

0.
88

O
3

�0
.0
33
7

�1
2.
80
6

�1
2.
84

0.
00
3

0.
58

�0
.2
2

�5
2.
21
2

�5
2.
43
2

0.
00
4

0.
44

1.
53
2

�5
5.
95
3

�5
4.
42
1

�0
.0
28

0.
35

SO
2

�0
.5
77

�1
2.
23
1

�1
2.
80
8

0.
04
5

0.
09
2

�6
.0
75

�4
6.
29
6

�5
2.
37
2

0.
11
6

<0
.0
01

4.
28
9

�5
9.
00
8

�5
4.
72

�0
.0
78

0.
35

P
M
10

�0
.2
5

�1
2.
50
9

�1
2.
75
9

0.
02
0

0.
18

�1
.9
91

�5
0.
32
5

�5
2.
31
6

0.
03
8

0.
00
4

6.
09

�6
0.
92
3

�5
4.
83
4

�0
.1
11

0.
04
8

In
flu

en
za

ra
te

�0
.1
94

�1
2.
65
9

�1
2.
85
3

0.
01
5

0.
26

�2
.0
02

�5
0.
19
9

�5
2.
2

0.
03
8

<0
.0
01

�2
6.
22
9

�2
4.
04
9

�5
0.
27
9

0.
52
2

<0
.0
01

N
ot
e:
A
C
M
E
,a
ve
ra
ge

ca
us
al
m
ed
ia
ti
on

ef
fe
ct
(i
nd

ir
ec
t
ef
fe
ct
of

th
e
pr
e-
C
O
V
ID

vs
.C

O
V
ID

pe
ri
od

on
th
e
ad
m
is
si
on

nu
m
be
rs

fo
r
in
di
vi
du

al
m
ed
ia
to
rs
,c
on

tr
ol
le
d
fo
r
m
et
eo
ro
lo
gi
ca
lp

ar
am

et
er
s)
;A

D
E
,a
ve
ra
ge

di
re
ct
ef
fe
ct
(d
ir
ec
t
ef
fe
ct
of

th
e

pr
e-
C
O
V
ID

vs
.C

O
V
ID

pe
ri
od

on
ad
m
is
si
on

nu
m
be
rs
,c
on

tr
ol
le
d
fo
r
m
et
eo
ro
lo
gi
ca
lp

ar
am

et
er
s)
.T

ot
al
ef
fe
ct
,s
um

of
A
C
M
E
an
d
A
D
E
.P

ro
po

rt
io
n
m
ed
ia
te
d,

A
C
M
E
/t
ot
al
ef
fe
ct
.p

=
p-
va
lu
e
on

A
C
M
E
w
as

ba
se
d
on

qu
as
i-
B
ay
es
ia
n
C
I.
T
he

un
it
of

A
D
E
,A

C
M
E
,a
nd

to
ta
le
ff
ec
t
is
“a
ve
ra
ge

da
ily

ad
m
is
si
on

s”
.A

n
ex
am

pl
e
of

th
e
in
te
rp
re
ta
ti
on

of
th
e
va
lu
es

of
th
e
T
ab
le
ca
n
be

fo
un

d
in

th
e
fo
ot
no

te
of

T
ab
le
S1

in
th
e
Su
pp

or
ti
ng

In
fo
rm

at
io
n.

ASTHMA, COPD AND NON-COVID PNEUMONIA 7



(equal); writing – review and editing (equal). Ka Pang
Chan: Data curation (equal); writing – review and editing
(equal). Tat On Chan: Formal analysis (equal); writing –
review and editing (equal). David Shu Cheong Hui:
Conceptualization (equal); methodology (equal); project
administration (equal); writing – original draft (equal); writ-
ing – review and editing (equal).

CONFLICT OF INTEREST
None declared.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available
from the corresponding author upon reasonable request.

HUMAN ETHICS APPROVAL DECLARATION
This study received approval by the Joint Chinese University
of Hong Kong–New Territories East Cluster Clinical
Research Ethics Committee (CREC reference no. 2020.276).
No individual patient consent was required for this study as
data were obtained from health databases without the iden-
tifications of individual patients.

ORCID
Fanny Wai San Ko https://orcid.org/0000-0001-8454-
0087
Louis Ho Shing Lau https://orcid.org/0000-0002-4163-
4531
Ka Pang Chan https://orcid.org/0000-0002-8163-5846
David Shu Cheong Hui https://orcid.org/0000-0003-4382-
2445

REFERENCES
1. De Filippo O, D’Ascenzo F, Angelini F, Bocchino PP,

Conrotto F, Saglietto A, et al. Reduced rate of hospital admis-
sions for ACS during Covid-19 outbreak in Northern Italy. N
Engl J Med. 2020;383:88–9.

2. Kansagra AP, Goyal MS, Hamilton S, Albers GW. Collateral effect of
Covid-19 on stroke evaluation in the United States. N Engl J Med.
2020;383:400–1.

3. Ball S, Banerjee A, Berry C, Boyle JR, Bray B, Bradlow W, et al. Moni-
toring indirect impact of COVID-19 pandemic on services for cardio-
vascular diseases in the UK. Heart. 2020;106:1890–7.

4. Lau LHS, Wong SH, Yip TCF, Wong GLH, Wong VWS, Sung JJY.
Collateral effect of coronavirus disease 2019 pandemic on hospitaliza-
tions and clinical outcomes in gastrointestinal and liver diseases: a
territory-wide observational study in Hong Kong. Gastroenterology.
2020;159(5):1979–1981.e3.

5. Alqahtani JS, Oyelade T, Aldhahir AM, Alghamdi SM, Almehmadi M,
Alqahtani AS, et al. Prevalence, severity and mortality associated with
COPD and smoking in patients with COVID-19: a rapid systematic
review and meta-analysis. PLoS One. 2020;15:e0233147.

6. Huh K, Kim YE, Ji W, Kim DW, Lee EJ, Kim JH, et al.
Decrease in hospital admissions for respiratory diseases during
the COVID-19 pandemic: a nationwide claims study. Thorax.
2021;76:939–41.

7. So JY, O’Hara NN, Kenaa B, Williams JG, de Borja CL, Slejko JF, et al.
Population decline in COPD admissions during the COVID-19 pan-
demic associated with lower burden of community respiratory viral
infections. Am J Med. 2021;134:1252–1259.e3.

8. Faria N, Costa MI, Gomes J, Sucena M. Reduction of severe exacerba-
tions of COPD during COVID-19 pandemic in Portugal: a protective
role of face masks? COPD. 2021;18:226–30.

9. Fairweather SM, Chang CL, Mansell CJ, Shafuddin E, Hancox RJ.
Impact of COVID-19 pandemic restrictions on the cardio-respiratory
health of New Zealanders. Respirology. 2021;26:1041–8.

10. Birkmeyer JD, Barnato A, Birkmeyer N, Bessler R, Skinner J. The
impact of the COVID-19 pandemic on hospital admissions in the
United States. Health Affairs. 2020;39:2010–7.

11. Cowling BJ, Ali ST, Ng TWY, Tsang TK, Li JCM, Fong MW, et al.
Impact assessment of non-pharmaceutical interventions against coro-
navirus disease 2019 and influenza in Hong Kong: an observational
study. Lancet Public Health. 2020;5:e279–e88.

12. Hospital Authority Statistical Report. (2021) [accessed 2021 Sep 14].
Available from: https://www3.ha.org.hk/Data/HAStatistics/Statistical
Report

13. Hong Kong Observatory. (2021) [accessed 2021 Sep 14]. Available
from: https://wwwhkogovhk/en/cis/dailyExtracthtm?y=2021&m=02

14. Hong Kong Environmental Protection Department. (2021) [accessed
2021 Sep 14]. Available from: https://cdepicepdgovhk/EPICDI/air/
download/

15. Center of Health Protection. (2021) [accessed 2021 Sep 14]. Available
from: https://www.chp.gov.hk/en/resources/29/304.html

16. Tingley D, Yamamoto T, Hirose K, Keele L, Imai K. Mediation: R
package for causal mediation analysis. J Stat Softw. 2014;59:1–38.

17. Fox J, Monette G. Generalized collinearity diagnostics. J Am Stat
Assoc. 1992;87:178–83.

18. Akinwande MO, Dikko HG, Samson A. Variance inflation factor: as a
condition for the inclusion of suppressor variable(s) in regression
analysis. Open J Stat. 2015;5:754–67.

19. Davies GA, Alsallakh MA, Sivakumaran S, Vasileiou E, Lyons RA,
Robertson C, et al. Impact of COVID-19 lockdown on emergency
asthma admissions and deaths: national interrupted time series ana-
lyses for Scotland and Wales. Thorax. 2021;76:867–73.

20. Wu Y, Xu R, Wen B, Coelho M, Saldiva PH, Li S, et al. Temperature
variability and asthma hospitalisation in Brazil, 2000-2015: a nation-
wide case-crossover study. Thorax. 2021;76:962–9.

21. Reyes FM, Hache-Marliere M, Karamanis D, Berto CG, Estrada R,
Langston M, et al. Assessment of the association of COPD and asthma
with in-hospital mortality in patients with COVID-19. A systematic
review, meta-analysis, and meta-regression analysis. J Clin Med. 2021;
10:2087.

22. Hou H, Xu J, Li Y, Wang Y, Yang H. The association of
asthma with COVID-19 mortality: an updated meta-analysis
based on adjusted effect estimates. J Allergy Clin Immunol Pract.
2021;9:3944–3968.e5.

23. Sunjaya AP, Allida SM, Di Tanna GL, Jenkins CR. Asthma and coro-
navirus disease 2019 risk: a systematic review and meta-analysis. Eur
Respir J. 2021;59:2101209.

24. Alsallakh MA, Sivakumaran S, Kennedy S, Vasileiou E, Lyons RA,
Robertson C, et al. Impact of COVID-19 lockdown on the incidence
and mortality of acute exacerbations of chronic obstructive pulmonary
disease: national interrupted time series analyses for Scotland and
Wales. BMC Med. 2021;19:124.

25. Tan JY, Conceicao EP, Wee LE, Sim XYJ, Venkatachalam I.
COVID-19 public health measures: a reduction in hospital admissions
for COPD exacerbations. Thorax. 2021;76:512–3.

26. Ko FW, TamW,Wong TW, Chan DP, Tung AH, Lai CK, et al. Temporal
relationship between air pollutants and hospital admissions for chronic
obstructive pulmonary disease in Hong Kong. Thorax. 2007;62:780–5.

27. Jongbloed M, Leijte WT, Linssen CFM, van den Hoogen BG, van
Gorp ECM, de Kruif MD. Clinical impact of human metapneumo-
virus infections before and during the COVID-19 pandemic. Infect
Dis. 2021;53:488–97.

28. Lo JY, Tsang TH, Leung YH, Yeung EY, Wu T, Lim WW. Respiratory
infections during SARS outbreak, Hong Kong, 2003. Emerg Infect Dis.
2005;11:1738–41.

8 KO ET AL.

https://orcid.org/0000-0001-8454-0087
https://orcid.org/0000-0001-8454-0087
https://orcid.org/0000-0001-8454-0087
https://orcid.org/0000-0002-4163-4531
https://orcid.org/0000-0002-4163-4531
https://orcid.org/0000-0002-4163-4531
https://orcid.org/0000-0002-8163-5846
https://orcid.org/0000-0002-8163-5846
https://orcid.org/0000-0003-4382-2445
https://orcid.org/0000-0003-4382-2445
https://orcid.org/0000-0003-4382-2445
https://www3.ha.org.hk/Data/HAStatistics/StatisticalReport
https://www3.ha.org.hk/Data/HAStatistics/StatisticalReport
https://wwwhkogovhk/en/cis/dailyExtracthtm?y=2021&m=02
https://cdepicepdgovhk/EPICDI/air/download/
https://cdepicepdgovhk/EPICDI/air/download/
https://www.chp.gov.hk/en/resources/29/304.html


29. Center of Health Protection. Flu express. 2021 [accessed 2021 Oct 16].
Volume 18: 1–7. (Published on 9 Sep 2021). Available from: https://
www.chp.gov.hk/files/pdf/fluexpress_week36_09_09__eng.pdf

30. Bodilsen J, Nielsen PB, Sogaard M, Dalager-Pedersen M, Speiser LOZ,
Yndigegn T, et al. Hospital admission and mortality rates for non-
covid diseases in Denmark during covid-19 pandemic: nationwide
population based cohort study. BMJ. 2021;373:n1135.

31. Blecker S, Jones SA, Petrilli CM, Admon AJ, Weerahandi H,
Francois F, et al. Hospitalizations for chronic disease and acute
conditions in the time of COVID-19. JAMA Intern Med. 2021;
181:269–71.

32. Lin CF, Huang YH, Cheng CY, Wu KH, Tang KS, Chiu IM. Public
health interventions for the COVID-19 pandemic reduce respiratory
tract infection-related visits at pediatric emergency departments in
Taiwan. Front Public Health. 2020;8:604089.

33. Morello F, Bima P, Ferreri E, Chiarlo M, Balzaretti P, Tirabassi G,
et al. After the first wave and beyond lockdown: long-lasting changes
in emergency department visit number, characteristics, diagnoses, and
hospital admissions. Intern Emerg Med. 2021;16:1683–90.

34. Ojetti V, Covino M, Brigida M, Petruzziello C, Saviano A, Migneco A,
et al. Non-COVID diseases during the pandemic: where have all other
emergencies gone? Medicina. 2020;56:512.

SUPPORTING INFORMATION
Additional supporting information can be found online in
the Supporting Information section at the end of this article.

How to cite this article: Ko FWS, Lau LHS, Ng SS,
Yip TCF, Wong GLH, Chan KP, et al. Respiratory
admissions before and during the COVID-19
pandemic with mediation analysis of air pollutants,
mask-wearing and influenza rates. Respirology. 2022.
https://doi.org/10.1111/resp.14345

ASTHMA, COPD AND NON-COVID PNEUMONIA 9

https://www.chp.gov.hk/files/pdf/fluexpress_week36_09_09__eng.pdf
https://www.chp.gov.hk/files/pdf/fluexpress_week36_09_09__eng.pdf
https://doi.org/10.1111/resp.14345

	Respiratory admissions before and during the COVID-19 pandemic with mediation analysis of air pollutants, mask-wearing and ...
	INTRODUCTION
	METHODS
	RESULTS
	DISCUSSION
	AUTHOR CONTRIBUTION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	HUMAN ETHICS APPROVAL DECLARATION
	REFERENCES


