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Background: Chronic Obstructive Pulmonary Disease (COPD) is a respiratory condition characterized by acute exacerbations
and reduced lung function. This study investigates the link between serum markers (Immunoglobulin M (IgM) and Immunoglob-
ulin A (IgA)), thoracic computed tomography (CT) scan findings, and pulmonary function indexes during these episodes, aiming
to improve our understanding and identify new diagnostic indicators.

Methods: From the First Affiliated Hospital of Hebei North University, we selected 89 COPD patients experiencing acute exac-
erbation within the past two years for our Acute Exacerbation Group (AG). Meanwhile, 96 COPD patients, initially treated at
the same hospital and currently deemed stable, were chosen for the Stable Group (SG). Both groups underwent serum IgM and
IgA tests, thoracic CT examinations, and pulmonary function assessments.

Results: In the AG Group, the serum IgM levels were marginally lower than in the Stable Group (SG), though the difference
wasn’t statistically significant (p = 0.097). Conversely, serum IgA levels in the AG were significantly lower than in the SG (p <
0.001). The AG also showed markedly reduced lung volume, inspiratory lung density, and pulmonary function indexes compared
to the SG while having considerably higher values for emphysema index (EI) and air trapping index (ATT) (all p < 0.001). Pearson
correlation analysis revealed that lung volume, average inspiratory lung density, and IgA levels had strong positive correlations
with one-second forced expiratory volume (FEV1), FEV1/forced vital capacity (FVC), and diffuse carbon monoxide (DLCO)
(with respective r-values of 0.824, 0.841, and 0.829; all p < 0.001). In contrast, EI and ATI exhibited significantly negative
correlations with FEV1, FEV1/FVC, and DLCO (with r-values ranging from —0.837 to —0.885; all p < 0.001).

Conclusions: The assessment of serum IgA combined with thoracic CT parameters offers valuable insights for diagnosing and
evaluating acute exacerbations of COPD, presenting a straightforward clinical utility.
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Introduction from inconsistency and significant influence from subjec-

tive factors [4]. Prior studies [5,6] have identified infec-

Chronic Obstructive Pulmonary Disease (COPD) is a
respiratory condition where airway inflammation arises pri-
marily from inhaling toxic agents. This inflammation leads
to restricted airflow [1,2]. Clinically, COPD is marked
by consistent pulmonary inflammation and only partial re-
versibility. The disease doesn’t just adversely affect the
lungs; it can also cause harm to extrapulmonary tissues,
which may lead to immune dysfunction. Such complica-
tions often result in recurrent infections in patients [3], esca-
lating the severity of the condition and posing serious risks
to their well-being.

While pulmonary function indexes are widely rec-
ognized as critical indicators to gauge the progression of
COPD, they have their limitations. Changes in physi-
ological functions impact these indexes and often suffer

tions as a primary trigger for acute exacerbations in COPD,
suggesting that an underlying abnormal immune function
may be responsible for the recurrent infections in these pa-
tients. Consequently, the levels of certain immunoglobu-
lins, such as Immunoglobulin M (IgM) and Immunoglob-
ulin A (IgA), undergo corresponding shifts in their expres-
sion. The observation of the above indicators is expected
to clarify the relationship between immune indicators and
pulmonary function indexes. The advancements in med-
ical imaging, particularly thoracic computed tomography
(CT) scans, provide valuable insights into the morpholog-
ical transformations occurring within the lungs [7]. How-
ever, the potential correlation between these CT scan pa-
rameters and pulmonary function indexes remains an area
awaiting deeper exploration and validation.

Copyright: © 2023 The Author(s). Published by Discovery Medicine. This is an open access article under the CC BY 4.0 license.
Note: Discovery Medicine stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.


https://doi.org/10.24976/Discov.Med.202335178.76
https://creativecommons.org/licenses/by/4.0/

816

Given this backdrop, our study aims to elucidate the
interplay between serum IgM, IgA levels, thoracic CT pa-
rameters, and pulmonary function indexes. Our findings
aspire to enhance clinical diagnostic procedures and refine
evaluations of COPD during acute exacerbations.

Materials and Methods

Clinical Data

We conducted a retrospective analysis of 89 COPD pa-
tients who had experienced acute exacerbations and were
admitted to the First Affiliated Hospital of Hebei North Uni-
versity within the last two years. Based on the Global Ini-
tiative for Chronic Obstructive Lung Disease (GOLD) clas-
sification, the breakdown was as follows: 12 patients were
categorized as moderate (GOLD-2), 59 as severe (GOLD-
3), and 18 as extremely severe (GOLD-4). For comparison,
we also studied 96 COPD patients from the same hospi-
tal who, after initial treatment, transitioned to and currently
maintain a stable phase—designated as the Stable Group
(SG).

All group participants underwent tests to detect serum
IgM and IgA levels, X-ray/thoracic CT examinations, and
assessments of pulmonary function indexes (PFT). These
tests were closely spaced, ensuring a maximum 2-day gap
between examinations. The acute exacerbation diagnosis
for patients was firmly established using the PFT, adher-
ing to the stringent diagnostic criteria for COPD diagnosis,
treatment, and management [8]. Specifically, the acute ex-
acerbation diagnosis was defined by an acute surge in respi-
ratory symptoms, a short-term rise in purulent or mucinous
sputum volume, intensified wheezing, fever, and other sys-
temic manifestations [9]. This study conforming to the prin-
ciple of the Declaration of Helsinki (2013) [ 10] has been ap-
proved by the ethical committee of the First Affiliated Hos-
pital of Hebei North University (approval No.: 202103005),
and the procedural flow is illustrated in Fig. 1.

Inclusion and Exclusion Criteria

Participants were included in the study if they were
aged over 18, could tolerate pulmonary function examina-
tions, and if both they and their families had given informed
consent with a clear understanding of the study’s objectives.
However, patients were excluded if they had diseases of the
blood or immune system, cardiac abnormalities, infectious
or malignant diseases, mental confusion or psychiatric dis-
orders, or abnormalities in the liver or kidneys.

Methods
Detection of Immune Indexes

Fasting venous blood (10 mL) was taken from all sub-
jects to detect serum levels of IgM and IgA. The Beckman
automatic biochemical analyzer (manufacturer: Beckman
Coulter Commercial Enterprise (China) Co., Ltd.; model:
AUS5831; origin: Shanghai, China) was adopted. Beckman

Coulter Commercial Enterprise (China) Co., Ltd. provided
detection kits of serum IgM and IgA. The serum levels of
IgM and IgA were determined by immunoturbidimetry, and
the operations were strictly per the instructions of kits pro-
vided by Wuhan Enfei Biotechnology Co., Ltd. (Wuhan,
China).

Thoracic CT Detection

Thoracic scanning was performed on all patients
through a lung scanner (manufacturer: Japan Canon Corpo-
ration; location: Tokyo, Japan; model: Aquilion one 320-
row volume CT scanner), with scanning settings including
collimation as 64 mm x 0.5 mm, tube voltage as 120 kVp,
tube current as automatic milliampere, rotation time as 0.5
s, and beam spacing as 0.828. The patients put their arms on
their heads in a supine position, and the scanning direction
was from head to foot. The detection parameters included
lung volume, average inspiratory lung density, pulmonary
emphysema index (EI), and CT air trapping index (ATI),
and all images were analyzed by CT pulmonary image anal-
ysis software (the CT image analysis software of lung, ver-
sion: NeuLungCARE-QA, Neusoft Medical Systems Co.,
Ltd., Shenyang, China).

Detection of Pulmonary Function Indexes

Using the MasterScreen model from Jaeger (produced
by CareFusion Germany 234 GmbH, Wiirzburg, Germany),
a skilled technician accurately assessed patients’ pulmonary
functions. Before testing, GlaxoSmithKline Group gave
each patient a bronchodilator, specifically salbutamol. Af-
ter allowing a 15-minute resting interval, the technician
conducted three successive measurements to ascertain the
peak respiratory value. The range between these tests” max-
imum and minimum values had to stay within a 5% thresh-
old or be less than 100 mL. The evaluation mainly centered
on documenting key metrics like the one-second forced ex-
piratory volume (FEV1), its proportion to the total lung ca-
pacity (FEV1/forced vital capacity (FVC)), and the ability
to diffuse carbon monoxide (DLCO).

Statistical Analysis

The data processing software selected in this study
was SPSS 26.0 (IBM corporation, Armonk, NY, USA) for
statistical analysis. Prism 8.0 software (GraphPad Soft-
ware, San Diego, CA, USA) was used to plot the pictures.
The measurement data were tested by ¢-test, indicated by (z
+ 5), and enumeration data were tested by x? test, expressed
as (n, %). Pearson was used for correlation analysis. p <
0.05 was considered statistically significant.

Results

Clinical Data

Table 1 showed no statistical significance in gender,
body mass index (BMI), course of disease, age, and other
clinical data between the two groups (p > 0.05).
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Fig. 1. Technical route. COPD, Chronic Obstructive Pulmonary Disease; AG, Acute Exacerbation Group; SG, Stable Group; IgM,

Immunoglobulin M; IgA, Immunoglobulin A; CT, computed tomography; EI, emphysema index; ATI, air trapping index; FEV1, forced

expiratory volume; FVC, forced vital capacity; DLCO, diffuse carbon monoxide. (Drawn with Microsoft Office Word, version 2019,

Microsoft Corporation, Redmond, WA, USA.)

Comparison of Immune Indexes

In the Acute Exacerbation Group (AG), the serum IgM
level was (1.28 £ 0.39) g/L, slightly lower than the SG’s
(1.38 £ 0.43) g/L. However, the difference was not statis-
tically significant between the two groups (t = -1.671, p
=0.097). Conversely, the serum IgA level in the AG was
measured at (1.44 £ 0.34) g/L, which was markedly lower
than the SG’s (2.62 £ 0.35) g/L. This difference was statis-
tically significant (t = 23.214, p < 0.001) and is illustrated
in Fig. 2.

Comparison of Thoracic CT Parameters and
Pulmonary Function Indexes in AG and SG Groups

The AG exhibited considerably lower lung volume
and average inspiratory lung density than the SG. Further-
more, the AG displayed higher EI and ATI values and sig-
nificantly reduced pulmonary function indexes. The dif-
ferences between the AG and SG groups were statistically
significant (» < 0.001) and are elaborated upon in Table 2.
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Table 1. Comparison of clinical data between AG and SG groups [(x £ s), (n, %)].

2

Groups AG(m=289) SG(n=96) t/x P
Gender 0.051 0.822
Male 57 (64.04) 63 (65.63)
Female 32 (35.96) 33 (34.38)
BMI (Z + s, kg/m?) 21774223 2226+2.54 -1.388 0.167
Age (z £ s, years) 58.09+425 5843+441 0.528 0.598
Marital status 0.790  0.674
Unmarried 6 (6.74) 10 (10.42)
Married 57 (64.04) 59 (61.46)
Divorced 26 (29.21) 27 (28.13)
Education level 0.112  0.945
[lliteracy 16 (17.98) 19 (19.79)
Junior high school and primary school 49 (55.06) 51(53.13)
Senior high school and above 24 (26.97) 26 (27.08)
Smoking history 0.021 0.885
Yes 51(57.30) 54 (56.25)
No 38 (42.70) 42 (43.75)
Place of residence 0.018  0.894
Urban area 50 (56.18) 53 (55.21)
Rural area 39 (43.82) 43 (44.79)
BMI, body mass index.
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Fig. 2. Comparison of IgM and IgA indicators between the AG and SG.
Correlation Analysis of Immune Indexes, CT Discussion

Parameters, and Pulmonary Function Indexes

Pearson correlation analysis denoted a significant pos-
itive association between lung volume, average inspiratory
lung density, and IgA levels with FEV1, FEV1/FVC, and
DLCO (r = 0.824, p < 0.001; r = 0.841, p < 0.001, r =
0.829, p < 0.001). In contrast, EI and ATI demonstrated
a substantial negative correlation with FEV1, FEV1/FVC,
and DLCO (r =-0.850, p < 0.001; r =-0.837, p < 0.001,
r=-0.855, p < 0.001; r=-0.879, p < 0.001; r = —0.885,
p < 0.001, r=-0.878, p < 0.001). These relationships are
further detailed in Table 3 and illustrated in Fig. 3.

A recent study has highlighted the pivotal role of im-
mune dysfunction in causing recurrent infections among
patients with COPD [11]. This dysfunction is instrumen-
tal in triggering the acute exacerbation of COPD. Patients
with COPD, often characterized by limited airflow, expe-
rience irregular respiratory patterns and prolonged oxygen
insufficiency. Such conditions contribute to the inadequate
development of immune cells, leading to a steady decline
in overall immunity [12]. While it’s evident that viral in-
fections suppress immune functions, the exact mechanisms
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Fig. 3. Scatter plots depicting the correlation between lung volume, average inspiratory lung density, EI, ATI, 1gA, and pul-
monary function indexes (PFT) metrics in AG patients. (A—C) Scatter plots on correlation of lung volume with FEV1, FEV1/FVC
and DLCO. (D-F) Scatter plots on correlation of average inspiratory lung density with FEV1, FEV1/FVC and DLCO. (G-I) Scatter plots
on correlation between EI with FEV1, FEV1/FVC and DLCO. (J-L) Scatter plots on correlation of ATI with FEV1, FEV1/FVC and
DLCO. (M-O) Scatter plots on correlation of IgA with FEV1, FEV1/FVC and DLCO.

remain ambiguous in clinical settings. Potential factors in-
clude immune cell damage, macrophage inhibition, and T-
cell activation [13].

In an effort to delve deeper, this study assessed the
immune functions of COPD patients during acute exacer-
bation phases. The results showed that the serum IgM lev-
els were similar between the AG and SG groups (p > 0.05),
but the serum IgA levels in the AG were notably lower than
those in the SG (p < 0.001). An intriguing observation from
the Pearson correlation analysis highlighted that IgA lev-
els shared a positive relationship with FEV1, FEV1/FVC,
and DLCO (r = 0.824, p < 0.001; r = 0.841, p < 0.001; r
=0.829, p < 0.001). Within the immune system, Secretory
IgA plays a crucial role in defending the respiratory mucosa
against infections.

Supporting this, research by Sneh Arora and col-
leagues [14] postulated that the levels of IgA in respiratory

tract secretions (like sputum and bronchoalveolar lavage
fluid) of COPD patients were noticeably diminished. This
aligns with the current study’s findings. The plausible ex-
planation is the erratic and diminished humoral immune
function seen in COPD patients during acute exacerba-
tions. As the disease advances and lung function deterio-
rates, there’s a consequent decline in serum-type IgA levels
[15,16]. Interestingly, the disparity in IgM levels between
both groups was not profound (p > 0.05). Given that the
IgM antibody is the initial responder in the immune reac-
tion, its concentration dwindles, or even vanishes, as the
infection duration extends [17]. Hence, there is negligible
variance in the IgM data between the groups.

CT scans are more straightforward and efficient than
invasive tests like pathological tissue analysis and airway
ultrasound. As advancements in CT imaging technology
continue and with the widespread use of processing soft-
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Table 2. Comparison of thoracic CT parameters and pulmonary function indexes in AG and SG groups ( =* s).

Groups AG (n=189) SG (n=96) t p

Lung volume (z + s, L) 3.14 £ 0.82 5454031 -25.716  <0.001
Average inspiratory lung density (Z £ s, Hounsfield Unit (HU)) —877.14 £ 13.99  -785.62 £43.40 —-18.997 <0.001
EI (z £ 5, %) 2431 +5.81 8.81 +1.03 25.747  <0.001
ATI (z + 5, %) 0.90 + 0.05 0.57 £0.10 29.176  <0.001
FEVI1 (z + s, %) 60.32 +4.45 83.58 +1.28 —49.125  <0.001
FEV1/FVC (z + s, %) 5895 +5.35 86.49 £+ 1.94 —47.212 <0.001
DLCO (z £ s, %) 61.22 +3.80 84.39 +1.97 —52.595  <0.001

Table 3. Correlation analysis of immune indexes, CT parameters, and pulmonary function indexes.

FEV1 FEVI/FVC DLCO

Indexes

r-value
Lung volume

p-value

L . r-value

Average inspiratory lung density

p-value

r-value
El

p-value

r-value
ATI

p-value
oA r-value
& p-value

0.845** 0.861** 0.862**
<0.001 <0.001 <0.001
0.777** 0.786** 0.807**
<0.001 <0.001 <0.001
—0.850** —0.837** —0.855**
<0.001 <0.001 <0.001
—0.879** —0.885** —0.878**
<0.001 <0.001 <0.001
0.824** 0.841** 0.829**
<0.001 <0.001 <0.001

Notes: ** indicates a significant correlation at 0.01.

ware, it’s increasingly becoming a key method for detailed
examination and analysis of lung abnormalities. Okuma
Tomohisa et al. [18] have shown that some thoracic CT
parameters are correlated with lung function in quantitative
studies on CT and asthma, bronchial pneumonia, and so on.
Therefore, this study selected COPD patients at acute exac-
erbation as the study subjects to analyze the relationship of
lung volume, average inspiratory lung density, EI, and ATI
with pulmonary function indexes. Pearson correlation anal-
ysis showed that the lung volume of patients was positively
correlated with FEV1, FEV1/FVC, and DLCO (r = 0.845,
p < 0.001; r=0.861, p < 0.001; r = 0.862, p < 0.001),
revealing a correlation between lung volume and impaired
lung function in COPD patients during acute exacerbation
phases, which was also one of the characteristics of COPD
[19].

This research identified a pronounced positive cor-
relation between the average inspiratory lung density and
FEV1, FEV1/FVC, and DLCO (r = 0.777, p < 0.001; r =
0.786, p < 0.001; r = 0.807, p < 0.001). This aligns with
the perspective of Staub Leonardo Jonck et al. [20], which
suggests a strong association between FEV1/FVC and aver-
age lung density. CT imaging provides a vivid representa-
tion of the morphological features of a patient’s bronchi and
pulmonary vessels. By employing specialized image pro-
cessing software to quantify lung density and lesion sever-
ity, we can gain precise insight into the extent of a patient’s
lung tissue and functional impairment [21,22].

Pearson correlation analysis underscored a notable
negative correlation between EI and ATI with FEVI,
FEV1/FVC, and DLCO (r=-0.850, p < 0.001; r=—-0.837,

p < 0.001; r=-0.855, p < 0.001; r =-0.879, p < 0.001;
r=-0.885, p < 0.001; r =-0.878, p < 0.001). This im-
plies that EI and ATI are potent indicators, objectively rep-
resenting the extent of lung tissue damage in COPD pa-
tients during acute exacerbation phases. This observation
parallels Zou Dianjun and Zhu Xiaolong’s conclusion [23]
that EI and ATI significantly correlate with reduced lung
functionality in lung cancer patients. The underlying ratio-
nale is that during the rapid shifts experienced by COPD
patients in acute exacerbations, bronchiolar tissue’s elas-
ticity decreases. Consequently, a considerable volume of
gas remains trapped in the lungs post-expiration, leading to
sustained alveolar distension, damage, or even rupture over
time. As these compromised alveoli coalesce, emphysema
formation [24,25] and pulmonary bullae culminate in irre-
versible damage to pulmonary function.

This study examined the relationship between immune
markers and thoracic CT measurements with lung function
in COPD patients during acute exacerbation. It revealed
associations between serum IgA, lung volume, average in-
spiratory lung density, EI, and ATI with key pulmonary
function indicators. Combining these immune markers with
thoracic CT scans holds significant potential in diagnosing
acute exacerbations of COPD. Such a combination can of-
fer a data-driven foundation for precise clinical assessments
and tailored medical treatments.

Conclusions

In summary, there’s a stronger correlation between
serum IgA and thoracic CT metrics (such as lung volume,
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average inspiratory lung density, EI, and ATI) and pul-
monary function indicators during acute COPD exacerba-
tion. This aids in precisely assessing lung lesions in COPD
patients during these flare-ups.
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