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Abstract: Chronic obstructive pulmonary disease (COPD) is the third leading cause of death globally.
Previous studies have addressed the impact of comorbidity on short-term mortality in patients with
COPD. However, the prevalence of cardiovascular disease (CVD) and the association of statins
prescription with mortality for aged COPD patients remains unclear. We enrolled 296 aged, hospital-
ized patients who were monitored in the pay-for-performance (P-4-P) program of COPD. Factors
associated with long-term mortality were identified by Cox regression analysis. The median age of
the study cohort was 80 years old, and the prevalence of coronary artery disease (CAD) and statins
prescriptions were 16.6% and 31.4%, respectively. The mortality rate of the median 3-year follow-up
was 51.4%. Through multivariate analysis, body mass index (BMI), statin prescription, and events
of respiratory failure were associated with long-term mortality. A Cox analysis showed that statins
prescription was associated with lower mortality (hazard ratio (HR): 0.5, 95% Confident interval, 95%
CI: 0.34–0.73, p = 0.0004) and subgroup analysis showed that rosuvastatin prescription had protective
effect on long-term mortality (HR: 0.44; 95% CI: 0.20–0.97; p < 0.05). Statin prescriptions might be
associated with better long-term survival in aged COPD patients, especially those who experienced
an acute exacerbation of COPD (AECOPD) who require hospitalization.

Keywords: aged; COPD; coronary artery disease; statins; long-term outcomes; mortality; pay-for-
performance

1. Introduction

Chronic obstructive pulmonary disease (COPD), the third leading cause of death glob-
ally, is a chronic inflammatory disease of the lower respiratory tract that causes progressive
and damaging airflow obstruction [1–4]. The estimated global prevalence of COPD was
approximately 11.7% in 2010 [5], and the mortality of COPD is projected to increase to more
than 5.4 million annually by 2060 due to the aging populations increased in our society [6,7].
As COPD progresses, aged patients are usually accompanied by multiple comorbidities
and frequently experience an acute exacerbation of chronic obstructive pulmonary disease
(AECOPD) that results in lung function deterioration and mortality [8]. Accordingly, the
most common cause of hospitalization of COPD is AECOPD, which is a devastating event

J. Pers. Med. 2022, 12, 299. https://doi.org/10.3390/jpm12020299 https://www.mdpi.com/journal/jpm

https://doi.org/10.3390/jpm12020299
https://doi.org/10.3390/jpm12020299
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/jpm
https://www.mdpi.com
https://orcid.org/0000-0002-3346-7462
https://orcid.org/0000-0002-6569-0079
https://orcid.org/0000-0002-9416-4094
https://doi.org/10.3390/jpm12020299
https://www.mdpi.com/journal/jpm
https://www.mdpi.com/article/10.3390/jpm12020299?type=check_update&version=1


J. Pers. Med. 2022, 12, 299 2 of 11

known as the “stroke of the lungs” that requires treatment with systemic glucocorticoids
and antibiotics [9–11]. In addition, cardiovascular diseases (CVD) are highly prevalent in
COPD patients and are a clinically relevant cause of morbidity and mortality [12].

Factors associated with short-term mortality in hospitalized patients with COPD include
old age, progression to respiratory failure requiring mechanical ventilation, illness severity,
and comorbidities [12–15]. For long-term mortality prediction, factors including age, dyspnea,
airflow obstruction, and multiple comorbidities were identified by previous studies [16–19].
Statins have been used as a potential adjunct therapy for patients with CVD and hyperlipi-
demia; however, the additional effects of statins on long-term outcomes of patients with
COPD, especially those hospitalized for AECOPD, are still controversial [20,21]. The aim of
this study is to investigate the association between statins use and long-term outcomes of hos-
pitalized patients with COPD in a long-term follow-up cohort from the pay-for-performance
(P-4-P) program.

2. Materials and Methods
2.1. Study Design and Ethical Considerations

The retrospective cohort study was conducted in Taichung Veterans General Hospital
(TCVGH), a 1200-bed tertiary referral center in Taiwan, from January 2016 to December 2018.
The medical information of enrolled patients was retrieved from the Taichung Veterans
General Hospital Clinical Research Database (TCVGH-CRD) and included comorbidities,
diabetes status, medication history, pulmonary function test results, COPD severity, and
blood glucose measurements. The TCVGH-CRD contains five data sets, each containing
data on geriatric conditions, health examinations, health insurance claims, internal clinical
tests, and cancer registry information [22]. The database has been used for insurance
payouts and for research on COPD and critical illnesses. All methods were performed in
accordance with the Declaration of Helsinki and the relevant regulations and guidelines [23].
The study was approved by Institutional Review Board I (IRB number, CE20237A; date of
approval, 4 July 2020) of TCVGH, and the need to obtain written informed consent was
waived because of the retrospective study design and de-identification of patient data prior
to analysis.

2.2. Patient Enrollment, Grouping, and Definition

Patients who were diagnosed with COPD and had been enrolled in the P-4-P program
for COPD for a regular follow-up, over 65 years old, and were hospitalized for AECOPD
were enrolled in this study. The definition of AECOPD was patients with COPD required
an emergency department visit lasting more than 24 h or new hospital admission and
treatment with systemic glucocorticoids and antibiotics [24,25]. We enrolled aged patients
who had a regular HbA1c check-up prior to hospital admission for the purpose of diagnosis
and follow-up of diabetes mellitus (DM) and metabolic syndrome. The grouping of COPD
was classified according to the Global Initiative for Chronic Obstructive Lung Disease
(GOLD) report published in 2022, which was based on an evaluation of symptoms and the
risk of exacerbation [26].

2.3. Data Collection, Assessment, and Outcome Measures

Data on the following variables were collected: age; sex; BMI; medication history for
metabolic syndrome, including oral hypoglycemic medication, insulin, and statins; and
the Charlson comorbidity index (CCI). The index day of enrollment was the first episode
of hospital admission date, at any time between January 2016 and December 2017. The
prevalence of intensive care unit (ICU) admission, the status of respiratory failure requiring
mechanical ventilation (MV), and hospital mortality were analyzed. The follow-up time
for mortality was from the index day to 31 December 2019. The primary endpoint was
to evaluate the association between statins prescription and long-term mortality of aged
patients with COPD after discharging from the hospital. Mortality was verified from the
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cause of death dataset from Taiwan’s Ministry of Health and Welfare [27], per the method
in our previous research [28,29].

2.4. Statistics

Continuous variables were expressed as their median and interquartile range (IQR)
and were evaluated using two-tailed Student’s t-tests. Categorical variables were expressed
as their frequencies (%) and were analyzed using chi-square tests. Multivariate analysis and
the Cox regression model for survival analysis were performed. The strength of associations
is presented with hazard ratios (HRs) and 95% confidence intervals (CIs). The survival
curves were constructed through Kaplan–Meier analysis. All p values were two-sided, and
significance was indicated if p < 0.05. All analyses were performed using SAS version 9.4
(SAS Institute Inc., Cary, NC, USA).

3. Results
3.1. Clinical and Demographic Characteristics of Patients

From January 2016 to December 2017, a total of 296 aged patients with COPD who
had been regularly followed up in the P-4-P program of COPD were enrolled for analysis
(Figure 1). The demographic characteristics, HbA1c level, comorbidities, medications, and
clinical outcomes of patients are presented in Table 1. The median follow-up time for this
cohort was 3 years (interquartile range (IQR), 2.6–3.5), which allowed us to track long-
term survival. The median age was 80 years old (IQR, 70.0–87.0); for comorbidity status,
the study cohort showed 56.4% of patients were comorbid with DM, 16.6% of patients
were comorbid with CAD, and 15.9% of patients with cerebrovascular disease (CVA). The
short-term outcomes of this cohort were: 23.3% of patients admitted to intensive care unit
(ICU); 35.1% of patients experienced respiratory failure requiring mechanical ventilator
(MV) support; and eventually, 13.2% of patients died on that episode of hospitalization.
Regarding the long-term survival, the overall mortality at 3 years of median follow-up was
51.4% (Table 1).
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Figure 1. Enrollment and follow-up of the study participants. AECOPD: Acute exacerbation of
COPD; COPD: chronic obstructive pulmonary disease; HbA1c: hemoglobin A1c. TCVGH: Taichung
Veterans General Hospital; P-4-P: Pay-for-performance.
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Table 1. Demographic characteristics, baseline glucose status, comorbidities, and outcomes of
geriatrics who experienced a severe acute exacerbation of COPD required hospitalization (n = 296).

Variables Median IQR

Age (year) 80.0 70.0–87.0
Gender-Male (n, %) 259 87.5%
Body mass index (kg/m2) 23.7 20.6–27.2
HbA1c 6.5 5.9–7.5
Pulmonary function test

FEV1 (%) 68.0 53.0–87.0
FVC (%) 86.0 72.0–108.0
FEV1/FVC (%) 63.0 53.0–71.0

GOLD classification
Category C (n, %) 193 65.2%
Category D (n, %) 103 34.8%

Comorbidity Status (Deyo Score ≥ 1) 190 64.2%
Coronary artery disease (CAD) (n, %) 49 16.6%
Cerebrovascular disease (CVA) (n, %) 47 15.9%
With DM history (n, %) 167 56.4%
Using Insulin or OHA (n, %) 99 33.5%
Using Statins (n, %) 93 31.4%
Outcomes

ICU admission (n, %) 69 23.3%
Respiratory failure (n, %) 104 35.1%

Hospital mortality (n, %) 39 13.2%
1-year mortality (n, %) 100 33.8%
Overall mortality (n, %) 152 51.4%

Follow-up years 3.0 2.6–3.5

3.2. Differences between Survival and Mortality Groups

The characteristics of the survival and mortality groups were compared (Table 2).
Significant differences were only observed in the value of body mass index (BMI), statins
prescription, history of ICU admission, and respiratory failure requiring ventilator support
between the survival and mortality groups (all p < 0.05). For patients in the survival group,
these populations were higher in BMI (p = 0.003), more with statin prescription (p < 0.001),
less with ICU admission (p < 0.001), and less progression to respiratory failure (p < 0.001).

Table 2. Factors associated with overall mortality with median 3-year follow-up time of aged COPD
patients required hospitalization (n = 296).

Variables
Total (n = 296) Mortality (n = 152) Survival (n = 144) p Value

Median (IQR); (n, %)

Age (year) 80.0 (70.0–87.0) 81.0 (74.0–88.0) 78.0 (68.0–86.0) 0.051

Sex-Male c 259 (87.5%) 134 (88.2%) 125 (86.8%) 0.725

BMI (kg/m2) 23.7 (20.6–27.2) 22.0 (20.0–26.1) 25.1 (21.2–27.9) 0.003 **

HbA1c (%) 6.5 (5.9–7.5) 6.4 (5.9–7.3) 6.9 (6.0–7.7) 0.3949

Pulmonary function test

FEV1 (%) 68.0 (53.0–87.0) 70.5 (55.0–87.0) 65.0 (53.0–87.0) 0.755

FVC (%) 86.0 (72.0–108.0) 86.5 (77.0–108.0) 85.0 (67.0–102.0) 0.533

FEV1/FVC (%) 63.0 (53.0–71.0) 60.5 (52.0–69.0) 64.0 (55.0–72.0) 0.189

GOLD classification

Category C (n, %) 193 (65.2%) 99 (65.1%) 94 (65.3%)
0.979

Category D (n, %) 103 (34.8%) 53 (34.9%) 50 (34.7%)

Comorbidity Status
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Table 2. Cont.

Variables
Total (n = 296) Mortality (n = 152) Survival (n = 144) p Value

Median (IQR); (n, %)

Deyo Score ≥ 1 190 (64.2%) 92 (60.5.0%) 98 (68.1%) 0.178

CAD (n, %) 49 (16.6%) 28 (18.4%) 21 (14.6%) 0.375

CVA (n, %) 47 (15.9%) 21 (13.8%) 26 (18.1%) 0.319

With DM history c 167 (56.4%) 82 (54.0%) 85 (59.0%) 0.379

Using Insulin or OHA c 99 (33.5%) 51 (33.6%) 48 (33.3%) 0.968

Using Statins c 93 (31.4%) 34 (22.4%) 59 (41.0%) <0.001 **

History of ICU
admission c 69 (23.3%) 48 (31.6%) 21 (14.6%) 0.001 **

History of respiratory
failure c 104 (35.1%) 76 (50.0%) 28 (19.4%) <0.001 **

c Chi-square test. Mann–Whitney U test. ** p < 0.01. BMI: Body mass index; PFT: pulmonary function test;
FEV1: forced expiratory volume in one second; FVC: forced vital capacity; GOLD: Global Initiative for Chronic
Obstructive Lung Disease; DM: diabetes mellitus; ICU: intensive care unit.

3.3. Factors Associated with Long-Term Mortality for Aged Patients with COPD Hospitalized due
to AECOPD

Table 3 and Figure 2 presents the factors associated with long-term outcome in the
Cox regression analysis. Univariate analysis revealed six factors associated with long-term
mortality: age (HR, 1.03; 95% CI, 1.01–1.05; p < 0.01), BMI (HR, 0.94; 95% CI, 0.91–0.98;
p < 0.01), HbA1c (HR, 0.76; 95% CI, 0.60–0.95; p <0.01), statin prescription (HR, 0.42; 95% CI,
0.25–0.69; p < 0.01), ICU admission (HR, 2.70; 95% CI, 1.52–4.80, p < 0.001), and progression to
respiratory failure (HR, 4.14; 95% CI, 2.46–6.98; p < 0.001). By using the multivariate model, we
found that that BMI (HR, 0.93; 95% CI, 0.89–0.97, p = 0.001), statin prescription (HR, 0.38; 95%
CI, 0.20–0.74; p =0.004), and progression to respiratory failure (HR, 4.83; 95% CI, 1.97–11.86;
p = 0.0006) were strong predictive factors associated with long-term mortality of aged patients
with COPD after being discharged from hospital (Table 3 and Figure 2).

Table 3. Cox analysis of factors associated with long-term outcome in aged COPD patients
required hospitalization.

Variables Univariate Analysis
HR (95% CI)

Multivariate Analysis
HR (95% CI)

Age (year) 1.03 (1.01–1.05) ** 1.03 (0.99–1.06)
Sex-Male 0.88 (0.44–1.76) 1.50 (0.57–3.96)

BMI 0.94 (0.91–0.98) ** 0.93 (0.89–0.97) **
HbA1c 0.76 (0.60–0.95) ** 0.81 (0.63–1.04)

Deyo Score ≥ 1 0.72 (0.45–1.16)
With DM history 0.81 (0.51–1.29)

CAD 1.32 (0.71–2.45)
CVA 0.73 (0.39–1.36)

Using Insulin or OHA 1.01 (0.62–1.64)
Using Statins 0.42 (0.25–0.69) ** 0.38 (0.20–0.74) **

History of ICU admission 2.70 (1.52–4.80) ** 0.92 (0.34–2.53)
History of respiratory failure 4.14 (2.46–6.98) ** 4.83 (1.97–11.86) **

Cox regression. ** p < 0.01. Multivariate-2: adjusted BMI, using statins and history of respiratory failure.
CI: confidence interval; DM: diabetes mellitus; HR: hazard ratio; ICU: intensive care unit.
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Figure 2. Cox regression model for survival analysis. Multivariate analysis adjusted with BMI, using
statin and respiratory failure. ** p < 0.01. ICU: intensive care unit.

3.4. Analysis of the Effect of Statin Prescription on Overall Mortality of Aged COPD Patients

The prescription of statins was a strong predictor associated with long-term mortality
(adjusted HR: 0.38; 95% CI, 0.20–0.74; p = 0.004) (Figure 2); therefore, we conducted the
subgroup analysis according to statins prescription or not to create the Kaplan–Meier
survival curves and perform the log-rank test on the survival and mortality groups. The
Kaplan–Meier analysis indicated patients with statin prescription were significantly associ-
ated with lower overall mortality after adjusting factors of age, gender, HbA1c, and BMI
(HR: 0.5; 95% CI, 0.34–0.73, p = 0.0004) (Figure 3).
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3.5. Analysis of the Effect of Different Statins on Overall Mortality of Aged COPD Patients

We conducted the subgroup analysis according to the prescriptions of different statins
and the associated with long-term outcome in the Cox regression analysis (Table 4). Ator-
vastatin (52%) was the most common prescription of statin in this cohort. The Univariate
analysis revealed only rosuvastatin 10 mg associated with long-term mortality (HR, 0.44;
95% CI, 0.20–0.97; p < 0.05).

Table 4. The prescription patterns and the associated with long-term outcome in the Cox
regression analysis.

Statin Type and Dose (n = 93) n (%) Univariate Analysis HR (95% CI)

Rosuvastatin 10 mg 30 (32.3%) 0.44 (0.20–0.97) *
Pravastatin 40 mg 15 (16.1%) 0.33 (0.10–1.05)

Atorvastatin 10 mg 13 (14.0%) 0.80 (0.26–2.45)
Atorvastatin 20 mg 34 (36.5%) 0.63 (0.31–1.30)
Atorvastatin 40 mg 1 (1.1%) n/a

Atorvastatin all dose 48 (52%) 0.70 (0.37–1.29)
Cox regression. * p < 0.05. Note. The univariate analysis in Atorvastatin 40 mg is limited due to only 1 prescription.

4. Discussion

This study yielded three major findings. First, owing to the regular check-up of
comorbidities to compliance the P-4-P program of COPD, we found a high prevalence
of cardiovascular and metabolic comorbidities in this aged and hospitalized cohort of
COPD; as 56.4% of patients were comorbid with DM, 16.6% comorbid with CAD, and
15.9% comorbid with CVA. Second, we revealed the high impact of AECOPD on short-term
health outcomes of this aged cohort, where 13.2% of patients eventually died on that
episode of hospitalization, 23.3% of patients were admitted to ICU, and 35.1% of patients
experienced respiratory failure requiring ventilator support. The findings from the P-4-P
cohort revealed the high healthy impact of AECOPD in short-term outcomes. Third, we
found that higher BMI, statin prescription, and no respiratory failure were associated
with better long-term mortality on multivariable analysis. In addition, aged patients with
COPD prescribed with a statin were associated with better long-term survival by the
Kaplan–Meier analysis. Prescribed with Rosuvastatin 10 mg was significantly associated
with better long-term outcomes. For aged patients with COPD, the systemic approach for
cardiovascular comorbidity and metabolic syndrome for all patients enrolled in the P-4-P
program is critical for the prescription of statins to improve long-term outcomes, especially
for aged COPD patients who experienced an episode of AECOPD required hospitalization.

The prevalence of cardiovascular diseases in patients with COPD varies between 14%
and 33% [30], and our cohort falls within this range. The prevalence of DM in patients with
COPD varies from 9% to 30% depending on ethnicity and experimental design [31–34];
however, few studies have addressed DM prevalence in aged patients with COPD. We
found DM prevalence was 56.4% in this cohort is higher than in previous studies [31–34].
This discrepancy may be due to several factors, including the cohort’s older median age
(80; IQR: 70–87), increased severity of COPD (65.2% was Group C, and 34.8% was Group
D) according to the GOLD classification [3], and requirement for the intensive followed-up
due to the regulation of P-4-P program according to the guidance from National Health
Insurance Program. In addition, one publication reported that patients who had AECOPD
had a higher DM prevalence (26%) than the general population. Therefore, one important
reason for the high prevalence of DM in this cohort was all patients enrolled in this cohort
experienced severe AECOPD.

Factors associated with hospitalization [12–15] and long-term mortality in COPD [16,
17] have been widely investigated. In our cohort, the hospital, 1-year, and overall mortalities
at a median 3-year of follow-up were 13.1%, 33.8%, and 51.4%, respectively. Regarding
factors associated with long-term mortality, we reported the same predictors, such as
progression to respiratory failure and ICU admission, as those in studies in Taiwan [14]
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and Spain [17]. In addition, we discovered that older adults prescribed statins with higher
BMI had more promising long-term outcomes. Comorbidity with DM, CAD, CVA was not
associated with short-term or long-term mortality, unlike that in other studies [20,35,36].
This result of ours is corroborated by a large prospective registry study of 5334 enrolled
patients in China [37]. Patients comorbid with DM tended to incur higher direct medical
costs and stay in the hospital longer; however, the in-hospital mortality of patients with
COPD comorbid with DM did not increase in the Chinese cohort [37]. Regarding the role of
BMI and long-term mortality in COPD, a Chinese study reported that being underweight is
a risk factor for people over 75 years old and being overweight reduces all-cause mortality
in older adult patients with COPD. A clinical trial conducted in the United States in 2020
indicated that patients with a BMI of more than 30 were associated with reduced mortality
of 1.5 years following COPD [37].

Previous studies have shown that statin is associated with reduced mortality in pa-
tients with COPD [38–41]. The most recent study using real-world cohort conducted in
the UK showed that patients with statins treatment were associated with a lower risk of
death from any cause, HR = 0.63; 95% CI 0.57 to 0.70, after adjustment for all covariates,
although the study results showed that statin use was not associated with a lower risk
of COPD exacerbation [42]. In this cohort, the first statin prescription was simvastatin
(84%), followed by atorvastatin for 14% [42]. Another recent study conducted in Taiwan,
using the Taiwan National health insurance database, also showed a significantly lower
risk of all-cause mortality for statin-user (HR = 0.76;95% CI = 0.67–0.87, p < 0.001) [43].
In this cohort, atorvastatin (44%) was the most commonly used statin, however, only lo-
vastatin (HR = 0.36, 95% CI = 0.14–0.97) and rosuvastatin (HR = 0.51, 95% CI = 0.31–0.82)
had a significantly lower risk of mortality [43]. In our subgroup analysis, rosuvastatin
(HR = 0.44, 95% CI = 0.20–0.97) was the only statin associated with lower long-term mor-
tality, which revealed that the statins seem to have a differing level of protection and
efficacy. The possible mechanism of mortality benefit from using rosuvastatin was sug-
gested through the decreasing of systemic inflammation according to previous landmark
studies of the METEOR trial [44] and the JUPITER trial [45]. Our data indicated that a
high BMI (median 25.1; IQR 21.2–27.9) and statin prescription, especially rosuvastatin were
correlated with higher survival in long-term follow-up after hospitalization (Figures 2
and 3, and Table 4). Therefore, we surmised that higher BMI and satin prescription are
good predictors of the long-term survival of aged patients who have COPD.

This study has several limitations. First, each patient may have constituted a heteroge-
neous sample because of the retrospective design. Second, the sample of this study was
enrolled from a single medical center rather than from many medical centers, which limited
the generalizability of our findings. Third, biomarkers associated with inflammatory sta-
tuses, such as c-reactive protein (CRP) and interleukin (IL)-6, were not routinely checked in
the P-4-P program; therefore, we cannot provide the trends of biomarkers before and after
AECOPD. In addition, the correlation between statins prescription and biomarkers level
was also limited in the current study. Nonetheless, all patients attended a referral medical
center and received standardized medical care for COPD, which reduces the confounding
effects of mortality in this study. One important strength of the study may support the
value of findings from this cohort. The COPD Pay-for-Performance program as part of
the National Health Insurance Program was enacted in Taiwan; each patient enrolled in
the program ought to be followed up regularly by case managers in relation to inhaler
usage and medications, pneumococcus vaccinations, and pulmonary rehabilitation and
comorbidity survey. Thus, contamination from differing care plans or treatments is less
likely in this cohort. Moreover, the study used real-world data rather than claims data,
which means that the results are more reflective of the patient’s status and more useful
to clinicians.
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5. Conclusions

Long-term mortality is high for aged and hospitalized patients with COPD who
experienced AECOPD. The prevalence of DM, CAD, and CVA of patients were 54%, 16.6%,
and 15.9%, respectively, in our study cohort from the P-4-P program. In addition, we found
higher BMI, with statin prescription and without respiratory failure, were significantly
associated with better long-term survival of aged patients with COPD after discharging
from the hospital. Rosuvastatin 10 mg was associated with lower mortality. For aged and
hospitalized patients with COPD, statins prescription may associate with better long-term
outcomes according to this real-world cohort from the P-4-P program.
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