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Abstract

Background: Pulmonary function tests offer crucial parameters for evaluating lung health and
predicting clinical outcomes. Hyperlipidemia, a prevalent metabolic disorder, has been linked
to declining pulmonary function. Statins are an essential therapy for lowering lipid levels in
hyperlipidemia.

Objectives: This study aims to investigate the therapeutic potential of statins in mitigating the
decline in pulmonary function.

Design: This is a retrospective cohort study.

Methods: Out of 8286 patients who underwent spirometry testing from January 2018 to
December 2020, 492 patients were included in the final analysis. The relationship between
statin usage, dosage, along with other biometric indices and spirometry parameters were
evaluated. Multivariate logistic regression analyses were employed to assess the association
between statin use and the decline in pulmonary function.

Results: In patients with persistent hyperlipidemia, the use of statins was associated with

a higher predicted percentage of forced expiratory volume in 1second (FEV1) compared to
non-users (84.0% vs 78.0%, p=0.015). Logistic regression models further revealed that statin
use independently prevented FEV1 decline, irrespective of dosage (adjusted OR 0.036, 95% ClI:
0.002-0.618 in lower statins dose group and adjusted OR 0.170, 95% CI: 0.019-1.552 in higher
statins dose group).

Conclusion: The findings suggested that statin usage, regardless of dosage, independently
mitigated the decline in pulmonary function among patients with persistent hyperlipidemia.
Early initiation of statin therapy may hold promise for individuals experiencing hyperlipidemia
and declining pulmonary function.
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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.! Previous literature exhibited that pulmonary
function is a valuable predictor of all-cause mor-
tality and cardiovascular mortality.?3 Spirometry
is the most common pulmonary function test.*
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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).> Abnormal LDL lev-
els are highly associated with the development of
atherosclerotic cardiovascular disease and with
all-cause/cardiovascular mortality.%” 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® Recently, increasing
studies shifted focus to the additional therapeutic
values of statins outside of lowering serum LLDL,
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.'?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.1>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.!8 Several studies reported
beneficial effects!9:20; however other studies also
exhibited non-significant effects,?1:22 or even
worsened pulmonary function.2> 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, Wiirzburg, 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 1second (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%.%>

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 1lyear 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 (T'G), cholesterol (Chol),
HDL, LDL, and fasting glucose. Hyperlipidemia
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8286 Patients who underwent spirometry and 10S test since 2018~2020

Random selection of 756 participants

Exclude
1. Without LDL data (n=248)

2. Without important medical
records (n=16)

!

With statin use
(n=180)

Figure 1. Study flow chart.

was defined as LDL =130mg/dL,2° while an
LDL level <130 is also the control target for most
patients in Taiwan.?? 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.2® Simvastatin, atorvastatin, fluvastatin, lov-
astatin, pitavastatin, rosuvastatin, and pravastatin
were identified as the medications of interest.®
The intensity of statins dosage was stratified via
calculating cumulative defined daily dose
(cDDD),?° 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 1year 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 (ClIs).
Clinical variables exhibiting between-group

!

Without statin use
(n=312)

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 1year before and at enrollment, patients
with statin usage had higher initial TG levels
(121.0 vs 99.5mg/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 98.5mg/dL,
p»=0.001), and fasting glucose level (107.0 vs
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102.0mg/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/uL. vs 5850/uL,
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,2%:3%: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 (n1=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/m?) 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 1year ago
Hyperlipidemia 1year 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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Table 1. (Continued)

Variables All cases (n=492)  Without statins use (n1=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 67 (19.6) 38(17.9) 29 (22.5) 0.304
hospitalization

Pulmonary event-related 76 (22.3) 50 (23.6) 26 (20.2) 0.460
hospitalization

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 1second; 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.
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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 Statin user (n=25) p-Value Non-statin user Statin user (n=155) p-Value
(n=83) (n=229)
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 1year 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)]

journals.sagepub.com/home/tar


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

THERAPEUTIC ADVANCES in
Respiratory Disease Volume 19

Table 2. (Continued)

Variables Patients with persisted hyperlipidemia (LDL = 130) Patients without persisted hyperlipidemia (LDL < 130)
Non-statin user Statin user (n=25) p-Value Non-statin user Statin user (n=155) p-Value
(n=83) (n=229)

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

hospitalization

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 61(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 1second; 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.
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Figure 2. The trend of changes in FEV1 among persisted hyperlipidemia patients with and without statin use.

FEV1, forced expiratory volume in 1second.

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,3” 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.3%-4% In an animal study, sta-
tin delivery via inhalation reduced airway inflam-
mation.*! 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.121¢ 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
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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 Cases with decreased p-Value
FEV1 (n=51) FEV1 (n=42)
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/m?) 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) 31(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 1second; 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.

journals.sagepub.com/home/tar


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

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

‘oljed 93hooydwA)-03-1iydodynau ‘YN ‘sisiuobejue
oluleasnw buroe-buo) 'yNy ‘sisiuobe-ejaq Bunoe-buo) ‘ygy {pIodaisodiplod pajeyul ‘Y| {puodas | Ul dWN)oA Aiojedidxa paduoy ‘| AJH ‘013ed SPPO 9pNID ‘YHD {Xapul ssew Apoq ‘|Ng ‘o11ed sppo pajsnipe ‘YHe
"%08> paidIpald o | \34 Se paulap |AJ4 Paseauds( ‘(991) Qa2 40 Uelpaw 3y} uo paseq sasop Jaybiy pue 1amoj ojul PAPIAIP a1 SaSOp UNEIS,
‘|INg pue ‘A10)siy uoljedipaw Jojejipoyouodq bunyoe-buoy ‘YN ‘A1oisiy buiyows ‘xas ‘abe Buipnioul ‘sajgeriea ul 6uidliof yym 1apons
"A103s1y Bujows ‘Japusb ‘abe ui 921044

Japuab ‘abe ul 92104

"(104930W40J + Winiuo11AdoaA)b + apiuoseapng 10J8)UB)IA + WNIUIPI}29WN + dU0SedIN)) ‘wniuoliAdoaA)b + 101910w0) + suoseylawo)dag)
SOl + VWV + VEVy1 ‘(2U0Se1aW0]23q + 1048)0W0} ‘8pIU0SBPN(J + ]0J910WII0) ‘BUOSEDIIN]) + ]0J3)UR)IA ‘'9UOSEIINY + ]0J318Wes) S| + gy ‘(wnidodjon + 10491epo)o ‘wniuoliAdodA)b + josarow.o)
‘wniuol1Adodk)b + j018182BPUI “|0IBIUBYIA + WNIUIPIIBWN) YNV + VGV ‘(Wniuipndawn ‘apiwolq wnidodjon) YNy ‘(8pluosapng ‘apluosa)did) S9| :4ojejipoyduodg bunoe-buo

€76°0 YE€L'L-7L8°0 G660 9€L°0 71171-9¢6°0 910°L ING

Jojejipoyouolq

L6170 Y62°L=799°0 102¢ 0€0°0 LYL9-€0L°L LeL'e bunoe-buoT

GeEL'0 Y€S'L-7%6°0 €oc’l 771°0 8LC'1-G96°0 oLL'L 4N

¢eCo L69°6-9L5°0 €9¢€'¢ €LE'0 9819-G0S°0 L9L'L 445} ¢C7'6-6180 L0L°C Kaoysiy Bujows

€4L°0 ¢v0°€-Sle0 808°0 €¢8'0 0¢8¢-LLCO GL8°0 6660 949G°¢C-LLY0 v¢0°L G6€°0 ¢SCE-L29°0 6271 1apuab aep

988°0 9¥8'¢-862°0 1260 79¢°0 6CLY-959°0 8GL°L 680°0 8¢L'G-v88°0 0G6¢°¢ G710 6%2°7-808°0 €68°1 G9 Jano aby
9110 ¢GG°1-610°0 0410 L70°'0 €€6°0-€E00 GLLO %7¢0°0  €LL0-Lc0°0 971°0 LEOD G06°0-LEOO Z8l°0  @sn unejs asop-4aybiy
¢c00 819°0-¢00°0 9€0°0 9¢0°0 064°0-010°0 880°0 0200 ¢L9°0-01l0°0 0800 000 9.9°0-010°0 ¢80°0 SN UNB}S 9SOpP-JamoT]
ESe] 494 94 IEN| Joy 95N Ul}e}S-UoN

6100 GL0'0 800°0 0100 xS9S0p UllE}S

anjeA-d (12%56) =y0e anjep-d (19%56) 403
amep-d (19%856) -doe  amej-d (12%56) qdoe s1apow paisnlpy s1apow pajisnfpeun so)qeliep

‘eiwapidnJdadAy paysisiad yym sjuaiied buouwe | A\J4 pasealdap Joj SI0}O.) YSIy "y d)qel

journals.sagepub.com/home/tar


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

THERAPEUTIC ADVANCES in
Respiratory Disease

Volume 19

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.
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