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Background: Chronic obstructive pulmonary disease (COPD) is a common cause for hospital admission. This study aims to review
the hospital burden of COPD in Hong Kong (HK) and the trend from year 2006 to 2014.

Methods: A multi-center, retrospective study of the characteristics of COPD patients discharged from the public hospitals of HK
from year 2006 to 2014. Anonymized data retrieval and analysis were performed. The demographic data of the subjects, use of health-
care resources, ventilatory support, medications used and mortality of the subjects were analyzed.

Results: Total patient headcount (HC) and admission number reduced from 10,425 and 23,362 in year 2006 to 9613 and 19,771,
respectively, in 2014. There was a progressive reduction of female COPD HC from 2193 (21%) in year 2006 to 1517 (16%) in 2014.
The utilization of non-invasive ventilation (NIV) increased rapidly and peaked in 2010 (29%) and decreased thereafter. There was
a rapid increase in the prescription of long-acting bronchodilators (from 15% to 64%). COPD and pneumonia were the top causes of
death, but death due to pneumonia was rapidly increasing while death due to COPD was progressively decreasing over the period.
Conclusion: COPD HC and admission number (particularly in female patients) decreased progressively from year 2006 to 2014. There
was also a decreasing trend of severity of disease as reflected by lower NIV use (after year 2010) and lower mortality rate due to COPD.
Reduced smoking prevalence and tuberculosis (TB) notification rate in the community in the past might have reduced the incidence and
severity of COPD and the hospital burden of disease. We observed an increasing trend of mortality due to pneumonia in COPD patients.
Appropriate and timely vaccination programs are recommended for COPD patients as in the general elderly population.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common disease that imposes a high burden on health-care resources
worldwide." The first large-scale study of the burden of COPD in Hong Kong (HK) was carried out in 2005.% The crude
mortality rate of COPD was 29.1/100,000, while the crude hospitalization rate was 193/100,000 in 2005. COPD ranked
the second (after respiratory infections) as a respiratory cause for hospitalization (14.6%) and inpatient bed-days (20.5%).
However, details of health-care utilization by COPD patients were not revealed in this earlier study in HK.
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About 90% of the hospital service in HK is provided by the Hospital Authority (HA). Besides admission and
discharge data, essential clinical information (including primary and secondary diagnoses, procedure coding and
medications) in HA were computerized and recorded in the clinical management system (CMS). Anonymized patient
data could be retrieved and analyzed using the HA Clinical Data Analysis and Reporting System (CDARS) software
program.>~> Previous published data of 14 public hospitals in HK showed that it is possible to review the health-care
utilization of an anonymized COPD patient cohort (N = 9776) in year 2012 using CDARS.? The present study aimed to
assess the trend of hospital burden of COPD from 2006 to 2014 — including the demographic data, use of health-care
resources, mortality and survival. HK has a population of over 7 million and the present study included the medical
departments of all acute public hospitals (N = 15) and chest hospitals (N = 4) in HK. We believed that the information
from this study would be useful for the planning of health-care resources.

Methods
Study Design and Patient Recruitment

This was a multi-centered retrospective study of COPD patients discharged from the medical departments of all acute
regional hospitals (N = 15) and all chest hospitals (N = 4) of the HA in HK, during the period from 1st January 2006 to
31st December 2014. A list of the participating hospitals is shown in Appendix. Anonymized data retrieval was
performed with the HA CDARS.>> All patients with the principal diagnosis of “chronic bronchitis” (ICD-9 codes
491, 491.2, 491.21), “emphysema” (ICD-9 codes 492, 492.8) and “COPD” (ICD-9 code 496) on discharge in year 2006
to 2014 were included. These ICD codes were grouped under a “COPD Clinical Data Framework (CDF)” in the CMS to
facilitate data retrieval. For patients with spirometry data available, the Global Initiative for Chronic Obstructive Lung
Disease (GOLD) criteria of post bronchodilator forced expiratory volume in 1 second / forced vital capacity ratio (FEV,
/FVC) <70% was used for the diagnosis of COPD.' The inclusion criteria were: (1) COPD CDF (ICD-9 codes described
earlier) as the principal diagnosis on discharge; (2) over 40 years of age and (3) discharged from the medical departments
of the respective hospitals. The exclusion criteria were: (1) 40 years of age or less and (2) patients discharged from
specialties other than Medicine.

Group data for each year included: (1) number of individual patient [headcount (HC)] with principal discharge
diagnosis of COPD; (2) demographic data (gender and age); (3) total number of hospital admissions (with COPD as
principal diagnosis); (4) length of hospital stay (LOS); (4) number of attendance at Accident & Emergency Department
(A&E) and number of Specialist Out-Patient Department (SOPD) visits; (5) treatment modalities including NIV (ICD
code 93.9) and invasive mechanical ventilation (IMV) (ICD code 96.70, 96.71, 96.72); (6) comorbidity of “old
tuberculosis (TB)” was identified for subjects with secondary diagnosis of “late effect of respiratory TB (ICD code
137.0)” in the index COPD admissions or in previous admissions related or unrelated to COPD; (7) prescription of one or
more long acting bronchodilators [long acting beta-agonists (LABA) and/or long-acting anti-muscarinic agent (LAMA)];
(8) prescription of inhaled corticosteroid (ICS); (9) mortality of the recruited patients in the same and subsequent years;
(10) the cause of death was retrieved from the death registry and the principal diagnosis for the episode of hospital
discharge which ended up in death.

Data Administration and Research Ethics Approval
The present research project was endorsed by the Central Committee of COPD [CC(COPD)] of the HA Head Office
(HAHO). The hospitals in HK under the HA were distributed in 7 clusters as listed in Appendix.

Cluster representatives in CC(COPD) were invited as co-investigators of the present research project. As there is no
central ethics committee of HAHO, research ethics approval was sought from the research ethics committee of all the
hospital clusters. The cluster representatives were responsible for the submission of research ethics application for their
respective cluster. A full list of the cluster representatives in CC(COPD) and the full names of the respective research
ethics committees are listed in Appendix 2. As this was a retrospective study and the dataset retrieved by the HA
computer system (CDARS) was anonymized with no personal information, patient informed consent was not required.
The present research project was approved by the Joint Chinese University of Hong Kong — New Territories East Cluster
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Clinical Research Ethics Committee (the leading research Ethics Committee of the New Territories East Cluster) and the
research ethics committees of all the other participating clusters. The cluster representatives, besides being co-
investigators in this research project, were also the data controller of their respective cluster, and co-authors of the
present manuscript.

Definition

The subjects with admission for COPD in 2006 were defined as the 2006 cohort. The subjects with the 1st admission for
COPD in 2007 but no admission in 2006 were defined as the 2007 cohort, and so on. The 2014 cohort had no previous
hospital admissions in 2006 to 2013.

Statistics

The CDARS provided simple statistical analysis with means and standard deviations (SD) of the whole group and
subgroups defined by different parameters. Additional statistical evaluations, for example, comparisons between sub-
groups, were performed using the SPSS version 22 software package (IBM Corporation, Armonk, NY, USA). Data were
expressed as mean = SD. Comparisons between various groups and between time frames were made by one-way analysis
of variance and the Tukey post hoc tests. To test for any trend across time frames, the chi-squared tests for linear trend
were used for categorical data (please refer to Tables and Figures for details). A p-value of less than 0.05 was considered
statistically significant.

Results

HC with COPD as Principal Discharge Diagnosis

From year 2006 to 2014, the number of HC of COPD peaked in the year 2007 with 11,046 HC admitted in that year
(Table 1, Supplementary Table 1). Thereafter, the HC of COPD showed a slow reduction to below 11,000/year. In 2013
and 2014, the number of HC further dropped to below 10,000/year. There was a trend of reduction in HC for both male
and female patients (Table 2), but the reduction was more marked for female patients. The number of female HC reduced
from 2193 (21%) in 2006 to 1517 (15.8%) in 2014 (Table 2). There was a smaller reduction in the HC for male patients
over the years (8232 in 2006 to 8096 in 2014) and consequently the percentage of male HC increased from 79.0% in
2006 to 84.2% in 2014 (p < 0.0001) (Table 1 and Table 2).

Use of Healthcare Resources

The yearly number of COPD admissions peaked in year 2007 with 25,033 admissions in that year (Table 1). Thereafter, the
yearly COPD admissions gradually reduced. In 2014, the number of admissions dropped to below 20,000. The number of
hospital admission/HC/year showed a small but statistically significant reduction from 2.2 (2.3) [mean (SD)] in year 2006 to
2.1 (2.0) in 2014 (p < 0.001) (Table 1, Supplementary Table 2). The hospital length of stay (LOS)/HC/year was reduced
from 15.1 (23.3) days in year 2006 to 13.7 (26.2) days in 2014 (p < 0.001) (Table 1, Supplementary Table 3).

The utilization of NIV was low in year 2006 (2.9% of admission, 5.7% of HC), but it reached a peak in 2010 with
19.9% of admission, 28.6% of HC, being given NIV (p < 0.0001) (Table 1). The utilization of IMV was low throughout
the period, but it also showed a peak in year 2010 with 1% of admission and 1.9% of HC being given IMV. The
percentage of admissions and HC requiring NIV and IMV gradually dropped after the peak in 2010. In 2014, the

percentage of admissions requiring NIV and IMV dropped to 11.6% and 0.9%, respectively (p < 0.0001).

The number of AED attendance was stable at around 3.7 to 3.9 episodes/HC/year. The number of SOPD attendance
was also stable at around 5.0-5.2 episodes/HC/year. There was no significant trend in the number of A&E or SOPD
attendance/HC/year over the years from 2006 to 2014 (Table 1, Supplementary Tables 4 and 5).

The prescription of one or more long-acting bronchodilators (LABA and/or LAMA) increased rapidly from 15% in
2006 to 64% in 2014 (p < 0.0001) (Table 1). The prescription of ICS was common and there was a gradual increase over
the years from 72.9% in year 2006 to 87.3% in 2014 (p < 0.0001).
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Table | Trend of Demographic Data and Use of Healthcare Resources by COPD Patients from 2006 to 2014

2006 2007 2008 2009 2010 2011 2012 2013 2014
Number of HC 10,425 11,046 10,900 10,112 10,927 10,423 10,745 9919 9613
Male (%) 79.0 79.8 80.2 812 814 81.7 82.7 835 84.2°
Age [mean (SD)] 76.7 (8.0) 77.0 9.1 774 (83) 772 93) 77.6 (92) 77.8 (9.4) 78.0 (9.4) 78.0 (9.6) 77.8 9.6/
Total no. of hospital admissions 23,362 25,033 24,063 21,098 22,178 21,998 22,185 20,421 19,771¢
Male 19,079 20,471 19,801 17,465 18,361 18,380 18,693 17,328 16,876
Female 4283 4562 4262 4380 3817 3618 3492 3093 2895¢
No. of hospital admission/HC [mean (SD)] | 22 (2.3) 23 (23) 22 (22) 21 21) 2.0 (2.0) 2.1 21) 2.1 (2.0) 2.1 (2.0) 2.1 (2.0)®
Admissions with use of NIV [no. (%)] 684 (2.9) 972 (3.9) 1684 (7.0) 3409 (16.1) | 4409 (19.9) | 3768 (17.1) | 3370 (15.2) | 2938 (14.4) | 2299(11.6)
HC with use of NIV [no. (%)] 596 (5.7) 836 (3.9) 1328 (7.0) 2331 (23.1) | 3120 (286) | 2741 (263) | 2525 (23.5) | 2204 (222) | 1772(18.4)"
Admissions with use IMV [no. (%)] 80 (0.3) 83 (0.3) 137 (0.6) 183 (0.9) 215 (1.0) 197 (0.9) 170 (0.8) 167 (0.8) 174 (0.9)"
HC with use of IMV [no. (%)] 76 (0.7) 80 (0.7) 133 (1.2) 170 (1.7) 210 (1.9) 192 (1.8) 164 (1.5) 166 (1.7) 165 (1.7)
LOSl/year/HC [days, mean (SD)] 150 (233) | 150 (224) | 15.1 (26.2) 135 (263) | 127(203) | 133(21.9) | 126(186) | 134(21.3) | 137 (262°
No. of A&E attendance/HC [mean (SD)] 3.7 (4.9) 3.8 (4.6) 3.8 (4.0) 38 (4.1) 39 (42) 39 (4.3) 3.8 (4.8) 38 (4.2) 3.7 (3.5)*
No. of SOPD attendance/HC [mean(SD)] | 5.1 (3.8) 50 (3.8) 5.0 (3.9) 5.1 (4.0) 5.1 (3.9) 52 (4.1) 52 (3.9) 5.1 (3.9) 50 (3.7)*
Prescription of LABA/LAMA [no. (%)] 1522 (14.6) | 2024 (183) | 2358 (21.6) | 2541 (25.1) | 3149 (28.8) | 4211 (404) | 5745 (53.5) | 5922 (59.7) | 6100(63.5)"
Male 1275 (15.5) | 1643 (186) | 1957 (22.4%) | 2165 (26.3) | 2698 (30.3) | 3583 (42.1) | 4883 (54.9) | 5050 (61.0) | 5236 (64.7)
Female 247 (113) | 381 (17.1) | 401 (18.6) 376 (198) | 451 22.1) | 628 (329) | 862 (464) | 872(533) | 864 (57.0)
Prescription of ICS [no (%)] 7598 (72.9) | 8291 (75.1) | 8552 (78.5) | 8095 (80.1) | 8763 (80.2) | 8677 (83.2) | 9203(85.6) | 8610(86.8) | 8394(87.3)"
Old TB affecting respiratory tract [no (%)] | 1380 (13.2) | 1324 (12.0) | 1236 (11.3) 1324 (13.1) | 1526 (140) | 1414 (13.6) | 1302 (12.1) | 1166 (11.8) | 1011(10.5)"
Male 1214 (147) | 1162 (132) | 1094 (12.5) 1188 (14.4) | 1384 (15.6) | 1275 (15.0) | 1167 (13.1) | 1046 (12.6) | 919 (11.4)
Female 166 (7.6) 162 (7.3) 142 (6.6) 136 (7.2) 142 (7.0) 139 (7.3) 135 (7.3) 120 (7.3) 92 (6.1)

Notes: “Chi-squared for trend, p< 0.0001; “One-way ANOVA and Tukey post hoc test 2006 vs 20082014, p < 0.01- p<0.001; 82006 vs 2009-2014, p < 0.001; “p = not
significant (ns).

OIld TB and the Use of NIV

Old TB is a common comorbidity of patients with COPD in HK, with over 10% of the patients having old TB from year
2006 to 2014 (p < 0.0001) (Table 1). The number and proportion of patients with old TB as a comorbidity showed a peak
in 2010 with 14.0% of HC having old TB as a comorbidity, but the number and percentage declined from 2011 onwards.
In 2016, only 10.5% of COPD HC had old TB as a comorbidity (p < 0.0001).

Subgroup analysis of patients with COPD and history of old TB (Table 3) showed that this group of patients was at
risk of requiring NIV treatment during acute COPD exacerbations. The application of NIV peaked in year 2010 with
3120 (28.6%) of HC requiring NIV. Subgroup analysis showed that in year 2010, 20.5% of the COPD HC requiring NIV
had history of old TB, and 41.9% of HC with COPD and history of old TB required the use of NIV in that year.
Thereafter, both the use of NIV and history of old TB declined. In year 2014, 18.4% of COPD HC (with and without TB)
and 25.5% of HC with COPD and old TB required NIV, respectively (p < 0.0001).

Effect of Demographic Factors on COPD Admissions

The age of the COPD HC showed a small (but statistically significant) increasing trend for all patients, male (M) and
female (F) from year 2006 to 2014. The mean age was (all: 76.7, M: 75.4, F: 81.5 years of age) in 2006 vs 2014 (all:
77.8, M: 76.8, F: 83.4 years of age) (p < 0.001) (Table 2, Supplementary Tables 6-8).
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Table 2 Trend of Age and Sex Distribution of the New COPD Patients in Each Year Compared with the Whole COPD Population
with Hospital Admissions from 2006 to 2014

2006 2007 2008 2009 2010 2011 2012 2013 2014
Total number of COPD HC 10,425 11,046 10,900 10,112 10,927 10,423 10,745 9919 9613
Male - no. (%) 8232 (79.0) 8815 (79.8) 8739 (80.2) 8213 (81.2) 8890 (81.4) 8514 (81.7) 8887 (82.7) 8284 (83.5) 8096 (84.2)"
Female - no. (%) 2193 (21.0) 2231 (20.8) 2161 (19.8) 1899 (18.8) 2037 (18.6) 1909 (18.3) 1858 (17.3) 1635 (16.5) 1517 (15.8)"
Age [yrs, mean(SD)], total 76.7 (8.0) 77.0 (9.1) 77.4 (8.3) 772 (93) 77.6 (9.2) 77.8 (9:4) 78.0 (94) 78.0 (9.6) 77.8 (9.6)*
Male 75.4 (8.8) 75.7 (8.9) 76.1 (9.0) 76.0 (9.1) 76.3 (9.0) 76.6 (9.2) 76.9 (9.2) 76.9 (9.4) 76.8 (9.4)C
Female 81.5 (8.0) 81.9 (8.0) 825 (8.3) 825 (8.3) 829 (8.1) 833 (8.3) 83.3 (8.5) 83.2 (8.6) 83.4 (8.8)"
Cases with admissions in = 4511 (40.8) 5666 (52.0) 5877 (58.1) 6369 (58.3) 6531 (62.7) 6729 (62.6) 6406 (64.6) 6345 (66.0)
previous year(s), number (% of
total COPD HC for the year)
M - number (%) = 3677 (81.5) 4572 (80.7) 4790 (81.5) 5207 (81.8) 5337 (81.7) 5521 (82.0) 5371(83.8) 5310 (83.7)*
F = number (%) = 834 (18.5) 1094 (19.3) 1087 (18.5) 1162 (18.2) 1194 (18.3) 1208 (18.0) 1035 (16.2) 1035 (16.3)
Age [yrs, mean(SD)], M+F - 77.1 (8.7) 77.6 (8.7) 77.6 (8.9) 78.0 (8.9) 78.3 (9.0) 785 (9.1) 785 (9.2) 785 (9.2)°
Male = 76.1 (8.6) 76.4 (8.5) 76.5 (8.8) 76.9 (8.7) 77.1 (8.8) 775 (8.9) 77.6 (9.0) 77.5 (9.0)°
Female - 81.9 (7.6) 825 (7.8) 826 (7.9) 833 (7.7) 83.7 (8.3) 83.7 (8.3) 834 (8.2) 83.9 (8.2)°
New cases for the year 2006 2007 2008 2009 2010 2011 2012 2013 2014
cohort cohort cohort cohort cohort cohort cohort cohort cohort
New HC, number (% of total 10,425 6535 (59.2) 5234 (48.0) 4235 (41.9) 4558 (41.7) 3892 (37.3) 4016 (37.4) 3513 (35.4) 3268 (34.0)
COPD HC for the year), M+F
M - number (%) 8232 (79.0) 5138 (78.6) 4167 (79.6) 3423 (80.8) 3683 (80.8) 3177 (81.6) 3366 (83.8) 2913(82.9) 2786 (85.3)"
F = number (%) 2139 (21.0) 1397 (21.4) 1067 (20.4) 812 (19.2) 875 (19.2) 715 (18.4) 650 (16.2) 600 (17.1) 482 (14.7)
Age [yrs, mean(SD)], total 76.7 (8.0) 76.8 (9.3) 77.1 (9.7) 76.6 (9.7) 76.9 (9.7) 77.0 (10.0) 77.0 (9.8) 77.0 (10.3) 76.5(10.3)*
Male 754 (8.8) 755 (9.2) 75.8 (9.5) 75.3 (9.5) 75.6 (9.5) 75.7 (9.8) 76.0 (9.6) 758 (10.1) 75.5(10.0)*
Female 81.5 (8.0) 81.9 (8.2) 825 (8.8) 823 (8.9) 823 (8.6) 827 (8.9) 824 (8.7) 82.8 (9.3) 82.2(10.0)*
NB Cases with admissions in previous years
New cases for the year

Notes: “Chi-squared for trend p < 0.0001; “One-way ANOVA and Tukey post hoc test, 2006 vs 20082014, p < 0.01- p < 0.001; 2006 vs 20082014, p < 0.001; °2007 vs
2010-2014, p < 0.001; 52007 vs 2010-2014, p < 0.01- p < 0.001, #p = ns.

The COPD HC with the first admission or repeated admissions in each year from 2007 to 2014 were analyzed
(Table 2). The HC with the first admission in 2007 (defined as 2007 cohort) and the subsequent years (2008 to 2014
cohorts) showed a trend of reducing numbers over the years. A total of 6535 HC were admitted in year 2007 (2007
cohort, 59.2% of total COPD HC), having no admission in year 2006. In year 2014, 3268 HC (2014 cohort, 34.0% of
total HC) had their first admission in 2014 with no previous admissions from year 2006-2013. The falling trend of new
cases requiring hospital admission was seen for both males and females, but more marked for females. As a result, the
percentage of male HC who were new admissions increased from 78.6% in year 2007 to 85.3% in 2014 (p < 0.0001)
(Table 2).

On the other hand, the number of patients with admissions in previous years (ie, repeated admissions) increased from
4511 (40.8% of total HC) in 2007 to 6345 (66.0% of total HC) in 2014. This trend of repeated admissions in subsequent
years was particularly seen in male patients with HC that slowly increased from 3677 (81.5%) in year 2007 to a peak of
5521 (82.0%) in 2012 and remained high at over 5300 per year (84%) in 2013 and 2014 (p < 0.0001) (Table 2). The HC

of female patients with repeated admissions showed no significant fluctuations, but because of the increasing number of
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Table 3 Subgroup Analysis of Patients with COPD and Old TB and Requirement of NIV

2006 2007 2008 2009 2010 2011 2012 2013 2014
Total number of COPD HC 10,425 11,046 10,900 10,112 10,927 10,423 10,745 9919 913
COPD HC with use of NIV [no. (% of | 596/10425 | 836/11,046 | 1328/10,900 | 2331/10,112 | 3120/10927 | 2741/10423 | 2525/10,745 | 2204/9919 | 17721913
total COPD HC)] (5.7) (39) (7.0) (23.1) (28.6) (26.3) (23.5) (222) (18.4)
COPD HC with old TB [no (% of total | 1380/10,425 | 1324/11,046 | 1236/10,900 | 1324/10,112 | 1526/10927 | 1414/10,423 | 1302/10,745 | 1166/9919 | 1011/9613
COPD HC)] (13.2) (12.0) (11.3) (13.1) (14.0) (13.6) (12.1) (11.8) (10.5)°
COPD HC with NIV and old TB 128 141 214 373 639 551 409 353 258"
% of HC with NIV who had old TB 128/596 141/836 214/1328 37312331 639/3120 55112741 409/2525 353/2204 258/9613

(21.5%) (16.9%) (16.1%) (16.0%) (20.5%) (20.1%) (16.2%) (16.0%) (14.6%)"
% of HC with old TB who received NIV | 128/1380 141/836 214/1236 373/1324 639/1526 551/1414 409/1302 353/1166 258/1011

(9.3%) (10.6%) (17.3%) (28.2%) (41.9%) (39.0%) (31.4%) (30.3%) (25.5%)"

Notes: “Chi-squared for trend p < 0.0001; p = 0.0005; *p = 0.003.

male HC with repeated admissions, the proportion of female HC with repeated admissions reduced from 18.5% in year
2007 to 16.3% in 2014 (Table 2).

The age of patients with repeated admissions showed a small but a significant increasing trend for all, male and
female HC (mean age of all: 77.1, M: 76.1, F: 81.9 years of age) in year 2007 to 2014 (all: 78.5, M: 77.5, F: 83.9 years of
age) (p <0.01- p <0.001) (Table 2, Supplementary Tables 9—11). There was no significant trend in the age of the patients

with the first admission in the years from 2007 (mean age of all: 76.8, M: 75.5, F: 81.9 years of age) to 2014 (mean age
of all: 76.5, M: 75.5, F: 82.2 years of age) (Table 2, Supplementary Table 12).
The trends of hospital admissions originating from different cohorts are shown graphically in Figure 1. Despite the

falling number of new cases of COPD requiring hospital admissions, the total number of COPD HC with hospital
admission in each year was largely maintained by the repeated admissions of COPD HC who survived over the years.

12000
11046 10900 10927

10745

10000

8000 Cohort of 2014

s Cohort of 2013

Cohort of 2012
(@] 6000 Cohort of 2011
I
mmm Cohort of 2010
1048 . 913 906 Cohort of 2009
l o mmmm Cohort of 2008
917
4000 1691 . Cohort of 2007
1535 . — . s Cohort of 2006
1319 661 e Total of Headcount:
no [0
2000 -
884
740
o . .
2006 2007 2008 2009 2010 2011 2012 2013 2014

Year

Figure | Trend of COPD admission HC in each year and the year that they were first admitted to HA hospital (year of cohort).
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In summary, the new cases of COPD requiring hospital admission in each year was falling in number from year 2006
to 2014, and the age of the new COPD HC in each year was similar. On the other hand, the patients with repeated
admissions were increasing in age over the years, compatible with their continued survival throughout the study period
from year 2006 to 2014.

First Year Mortality and Cause of Death
The first year total mortality rate was around 17-18% with no significant variation over the years (Table 4). However, the
mean age of death showed a gradual increase from year 2006 (all 79.6, M 78.2, F 84.3 years of age) to year 2014 (all
81.3, M 80.3, F 86.3 years of age) (Table 4, Supplementary Tables 13—15).

Over 60% of the deaths were due to COPD or pneumonia over the period from year 2006 to 2014 (Table 4). However, there

were significant reductions in the total number and proportion of deaths due to COPD from 800 (43.1%) in year 2006 to 418
(25.9%) in 2014 (p < 0.0001). Deaths due to pneumonia increased from 387 (20.8%) in 2006 to 681 (42.2%) in 2014 (p <
0.0001). The other less common causes of death were lung cancer, malignancies other than lung, ischemic heart disease, heart
failure, respiratory failure, etc. The proportion of deaths who were male increased from 76% in year 2006 to 84% in 2014 (p <
0.0001) (Table 4), corresponding with the percentage increase in male COPD HC in the same period (Table 1).

Table 4 Trend of Mortality, Sex and Age at Death and the Top 10 Causes of Death from 2006 to 2014

Cause of Death [Number (%)] 2006 2007 2008 2009 2010 2011 2012 2013 2014

1. COPD 800 (43.1) 798 (42.0) 764 (37.6) 525(30.3) 530 (28.4) 564 (30.0) 588 (30.4) 431 (24.5) 418 (25.9)*
2. Pneumonia 387 (20.8) 435 (22.9) 646 (31.8) 657 (38.0) 716 (38.4) 727 (38.7) 741 (383) 779 (44.2) 681 (42.2)*
3. Lung cancer 132 (7.1) 144 (7.6) 128 (6.3) 120 (6.9) 116 (6.2) 126 (6.7) 134 (6.9) 88 (5.0) 9l (5.6)°
4. Malignancies other than lung 100 (5.4) 87 (4.6) 75 (3.7) 69 (4.0) 8l (4.3) 69 (3.7) 64 (3.3) 74 (42) 73 (4.5)"
5. Ischaemic heart disease 80 (4.3) 89 (4.7) 89 (4.4) 93 (5.4) 93 (5.0) 87 (4.6) 91 (4.7) 74 (42) 69 (4.3)"
6. Heart failure 62 (3.3) 46 (2.4) 58 (2.9) 32 (1.8) 35 (1.9) 49 (2.6) 33 (1.7) 45 (2.6) 42 (2.6)"
7. Respiratory failure 44 (2.4) 40 (2.1) 42 (2.1) 53 (3.1) 82 (4.4) 59 3.1) 41 (2.1) 69 (3.9) 56 (3.5)°
8. Sepsis and other systemic 40 (2.2) 42 (22) 55 (2.7) 44 (2.5) 39 (2.1) 38 (2.0) 34 (1.8) 40 (2.3) 36 (2.2)"
infections

9. Cerebrovascular accident 27 (1.5) 34 (1.8) 31 (1.5) 21 (1.2) 21 (1.1) 17 (0.9) 12 (0.6) 20 (1.1) 29 (1.8)*
10. Renal failure 30 (1.6) 29 (1.5) 16 (0.8) 18 (1.0) 22 (1.2) 11 (0.6) 18 (0.9) 16 (0.9) 12(0.7)"
I1. Others 155 (8.3) 157 (8.3) 126 (6.2) 99 (5.7) 128 (6.9) 132 (7.0) 177 (9.1) 126 (7.2) 105 (6.5)"
Total death cases in each year 1857 1901 2030 1731 1863 1879 1933 1762 1612
(number)

All-cause mortality in HA hospitals 1659 (15.9) 1707 (15.5) 1763 (16.2) 1543 (15.3) 1669 (15.3) 1654 (15.9) 1687(15.7) 1568(15.8) 1421 (14.8)*
[number (% of HC in that year)]

Total mortality (in and out of HA 1857 (17.8) 1901 (17.2) 2030 (18.6) 1731 (17.1) 1863 (17.0) 1879 (18.0) 1933(18.0) 1762(17.8) 1612 (16.8)*
hospitals) [no. (% of HC in

that year)]

Gender distribution of death cases

Male (%) 76.0 787 79.5 794 82.0 80.7 80.7 83.8 84.0*

Age at death [years, mean (SD)] 79.6 (8.6) 80.0 (8.5) 80.5 (8.5) 80.4 (8.5) 80.5 (8.6) 80.9 (8.8) 81.7 (8.3) 81.5 (8.8) 81.3 (8.6)"
Male 782 (8.2) 78.6 (8.3) 79.2 (8.3) 79.1 (8.2) 79.3 (84) 79.6 (8.7) 80.5 (8.0) 80.6 (8.5) 80.3 (8.3)°
Female 84.3 (8.0) 85.0 (7.1) 85.2 (7.4) 85.2 (7.8) 85.9 (8.4) 86.1 (7.2) 86.9 (7.6) 86.5 (8.3) 86.3 (8.2)"

Notes: “Chi-squared for trend p < 0.0001; 5p =0.007; °p = 0.001; *p = 0.003; FOne-way ANOVA and Tukey post hoc test, 2006 vs 2011-2014, p<0.001; $2006 vs 2008—
2014, p < 0.05-p < 0.001; #2006 vs 2011-2014, p < 0.05-p < 0.001; #p = ns.
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Table 5 Subgroup Analysis of Death Cases Due to COPD and Pneumonia

2006 2007 2008 2009 2010 2011 2012 2013 2014
Total death cases in each year 1857 1901 2030 1731 1863 1879 1933 1762 1612
Death cases due to COPD [number (%)] 800 (43.1) 798 (42.0) 764 (37.6) 525(30.3) 530 (284) 564 (30.0) 588 (30.4) 431 (24.5) 418 (25.9)
Male - number (%) 607 (75.9) 639 (80.1) 618 (80.9) 406 (77.3) 438 (82.6) 460 (81.6) 489 (83.2) 357 (82.8) 334 (79.9)
Female - number (%) 193 (24.1) 159 (19.9) 146 (19.1) 119 (22.7) 92 (17.4) 104 (18.4) 99 (16.8) 74 (17.2) 84 (20.1)
Age at death due to COPD [yrs, mean (SD)] 79.5 (8.5) 79.6 (8.0) 79.9 (8.1) 79.9 (9.1) 79.6 (8.7) 79.7 (9.0 80.7 (8.2) 8.1 (9.1) 80.8 (8.9)"
Male 78.1 (8.1) 784 (8.0) 78.8 (8.0) 782 (8.9) 782 (8.3) 78.6 (9.0) 79.7 (7.8) 80.1 (9.1) 79.8 (8.5)
Female 84.0 (8.1) 84.4 (6.4) 84.1 (7.4) 85.6 (7.4) 86.1 (7.4) 845 (7.4) 85.8 (8.1) 85.6 (7.8) 84.8 (9.5)
Death cases due to pneumonia 387 (20.8) 435 (22.9) 646 (31.8) 657 (38.0) 716 (38.4) 727 (38.7) 741 (383) 779 (44.2) 681 (42.2)
Male - number (%) 294 (76.0) 331 (76.1) 509 (78.8) 534 (81.3) 585 (81.7) 572 (78.7) 581 (78.4) 667 (85.6) 575 (84.4)"
Female - number (%) 93 (24.0) 104 (23.9) 137 (21.2) 123 (81.7) 131 (18.3) 155 (21.3) 160 (21.6) 112 (14.4) 106 (15.6)
Age at death due to pneumonia [yrs, mean(SD)] 81.3 (8.3) 81.7 (8.8) 81.8 (8.7) 82.0 (7.8) 81.7 (8.4) 82.6 (8.1) 83.4 (8.0) 825 (8.4) 82.6 (8.3)"
Male 79.6 (7.8) 80.0 (8.5) 80.5 (8.5) 81.0 (7.4) 80.7 (8.3) 81.3 (7.9) 822 (7.8) 81.9 (8.1) 81.7 (8.0)'
Female 86.6 (7.4) 87.2 (7.6) 86.6 (7.3) 86.2 (7.9) 86.6 (7.2) 87.5 (7.1) 88.1 (7.1) 86.6 (9.0) 87.4 (8.0)"
NB Death cases due to COPD
Death cases due to pneumonia

Notes: “Chi-squared for trend p=0.004; “p < 0.0001; 'One-way ANOVA and Tukey post hoc test 2006 vs 2012-2014, p < 0.01-p < 0.001; #p = ns.

Subgroup analysis of the death cases due to COPD and pneumonia (Table 5) showed that male patients
accounted for over 70% of the deaths due to COPD (p = 0.004) or pneumonia (p < 0.0001). The age of the
patients who died from pneumonia (both male and female) were about 2 years older than patients who died from
COPD over the whole study period. Age at death of the patients who died of COPD showed no significant change
over the years (Table 5, Supplementary Table 16). On the other hand, a trend of increasing age at death was seen
for patients who died of pneumonia, but only statistically significant in male patients (Table 5, Supplementary
Tables 17 and 18).

Cumulative Survival of COPD HC Originating from Different Cohorts

The cumulative survival of the COPD HC as at 31 Dec of each year was calculated by subtracting the number of fatal
cases in each year from the original cohort as shown in Figure 2. Combining the HC originating from other years, the
cumulative survival of the COPD patients ever admitted to HA hospitals after year 2006 was gradually accumulating in
the community, up to and seemed to plateau off at 19,060 as on 31 Dec 2014. These patients might or might not be
admitted to hospital after their first admission, but they were still surviving in the community according to the death

registry.

Discussion

COPD is the 4th leading cause of death in the world in 1990,° but it became the 3rd leading cause of death worldwide
in 2019.7 However, earlier report from HK showed a progressive decline in mortality and hospitalization rate due to
COPD between 1997 and 2005.% Cigarette is the major cause of COPD in HK like most western populations. It was
postulated that the general trend of reduction in mortality and hospitalization rates of COPD in HK from year 1997—
2005 reflected the decline in the prevalence of smoking locally since 1980.® We have extended the study to look for
the hospital burden of COPD in HK, the trend from year 2006 to 2014, and to study the COPD cohorts in each year in
greater detail.
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Figure 2 Cumulative survival of COPD patients originating from cohorts of different years.

T

he important observations of COPD patients discharged from public hospitals in HK from year 2006 to 2014 were:

. The number of COPD admissions peaked in year 2007 with 25,033 discharges, but gradually declined to 19,771 in

2014.

Progressive decline of COPD HC requiring hospital admissions, particularly females, so that the proportion of
females in the HC was reduced from 21% in year 2006 to 16% in year 2014. There was noticeable decline of both
male and female HC in 2013 and 2014.

. There was a slight (but statistically significant) reduction in the number of hospital admission/HC in each year.

There was no significant change in the number of A&E and SOPD attendance/HC in each year.
The utilization of NIV increased rapidly from 2006 and reached a peak in 2010 with 29% of HC requiring NIV, but
the usage declined in year 2011 to 2014.

. There was a rapid increase in the prescription of LABA and/or LAMA from 15% to 64%. The prescription of ICS

(with or without LABA/LAMA) was high throughout the period (73% to 87%).

The first year mortality rate in each year was stable at around 17%, but death due to COPD was decreasing and
death due to pneumonia was increasing.

The mean age of COPD patients with hospital admissions and age at death was slowly increasing for both males
and females. The age at death of COPD patients was close to that of the general population for both gender.
The number of new cases of COPD requiring hospital admission reduced over the years. COPD admissions were
largely contributed by patients with repeated admissions, particularly male patients.

. The cumulative survival of the COPD HC ever admitted to HA hospital in and after 2006 was gradually increasing

in the community and seemed to plateau off to just over 19,000 HC at the end of 2014.
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The population in HK increased from over 6.8 million in 2006 to over 7.2 million in 2014. The male: female ratio was around
1:1.06.° The important finding of the present study is that the trend of progressive decline in mortality and hospitalization rate
due to COPD between 1997 and 2005, as revealed in previous report,” was continued in year 2006 to 2014. We have observed
a decreasing trend of the number of COPD admissions, as well as the number of individual COPD patients (HC) requiring
hospital admission. We have also observed a trend of decreasing severity of the disease as evidenced by the decreasing need of
NIV during admissions for COPD exacerbations and decreasing mortality due to COPD.

As cigarette smoking is the major cause of COPD in HK as in most western population, the gradual decline in COPD
admissions and HC (especially in female throughout the whole period and both gender in 2013 and 2014) was likely

10.11 e have

related to decline in the prevalence of smoking.>® As the effect of smoking may take up to 15-25 years,
searched for the smoking pattern in HK about 20 years before our study period. Survey in year 1982 showed that 39.7%
of male age 15 or above were daily smokers, compared with 5.6% for females. The corresponding figures for the 1988
survey were 30.0% and 2.9%, respectively.'? The lower percentage of smokers, especially in females, might explain the
decreasing number of COPD HC, especially females, more than 20 years later. As in 2017, the prevalence of smoking in
HK was 10.0% (male 18.1%, female 2.7%),"* we would expect the problem of COPD to reduce further in future.

The proportion of HC requiring use of NIV increased rapidly from 5.7% in 2006 to a peak of 28.6% in 2010.
Thereafter, the percentage dropped gradually to 18.4% in 2014. The initial rapid rise in NIV utilization from 2006 to
2010 was probably the result of promotion of the technique among general and respiratory physicians. To the best of our
knowledge, the only territory-wide report of NIV use in COPD patients admitted to hospital in HK was 23% in year
2012.% There was no change in the practice or coding for NIV in COPD patients over the years. The decline in utilization
of NIV from 28.6% of admissions in year 2010 to 18.4% in year 2014 probably reflected in a decrease in the severity of
the COPD disease rather than a change in policy or practice.

Subsequent to the finding of decreasing number and severity of COPD patients admitted to hospital from 2010
onwards, we had tried to look for other factors besides reducing prevalence of smoking in the community. TB is a well-
known contributory factor of COPD.'*'® Notification rate of TB gradually declined from 1995 (101/100,000 population)
to 2014 (65/100,000 population) in HK with small fluctuations in between.'” There was a trend of modest decline in the
number and proportion of HC with TB as comorbidity of COPD from 13.2% in 2006 to 10.5% in 2014 (p < 0.0001)
(Table 1). However, we observed a small peak of old TB affecting the respiratory tract as a comorbidity of COPD
(14.0%) in year 2010, which coincided with the small peak in the utilization of NIV (Table 3). In the PLATINO study'® it
was reported that a history of pulmonary TB was associated with more severe GOLD stages of COPD. A more recent
report had shown that COPD patients with history of TB had reduced respiratory functions, increased PaCO, and died
earlier compared to the patients without history of TB.'® In our present study, the number of COPD patients with past
history of old TB who received NIV also showed a peak in 2010. Almost 42% of COPD with past history of old TB
received NIV in year 2010 (Table 3). We may perhaps postulate that chronic effect of old TB was an important
contributory factor for severe COPD, so that a significant proportion of these patients required NIV during an acute
COPD exacerbation. Reduction of TB in the community might be one of the explanations for the reducing number and
proportion of patients requiring NIV after 2010. As the notification rate of TB in HK continues to fall over the years,
from 65 in 2014 to 57.5/100,000 population in 2017,'7 further studies are warranted to study the effect of decreasing
prevalence of TB on the prevalence and severity of COPD in HK.

For the inhalers used for COPD, a previous multicenter study in 2005 with 153 patients from HK showed that the use
of LABA or LAMA was the lowest among the countries studied (LABA 2.6%, tiotropium 1.9%, and LABA/ICS
12.5%).2% In the present study, the prescription of LABA and/or LAMA experienced a dramatic increase from 14.6% in
2006 to 63.5% in 2014. We also observed a high proportion of COPD patients being prescribed ICS (with or without
LABA/LAMA) with an increasing trend from 72.9% in 2006 to 87.3% in 2014. As most of the LABAs in HK were
marketed in combination with an ICS, the marked increase in the prescription of LABA might explain the modest
increase of ICS prescription for COPD patients. With the recognition that ICS might increase the incidence of
pneumonia®' and the restricted prescription of ICS to group E COPD patients with high eosinophil counts,' it is
interesting to know whether the high usage of ICS in COPD patients in HK may decrease in recent years. Further
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studies are required to find out whether the more common prescriptions of LABA/LAMA with or without ICS have
contributed to the lower COPD admission/HC and lowering mortality related to COPD.

To explore the potential confounding impact of air pollution in this study, available data on air quality in HK from the
Environmental Protection Department of HK?** were reviewed. It appeared that the air quality of HK showed some,
though may not be significant, improvement over the study period. Thus, we believed that this largely static air quality
over the study period may not have significant impact in the observed small changes in the number of COPD admissions
per HC over the same study period.

While the major cause of reduction in COPD HC was likely due to the reduction in smoking habit (especially in female
subjects), the cause of the reducing number of hospital admission/HC was multi-factorial. There was no change in the
regulation or requirement from HA on the admission or timing of hospitalization for patients with COPD. Patient support
programs organized by some hospitals, more common prescription of LAMA/LABA (with or without ICS), and perhaps the
improving air quality in HK may have contributed to the reduction of hospital admission per HC. Further prospective
studies are required to find out whether and how much these interventions have resulted in reduction of COPD admissions.

The mean age at death of patients with COPD increased gradually over the years for both male and female (Table 4),
from a mean age of 78 years in males and 84 years of age in females in 2006, to 80 in males and 86 years of age in
females, respectively, in year 2014. These mean age were very close to the expectation of life for the general population
in HK of 81 for males and 87 years of age for females, respectively.” In addition, we observed a changing pattern with
increasing number of deaths due to pneumonia and reducing number of deaths due to COPD (Table 5). To the best of our
knowledge, there was no change in the coding practice for COPD or pneumonia over the study period. Patients (for both
gender) who died from pneumonia were about 2 years older than those who died from COPD. Retrieval of the leading
causes of death of the general population in HK showed that in 2001, 45.1/100,000 population died of pneumonia (the
2nd leading cause of death, after malignant neoplasms of any organ).”® In 2014, the figure for pneumonia was 103.8/
100,000 and in 2021, the figure further increased to 132.6/100,000 population (almost 3 times the figure in 2001).
Pneumonia remained the 2nd leading cause of death in 2021 (after malignant neoplasms of any organ).*® Therefore, the
increasing number of deaths due to pneumonia was a phenomenon in the general population, and not just a phenomenon
in COPD patients. The exact cause of the increasing number of deaths due to pneumonia was unknown, but most likely
related to a decline in immunity with ageing. Augmentation of the vaccination program in the general public and
particularly in COPD patients may help to reduce deaths related to pneumonia. The reducing number of deaths due to
COPD might be due to patients having less severe disease, probably related to reduced smoking and TB notification in
the community. The prescription of ICS was common over the period but by itself could not account for the increasing
number of death due to pneumonia.”’

The improving trend COPD that we observed in HK with a population of 7.2 million may not be an isolated incidence.
Cigarette smoking is a major cause of COPD in HK as in most western population. Our experience showed that the control
of smoking about 20 years earlier can significantly reduce the number of new patients with COPD who require hospital
admission (group E in the GOLD strategy 2023).' We have also observed that in this group E COPD patients, with adequate
treatment and support, their life expectancy can be close to that of the general population. We have observed an increasing
trend of mortality due to pneumonia in the general and COPD population in the elderly. It is of paramount importance to
strengthen the vaccination program for the elderly population, whether they have underlying COPD or not.

In developing countries where TB is still prevalent, our experience showed that the combination of “COPD” and “late
effect of respiratory TB” can result in severe COPD, especially those who required assisted ventilation (NIV/IMV). With
adequate TB control programs, it is hoped that the number of subjects with co-existing COPD and old TB can be reduced
and possibly leading to reduction in number of patients with severe COPD.

The major limitation of the present study is that the data depends on the accuracy and completeness in the coding of
discharge diagnoses and procedures. As the coding for principal and secondary diagnoses and procedures (especially NIV
and IMV) were compulsory in the CMS and there was regular checking by audit teams of HA, we believed that this
information was mostly correct and reliable. Information of individual patients which required case record review such as
radiographic changes and lung function parameters were outside the scope of this study. Further studies are required to
confirm some of the observations and postulations made in the present study.
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Conclusion

COPD is a common cause of hospital admission and healthcare burden. We have demonstrated a progressive decline in
the admission number, HC and severity of disease of COPD patients requiring hospital admission in HK from year 2006
to 2014. The decreasing trend was particularly observed in female patients. The utilization of NIV increased rapidly
from year 2006 and reached a peak in 2010. The decreasing trend of COPD admission number and HC probably reflected
the decreasing trend of smoking habit in the community. The decreasing TB notification in the community might reduce
the co-incidence of COPD with old TB, especially those with severe disease requiring NIV during acute exacerbations.
The number of new cases of COPD requiring hospital admission was decreasing, and increasing percentage of COPD
admissions were due to re-admissions, especially male patients. The mortality rate of COPD patients remained quite
stable but the age at death of COPD patients was slowly increasing. The age at death of COPD patients was close to the
general population for both male and female. Pneumonia and COPD were common causes of mortality. Increasing
percentage of death due to pneumonia might reflect the older age and declining immunity of the COPD patients,
a phenomenon which is also observed in the general population in HK. The cumulative survival of COPD patients who
were ever admitted to hospital showed a gradual accumulation in the community but seemed to plateau at around 19,000
HC in year 2014. Control of smoking, TB notification and air quality in the community, better planned ambulatory care
of the COPD patients, optimal use of LABA/LAMA combination (with/without ICS) may reduce or delay their COPD
admission and lighten the burden on the healthcare system in future. Comprehensive and timely vaccination for targeted
viruses and bacteria might reduce the pneumonia risks in COPD patients as in the elderly population.
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