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Abstract. - OBJECTIVE: Asthma is a chron-
ic airway inflammatory disease caused by high
infiltration of multiple inflammatory cells and
factors in airway tissues. Statins may inhibit in-
flammation, hence improve asthma symptoms.
This meta-analysis aimed to assess the effica-
cy of statins in the treatment of asthma patients.

MATERIALS AND METHODS: We searched
in PubMed, OVID, Cochrane Library, and Web
of Science databases using the following key
words: “statin”, “atorvastatin”, “simvastatin”,
“pravastatin”, “rosuvastatin”, “pitavastatin”, “flu-
vastatin”, and “asthma”. The effects of statins on
function, serum biomarkers, sputum mediators,
and serum biochemical markers were analyzed
from the identified studies.

RESULTS: Twelve articles (613 participants)
were included in the meta-analysis. Results
showed that statins significantly improved asth-
ma symptoms (ACQ score: MD: -0.43, 95% CI:
-0.47 - -0.38, p<0.01; ACT score: MD: 1.96, 95%
Cl: 1.26-2.67, p<0.01). Furthermore, statins sig-
nificantly reduced serum hsCRP (MD: -0.50,
p=0.02) and cholesterol (MD: -32.76, p<0.01) lev-
els and the proportion of sputum eosinophils
(MD: -1.25, p<0.01) and IL6 levels (MD: -64.56,
p=0.04) in sputum. However, lung function was
not significantly different between the statin and
placebo treatment groups.

CONCLUSIONS: Although statins did not
change the lung function in patients with asth-
ma, they improved asthma symptoms and re-
duced the serum hsCRP, sputum eosinophil ra-
tio, and IL6 levels.
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Introduction

Asthma is a chronic airway inflammatory dis-
ease characterized by airway hyperresponsive-
ness. It is characterized by high infiltration level
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of various inflammatory cells and factors in the
airway tissues'. There are more than 300 million
asthma patients worldwide based on the 2015
Global Burden of Disease Study analysis, and its
prevalence has been increasing yearly?. There are
many treatments for asthma, including inhaled
corticosteroids (ICS) and bronchodilators. De-
spite these treatments, the inflammatory process
worsens in some patients leading to a gradual loss
of lung function’.

Statins are 3-hydroxy-3-methylglutaryl-coA re-
ductase inhibitors involved in cholesterol biosyn-
thesis. Currently, statins are widely used as lip-
id-regulating drugs*. Statins participate in immune
regulation and have anti-inflammatory, anti-pro-
liferation, anti-fibrosis, and anti-oxidation effects,
thus reducing airway response’. In a previous
study, statins reduced the number of eosinophils in
the bronchoalveolar lavage fluid, alleviated inflam-
matory response, and inhibited the proliferation
and contraction of airway smooth muscle in mice
models of asthma®’. Meanwhile, a cross-sectional
study on 165 patients with severe asthma showed
that the addition of statins to the existing treatment
regimen could improve asthma symptoms®.

These results demonstrate that statins may
control asthma symptoms by suppressing in-
flammation. In this meta-analysis, we evaluated
the role of statins in asthma patients in terms of
their effect on lung function, blood, and sputum
biochemical indexes.

Materials and Methods
Search Strateqy and Eligibility Criteria

This systematic review and meta-analysis fol-
lowed the preferred reporting items for systematic
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reviews and meta-analyses guidelines (PRISMA)
and was performed according to a pre-specified
protocol. Relevant studies were searched from
the PubMed, OVID, Cochrane Library and Web
of Science databases, from inception up to I*
March 2022. The following key medical subject
headings (MeSH) and Emtree terms were used:
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“statin”, “atorvastatin”, “simvastatin”, “pravasta-
tin”, “rosuvastatin”, “pitavastatin”, “fluvastatin”,
and “asthma”. The reference lists of selected
studies and previous reviews were also searched
for potential eligible trials. Two reviewers inde-
pendently checked the selected RCTs, and any

discrepancies were resolved through discussion.

Data Abstraction and End Points

The following data were obtained: name of au-
thors, year of publication, follow-up time, and ba-
sic characteristics of the study populations. The
endpoints included clinical outcomes, pulmonary
function, serum biomarkers, sputum mediators,
and serum biochemical markers.

Quality Evaluation and
Statistical Analysis

The data extracted from the original literature
were expressed as meantstandard deviation®'.

Revman 5.4 software was used for data analy-
sis. The Cochrane risk of bias tool was used to
assess the risk of bias. The P values of 25, 50,
and 75% represented low, medium, and high
degrees of heterogeneity, respectively. If F>50%,
the random-effects model was used, otherwise,
the fixed-effects model was used. The dichot-
omous variables were expressed as risk ratios
(RR), with a 95% CI, while continuous variables
were expressed as mean differences (MD), with
a 95% CI. p<0.05 was considered statistically
significant.

Results

Search Results

A total of 3988 relevant articles were obtained.
After reading the title and abstract, 75 full-text
papers were found to be eligible (Figure 1). At
the beginning 13 studies were included, one of
the studies' only provided changes from baseline
and was then removed. Finally, 12 articles with
613 participants were included in the analysis
(follow-up duration; 4-12 weeks) (Table I). Figure
2 shows the Cochrane randomized trial bias risk
scores for the included literature.

References found from
searching databases (n=3988)
PubMed(n=2751)
Cochrane Library(n=105)
Embase (n=1132)

Excluded based on title
and abstract (n=3913)

Potentially relevant studies for
more detailed evaluations(n=75)

Studies included in qualitative

1. Not a clinical trials study (n=16)
! 2. Unable to extract data (n=2)
3. Not RCT(n=44)

synthesis (n=13)

i Lack of outcome indicators(n=1)

Studies included in quantitative
synthesis (meta-analysis) (n=12)

Figure 1. Preferred reporting
items for systematic reviews
and meta-analyses flow dia-
gram.
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Table I. Characteristics of studies included in meta-analysis.

Drugs and Participants Male Age Follow-up
Author year active comparators (n) (%) (year) Patients time

Hothersall et al' Atorvastatin 54 23 (42.6) 425+ 137 Chronic symptomatic atopic 8 weeks
Placebo asthma

Fahimi et al? Atorvastatin 17 9 (52.69) 3712 +12.41 Patients with moderate to 4 weeks
Placebo severe asthma

Maneechotesuwan et al'* Budesonide + simvastatin 22
Budesonide + placebo 25 10 (45.45) 46.1 £9.40 Nonsmoking patients with 8 weeks

7 (28) 52.05+12.35 stable asthma

Cowan et al'® Simvastain 43 14 (33) 45 (20-68) Patients with stable persistent 7 weeks
Placebo asthma

Braganza et al'® Atorvastatin 36 15 41.7) 40.4 Cigarette smokers with chronic 8 weeks
Placebo 32 15 (46.9) 43.0 asthma symptoms

Moini et al” Atorvastatin 28 13 (48.28) 40.00 + 14.47 Patients with mild persistent to 4 weeks
Placebo 29 10 (32.14) 39.68 £ 12.89 moderate persistent asthma

Mohammad et al'® Atorvastatin 9 / 32.95+10.30 Patients with stable persistent 4 weeks
Placebo 13 asthma

Badar et al” Atorvastatin 30 17 (56.66) 43.13 +10.61 Patients diagnosed cases of 12 weeks
Placebo 30 12 (40) 41.73 £ 11.41 chronic bronchial asthma

Thomson et al* Atorvastatin 15 5(33.3) 379+ 7.8 Cigarette smokers with chronic 8 weeks
Placebo 24 12 (50.0) 43.5+10.7 asthma symptoms of more than

one year duration

Sun et al*! Budesonide and 41 31(77.5) 36-72 Adult-onset obesity with asthma 55 days
formoterol + simvastatin
Budesonide and 41 29 (72.5) 35-71
formoterol + placebo

Mehrabi et al* Atorvastatin 40 21 (52.5) 448 £10.4 Patients diagnosed with asthma 8 weeks
Placebo 40 16 (40) 433+ 11.6

Maneechotesuwan et al* Budesonide + simvastatin 22 2 (9.09) 51.57 +4.58 Patients with moderate to severe 8 weeks
Budesonide + placebo 22 10 (45.4) 50.53 +4.50 persistent asthma
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Random sequence generation (selection hias)

Allocation concealment (selection hias)

Blinding of participants and personnel (performance hias)

Blinding of outcome assessment (detection hias)

Incomplete outcome data (attrition hias)

Selective reporting (reporting bias)

Other

hias
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. Low risk of bias

I:l Unclear risk of hias

Bl Hioh risk of bias

Figure 2. Risk of bias graph.

Clinical Outcomes

Statins significantly improved the symptoms
of asthmatic patients. The Asthma Control Test
(ACT) score and Asthma Control Questionnaire
(ACQ) score were significantly better in the
statin-treated group compared with the control
group (ACQ score: MD: -0.43, 95% CI: -047 —
-0.38, p<0.01; ACT score: MD: 1.96, 95% CI:
1.26-2.67, p<0.01) (Figure 3).

Pulmonary Function
Lung function was not significantly different
between the statin and placebo groups. Statins did

not improve the provocation concentration of AMP,
causing a 20% fall in FEV1 (PC20AMP) and forced
expiratory volume in 1s (FEV1%) in asthmatic pa-
tients (PC20AMP: MD: 0.34, p=0.64; FEV1%: MD:
1.82, p=0.25). Moreover, statins did not significantly
increase morning or evening peak expiratory flow
(PEF) (morning PEF: MD: 7.10, p=0.58 and evening
PEF: MD: 5.57, p=0.67) (Figure 4).

Serum Biomarkers

Analysis of serological markers showed that
the addition of statins significantly reduced the
level of serum hypersensitive C-reactive pro-

Stain Placebo Mean Difference Mean Difference
Study or Subgrou| Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.2.1 ACQ score
Douglas 2010 0.48 084 43 074 069 43 21% -0.26[-0.58, 0.06] =
Georgina(stain) 2011 15 067 34 19 089 30 1.4% -040[-0.79,-0.01] ]
Georgina(stain+I1CS)2011 1.38 093 33 177 1 27 09% -0.39[-0.88 010 —
Hothersall2008 14 089 54 15 08 54 21% -010[0.42 022 —T
Vandana 2014 0.81 008 30 125 0N 30 93.4% -0.44[-049,-0.39] -
Subtotal (95% CI) 194 184 100.0% -0.43[-0.47,-0.38] [
Heterogeneity: Chi*=5.31, df= 4 (P = 0.26); F= 25%
Test for overall effect: Z=17.83 (P < 0.00001)
1.2.2 ACT score
Ahdollatif 2011 1985 3.2 28 17.83 447 29 121% 2.02[0.01,4.03] >
Douglas 2010 2165 383 43 21 486 43 153% 0.65[1.14,2.44] E—————
Samrad 2021 19.88 3.28 40 186 3.26 40 239% 1.28[0.15,271] T &
Shufang 2017 234 241 40 207 216 40 48.7% 270[1.70,3.70] ——
Subtotal (95% CI) 151 152 100.0%  1.96 [1.26, 2.67] -
Heterogeneity: Chi*=5.02, df=3 (P =017); F= 40%
Test for overall effect: Z= 5.50 (P < 0.00001)

2 4 0 1 2

Testfor subaroun differences: Chi*= 44.68. df=1 (P < 0.00001). F=97.8%

Favours [Stain] Favours [Placebo)

Figure 3. The forest chart shows the results of the effect of statins on the clinical outcomes.
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Stain Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.5.1 PC20 AMP
Douglas 2010 337 9.59 43 4832 150 43 5.8% -1462[19.94,-9.30] -
Georgina(stain) 2011 412 4.86 34 2.93 5 30 282% 1.19[1.23,3.61)] .
Georgina(stain+ICS5)2011 5.31 6.2 33 2.3 4 27 245% 3.00[0.40, 5.60] o
Hothersall2008 475 716 54 4.49 6.85 54 237% 0.26 [-2.38, 2.90] b
Subtotal (95% CI) 164 154 82.3% 0.34 [-1.08, 1.76]
Heterogeneity: Chi*= 34.83, df= 3 (P < 0.00001); F=91%
Test for overall effect: Z= 0.47 (P = 0.64)
1.5.4 FEV1%
Abdollatif 2011 93.89 9.73 9 95 122 13 2.0% -1.11 [10.30, 8.08] T
Fanak 2009 86 13 17 86 13 17 22% 0.00[-8.74,8.74] T
Majid 2012 8346 1081 28 8182 1342 29 4.2% 1.64 [[4.68, 7.96] T
Samrad 2021 81.1 9.2 40 781 105 40 8.9% 3.00[1.33,7.33] I
Subtotal (95% CI) 94 99 17.1% 1.82[-1.29, 4.93] }
Heterogeneity: Chi*= 0.85, df= 3 (P =0.84); F=0%
Test for overall effect: Z=1.15 (P = 0.25)
1.5.5 Morning PEF
Douglas 2010 415 110 43 408 107 43 0.1% 7.00 [-38.87,52.87) I R—
Georginaistain) 2011 376.39 141.63 34 35765 121.38 30 00% 18.74[-45.70,83.18) -
Georgina(stain+ICS5)2011 39051 12338 33 35464 1237 27 0.0% 3587[26.97 98.71] =
Hothersall2008 387 1065 54 3953 101 54  01% -8.30[-47.45,30.85] S
Subtotal (95% CI) 164 154 0.3%  7.10[-17.74,31.93] ‘
Heterogeneity: Chi*=1.52, df= 3 (P = 0.68), F=0%
Test for overall effect: Z= 0.56 (P = 0.58)
1.5.6 Evening PEF
Douglas 2010 423 112 43 418 108 43 0.1% 5.00 [-41.50, 51.50] I
Georgina(stain) 2011 3848 1371 34 3674 1172 30 00% 17.40[-44.91,79.71) |
Georgina(stain+IC5)2011 400 14041 33 3683 1305 27 0.0% 31.70(-36.91,100.31] ]
Hothersall2008 39853 101 54 4038 1163 54 0.1% -8.50[-49.58, 32.58] - L
Subtotal (95% CI) 164 154 0.3%  5.57[-20.04, 31.18] ’
Heterogeneity: Chi*=1.15,df=3(P=0.77), F=0%
Test for overall effect: Z=0.43 (P=0.67)
Total (95% CI) 586 561 100.0% 0.62 [-0.66, 1.91]
Heterogeneity: Chi*= 39.48, df= 15 (P = 0.0005); = 62% 30 i 7 PR
Test for overall effect: Z=0.95 (P =0.34) .
Testfor subaroun differences: Chi*=1.13. df= 3 (P = 0.77). FF= 0% Pkl Faours iacehd

Figure 4. The forest chart shows the results of the effect of statins on the pulmonary function.

tein (hsCRP) (MD: -0.50, 95% CI: -0.90~-0.09,
p=0.02). However, statins did not significantly af-
fect IL6 levels and the proportion of eosinophils
(IL6: MD: -1.93, p=0.31; eosinophil%: MD: -0.97,
p=0.46) (Figure 5).

Sputum Mediators

The changes in inflammatory mediators in the
sputum were also analyzed. Results revealed that
statins significantly reduced the proportion of eo-
sinophils in sputum (eosinophil %: MD: -1.25,
95% CI: -2.03 —-0.46, p<0.01) and IL6 levels (IL6:
MD: -64.56, 95% CI: -127.57~-1.55, p=0.04). How-
ever, statins did not significantly affect the levels of
TNFa (p=0.15, 95% CI: -0.51~3.28), IL8 (p=0.31,
95% CI: -0.97~0.31) and IL10 (p=0.13, 95% CIL:
-2.91~ 21.79) in patients with asthma (Figure 6).

Serum Biochemical Markers
Serum triglyceride and cholesterol levels were
significantly lower in the statin-treated group

compared with the no-intervention group (tri-
glyceride: MD: -0.24, 95% CI:. -0.31~-0.17,
p<0.01; cholesterol: MD: -32.76, 95% CI: -34.49~-
31.03, p<0.01). However, statins did not signifi-
cant cause liver damage (ALT: MD: 0.47, p=0.72;
AST: MD: 0.53, p=0.57) (Figure 7).

Discussion

The results showed that addition of statins
significantly improved the clinical symptoms of
asthmatic patients and reduced the serum hsCRP
and cholesterol levels. Statins also significantly
increased the sputum eosinophil ratio and IL6
level. However, they did not significantly improve
lung function in asthma patients.

The ACQ scores are used to predict the level
of asthma control. The ACQ score scale assesses
asthma control in the past one week with 5/7
equally weighted items?*. On the other hand, the
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Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

Stain Placebo
Study or Subgroup Mean SD_Total Mean SD_Total Weight
1.1.1 hsCRP
Georgina(stain) 2011 31 264 31 33 327 29 7.2%
Georgina(stain+1CS)2011 236 241 32 278 3123 24 7.0%
Hothersall2008 086 077 54 139 145 54 B85.8%
Subtotal (95% CI) 117 107 100.0%
Heterogeneity: Tau*= 0.00; Chi*=0.18, df=2 (P =0.91); F=0%
Test for overall effect: Z= 2.41 (P =0.02)
1.1.2IL6
Georgina(stain) 2011 477 839 31 986 2012 29 16.5%
Georgina(stain+1CS)2011 332 B67 32 B854 1655 24 19.6%
Hothersall2008 1.74 181 54 185 219 54 63.9%
Subtotal (95% ClI) 117 107 100.0%
Heterogeneity: Tau®=5.43; Chi*=3.49, df=2 (P=0.17), F= 43%
Test for overall effect: Z=1.02 (P=0.31)
1.1.3 Eosinophil %
Douglas 2010 14.47 16.34 43 2476 1871 43 9.8%
Hothersall2008 1.53 19 54 164 198 43 50.9%
Samrad 2021 83 421 40 806 537 40 39.3%
Subtotal (95% ClI) 137 126 100.0%
Heterogeneity: Tau®= 3.24; Chi*=7.30, df= 2 (P=0.03); F=73%
Test for overall effect: Z= 0.74 (P = 0.46)
Test for subaroun differences: Chi*=0.69. df=2(P=071). F=0%

-0.20 1.71,1.31]
-0.42 [1.96,1.12]
-0.53 [-0.97,-0.09]
-0.50 [-0.90, -0.09]

om/ |

-5.09[-12.99, 2.81]
-5.22[12.23,1.79]
-0.11 [-0.87, 0.65]
1.93[-5.63, 1.77]

>~

A0.29[F17.71,-2.87) &
-0.11 [-0.89, 0.67] E
0.24 [1.87, 2.35]
-0.97 [-3.55, 1.60]

-5 0
Favours [Stain] Favours [Placebo]

!
T
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o
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Figure 5. The forest chart shows the results of the effect of statins on the serum biomarkers.

ACT score scale assesses asthma control over the
past four weeks by evaluating shortness of breath,
frequency of night/early waking, use of salvage
medications, overall asthma control, and loss of
productive capacity2%. In this analysis, statins
significantly improved ACQ and ACT scores
compared with the placebo treatment, indicat-
ing that statins can significantly improve asthma
symptoms.

Furthermore, statins significantly reduced
serum hsCRP levels and improved symptom
control in asthma patients. C-reactive protein
(CRP) is an acute phase protein synthesized by
liver cells in response to inflammatory factors.
CRP is involved in various inflammatory and
infection processes. It also plays a crucial role
in acute and chronic inflammatory responses?.
The level of CRP is elevated in asthma patients
and is positively correlated with disease sever-
ity. Therefore, CRP levels can be used as a di-
agnostic marker, indicator of treatment efficacy,
and a biomarker to evaluate patient prognosis?.
For instance, CRP levels can reflect changes in
lung function in patients with bronchial asthma.
Increased CRP levels indicate decreased lung
function®. Statins have been shown to improve
symptoms by lowering CRP levels and improv-
ing lung inflammation'?.
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Asthma is a chronic inflammatory disease affect-
ing the airway tissues caused by T lymphocyte-me-
diated allergy®. The imbalance of Thl/Th2 ratio
contributes to the pathogenesis of asthma. Activated
Th2 cells secrete various pro-inflammatory factors,
such as IL4, IL5, IL6, IL10, IL17, and TNFa, which
increase the number of airway eosinophils and mu-
cus secretion through different mechanisms. This
results in bronchial hyper-reactivity®'. IL6 partici-
pates in causing poor lung function and increasing
the risk of asthma exacerbation. Elevated IL6 levels
indicate an increased susceptibility to asthma ex-
acerbation®”. IL6 activates cells through its mem-
brane-bound receptors and GP130 signal sensor gly-
coproteins. IL6 contributes to the pathogenesis of
asthma by regulating the balance between Thl and
Th2, increasing mucus secretion, promoting Th17
differentiation, and inhibiting regulatory T cells®.
Th17 cells can trigger the secretion of TNFa, IL1B,
IL6, and other inflammatory factors by respiratory
epithelial cells and respiratory smooth muscle cells
through IL17A, thereby promoting the maturation
of neutrophils and respiratory inflammation**. Th17
cells and cytokines are significantly increased in
sputum, alveolar lavage fluid, and serum of asthma
patients. Moreover, the expression level of Thl7
cells and cytokines is positively correlated with
respiratory hyper-reactivity and disease severity™.
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Stain Placebo Mean Difference Mean Difference
Study or Subgrou Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.4.1 TNFa
Hothersall2008 21.34 3092 54 4979 9033 54 0.5% -28.45[-63.91,-299) ¥
Kittipong 2010 15.36 4 22 9.91 1.87 25 30.4% 5.45(4.20,6.70] u
Neil{stain) 2015 041 0.57 15 0.58 0.73 15 343% -0.17 [-0.64, 0.30] s
Neil(stain+ICS) 2015 0.22 0.26 15 0.39 0.52 15 347% -0.17 [-0.46,0.12] b
Subtotal (95% Cl) 106 109 100.0% 1.39[-0.51, 3.28] »
Heterogeneity: Tau®= 2.67; Chi*= 80.00, df= 3 (P < 0.00001); F=96%
Test for overall effect Z=1.43 (P=0.15)
1.4.21L6
Georgina(stain) 2011 168.73 246.83 31 19545 27392 29 227% -26.72[-158.97,105.53] = *
Georgina(stain+ICS)2011 13456 1452 32 23255 38131 24 154% -97.99[-258.81,62.83] ¢ »
Neil{stain) 2015 75.78 8002 15 157.53 253.44 24 333% -81.75(-190.93,27.43] ¢
Neil{stain+ICS) 2015 99.29 14599 15 15593 22917 24 286% -56.64[174.39,61.11] ¢ *
Subtotal (95% CI) 93 101 100.0% -64.56 [-127.57,-1.55] —
Heterogeneity: Tau®= 0.00; Chi*= 0.59, df= 3 (P = 0.90); = 0%
Test for overall effect: Z= 2.01 (P = 0.04)
14318
Georgina(stain) 2011 1.25 219 kil 1.68 2.06 29 357% -0.43[-1.51, 0.65] B
Georgina(stain+I1CS)2011 1.24 219 32 1.3 218 24 309% -0.07 [[1.23,1.09] b
Hothersall2008 1.98 2.36 54 2.45 3.43 54 335% -0.47 [-1.58, 0.64] "
Subtotal (95% CI) 117 107 100.0% -0.33[-0.97, 0.31] \
Heterogeneity: Tau®*= 0.00; Chi*=0.29, df= 2 (P = 0.87); F=0%
Test for overall effect: Z=1.01 (P=0.31)
1.4.41L10
Georgina(stain) 2011 13.7 2556 31 1824 1298 29 159% -454[-14.70,5.62] T
Georgina(stain+ICS)2011 131 17.39 32 1193 1597 24 163% 117 [-7.61,9.95] I
Kittipong 2010 7251 283 22 2759 8.72 22 151% 44.92[32.54,57.30] —a
Kittipong Maneechotesuwan 2021 56.17 105 22 2518 5.81 22 17.3% 30.99 [25.98, 36.00] =
Neil(stain) 2015 3.53 2.48 15 7.04 312 24 17.7% -3.51-5.28,-1.74] i
Neil(stain+ICS) 2015 1.49 0.96 15 1028 6.91 24 176% -8.79[-11.60,-5.98] -
Subtotal (95% CI) 137 145 100.0% 9.44[-2.91,21.79] R ol
Heterogeneity: Tau®= 223.01; Chi*= 246.85, df= 5 (P < 0.00001); F= 98%
Test for overall effect Z=1.50 (P =0.13)
1.4.5 Eosinophil %
Douglas 2010 11.14 487 43 2326 5.58 43 7.8% -1212[-14.33,-9.91] -
Georgina(stain) 2011 0.47 0.78 kil 0.51 0.94 29 19.2% -0.04 [-0.48, 0.40]
Georgina(stain+ICS)2011 0.54 0.78 32 0.27 0.47 24 197% 0.27 [-0.06, 0.60]
Hothersall2008 112 0.55 54 1.53 0.57 54 201% -0.41 [-0.62,-0.20]
Kittipong 2010 2.94 317 22 71 7.25 25  48% -4.16 [-7.30,-1.02] e
Kittipong Maneechotesuwan 2021 0.5 0.26 22 0.94 0.42 22 20.2% -0.44 [-0.65,-0.23] 9
Samrad 2021 8.3 4N 40 8.06 537 40 8.2% 0.24 [-1.87,2.39] T
Subtotal (95% CI) 244 237 100.0% -1.25[-2.03, -0.46] '
Heterogeneity: Tau®= 0.78; Chi*= 131.06, df= 6 (P < 0.00001); F=95%
Test for overall effect: Z=3.12 (P =0.002)
-50 .25 0 25 50
Test for subaroun differences: Chi*= 13.96. df= 4 (P = 0.007). F= 71.4% Favours [Stain] Favours [Placebo]

Figure 6. The forest chart shows the results of the effect of statins on the sputum mediators.

Atorvastatin can inhibit the secretion of cytokines,
such as IL6 and IL17 to enhance steroid sensitivi-
ty. They can also regulate Thl7-mediated diseases
36, In this study, statins significantly reduced IL6
levels in the sputum of asthma patients, suggest-
ing that statins exert anti-inflammatory effects by
down-regulating the expression of IL6 and reducing
Th17 differentiation.

Eosinophilia is a crucial component of mediated
airway type 2 immune response. It is associat-
ed with persistent asthma symptoms, decreased
lung function, and increased airway reactivity®’.
Besides secreting various inflammatory factors,
eosinophils can also enhance nitrification and ox-
idative stress response, resulting in oxidative lung
damage®®. Eosinophils produce reactive oxygen

species when exposed to allergens, releasing eo-
sinophils peroxidase and bromotyrosine amino ac-
ids which cause a series of oxidative stress-related
airway injuries®. High systemic oxidative stress
and serum cholesterol levels in obese patients with
asthma increase eosinophils and enhance airway
stress response®’. Statins inhibit stimulus-induced
formation of nitric oxide and nitric oxide synthase,
reduce inflammatory cytokines and inflammatory
cells to suppress airway inflammation and oxida-
tion*'. Statins lower serum cholesterol in obese
patients with asthma to reduce lipid-induced asth-
ma exacerbation***. Therefore, statins improve
asthma symptoms by reducing the proportion of
eosinophils in the sputum, serum total cholesterol
level, and inflammatory response.
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Stain Placebo Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 ALT
Georgina(stain+IC5)2011 22 1437 32 2404 17 25 142% -2.04[-8.81,4.73)
Hothersall2008 26.35 1295 54 2283 1371 54 258% 3.52[1.51,8.59]
Kittipong 2010 1974 871 22 2079 8125 25 242% -1.05[-6.24, 4.14]
Samrad 2021 153 8.8 40 15 106 40 358% 0.30 [-3.97, 4.57]
Subtotal (95% Cl) 148 144 100.0% 0.47 [-2.08, 3.02]
Heterogeneity: Chi*=2.28, df=3 (P=0.52); F=0%
Test for overall effect: Z=0.36 (P=0.72)
1.3.2 AST
Hothersall2008 2265 685 54 20 6.09 54 56.0% 2.65[0.21,5.09]
Kittipong 2010 2028 436 22 2411 747 25 28.2% -3.83[-7.28,-0.39] -
Samrad 2021 18.08 11.28 40 1732 966 40 158% 0.76 [-3.84, 5.36) T
Subtotal (95% Cl) 116 119 100.0% 0.53 [-1.30, 2.36] ]
Heterogeneity: Chi*=9.04, df=2 (P=0.01), F=78%
Test for overall effect: Z=0.56 (P = 0.57)
1.3.3 Triglycerides
Abdollatif 2011 115 039 28 132 047 29 105% -0.17 [-0.39, 0.05)
Georgina(stain+ICS)2011 1.02 035 32 1.74 129 25 2.0% -0.72[-1.24,-0.20] 1
Hothersall2008 094 053 54 117 061 54 11.4% -0.23[-0.45,-0.01] b
Samrad 2021 114 025 40 1.38 0099 40 76.1% -0.24 [-0.32,-0.16) [
Subtotal (95% Cl) 154 148 100.0% -0.24[-0.31,-0.17]
Heterogeneity: Chi*= 3.66, df=3 (P=0.30); F=18%
Test for overall effect: Z=6.49 (P < 0.00001)
1.3.4 Cholesterol
Abdollatif 2011 162.85 51.23 28 20265 4822 29 -39.80 [-65.65,-13.95]
Georgina(stain+ICS)2011 66.97 14.06 32 9879 16.65 25 -31.82 [-39.96,-23.68] I——
Hothersall2008 61.42 429 54 89435 515 54 936% -3293[3472,-31.14] .
Samrad 2021 13415 14.06 40 1569 44 40 -22.75[-37.06,-8.44] -
Subtotal (95% Cl) 154 148 100.0% -32.76 [-34.49, -31.03] 4
Heterogeneity: Chi*= 2.25, df= 3 (P=0.52); F=0%
Testfor overall effect: Z=37.13 (P < 0.00001)

-50 .25 0 25 50

Testfor subaroun differences: Chi*= 1357.12. df= 3 (P < 0.00001). = 99.8% Favours [Stain]  Favours [Placebol

Figure 7. The forest chart shows the results of the effect of statins on the serum biochemical markers.

However, statins did not significantly improve
lung function in asthma patients, possibly be-
cause most participants had mild to moderate
asthma. Also, a longer observational period may
be required for accurate assessment since chang-
es in lung function involve airway remodeling.

Study Limitations

The small sample size, short duration of treat-
ment, and lack of classification of asthma severity
in most RCT, limit made it difficult to determine
the long-term effects of statins use in asthma
patients, particularly their effect on airway re-
modeling. Larger randomized trials with longer

durations are, therefore, necessary.
Conclusions
Statins significantly improve ACT and ACQ
scores in asthma patients. They also reduce se-

rum hsCRP levels, sputum eosinophils, and 1L6
levels thereby controlling inflammatory response
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and improving asthma symptoms. However,
statins do not significantly improve lung function
in asthma patients.
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