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Aims: To investigate the temporal trend in anxiety and/or depression

prevalence in patients hospitalized for acute exacerbation of chronic

obstructive pulmonary disease (AECOPD) in Beijing and their association with

adverse outcomes.

Materials and methods: Hospital admission records from 2004 to 2020

with a primary discharge diagnosis of AECOPD were retrieved from Beijing

Public Health Information Centre database. The anxiety and depression were

identified from discharge diagnoses of each record. Joinpoint regression was

used to analyze the temporal trend and calculate the annual percentage

change (APC) for the prevalence of anxiety and/or depression. Generalized

linear model was used to analyze the associations between anxiety and/or

depression and patients’ adverse outcomes.

Results: A total of 382,125 records were included, most of which were male

(66.0%) and aged ≥ 75 years (59.7%). Three segments in the temporal trend

were observed, with a mild increase during 2004–2009 (APC: 5.9%, 95%

CI: -14.9 to 31.7%), followed by a sharply increase during 2009–2012 (APC:

60.4%, 95% CI: 10.6 to 132.7%), then stabilized at about 3% during 2012–2020

(APC: 1.9%, 95% CI: -0.4 to 4.3%). On average, anxiety, and/or depression

was more prevalent in females, the aged and those admitted in secondary
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hospitals (all P < 0.001). Patients with anxiety and/or depression had lower

in-hospital mortality (IHM) (OR = 0.74, 95% CI: 0.63–0.88), but longer hospital

stay (OR = 1.10, 95% CI: 1.07–1.13), more medical costs (OR = 1.12, 95% CI:

1.08–1.17) and higher risks of readmission for AECOPD at 30-, 90-, 180-day,

and 1-year (ORs ranged from 1.22 to 1.51).

Conclusion: The prevalence of anxiety and/or depression in patients

hospitalized for AECOPD in Beijing stabilized at approximately 3% after

2012. Anxiety and/or depression is associated with a heavier burden

on patients, health care, and medical insurance systems. Appropriate

diagnosis and effective treatment of anxiety and depression is crucial for

patients with AECOPD.

KEYWORDS

anxiety, depression, chronic obstructive pulmonary disease, temporal trend,
influence, China

Introduction

Chronic Obstructive Pulmonary Disease (COPD) is one
of the top three global causes of death and top ten global
causes of disability-adjusted life years (DALYs) (1). Anxiety
and depression are common in patients with COPD, with an
estimated prevalence of 6–74% and 8–80%, respectively (2–7).
As important comorbidities in COPD, anxiety and depression
are associated with increased risks of exacerbations (2, 8),
emergency care use (9), and medical costs (10), contributing to
a substantial disease burden of COPD (6).

It’s worth noting that most of results reported in previous
studies related to the prevalence, associated factors and
influences of depression and/or anxiety were restricted to stable
COPD patients from outpatient or community settings (2, 9, 11).
Different from those with stable COPD, patients hospitalized
for acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) are often in a severer physical condition and worse
quality of life (12), which are closely related to the occurrence
of depression and/or anxiety symptoms (3). Meanwhile the
presence of depression and/or anxiety could also worsen the
condition of COPD as well as the quality of life of patients
(13–15). Accordingly, the anxiety and depression could be
more prevalent among patients hospitalized for AECOPD than
those with stable COPD, but limited data has been reported in
the previous study.

Apart from the point prevalence, the temporal trends of
anxiety and depression prevalence in AECOPD are also of
paramount importance in understanding the changes in mental
health status over time, which has significant implications
for health policy and healthcare provision in systematically
influencing clinical practice (16). Although of high priority
(12, 17), the existing literature fails to assess the temporal

trends in the prevalence of anxiety and depression among those
hospitalized for AECOPD.

In the meantime, there is still controversy regarding the
impact of anxiety and depression on the prognosis of patients
hospitalized for AECOPD. Some authors have reported a
worse disease progression (18–20), while others have failed
to find any link between anxiety nor depression and a
worse prognosis (8, 21). More evidence from large-sample
representative study is needed.

Therefore, the present study focused on patients
hospitalized for AECOPD with two aims: (1) to describe
the temporal trends of anxiety and/or depression prevalence
among patients hospitalized for AECOPD in Beijing; (2) to
estimate the associations between comorbid anxiety and/or
depression and the in-hospital outcomes as well as the risks of
readmission for AECOPD within 1-year after discharge.

Materials and methods

Study design

This study is a city-wide electronic medical records (EMR)
-based study of patients hospitalized for AECOPD in Beijing,
with a cross-sectional study design to describe the temporal
trends of the prevalence of anxiety and/or depression, along
with a retrospective cohort study design to estimate the
associations between anxiety and/or depression and the in-
hospital outcomes as well as the risks of readmission for
AECOPD at 30-, 90-, 180-days, and 1-year.

The present study was approved by the Research Ethics
Board of Beijing Chaoyang Hospital (2018-ke-303). Data were
de-identified before analysis. It is impossible to identify patients
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at the individual level either in this article or in the retrieved
database. Given the anonymous and mandatory nature of the
data, informed consent was not required or necessary.

Data source

AECOPD hospitalization records were retrieved form a
hospital discharge database operated by the Beijing Public
Health Information Centre. This database covers discharge
records from all secondary- and tertiary-level hospitals
in Beijing. As only secondary- and tertiary-level hospitals
could provide inpatient service, this database provides good
representative of hospitalized patients in Beijing and can be
used to analyze hospitalization outcomes. These patient-level
records contain data on patient’s demographic characteristics,
hospital name, date of admission, discharge diagnoses along
with corresponding International Classification of Diseases,
10th Revision (ICD-10) codes, and so on. All hospitalization
records for patients aged ≥ 20 years with a primary discharge
diagnosis of AECOPD (ICD-10 codes of J44.0–J44.9) from
January 1st 2004 to December 30th 2020 were included in the
current analyses.

Measurement

Anxiety (ICD-10 codes of F40.0-F40.9, F41.1-F41.9) and
depression (ICD-10 codes of F32.0-F32.9, F33.0-F33.9, F41.2)
were identified from discharge diagnoses in each hospitalization
record. Patients with only anxiety diagnosis, only depression
diagnosis, both anxiety and depression diagnoses were
considered as in the only anxiety subtype, only depression
subtype, and both anxiety and depression subtype. The other
combined diseases were also identified from discharge diagnoses
and the corresponding Charlson Comorbidity Index (CCI) was
calculated (22). Use of mechanical ventilation (MV), including
non-invasive MV and invasive MV, was determined using ICD-
10 code J15.501, which was available in the dataset from 2012
to 2020. The length of hospital stay (LOHS) was defined as days
from admission to discharge of each record. The medical cost
was total cost during each hospitalization and was converted
into 2020 Chinese Yuan (CNY) values (1 CNY = 0.145 US
dollar) based on the year-specific health care consumer price
index of China (23). The readmission for acute exacerbation
was defined as another hospitalization with a primary diagnosis
of AECOPD (ICD-10 codes of J44.0–J44.9) happened afterward
(within 30-, 90-, 180-days, 1-year), which was identified in our
hospital discharge database.

Statistical analysis

Descriptive statistics were presented as means and
standard deviations or medians and interquartile ranges for

continuous variables with or without normal distributions
and as frequencies and percentages for categorical variables.
Characteristics between groups were compared using χ2-test
or Fisher’s exact test for nominal categorical data, the Mantel-
Haenszel Chi-Square test for ordered categorical data, and the
Wilcoxon rank sum test or Kruskal-Wallis test for continuous
variables without normal distribution, respectively.

The prevalence of anxiety and/or depression and the
subtypes (only depression, only anxiety, both anxiety and
depression) were presented annually in the total hospitalization
records for AECOPD as well as the subgroups defined by gender,
age group and institute level. The temporal trend analyses were
conducted using Joinpoint Regression Program developed by
United States National Cancer Institute. The turning points
in the temporal trend of the prevalence of anxiety and/or
depression could be identified and the annual percentage change
(APC) for each time segment could be calculated. The program
assumes that proportions changed at a constant percentage
every year on a log scale in each time segment. The average
annual percent change (AAPC)—a weighted average of APCs
from the Joinpoint models, with weights equal to the length of
the APC interval—was also computed as a summary measure of
the trend over the whole observation period.

The generalized linear models were used to investigate the
associations between co-diagnosis of anxiety and/or depression
and patients’ prognoses, with a random effect to account for
multiple hospitalization records of one patient. The binominal
distribution and logit link were used to investigate the
associations between co-diagnosis of anxiety and/or depression
and receiving MV, in-hospital mortality (IHM) and readmission
for AECOPD after discharge. The gamma distribution and
log link were used to investigate the associations between co-
diagnosis of anxiety and/or depression and LOHS, medical
costs. Model covariates included admission year, gender, age,
CCI, and institute level. Statistical analyses were performed
using SAS 9.4 (SAS Institute Inc., Cary, NC, USA). Statistical
significance was set as two-sided P < 0.05.

Results

Patients’ characteristics and the
prevalence of anxiety and/or
depression

A total of 382,125 patient discharge records were identified,
submitted by 78 tertiary hospitals and 77 secondary hospitals.
Most patients (59.6%) were 75 years old or older and 66.0%
of them were male. The types of anxiety and depression
diagnosis and the corresponding ICD-10 code were shown
in Supplementary Table 1. As shown in Table 1, a total of
2.1% (7,912 of 382,125) patients had a co-diagnosis of anxiety
and/or depression. The prevalence of anxiety and/or depression
was higher for females than for males and increased with age,
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TABLE 1 The characteristics and the prevalence of anxiety and/or
depression among patients hospitalized for AECOPD from 2004 to
2020 in Beijing, China.

Total With anxiety and/or
depression

P

Overall 382,125 7,912 (2.1%)

Gender

Male 252,055 4,438 (1.8%) <0.001

Female 130,070 3,474 (2.7%)

Age

Median (IQR) 77.0 (69.0–83.0) 79.0 (72.0–84.0)

20–59 years 28,893 367 (1.3%) <0.001

60–74 years 125,190 2,145 (1.7%)

≥ 75 years 228,042 5,400 (2.4%)

P trend <0.001

Institute level

Secondary
hospitals

108,861 2,424 (2.2%) <0.001

Tertiary hospitals 269,824 5,368 (2.0%)

Charlson comorbidity index

0 148,424 3,182 (2.1%) 0.012

1 128,378 2,656 (2.1%)

≥ 2 105,157 2,074 (2.0%)

P trend 0.003

IQR, interquartile range; Institute level missing (n = 3,440), Charlson Comorbidity Index
missing (n = 166).

with the highest prevalence seen among patients aged ≥ 75 years
(all P < 0.001). Details about the prevalence of its subtypes are
showed in Supplementary Table 2.

Trends of anxiety and/or depression in
patients hospitalized for acute
exacerbation of chronic obstructive
pulmonary disease 2004–2020

Figure 1A shows the prevalence of anxiety and/or
depression and its subtypes among patients with AECOPD
for each calendar year. During the observation period, the
prevalence increased significantly from 0.3% in 2004 to 3.1% in
2020. Trends in the prevalence of three subtypes exhibit different
patterns (Figure 1B). During 2004–2012, the prevalence of only
anxiety increased continuously, and then stabilized at about
1%. The prevalence of only depression and the prevalence of
both anxiety and depression stayed at about 0.1% during 2004–
2011. In 2012, the former increased sharply and stabilized at
about 1%, while the latter has been increasing since 2011 and
reaching about 1% in 2020. The annual prevalence data are in
Supplementary Table 3.

The temporal trends in the prevalence of anxiety and/or
depression were compared by subgroups and the corresponding

results are displayed in Figure 2. The prevalence for female
patients were close to those for male patients from 2004 to
2011, and then became almost twice as those for male patients.
The prevalence for three age groups all fluctuated during study
period, and mainly manifested as the older age the higher
the prevalence. However, the prevalence for patients aged 20–
59 years old exceeded that for patients aged 60–74 years old
in 2020. The temporal trends in the prevalence for patients
in secondary hospitals and for those in tertiary hospitals were
similar during study period, with sharp increases in 2011
and 2012. The temporal trends in the prevalence of three
subtypes stratified by subgroups are showed in Supplementary
Figures 1–3.

In Joinpoint Regression, the prevalence of anxiety and/or
depression increased significantly during study period with an
AAPC of 12.3% [95% confidence interval (CI): 3.1 to 22.3%].
Two turning points with three segments were observed in
the temporal trend of prevalence, with a mild increase during
2004–2009 (APC: 5.9%, 95% CI: -14.9 to 31.7%), followed
by a sharply increase during 2009–2012 (APC: 60.4%, 95%
CI: 10.6 to 132.7%), and then stabilized during 2012–2020
(APC: 1.9%, 95% CI: -0.4 to 4.3%). In subgroups, APCs for
female patients increased during 2012–2020 with 5.8% (95%
CI: 2.6 to 9.0%) while male patients did not have a significant
change during that period (APC: 0.6%, 95% CI: -1.9 to 3.1%).
Over the entire observation period, patients aged 20–59 had a
continuous upward trend without a significant turning point;
while in 2012, one turning point was found in those aged 60–
74; and in 2009 and 2012, two turning points were found in
those aged ≥ 75. During 2009–2012, the APC of secondary
hospitals was higher than that of tertiary hospitals (73.1% vs.
54.9%) (details in Table 2).

The associations of anxiety and/or
depression and patients’ outcomes

As shown in Table 3, patients with anxiety and/or
depression had lower IHM (2.1% vs. 3.0%), longer LOHS
(13.0 days vs. 12.5 days), more medical cost (19,515 CNY vs.
17,004 CNY), but similar mechanical ventilation rates (5.5% vs.
5.2%, P = 0.356). Among those alive at discharge and followed
up at least for 1 year, patients with anxiety and/or depression
had higher risks of readmission for AECOPD at 30-day (20.5%
vs. 16.9%), 90-day (32.95 vs. 25.7%), 180-day (42.2% vs. 33.2%),
and 1-year (53.6% vs. 43.3%) (all P < 0.001). Patients in three
different subtypes had different mechanical ventilation rates,
LOHS and risks of readmission for AECOPD after discharge (all
P < 0.001).

After multivariate adjustment, patients with anxiety and/or
depression still had a lower risk of IHM (OR = 0.74, 95% CI:
0.63 to 0.88), but longer LOHS (OR = 1.10, 95% CI: 1.07 to 1.13),
more medical costs (OR = 1.12, 95% CI: 1.08 to 1.17) and higher
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FIGURE 1

The prevalence of anxiety and/or depression among patients hospitalized for AECOPD in Beijing. (A) Anxiety and/or depression; (B) three
subtypes of anxiety and/or depression.

risks of readmission for AECOPD after discharge at 30-day
(OR = 1.22, 95% CI: 1.04 to 1.43), 90-day (OR = 1.39, 95% CI:
1.24 to 1.55), 180-day (OR = 1.44, 95% CI: 1.31 to 1.59) and
1-year (OR = 1.51, 95% CI: 1.38 to 1.64). Details in Table 4.

The multivariate analyses of only depression, only anxiety,
both depression and anxiety on the in-hospital outcomes
and readmission for AECOPD were shown in Supplementary
Table 4. No significant difference was observed among three
different subtypes except for the LOHS (P for interaction, 0.020).

Discussion

During the observation period of this EMR-based
observational study, the prevalence of anxiety and/or depression
increased sharply from 2009 to 2012, before stabilizing at
approximately 3%. The prevalence of subtypes of anxiety

and/or depression and subgroups stratified by gender, age
group and institute level all increased, however, they showed
varying temporal patterns. Anxiety and/or depression was
more prevalent among the elderly, female patients and those
hospitalized in secondary hospitals. Patients with anxiety
and/or depression had a lower risk of IHM, but longer LOHS
and higher medical costs, as well as higher risks of readmission
for AECOPD after discharge within 1 year.

During 2009–2012, the prevalence of anxiety and/or
depression among AECOPD inpatients increased sharply.
An improvement of the regional mental health service
system leading by local government could be responsible
for this increase (24). All general hospitals in Beijing
were required to establish psychiatric departments (25).
Psychiatric specialists provided extensive training to clinicians
in general hospitals, and marked increases in psychiatric
beds and psychiatric professionals were observed (25).
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FIGURE 2

The prevalence of anxiety and/or depression among patients
hospitalized for AECOPD in Beijing, stratified by gender, age
group, and institute level. (A) Gender; (B) age group; (C) institute
level.

Our results indicate that the systemic improvement in
the diagnostic capacity of common mental disorders in
general hospitals, particularly in secondary hospitals.
Since 2012, the prevalence of depression and/or anxiety
among AECOPD inpatients has remained stable, fluctuating
between 2.4 and 3.1%. This may be indicative of the true
prevalence of comorbid anxiety and depression among
AECOPD inpatients.

Diagnosis of anxiety and depression is essential to delivering
effective psychiatric treatments for AECOPD patients. In
recent years, approximately 3% AECOPD inpatients were co-
diagnosed with anxiety and/or depression in Beijing, which
is lower than those reported in Taiwan (depression: 9.0%)
and the United States (anxiety: 9.6%; depression: 14.2%) (19,
21). This difference can be attributed to several factors. It
relates, in part, to the difficulty in identifying and diagnosing
anxiety and depression among AECOPD inpatients. Symptoms
of these mental disorders are similar to those of AECOPD, T
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TABLE 3 The differences in in-hospital outcomes and the risks of readmission for AECOPD after discharge between those with anxiety and/or
depression and those without.

With anxiety and/or depression Subtypes

Yes NO P Only depression Only anxiety Both P
N = 7,912 N = 37,4213 N = 2,911 N = 3,288 N = 1,713

Receiving mechanical
ventilation, n (%)a

384 (5.5) 13,678 (5.2) 0.356 146 (5.3) 180 (6.8) 58 (3.7) <0.001

In-hospital mortality, n
(%)b

162 (2.1) 10,708 (3.0) <0.001 55 (1.9) 77 (2.4) 30 (1.8) 0.265

Length of hospital stay,
day, median (IQR)

13.0 (9.0–18.0) 12.5 (8.9–17.2) <0.001 12.9 (9.0–17.0) 13.0 (9.0–19.8) 13.0 (9.0–17.0) <0.001

Medical cost, CNYc ,
median (IQR)

19,515
(13,127–30,160)

17,004
(11,445–25,808)

<0.001 19,148
(12,978–28,924)

19,653
(13,046–31,224)

19,783
(13,700–30,407)

0.064

30–day readmission
for AECOPD, n (%)d

1,493 (20.5) 5,8970 (16.9) <0.001 625 (21.9) 597 (18.6) 364 (21.6) 0.003

90-day readmission for
AECOPD, n (%)d

2,404 (32.9) 8,9939 (25.7) <0.001 954 (33.4) 993 (30.9) 601 (35.7) 0.002

180-day readmission
for AECOPD, n (%)d

3,080 (42.2) 11,6129 (33.2) <0.001 1,225 (42.9) 1,260 (39.2) 768 (45.65) <0.001

1-year readmission for
AECOPD, n (%)d

3,910 (53.6) 15,1169 (43.3) <0.001 1,511 (52.9) 1,636 (51.0) 949 (56.4) 0.001

IQR, interquartile range; Fisher’s exact test for binary variables; Wilcoxon rank sum test and Kruskal-Wallis test for continuous variables.
aHospitalization recodes in 2012–2020, N = 268,456.
bHospitalization recodes in 2007–2020, N = 361,776.
cConverted to CNY 2020.
dHospitalization recodes alive at discharge in 2004–2019, N = 356,862.

TABLE 4 The multivariate analyses of the associations between depression or anxiety and patients’ in-hospital outcomes and the risks of
readmission for AECOPD after discharge.

Model 1 Model 2

Odds ratio (95% CI) P Odds ratio (95% CI) P

Receiving mechanical ventilationa 1.06 (0.74, 1.51) 0.759 1.09 (0.76, 1.56) 0.648

In-hospital mortalityb 0.73 (0.62, 0.86) <0.001 0.74 (0.63, 0.88) <0.001

Length of hospital stay 1.09 (1.05, 1.12) <0.001 1.10 (1.07, 1.13) <0.001

Medical cost 1.10 (1.05, 1.15) <0.001 1.12 (1.08, 1.17) <0.001

30-day readmission for AECOPDc 1.11 (0.94, 1.30) 0.214 1.22 (1.04, 1.43) 0.015

90-day readmission for AECOPDc 1.28 (1.14, 1.43) <0.001 1.39 (1.24, 1.55) <0.001

180-day readmission for AECOPDc 1.35 (1.22, 1.48) <0.001 1.44 (1.31, 1.59) <0.001

1-year readmission for AECOPDc 1.43 (1.31, 1.56) <0.001 1.51 (1.38, 1.64) <0.001

Model 1: adjusted for admission year.
Model 2: adjusted for sex, continuous age, continuous Charlson Comorbidity Index, institute level and admission year.
CI, confidence interval.
aHospitalization recodes in 2012–2020, N = 268,456.
bHospitalization recodes in 2007–2020, N = 361,776.
cHospitalization recodes alive at discharge in 2004–2019, N = 356,862.

including dyspnea, oppression in chest, palpitations, fatigue,
sleep disturbances, loss of appetite, reduced physical activity,
and hopelessness (4, 26). Therefore, there is a need for
more experienced psychiatric professionals as well as a well-
established system to improve future diagnosis capabilities. On
the other hand, in previous studies, psychological scales such
as the Hospital Anxiety and Depression Scale (HADS) and

Hamilton Anxiety Rating Scale (HAMA) were used to detect
AECOPD patients suffering from anxiety and/or depression (3,
8, 20). Accordingly, these studies reported higher prevalence of
anxiety and depression than we did (ranging from 44.4 to 68.2%)
(3, 8). It should be noted, however, that anxiety and depression
based on scales may be affected by AECOPD symptoms (27),
these measures are not comparable to the clinical diagnoses (28).
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The results of another EMR-based study of 26,591 veterans
with AECOPD admissions in the United States, of whom 97%
were male, showed that those with anxiety and/or depression
were younger than those without psychiatric comorbidity, who
had an average age of 61.9 years and 3.1 comorbid diagnoses on
average (18). By contrast, anxiety and/or depression was more
prevalent among the elderly in our study. Perhaps this is due
to the difference in the study populations, as veterans may be
more likely to get anxiety and depression from their prior war
experience (29). Moreover, similar to a previous study, female
patients with AECOPD were more likely to experience anxiety
and depression (18). This could be explained as female patients
are more sensitive to respiratory symptoms, experiencing more
negative emotions, thus leading to higher risks of anxiety and
depression (30). Furthermore, female COPD patients are more
likely to face barriers to receiving appropriate treatment (31).
Poor female COPD management may also contribute to the
progression of the disease, increasing their risk of depression
and anxiety. In addition, an increasing prevalence of anxiety
and depression in patients with AECOPD aged 20–59 years
in recent years was observed. There is still much uncertainty
about the causes, but more attentions should be paid to mental
health among young and middle-aged people and explore
their influences.

After the COVID-19 pandemic outbreak, the prevalence
of anxiety and/or depression increased by about 15% (from
2.7 to 3.1%). This slight increase could be due to a number
of factors. As a result of the uncertainties and fears of
the virus infection, mass lockdowns and economic recession,
people have higher psychological distress during the COVID-
19 pandemic (32, 33). Furthermore, COPD patients are more
likely to experience disorders of mental illness during COVID-
19 pandemic because of worse access to necessary medical care
for COPD (34, 35). In view of the fact that our study period
ended in 2020, more data in subsequent years are required to
determine whether the COVID-19 pandemic has a profound
impact on the prevalence of anxiety and depression among
patients hospitalized for AECOPD.

In a retrospective study of Taiwan’s health insurance
database, which included 4,204 first-ever AECOPD patients,
73% were male and the mean age was 75 years, those dying
in hospital (7.4%) had less depression than those survived
(9.1%) (21). Similarly, we found AECOPD patients with anxiety
and/or depression was associated with a lower risk of IHM.
This association has not been fully elucidated. According to
previous studies, COPD patients suffering from anxiety and/or
depression could not objectively evaluate their condition and
might experience subjectively worsening lung disease (36,
37). AECOPD inpatients with anxiety and/or depression may
overestimate the severity of an exacerbation and, therefore, are
not in as severe physical condition as those without anxiety nor
depression. Due to the lack of severity measurements, neither

our study nor the other study in Taiwan were able to evaluate
this hypothesis. For a more conclusive conclusion, a prospective
cohort study is required. Moreover, we observed patients with
anxiety and/or depression had longer LOS and spent more
money in the hospital. This association was also observed in a
prospective cohort study that excluded patients who died during
their hospitalization (38). The explanation for this association is
still unclear. Even so, anxiety and depression are undoubtedly
important burden for AECOPD patients, the health care systems
and the medical insurance systems.

In our prospective study of 504 patients with stable
COPD, anxiety and depression were associated with an
increased risk of acute exacerbations in the following year
(11). Similarly, our present study demonstrates that comorbid
anxiety and/or depression is associated with increased the
risks of 30-, 90-, 180-days, and 1-year readmission for
AECOPD in patients hospitalized for AECOPD, which has
not been reported before. There are several mechanisms
that linking anxiety and depression to the prognosis of
COPD. Physiologically, anxiety and depression can activate the
sympathetic nervous system and the hypothalamic-pituitary-
adrenal axis, leading to a weakened immune system and
increased vulnerability to respiratory infection and exacerbation
of COPD (39, 40). Psychologically, COPD patients with
anxiety and/or depression have decreased self-efficacy, resulting
in insufficient management of their diseases manifested as
poor medication adherence and participation in pulmonary
rehabilitation (41–43).

Anxiety and depression are extra-pulmonary treatable
traits of COPD patients (17). In current clinical guideline,
there is no evidence that anxiety and depression should be
treated differently in the presence of COPD (12). Moreover,
recent studies showed that some COPD treatments such as
mind-body exercise, breathing-based walking, and pulmonary
rehabilitation could also improve patients’ anxiety and
depression symptoms (44–46). Multidisciplinary disease
management for COPD patients with psychological assessment
and follow-up by clinical psychologist also showed promising
preliminary results (47). Consequently, it is imperative to
identify anxiety and depression in COPD patients, especially
those with acute exacerbations, in order to provide them with
adequate psychological treatment and ultimately improve
their prognosis.

Strengths and limitations

This is, to the best of our knowledge, the first and
largest long-term study conducted in a city over a 17-
year period, using a representative database of AECOPD
hospitalizations. Additionally, we used the Joinpoint Regression
Program to identify points where these trends changed and
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to estimate the APC to uncover underlying causes, such as
changes in policy or program implementation at specific points
in time. There are also several limitations should be noted.
First, as with all studies utilizing medical records, it was
impossible for us to determine whether a hospitalization record
was for a patient experiencing their first episode of anxiety
and/or depression or for a patient experiencing recurrent
episodes. The lack of data in our database also prevented
us from examining the potential effects of socioeconomic
status, smoking, or alcohol consumption, exacerbation severity,
and pharmaceutical treatments on comorbid anxiety and/or
depression. Second, anxiety and/or depression is likely to
be underdiagnosed in our study population, resulting in
systematically underestimated prevalence rates in AECOPD
inpatients. And the temporal trends in our study mixed
the changes of prevalence and improvements in diagnostic
capability. Taken together, our temporal trend does not
accurately reflect the “true” epidemic trend in anxiety and/or
depression in patients hospitalized for AECOPD. However, we
provide with useful information for policymakers regarding
the prevalence of anxiety and depression among patients
hospitalized with AECOPD. Third, no temporal trend analysis
for only anxiety, only depression, both anxiety and depression
was conducted because their prevalence are too low to fit
the Joinpoint regression model. Fourth, there is inevitably
survivor bias in a retrospective cohort, which may lead to a null
interpretation for anxiety and depression being associated with
patients’ prognoses, particularly IHM. Finally, the data are from
Beijing, and our findings may not be generalizable to patients
with AECOPD in other provinces of China. Future studies using
nationwide records are warranted to better reflect the burden of
this condition in China as a whole.

Conclusion

Our study showed that the prevalence of anxiety and/or
depression among patients hospitalized for AECOPD in
Beijing stabilized at approximately 3% after a sharp increase
during 2009–2012. Anxiety and/or depression is associated
with a longer LOS, more medical cost, and higher risk of
readmission for AECOPD. It is imperative to identify anxiety
and depression in AECOPD patients, and to provide them
with adequate psychological treatment and ultimately to reduce
the disease burden on patients, health care and medical
insurance systems.
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