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Abstract 52 

Objective: To assess the effects of statins on asthma by systematically reviewing and 53 

conducting a meta-analysis on all clinical studies, including randomized controlled trials 54 

(RCTs) and observational studies, that examined the effects of statins on asthma. 55 

Methods: PubMed, EMBASE databases, and Cochrane reviews were searched to 56 

identify RCTs and observational studies, conducted through June 16, 2020, that 57 

assessed the effect of statins as a treatment for asthma. A meta-analysis was conducted 58 

using the following main outcomes: asthma control test (ACT), asthma control 59 

questionnaire (ACQ), pre- and post-bronchodilator forced expiratory volume in one 60 

second (FEV1), peak flow (PEF), and asthma exacerbation (asthma-related emergency 61 

department (ED) visits and hospitalization).  62 

Results: Our search revealed 11 RCTs and 8 observational studies that met the 63 

inclusion criteria. A meta-analysis demonstrated that statin treatment significantly 64 

improved ACT scores (mean difference: 1.61, P < 0.001) and ACQ scores (mean 65 

difference: -0.38, P < 0.001) compared to a placebo. Furthermore, statin treatment 66 

significantly reduced asthma-related ED visits (hazard ratio [HR], 95% confidence 67 

interval [CI], 0.83 [0.75-0.92], P < 0.001, number needed to treat [NNT], 5.9). However, 68 

statin treatment did not improve pulmonary function (FEV1 and PEF).  69 

Conclusion: Our results suggest that statins have the potential to improve asthma 70 

control and reduce asthma exacerbation without any improvement in pulmonary 71 

function.   72 
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 4 

Introduction 73 

Asthma is a disease characterized by chronic airway inflammation and variable 74 

airflow limitation; it affects approximately 2.7 billion people worldwide.
1
 Widespread 75 

use of inhaled corticosteroids (ICS) has reduced mortality rates, but asthma is still 76 

difficult to cure and many patients have poorly controlled asthma symptoms.
2,3

  77 

Over the years, many drug candidates have been examined for the treatment of 78 

asthma, and novel therapeutics have shown promise. Statins, which act as HMG-CoA 79 

reductase inhibitors, are lipid-lowering drugs used primarily for the prevention of 80 

cardiovascular disease.
4
 Interestingly, statins have pleiotropic effects, including 81 

anti-inflammatory properties, which might be effective against a variety of diseases, 82 

including asthma.
5
 Indeed, animal and cellular experiments using statins have reported 83 

the inhibitory effects on airway inflammation and remodeling in asthma.
6,7

 However, 84 

previous small randomized controlled trials (RCTs) have yielded conflicting results 85 

regarding the benefits of statins for asthmatic patients. Further, a meta-analysis of four 86 

RCTs reported in 2013 demonstrated no improvement in pulmonary function after statin 87 

treatment.
8
 In contrast, recent observational studies have reported beneficial effects of 88 

statins on asthma exacerbation, evidenced by reduced asthma-related emergency 89 

department (ED) visits.
9
 However, most of these observational studies did not assess the 90 

effect of statins on pulmonary function. Thus, it remains unclear whether statins are an 91 

effective treatment option for asthma. 92 

In this study, we aimed to assess the effects of statins on asthma by 93 

systematically reviewing and conducting a meta-analysis on all clinical studies, 94 

including RCTs and observational studies, that examined the effects of statins on 95 

asthma.  96 
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 5 

Methods 97 

Search strategies 98 

A systemic literature search of articles published through June 16, 2020 in scientific 99 

databases (Medline and EMBASE) was conducted using disease-specific search terms 100 

such as “asthma” AND “statin” OR “statins” OR “HMG-CoA reductase inhibitor” OR 101 

“HMG-CoA reductase inhibitors” OR “3-hydroxy-3-methylglutaryl coenzymes A 102 

reductase inhibitor” OR “3-hydroxy-3-methylglutaryl coenzyme A reductase inhibitors” 103 

OR “atorvastatin” OR “lovastatin” OR “simvastatin” OR “fluvastatin” OR “pravastatin” 104 

OR “rosuvastatin” OR “pitavastatin”. We also searched reference lists of the relevant 105 

Cochrane review articles to identify additional studies.
10

 We performed the search in 106 

accordance with the Preferred Reporting Items for Systematic Reviews and 107 

Meta-Analyses (PRISMA) guidelines.
11

 Two investigators (KS and HK) reviewed all 108 

the articles and judged selection, comparability, and outcomes independently. When the 109 

two investigators disagreed, the third author (TK) was asked to make a decision 110 

independently.
12

 The risk of bias was evaluated using the risk of bias in randomized 111 

trials (RoB2) for RCTs and the Risk of Bias Assessment Tool for Nonrandomized 112 

Studies (RoBANS) for observational studies (eFigure 1, 2).
13, 14

  113 

Study inclusion criteria 114 

Included studies met the following criteria: (1) studies were published in peer-reviewed 115 

journals, (2) they compared asthmatic patients who received statins with those who did 116 

not receive statins, and (3) the studies reported at least one of the following clinical 117 

outcomes: asthma control test (ACT), asthma control questionnaire (ACQ), pre- and 118 

post-bronchodilator forced expiratory volume in one second (FEV1), peak flow (PEF), 119 

and asthma exacerbation (i.e. asthma-related ED visits and hospitalization). ACT scores 120 
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 6 

range from 5 (poor control) to 25 (complete control), based on five questions that are 121 

related to the frequency of asthma symptoms and rescue medication use during the 122 

previous 4 weeks. ACQ scores are similar tools to assess asthma control with scores 123 

between 0 (totally controlled) and 6 (severely uncontrolled), including 7 questions. The 124 

mean clinically important differences (MCID) are 3 points for the ACT scores and 0.5 125 

points for the ACQ scores in adults, respectively.
 15

 Studies conducted in vitro or in 126 

animal models were not included in this analysis.  127 

Data analysis 128 

For each study, relevant data were directly extracted from the selected articles, 129 

including patient demographic data, the type of study, duration of treatment, and 130 

outcome assessment. To evaluate the effect of statins on asthma, the data were 131 

categorized and analyzed based on each outcome. The Review Manager (RevMan 132 

Version 5.4; Nordic Cochrane Centre, the Cochrane Collaboration, 2012, Copenhagen, 133 

Denmark) software was used to calculate pooled hazard ratios (HRs) with 95% 134 

confidence intervals (CIs). In addition, we calculated the mean differences (MD) as 135 

follows: first, we extracted changes (from baseline to post-treatment) in continuous data 136 

of both the statin and control groups from each study; second, generated MDs (with 95% 137 

CIs) between the changes of the statin and control groups (otherwise, 138 

extracted MDs directly from each study); finally, the MDs were pooled in a 139 

random-effects model using the Comprehensive Meta-Analysis software (Version 2; 140 

Biostat, Englewood, NJ, USA). Missing standard deviations and changes from baseline 141 

to post-treatment were imputed according to the Cochrane Handbook.
16

 The 142 

random-effects model was used in each outcome regardless of the heterogeneity among 143 

studies as it allowed for a more conservative assessment of the pooled effect size. 144 
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Significant heterogeneity was considered to be present when the I
2
 index was over 50% 145 

or the P-value for heterogeneity was <0.05.   146 
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 8 

Results 147 

Study selection and results 148 

Figure 1 summarizes the results of our systematic literature search, which initially 149 

yielded 1350 potentially relevant articles (215 articles from PubMed and 1339 articles 150 

from EMBASE), and a total of 1333 articles were excluded. We added four articles 151 

from the Cochrane review articles,
10

 hence a total of 21 articles underwent full-text 152 

assessment.
17-37

 Two articles were excluded as they did not assess the effect of statin 153 

treatment in asthmatic patients.
36,37

 Finally, our research identified 19 studies (11 RCTs 154 

and 8 observational studies). The characteristics and outcome measures of the included 155 

studies are shown in Table 1. The RCTs included a small number of patients (up to 54 156 

patients in the statin group) and a short intervention period (up to 12 weeks), while 157 

observational studies had a large number of patients (up to 19 866 patients in the statin 158 

group) and longer observational periods (up to 4.6 years). Most RCTs assessed the ACT, 159 

ACQ, or pulmonary function, while observational studies evaluated asthma-related ED 160 

visits and hospitalizations as primary outcomes (Table 1). 161 

 162 

Statins improved asthma control  163 

Both the ACT and ACQ are validated tools for assessing asthma control, and some 164 

studies used only the ACT, while others used only the ACQ for assessing asthma 165 

control. Three RCTs and one observational study evaluated asthma control using the 166 

ACT in the statin and placebo groups (Fig 2A).
17-20

 Our meta-analysis of these studies 167 

assessed the difference in the ACT scores after statin treatment versus the placebo and 168 

showed that statin treatment significantly improved ACT scores (mean difference [MD]: 169 

1.61, P < 0.001) without heterogeneity (I
2
: 0%, P = 0.510). Similarly, four RCTs 170 
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 9 

assessed asthma control using the ACQ (Fig 2B) and showed that statin treatment 171 

significantly improved ACQ scores compared to the placebo (MD: -0.38, P < 0.001) 172 

without heterogeneity (I
2
: 28%, P = 0.28).

20-23
 Collectively, these results indicated that 173 

statin treatment significantly improved asthma control although the differences between 174 

statin and the placebo group were less than the MCID. 175 

 176 

Statins did not improve pulmonary function  177 

Reversible airflow obstruction is a hallmark of asthma, and pulmonary function tests are 178 

used as outcome measures in many studies. However, it is not appropriate to combine 179 

and analyze all studies together due to the lack of absolute values and multiple methods 180 

of assessment (before and after administration of a bronchodilator).
24, 31, 33

 Three RCTs 181 

evaluated pre-bronchodilator FEV1 (Fig 3A), and our meta-analysis assessed the 182 

difference in FEV1 changed by statin treatment or the placebo, which showed that statin 183 

treatment did not improve pre-bronchodilator FEV1 compared to the placebo (MD: 184 

0.061, P = 0.059) without heterogeneity (I
2
: 8.6%, P = 0.340).

21-23
 Similarly, three RCTs 185 

and one observational study reported post-bronchodilator FEV1 (Fig 3B), and statin 186 

treatment did not improve post-bronchodilator FEV1 compared to the placebo (MD: 187 

0.015, P = 0.440) with heterogeneity (I
2
: 51.0%, P = 0.110).

19,21-23
 Furthermore, four 188 

RCTs and one observational study reported PEF (Fig 3C), and meta-analysis revealed 189 

that statin treatment did not improve PEF compared to the placebo (MD: 2.088, P = 190 

0.49) with heterogeneity (I
2
: 60.5%, P = 0.038).

19,21-24
 Thus, the effect of statins on 191 

pulmonary function was variable across studies, and we found no significant effects in 192 

the meta-analysis.  193 

 194 
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 10 

Statins reduced asthma exacerbation  195 

Some studies have shown that statins improved asthma control. However, previous 196 

RCTs have not directly assessed the frequency of asthma exacerbation because it 197 

requires a large number of patients to assess asthma exacerbation. In contrast, recent 198 

observational studies have often assessed asthma exacerbation. Four observational 199 

studies evaluated asthma-related ED visits in asthmatic patients who were exposed to 200 

statins and those who were not (Fig 4A).
25-28

 One study divided asthmatic patients using 201 

ICS, and in all studies, except for ICS non-users, statin exposure was independently 202 

associated with a reduction in asthma-related ED visits, as indicated by multivariate 203 

analysis. Our meta-analysis revealed that patients exposed to statins had a significantly 204 

lower risk of experiencing asthma-related ED visits compared with control patients (HR 205 

[95% CI]: 0.83 [0.75-0.92], P < 0.001, NNT: 5.9) (Fig 4A) without heterogeneity (I
2
: 206 

21%, P = 0.280). 207 

Furthermore, five observational studies assessed asthma-related hospitalization 208 

(Fig 4B).
25-29

 The patients exposed to statins had a lower risk of asthma-related 209 

hospitalization than the control patients, but this effect was not statistically significant 210 

(HR [95% CI]: 0.93 [0.78-1.04], P = 0.160) with heterogeneity (I
2
: 77%, P < 0.001). 211 

However, four observational studies assessed outcomes that combined asthma-related 212 

ED visits and hospitalization (Fig 4C)
 25,26,28,30

, and the patients who received statins had 213 

a significantly lower risk of asthma-related ED visits and hospitalization than the 214 

control patients (HR [95% CI]: 0.87 [0.77-0.99], P = 0.030, NNT: 7.7) (Fig 4C) with 215 

heterogeneity (I
2
: 77%, P < 0.001). Collectively, statin treatment significantly reduced 216 

asthma exacerbation, particularly asthma-related ED visits.  217 
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 11 

Discussion 218 

We conducted a systematic review and meta-analysis of studies that 219 

investigated the effects of statins on asthma. A meta-analysis revealed that statins 220 

improved asthma control and reduced asthma exacerbation, although there were no 221 

significant effects on pulmonary function. These results indicate that statins may be 222 

effective for the treatment of asthma. 223 

Statins, HMG-CoA inhibitors, are generally used for primary and secondary 224 

prevention of cardiovascular disease through the improvement of dyslipidemia. 225 

Interestingly, previous reports using animal or cell culture models, have suggested that 226 

statins exert their beneficial effects on asthma function through various mechanisms, 227 

including anti-inflammatory effects, reduction of oxidative stress, inhibition of 228 

inflammatory cells, and induction of apoptosis.
38

 In mouse models of asthma, statins 229 

have been reported to suppress airway inflammation and remodeling by decreasing 230 

inflammatory cells and type-2 cytokines, including IL-4, IL-5, and IL-13.
6,7

 231 

Furthermore, statins inhibit the proliferation and differentiation of airway smooth 232 

muscle cells and epithelial cells. In cellular experiments, it has been shown that statins 233 

inhibit the proliferation of T-cells via reduction in ATP production, since statins 234 

suppress the glycolytic pathway initiated by acetyl-CoA, an upstream metabolite of the 235 

mevalonic acid pathway.
39,40

 Based on these data, statins are expected to be useful as a 236 

treatment option for asthma. 237 

However, previous RCTs and meta-analyses had conflicting conclusions 238 

regarding the benefit of statin treatment for asthma. Our meta-analysis showed that 239 

statins improved asthma control, but not pulmonary function. The reasons for this 240 

include: (1) small sample size (e.g., 16–54 patients in the statin group), (2) short-term 241 
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 12 

intervention (e.g., for 4–12 weeks in RCTs), and (3) mixed phenotype and severity of 242 

asthma. Since asthma is a heterogeneous disease, the effectiveness of drugs varies 243 

greatly from patient to patient. Therefore, it is important that clinical trials be 244 

appropriately stratified and organized such that patients with a certain severity and 245 

phenotype of asthma are recruited. For example, anti-IL-5 antibodies were found to be 246 

effective in a clinical trial targeting only eosinophilic asthma after the failure of 247 

generalized trials targeting patients with all types of asthma.
41

 In addition, with respect 248 

to lung function, a longer observation period may be required to properly assess the 249 

impact on airway remodeling. Therefore, to clarify the effect of statins on asthma, 250 

large-scale, well-designed RCTs with a long treatment schedule are required.  251 

In contrast to the RCTs, recent observational studies, which included a large 252 

number of patients (several hundred to 19 866 patients in the statin group) with yearly 253 

observation periods, consistently showed new evidence of the beneficial effect of statins 254 

(i.e. a reduction in asthma exacerbation). Asthma exacerbation has been incorporated as 255 

an important outcome in many clinical trials. However, a large number of patients and 256 

long-term observational periods are required to properly assess asthma exacerbation. 257 

Therefore, this outcome was not included in the results of previous RCTs. Our results 258 

suggest that the assessment of asthma exacerbation is valuable for future RCT studies 259 

on the effects of statin treatment. 260 

In recent years, several studies have focused on particular characteristics of 261 

patients with asthma which are especially responsive to statin treatment. Basic research 262 

data and pharmacological characteristics indicate that statins may be particularly 263 

effective for individuals with asthma who smoke or are obese. Braganza et al. included 264 

patients who were currently smoking and with asthma, and found a significant 265 
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 13 

improvement in the ACQ after statin treatment.
22

 Furthermore, Zeki et al. examined the 266 

effect of statins in patients with severe asthma, whose BMI was more than 30 kg/m
2
, 267 

and showed that statin treatment significantly improved ACT scores.
19

 Since there is a 268 

lack of effective drugs for non-type-2 asthma, such as for asthmatic patients who are 269 

smokers or obese, statins may be a promising treatment option for them. Another study 270 

reported a difference in the effect of statins depending on the single nucleotide 271 

polymorphisms in the HLA-G gene.
36 

Although our data showed that there were small 272 

effects in clinical scores which may not be clinically significant for all patients with 273 

asthma, it may be possible to identify patients with asthma who would benefit from 274 

statin treatment, by identifying specific phenotypes or genetic testing. 275 

This study has several limitations. First, the number of studies examining the 276 

effects of statins on asthma is limited. Also, some studies, especially observational 277 

studies, had a certain bias. In this study, we combined and analyzed all studies to 278 

exclude selection bias although it is desirable that a meta-analysis is performed based on 279 

high quality RCTs. Second, individual patient data were not available to us, and our 280 

interpretations were limited by the available summary data from already published 281 

studies. Third, patients had variable backgrounds, such as different patient populations 282 

and comorbidities, which had the potential to confound our results. Furthermore, this 283 

analysis was performed without stratification because this would have reduced the 284 

number of cases. In order to identify patients who respond better to statin treatment, it is 285 

recommended to increase the number of cases and conduct stratified studies in future 286 

research. 287 

In conclusion, statins are potentially beneficial for improving asthma symptoms 288 

and reducing ED visits. Although statins have not been shown to improve lung function 289 
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in previous small RCTs, the effects of statins need to be fully and properly investigated 290 

in large-scale clinical trials.  291 
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