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Abstract 

Background The evidence regarding effects of statins on exacerbation risk in COPD remains controversial. Previous 
studies often excluded patients with cardiovascular comorbidities despite their high prevalence in COPD and role 
for exacerbations. Based on the cardioprotective properties of statins, we hypothesised that statins may reduce 
the risk of exacerbations especially in patients with cardiovascular comorbidities.

Methods One thousand eight hundred eighty seven patients of the German COPD cohort COSYCONET (COPD 
and Systemic Consequences Comorbidities Network) of GOLD grades 1–4 (37.8% female, mean age 64.78 ± 8.3) were 
examined at baseline and over a period of 4.5 years for the occurrence of at least one exacerbation or severe exacer‑
bation per year in cross‑sectional and longitudinal analyses adjusted for age, gender, BMI, GOLD grade and pack‑years. 
Due to their collinearity, various cardiovascular diseases were tested in separate analyses, whereby the potential effect 
of statins in the presence of a specific comorbidity was tested as interaction between statins and comorbidity. We 
also identified patients who never took statins, always took statins, or initiated statin intake during the follow‑up.

Results One thousand three hundred six patients never took statins, 31.6% were statin user, and 12.9% initi‑
ated statins during the follow‑up. Most cardiovascular diseases were significantly (p < 0.05)may associated 
with an increased risk of COPD exacerbations, but in none of them the intake of statins was a significant attenuating 
factor, neither overall nor in modulating the increased risk linked to the specific comorbidities. The results of the cross‑
sectional and longitudinal analyses were consistent with each other, also those regarding at least 1 exacerbation 
or at least 1 severe exacerbation per year.

Conclusion These findings complement the existing literature and may suggest that even in patients with COPD, 
cardiovascular comorbidities and a statin therapy that targets these comorbidities, the effects of statins on exacerba‑
tion risk are either negligible or more subtle than a reduction in exacerbation frequency.

Trial registration Trial registration ClinicalTrials.gov, Identifier: NCT01245933.
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Introduction
Chronic obstructive pulmonary disease (COPD) is a het-
erogeneous disease with chronic airway inflammation 
and multi-organ involvement caused by the interplay of 
inhaled pollutants, genetic predisposition and socioeco-
nomic factors [1]. Exacerbations are known to be associ-
ated with disease progression and mortality [2], thus a 
major treatment goal is the reduction of the frequency 
of exacerbations, including the possibility of drug 
repurposing. In the past, statins (HMG-CoA reductase 
inhibitors), commonly used in patients with increased 
cardiovascular risk, have been considered regarding this 
effect [3]. The reason for this is that, in addition to its 
specific lipid-lowering effects, this class of drugs also has 
pleiotropic effects, including anti-inflammatory effects, 
improving endothelial function, increasing the stabil-
ity of atherosclerotic plaques and reducing oxidative 
stress [4]. Even in a population without marked hyper-
lipidemia (total cholesterol level < 200  mg/dL), statin 
intake resulted in the reduction of cardiovascular dis-
ease events [5]. Several cardiovascular conditions, such 
as heart failure, ischemic heart disease and atrial fibril-
lation, are associated with an increased risk of exacer-
bations and mortality in COPD [6–9], while statins are 
known to have positive effects on cardiovascular disease 
[5]. Thus, the hypothesis of an effect of statins on COPD 
exacerbations is well founded.

Consequently, several prospective placebo-con-
trolled studies and cohort studies have examined the 
potential effect of statins on the exacerbation rate in 
individuals with COPD, the results, however, were 
equivocal [10–13]. In patients with high risk for exac-
erbations, for example, a prospective randomised 
placebo-controlled trial found no effect of 40 mg simv-
astatin daily on exacerbation rate or time to exacerba-
tion [11]; however, patients taking or requiring statins 
due to their cardiovascular risk profile were excluded. 
In contrast, another study reported that simvastatin 
significantly prolonged the time to first COPD exacer-
bation and reduced the exacerbation rate [13]. Based 
on such findings, it was stated [14] that at present 
there was no evidence of a positive effect of statins on 
exacerbations rate and mortality but that further stud-
ies were needed.

Due to the considerations mentioned above, it seems a 
reasonable hypothesis that the effect of statins on exac-
erbation risk in COPD might only occur in the presence 
of cardiovascular comorbidities or cardiovascular risk 
factors that are targeted by this medication, and that this 
dependence might explain the heterogeneous data. To 
address this, the comprehensive set of data from patients 
with stable COPD of the COSYCONET (COPD and Sys-
temic Consequences–Comorbidities Network) cohort 
was used.

Methods
Study population
The longitudinal, observational cohort COSYCONET 
addresses the association between chronic lung disease 
and comorbidities [15]. Between 2010 and 2013, 2741 
individuals with stable COPD were recruited. Major 
inclusion criteria were age ≥ 40 years and a physician-
based diagnosis of COPD; further details can be found 
elsewhere [15]. Assessments took part 6, 18, 36, and 
54 months (Visits 2–5) after the baseline visit (Visit 1). 
Approval by the local ethical committees of each study 
center was achieved, and all patients gave their written 
informed consent. The study was performed according to 
the declaration of Helsinki, and the identifier on Clinical-
Trials.gov is NCT01245933.

Functional and clinical assessments
Details of clinical and functional assessments in COSY-
CONET have been described previously [15]. The meas-
ured variables included age, body mass index (BMI), 
smoking status, packyears, forced expiratory volume in 1 s 
 (FEV1) and forced vital capacity (FVC) determined accord-
ing to ATS/ERS recommendations [16], diffusing capac-
ity for carbon monoxide (TLCO), 6-min walk distance 
(6-MWD) [17], the St George’s Respiratory Questionnaire 
(SGRQ) [18], the number of exacerbations and of severe 
exacerbations in the previous year; from these variables 
the BODE index was computed [19]. Predicted values for 
lung function were taken from GLI [20, 21]. In addition, 
the ankle-brachial (ABI) was assessed [15] and categorised 
according to values ≤ 0.90. Routine laboratory parameters 
included C-reactive protein (CRP), HbA1c [15], total cho-
lesterol, triglycerides, and HDL- and LDL-cholesterol.

Other Study ID (BMBF grant): 01GI0881, registered 18 November 2010, study start 2010–11, primary completion 
2013–12, study completion 2023–09.

https:// clini caltr ials. gov/ study/ NCT01 245933? cond= COPD& term= COSYC ONET& rank=3
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Fig. 1 Flow chart showing the selection process of patients for analysis
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Table 1 Baseline characteristics

BMI body-mass index, FEV1 forced expiratory volume in 1 s, FVC forced vital capacity, TLCO transfer factor for carbon monoxide, 6MWD 6-min walking distance, BODE 
index composed of body-mass index, airflow obstruction, dyspnea and 6MWD; SGRQ St George’s Respiratory Questionnaire, HDL high-density lipoprotein, LDL low-
density lipoprotein, HbA1c glycated hemoglobin, CRP C-reactive protein, GOLD Global Initiative for Chronic Obstructive Lung Disease

Patient characteristics of the three statin groups of the longitudinal cohort at baseline (visit 1). Depending on the type of variable and the data distribution, mean 
values ± standard deviations or numbers and percentages (in parentheses) are given. P values refer to comparisons between the two groups indicated using either 
the unpaired t-test (when mean values are given) or chi-square statistics (when categorical data are given) at an overall significance level of 0.05. The asterisks give the 
additional information whether the respective comparison was also significant after applying a Bonferroni adjustment factor of 2, as only two pairwise comparisons 
were made
a never-statins vs always-statins
b never-statins vs incident-statins

Statin naive (SN) 
n = 1306

Statin users (SU) 
n = 413

Incident-statins (IS) 
n = 168

p-value SN vs SU p-value SN vs IS P-value SU vs IS

Age (y) 63.8 ± 8.6 67.5 ± 7.3a 66.2 ± 7.0b  < 0.001  < 0.001 0.044

Height (10) 170.7 ± 9.2 172.3 ± 8.2a 171.5 ± 9.1  < 0.001 0.271 0.352

Sex (m/f ) 755 (57.8%) 308 (74.6%)a 111 (66.1%)b  < 0.001 0.046  < 0.001

BMI (kg/m2) 26.42 ± 5.43 27.45 ± 4.95a 26.96 ± 4.6  < 0.001 0.163 0.253

Pack‑years 47.21 ± 34.2 55.5 ± 39.1a 54.5 ± 40.3b  < 0.001 0.025 0.791

FEV1 (% predicted) 52.2 ± 18.3 53.7 ± 18.9 59.6 ± 18.3b 0.147  < 0.001  < 0.001

FVC (% predicted) 78.7 ± 18.7 77.9 ± 19.3 84.6 ± 18.9b 0.445  < 0.001  < 0.001

FEV1/FVC 0.66 ± 0.14 0.68 ± 0.14a 0.70 ± 0.14b  < 0.001  < 0.001  < 0.001

TLCO (% predicted) 51.7 ± 20.1 53.6 ± 20.6 57.3 ± 21.8b 0.110 0.002 0.112

BODE index > 4 
(n = 1297)

149 (11.4%) 53 (12.8%) 17 (10.1%) 0.342 0.241 0.843

6MWD (m) 419.0 ± 107.7 401.1 ± 108.9a 446.4 ± 87.3b 0.001  < 0.001  < 0.001

Cardiovascular dis‑
ease ≥ 2

155 (11.9%) 196 (47.5%)a 37 (22.0%)b  < 0.001  < 0.001  < 0.001

Diabetes mellitus 119 (9.11%) 105 (25.42%)a 19 (11.31)  < 0.001 0.397  < 0.001

Asthma 213 (16.3%) 59 (14.3%) 25 (14.9%) 0.354 0.738 0.595

History of stroke 30 (3.0%) 36 (8.7%)a 5 (3.0%)  < 0.001 1.0  < 0.001

Heart failure 45 (3.45%) 42 (10.17%)a 10 (5.95%)  < 0,001 0,126  < 0.001

Cardiac arrhythmias
(SN = 651, SU = 206, 
IS = 87)

96 (14.75%) 41 (19.90%) 16 (18.39) 0.082 0.425 1.183

Peripheral artery 
disease

122 (9.34%) 79 (19.13%)a 20 (11.9%)  < 0.001 0.270  < 0.001

Coronary artery disease 107 (8.19%) 160 (38.74%)a 29 (17.26%)b  < 0.001  < 0.001  < 0.001

Hypertension 643 (48.55%) 299 (72.40%)a 101 (60.11%)b  < 0.001 0.005  < 0.001

Moderate exac. prev. 
year ≥ 1

480 (36.8%) 151 (36.6%) 51 (30.4%) 0.953 0.068 0.262

Severe exac. prev. 
year ≥ 1

260 (19.9%) 94 (22.8%) 24 (14.3%)b 0.301 0.020 0.660

SGRG total 42.9 ± 19.9 43.9 ± 19.9 40.6 ± 18.8 0.159 0.147 0.029

Total Cholesterol 
(mmol/L)

5.67 ± 1.14 4.87 ± 1.21a 4.78 ± 1.16b  < 0.001  < 0.001 0.390

HDL‑cholesterol 
(mmol/L)

1.78 ± 0.60 1.61 ± 0.60a 1.67 ± 0.52b  < 0.001 0.012 0.222

LDL‑cholesterol 
(mmol/L)

3.39 ± 0.97 2.73 ± 1.01a 2.6. ±  1b  < 0.001  < 0.001 0.321

Triglycerides (mmol/L) 1.5 ± 0.96 1.7 ± 1.11a 1.53 ± 0.82  < 0.001 0.689 0.04

HbA1c (%) 5.84 ± 0.62 6.14 ± 0.83a 5.86 ± 0.55  < 0.001 0.702  < 0.001

CRP (mg/L) 10.9 ± 27.2 9.2 ± 19.67 8.4 ± 21.9 0.167 0.186 0.694

GOLD grade 1–4 159/572/471/104
12.2/43.8/36.1/9.0%

52/187/144/30
12.6/45.3/ 34.9/7.3%

29/94/40/5b

17.3/56.0/ 23.8/3.0%
0.505 0.001 0.001

GOLD group A/B/E 171/653/480
13.1/50.1/ 36.8%

55/207/151
13.3/50.1/ 36.6%

28/89/51
16.7/53.0/30.4%

0.904 0.067 0.495
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Patient-reported, physician-diagnosed comorbidities 
comprised diabetes, history of stroke, cardiovascular dis-
orders including heart failure, coronary artery disease 
and history of myocardial infarction. All patients were 
categorised into GOLD groups A/B/E based on their 
symptoms assessed via the mMRC [22] and their exacer-
bation history following the criteria proposed by GOLD 
[2]. The documentation of the exacerbation history 
occurred at each visit based on the definition of acute 
worsening of a lung disease, such as increased short-
ness of breath, increased or purulent sputum. The defi-
nition of exacerbations was according to GOLD: Acute 
respiratory deterioration over several days and the need 
for specific measures (mild exacerbation: handled by the 
patient itself, moderate exacerbation: visit to the primary 
care physician, severe exacerbation: resulted in a hospi-
tal admission) [23]. Patients were asked to bring all of 
their medication to each study visit, which was then cat-
egorised according to ATC codes as described previously 
[24].

Definition of groups and outcome
We included only patients with a ratio  FEV1/FVC < 0.7 
who could be categorised into GOLD grades 1–4 
according to  FEV1 [2]. The follow-up included visits 
1, 2, 3, 4 and 5, covering a period of 4.5 years (Fig. 1). 

For analysis, we defined the three groups of patients 
who were either taking statins already at baseline (sta-
tin users, SU) or statin-naïve (SN) or initiated the intake 
of statins during follow-up (incident-statins, IS). The 
endpoint of the study was the occurrence of at least one 
exacerbation or at least one severe exacerbation in the 
last year, based on the clinical history documented at 
each visit.

Statistical analysis
We present categorical data as absolute counts and 
percentages, and continuous data as mean ± standard 
deviation (SD). Three types of comparison were per-
formed. First, baseline data were compared between 
groups SN and SU, as well as SN and IS, using unpaired 
t-tests for metric variables and chi-square statistics 
for categorical variables. Second, we utilised logistic 
regression models to assess the impact of comorbidi-
ties and statins on the occurrence of at least one exac-
erbation per year in the baseline data, while adjusting 
for age, sex, BMI, GOLD grade and pack-years. Third, 
we employed mixed models (Generalised Estimating 
Equations GEE, binomial distribution, logit link) for 
the longitudinal analysis of statin prescription and its 
effect on exacerbations over visits V1 to V5 equivalent 
to 4.5  years of follow-up, again adjusting for age, sex, 

Table 2 Number,mean of exacerbations and number of patients (in parentheses) at each study visit

Number of acute exacerbations at each study visit V1-V5

n = number of patients at each visit. The percentages refer to the proportion of exacerbations based on the number of patients

V1 V2 V3 V4 V5

Statin users (SU) 538 (n = 413) 1.30 332 (n = 366) 0.91 287 (n = 317) 0.91 358 (n = 220) 1.63 144 (n = 152) 0.95

Statin naïve (SN) 1742 (n = 1306) 1.33 1114 (n = 1122) 0.99 995 (n = 946) 1.05 755 (n = 643) 1.17 529 (n = 476) 1.11

Incident‑statins (IS) 159 (n = 168) 0.95 167 (n = 165) 1.01 291 (n = 164) 1.77 199 (n = 147) 1.35 167 (n = 118) 1.42

Table 3 Association between the occurrence of at least 1 exacerbation per year and several cardiovascular comorbidities as well as 
statins in the baseline data

Results of logistic regression analyses on the occurrence of at least one exacerbation, using the whole set of baseline data (visit V1). As predictors each analysis 
comprised one of the comorbidities, the presence of statins and an interaction term between these two factors, as well as the covariates age, sex, BMI, GOLD grade 
and pack-years. The table shows the odds ratios (OR) and their 95% confidence intervals (95% CI) regarding comorbidities (left column), statins (middle column) and 
the interaction (right column) for each of the analyses. The odds ratios are visualized in Figs. 2 and 3

Comorbidity Statins Interaction comorbidity-statin
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Heart failure 2.29 (1.48; 3.55) < 0.001 0.94 (0.59; 1.45) 0.73 1.32 (0.57; 3.06) 0.51

Cardiac arrhythmias 2.62 (1.79; 3.83) < 0.001 0.81(0.53; 1.25) 0.35 1.41(0.59; 3.33) 0.44

Peripheral artery disease 1.47 (1.07; 2.03) 0.02 0.93 (0.67; 1.30) 0.68 0.85 (0.44; 1.61) 0.61

Coronary artery disease 1.49 (1.06; 2.01) 0.02 0.89 (0.63; 1.23) 0.47 1.21(0.66; 2.23) 0.54

Hypertension 1.35 (1.02; 1.78) 0.037 1.06 (0.81; 1.38) 0.68 1.11 (0.58; 2.10) 0.76

At least 1 disease 1.59 (1.24; 2.04) < 0.001 1.29 (0.73; 2.28) 0.39 0.75 (0.40; 1.41) 0.37

At least 2 diseases 1.45 (1.05; 1.99) 0.024 1.05 (0.76; 1.44) 0.78 0.92 (0.55; 1.55) 0.76
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BMI, GOLD grade and pack-years; the outcomes were 
either the occurrence of at least one exacerbation or of 
at least one severe exacerbation per year. All analyses 
were performed separately including different cardio-
vascular comorbidities as predictor, due to their sig-
nificant correlation with each other. Thus, besides age, 
sex, BMI, GOLD grade and pack-years the predictors, 
the logistic and the longitudinal analyses included the 
presence of the specific comorbidity, that of statins 
and an interaction term between these two factors. All 
patients with all their visits were kept in the longitudi-
nal analyses but additionally a sensitivity analysis was 
performed including only those patients that remained 
in the study until visit 5. A two-sided p-value < 0.05 was 
considered as statistically significant. For data analy-
sis, the software package SPSS (Version: 29.0.0.0., IBM, 
Armonk, NJ, USA) was used.

Results
Baseline characteristics
Figure  1 illustrates the inclusion and follow-up crite-
ria of the patients. 450 patients were excluded. Patients 
with FEV1/FVC ≥ 0.7 (n = 430) dropped out. 20 patients 
had no available information on their GOLD class. 234 
patients were not considered due to missing informa-
tion on their pack-years. 127 patients were excluded due 
to missing information on LDL cholesterol. The remain-
ing exclusions were attributed to missing information in 
various parameters: BMI: 2 patients, Exacerbations: 3 
patients, FEV1: 16 patients, TLCO: 160 patients, CRP: 
41 patients, HbA1c: 71 patients. Out of the 413 patients 
in the SU group, 154 (37.3%) completed visit 5. Similarly, 
among the 1306 patients in the SN group, 476 (36.4%) 
completed visit 5. Table 1 shows the baseline characteris-
tics of the three groups.

Statin users (SU) versus statin‑naïve (SN)
There were significant differences between the two 
groups. More men (74.6% vs. 57.8%) and more patients 
with diabetes (25.4 vs. 9.1%) and stroke (8.7 vs. 3.0%) 
took statins from the beginning until visit 5, compared 
to the individuals who were statin-naïve. Further-
more, subjects in the SU group were older (67.5 ± 7.3 
vs. 63.8 ± 8.6  years), had higher BMI (27.5 ± 5.0 vs. 
26.4 ± 5.4 kg/m2), and exhibited significantly lower LDL 
cholesterol levels (2.73 ± 1.01 vs. 3.39 ± 0.97), lower 
HDL cholesterol levels (1.61 ± 0.6 vs. 1.78 ± 0.6), lower 
total cholesterol levels (4.87 ± 1.21 vs. 5.67 ± 1.14), 
higher triglyceride levels (1.70 ± 1.11 vs. 1.50 ± 0.96), 
and higher HbA1c levels (6.14 ± 0.83 vs. 5.84 ± 0.62). 
The two groups did not show significant differences 
with regard to  FEV1% predicted, FVC % predicted, 

SQRQ, the distribution of GOLD grades, BODE index, 
and CRP levels.

Incident‑statins (IS) versus statin‑naïve (SN)
Compared to the SN group, statins were newly prescribed 
during the follow-up (IS) in older subjects (66.2 ± 7.0 
vs. 63.8 ± 8.6) and individuals with more packyears of 
smoking (54.5 ± 40.3 vs. 47.2 ± 34.2). These subjects also 
had a better lung function in terms of  FEV1% predicted 
(59.6 ± 18.3 vs. 52.2 ± 18.3) and higher FVC % predicted 
(84.6 ± 18.9 vs. 78.7 ± 18.7). At baseline, total cholesterol 
was lower (4.78 ± 1.16 vs. 5.67 ± 1.14), LDL cholesterol 
was lower (2.60 ± 1.0 vs. 3.39 ± 0.97), and HDL cholesterol 
was lower (1.67 ± 0.52 vs. 1.78 ± 0.60). BMI, prevalence of 

Fig. 2 A Forest plot displaying the adjusted odds ratios and their 
95% confidence intervals for the association between each 
cardiovascular comorbidity (and a summary value for at least 
one disease and a summary value for the combination of two 
comorbidities) and the occurrence of at least one exacerbation 
per year at baseline. The numerical data can be found in Table 3 
and were obtained by logistic regression analysis adjusted 
for sex, age, BMI, GOLD grade and pack‑years. B Forest plot 
displaying the adjusted odds ratios and their 95% confidence 
intervals for the association between the medication with statins 
and the occurrence of at least one exacerbation per year at baseline 
for each of the cardiovascular comorbidities (and a summary value 
for at least one disease and a summary value for the combination 
of two comorbidities) shown in Fig. 2A. The numerical data can be 
found in Table 3 and were obtained by logistic regression analysis 
adjusted for sex, age, BMI, GOLD grade and pack‑years
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diabetes, history of stroke, SQRQ, BODE index, HbA1c 
and CRP did not significantly differ between the two 
groups.

Association between statin intake, comorbidities 
and exacerbation frequency
Overall, 7777 acute COPD exacerbations were registered 
during the 4.5-year follow-up. Table  2 displays the dis-
tribution of exacerbations across visits. In the unpaired 
t-test there were no significant differences in exacerba-
tion rates per person year between the SU and the SN 
groups, with values of 1.2 ± 1.87 vs. 1.22 ± 1.87, respec-
tively (p = 0.87).

Cardiovascular diseases and exacerbation frequency 
at baseline
We investigated whether cardiovascular comorbidi-
ties were associated with an elevated risk of exacerba-
tions, using baseline data and logistic regression models. 
All five cardiovascular entities that had been included 
were significantly associated with the exacerbation risk, 
with Odds Ratios as shown in Table 3 and illustrated in 
Fig. 2A. The presence of statins did not show any signifi-
cant associations with exacerbations (Table  3, Fig.  2B), 
and the same was true for the interaction term between 
statins and comorbidity (Table 3), suggesting the absence 
of differential effects in patients with specific cardiovas-
cular comorbidities.

Cardiovascular diseases and exacerbation frequency 
in the follow‑up
In the longitudinal analysis over 4.5 years, the occurrence 
of at least one exacerbation per year, heart failure, car-
diac arrhythmias, CAD and hypertension showed signifi-
cant associations with the occurrence of exacerbations, 
while PAD did not (Table 4, Fig. 3A). Statins did not have 

significant effects in any of the cardiovascular conditions 
(Table 3, Fig. 3B), and the same applied to the interaction 
terms (Table 4).

When repeating the analysis with the outcome of at 
least one severe exacerbation per year, qualitatively simi-
lar results were obtained as for exacerbations in general 
(Table 5, Figs. 4A and B), with the exception that hyper-
tension was no more significantly associated with an 
increased exacerbation risk. It also became apparent that 
only the presence of at least 2 cardiovascular comorbidi-
ties was significantly associated with increased risk of 
severe exacerbation.

In order to reveal whether the result critically 
depended on patients’ loss to follow-up, we performed 
a sensitivity analysis. For this purpose, the longitudi-
nal analyses were repeated while including only those 
patients who participated until visit 5. The results of 
this sensitivity analysis for at least one exacerbation 
are given in the Supplemental Table  S1 and those for 
at least one severe exacerbation in the Supplemen-
tal Table S2. It can be seen that only heart failure and 
cardiac arrhythmias were significantly related to the 
occurrence of at least one exacerbation or one severe 
exacerbation and that in case of severe exacerbations 
the presence of at least 2 comorbidities was required 
for a significant association. Statins still did not show 
significant associations.

Discussion
In this study, we examined potential effects of statins 
on exacerbation risk in patients with COPD, focusing 
on the potential role of cardiovascular comorbidities 
for such effects. Given the high prevalence of cardio-
vascular comorbidities in COPD and the fact that a 
number of previous studies did exclude patients with 
cardiovascular disease [11, 13], this seems of both 

Table 4 Association between the occurrence of at least 1 exacerbation per year and several cardiovascular comorbidities as well as 
statins in the follow‑up data

Results of (logistic) GEE analyses on the occurrence of at least one exacerbation, using the whole set of data during the course of 4.5 years (visits V1-V5). As predictors 
each analysis comprised one of the comorbidities, the presence of statins and an interaction term between these two factors, as well as the covariates age, sex, BMI, 
GOLD grade and pack-years. The table shows the odds ratios (OR) and their 95% confidence intervals (95% CI) regarding comorbidities (left column), statins (middle 
column) and the interaction (right column) for each of the analyses. The odds ratios are visualized in Figs. 3A and B

Comorbidity Statins Interaction comorbidity-statins
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Heart failure 1.59 (1.22; 2.07) 0.001 1.05 (0.87; 1.26) 0.62 1.79 (0.47; 1.34) 0.38

Cardiac arrhythmias 1.92 (1.54; 2.40) 0.001 0.94 (0.76; 1.15) 0.52 0.80 (0.49; 1.29) 0.36

Peripheral artery disease 1.03 (0.85; 1.26) 0.76 1.09 (0.91; 1.30) 0.37 0.76 (0.50; 1.14) 0.18

Coronary artery disease 1.53 (1.46; 1.73) 0.001 0.96 (0.80; 1.16) 0.68 1.27 (0.83; 1.93) 0.27

Hypertension 1.17(1.01; 1.37) 0.04 1.06 (0.89;1.28) 0.50 0.84 (0.58; 1.22) 0.35

At least 1 disease 1.37 (1.16; 1.62) < 0.001 1.37 (0.77; 1.71) 0.50 0.88 (0.56; 1.36) 0.56

At least 2 diseases 1.58 (1.29; 1.94) < 0.001 1.02 (0.81; 1.28) 0.88 0.88 (0.63; 1.24) 0.48
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scientific and clinical interest. The present study con-
firmed the results of previous cross-sectional analy-
ses in the COSYCONET cohort that cardiovascular 
comorbidities were associated with an increased risk 
of exacerbations [25, 26]. In line with this, it also 
demonstrated in a longitudinal analysis over a 4.5-
year period that the presence of heart failure, cardiac 
arrhythmias, coronary artery disease and hypertension 
was associated with exacerbation risk. Patients with 

COPD often show cardiovascular comorbidities that 
can be the cause of an acute deterioration independ-
ent of the lung disease [25, 26]. This association could 
be based on several factors, a fact that was covered by 
the rather general (until 2022) definition of exacerba-
tions as “acute worsening of respiratory symptoms that 
results in additional therapy” which did not address 
specific causes [27]. Statins have their place in the pre-
vention of cardiovascular diseases [28–30]. Thus, it 
appears reasonable to expect effects on COPD exacer-
bation risk in subjects with at least one cardiovascu-
lar comorbidity. Contrary to our hypothesis, however, 
there was no reduction in the risk of exacerbations 
including severe exacerbations. Even in patients with 
at least two cardiovascular comorbidities, statins did 
not have a significant effect in the longitudinal fol-
low-up compared to patients not taking statins. This 
also applied to patients who got their first prescribed 
statins during the observation period of 4.5 years. We 
used cross-sectional and longitudinal statistical stand-
ard approaches including main factors and interaction 
terms, but neither the main factors of statin intake nor 
their interactions with cardiovascular comorbidities 
indicated an effect.

Our data are in line with those of the multi-centre 
placebo-controlled study by Criner et al., in which sim-
vastatin at a daily dose of 40  mg had no effect on the 
rate of exacerbations and the time to the next exacer-
bation [11]. This study was performed in 885 patients 
with COPD treated from 12 to 36 months, who were at 
high risk for exacerbations but without cardiovascular 
diseases, diabetes and without requiring statins. These 
findings and our own findings are, however, not in line 
with those of the recently published prospective, ran-
domised, double-blinded, placebo-controlled study by 
Schenk et al. investigating the impact of simvastatin on 
exacerbation rate and time to next exacerbation [13]. It 
was found that 40  mg simvastatin daily prolonged the 
time to first exacerbation and reduced the exacerbation 
rate. As the authors excluded patients with cardiovascu-
lar diseases, this seems remarkable, if it is argued that 
effects were to be expected primarily in these patients. 
There are, however, differences in sample size and fol-
low-up period that might be relevant. While in COSY-
CONET subjects were observed over a follow-up period 
of 4.5  years, the scope of the prospective randomised 
study was limited to 1 year. During this time, 66 subjects 
with placebo and 72 subjects on simvastatin completed 
the study. On the other hand, a clear strength was that 
Schenk et al. used diaries that enabled a precise record-
ing and reporting of exacerbations.

Fig. 3 A Forest plot displaying the adjusted odds ratios and their 
95% confidence intervals for the association between each 
cardiovascular comorbidity (and a summary value for at least 
one disease and a summary value for the combination of two 
comorbidities) and the occurrence of at least one exacerbation 
per year between the investigated cardiovascular diseases 
and exacerbation occurrence during the 4.5 years of follow up. The 
numerical data can be found in Table 4 and were obtained by a GEE 
analysis adjusted for sex, age, BMI, GOLD grade and pack‑years. 
B Forest plot displaying the adjusted odds ratios and their 95% 
confidence intervals for the association between the medication 
with statins and the occurrence of at least one exacerbation 
per year at baseline for each of the cardiovascular comorbidities 
(and a summary value for at least one disease and a summary 
value for the combination of two comorbidities) shown in Fig. 3A 
during the 4.5 years of follow up. The numerical data can be found 
in Table 4 and were obtained by a GEE analysis adjusted for sex, age, 
BMI, GOLD grade and pack‑years
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Although the available data therefore remain conflict-
ing, our study adds to the current knowledge as it par-
ticularly addressed the hypothesis that the effects of 
statins would be apparent in those patients with COPD 
who had cardiovascular diseases and thus a risk factor 
for exacerbations that was targeted by the statins. The 
observed lack of effect suggests that the effects of statins 
on acute cardiovascular events that are related to exac-
erbations were secondary, despite the well-known long-
term protective effect of statins on the progression of 
cardiovascular disease. Nevertheless, in the future, a 
randomized controlled study would be beneficial which 
specifically examines the effect of statins on cardiovascu-
lar events and exacerbations in patients with COPD and 
cardiovascular diseases.

Limitations and strengths of the study
COSYCONET is not a placebo-controlled, randomised 
study, and its observational character naturally limits 
the scope of conclusions that can be drawn. Moreo-
ver, although the definition of exacerbations followed 
established criteria and practice, it certainly would 
have benefitted from a more precise recording, for 
example via an electronic diary. On the other hand, 
at least the occurrence of severe exacerbations can 
be assumed to have been recorded reliably. We also 
cannot provide data on the association between sta-
tin intake and the precise time to the next exacerba-
tion (time to event). Moreover, we analysed statins as 
a drug class without distinguishing between differ-
ent drugs of this class, whereas the randomised stud-
ies examined specific drugs, in particular simvastatin, 
and it cannot be excluded that effects differ between 

different statins. Furthermore, we did not have infor-
mation about the duration of intake until inclusion in 
the cohort study, and the different dosages and types 
of preparations could not be taken into account. It 
should also be noted that we cannot exclude a healthy 
survivor bias due to loss to follow-up, although the 
comparison of all patients with those remaining in 
the study until the end of follow-up yielded consist-
ent results. In the longitudinal analyses reported here, 
we included visit 2 data despite their overlap with visit 
1 data, as sensitivity analyses omitting visit 2 data 
did not yield different results. Moreover, in the study 
population visits were performed throughout the year, 
thus potential inhomogeneity over time due to the 
fact that exacerbations were reported for the previ-
ous 12 months and study visits were mostly separated 
by 18 months, are unlikely. The strengths of our study 
are that we examined a large number of subjects over a 
long period of time and covered a whole range of car-
diovascular comorbidities that allowed for a detailed 
analysis of potential effects of statins in specific car-
diovascular conditions.

Conclusion
The present study addressed the hypothesis that in 
patients with COPD the presence of cardiovascular 
comorbidities might be a relevant factor determining 
the effect of statins on exacerbation risk. Using a large 
data set, we found in cross-sectional and longitudinal 
analysis that most cardiovascular comorbidities were 
associated with increased exacerbation risk but that 
statins were neither linked to an overall reduction of 
this risk nor to specific effects in patients with different 

Table 5 Association between the occurrence of at least 1 severe exacerbation per year and several cardiovascular comorbidities as 
well as statins in the follow‑up data

Results of (logistic) GEE analyses on the occurrence of at least one severe exacerbation, using the whole set of data during the course of 4.5 years (visits V1-V5). As 
predictors each analysis comprised one of the comorbidities, the presence of statins and an interaction term between these two factors, as well as the covariates age, 
sex, BMI, GOLD grade and pack-years. The table shows the odds ratios (OR) and their 95% confidence intervals (95% CI) regarding comorbidities (left column), statins 
(middle column) and the interaction (right column) for each of the analyses. The odds ratios are visualized in Figs. 4A and B

Comorbidity Statins Interaction comorbidity-statins
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value

Heart failure 1.79 (1.34; 2.39) 0.001 1.05 (0.85; 1.31) 0.64 0.78 (0.44; 1.38) 0.39

Cardiac arrhythmias 1.97 (1.54; 2.51) < 0.001 0.99 (0.78; 1.27) 0.96 0.88 (0.51; 1.51) 0.64

Peripheral artery disease 0.89 (0.7; 1.14) 0.34 1.14 (0.92; 1.41) 0.25 1.01 (0.61; 1.68) 0.96

Coronary artery disease 1.51 (1.16; 1.95) 0.002 0.99 (0.78; 1.26) 0.94 0.93 (0.55; 1.55) 0.77

Hypertension 1.17 (0.97; 1.42) 0.10 1.09 (0.88; 1.36) 0.41 0.92 (0.58; 1.47) 0.73

At least 1 disease 1.23 (0.99; 1.52) 0.06 1.17 (0.70; 1.96) 0.55 0.91 (0.52; 1.59) 0.74

At least 2 diseases 1.66 (1.30; 2.11) < 0.001 1.12 (0.83; 1.52) 0.45 0.76 (0.50; 1.17) 0.21
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cardiovascular comorbidities. These data complement 
the existing literature and may suggest that even in 
patients with a therapy that specifically targets such 
comorbidities, potential effects of statins are either 
negligible or more subtle than a reduction of exacer-
bation frequency. Additional research is required to 
expand upon this hypothesis in future studies.
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