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Purpose: The role of statins as anti-inflammatory drugs in chronic obstructive pulmonary 
disease (COPD) is controversial. This study aimed to determine the efficacy of statins used 
with or without corticosteroids in COPD patients.
Patients and Methods: This was a retrospective cohort study and used the two million 
outpatients and inpatients in Taiwan’s Longitudinal Health Insurance Database covering 
2000 to 2015. A total of 92,460 patients were identified in this study. We divided COPD 
patients into four groups by auditing each patient’s medication (statins used or not; corti-
costeroids used or not) and used Cox regression to analyze and compare the effects of statins 
in COPD patients with or without corticosteroids.
Results: In terms of all COPD patients, our findings were consistent with previous studies 
showing that statins decreased COPD-related hospitalization and mortality rates. However, 
the beneficial effects were only observed in younger patients or those not taking corticoster-
oids in further analysis. Statins significantly decreased hospitalization and mortality rates in 
the non-corticosteroids groups. The hazard ratios increased with age and were not statisti-
cally significant for patients > 70 years old. Statins did not significantly decrease ED visits, 
hospitalization, and mortality in corticosteroids groups.
Conclusion: Statins decreased hospitalization and mortality rates in COPD patients not 
taking corticosteroids but were not efficacious in patients on corticosteroids therapy. 
Furthermore, the beneficial effects of statins gradually decreased with patient age. Based 
on the findings, statins used in COPD patients may need to consider the patient age and 
corticosteroids used or not.
Keywords: COPD, exacerbation, statins, corticosteroids, mortality

Introduction
According to the World Health Organization, chronic obstructive pulmonary 
disease (COPD) caused 3.0 million lives in 2016 and is the third leading cause 
of death globally. According to the Global Initiative for Chronic Obstructive Lung 
Disease (GOLD), COPD is a lung disease that causes long-term inflammation, an 
inexorable decline in respiratory function, and eventually death because current 
treatments cannot prevent disease progression.1 The standard medications used 
long-term to manage COPD and prevent exacerbation are bronchodilators, corti-
costeroids, and phosphodiesterase-4 inhibitors. Although the GOLD has modified 
its guidelines every year, prevention of disease progression has still not been 
achieved.
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Statins are 3-hydroxy-3-methylglutaryl coenzyme 
A reductase inhibitors used as hypolipidemic agents. 
Statins were also reported to provide anti-inflammatory 
effects, preventing the recurrence of multiple diseases, 
including COPD.2–9 Most studies about statins have 
shown beneficial effects in COPD but could not determine 
which patient groups can best benefit from statin 
therapy.10,11 Other studies have reported that many situa-
tions can modify the effect of statins, such as COPD 
severity, sex, current medication, age and comorbidities.9 

Moreover, a prospective trial concluded that the efficacy of 
statins was not effective in moderate-to-severe COPD.12 

Therefore, given these different results, it is possible that 
other factors have contributed to the differences in the 
results for the efficacy of statins in the treatment of COPD.

Corticosteroids have long been used as major mainte-
nance drugs for more severe COPD (GOLD staging sys-
tem, groups C and D, including less pulmonary function 
left, more exacerbations history or hospitalization require-
ment, or worse eosinophilia) to reduce inflammation.1 

Corticosteroids possess a powerful immune-modulatory 
effect and are a clinical mainstay for the treatment of 
numerous inflammatory diseases, including autoimmune 
diseases. Considering the potential pharmacological 
mechanism, statins it is possible that statins should not 
be recommended as an additional anti-inflammatory drug 
in the treatment of COPD patients who already take corti-
costeroids. The aim of this study was to determine if there 
are differences in the efficacy of statins in COPD patient 
groups also receiving or not receiving corticosteroids 
therapy.

Patients and Methods
Study Design and Data Source
This was a retrospective study in a cohort extracted from 
the records of the two million outpatients and inpatients in 
Taiwan’s Longitudinal Health Insurance Database (LHID) 
covering 2000 to 2015. This LHID two million-person 
data sample was randomly selected from the Taiwan 
National Health Insurance Research Database (NHIRD), 
which includes >99% of the 23 million inhabitants of 
Taiwan and contains all their medical records. For privacy 
protection, all data were scrambled and translated so that 
individuals could not be identified at any level of use. The 
data source was provided by the Health and Welfare Data 
Science Center, Ministry of Health and Welfare. This 

study was approved and exempted from review by 
Institutional Review Board I of the Tri-Service General 
Hospital, National Defense Medical Center (TSGHIRB 
No.: B-108-12) because of anonymized databases used 
only.

Cohort Identification
Initially, we identified COPD patients who had received 
medical codes of ICD-9-CM 491–492, 496 three times or 
more, and were >40 years old (based on the most prevalent 
age for identifying the presence of COPD with differentia-
tion from asthma). Patients who had received statins or 
had been diagnosed with COPD before 2000 were 
excluded. The remaining COPD patients were divided 
into four groups by auditing each patient’s medication 
situation from the administrative claims database (with or 
without corticosteroids usage and concomitant use or non- 
use of statins) (Figure 1). The four groups are as follows: 1) 
non-corticosteroids without statins, 2) non-corticosteroids 
with statins, 3) corticosteroids without statins and 4) cor-
ticosteroids with statins. Corticosteroids usage was defined 
as any form of ingestion and included local or systemic 
drugs. Statins were given only in oral form in this study. 
Statins or corticosteroids usage was defined as usage per-
iods > 60 days (Supplementary Table S1). The selection of 
the usage periods > 60 days was based on the “refillable 
prescriptions for patients with chronic illnesses” policy. 
Patients should have to revisit medical institutions more 
than three times per year and maintain the prescribing as 
before. This design could ensure the stability of COPD 
patients’ medication but also good compliance.

Outcomes Definition
COPD exacerbation was defined as the need for admission 
to the emergency department (ED) or for hospitalization 
related to COPD. Mortality was defined as all-cause mortal-
ity. Any outcomes occurring < 60 days were excluded from 
the calculations. The detailed definitions of comorbidities 
and ICD-9-CM are presented in Supplementary Table S1. 
Given that COPD is a progressive illness, we rechecked the 
medication used by each patient for each outcome and 
excluded patients that did not meet our criteria for inclusion 
to avoid erroneous contributions to the outcome results from 
patients who may have not been taking corticosteroids at 
enrollment but were taking corticosteroids later because of 
disease progression (Supplementary Table S1).
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Statistical Analysis
Data were analyzed using SPSS (version 22) statistical 
software (SPSS Software, IBM Corp., Armonk, NY, 
USA). Comparisons of covariates were performed by 
using the chi-square and Fisher exact tests for categorical 
variables and one-way ANOVA with Scheffe’s post hoc 
test for continuous variables. Cox regression models were 
used to estimate the hazard ratio after proper adjustments 
for various factors and comorbidities. Further analysis 
with stratification by sex and age was performed. 
Kaplan–Meier analysis with the Log-rank test was per-
formed to determine the cumulative incidence and 

mortality among the different cohorts. Two-sided 
p values < 0.05 were taken to be indicative of statistical 
significance. To check the reproducibility of the result, we 
performed the analysis again after further propensity score 
matching.

Results
Study Description and Characteristics
The flowchart of the study design is shown in Figure 1. 
A total of 92,460 patients were identified from the 
two million-person sample dataset of the LHID covering 
the period from 1, January, 2000 to 31, December, 2015. 

Figure 1 Flowchart of study cohort selection. 
Notes: Inclusion criteria were codes of ICD-9-CM 491–492, 496 three times or more, and were >40 years old; patients who had received statins or had been diagnosed 
with COPD before 2000 were excluded; the remaining patients were divided into four groups (with or without corticosteroids usage and concomitant use or non-use of 
statins) to analyze. 
Abbreviations: COPD, chronic obstructive pulmonary disease; ED, emergency department.
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Approximately two-thirds of the COPD patients were tak-
ing corticosteroids when enrolled in the study (n = 63,735, 
68.93%), and one-fourth of the COPD patients were 
receiving statins (n = 24,617, 26.62%).

The baseline characteristics of the study patients are 
presented in Table 1. The mean age of the patients was 
69.83 years, and 64.66% of the patients were males. The 
study population almost doubled in each decade since the 
40–49-year-old group, and the peak was in the 70–79-year 
-old group (40.02%), then decrease. More than half of the 
patients (55.04%) were over 70 years old. In addition, the 
hazard ratios for visiting the ED [adjusted hazard ratios 
(aHR) 1.894, 95% confidence interval (CI) 1.390–2.182, 
p < 0.001], hospitalization (aHR 1.587, 95% CI 1.304–-
1.875, p < 0.001), and mortality (aHR 1.796, 95% CI 
1.493–1.930, p < 0.001) were higher in males than in 
females. The prognosis of COPD worsened with age. We 
examined the variables by Cox regression analysis, which 
revealed that most comorbidities aggravated the outcomes 
(Supplementary Table S2).

Outcomes
COPD Exacerbation
In all COPD patients, statins significantly decreased hospi-
talization (aHR 0.841, 95% CI 0.748–0.902, p < 0.001) and 
mortality rates (aHR 0.735, 95% CI 0.535–0.886, p < 0.001) 
related to COPD (Table 2). However, when stratified by 
taking corticosteroids or not and compare to each other, the 
beneficial effects of statins were only observed in the non- 
corticosteroids groups. We found that statins did not sig-
nificantly decrease the risk of COPD exacerbation for 
patients who were taking corticosteroids concomitantly, as 
shown by no significant decreases in ED visits (aHR 0.966, 
95% CI 0.782–1.779, p = 0.228) or hospitalization rates 
(aHR 0.953, 95% CI 0.751–1.498, p = 0.253). However, 
statins did significantly decrease the risk of COPD hospita-
lization in the non-corticosteroids groups (aHR 0.779, 95% 
CI 0.586–0.902, p < 0.001) but did not significantly reduce 
ED visits (aHR 0.721, 95% CI 0.511–1.006, p = 0.058) 
(Table 2).

Moreover, Kaplan–Meier analysis with the Logrank 
test showed that the cumulative incidences of ED visits 
and hospitalization were lower in the non-corticosteroids 
groups receiving statins. By contrast, there were no sig-
nificant differences in ED visits and hospitalization in the 
corticosteroids groups with or without concomitant use of 
statins (Supplementary Figures S1 and S2). The results 

remain the same using propensity score matching 1:1 for 
analysis (Figure 2).

Furthermore, the effects of statins on COPD patients 
were similar between males and females in a stratified 
analysis. All of the hazard ratios gradually increased and 
differences became non-significance with age. Specifically, 
the hazard ratios for statins gradually increased from that 
of the youngest age group (40–49 age group), and differ-
ences became non-significant for patients > 70 years old. 
In the corticosteroids with statins group > 70 years old, the 
hazard ratios for use of statins became >1 and the effect 
was non-significant (Figure 3 and Supplementary Table 
S3). It also revealed the same result in propensity score 
matching (Supplementary Table S4).

All-Cause Mortality
Overall, patients with COPD who received statins had 
a significantly decreased mortality rate (aHR 0.735, 95% 
CI 0.535–0.886, p < 0.001). However, we found that 
statins did not significantly decrease mortality in corticos-
teroids groups (aHR 0.932, 95% CI 0.740–1.245, p = 
0.287), and there was a much greater decrease in the 
mortality rate at non-corticosteroids groups (aHR 0.668, 
95% CI 0.389–0.895, p < 0.001) (Table 2). In terms of 
propensity score matching 1:1 for analysis, the result 
remains the same (aHR 0.944, 95% CI 0.748–1.260, p = 
0.291 in corticosteroids groups and aHR 0.676, 95% CI 
0.395–0.907, p <0.001 in non-corticosteroids groups) 
(Figure 2). The effect of statins was the same for males 
and females, but the hazard ratios increased with age 
(Figure 3 and Supplementary Table S3). Kaplan–Meier 
analysis with the Logrank test showed the same result 
(Supplementary Figure S3).

Discussion
Our study found that statins significantly decreased hospi-
talization and mortality rates in the entire COPD popula-
tion. These results were consistent with those of most 
previous studies.2–9,13–15 However, the most important 
finding was that after stratifying that concomitant use or 
non-use of corticosteroids, statins were not found to be 
efficacious for decreasing COPD exacerbation (hospitali-
zation rate or ED visits) and mortality rates in the corti-
costeroids groups. According to the COPD patient 
characteristics, which means statins were not efficacious 
in two-thirds of the entire COPD population (68.93%).

To the best of our knowledge, only one previous study 
has mentioned that statins were not efficacious in COPD 
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Table 1 Characteristics of Study in the Baseline

Cohort Overall Non-Corticosteroids Corticosteroids P

Without Statins With Statins Without Statins With Statins

Variable n=92,460 (%) n=23,239 (%) n=5486 (%) n=44,604 (%) n=19,131 (%)

Sex

Male 60,075 (64.66) 15,134 (64.81) 3,361 (61.27) 28,901 (64.79) 12,459 (65.12) <0.001

Female 32,835 (35.34) 8335 (35.19) 2125 (38.73) 15,703 (35.21) 6672 (34.88)

Age (years) 69.83 ± 10.78 68.40 ± 10.05 69.03 ±10.20 70.61 ± 12.67 70.10 ± 11.55 <0.001

Age group (years)

40–49 5153 (5.57) 737 (3.17) 402 (7.33) 2801 (6.28) 1213 (6.34) <0.001

50–59 13,124 (14.19) 3311 (14.25) 678 (12.36) 6060 (13.59) 3075 (16.07)

60–69 23,295 (25.19) 7169 (30.85) 1429 (26.05) 9972 (22.36) 4725 (24.70)

70–79 37,001 (40.02) 8712 (37.49) 2129 (38.81) 19,165 (42.97) 6995 (36.56)

≧80 13,887 (15.02) 3310 (14.24) 848 (15.46) 6606 (14.81) 3123 (16.32)

Catastrophic illness

Without 81,112 (87.73) 21,123 (90.89) 4964 (90.48) 38,628 (86.60) 16,397 (85.71) <0.001

With 11,348 (12.27) 2116 (9.11) 522 (9.52) 5976 (13.40) 2734 (14.29)

Hypertension

Without 70,464 (76.21) 18,589 (79.99) 4,227 (77.05) 34,579 (77.52) 13,069 (68.31) <0.001

With 21,996 (23.79) 4650 (20.01) 1259 (22.95) 10,025 (22.48) 6062 (31.69)

Myocardial infarction

Without 89,042 (96.30) 22,707 (97.71) 5288 (96.39) 42,729 (95.80) 18,318 (95.75) <0.001

With 3418 (3.70) 532 (2.29) 198 (3.61) 1875 (4.20) 813 (4.25)

Congestive heart failure

Without 86,850 (93.93) 22,279 (95.87) 5,185 (94.51) 41,607 (93.28) 17,779 (92.93) <0.001

With 5610 (6.07) 960 (4.13) 301 (5.49) 2997 (6.72) 1352 (7.07)

Rheumatologic disease

Without 90,386 (97.76) 22,744 (97.87) 5,378 (98.03) 43,631 (97.82) 18,633 (97.40) <0.001

With 2074 (2.24) 495 (2.13) 108 (1.97) 973 (2.18) 498 (2.60)

Dementia

Without 89,205 (96.48) 22,771 (97.99) 5341 (97.36) 42,852 (96.07) 18,241 (95.35) <0.001

With 3255 (3.52) 468 (2.01) 145 (2.64) 1752 (3.93) 890 (4.65)

Peripheral vascular disease

Without 79,543 (86.03) 20,885 (89.87) 4,886 (89.06) 37,570 (84.23) 16,202 (84.69) <0.001

With 12,917 (13.97) 2354 (10.13) 600 (10.94) 7034 (15.77) 2929 (15.31)

Diabetes mellitus

Without 76,600 (82.85) 21,382 (92.01) 4,662 (84.98) 36,491 (81.81) 14,065 (73.52) <0.001

With 15,860 (17.15) 1857 (7.99) 824 (15.02) 8113 (18.19) 5066 (26.48)

Diabetes with chronic complication

Without 74,212 (80.26) 20,371 (87.66) 4487 (81.79) 35,358 (79.27) 13,996 (73.16) <0.001

With 18,248 (19.74) 2868 (12.34) 999 (18.21) 9246 (20.73) 5135 (26.84)

Pulmonary hypertension

Without 80,684 (87.26) 21,283 (91.58) 4,816 (87.79) 38,592 (86.52) 15,993 (83.60) <0.001

With 11,776 (12.74) 1956 (8.42) 670 (12.21) 6012 (13.48) 3138 (16.40)

Cerebrovascular disease

Without 79,121 (85.57) 19,859 (85.46) 4717 (85.98) 38,516 (86.35) 16,029 (83.79) <0.001

With 13,339 (14.43) 3380 (14.54) 769 (14.02) 6088 (13.65) 3102 (16.21)

(Continued)
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patients who concomitantly used an Inhaled 
corticosteroid.9 Some studies have reported that statins 
lost their beneficial effects with increasing COPD severity 
or without cardiovascular comorbidity.2,3 The STATCOPE 

study focused on moderate to severe COPD and found that 
statins did not affect the exacerbation rate.12 Another two 
randomized controlled trials pointed out statins did not 
improve in pulmonary function.16,17

Table 1 (Continued). 

Cohort Overall Non-Corticosteroids Corticosteroids P

Without Statins With Statins Without Statins With Statins

Variable n=92,460 (%) n=23,239 (%) n=5486 (%) n=44,604 (%) n=19,131 (%)

Hemiplegia/paraplegia

Without 92,453 (99.99) 23,237 (99.99) 5486 (100.00) 44,603 (100.00) 19,127 (99.98) 0.018

With 7 (0.01) 2 (0.01) 0 (0.00) 1 (0.00) 4 (0.02)

Anemia

Without 91,551 (99.02) 23,092 (99.37) 5456 (99.45) 44,169 (99.02) 18,834 (98.45) <0.001

With 909 (0.98) 147 (0.63) 30 (0.55) 435 (0.98) 297 (1.55)

Hyperlipidemia

Without 84,656 (91.56) 22,931 (98.67) 4,356 (79.40) 43,179 (96.81) 14,190 (74.17) <0.001

With 7804 (8.44) 308 (1.33) 1130 (20.60) 1425 (3.19) 4941 (25.83)

Liver cirrhosis

Without 78,609 (85.02) 20,038 (86.23) 4760 (86.77) 37,815 (84.78) 15,996 (83.61) <0.001

With 13,851 (14.98) 3201 (13.77) 726 (13.23) 6789 (15.22) 3135 (16.39)

Moderate to server liver disease

Without 78,224 (84.60) 19,945 (85.83) 4753 (86.64) 37,692 (84.50) 15,834 (82.77) <0.001

With 14,236 (15.40) 3294 (14.17) 733 (13.36) 6912 (15.50) 3297 (17.23)

Renal disease

Without 77,564 (83.89) 19,881 (85.55) 4674 (85.20) 37,530 (84.14) 15,479 (80.91) <0.001

With 14,896 (16.11) 3358 (14.45) 812 (14.80) 7074 (15.86) 3652 (19.09)

Metastatic cancer

Without 80,972 (87.58) 20,496 (88.20) 4898 (89.28) 39,481 (88.51) 16,097 (84.14) <0.001

With 11,488 (12.42) 2743 (11.80) 588 (10.72) 5123 (11.49) 3034 (15.86)

Malignancy (cancer), including leukemia and lymphoma

Without 79,134 (85.59) 20,265 (87.20) 4797 (87.44) 38,613 (86.57) 15,459 (80.81) <0.001

With 13,326 (14.41) 2974 (12.80) 689 (12.56) 5991 (13.43) 3672 (19.19)

Peptic ulcer disease

Without 89,067 (96.33) 22,560 (97.08) 5310 (96.79) 42,979 (96.36) 18,218 (95.23) <0.001

With 3393 (3.67) 679 (2.92) 176 (3.21) 1625 (3.64) 913 (4.77)

Acquired immune deficiency syndrome

Without 92,407 (99.94) 23,229 (99.96) 5482 (99.93) 44,579 (99.94) 19,117 (99.93) 0.725

With 53 (0.06) 10 (0.04) 4 (0.07) 25 (0.06) 14 (0.07)

Respiratory dysfunction

Without 82,866 (89.62) 20,958 (90.18) 4973 (90.65) 39,929 (89.52) 17,006 (88.89) <0.001

With 9594 (10.38) 2281 (9.82) 513 (9.35) 4675 (10.48) 2125 (11.11)

Sepsis

Without 83,296 (90.09) 21,343 (91.84) 4,957 (90.36) 39,992 (89.66) 17,004 (88.88) <0.001

With 9164 (9.91) 1896 (8.16) 529 (9.64) 4612 (10.34) 2127 (11.12)

Other diseases of lung (excluding respiratory dysfunction)

Without 81,551 (88.20) 20,986 (90.31) 4997 (91.09) 39,582 (88.74) 15,986 (83.56) <0.001

With 10,909 (11.80) 2253 (9.69) 489 (8.91) 5022 (11.26) 3145 (16.44)

Note: P, chi-square and Fisher exact tests for categorical variables and one-way ANOVA with Scheffe’s post hoc test for continuous variables.
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Figure 2 Forest plot of analysis by propensity score matching 1:1. 
Note: ◆ means statistically significant (p values < 0.05) and ● means not. 
Abbreviations: ED visits, emergency department visits; aHR, adjusted hazard ratio: adjusted for the variables listed in the Table S2; CI, confidence interval.

Figure 3 Forest plot of age-stratified. 
Notes: ◆ and boldface of the word mean statistically significant (p values < 0.05); ● means not statistically significant. 
Abbreviations: ED visits, emergency department visits; aHR, adjusted hazard ratio: adjusted for the variables listed in the Table S2; CI, confidence interval.
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Some of the studies demonstrated that statins are parti-
cularly effective in COPD patients with cardiovascular 
comorbidity.2,9,18 There is no doubt that COPD and cardi-
ovascular comorbidity are often co-existed, especially 
more severe severity of COPD. But the benefits of statins 
for patients with COPD and cardiovascular disease co- 
existed is from the treatment of COPD or treatment of 
cardiovascular disease have still not been clarified.19 

Moreover, COPD exacerbations (respiratory symptoms) 
may be caused by exacerbation of comorbidities, not 
COPD itself.20 Those confused the beneficial effects of 
statins that are contributed by the management of COPD 
or the relative effect of comorbidities control. We adjusted 
dozens of comorbidities and factors listed in Table S2 to 
understand the beneficial effects of statins for patients with 
COPD in the real-world. This study reinforced most 
comorbidities aggravated the COPD exacerbation and 
mortality rate. These included not only cardio- or cerebro-
vascular disease but also liver or kidney function insuffi-
ciency, dementia, rheumatologic disease, other lung 
diseases, and even peptic ulcer disease. Overall, it seems 
that statins were more effective for COPD in observational 
studies2–11 or a specific population (co-exited with cardio-
vascular comorbidity),9–11,13,14,18,19 but not in randomized 
controlled trials.12,16,17,21 Corticosteroids usage may be an 
important factor that affects the effectiveness of statins in 
COPD.

We found that statins gradually became less effective 
with patient age in COPD. The most effective group of 
statins was the youngest group in our study (40–49-year- 
old group), including ED visits, hospitalization rate, and 
mortality rate (Figure 3 and Supplementary Table S3). We 
also found that statins lost their beneficial effects in 
patients > 70 years. These limitations will narrow the use 
of statins for COPD to less than half the overall popula-
tion. If we consider the effect of age and exclude the 
patients who have already used corticosteroids, statins 
are only efficacious in 14% of COPD patients.

The pharmacological mechanism of statins is not yet com-
pletely understood. Presently, statins have been proven to 
provide multiple effects, not just hypolipidemic effects. 
Statins can be used for venous thromboembolism,22,23 

cancers,24 stroke,25–27,31 and even as an antiarrhythmic 
drug.28–30 However, statins have already been proven to reduce 
stroke risk and atherosclerosis mainly by reducing low-density 
lipoprotein cholesterol, which is exactly the effect of hypolipi-
demic agents and not by reducing inflammation.31 In our study, 
we cannot determine which pharmacological mechanism was 

involved in the reduction of COPD exacerbation and mortality 
rates by statins. Whether this is a direct or indirect result 
remains a mystery.

A strength of our study that it is the first to show that 
statins lost beneficial effects in patients with COPD on 
corticosteroids. Moreover, statins provided similar effects 
on COPD male and female patients, but the beneficial 
effects gradually diminished with age. These findings 
will limit the applicability of statins to COPD. 
Furthermore, we identified COPD patients by three or 
more medical codes for COPD to validate the ICD-9-CM 
codes in Taiwan NHIRD and to exclude COPD patients 
before the index date.32 We used Cox regression models 
and adjusted numerous variable factors to investigate and 
clarify the effects of statins. We excluded any outcomes 
occurring ≤ 60 days and rechecked the medication used by 
each patient for every outcome to ensure that the outcomes 
were related to statins and corticosteroids to avoid immor-
tal time bias. These criteria should have made our study 
more rigorous and our results more reliable. Finally, the 
reproducibility of research results makes our conclusions 
more credible.

This study also had some limitations that should be 
considered when interpreting the results. First, we could 
not describe important clinical characteristics or links to 
laboratory data, such as inflammatory markers or pulmon-
ary function test results, which limited our ability to identify 
causation and explain direct or indirect outcomes among 
our findings. However, this is a 16-year cohort study that 
included all patients diagnosed with COPD in Taiwan and 
used data from a two million-person sample, the sample size 
is sufficient to make our results representative and applic-
able to a population of 23 million in Taiwan. Second, we did 
not further analyze the dose-dependent effects of statins or 
corticosteroids with each other, or stratified by topically or 
systemically corticosteroids used in COPD patients. Even 
so, sensitivity analyses showed that our findings were suffi-
ciently robust to conclude. Finally, we could not assess the 
actual medicinal compliance rate. However, according to 
the policy of Taiwan’s National Health Insurance Agency, 
patients must obtain “refillable prescriptions for patients 
with chronic illnesses” and revisit medical institutions 
more than three times per year. This requirement would 
lead to good compliance, and we assumed that most patients 
followed this policy. From this study, we confirmed that 
corticosteroids masked the beneficial effects of statins on 
COPD and corticosteroids may not be the only factor influ-
encing the effects of statins.
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Conclusion
Statins decreased hospitalization and mortality rates in 
COPD patients not taking corticosteroids but were not 
efficacious in patients on corticosteroids therapy. 
Furthermore, the beneficial effects of statins gradually 
decreased with patient age. Based on the findings, statins 
used in COPD patients may need to consider the patient’s 
age and corticosteroids used or not.

Abbreviations
COPD, chronic obstructive pulmonary disease; GOLD, 
Global Initiative for Chronic Obstructive Lung Disease; 
LHID, Longitudinal Health Insurance Database; NHIRD, 
National Health Insurance Research Database; ED, emer-
gency department; aHR, adjusted hazard ratios; CI, confi-
dence interval.
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