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Background: Early diagnosis and proper management of a large number of chronic
obstructive pulmonary disease (COPD) patients are great challenges for the Chinese health
care system. Although tiered medical services have been promoted by the Chinese govern-
ment since 2015, they have not been ideally implemented for COPD diagnosis and
management.

Patients and Methods: We designed a cross-sectional study. Eligible COPD patients (n =
648) and physicians (n = 161) were consecutively recruited from 8 hospitals in different tiers
in China. COPD characteristics and treatments were compared among hospitals in different
tiers. Multivariate logistic regression was performed to identify risk factors associated with
airflow limitation, symptoms and acute exacerbation.

Results: The PFT rate at first diagnosis was 99%, 69.4% and 29.9% in teaching, second-tier
and community hospitals (P < 0.001). Only approximately 10.9%, 1.7% and 9.6% and
21.8%, 6.9% and 32% of COPD patients received influenza or pneumococcal vaccines (P
< 0.001). The proportion of patients who did not use inhaled drugs or had irregular inhalation
was 2%, 24.6% and 78.8% (P < 0.001). Education level (RR-1 = —41.26%, P = 0.007),
FEV1%pred (RR-1 =—-2.76%, P < 0.001), and influenza vaccination in the last year (RR-1 =
—64.53%, P = 0.006) were all negatively correlated with COPD acute exacerbation (AE).
COPD duration (RR-1 =131.73%, P = 0.009), AE (RR-1 =151.39%, P <0.001), and COPD
Assessment Test (CAT) scores (RR-1 =3.82%, P = 0.019) were all positively correlated with
COPD airflow limitation severity.

Conclusion: Differences exist in the diagnosis, treatment and management of COPD among
different tiers of hospitals in China. Teaching hospitals can manage COPD patients relatively
well. There are still some gaps compared with developed countries.

Keywords: stable chronic obstructive pulmonary disease, tiered medical system, airflow

limitation, symptoms, acute exacerbation

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is now one of the top three causes
of death worldwide and 90% of these deaths occur in low- and middle-income
countries." A Chinese national cross-sectional survey study reported that the pre-
valence of spirometry-defined COPD in people aged 40 years or older was 13.7%,
indicating a disease burden of approximately 99.9 million in China.” Thus, the early
diagnosis and proper management of this very large population are great challenges

for the Chinese health care system. Patients swarming to high-tier hospitals in large
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cities consume a large number of high-quality medical
resources, which increases medical expenses and inconve-
niences local residents.

Therefore, in 2015, the Chinese government began to
promote “tiered medical services”, in which diseases are
graded by severity, clinical features, difficulty of treat-
ments and so on. Hospitals in different tiers are required
to undertake the treatment of diseases in different grades.
The tiered medical system is an important component of
China’s medical reform, aiming to rationally allocate med-
ical resources. Public hospitals are integral components of
China’s health care system, and all public hospitals were
graded into three tiers according to the scale of the hospi-
tals, scientific research direction, talent and technical
strength, medical hardware and equipment, etc.
Community hospitals are primary hospitals that directly
provide the comprehensive services of medical treatment,
prevention, rehabilitation and health care to the commu-
nity. Second-tier hospitals are regional hospitals that pro-
vide health services across several communities and are
regional medical technology centers. Teaching hospitals
are medical centers that provide comprehensive medical
treatment and have teaching and research capabilities.
Patients can select hospitals according to their own condi-
tion, and referrals can also be made between hospitals of
different tiers. In general, higher tier hospitals are asso-
ciated with more severe disease conditions. However, this
concept has not been ideally implemented for COPD diag-
nosis and management in China.

Accordingly, these characteristics of COPD patients
and the diagnosis and treatment preferences of doctors in
hospitals in different tiers need to be identified. This study
is also designed to explore the gaps between the current
management capacity of Chinese doctors and the require-
ments of international guidelines, and to develop new
approaches to improve tiered medical services for

Chinese COPD patients.

Materials and Methods
Study Design and Subjects

This was a cross-sectional study. Adult subjects (>18 years
old) diagnosed with COPD were consecutively recruited
from the clinics of 8 hospitals in Shanghai and Suzhou
from July 2017 to December 2018. These 8 hospitals
included one teaching hospital (Zhongshan Hospital,
Fudan University), three second-tier hospitals (Qingpu
branch of Zhongshan Hospital, Punan Hospital, Taicang

First Peoples Hospital) and four community hospitals
(Nanmatou Community Hospital, Jinze Community

Hospital, Zhaoxiang Community Hospital, Waitan
Community Hospital).

All the subjects had been diagnosed with COPD
before, and the diagnosis was confirmed by clinicians.
The patients had symptoms such as dyspnea, chronic
cough or sputum production, and/or a history of exposure
to risk factors for COPD. A pulmonary function test (PFT)
is required to make the diagnosis in this clinical context,
and a post bronchodilator forced expiratory volume in
one second (FEV1)/forced vital capacity (FVC) less than
0.70 confirms the presence of persistent airflow limitation
and indicates the presence of COPD in patients with
appropriate symptoms and predisposing risk factors.'

All patients were recruited in stable condition, which
was defined as no exacerbation or respiratory tract infec-
tion for at least one month before enrollment. We excluded
subjects who were pregnant or breastfeeding or had
chronic unstable diseases of other systems or
malignancies.

We also surveyed physicians working in the respiratory
department in the 8 hospitals to compare the preferences
of doctors in hospitals in different tiers to diagnose and
treat COPD.

This study was conducted in accordance with the
Declaration of Helsinki. The institutional review board at
Zhongshan Hospital, Fudan University reviewed and
approved this study (2017BJYYEC-080-02). All included
patients and physicians gave written informed consent

prior to participation.

Data Collection and Clinical Assessments
Multidimensional assessments that included demographic
characteristics, COPD duration, comorbidities, medication
use, other treatment conditions, expenses, etc. were per-
formed in all included patients. COPD control was
assessed using the COPD Assessment Test (CAT). The
latest PFT results, including FVC%pred, FEV1%pred and
FEV1/FVC, were also recorded.

The occupational information, diagnosis and treatment
preferences of all included doctors were recorded.

Statistical Analyses

The descriptive analyses of variables are presented as
n (%) for categorical data, and continuous data are pre-
sented as the mean with standard deviation. We compared
variables one-way ANOVA as

continuous using
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appropriate and categorical variables using chi-square tests
among the three groups. In addition, post hoc Bonferroni
comparisons were performed to explore difference
between groups, in which the cut-off significance was set
at a/n (0=0.05, n is the number of comparisons).

We examined the associations between each variable
and the CAT score through the use of univariate regression
models. Variables associated with the CAT score in the
univariate analysis (at p < 0.05) were included in multi-
variable models, and then a multiple regression model was
established to investigate factors associated with the CAT
score.

We considered FEV1%pred < 50% in patients with
COPD to indicate severe airflow limitation, FEV1%pred
>50% to indicate non-severe airflow limitation, outpatient
service >2 times or hospitalization >1 time in the past year
to indicate frequent acute exacerbation (AE), and all other
conditions indicated nonfrequent AE. Then, we used mul-
tivariate logistic regression analysis to investigate the fac-
tors that affect COPD airflow limitation severity and AE.
Relative risks (RRs) with 95% confidence intervals (Cls)
were calculated.

Age, sex, body mass index (BMI) and smoking status
were included in the regression analysis as potential con-
founders of the COPD AE condition. However, consider-
ing that FEV1%pred was not affected by age, sex or BMI
confounders, smoking status was the only confounder of
COPD airflow limitation severity that was included.

Data analyses were done with SPSS 23.0 software.
Two-sided P < 0.05 was considered statistically significant.

Results

Demographic and Clinical Characteristics
of Stable COPD Patients in 3 Tiers of

Hospitals in China

Among 648 participants included in our study, 101 were
from teaching hospitals, 350 were from second-tier hospi-
tals and 197 were from community hospitals. The socio-
demographic and clinical characteristics of the patients
from teaching to community hospitals are shown in
Table 1. Age (68.92+7.74 vs 72.26+£9.03 vs 72.54+8.51
years, P=0.002) and BMI (22.84+3.16 vs 22.414+3.87 vs
23.3743.00, P=0.009) were significantly different among
groups. Compared with the teaching group, a higher pro-
portion of the patients from second-tier and community
groups lived in villages and had a lower level of education.

Regarding COPD duration, patients in the second-tier
group had the longest duration, and those in the teaching
group had the shortest duration (P<0.001). Comorbidities,
such as hypertension (37.6% vs 44.0% vs 68.0%,
P<0.001), coronary atherosclerotic heart disease (5.9% vs
18.0% vs 37.1%, P<0.001) and asthma (0.0% vs 4.9% vs
10.2%, P=0.001), were common in the community group,
but the second-tier group had a much higher proportion of
patients with bronchiectasis (1.0% vs 8.9% vs 2.5%,
P=0.001).

When COPD was first diagnosed, the utilization rate of
PFT decreased with hospital tier (99.0% vs 69.4% vs
29.9%, P<0.001, teaching vs second-tiered vs community
hospitals) (Figure 1C). The highest proportion of patients
who underwent PFT in the last year was observed in the
teaching group and was significantly lower in both
the second-tier and community groups (67.3% vs 24.9%
vs 28.9%, P<0.001). Unexpectedly, the proportion of
patients with COPD AE in the last year was highest in
the second-tier group and the lowest in the teaching group
(30.7% vs 77.1% 48.7%, P<0.001), and the same was true
for CAT scores (11.31£6.62 vs 18.85+8.66 vs 15.78+7.75,
P<0.001).

Inhaled Bronchodilators are Still

a Mainstay for Stable COPD, and Gaps
Exist Among the 3 Tiers of Hospitals in
China

The proportion of patients who did not use inhaled drugs
(1% vs 6.3% vs 50.3%) or who used them irregularly (1%
vs 18.3% vs 28.5%) increased with hospital tier (Table 2).
Among patients in the teaching group, regular LAMA or
LABA alone was the most common option (33.7%), fol-
lowed by regular ICS+LABA+LAMA (31.7%) and regular
ICS+LABA or ICS+LAMA (21.8%).
the second-tier group, 37.7% of patients chose ICS
+LABA+LAMA, and the proportions of patients using
regular LAMA or LABA and ICS+LABA or ICS
+LAMA were all 18.3%. ICS+LABA or ICS+LAMA
was the most common choice in the community group

However, in

(Figure 1B). In the community group, the proportion of
patients using regular ICS+LABA or ICS+LAMA (10.7%)
and LAMA or LABA (7.1%) was slightly higher than that
using ICS+LABA+LAMA (4.0%). Surprisingly, LABA
+LAMA both together was the rarest regular medication
regimen in all three groups (10.9% vs 1.1% vs 0.5%).
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Table | Demographic and Clinical Characteristics of Stable COPD Patients in 3 Tiers of Hospitals

Variables Teaching Hospital Second-Tier | Community Hospital »IF P
Hospital
n 101 350 197
Male, n(%) 83 (82.2) 263 (75.1) 122 (61.9) 16.883 <0.001
Age (year) 68.92+7.74 72.26+9.03 72.548.51 6.410 0.002
BMI (kg/m?) 22.84+3.16 22.41+3.87 23.37+3.00 4.704 0.009
Education, n (%) *E 109.765 | <0.001
Uneducated or primary 7 (6.9) 184 (52.6) 109 (55.3)
Middle school 46 (45.5) 87 (24.9) 53 (26.9)
High school 30 (29.7) 66 (18.9) 28 (14.2)
College or above 17 (16.8) 10 (2.9) I (0.5)
Unknown 1 (1.0) 3(0.9) 6 (3.0)
Living condition, n(%) ** Tt 68.520 <0.001
City 89 (88.1) 182 (52.0) 75 (38.1)
Village 9 (8.9 143 (40.6) 106 (53.8)
Unknown 3 (3.0 26 (7.4) 16 (8.1)
Smoking status, n(%) *+ Tt 29.529 <0.001
Never 26 (25.7) 132(37.7) 99 (50.3)
Ever 68 (67.3) 175(50.0) 74 (37.6)
Current 6 (5.9 43 (12.3) 22 (11.2)
Unknown 1 (1.0) 0 (0.0) 2 (1.0)
Exposure to biomass fuels, n (%) 6.731 0.035
Yes 6 (5.9) 18 (5.1) 2 (1.0
No 95 (94.1) 332 (94.9) 192 (97.5)
Unknown 0 (0.0 0(0.0) 3(1.5)
Influenza vaccination in the last year, n(%) 21.601 <0.001
Yes 11 (10.9) 6 (1.7) 19 (9.6)
No 90 (89.1) 344 (98.3) 174 (90.4)
Unknown 0 (0.0 0 (0.0 4(2.0)
Pneumococcal vaccination in the last 5 years, n(%) 58.965 <0.001
Yes 22 (21.8) 24 (6.9) 63 (32.0)
No 79 (78.2) 326 (93.1) 130 (66.0)
Unknown 0 (0.0 0 (0.0 4 (2.0
COPD duration, n(%) P Tt 82.177 <0.001
<3 year 46 (45.5) 46 (13.1) 64 (32.5)
3-5 year 30 (29.7) 73 (20.9) 35(17.8)
5-10 year 20 (19.8) 87 (24.9) 37 (18.8)
>10 year 5 (5.0 142 (40.6) 59 (29.9)
Unknown 0 (0.0 2 (0.6) 2 (1.0
Number of comorbidities, n(%) Tt Tt 40.190 <0.001
0 28 (27.7) 99 (28.3) 19 (9.6)
| 41 (40.6) 127 (36.3) 76 (38.6)
2 24 (23.8) 80 (22.9) 53 (26.9)
3 5 (5.0 36 (10.3) 41 (20.8)
4 3 3.0 8 (2.3) 8 (4.1)
Comorbidities, n(%)
Hypertension 38 (37.6) 154 (44.0) 134 (68.0) 36.794 <0.001
CAHD 6 (5.9) 63 (18.0) 73 (37.1) 44.589 <0.001
Diabetes 10 (9.9)* 52 (14.9) 38 (19.3) 4.702 0.095
Asthma 0 (0.0 17 (4.9) 20 (10.2) 13.810 0.001
Cardiac insufficiency 4 (4.0 29 (8.3) 17 (8.6) 2.391 0.303
(Continued)
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Table | (Continued).
Variables Teaching Hospital Second-Tier | Community Hospital 22IF P
Hospital

Bronchiectasis 1 (1.0) 31 (89) 5(2.5) 14.300 0.001

DVT 0 (0.0 | (0.3) 0 (0.0 0.853 0.653
PFT at first diagnosis, n(%) 100 (99.0) 243 (69.4) 59 (29.9) 152.870 | <0.001
PFT in the last year, n(%) 71.714 <0.001

Yes 68 (67.3) 87 (24.9) 57 (28.9)

No 32 (31.7) 256 (72.6) 140 (71.1)

Unknown 1 (1.0) 9 (2.6) 0 (0.0
Latest FEV|%pred 112.957 | <0.001
(GOLD grade), n(%)

280 6 (5.9) 2 (0.6) 9 (4.6)

(GOLD 1)

50~79 38 (37.6) 38 (10.9) 33(16.8)

(GOLD 2)

30~49 29 (28.7) 34 (9.7) 21 (10.7)

(GOLD 3)

<30 9 (8.9) 24(6.9) 4 (2.0

(GOLD 4)

Unknown 19(18.8) 252(72.0) 130(66.0)
AE in the last year, n(%) 31 (30.7) 270 (77.1) 96 (48.7) 90.003 <0.001
CAT(scores), n(%) 11.31+6.62 18.85+8.66 15.78+7.75 35.905 <0.001

Notes: 11P<0.01, $11P<0.001 vs community group, *tP<0.01, *1*P<0.001 vs community and second-tier groups, with the Bonferroni correction.
Abbreviations: CAHD, coronary atherosclerotic heart disease; DVT, deep vein thrombosis.

Other Pharmacotherapies and
Nonpharmacotherapies for Stable COPD
and Differences Among the 3 Tiers of
Hospitals in China

The proportion of patients in the second-tier and community
groups using expectorants (31.7% vs 46.0% vs 45.2%,
P=0.032) and theophylline (4.0% vs 28.0% vs 34.0%,
P<0.001) was significantly higher than that in the teaching
group (Figure 1A). In the second-tier and community groups,
some patients received two or more expectorants. In the three
groups, ambroxol was the most commonly used expectorant,
and the proportion of patients who used ambroxol in
the second-tier and community groups was much greater
than that in the teaching group (37.5% vs 65.2% vs 85.4%,
P<0.001). Two other commonly used expectorants were
carbocysteine (15.6% vs 26.7% vs 6.7%, P=0.001) and myr-
tol (18.8% vs 15.5% vs 5.6%, P=0.045).

The second-tier group had the highest proportion (6.9%
vs 37.1% vs 8.1%, P<0.001) and longest duration of home
oxygen therapy in the last year, with similar findings for
home noninvasive positive pressure ventilation (HNPPV)
(3.0% vs 10.5% vs 1.0%, P<0.001).

Patients in the teaching and community groups had
a much higher proportion of patients who had been vacci-
nated against influenza (10.9% vs 1.7% vs 9.6%, P<0.001)
and pneumococcus (21.8% vs 6.9% vs 32.0%, P<0.001).

Risk Factors Associated with AE in
Chinese COPD Patients According to

Multivariate Logistic Regression

Factors associated with COPD AE are shown in Table 3.
Education level (RR-1=—41.26% [-60.00%, —13.75%],
P=0.007), FVC%pred (RR-1=—1.56%[-2.72%, —0.39%],
P=0.009), FEV1%pred (RR-1=-2.76% [-4.10%,
—1.39%], P<0.001), FEV1/FVC (RR-1=-4.29% [-7.65%,
—0.81%], P=0.016), and influenza vaccination in the
last year (RR-1=—64.53%[—83.06%, —25.72%], P=0.006)
were all negatively correlated with COPD AE. The num-
ber of comorbidities (RR-1=33.66% [14.26%, 56.35%],
P<0.001), COPD duration (RR-1=305.39% [141.03%,
581.82%], P<0.001), hospital tier (RR-1=724.53%
[375.14%,1330.84%)], P<0.001), home oxygen therapy
duration (RR-1=277.57% [90.14%, 649.78%)], P<0.001),
and HNPPV in the last year (RR-1=1168.25% [62.85%,
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Figure | The usage of bronchodilators, theophylline and expectorants and the PFT situation among stable COPD participants grouped by hospital tier. (A) (al-a2): the
usage of theophylline and expectorants. (B) (bl-b4): the usage of bronchodilators. (C) (cl-c3): the PFT situation. 1P<0.05 vs community group, *P<0.05 vs second-tier
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Table 2 The Pharmacotherapies and Nonpharmacotherapies for Stable COPD in 3 Tiers of Hospitals

Variables Teaching Second-Tier Community 1*IF P
Hospital Hospital Hospital
n 101 350 197
Inhaled drugs, n(%) 304.719 | <0.001
Regular LAMA or LABA 34(33.7) 64(18.3) 14(7.1)
Regular LABA+LAMA 11(10.9) 4(1.1) 1(0.5)
Regular ICS+LABA or ICS+LAMA 22(21.8) 64(18.3) 21(10.7)
Regular ICS+LABA +LAMA 32(31.7) 132(37.7) 6(4.0)
Irregular inhaled drugs 1(1.0) 64(18.3) 56(28.5)
No inhaled drugs 1(1.0) 22(6.3) 99(50.3)
Expectorants, n(%) 32(31.7) 161(46.0) 89(45.2) 6.853 0.032
Kind of expectorants, n(%)
Ambroxol 12(37.5) 105(65.2) 76(85.4) 26.799 | <0.001
Carbocysteine 5(15.6) 43(26.7) 6(6.7) 15.048 0.001
Myrtol 6(18.8) 25(15.5) 5(5.6) 6.215 0.045
Others 9(28.1) 11(6.8) 7(7.9) 14418 | 0.001
Theophylline, n(%) 4(4.0) 98(28.0) 67(34.0) 32.729 | <0.001
Home oxygen therapy in the last year, n(%) 7 (6.9) 130 (37.1) 16 (8.1) 77318 | <0.001
Time of home oxygen therapy in the last year, ook Tt
n(%)
<4 h/day 2 (2.0 39 (11.1) 6 (3.0 79.283 | <0.001
4-8 h/day 2 (2.0 45 (13.1) 5(2.5)
8-15 h/day 3 (3.0 24 (6.9) 4 (2.0
>15 h/day 0 (0.0 21 (6.0) I (0.5)
None 94 (93.1) 220 (62.9) 181 (91.9)
HNPPV in the last year, n(%) 3 (3.0 37 (10.5) 2 (1.0) 21.424 | <0.001
Time of HNPPV in the last year, n(%) Tt 21.524 | <0.001
<4 h/day 1 (1.0) I @3.1) I (0.5)
>4 h/day 2 (2.0 26 (7.4) | (0.5)
None 98 (97.0) 313 (89.4) 195 (99.0)

Notes: 111P<0.001 vs community group, ***P<0.00| vs second-tier group, with the Bonferroni correction.

Factors Associated with Lung Function
Decline in Chinese COPD Patients
According to Multivariate Logistic

Regression

Factors associated with COPD airflow limitation severity
are shown in Table 4. COPD duration (RR-1=131.73%
[22.88%, 336.98%], P=0.009), home oxygen therapy dura-
tion (RR-1=325.17% [12.97%, 1500.15%], P=0.032), AE
condition (RR-1=151.39% [51.54%, 317.03%], P<0.001),
CAT scores (RR-1=3.82% [0.62%, 7.13%], P=0.019), and
regularity of inhaled drug use (RR-1=239.50% [29.09%,
729.88%], P=0.013) were all positively correlated with
COPD airflow limitation severity. These results suggest
that COPD patients with more severe airflow limitation
were more likely to have a longer history of disease. These
patients usually had more frequent AEs and higher CAT

scores. As a result, they needed longer home oxygen
therapy durations to improve symptoms, and they use
inhaled drugs more regularly because of the attention and
desire to control the disease.

Risk Factors Associated with Symptoms
Among Chinese COPD Patients
According to Multiple Regression

Two continuous variables (age and number of symp-
toms), four binary variables (AE in the last year, PFT in
the last year, regularity of inhaled drug use, pneumococ-
cal vaccination in the last 5 years) and one two dummy
variables about COPD duration (COPD duration 1:
COPD duration>10 years, COPD duration 2: 5
years<COPD duration<10 years) were incorporated into
the model.
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Table 3 Risk Factors Associated with AE in Chinese COPD Patients According to Multivariate Logistic Regression

Variables RR-1 Lower 95% CI Upper 95% CI P

Number of comorbidities 33.66% 14.26% 56.35% <0.001
COPD duration 305.39% 141.03% 581.82% <0.001
Hospital tier 724.53% 375.14% 1330.84% <0.001
Number of symptoms 103.45% 69.11% 144.77% <0.001
Home oxygen therapy time 277.57% 90.14% 649.78% <0.001
HNPPV in the last year 1168.25% 62.85% 9776.65% 0.015
CAT scores 14.28% 1'1.44% 17.19% <0.001
Education —41.26% —60.00% —13.75% 0.007
FVC%pred —1.56% —2.72% —0.39% 0.009
FEVI%pred —2.76% —4.10% —1.39% <0.001
FEVI/ FVC —4.29% —7.65% —0.81% 0.016
Influenza vaccination in the last year —64.53% —83.06% —25.72% 0.006
Pneumococcal vaccination in the last 5 years —47.92% —66.01% -20.22% 0.003

Notes: RR adjusted for age, sex, BMI and smoking status. Number of comorbidities, number of symptoms, CAT scores, FVC%pred, FEV|%pred, FEVI/ FVC: continuous
variable; education: uneducated or primary=0, middle school=1, high school=2, college or above=3; COPD duration:<3 year=0, 3-5 year=1I, 5-10 year=2, >10 year=3;
hospital tier: Teaching=1, Second-tier=2, Community=3; home oxygen therapy time: none=0, <4 h/day = |, 4-8 h/day =2, 815 h/day=3,>15 h/day = 4; regularity of inhaled
drugs: irregular=0, regular=1; HNPPV in the last year, influenza vaccination in the last year, pneumococcal vaccination in the last 5 years: no=0, yes=1I.

A formula for CAT score estimation could be obtained:
CAT score = 2.074 + 0.113xage + 2.744x number of
symptoms + 1.016XAE in the last year + 3.176XxCOPD
duration 1 + 3.071XCOPD duration 2-2.550xPFT in the
last year - 2.077%regularity of inhaled drug wuse -
1.645xpneumococcal vaccination in the last 5 years. The
results showed that the CAT scores increased with age,
duration of COPD, AE and number of symptoms. Regular
PFT, regular inhaled drug use and pneumococcal vaccina-
tion could reduce the CAT scores, showing benefits for

patients.

Occupational Information and Treatment
Preferences of Doctors in the 3 Tiers of
Hospitals in China

The results are shown in Table 5. Among the 161 doctors
included in our study, 68 were from teaching hospitals, 50
were from second-tier hospitals and 43 were from com-
munity hospitals In addition to respiratory doctors, there

were a small number general practitioners and general
physicians, almost all of whom work in community hos-
pitals. The community group had the lowest educational
level. The proportion of female physicians was the lowest
in teaching hospitals and the highest in community hospi-
tals, but there was no statistical significance among the
three groups, which were 52.9%, 66.0% and 67.4%
respectively.

The three groups had similar work experience, but
there were differences in how to diagnose COPD. In the
teaching group, all doctors considered using PFT for diag-
nosis, and most of these doctors combined chest imaging
with PFT. However, in the second-tier and community
groups, some doctors considered using only chest imaging
to confirm the diagnosis. Even though there was no sig-
nificant difference, we could see that there were more
doctors in the teaching group who recommended PFT for
symptomatic patients (100% vs 94.0% vs 90.7%,
P=0.051), followed the guidelines (97.1% vs 88.0% vs

Table 4 Factors Associated with Lung Function Decline in Chinese COPD Patients According to Multivariate Logistic Regression

Variables RR-1 Lower 95% CI Upper 95% CI P

COPD duration 131.73% 22.88% 336.98% 0.009
Home oxygen therapy time 325.17% 12.97% 1500.15% 0.032
AE condition 151.39% 51.54% 317.03% <0.001
CAT scores 3.82% 0.62% 7.13% 0.019
Regularity of inhaled drugs 239.50% 29.09% 792.88% 0.013

Notes: RR adjusted for smoking status. CAT scores: continuous variable; COPD duration: <3 year=0, 3-5 year=1, 5-10 year=2, >10 year=3; home oxygen therapy time:
none=0, <4 h/day = |, 4-8 h/day =2, 8-15 h/day=3,>15 h/day = 4; AE condition: outpatient service 22 times or hospitalization 2| time in the last year =1, outpatient

services| time and no hospitalization in the last year =0. Regularity of inhaled drugs: irregular=0, regular=1.
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88.4%, P=0.123) and emphasized quitting smoking (100%
vs 94.0% vs 90.7, P=0.051) and pulmonary rehabilitation
(80.9% vs 72.0% vs 74.4%, P=0.500). Doctors in
the second-tier group were less likely to recommend vac-
cines to patients than those in the teaching and community
groups (69.1% vs 48.0% vs 74.4%, P=0.015).

Discussion

In China, patients in both urban and rural areas can choose
any hospital for treatment voluntarily. There is no clear
restriction in government policy, and only a slight difference
in medical fees. Therefore, most patients are willing to go to
a better hospital to receive better medical services, which to
some extent leads to the waste of medical resources. Under
this background, China began to implement the tiered hos-
pital system nationwide. Teaching hospitals are usually
medical centers that are mainly responsible for treating
critically ill patients and patients with difficult diseases,
teaching medical students and leading the development of
new drugs and new treatment. Second-tier hospitals, which
are in the middle of the three tiers, are often responsible for
local medical services and provide treatment for patients
with common and chronic diseases. Community hospitals
have insufficient medical resources and focus on health
consultation, chronic disease maintenance and prevention.
Data reveal that there were approximately 2749 teaching
hospitals, 9687 second-tier hospitals and 11,264 community
hospitals in 2019 in China.’ Ideally, COPD should be first
diagnosed and critical, difficult disease should be treated in
teaching hospitals. Common and standardized treatments
are performed in second-tier hospitals, and disease main-
tenance, prevention and education are provided in commu-
nity hospitals. However, the structure of the disease
population exhibits a pattern opposite of this pyramid
pattern.

In our study, the proportion of patients with COPD AE
in the last year was highest in the second-tier group and
the lowest in the teaching group, and the same was true for
CAT scores. This is not in line with the expectations of
tiered hospital system, and there is a gap with developed
countries. Combined with the other findings of our study,
such as regular medication and PFT complete situation, we
infer that this may be related to the limitation of the
medical resources and inadequate health education
of second-tier hospitals, and the lack of attention or under-
standing of patients themselves, thus failing to receive
fully adequate treatment and rehabilitation guidance. In
addition to actual medical resource needs, patients who

choose teaching hospitals may also pay more attention to
their own health and have better compliance in treatment.
Spirometry is a core part of COPD diagnosis and
assessment. Our study showed that the use of PFT is
insufficient, especially in second-tier hospitals and com-
munity hospitals. The rates of PFT at first diagnosis were
69.4% and 29.9%, and PFT follow-up in the previous year
was 24.9% and 28.9% in these two tiers of hospitals,
which are far lower than those in teaching hospitals.
Inadequate PFT availability and people’s awareness
contribute to the difference between teaching hospitals
and the other two tiers of hospitals. PFT in China began
in the 1930s, increased in the late 1970s and began to
develop rapidly in the late 1990s, the duration of the
still than
Unsurprisingly, spirometers are far less popular than

whole process s less 100  years.*
blood pressure meters and blood glucose meters at present
in China. The PFT rate among residents aged 40 years or
older in China is very low,” and only 12.0% of people with
COPD reported a previous PFT.! All of the surveyed
doctors in the teaching group recommended PFT to symp-
tomatic patients, and the proportion was relatively lower in
the other two groups (100% vs 94% vs 90.7%, P = 0.051).
It was not until 2015 that China started standardized train-
ing and assessment of the clinical application and quality
control of PFT nationally.® To date, not only is there
a shortage of professional technicians nationwide, but
measurement standardization is also not guaranteed.
Patients’ awareness was also different among the three
groups of hospitals. There were more urban residents and
patients with higher education in the teaching group,
whereas in the other two tiers of hospitals, more patients
were from rural areas and had lower education.

In our study, all the second-tier hospitals we included
had PFT labs and technicians, but they started relatively
late. Therefore, when COPD patients need PFT, they may
prefer to go to teaching hospitals with more advanced
equipment and experienced technicians and physicians. It
is also worth mentioning that even in long-term COPD
patients, many patients still do not understand the impor-
tance of PFT, and regular follow-up of PFT is difficult to
implement. However, doctors in teaching hospitals, espe-
cially well-known experts, are more authoritative to
patients, and their health education to patients are more
significant.

Therefore, to better manage COPD, it is necessary to
promote and widely install spirometers to make PFT as
convenient as blood pressure/glucose measurement. In
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Table 5 Occupational Information and Medical Preferences of Doctors in 3 Tiers of Hospitals

Variables Teaching Second-Tier Community 1*IF P
Hospital Hospital Hospital

n 68 50 43

Male, n(%) 32(47.1) 22(44.0) 14(32.6) 2.363 | 0.307

Age (year) 34.89+4.30 36.84+6.31 38.40+5.59 5.660 | 0.004

Education, n(%) ** t 51.867 | <0.001

Junior college 0(0.0) 5(10.0) 7(16.3)

Bachelor 25(36.8) 31(62.0) 35(81.4)

Master 29(42.6) 13(26.0) 1(2.3)

Doctor 14(20.6) 1(2.0) 0(0.0)

Work Experience, n(%) t 10.827 | 0.094

<3 years 7(10.3) 2(4.0) 1(2.3)

3-5 years 9(13.2) 5(10.0) 5(11.6)

5-10 years 27(39.7) 18(36.0) 9(20.9)

>10 years 25(36.8) 25(50.0) 28(65.1)

Recommend PFT for symptomatic patients, n(%) 68(100.0) 47(94.0) 39(90.7) 5.957 0.051

Diagnosis COPD, n(%) *E 21.892 | 0.001

No special examination 0(0.0) 1(2.0) 0(0.0)

Chest imaging examination 0(0.0) 9(18.0) 7(16.3)

PFT 11(16.2) 1(2.0) 2(4.7)

Chest imaging examination + PFT 57(83.8) 39(78.0) 34(79.1)

Follow the guidelines, n(%) 66(97.1) 44(88.0) 38(88.4) 4.184 | 0.123

Recommend inhaled drugs, n(%) 67(98.5) 50(100.0) 40(93.0) 5.144 0.076

Recommend rehabilitation, n(%) 55(80.9) 36(72.0) 32(74.4) 1.388 0.500

Asking about smoking history, n(%) 68(100.0) 50(100.0) 42(97.7) 2.761 0.251

Emphasize quit smoking, n(%) 68(100.0) 47(94.0) 39(90.7) 5.957 | 0.051

Recommend vaccination, n(%) 47(69.1) 24(48.0) 32(74.4) 8.351 0.015

Notes: 1P<0.05 vs community group, *1*P<0.001 vs community and second-tier groups, with the Bonferroni correction.

Abbreviations: OCS, oral corticosteroids.

view of the relatively high difficulty in interpreting and
measuring associated with PFT, training for doctors and
technicians should be improved. Emphasis should also be
placed on popularizing PFT and educating patients on the
importance of PFT.

In recent years, portable spirometers have been popu-
larized worldwide,”® and a clinical study in China invol-
ving 980 healthy subjects with COPD showed that one
kind of portable spirometer was as accurate as 95.3%.°
Compared with traditional spirometers, portable spirom-
eters are cheaper and more convenient. Therefore, portable
spirometers are suitable for the routine physical examina-
tion and screening of healthy people. Moreover, relying on
Internet of Things technology,'® some portable spirometers
can upload, store and view measurement data in the cloud,
which is convenient for doctors to compare and evaluate
patient data and adjust treatment plans, which helps nar-
row the medical gap between different tiers of hospitals.

HNPPV can improve pulmonary function, relax

respiratory muscles,'' reset the sensitivity of the

respiratory center to C0,,"? and improve sleep quality in
severe COPD patients with stable disease,'®> which are
important components of pulmonary rehabilitation
therapy.14 In our study, only a small proportion of patients
received HNPPV (3% vs 10.5% vs 1.0% in teaching
hospital vs second-tier hospital vs community hospital
group), whereas the proportions of patients with very
severe airflow limitation (GOLD 4) were 8.9%, 6.9% and
2.0% in the 3 tiers of hospitals, respectively. A meta-
analysis including 21 RCTs and 12 observational studies
evaluating 51 085 patients showed that home bilevel posi-
tive airway pressure and noninvasive home mechanical
ventilators were all significantly beneficial to COPD
patients with hypercapnia.'>'® Murphy’s study'’ showed
that among patients with persistent hypercapnia following
an AE of COPD, adding home noninvasive ventilation to
home oxygen therapy prolonged the time to readmission or
death within 12 months. A meta-analysis involving 767
Chinese patients from 14 studies also showed that HNPPV

could reduce the mortality of patients with stable and
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severe COPD (P=0.002) and improve gas exchange, lung
function, and quality of life.'®

The reasons for the low acceptance and popularity of
HNPPYV are as follows. First, HNPPV requires specialized
equipment and is more expensive. HNPPV equipment is
not yet covered by health insurance in China. Second,
some patients complained about the uncomfortable feeling
of wearing a ventilator and were unable to obtain assis-
tance in time. Therefore, doctors should not only attach
importance to drug therapy but also strengthen education
and guidance on pulmonary rehabilitation therapy, includ-
ing HNPPV. Internet of Things technology can also be
used in parameter monitoring, technical guidance, data
feedback and other aspects in the long-term HNPPV pro-
cess. In this way, HNPPV can be more beneficial to COPD
patients.

Pneumococcal and influenza vaccination could
decrease lower respiratory tract infections, which is the
most common cause of COPD AE.!" In 2016-2017, the
median influenza vaccine coverage for individuals with
chronic medical conditions in Europe was 44.9%, ranging
from 15.7% to 57.1% across the 7 reporting member
states.”® In 2019-2020, coverage of high-risk adults
between 18 and 64 years with influenza vaccine was
51.4% in the US.>' Pneumococcal vaccination coverage
among adults between 19 and 64 years at increased risk for
pneumococcal disease was 24.5% in 2017 in the US.*?

Our multivariate regression analysis revealed that both
vaccines were beneficial in preventing AE and improving
symptoms. However, the vaccination rates remain low,
approximately 10.9%, 1.7% and 9.6% of COPD patients
in the three tiers of hospitals received an influenza vaccine,
and 21.8%, 6.9% and. 32% of COPD patients received
a pneumococcal vaccine. According to data from
Shanghai, China, in the sample of 2,531,227 individuals
aged 15 years or older with hypertension, diabetes and
COPD, 22.8% were vaccinated for pneumonia and 0.4%
for influenza in 2017.%% In 2014-2015, the pneumococcal
vaccination rate was only 0.8% in COPD patients aged 40
years or older in China.**

In China, adult vaccination is performed only in com-
munity hospitals, and doctors have more time to educate
patients about the importance and benefits of pneumococ-
cal and influenza vaccination, which partially explains
why the vaccination rate in community hospitals is rela-
tively higher than that in teaching and second-tier hospi-
tals. China’s low vaccination rate may have something to
do with the traditional Chinese concept of “don’t go to

hospital unless you are sick”, and Chinese people do not
attach great importance to vaccination, except for the
vaccination that must be completed after a baby is born.
Chinese government has been campaigning hard in recent
years to encourage and fund active vaccination. In the
wake of the COVID-19 pandemic, this concept is gradu-
ally changing. At present, the rate of SARS-CoV-2 vacci-
nation in Chinese adults is very high, and vaccination has
been introduced to children. It is believed that in the post-
COVID-19 period, people will pay more attention to vac-
cines, and the increase in government fiscal investment in
vaccine development, delivery and publicity will also
allow vaccines to protect more people.

Bronchodilator medication is the cornerstone of stable
COPD management based on the drug’s pharmacological
role of widening the airway and reducing dynamic hyper-
inflation at rest and during exercise. Our survey showed
a large difference in inhaled medication use among the 3
tiers of hospitals. The proportion of patients without or
irregular inhaled drug use was 2% vs 24.6% vs 78.8%,
respectively. Medication unavailability and doctors’ lack
of awareness of the importance in community hospitals
might contribute to the lower coverage of inhaled therapy
in COPD patients. Since 2014, GOLD has recommended
regular long-acting LABA+LAMA for selective group B,
group C and group D COPD patients. Experiments con-
firmed that compared with patients treated with ICS
+LABA, patients treated with LAMA+LABA have fewer
exacerbations, a larger improvement in FEV, a lower risk
of pneumonia, and more frequent improvement in quality
of life.>*® Our study investigated the Chinese population
at the end of 2018 and found gaps between the situation in
China and the international guidelines. Only 10.4%, 1.1%
and 0.5% of COPD patients received double long-acting
bronchodilators in the 3 tiers of hospitals, which is even
lower than the rates for single long-acting bronchodilators
and double or triple therapies with ICS.

Considering the differences in the pathogenesis of
COPD and asthma and steroid-related side effects,
GOLD recommends prescribing ICS (including ICS dou-
ble/triple therapy) only for selected COPD patients, for
example, more severe, prone to exacerbation and more
symptomatic patients. In recent years, blood eosinophils
have been adopted as a biomarker to predict the ICS
response in COPD patients.”” The IMPACT trial showed
that in patients with COPD and a history of exacerbations,
triple LAMA+LABA+ICS therapy is more effective than
LABA+LAMA in individuals with blood eosinophil
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counts of 310 cells/uL or more than in individuals with
counts less than 90 cells/uL.*® Without considering eosi-
nophil counts, the triple combination of LAMA+LABA
+ICS is as effective as LABA+LAMA in preventing AE in
real-world clinical practice” and is associated with an
increased cardiovascular risk in patients with COPD.*® In
our study, the proportions of patients receiving ICS
+LABA or ICS+LABA+LAMA therapy were 53.5%,
56.0% and 14.7% in teaching, second-tier and community
hospitals, respectively. Most stable COPD patients do not
undergo blood eosinophil tests during the initial evaluation
and follow-up period, except for those suffering an exacer-
bation. There are still some deficiencies in keeping up with
international treatment guidelines in China, and eosino-
phils should be given much attention.

Theophylline and expectorants are two major alterna-
tive medications for Chinese COPD patients, especially in
community hospitals. Inhaled drug unavailability and doc-
tors’ knowledge might be partially responsible for this
finding. The proportion of patients prescribed theophylline
was 4.0%, 28.0% and 34% in three tiers of hospitals,
respectively. Theophylline has uncertain efficacy for
symptoms of COPD. Some clinical trial results show that
theophylline combined with LABA produces a greater

Risk Factors
-Increased number of comorbidities
‘Longer COPD duration
-Higher hospital tier
-Increased number of symptoms
-Longer home oxygen therapy time
‘HNPPV in the last year
-Higher CAT scores

-HNPPV

improvement in lung function and symptoms than LABA
alone,’' and low-dose theophylline increases the efficacy
of ICS in COPD patients by reducing the incidence of
exacerbations.>® However, other data suggest that for peo-
ple with COPD at high risk of exacerbation, low-dose oral
theophylline plus ICS confers no overall clinical, health or
economic benefit.>> However, GOLD still recommends
theophylline or theophylline plus bronchodilators as alter-
native therapies for some COPD patients. The application
of expectorants for COPD is currently recommended by
clinical practice and guidelines. In our study, approxi-
mately 31.7% to 46.0% of Chinese COPD patients were
treated with mucoactive agents.

Airflow limitation, symptoms and AE are the foundation
of stable COPD management (Figure 2). Our multivariable
regression analysis revealed that a reduction in AE frequency
helped maintain lung function and improve symptoms.
Patients with higher pulmonary function have a lower risk
of future exacerbation. Regular follow-up PFT and inhaled
medication are two major interventions to improve symp-
toms and quality of life, which eventually delay lung function
decline. Influenza and pneumococcal vaccination are worth
popularizing in patients with COPD, and the advantages of
these vaccines are clearly shown in COPD management.

Protective Factors
-Higher education level of patients
-Better FVC%pred, FEV1%pred and FEV1/FVC
-Influenza vaccination in the last year
-Pneumococcal vaccination in the last 5 years

-Vaccination
-Home oxygen therapy

«Improve pulmonary function

Treatable traits
or intervention

No protective factors
Airflow
Limitation
Severity

-Decrease AE
-Improve symptoms

Risk Factors
-Longer COPD duration
-More frequent AE
-Higher CAT scores

-Decrease AE

-Regular PFT

-Regular inhaled drugs
-Pneumococcal vaccination

Risk Factors
-Older age
-AE in the last yearff) \
-Longer duration /\//,

_ CAT Scores
¢ (Symptoms)

Protective factors
-PFT in the last year
-Regularity of inhaled drugs
-Pneumococcal vaccination in the last 5 years

Figure 2 Treatable traits and interventions derived from our multivariate logistic regression analysis to reduce AE and improve lung function and symptoms.
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HNPPV and home oxygen therapy should be recommended
to select patients with more serious disease.

Conclusion

We identified that there are some differences in the diag-
nosis, treatment and management of COPD among differ-
ent tiers of hospitals in China, and these differences are
related to the level of doctors, patients’ socioeconomic
conditions, and medical resource allocation among differ-
ent hospitals. The survey found that teaching hospitals in
this region can take charge of the management of COPD
patients relatively well, although there are still some gaps
compared with COPD management in developed coun-
tries. Regular use of inhaled drugs and follow-up of PFT
could help reduce AEs and improve airflow limitation and
symptoms. Both influenza and pneumococcal vaccinations
had a protective effect on COPD patients. However, the
rates of PFT and vaccination in China are still not high, so
it is necessary to increase financial investment, education
and publicity on COPD in China.
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