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Introduction
Pulmonary function tests are widely utilized clini-
cal tools that measure parameters including lung 
volume, capacity, and flow rate. They have pivotal 
roles in assisting clinical decision-making, as well 
as the diagnosis of various pulmonary diseases. It 
mainly provides information on identifying 
obstructive or restrictive ventilatory defects. 

Common pulmonary diseases that could be 
assessed via pulmonary function tests include but 
are not limited to asthma, chronic obstructive pul-
monary disease (COPD), and pulmonary fibro-
sis.1 Previous literature exhibited that pulmonary 
function is a valuable predictor of all-cause mor-
tality and cardiovascular mortality.2,3 Spirometry 
is the most common pulmonary function test.4
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Meanwhile, hyperlipidemia is a prevalent meta-
bolic disorder that causes severe healthcare bur-
den around the world. Hyperlipidemia is 
determined by low-density lipoprotein (LDL), 
total cholesterol, triglyceride (TG), and high-
density lipoprotein (HDL).5 Abnormal LDL lev-
els are highly associated with the development of 
atherosclerotic cardiovascular disease and with 
all-cause/cardiovascular mortality.6,7 Thus, lipid-
lowering therapy is the mainstay of reducing car-
diovascular disease risks, with statins being the 
cornerstone among available therapeutic agents. 
They are inhibitors of the hydroxymethylglutaryl-
CoA reductase enzyme, which leads to reduced 
cholesterol synthesis and promotes LDL clear-
ance from circulation.8,9 Recently, increasing 
studies shifted focus to the additional therapeutic 
values of statins outside of lowering serum LDL, 
such as in depression or the field of cancer.10,11

Previous publications indicated that hyperlipi-
demia may be associated with worse pulmonary 
function in various lung diseases.12–14 Due to 
hyperlipidemia’s relation to chronic systemic 
inflammation and dysregulation of various meta-
bolic pathways, whether lowering blood choles-
terol levels or anti-inflammatory intervention 
could lead to improved pulmonary outcomes 
became the topic of interest in recent studies. 
Thus, it came to researchers’ interest that statins 
have a beneficial effect on pulmonary function. 
Cell and animal models established that statins 
could alleviate the progression of airway diseases 
such as COPD via inhibiting inflammatory 
response, as well as modulating key elements of 
the profibrogenic mechanism responsible for lung 
fibrosis.15–17 However, to date whether statin 
usage could lead to favorable pulmonary function 
outcomes in the real world remains questionable. 
Conflicting results were collected from previous 
clinical studies focusing on statin’s impact on 
smokers, as well as airway diseases including 
asthma and COPD.18 Several studies reported 
beneficial effects19,20; however other studies also 
exhibited non-significant effects,21,22 or even 
worsened pulmonary function.23 Moreover, stud-
ies with focused subgroup analysis, such as in 
populations with underlying hyperlipidemia, are 
also lacking.

Due to the aforementioned knowledge gap, we 
conducted a retrospective cohort study to investi-
gate whether statins could enhance pulmonary 
function in patients with underlying hyperlipidemia 

and to ascertain any potential relationship between 
protective effects and drug doses.

Methods

Study design and population
In this retrospective cohort study, a total of 8286 
patients who underwent pulmonary function tests 
from January 2018 to December 2020 were ini-
tially enrolled. Out of these, 756 participants were 
randomly selected for further analysis. Patients 
lacking LDL data or essential medical records 
(such as statin use records) were excluded due to 
the inability to comprehensively analyze the cor-
relation between hyperlipidemia, statin use, and 
pulmonary function. The reporting of this study 
conforms to the Strengthening the Reporting of 
Observational Studies in Epidemiology 
(STROBE) statement (STROBE checklist; 
Supplemental Material).24

Spirometry
For data analysis, two flow-sensing spirometers 
(MS-IOS Jaeger, Würzburg, Germany, and Vmax 
22 SensorMedics, Yorba Linda, Calif) connected 
to a computer were used. The peak expiratory 
flow (PEF) forced vital capacity (FVC) and 
forced expiratory volume in 1 second (FEV1) 
were recorded from the forced expiratory flow–
volume curve. The predicted values for these 
indices were calculated as percentages. Airflow 
limitation was defined as FEV1/FVC <70%.25

Data collection and measurements
Demographic parameters were attained through a 
thorough examination of patient medical records. 
Historical health data encompassing hyperten-
sion, diabetes, smoking, and alcohol consump-
tion were collated for inter-group comparative 
analysis. Body mass index (BMI) was computed 
as weight in kilograms divided by the square of 
height in meters. Fatty liver was diagnosed using 
chest computed tomography (CT) scans per-
formed within 1 year prior to enrollment. 
Moreover, a comprehensive array of biometric 
indices was performed, allowing us to assess 
inflammatory markers such as white blood cells 
(WBC), neutrophil-to-lymphocyte ratio (NLR), 
C-reactive protein (CRP), and metabolic profiles 
including triglycerides (TG), cholesterol (Chol), 
HDL, LDL, and fasting glucose. Hyperlipidemia 
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was defined as LDL ⩾130 mg/dL,26 while an 
LDL level < 130 is also the control target for most 
patients in Taiwan.27 Clinical history including 
cardiovascular disease history and pulmonary dis-
ease history were included, along with enrolled 
patients’ medication history (long-acting bron-
chodilators, antihypertensive, antidiabetic agents) 
and clinical outcomes such as emergency room 
visits and hospitalizations.

Statins exposure evaluation
The usage of statins was defined according to the 
Anatomical Therapeutic Chemical classifica-
tion.28 Simvastatin, atorvastatin, fluvastatin, lov-
astatin, pitavastatin, rosuvastatin, and pravastatin 
were identified as the medications of interest.9 
The intensity of statins dosage was stratified via 
calculating cumulative defined daily dose 
(cDDD),29 as it is the assumed sufficient mainte-
nance dosage to reach the medication’s main 
indication in adult patients. We calculated the 
cDDD of statins for 1 year prior to enrollment.

Statistical analysis
The findings were presented as either the median 
with interquartile range or as proportions (per-
centages) as appropriate. Continuous variables 
were compared using the Mann–Whitney U test, 
while categorical variables were analyzed using 
Pearson’s chi-square test. Logistic regression was 
employed to calculate odds ratios (ORs) and cor-
responding 95% confidence intervals (CIs). 
Clinical variables exhibiting between-group 

differences with p-values <0.1 in the univariate 
model were included in the multivariate analysis. 
The threshold for statistical significance was set at 
a p-value <0.05. Post hoc power analysis was 
conducted to evaluate the effect of sample size. 
Statistical analyses were conducted using IBM 
SPSS Statistics version 25.0 (IBM Corp., 
Armonk, NY, USA).

Results

Patient characteristics
In all, 756 participants were randomly selected 
from the 8286 patients who underwent spirome-
try tests from January 2018 to December 2020 
(Figure 1). In all, 248 patients were excluded due 
to lacking LDL data, and an additional 16 patients 
were excluded due to incomplete medical records 
of statin use. Out of the remaining 492 patients 
included for final analysis, 180 patients had docu-
mented usage of statins (36.5%). These patients 
characterized by statins usage were characterized 
by higher BMI (statins group vs without statins 
use group, 26.8 vs 25.5 L, p = 0.001), a higher 
portion of hypertension (63.7% vs 50.5%, 
p = 0.006), and diabetes (35.1% vs 23.4%, 
p = 0.008). When comparing their baseline lipid 
profile 1 year before and at enrollment, patients 
with statin usage had higher initial TG levels 
(121.0 vs 99.5 mg/dL, p = 0.003). At enrollment, 
patients with statin use had a higher percentage of 
persisted hyperlipidemia (19.3% vs 7.0%, 
p < 0.001), higher TG (115.0 vs 98.5 mg/dL, 
p = 0.001), and fasting glucose level (107.0 vs 

Figure 1.  Study flow chart.
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102.0 mg/dL, p = 0.016), as demonstrated by 
Table 1. The statin group also demonstrated a 
higher proportion of acute coronary syndrome 
(ACS) (27.8% vs 8.0%, p < 0.001) and ischemic 
stroke (10.0% vs 5.1%, p = 0.040), along with a 
higher percentage of anti-hypertensive (29.4% vs 
15.4%, p < 0.001) and anti-diabetic (15.0% vs 
6.7%, p = 0.003) medication history. However, 
there were no significant differences in cardiac 
and pulmonary disease history and clinical out-
comes between groups. Despite pulmonary func-
tion not showing a statistically significant 
difference since many factors are associated with 
hyperlipidemia, the patient population with per-
sistent hyperlipidemia was singled out for further 
analysis (Table 2).

Correlation between statin use and 
pulmonary function in patients with persisted 
hyperlipidemia
It was noted that in patients with persisted hyper-
lipidemia, statin usage was associated with a bet-
ter FEV1 predicted percentage (statins group vs 
without statins use group, 84.0% vs 78.0%, 
p = 0.015), as shown in Table 2. In Figure 2, we 
traced back the pulmonary function of patients 
from a year ago and found that in patients with 
persisted hyperlipidemia, statin users experienced 
less decline in FEV1% predicted compared to 
those not using statins. Subsequently, a possible 
dose-dependent effect of statin was identified 
after additional stratification to higher and lower 
doses according to a median of statins cDDD 
(Supplemental Table 1).

The risk factor of pulmonary function decline  
in patients with persisted hyperlipidemia
To better understand the risk factor associated 
with pulmonary function decline in patients with 
persisted hyperlipidemia, the population was fur-
ther divided into cases with decreased FEV1 and 
cases without decreased FEV1 (defined by 
FEV1% predicted < 80%). Patients with 
decreased FEV1 also had a lower portion of 
statins use (decreased FEV1 group vs non-
decreased FEV1 group, 7.3% vs 36.5%, 
p = 0.001), as well as higher inflammation mark-
ers including WBC (6600/µL vs 5850/µL, 
p = 0.013) and NLR (2.7 vs 1.9, p = 0.011). 
Furthermore, patients with decreased FEV1 were 
more likely to have a history of long-acting bron-
chodilator use (42.9% vs 21.6%, p = 0.027) as 

shown in Table 3. In Table 4, univariate logistic 
regression in persisted hyperlipidemia patients 
showed that statins usage was associated with a 
lower risk of decreased FEV1 (lower-dose group: 
cOR 0.082, 95% CI: 0.010–0.676, p = 0.020; 
higher-dose group: cOR 0.182, 95% CI: 0.037–
0.902, p = 0.037). This association remained con-
sistent across three adjusted models: model 1: 
adjusting for age over 65 and sex (lower-dose 
group: aOR 0.080, 95% CI: 0.010–0.672, 
p = 0.020; higher-dose group: aOR 0.146, 95% 
CI: 0.027–0.773, p = 0.024), model 2: adjusting 
for age over 65, sex, and smoking history (lower-
dose group: aOR 0.088, 95% CI: 0.010–0.750, 
p = 0.026 higher-dose group: aOR 0.175, 95% 
CI: 0.033–0.933, p = 0.041), and model 3: adjust-
ing for age, sex, smoking history, NLR, long- 
acting bronchodilator, and BMI (lower-dose 
group: aOR 0.036, 95% CI: 0.002–0.618, 
p = 0.022; higher-dose group: aOR 0.170, 95% 
CI: 0.019-1.552, p = 0.116). However, no protec-
tive dose effect of statins on decreased FEV1 was 
found in both univariate and multivariate logistic 
regression analyses.

Discussion
This study found that in patients with persisted 
hyperlipidemia, statins usage was correlated to 
better pulmonary function. Furthermore, after 
adjusting for confounders including age, gender, 
smoking history, inflammatory markers, clinical 
disease and medication history, statin usage inde-
pendently prevents the decrease in FEV1.

Our cohort study proved that statin usage was 
associated with a lower risk of decreased FEV1 in 
patients with persistent hyperlipidemia, in line 
with previous publications,20,30,31 despite their 
greater CV risk burden. We hypothesized that 
statins alleviated pulmonary function decline by 
asserting their effect on the inhibition of chronic 
inflammation caused by excessive serum LDL, 
which is a known inflammation promoter.32–34 
This hypothesis is supported by the findings of 
our study: In patients with persistent hyperlipi-
demia and decreased FEV1, we observed an 
increase in inflammation-related markers, includ-
ing WBC and NLR. However, this protective 
effect of statins did not increase with titrating up 
dose. This may be due to higher toxicity associ-
ated with increased statins dose, including hepa-
totoxicity or myopathy,8,35,36 which may affect the 
inflammatory status and subsequently make the 
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Table 1.  Baseline characteristics of patients categorized according to statin use.

Variables All cases (n = 492) Without statins use (n = 312) Statins (n = 180) p-Value

Demographics

  Age over 65 (n, %)) 297 (60.4) 182 (58.3) 115 (63.9) 0.225

  Male (n, %) 264 (53.7) 166 (53.2) 98 (54.4) 0.791

  Body mass index (kg/m2) 25.9 (23.1–28.9) 25.5 (24.5–28.3) 26.8 (24.3–29.9) 0.001

  Smoking (n, %) 143 (32.2) 89 (32.6) 54 (31.6) 0.950

  Alcohol (n, %) 75 (16.9) 53 (19.4) 22 (12.9) 0.198

  Hypertension (n, %) 247 (55.6) 138 (50.5) 109 (63.7) 0.006

  Diabetes (n, %) 124 (27.9) 64 (23.4) 60 (35.1) 0.008

  Fatty liver (n, %) 242 (49.2) 150 (48.1) 92 (51.1) 0.517

  Renal and liver  

  Creatinine (mg/dL) 0.89 (0.75–1.13) 0.89 (0.75–1.11) 0.89 (0.74–1.16) 0.528

  ALT (U/L) 20.0 (15.0–30.0) 20.0 (15.0–30.0) 20.0 (16.0–29.3) 0.763

  Inflammation  

  WBC (/uL) 6500 (5400–8200) 6400 (5300–8100) 6800 (5500–8600) 0.107

  NLR 2.6 (1.8–4.2) 2.5 (1.8–3.8) 2.7 (1.8–5.0) 0.099

  CRP (mg/dL) 0.9 (0.2–3.5) 1.0 (0.2–4.2) 0.7 (0.2–2.7) 0.165

Metabolic profile at enrollment

  Hyperlipidemia (n, %) 108 (22.0) 83 (26.6) 25 (13.9) 0.001

  TG (mg/dL) 104.0 (76.0–152.0) 98.5 (72.5–139.3) 115.0 (88.5–160.5) 0.001

  Chol (mg/dL) 172.5 (147.0–198.3) 177.0 (149.0–201.0) 164.0 (138.0–185.0) 0.003

  HDL (mg/dL) 47.0 (39.0–57.0) 48.0 (39.0–57.0) 47.0 (40.0–56.8) 0.916

  LDL (mg/dL) 99.4 (79.0–123.2) 104.0 (86.0–132.0) 90.5 (75.0-–112.8) <0.001

  Fasting glucose (mg/dL) 103.0 (93.0–120.0) 102.0 (92.0–116.0) 107.0 (94.0–130.5) 0.016

Lipid profile 1 year ago

  Hyperlipidemia 1 year ago (n, %) 52 (19.6) 26 (22.4) 26 (17.4) 0.313

  TG (mg/dL) 111.5 (78.3–158.0) 99.5 (71.0–136.0) 121.0 (91.8–168.5) 0.003

  Chol (mg/dL) 170.0 (150.0–202.3) 174.5 (151.0–202.3) 165.5 (149.3–202.5) 0.477

  HDL (mg/dL) 47.0 (38.0–57.0) 45.5 (38.0–54.3) 47.0 (38.0–59.0) 0.362

  LDL (mg/dL) 95.0 (77.5–122.0) 101.0 (80.0–127.0) 93.0 (76.0–117.0) 0.180

Spirometry

  Airflow limitation (n, %) 92 (22.2) 57 (21.7) 35 (23.0) 0.749

  FEV1 %pred 82.0 (67.0–95.0) 81.0 (66.0–95.0) 83.5 (72.0–95.0) 0.153

(Continued)
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Variables All cases (n = 492) Without statins use (n = 312) Statins (n = 180) p-Value

  FVC %pred 80.7(68.0–91.0) 81.0 (66.0-92.0) 80.3 (71.0–91.0) 0.523

  PEF % pred 73.0 (54.8–88.0) 69.0 (51.0–89.0) 76.0 (59.0–87.0) 0.117

Cardiovascular disease history

  Heart failure 55 (11.2) 33 (10.6) 22 (12.2) 0.577

  ACS 75 (15.2) 25 (8.0) 50 (27.8) <0.001

  Arrhythmia 75 (15.2) 29 (15.7) 26 (14.4) 0.708

  Ischemic stroke 34 (6.9) 16 (5.1) 18 (10.0) 0.040

Pulmonary disease history

  COPD 147 (29.9) 95(30.4) 52 (28.9) 0.716

  Asthma 157 (31.9) 94 (30.1) 63(35.0) 0.264

  Chronic pulmonary infection 22 (4.5) 17 (5.4) 5(2.8) 0.167

  ILD 35 (7.1) 23 (7.4) 12(6.7) 0.769

  Bronchiectasis 68 (13.8) 45(14.4) 23(12.8) 0.611

Medication

  Long-acting bronchodilator 149 (30.3) 86 (27.6) 63 (35.0) 0.084

  Anti-diabetic agents 48 (9.8) 21 (6.7) 27 (15.0) 0.003

  Anti-hypertensive agents 101 (20.5) 48 (15.4) 53 (29.4) <0.001

Clinical outcomes

  Cardiovascular event-related ER visit 44 (13.9) 30 (15.3) 14 (11.6) 0.350

  Pulmonary event-related ER visit 66 (20.8) 43 (21.9) 23 (19.0) 0.532

  All-cause ER visit 317 (64.4) 196 (62.8) 121 (67.2) 0.326

 � Cardiovascular event-related 
hospitalization

67 (19.6) 38 (17.9) 29 (22.5) 0.304

 � Pulmonary event-related 
hospitalization

76 (22.3) 50 (23.6) 26 (20.2) 0.460

  All-cause hospitalization 341 (69.3) 212 (67.9) 129 (71.7) 0.389

  All-cause mortality 56 (11.4) 40 (12.8) 16 (8.9) 0.186

Continuous data are expressed as median with interquartile range (IQR), and categorical data are expressed as number of patients 
(%). p Value is analyzed by the Chi-square test or Mann–Whitney U test. Hyperlipidemia was defined as LDL ≧ 130. Airflow limitation 
was defined as FEV1/FVC < 0.7. Long-acting bronchodilator: ICS (ciclesonide, budesonide); LAMA (tiotropium bromide, umeclidinium); 
LABA + LAMA (umeclidinium + vilanterol, indacaterol + glycopyrronium, formoterol + glycopyrronium, olodaterol + tiotropium), 
LABA + ICS (salmeterol + fluticasone, vilanterol + fluticasone, formoterol + budesonide, formoterol + beclometasone), LABA + LAMA + ICS 
(beclomethasone + formoterol + glycopyrronium, fluticasone + umeclidinium + vilanterol, budesonide + glycopyrronium + formoterol); anti-diabetic 
agents: (biguanides, dipeptidyl peptidase-4 inhibitors, sodium-glucose cotransporter 2 inhibitors, glucagon-like peptide-1 receptor agonists, 
insulin). Anti-hypertensive: angiotensin-converting enzyme inhibitors, angiotensin receptor blockers.
ACS, acute coronary syndrome; ALT, alanine transaminase; Chol, total cholesterol; COPD, chronic obstructive pulmonary disease; CRP, C-reactive 
protein; ER, emergency room; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HDL, high-density lipoprotein cholesterol; ICS, 
inhaled corticosteroid; ILD, interstitial lung disease; LABA, long-acting beta-agonists; LAMA, long-acting muscarinic antagonists; LDL, low-density 
lipoprotein cholesterol; NLR, neutrophil-to-lymphocyte ratio; PEF, peak expiratory flow; TG, triglyceride; WBC, white blood cells.

Table 1.  (Continued)
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Table 2.  Baseline characteristics of patients with or without persisted hyperlipidemia.

Variables Patients with persisted hyperlipidemia (LDL ≧ 130) Patients without persisted hyperlipidemia (LDL < 130)

Non-statin user 
(n = 83)

Statin user (n = 25) p-Value Non-statin user 
(n = 229)

Statin user (n = 155) p-Value

Demographics

  Age over 65 (n, %) 34 (41.0) 12.0 (48.0) 0.533 148 (64.6%) 103 (66.5%) 0.713

  Male (n, %) 40 (48.2) 9 (36.0) 0.283 126 (55.0) 89 (57.4) 0.642

  Body mass index (kg/m2) 26.4 (23.9–29.5) 26.1 (22.2–27.4) 0.340 25.2 (22.0–27.7) 26.9 (24.3–30.1) <0.001

  Smoking (n, %) 24 (34.3) 5 (20.8) 0.244 65 (32.0) 49 (33.3) 0.773

  Alcohol (n, %) 13 (18.6) 4 (16.7) 0.576 40 (19.7) 18 (12.3) 0.179

  Hypertension (n, %) 30 (42.9) 14 (58.3) 0.190 108 (53.2) 95 (64.6) 0.033

  Diabetes (n, %) 9 (12.9) 5 (20.8) 0.344 55 (27.1) 55 (37.4) 0.040

  Fatty liver (n, %) 37 (44.6) 15 (60.0) 0.176 113 (49.3) 77 (49.7) 0.949

Renal and liver

  Creatinine (mg/dL) 0.91 (0.74–1.03) 0.79 (0.70–0.92) 0.097 0.88 (0.75–1.14) 0.92 (0.75–1.19) 0.287

  ALT (U/L) 21.0 (16.0–33.5) 81.5 (72.9–90.0) 0.697 19.0 (15.0–29.5) 20.0 (16.0–29.3) 0.440

Inflammation

  WBC (/uL) 6115 (5200–7625) 6550 (4100–9625) 0.780 6500 (5300–8100) 6900 (5900–8600) 0.170

  NLR 2.3 (1.5–3.5) 1.8 (1.3–4.2) 0.438 2.7 (1.8–3.9) 2.9 (1.9–5.3) 0.077

  CRP (mg/dL) 1.59 (0.21–5.39) 1.31 (0.45–2.42) 0.817 0.93 (0.18–3.35) 0.58 (0.17–2.68) 0.225

Metabolic profile

  TG (mg/dL) 126.5 (86.8–162.0) 111.0 (93.5–182.5) 0.463 92 (68.0–129.0) 115.5 (85.0–159.0) <0.001

  Chol (mg/dL) 216.5 (200.0–235.0) 228.5 (201.8–243.5) 0.131 163.0 (142.0–185.0) 159.0 (135.5–177.5) 0.165

  HDL (mg/dL) 49.0 (42.0–57.0) 54.0 (44.5–64.0) 0.211 47.0 (37.3–57.0) 47.0 (39.0–55.0) 0.965

  LDL (mg/dL) 147.0 (139.0–160.0) 147.0 (136.5–159.0) 0.835 93.0 (75.5–108.5) 86.0 (72.0–102.0) 0.010

  Fasting glucose (mg/dL) 99.0 (91.0–111.0) 99.5 (90.8–115.5) 0.647 102.0 (93.0–121.0) 109.5 (94.0–132.3) 0.039

Lipid profile 1 year ago  

  TG (mg/dL) 131.0 (87.0–191.0) 125.0 (87.5–233.0) 0.842 94.0 (68.0–128.0) 120.0 (91.5–166.0) <0.001

  Chol (mg/dL) 216.5 (193.8–241.5) 217.0 (196.0–246.0) 0.786 166.0 (145.0–188.3) 163.0 (146.0–191.5) 0.983

  HDL (mg/dL) 42.0 (36.0–57.0) 60.0 (45.5–65.8) 0.062 46.0 (39.0–54.0) 46.5.0 (38.0–57.0) 0.748

  LDL (mg/dL) 141.5 (130.5–156.5) 135.0 (101.5-–173.8) 0.613 93.0 (76.0–112.8) 91.0 (75.5–111.5) 0.973

Spirometry

  Airflow limitation (n, %) 17 (20.5) 2 (8.0) 0.131 40 (20.8) 33 (25.4) 0.339

  FEV1 %pred 78.0 (67.0–91.0) 84.0 (81.0–103.5) 0.015 82.0 (65.0–96.8) 83.0 (69.0–95.0) 0.593

  FVC %pred 83.0 (71.0–91.0) 88.5 (75.0–98.3) 0.227 80.0 (65.0–92.8) 80.0 (70.8–89.0) 0.581

  PEF % pred 71.0 (62.0–86.0) 77.0 (72.0-87.0) 0.099 69.5 (49.0–90.8) 74.5 (58.0–87.3) 0.288

(Continued)
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Variables Patients with persisted hyperlipidemia (LDL ≧ 130) Patients without persisted hyperlipidemia (LDL < 130)

Non-statin user 
(n = 83)

Statin user (n = 25) p-Value Non-statin user 
(n = 229)

Statin user (n = 155) p-Value

Cardiovascular disease history

  Heart failure 6 (7.2) 1 (4.0) 0.565 27 (11.8) 21 (13.5) 0.609

  ACS 2 (2.4) 6 (24.0) <0.001 23 (10.1) 44 (28.4) <0.001

  Arrythmia 9 (10.8) 5 (20.0) 0.232 40 (17.5) 21 (13.5) 0.303

  Ischemic stroke 2 (2.4) 1 (4.0) 0.671 14 (6.1) 17 (11.0) 0.087

Pulmonary disease history

  COPD 22 (26.5) 4 (16.0) 0.281 73 (31.9) 48 (31.0) 0.851

  Asthma 29 (34.9) 11 (44.0) 0.411 65 (28.4) 52 (33.5) 0.281

  Chronic pulmonary infection 3 (3.6) 0 (0) 0.335 14 (6.1) 5 (3.2) 0.200

  ILD 2 (2.4) 3 (12.0) 0.045 21 (9.2) 9 (5.8) 0.228

  Bronchiectasis 16 (19.3) 3 (12.0) 0.402 29 (12.7) 20 (12.9) 0.945

Medication history

  Long-acting bronchodilator 26 (31.3) 8 (32.0) 0.949 60 (26.2) 55 (35.5) 0.051

  Anti-diabetic agents 3 (3.6) 2(8.0) 0.360 18 (7.9) 25 (16.1) 0.012

  Anti-hypertensive agents 7 (8.4) 7 (28.0) 0.011 41 (17.9) 46 (29.7) 0.007

Clinical outcomes

  Cardiovascular event-related ER visit 9 (17.6) 2 (14.3) 0.766 21 (14.5) 12 (11.2) 0.447

  Pulmonary event-related ER visit 12 (23.5) 2 (14.3) 0.456 31 (32.14) 21 (19.6) 0.734

  All-cause ER visit 51 (61.4) 14 (56.0) 0.626 145 (63.3) 107 (69.0) 0.247

 � Cardiovascular event-related 
hospitalization

13 (25.0) 4 (22.2) 0.813 25 (15.6) 25 (22.5) 0.150

  Pulmonary event-related hospitalization 8 (15.4) 3 (16.7) 0.898 42 (26.3) 23 (20.7) 0.295

  All-cause hospitalization 52 (62.7) 18 (72.0) 0.391 160 (69.9) 111 (71.6) 0.713

  All-cause mortality 6 (7.2) 2 (8.0) 0.897 34 (14.8) 14 (9.0) 0.091

Continuous data are expressed as median with interquartile range [IQR], and categorical data are expressed as number of patients (%). p Value is analyzed 
by Chi-square test or Mann–Whitney U test. Hyperlipidemia was defined as LDL ≧ 130. Airflow limitation was defined as FEV1/FVC < 0.7. Anti-hypertensive: 
angiotensin-converting enzyme inhibitors, angiotensin receptor blockers. Long-acting bronchodilator: ICS, ILD, LAMA (tiotropium bromide, umeclidinium), 
LABA + LAMA (umeclidinium + vilanterol, indacaterol + glycopyrronium, formoterol + glycopyrronium, olodaterol + tiotropium), LABA + ICS (salmeterol + fluticasone, 
vilanterol + fluticasone, formoterol + budesonide, formoterol + beclometasone), LABA + LAMA + ICS (beclomethasone + formoterol + glycopyrronium, 
fluticasone + umeclidinium + vilanterol, budesonide + glycopyrronium + formoterol); anti-diabetic agents: (biguanides, dipeptidyl peptidase-4 inhibitors, sodium-glucose 
cotransporter 2 inhibitors, glucagon-like peptide-1 receptor agonists, insulin).
ACS, acute coronary syndrome; ALT, alanine transaminase; Chol, total cholesterol; COPD, chronic obstructive pulmonary disease; CRP, C-reactive protein; ER, 
emergency room; FEV1, forced expiratory volume in 1 second; FVC, forced vital capacity; HDL, high-density lipoprotein cholesterol; ICS, inhaled corticosteroid; ILD, 
interstitial lung disease; LABA, long-acting beta agonists; LAMA, long-acting muscarinic antagonists; LDL, low-density lipoprotein cholesterol; NLR, neutrophil-to-
lymphocyte ratio; PEF, peak expiratory flow; TG, triglyceride; WBC, white blood cells.

Table 2.  (Continued)
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dose-dependent effect less significant. In addi-
tion, patients who require higher statins dosage 
generally present with a greater degree of meta-
bolic disorder, which may also affect pulmonary 
function and could not be completely accounted 
for in our study. It was noteworthy that a rela-
tively low percentage of patients with hyperlipi-
demia at enrollment were noted. This could be 
attributed to the prior use of statins before study 
inclusion. In addition, statins may have been ini-
tiated based on cardiovascular (CV) risk rather 
than hyperlipidemia alone, as indicated by cur-
rent guidelines,37 which suggest statin therapy for 
individuals with relatively lower LDL levels but 
higher overall CV risk.

The protective effect of statins in preventing pul-
monary function decline was not observed in 
patients without hyperlipidemia. Previous studies 
suggested that statins possess pleiotropic proper-
ties other than lipid-lower effect, with anti-inflam-
mation being the most discussed. It was shown 
that statins could inhibit proinflammatory 
cytokines formation.38–40 In an animal study, sta-
tin delivery via inhalation reduced airway inflam-
mation.41 However, with the oral route being the 
only approved route of statin administration in 
humans, there is no available data that could 
prove if the therapeutic concentration of statins 
reached the airway. Thus, we hypothesized that 

statins potentially exert their beneficial effects on 
the airways through their lipid-lowering proper-
ties since hyperlipidemia may cause a pro-
inflammatory effect, then lead to worse pulmonary 
function.12–14 However, the exact mechanism 
requires further confirmation through both basic 
and clinical research.

Limitations
Our study has several limitations. First, this is a 
retrospective cohort study which may not be able 
to precisely clarify the causal relationship between 
statins usage and pulmonary function, as well as 
other behavioral factors that may affect statins 
usage, including drug compliance. We included 
all patients who had spirometry, which may have 
been done due to respiratory symptoms, preexist-
ing lung disease, health checkups, or preoperative 
evaluations. However, the exact indication for 
spirometry was not documented during enroll-
ment and could not be analyzed due to the nature 
of our study design. Furthermore, due to the lim-
ited number of participants with spirometry 1 year 
before enrollment (18.5%, n = 91), our analysis 
was mainly based on a single pulmonary function 
test conducted at enrollment. Therefore, it is 
needed to design a pulmonary function follow-up 
study in the future to better elucidate the effects 
of statins. Second, the patient population was 

Figure 2.  The trend of changes in FEV1 among persisted hyperlipidemia patients with and without statin use.
FEV1, forced expiratory volume in 1 second.
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Table 3.  Baseline characteristics of persisted hyperlipidemia patients with or without declined FEV1.

Variables All cases (n = 108) Cases without decreased 
FEV1 (n = 51)

Cases with decreased 
FEV1 (n = 42)

p-Value

Statins use (n, %) 25 (23.1) 19 (36.5) 3 (7.3) 0.001

Demographics

  Age over 65 (n, %) 46 (42.6) 19 (37.3) 22 (53.7) 0.099

  Male (n, %) 49 (45.4) 21 (41.2) 21 (50.0) 0.395

  Body mass index (kg/m2) 26.3 (23.4–28.9) 26.1 (23.3–29.0) 26.2 (22.7–29.6) 0.908

  Smoking (n, %) 29 (30.8) 11 (23.9) 15 (41.7) 0.106

  Alcohol (n, %) 17 (28.1) 6 (13.1) 9 (25.0) 0.426

  Hypertension (n, %) 44 (46.8) 20 (44.4) 19 (51.4) 0.533

  Diabetes (n, %) 14 (14.9) 7 (15.2) 6 (16.2) 0.935

  Fatty liver (n, %) 52 (48.1) 27 (52.9) 20 (47.6) 0.609

Renal and liver

  Creatinine (mg/dL) 0.88 (0.72–1.0) 0.86 (0.72–0.96) 0.91(0.74–1.00) 0.338

Inflammation

  WBC (/uL) 6250 (5200–7775) 5850 (4675–7250) 6600 (5700–9000) 0.013

  NLR 2.2 (1.5–3.5) 1.9 (1.4–3.2) 2.7 (1.9–5.3) 0.011

  CRP (mg/dL) 1.6 (0.3–5.1) 1.7 (0.5–5.7) 1.2 (0.2–4.5) 0.509

Metabolic profile

  Hyperlipidemia (n, %) 8 (8.5) 3 (6.7) 3 (8.1) 0.803

  TG (mg/dL) 125.0 (88.0–166.0) 110 (87.5–160.0) 130.5 (87.5–200.3) 0.237

  Chol (mg/dL) 217.5 (201.0–235.0) 218.0 (201.5–236.0) 217.0 (198.0–236.5) 0.637

  HDL (mg/dL) 50.0 (43.3–59.8) 51.0(45.0–62.0) 50.5 (43.5–58.5) 0.619

  LDL (mg/dL) 147.0 (138.3–159.8) 147.0 (137.0–161.0) 145.5 (138.8–159.3) 0.796

  Fasting glucose (mg/dL) 99.0 (91.0–111.0) 100.0 (93.0–112.0) 98.0 (91.0–111.0) 0.583

Medication history

  Long-acting bronchodilator 34 (31.5) 11 (21.6) 18 (42.9) 0.027

Continuous data are expressed as median with interquartile range (IQR), and categorical data are expressed as number of patients (%). p value 
is analyzed by the Chi-square test or Mann–Whitney U test. Decreased FEV1 was defined as FEV1 %pred < 80%. Long-acting bronchodilator: 
inhaled corticosteroid (ciclesonide, budesonide); LAMA (tiotropium bromide, umeclidinium), LABA + LAMA (umeclidinium + vilanterol, 
indacaterol + glycopyrronium, formoterol + glycopyrronium, Olodaterol + tiotropium), LABA + ICS (salmeterol + fluticasone, vilanterol + fluticasone, 
formoterol + budesonide, formoterol + beclometasone), LABA + LAMA + ICS (beclomethasone + formoterol + glycopyrronium, 
fluticasone + umeclidinium + vilanterol, budesonide + glycopyrronium + formoterol).
ALT, alanine transaminase; Chol, total cholesterol; CRP, C-reactive protein; FEV1, forced expiratory volume in 1 second; HDL, high-density 
lipoprotein cholesterol; ICS, inhaled corticosteroid; LABA, long-acting beta-agonists; LAMA, long-acting muscarinic antagonists; LDL, low-density 
lipoprotein cholesterol; NLR, neutrophil-to-lymphocyte ratio; TG, triglyceride; WBC, white blood cells.
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collected from a single tertiary center, raising 
questions about whether these results can be gen-
eralized to community patients. Despite being a 
small-sample-sized study, the post hoc power 
analysis showed sufficient power, reaching 0.829. 
Lastly, the underlying condition and other ill-
nesses present during data collection may affect 
the legibility of the results; however, we included 
as many potential influencing variables as possi-
ble in our analysis and adjusted for them using 
statistical methods.

Strengths
Our study also has several strengths, including 
divided the population into different groups for 
analysis based on the possible mechanisms of 
statins on pulmonary function, along with being 
the first study that investigates potential dose-
dependent effect of statins on pulmonary 
function.

Our study suggested that independent of dosage, 
statins could alleviate the worsening of pulmo-
nary function in patients with persistent hyper-
lipidemia. According to the above result, earlier 
intervention with statins could be beneficial for 
hyperlipidemia patients who are experiencing 
declining pulmonary function. However, future 
well-designed prospective studies are necessary to 
help us better understand the impact of statins on 
pulmonary function, as well as determine the 
potential of dose-dependent effect.

Conclusion
In patients with persisted hyperlipidemia, our 
results suggested that statin usage independently 
associated with a lower risk of decreased FEV1. 
However, this potential protective effect was not 
dose dependent and was not observed in non-
hyperlipidemic patients. Thus, early initiation of 
statin therapy may hold promise for individuals 
experiencing hyperlipidemia and declining  
pulmonary function.

Declarations

Ethics approval and consent to participate
The study was approved by the Institutional 
Ethical Review Board of Taipei Veterans General 
Hospital (IRB No. 2022-12-010BCF). The 
design and execution of the study adhered to the 

ethical principles outlined in the Declaration of 
Helsinki. The requirement for informed consent 
was waived.

Consent for publication
Not applicable.

Author contributions
Hsiao-Chin Shen: Conceptualization; Data 
curation; Formal analysis; Methodology; 
Supervision; Writing – original draft; Writing – 
review & editing.

Che-Hao Tseng: Data curation; Formal analy-
sis; Methodology; Supervision; Writing – original 
draft.

Yi-Hsuan Lin: Data curation.

Hsiao-Yun Yeh: Data curation.

Hung-Cheng Tsai: Data curation.

Shiao-Ya Hong: Data curation.

Tzu-Hao Li: Data curation.

Chien-Wei Su: Data curation.

Diahn-Warng Perng: Supervision.

Ying-Ying Yang: Conceptualization; Metho_
dology; Project administration; Supervision; 
Writing – review & editing.

Ming-Chih Hou: Project administration.

Acknowledgements
The authors thank all the clinical staff responsible 
for conducting pulmonary function examinations 
at Taipei Veterans General Hospital.

Funding
The authors disclosed receipt of the following 
financial support for the research, authorship, 
and/or publication of this article: This research 
was funded by grants from Taipei Veterans 
General Hospital (Grant number: V114C-012, 
V114EA-004, V113C-024, V113D701-001- 
MY2-1, V113D71-001-MY2-2, VTA113-A-4-2 
& V113EA-005, V113EA-019, CIC036, CIC037, 
VN114-01, VTA114-V1-5-1,  AACIC-114-002), 
Ministry of Science and Technology (Taiwan; 
Grant number: NSTC 112-2314-B-A049-
043-MY3, MOST 111-2314-B-001-009).

Competing interests
The authors declare that there is no conflict of 
interest.

https://journals.sagepub.com/home/tar


H-C Shen, C-H Tseng et al.

journals.sagepub.com/home/tar	 13

Availability of data and materials
The datasets used and/or analyzed during the 
current study are available from the correspond-
ing author upon reasonable request.

ORCID iDs
Hsiao-Chin Shen  https://orcid.org/0000- 
0001-8637-2937

Diahn-Warng Perng  https://orcid.org/0000- 
0002-8529-6626

Supplemental material
Supplemental material for this article is available 
online.

References
	 1.	 Stanojevic S, Kaminsky DA, Miller MR, et al. 

ERS/ATS technical standard on interpretive 
strategies for routine lung function tests. Eur 
Respir J 2022; 60(1): 2101499.

	 2.	 Knuiman MW, James AL, Divitini ML, et al. 
Lung Function, respiratory symptoms, and 
mortality: results from the busselton health study. 
Ann Epidemiol 1999; 9(5): 297–306.

	 3.	 Sarycheva T, Capkova N, Paja̧k A, et al. All-
cause and cardiovascular mortality in relation 
to lung function in the full range of distribution 
across four Eastern European cohorts. Sci Rep 
2022; 12(1): 12959.

	 4.	 Graham BL, Steenbruggen I, Miller MR, et al. 
Standardization of spirometry 2019 update. An 
Official American Thoracic Society and European 
Respiratory Society Technical Statement. Am J 
Respir Crit Care Med 2019; 200(8): e70–e88.

	 5.	 Fredrickson DS. An international classification of 
hyperlipidemias and hyperlipoproteinemias. Ann 
Intern Med 1971; 75(3): 471–472.

	 6.	 Gao S, Zhao D, Wang M, et al. Association 
between circulating oxidized LDL and 
atherosclerotic cardiovascular disease: a meta-
analysis of observational studies. Can J Cardiol 
2017; 33(12): 1624–1632.

	 7.	 Navarese EP, Robinson JG, Kowalewski M, et al. 
Association between baseline LDL-C level and 
total and cardiovascular mortality after LDL-C 
lowering: a systematic review and meta-analysis. 
JAMA 2018; 319(15): 1566–1579.

	 8.	 Sirtori CR. The pharmacology of statins. 
Pharmacol Res 2014; 88: 3–11.

	 9.	 Adhyaru BB and Jacobson TA. Safety and 
efficacy of statin therapy. Nat Rev Cardiol 2018; 
15(12): 757–769.

	10.	 Vallianou NG, Kostantinou A, Kougias M, et al. 
Statins and cancer. Anticancer Agents Med Chem 
2014; 14(5): 706–712.

	11.	 Köhler-Forsberg O, Otte C, Gold SM, et al. 
Statins in the treatment of depression: Hype or 
hope? Pharmacol Ther 2020; 215: 107625.

	12.	 Chanachon P, Manuyakorn W, Kamchaisatian 
W, et al. Association of dyslipidemia and 
pulmonary function in asthmatic children.  
J Allergy Clin Immunol 2020; 145(2): AB13.

	13.	 Jundi B, Ahmed H, Reece J, et al. The 
relationship of cholesterol responses to 
mitochondrial dysfunction and lung inflammation 
in chronic obstructive pulmonary disease. 
Medicina (Kaunas) 2023; 59(2): 253.

	14.	 Lee C, Cha Y, Bae SH, et al. Association 
between serum high-density lipoprotein 
cholesterol and lung function in adults: three 
cross-sectional studies from US and Korea 
National Health and Nutrition Examination 
Survey. BMJ Open Respir Res 2023; 10(1): 
e001792.

	15.	 Watts KL, Sampson EM, Schultz GS, et al. 
Simvastatin inhibits growth factor expression 
and modulates profibrogenic markers in lung 
fibroblasts. Am J Respir Cell Mol Biol 2005; 32(4): 
290–300.

	16.	 Lee JH, Lee DS, Kim EK, et al. Simvastatin 
inhibits cigarette smoking-induced emphysema 
and pulmonary hypertension in rat lungs. Am J 
Respir Crit Care Med. 2005; 172(8): 987–993.

	17.	 Yeh YF and Huang SL. Enhancing effect of 
dietary cholesterol and inhibitory effect of 
pravastatin on allergic pulmonary inflammation.  
J Biomed Sci 2004; 11(5): 599–606.

	18.	 Bhattacharjee D, Chogtu B and Magazine R. 
Statins in asthma: potential beneficial effects and 
limitations. Pulm Med 2015; 2015: 835204.

	19.	 Keddissi JI, Younis WG, Chbeir EA, et al. The 
use of statins and lung function in current and 
former smokers. Chest 2007; 132(6): 1764–1771.

	20.	 Pagovich O, Wang E and Lee-Wong M. Statins 
may improve asthma. J Allergy Clin Immunol 
2010; 125(2): AB45.

	21.	 Braganza G, Chaudhuri R, McSharry C, et al. 
Effects of short-term treatment with atorvastatin 
in smokers with asthma – a randomized 
controlled trial. BMC Pulm Med 2011; 11: 16.

https://journals.sagepub.com/home/tar
https://orcid.org/0000-0001-8637-2937
https://orcid.org/0000-0001-8637-2937
https://orcid.org/0000-0002-8529-6626
https://orcid.org/0000-0002-8529-6626


Volume 19

14	 journals.sagepub.com/home/tar

Therapeutic Advances in 
Respiratory Disease

	22.	 Menzies D, Nair A, Meldrum KT, et al. 
Simvastatin does not exhibit therapeutic anti-
inflammatory effects in asthma. J Allergy Clin 
Immunol 2007; 119(2): 328–335.

	23.	 Ostroukhova M, Kouides RW and Friedman E. 
The effect of statin therapy on allergic patients 
with asthma. Ann Allergy Asthma Immunol 2009; 
103(6): 463–468.

	24.	 von Elm E, Altman DG, Egger M, et al. 
Strengthening the reporting of observational 
studies in epidemiology (STROBE) statement: 
guidelines for reporting observational studies. 
BMJ 2007; 335: 806–808.

	25.	 Singh D, Agusti A, Anzueto A, et al. Global 
strategy for the diagnosis, management, and 
prevention of chronic obstructive lung disease: 
the GOLD science committee report 2019. Eur 
Respir J 2019; 53(5): 1900164.

	26.	 Jellinger PS, Handelsman Y, Rosenblit 
PD, et al. American Association of Clinical 
Endocrinologists and American College of 
Endocrinology guidelines for management of 
dyslipidemia and prevention of cardiovascular 
disease. Endocr Pract 2017; 23(Suppl. 2): 1–87.

	27.	 Huang PH, Lu YW, Tsai YL, et al. 2022 Taiwan 
lipid guidelines for primary prevention. J Formos 
Med Assoc 2022; 121(12): 2393–2407.

	28.	 World-Health-Organization. 2021 Guidelines 
for ATC classification and DDD assignment. 
collaborating center for drug statistics methodology. 
Geneva: World Health Organization, 2021.

	29.	 Wertheimer AI. The defined daily dose system 
(DDD) for drug utilization review. Hosp Pharm 
1986; 21(3): 233–234, 9–41, 58.

	30.	 Cowan DC, Cowan JO, Palmay R, et al. 
Simvastatin in the treatment of asthma: lack 
of steroid-sparing effect. Thorax 2010; 65(10): 
891–896.

	31.	 Chen X, Hu F, Chai F, et al. Effect of statins 
on pulmonary function in patients with chronic 
obstructive pulmonary disease: a systematic review 
and meta-analysis of randomized controlled trials. 
J Thorac Dis. 2023; 15(7): 3944–3952.

	32.	 Jin Y, Tachibana I, Takeda Y, et al. Statins 
decrease lung inflammation in mice by 
upregulating tetraspanin CD9 in macrophages. 
PLoS One. 2013; 8(9): e73706.

	33.	 Damkjær M, Håkansson KEJ, Ulrik CS, 
et al. Statins and COPD: relationship with 
inflammation, exacerbations and mortality. 
Ugeskr Laeger 2020; 182(23): V10190592.

	34.	 Satny M, Hubacek JA and Vrablik M. Statins  
and Inflammation. Curr Atheroscler Rep 2021; 
23(12): 80.

	35.	 Barry AR, Beach JE and andPearson GJ. 
Prevention and management of statin adverse 
effects: a practical approach for pharmacists. Can 
Pharm J (Ott) 2018; 151(3): 179–188.

	36.	 Bełtowski J, Wójcicka G and Jamroz-Wiśniewska 
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