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Purpose: To investigate the value of apolipoprotein Al (ApoAl), apolipoprotein B (ApoB), and ApoAl/B ratio in pathogenic
diagnosis of chronic obstructive pulmonary disease (COPD) complicated by acute lower respiratory tract infection, assisting
comprehensive disease assessment.

Patients and Methods: The study enrolled 171 COPD patients with acute lower respiratory tract infections, 35 COPD patients
without acute lower respiratory tract infections, and 41 healthy controls. Correlation analysis and binary logistic regression were used
to assess the roles of various factors in COPD with acute lower respiratory tract infections. Receiver operating characteristic (ROC)
curves were plotted and area under curves (AUC) values were calculated to evaluate the predictive performance.

Results: Infections were the cause of alterations in ApoAl, ApoB and ApoAl/B index. In correlation analysis for pathogenic
diagnosis of COPD complicated by acute lower respiratory infections, age, ApoAl, ApoAl/B ratio, lymphocyte count (LYMPH),
neutrophil count (NEUT), C-reactive protein (CRP), erythrocyte sedimentation rate (ESR) and endotoxin were significantly correlated.
For predicting COPD complicated by acute lower respiratory tract bacterial infection, ApoAl had the highest area under the ROC
curve (AUC: 0.889), with sensitivity and specificity of 82.9% and 83.9%, respectively. The combination of NEUT and ApoAl
improved the prediction efficacy (AUC: 0.909; sensitivity/specificity: 85.1%/85.7%).

Conclusion: ApoAl, ApoB, and ApoA1/B ratio are good indicators for predicting pathogens in COPD complicated by acute lower
respiratory tract infection, especially ApoA1 which has high predictive value.
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Introduction

Chronic obstructive pulmonary disease (COPD) is a common, preventable and treatable disease characterized by chronic
inflammation of the airways and lung parenchyma, structural changes in the airways, ciliary dysfunction, and lung tissue
destruction." The overall prevalence of COPD in adults aged 30 years and older globally is approximately 13.8%.,>
making it the third leading cause of mortality worldwide.>* Patients are susceptible to acute lower respiratory tract
infections due to declining lung function and weakened immunity.>® Common bacterial infections include Streptococcus
pneumoniae, Haemophilus influenzae, and Pseudomonas aeruginosa.” Common viral infections are often caused by
influenza viruses, adenoviruses, and pneumoviruses.® Currently, the diagnosis of COPD with acute lower respiratory tract
infection mainly relies on symptoms, signs, sputum examination, blood tests, imaging, and pathogen detection. However,

COPD patients may have compromised immune systems and disrupted generation and release of inflammatory markers
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like neutrophils during infection, making it difficult to accurately assess disease severity, which poses certain limitations
for early diagnosis and evaluating severity.”'°

In the past, apolipoprotein Al (ApoAl) and apolipoprotein B (ApoB) have been extensively studied in cardiovas-
cular, metabolic and other diseases. Disease risk is negatively correlated with ApoAl levels and positively correlated
with ApoB levels.'" Their ratio is considered an important indicator of cardiovascular disease risk.'? With advances in
scientific research, apolipoproteins have been found to play important roles in immune regulation and inflammatory
responses.'>'° In addition to being structural components of lipoproteins, apolipoproteins also serve as ligands for cell
surface receptors and cofactors for enzymes.'® It has been discovered that membrane cholesterol in host cells plays a vital
role during microbial invasion, and interactions between serum lipids like low-density lipoprotein cholesterol (LDL) and
high-density lipoprotein cholesterol (HDL) and lipid rafts in host cell membranes can alter microbe-host cell interactions,
leading to more severe diseases.'’ "> ApoAl is the major constituent of HDL, while ApoB is one of the apolipoproteins
of chylomicrons, very low-density lipoproteins (VLDL) and LDL. They possess important functions including acute
phase response, complement activation, immune response, inflammatory response, protease inhibition, etc.>?' Previous
studies have shown that ApoAl and ApoB change after inflammatory reactions occur and correlate with disease
severity.”> However, COPD is a heterogeneous chronic disease interacting with various risk factors like metabolic
disorders. Current research on the roles of ApoAl and ApoB in COPD remains insufficient and unsystematic, requiring
more clinical studies to validate their diagnostic value. Therefore, this study aims to investigate the relationships between
ApoAl, ApoB, ApoAl/B and COPD patients with and without acute lower respiratory tract infections of different
pathogens through retrospective analysis, hoping to provide broader perspectives for the comprehensive assessment of
COPD patients.

Materials and Methods
Study Design and Population

This was a retrospective, single-center study. The study population consisted of COPD patients admitted to the First
Affiliated Hospital of Nanchang University from January 2021 to June 2023. Clinical data (including demographics,
symptoms, laboratory tests, imaging, lung function, etc.) were comprehensively evaluated. Finally, 171 COPD patients
with acute lower respiratory tract infections (viral infections: 42 cases, bacterial infections: 67 cases, combined bacterial
and viral infections: 62 cases), 35 COPD patients without acute lower respiratory tract infections, and 41 healthy controls
who underwent physical examinations in the same period and were diagnosed with no other diseases were included.
Patients who met the criteria of the Global Initiative for Chronic Obstructive Lung Disease (GOLD) 2023* and had
complete clinical data were eligible. Patients aged <18 years or with conditions other than COPD that could affect
ApoAl and ApoB levels were excluded, such as combined with other pulmonary diseases, infections of other sites,
metabolic diseases, hypertension, cardiovascular diseases, malignant tumors, hematological system diseases, autoimmune
diseases, etc. Prior to study design, we understood that there were no significant statistical differences in laboratory test
results between COPD patients with acute exacerbations caused by noninfectious factors and stable COPD patients. The
main differences were in significantly worsened clinical symptoms. Therefore, our COPD patients without acute lower
respiratory tract infections included both stable COPD patients and AECOPD caused by other noninfectious factors. This
study was approved and permitted by the Ethics Committee of the First Affiliated Hospital of Nanchang University.

Clinical Parameters and Laboratory Results

The general clinical data of enrolled subjects included symptoms, age, gender, Body Mass Index (BMI), smoking history,
etc. The recorded clinical indexes included lymphocyte count (LYMPH), neutrophil count (NEUT), ApoAl, ApoB,
ApoAl/B, C-reactive protein (CRP), erythrocyte sedimentation rate (ESR), Procalcitonin (PCT), pathogenic respiratory
microbes, echocardiography, chest CT imaging findings, and lung function. Blood samples for testing were collected
within 24 hours of admission under fasting conditions. Pathogen diagnosis for acute lower respiratory tract infections was
based on polymerase chain reaction (PCR) and bacterial culture of lower respiratory tract specimens obtained within 24
hours of admission, excluding the possibility of colonizers. Lung function tests were performed at the pulmonary
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function laboratory of The First Affiliated Hospital of Nanchang University. Standardized lung function testing proce-
dures were utilized to ensure reliability of the collected data. Testing items included pulmonary function tests, bronchial
provocation tests, and fractional exhaled nitric oxide measurements (FeNO). Results were calculated based on percent
predicted values derived from subjects’ age, height, and BMI. For AECOPD patients enrolled in this study caused by
infectious or non-infectious factors, lung function measurements were conducted after clinical stabilization to ensure
accuracy of GOLD classification of lung function.

Reference ranges for related laboratory parameters: Normal reference ranges according to The First Affiliated
Hospital of Nanchang University standards: NEUT: (1.8-6.3) x109/L, LYMPH: (1.1-3.2) x109/L, CRP: (0-8) mg/L,
ESR: <15mm/h, PCT: (0-0.046) ng/mL, Endotoxin: (0-0.1) EU/mL, ApoAl: (1.07-1.77) g/L, ApoB: (0.60-1.38) g/L.

Statistical Analysis

IBM SPSS version 27.0 and GraphPad Prism version 9.00 were used for statistical analysis. Data were presented as
number (n), percentage (%), and mean + standard deviation (SD). Normally distributed measurement data were tested by
Shapiro—Wilk test. One-way analysis of variance (One-way ANOVA) was used to examine differences in variables
between different groups, followed by paired t-tests for comparisons between each two groups. Non-normally distributed
measurement data were expressed as M (P25, P75). Comparisons between groups were performed using Wilcoxon
Mann—Whitney test. Inter-group differences were tested by x2 test or independent sample ¢-test. If severely skewed, data
was log-transformed. P < 0.05 was considered statistically significant. Spearman correlation analysis and Chi-square tests
were used to assess the relationships between acute lower respiratory tract infection in COPD and factors including
ApoAl, ApoB. After adjusting for baseline confounding factors, binary Logistic regression analyses were conducted to
evaluate the roles of various factors in COPD with acute lower respiratory tract infection. All P values were two-tailed,
and P < 0.05 was considered statistically significant. Finally, receiver operating characteristic (ROC) curves were
generated to evaluate the diagnostic value of these factors for COPD with acute lower respiratory tract infection.
Areas under curves (AUC) were calculated, and optimal cut-off points with maximum sensitivity and specificity were
selected as threshold values to validate diagnostic performance and predictive value.

Results

Characteristics of the Subjects

A total of 247 subjects were enrolled, including 41 healthy controls (17%), 35 COPD patients without acute lower
respiratory tract infections (14%), and 171 COPD patients with acute lower respiratory tract infections. Among the
COPD with infections group, there were 42 viral infections (17%), 67 bacterial infections (27%), and 62 mixed bacterial
and viral infections (25%). The COPD complicated by acute lower respiratory tract infection group was characterized by
higher lung function grading, higher prevalence of cor pulmonale, and more respiratory failure cases (Table 1).

First, we compared the ApoAl, ApoB, and ApoA1/B parameters among the healthy control, COPD without acute
lower respiratory tract infection, and COPD with acute lower respiratory tract infection groups. The results showed that
there were no statistically significant differences between the healthy control group and the COPD without infection
group (P>0.05). However, the COPD with infection group differed significantly compared to the other two groups
(P<0.01) (Table 2).

We found in Table 2 that infection was the cause of changes in ApoAl, ApoB, and ApoAl/B levels. Next, we
compared the levels of various indexes between COPD groups with different pathogenic microorganisms causing the
acute lower respiratory tract infections. The results showed that there were no statistically significant differences in ApoB
between the viral infection group and the bacterial infection group (P>0.05). However, the differences in ApoAl,
ApoAl/B, NEUT, LYMPH, CRP, ESR, and endotoxin were statistically significant (P<0.01). Comparisons between the
viral infection group and the mixed viral-bacterial infection group showed statistically significant differences in all the
studied indexes (P<0.05). There were no statistically significant differences in the comparisons between the bacterial
infection group and the mixed viral-bacterial infection group (P>0.05) (Table 3).
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Table | General Clinical Characteristics of All Subjects

Characteristics Control COPD Without Acute COPD Complicated by Acute Lower
(N=41) Lower Respiratory Tract Respiratory Tract Infection (N=171)
Infection (N=35) R . . K
Viral Bacterial Viral + Bacterial
(N=42) (N=67) (N=62)
Age (years) 64.12+6.81 68.71+13.43 67.07+13.02 73.9619.42 70.92+10.08
Male 29 (70.7%) 21 (60.0%) 31 (73.8%) 56 (83.6%) 48 (77.4%)
Smoker 29 (70.7%) 20 (57.1%) 28 (66.7%) 51 (76.1%) 43 (69.4%)
BMI (kg/m2) 21.22+1.68 20.36+2.82 20.09+3.18 19.73£3.41 20.08+3.81
GOLD classification
-l - 19 (54.3%) 17 (40.5%) 26 (38.8%) 23 (37.1%)
n-1v - 16 (45.7%) 25 (59.5%) 41 (61.2%) 39 (62.9%)
Pulmonary - 20 (57.1%) 23 (54.8%) 43 (64.2%) 41 (66.1%)
hypertension
Cor pulmonale - 9(25.7%) 14 (33.3%) 26 (38.8%) 26 (41.9%)
Respiratory failure
Type | - 0(0%) 3(7.1%) 16 (23.9%) 21 (33.9%)
Type |l - 7(20%) 8(19.0%) 23 (34.3%) 25 (40.3%)

Note: Data are presented as mean * standard deviation or n (%).
Abbreviation: BMI, Body Mass Index.

Table 2 Comparison of ApoAl, ApoB, and ApoAl/B Ratio Between Control Group and Experiment Group

Indices Control COPD Without Acute COPD Complicated by Acute P. Py P,
(N=41) Lower Respiratory Lower Respiratory
Tract Infection (N=35) Tract Infection (N=171)
ApoAl (g/L) 1.32+0.14 1.30+0.24 0.94+0.25 0.69 wohk Hokk
ApoB (g/L) 0.80+0.12 0.80+0.18 0.68+0.19 0.8l ok ok
ApoAl/ B 1.61+0.32 1.67+0.43 1.47+0.50 0.66 ok o

Notes: P,: Healthy controls vs COPD patients without acute lower respiratory tract infection; P,: Healthy controls vs COPD patients with acute lower
respiratory tract infection; P.: COPD patients without acute lower respiratory tract infection vs COPD patients with acute lower respiratory tract infection.
*#¥P<0.001; **P<0.01.

Abbreviations: ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; ApoAl/ B, apolipoprotein Al/apolipoprotein B.

Table 3 Comparison of Indices Between Groups in COPD Patients with Acute Lower Respiratory Tract

Infection
Indices Viral Bacterial Viral + Bacterial P. Py P,
(N=42) (N=67) (N=62)
ApoAl (g/L) 1.14+0.21 0.8940.21 0.84+0.23 Hokk ok 0.14
ApoB (g/L) 0.7310.20 0.68+0.19 0.64+0.17 0.19 * 0.33
ApoAl/B 1.68+0.52 1.41+0.47 1.38+0.48 ok ok 0.60
NEUT (*¥1049/L) 3.54 (3.00, 4.72) 6.23 (4.46, 9.41) 6.21 (4.37,9.61) Hokk ok 0.93
LYMPH (¥1079/L) 1.42 (0.86, 1.86) 0.91 (0.69, 1.29) 0.78 (0.56, 1.38) Hokk ok 0.54
CRP (mg/L) 3.19 (.11, 8.34) | 20.20 (4.05, 88.32) | 45.40 (9.24, 80.38) Hokk oo 0.29
ESR (mm/h) 6.0 (4.75, 10.00) 19.0 (9.0, 50.0) 14.0 (5.0, 32.5) HokE oo 0.13
Endotoxin (EU/mL) | 0.01 (0.01, 0.01) 0.01 (0.01, 0.06) 0.01 (0.01, 0.02) Hokk oo 0.05

Notes: P,: Viral group vs Bacterial group; Py: Viral group vs Viral + Bacterial group; P.: Bacterial group vs Viral + Bacterial group.
#P<0.001; **P<0.01; *P<0.05.
Abbreviations: ApoAl, apolipoprotein Al; ApoB, apolipoprotein B; ApoAl/ B, apolipoprotein Al/apolipoprotein B. LYMPH, lymphocyte;
NEUT, neutrophil; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate.
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Table 3 indicates that there were statistically significant differences in the indexes between the viral infection
group and the bacterial infection group in our study data. Therefore, we performed correlation analysis. The results
showed that gender, smoking history, BMI, and ApoB were not significantly correlated with pathogen diagnosis in
COPD complicated by acute lower respiratory tract infections. However, age, ApoAl, ApoAl/B, LYMPH, NEUT,
CRP, ESR, and endotoxin were significantly correlated with pathogen diagnosis. Among them, ApoAl, ApoAl/B,
and LYMPH were negatively correlated, while NEUT, CRP, ESR, endotoxin, and age were positively correlated
(Table 4).

Next, we included the factors that were significantly correlated with pathogen diagnosis in COPD complicated by
acute lower respiratory tract infections in a binary logistic regression analysis. The results showed that NEUT and
APOAL1 were independent predictive factors for pathogen diagnosis (Figure 1).

Based on Figure 1, we plotted the ROC curve for predicted probabilities, which showed that the AUC of NEUT and
ApoAl combined in diagnosing COPD complicated by acute lower respiratory bacterial infections was 0.909, with
a sensitivity of 85.1% and specificity of 85.7% (Figure 2A). According to the serum levels of ApoAl, ApoB, and
ApoAl/B, we plotted ROC curves for diagnosing COPD complicated by acute lower respiratory bacterial infections in
the whole dataset (Figure 2B). The results showed that when the ApoAl cutoff was 1.055 g/L, the AUC for diagnosing
COPD complicated by acute lower respiratory bacterial infections was 0.889, with a sensitivity of 82.9% and specificity
of 83.9%. When the ApoB cutoff was 0.585 g/L, the AUC was 0.677, with a sensitivity of 38% and specificity of 89%.
When the ApoA1/B cutoff was 1.331 g/L, the AUC was 0.677, with a sensitivity of 56.6% and specificity of 74.6% for
diagnosing COPD with acute lower respiratory bacterial infections.

Discussion

COPD is a heterogeneous disease, and the pathogenesis is characterized by persistent respiratory symptoms and airflow
limitation due to abnormalities involving the airway and lung parenchyma. The abnormal production and release of
inflammatory mediators is one of the important factors leading to inflammatory responses and fibrosis in lung tissues."
Our studies have shown that in recent years, it has been discovered that ApoAl, in addition to its basic role in regulating

Table 4 Correlation of Various Factors with
COPD Complicated by Acute Lower
Respiratory Bacterial Infection

Indices Value P
Gender ¥2=1.530 0.216
Age (years) r=0.238"* *
Smoker x2=1.156 0.282
BMI(kg/m2) r=—0.067 0.492
NEUT (¥1079/L) r=0.508"* o
LYMPH (*1079/L) r=—0.346" o
CRP (mg/L) r=0.484" ok
ESR (mm/h) r=0.446"" ok
Endotoxin (EU/mL) | r=0.385% ok
ApoAl (g/L) r=—0.498"* ok
ApoB (g/L) r=—0.086 0.374
ApoAl/B r=—0.255"* ok

Notes: %2: Chi-square value from Chi-square test; r:
#Correlation is significant at the 0.05 level (two-tailed);
#Correlation is significant at the 0.0l level (two-tailed).
***P<0.001; **P<0.01; *P<0.05.

Abbreviations: BMI, Body Mass Index; ApoAl, apolipopro-
tein Al; ApoB, apolipoprotein B; ApoAl/ B, apolipoprotein
Al/apolipoprotein B; LYMPH, lymphocyte; NEUT, neutro-
phil; CRP, C-reactive protein; ESR, erythrocyte sedimenta-
tion rate.
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Pvalue OR 95%CI
Age ’ 0.407 1.023 0.969-1.078
ESR 0 0.254 1.031 0.978-1.087
CRP * 0.321 1.020 0.981-1.061
LYMPH —Hﬁ—| 0.181 0.450 0.139-1.451
NEUT :—0—| 0.031 1.497 1.036-2.162
APOAT ¢ 0.025 0.025 0.001-0.629
APOA1/B |—¢1—| 0.685 0.740 0.172-3.178
Endotoxin —|; * : 0.554 2648  0.105-66.868

— T T

Odds Ratio(OR)

Figure | Binary logistic regression analysis of COPD patients with acute lower respiratory tract infection.
Abbreviations: ApoAl, apolipoprotein Al; ApoAl/ B, apolipoprotein Al/apolipoprotein B; ESR, erythrocyte sedimentation rate; CRP, C-reactive protein; LYMPH,
lymphocyte; NEUT, neutrophil.
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Figure 2 ROC curve of COPD complicated by acute lower respiratory tract bacterial infection. (A) ROC curve of NEUT and ApoAl combined diagnosis of COPD with
acute lower respiratory tract bacterial infection. (B) ROC curves of ApoAl, ApoB, and ApoAl/B respectively diagnosing COPD with acute lower respiratory tract bacterial
infection in the whole data set.

Abbreviations: ApoAl, apolipoprotein Al; ApoAl/ B, apolipoprotein Al/apolipoprotein B; NEUT, neutrophil.

lipids, can also have an impact on the immune system, including anti-endotoxin, antibacterial, and regulatory effects on
neutrophils.”* Currently, there is no evidence showing ApoB has direct immune regulatory functions, and the exact
mechanisms still need further study. Previous studies have shown that ApoA1l and ApoA/B ratios may be slightly lower
in patients than healthy people, while ApoB levels are relatively higher.”> However, our study found that there were no
significant differences in ApoAl, ApoB, and ApoA1/B between COPD patients with and without acute lower respiratory
tract infections and healthy controls. The inconsistent research results may be related to factors like sample size, patients’

314 https: International Journal of Chronic Obstructive Pulmonary Disease 2024:19
Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Meng et al

clinical characteristics, and study design. Because the specific extent of these changes may differ depending on the
patient’s condition, age, smoking history, other diseases, etc.

Our research found that ApoAl, ApoB, and ApoA1/B are predictive factors for COPD complicated by acute lower
respiratory tract infections, with significant differences compared to the healthy group and the COPD without acute lower
respiratory tract infection group. In the subgroup analysis of COPD complicated by acute lower respiratory tract
infections, there was no statistically significant difference in the comparison of ApoB between the virus-only group
and bacteria-only group, while the comparisons of ApoAl and ApoA1/B showed significant differences. The compar-
isons of all three indicators between the virus-only group and mixed virus-bacteria group showed statistical significance,
while there were no statistically significant differences in the three comparisons between the bacteria-only group and
mixed virus-bacteria group. This is because during the acute phase of infection, ApoAl is used to inhibit the
phagocytosis, digestive function and active oxygen production of neutrophils, and influence the inflammatory response
and apoptosis of neutrophils through multiple pathways, such as activating the AMPK pathway and regulating NF-«xB,
MAPK and other signaling pathways.?~’ During the acute infection period, the body will produce and release large
amounts of cytokines, including tumor necrosis factor (TNF) and interleukin-6 (IL-6), etc. These high levels of cytokines
can lead to liver damage, which in turn affects the synthesis of methyl pentanediol Acyl coenzyme A, and eventually
results in decreased synthesis of ApoAl and ApoB.?® In addition, COPD patients may also have lipid metabolism and
gastrointestinal dysfunction, which can also be aggravated by eating to increase respiratory load and lead to decreased
synthesis and release of VLDL and LDL due to diaphragm descent, and may also be due to the use of antibiotics and
methylxanthines during treatment, leading to a low state of ApoB levels.'* In the comparison between the virus-only
group and bacteria-only group, there was no statistical significance in ApoB, while there was statistical significance in the
virus-only group versus the mixed virus-bacteria group. We can find the answer to this point in the subsequent correlation
analysis between various factors and pathogen diagnosis prediction of COPD complicated by acute lower respiratory
tract infection: no significant correlation was observed between ApoB and pathogen prediction. This may be related to
the fact that this is a single center study with a small sample size, which may lead to statistical errors. In addition, due to
the role of ApoB in detecting COPD complicated by acute lower respiratory tract infections, the diagnostic efficacy of the
ApoA1/B ratio is reduced and does not have significant clinical implications like in diagnosing cardiovascular diseases.

Viral infections can affect the immune system and metabolism of the human body, and these effects may cause
changes in indicators such as ApoAl, ApoB and ApoAl/B. After viral infection, the immune system releases inflam-
matory mediators such as cytokines and leukocytes to fight the virus. These inflammatory mediators may affect lipid
metabolism and transport, leading to changes in ApoAl and ApoB levels.’® These changes may vary in different
populations and viral strains. Therefore, when interpreting the test results of indicators such as ApoAl, ApoB and
ApoA1/B, comprehensive consideration should be given to the patient’s condition and related factors. In addition, in our
study, the LYMPH results in COPD patients with acute lower respiratory tract infections were at a low level, more
pronounced in bacterial infections, suggesting that the immune system function of these patients has been damaged,
which can explain their susceptibility to bacterial infections.

In summary, this study shows that ApoAl, ApoB and ApoAl/B can serve as predictors of pathogen diagnosis for
COPD complicated by acute lower respiratory tract infections, especially ApoAl has the highest diagnostic value. It
should be noted that in diagnostic applications, they still need to be comprehensively evaluated in combination with other
indicators (such as inflammatory indicators, imaging examinations, etc.). In addition, it should be emphasized that
currently there are no truly effective anti-endotoxin drugs, but ApoAl is considered a drug with potential antibacterial
and immunomodulatory effects.

Conclusion
ApoAl, ApoB, and ApoAl/B ratio are good indicators for predicting pathogens in COPD complicated by acute lower
respiratory tract infection, especially ApoAl which has high predictive value.
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