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Abstract
Objective  The study aimed to characterize serum immunoglobulin (Ig) concentrations and their relationship with 
clinical and paraclinical features in patients with COPD group E in the stable stage. Additionally, the study focused on 
evaluating the relationship between serum Ig levels and the risk of exacerbations over the next 12 months, thereby 
clarifying the role of serum Ig deficiency in affecting the future risk for these patients.

Methods  A prospective observational study assessed IgG, IgA, IgM, and IgE levels in 67 COPD patients and 30 
healthy controls at Military Hospital 103 from October 2017 to August 2020. Primary outcomes included Ig isotype 
levels in COPD patients, with secondary outcomes exploring differences compared to controls and associations with 
clinical variables.

Results  COPD patients showed significantly lower IgG concentrations and higher IgA levels than controls. IgM and 
IgE levels did not differ significantly. Subgroup analysis revealed notable decreases in IgG1 and IgG3 concentrations, 
with 10.4% of patients exhibiting reduced IgG levels and 0.3% diagnosed with common variable immunodeficiency. 
No significant associations were found between Ig levels and exacerbation risk or clinical variables.

Conclusions  Serum IgG and IgM concentrations were significantly reduced in COPD patients compared to normal 
individuals, with IgG1 and IgG3 concentrations notably low. Serum IgA levels were significantly higher in COPD 
patients compared with normal controls. However, no significant association was found between Ig concentrations, 
particularly serum IgG deficiency and its subclasses, with the frequency and risk of exacerbations during 12 months of 
longitudinal follow-up. Caution is warranted in the use of immunoglobulin therapy in the treatment of COPD patients.

Trial registration  An independent ethics committee approved the study (Ethics Committee of Military Hospital 103 
(No. 57/2014/VMMU-IRB), which was performed in accordance with the Declaration of Helsinki, Guidelines for Good 
Clinical Practice.
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Background
COPD is a global health burden characterized by signifi-
cant morbidity, mortality, and socioeconomic implica-
tions [1]. Recurrent respiratory infections are the primary 
cause of acute exacerbations of COPD (AECOPD) and 
have a detrimental impact on disease prognosis. Reduced 
serum Ig levels may contribute to a higher risk of respira-
tory infections and future exacerbations [2]. Studies have 
demonstrated an association between reduced serum IgA 
and IgG levels and increased exacerbation risk in COPD 
patients [3, 4]. Additionally, frequent COPD exacerba-
tions may indicate an underlying antibody deficiency syn-
drome, with Ig replacement therapy shown to be effective 
in reducing exacerbation incidence [5]. Common vari-
able immunodeficiency (CVID) is a primary immunode-
ficiency disorder characterized by recurrent respiratory 
tract infections, including otitis media, sinusitis, bronchi-
tis, and pneumonia [6]. Defective adaptive immunity and 
low serum immunoglobulin levels play a crucial role in 
the susceptibility of CVID patients to respiratory infec-
tions [7]. Identifying CVID among COPD patients is 
crucial, as treatment can alleviate symptoms and prevent 
recurrent infections, thereby improving outcomes [8]. 
The diagnosis of CVID should be considered in patients 
with recurrent upper and/or lower respiratory tract 
infections, particularly those caused by encapsulated or 
atypical bacteria [6].

In patients with humoral immunodeficiency, immuno-
globulin therapy such as intravenous immunoglobulin 
(IVIG) has been shown to effectively prevent recurrent 
infections [9]. Similarly, in patients with COPD, hypo-
gammaglobulinemia is associated with increased risks 
of AECOPD and hospitalizations [10]. Although there 
is no established IgG threshold level that predicts recur-
rent AECOPD, evidence suggests that the relationship 
between serum IgG level and AECOPD risk is linear and 
extends into the “normal” range. IVIG has been associ-
ated with a reduction in AECOPD rates [11]. Notably, 
the overall rate of AECOPD decreases consistently across 
the severity of COPD or baseline serum IgG level. These 
observations, along with others, suggest that Ig treat-
ment may effectively reduce the frequency of recurrent 
AECOPD. There may be an immediate effect of Ig, such 
as decreased inflammatory state or reduced autoantibod-
ies in the acute phase of AECOPD [12].

However, there are still many differing opinions about 
the relationship between serum Ig levels and the risk of 
COPD exacerbations. Additionally, the use of IVIG for 
COPD patients is also controversial and has not achieved 
general consensus. Our study has the potential to provide 
valuable insights into the association between Ig levels 
and both clinical and subclinical characteristics of COPD 
patients, as well as their risk of experiencing AECOPD, 
including frequency and severity. The results from this 

research may significantly enhance our understanding of 
humoral immunity relevant to COPD pathophysiology 
and clinical outcomes. Additionally, identifying Ig lev-
els as a potential ‘treatable trait’ in this population could 
pave the way for novel therapeutic interventions aimed at 
modulating humoral immunity to improve COPD man-
agement and patient outcomes.

Methods
The study adopted a prospective, descriptive design. 
We used the convenience sampling method, involving a 
group of 67 COPD patients undergoing treatment at the 
Respiratory Center of Military Hospital 103 in Vietnam, 
all of whom were in the stable COPD phase. Patients 
were selected based on specific criteria, including a post-
bronchodilator FEV1/FVC ratio of < 70%, consistent with 
the Global Initiative for COPD guidelines [13]. Patients 
were categorized into group E according to GOLD 2023 
[1]. Exclusion criteria comprised individuals with con-
current conditions such as asthma, autoimmune dis-
eases, malignancy, congestive heart failure, pulmonary 
tuberculosis, and those who had received systemic corti-
costeroid treatment within the previous 30 days. Clinical 
data, as well as exacerbation information over the ensu-
ing 12 months, were meticulously recorded. The control 
group was composed of 30 healthy individuals aged ≥ 45 
years without any specific chronic diseases, autoimmune, 
metabolic, cancerous or infections. They were selected 
for measuring serum Ig levels as reference values for the 
test result in patients.

Data Acquisition: Epidemiological, demographic, clini-
cal, and therapeutic data were obtained upon admission 
using a standardized medical record format. For primary 
outcome analysis, descriptive statistics were utilized 
to present serum levels of IgG, IgG subclasses (IgG1, 
IgG2, IgG3, IgG4), IgA, IgM, and IgE in COPD patients. 
Comparative analysis was conducted between Ig levels 
in healthy controls and COPD patients. Secondary out-
come analysis focused on exploring associations between 
serum Ig levels and COPD severity according to the 
GOLD criteria, FEV1 scores, serum albumin, C-reactive 
protein (CRP), procalcitonin (PCT) levels, white blood 
cell (WBC) count, and the incidence rate of AECOPD 
over the subsequent 12 months.

Immunoglobulin Evaluation: Blood samples were col-
lected and allowed to clot at room temperature for 
30  min, followed by centrifugation at 1200  rpm for 
10 min. Serum was then separated, aliquoted, and stored 
at -80ºC until further use. Immunoglobulin levels (IgG, 
IgA, and IgM) and IgG subclasses (IgG1, IgG2, IgG3, 
IgG4) were measured using the immunofluorescence 
technique with the Invitrogen kit from Thermo Fisher 
Scientific (Vienna, Austria) at the Immunology labora-
tory of Vietnam Military Medical University in Hanoi, 
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Vietnam. Normal ranges of immunoglobulins were refer-
enced from Furst et al. [14].

Immunoglobulin Species Mean Concentration [range], mg/dL
IgG 989 [600–1600]
IgG1 [670–1050]
IgG2 [250–420]
IgG3 [54–100]
IgG4 [38–67]
IgA 200 [60–330]
IgM 120 [45–150]
IgE 0-0.2

Statistical analysis: The data were subjected to medical 
statistical methods and analyzed using SPSS 20.0 soft-
ware. For immunoglobulin levels and other continuous 
clinical outcome, median and interquartile range (IQR) 
values are reported. Discrete variables are reported as 
percentages. Correlation between immunoglobulin lev-
els with clinical outcomes and demographics were ana-
lyzed by Spearman’s correlation coe cient test in the 
whole population and separately in the subgroups with 
low and normal immunoglobulin values. Bivariate com-
parisons of clinical outcomes and demographics between 

subjects with low vs. normal IgG or IgM were performed 
using Mann-Whitney U test for continuous variables and 
using the Chi-squared test for categorical variables. A 
p-value ≤ 0.05 was considered statistically signicant.

Results
Baseline characteristics and serum immunoglobulin levels 
in patients with COPD
Patients were predominantly male (97%), average age 
71.9 ± 7.9 years. Smoking: 95.5% cases, average disease 
duration 6.3 ± 5 years. Average BMI: 18.7 ± 3.3, mMRC 
score: 2.9 ± 0.6. FEV1%: 46.8 ± 22.8%, FEV1/FVC index: 
46.9 ± 11.2%. GOLD stage distribution: GOLD 3 (32.8%), 
GOLD 2 (31.3%), GOLD 4 (26.9%). White blood cell 
count: slightly elevated (11.8 ± 6.7 G/L), CRP significantly 
increased (42.1 ± 53.3  mg/l). Arterial blood gas indices 
normal, PaCO2 tended to rise (44.6 ± 11.5 mmHg). Over 
next 12 months: average of 3 ± 1.1 exacerbations, 22.4% 
required hospitalization (Table 1).

In comparison to the healthy middle-aged control 
group, the COPD patient group showed significantly 
lower serum IgG concentrations (1150.6 vs. 2032.2  mg/
dl), primarily driven by a decline in IgG1 levels. The 
average IgA concentration of the COPD group was sig-
nificantly higher than that of the control group (133.8 vs. 
45  mg/dl). Decreased IgA level was present in 17.9% of 
COPD patients compared to 96.7% in the control group 
(p < 0.001). There were no significant differences in IgM 
and IgE levels between the two groups. In the COPD 
group, 10.4% of patients had decreased serum IgG con-
centrations compared to none in the control group. 
Decreased IgG1, IgG3, and IgG4 levels were observed 
more frequently in the COPD group. CVID was identi-
fied in 0.3% of the COPD group (Table 2).

Associations of serum immunoglobulin concentrations 
with clinical and subclinical characteristics in group E 
COPD patients
Our analysis of serum Ig concentrations and various 
characteristics revealed several insights. Individuals 
with reduced IgG levels tended to be older (75.5 ± 7.9 
vs. 71.1 ± 7.8 years). Smoking history, disease duration, 
BMI, and mMRC dyspnea scale score didn’t significantly 
affect IgG concentrations. Airflow obstruction measures 
(GOLD classification, FEV1%, FEV1/FVC%) showed no 
notable differences between low and normal IgG groups 
(p > 0.05). However, the chronic bronchitis phenotype 
was more common in the low IgG group. Parameters 
like white blood cell count, albumin concentration, CRP, 
and PCT levels didn’t differ significantly between the 
two groups. Similarly, no statistically significant differ-
ences were found in the relationship between IgA levels 
and individual, clinical, and paraclinical characteristics 
(Table 3).

Table 1  The demographics, biomedical characteristics of the 
study population
Indices Patients (n = 67)
Age, years 71.9 ± 7.9
Sex (male) 65 (97)
Smoking History 64 (95,5)
Duration of disease, years 6.3 ± 5
BMI (kg/m2) 18.7 ± 3.3
mMRC score 2.9 ± 0.6
Post-bronchodilator FEV1, % predicted 46.8 ± 22.8
FEV1/FVC, % 46.9 ± 11.2
GOLD stage
  GOLD 1 06 (9)
  GOLD 2 21 (31,3)
  GOLD 3 22 (32,8)
  GOLD 4 18 (26,9)
Chest X-ray
  Emphysema 03 (4,5)
  Chronic bronchitis 40 (59,7)
  Combine 24 (35,8)
White blood cells (G/L) 11.8 ± 6.7
Albumin (g/l) 37.9 ± 4.5
CRP (mg/dL) 42.1 ± 53.3
PCT (ng/mL) 0.3 ± 1
Arterial blood gas
PaO2, mmHg 80.8 ± 24.7
PaCO2, mmHg 44.6 ± 11.5
pH 7.4 ± 0.05
AECOPD in next 12 months 3 ± 1.1
AECOPD relate hospitalization in next 12 months 15 (22.4)

Data are presented as X ± SD and n (%)
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In our study, specific associations within IgG concen-
tration subgroups were identified. In the low IgG1 con-
centration group, a higher proportion of patients were 
in GOLD stage 4 compared to the normal IgG1 group 
(32.7% vs. 11.1%). Additionally, serum PCT concentra-
tion was significantly higher in the low IgG1 group than 
the normal IgG1 group (0.1 ± 0.2 vs. 0.8 ± 1.9 ng/ml). 
Individuals with low IgG2 levels were older on average 
compared to the normal group (76.8 ± 6.7 vs. 70.6 ± 7.8 
years) (Table  4). Furthermore, the disease duration in 
the low IgG3 group was significantly longer compared to 
the normal group (7.6 ± 6.3 vs. 5.1 ± 2.9 years) (Table  5). 
However, no statistically significant relationships were 
found between the remaining factors and IgG subgroup 
concentrations.

During the 12-month longitudinal follow-up, individuals 
with low serum IgG levels experienced a higher frequency 
of exacerbations per year compared to the normal group 
(3.4 ± 1.5 vs. 2.9 ± 1). Similarly, the group with high serum 
IgE levels also had more frequent exacerbations than the 
normal group (3.2 ± 1.1 vs. 2.9 ± 1). However, no significant 
differences were found between the two groups regarding 
the phenotype of frequent exacerbations and the frequency 
of exacerbations requiring hospitalization. (Table 6).

Analyzing the correlation between serum IgG concentra-
tion and the number of exacerbations during the next 12 
months of follow-up, classified by exacerbation severity and 
frequency of exacerbations, no significant correlation was 
found (Figs. 1 and 2).

Discussion
Baseline characteristics and serum immunoglobulin levels 
in patients with COPD
Compared with the control group, we observed signifi-
cantly lower serum IgG concentrations and subgroups in 
the COPD patient group, with IgG1 experiencing the great-
est decline. In the COPD group, 10.4% of patients exhib-
ited decreased serum IgG concentrations compared to the 
normal reference threshold. Notably, the rates of decreased 
serum IgG subgroup levels were 73.1% for IgG1, 49.3% 
for IgG3, and 43.3% for IgG4. Conversely, IgA levels in the 
COPD group were significantly higher than in the control 
group. There were no significant differences in IgM and IgE 

Table 2  Serum ig concentrations comparison between COPD 
and Control Groups
Indices Stable COPD (n = 67) Control (n = 30) p
IgG,mg/dL 1150.6 (269.6–4519.8) 2032.2 (1062.5–5325.8) < 0.001
  IgG1 507.3 (126.2–3444) 1293.65 (646.6–4387.3) < 0.001
  IgG2 469.5 (78.2–1356.7) 474.95 (114.8–1002) > 0.05
  IgG3 55.9 (7.5–368.2) 131.6 (53.7–202.3) < 0.05
  IgG4 46.3 (3.2–595) 92 (11.8–203.9) < 0.01
IgM, mg/dL 370.6 (101.9–2150.6) 306.7 (161.9–669) > 0.05
IgA, mg/dL 133.8 (37–407.3) 45 (24.3–62.7) < 0.001
IgE, mg/dL 0.056 (0.005–1.18) 0.055 (0.017–0.48) > 0.05
Low IgG 07 (10.4) 0 0.06
  Low IgG1 49 (73.1%) 01 (3.3%) 0
  Low IgG2 14 (20.9) 04 (13.3%) 0.37
  Low IgG3 33 (49.3) 01 (3.3) 0
  Low IgG4 29 (43.3) 03 (10) 0.001
Low IgM 0 0
Low IgA 07 (17.9) 29 (96.7) < 0.001
High IgE 08 (10.4) 02 (6.7) 0.4
CVID 02 (03) 0 0.3
Data are presented as median (IQR) and n (%)

Table 3  Correlation of low IgG and IgA levels with demographic 
and Biomedical characteristics in COPD patients
Indices IgG level IgA level

Low 
(n = 11)

Normal 
(n = 56)

Low 
(n = 12)

Normal 
(n = 55)

Age, years 75.5 ± 7.9 71.1 ± 7.8 71.8 ± 8.2 71.9 ± 8
p 0.09 0.98
Smoking, yes 11 (100) 53 (94.6) 12 (100%) 52 (94.5)
p 0.4 0.4
Duration of disease, 
years

6.7 ± 5.2 6.2 ± 5 7.1 ± 6.5 6.1 ± 4.6

p 0.76 0.6
BMI, kg/m2 19.9 ± 3.6 18.5 ± 3.2 19.4 ± 3.5 18.6 ± 3.2
p 0.25 0.4
GOLD stage
  GOLD 1 03 (27.3) 03 (5.4) 03 (25) 03 (5.5)
  GOLD 2 04 (36.4) 17 (30.4) 01 (8.3) 20 (36.4)
  GOLD 3 03 (27.3) 19 (33.9) 06 (50) 16 (29.1)
  GOLD 4 01 (9.1) 17 (30.4) 02 (16.7) 16 (29.1)
p 0.08 0.03
mMRC score 3 ± 0.4 2.9 ± 0.6 2.8 ± 0.8 3 ± 0.6
p 0.6 0.5
Chest X-ray
  Hyperinflated 0 03 (5.4) 01 (8.3) 02 (3.6)
  Chronic bronchitis 08 (72.7) 32 (57.1) 07 (58.3) 33 (60)
  Combine 03 (27.3) 21 (37.5) 04 (33.3) 20 (36.4)
p 0.5 0.8
FEV1, % predicted 60.3 ± 28.2 45.3 ± 21.9 50.3 ± 31.5 46.4 ± 21.9
p 0.1 0.7
FEV1/FVC, % 47.6 ± 10.4 46.8 ± 11.4 44 ± 10.7 47.2 ± 11.3
p 0.8 0.4
WBC, G/L 11.2 ± 4.1 11.9 ± 7.1 11 ± 4.8 12 ± 7.1
p 0.64 0.6
Albumin (g/l) 37.5 ± 5.7 38 ± 4.2 37.6 ± 4.2 38 ± 4.6
p 0.8 0.8
CRP (mg/dL) 36 ± 15.6 43.3 ± 7.2 27 ± 54.7 45.4 ± 53
p 0.7 0.3
PCT (ng/mL) 0.1 ± 0.03 0.3 ± 0.1 0.2 ± 0.3 0.3 ± 1.1
p 0.1 0.8

Data are presented as X  ± SD and n (%)
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Table 4  Correlation of IgG1 and IgG2 levels with Clinical and 
Biomedical characteristics in COPD patients
Indices IgG1 level IgG2 level

Low 
(n = 49)

Normal 
(n = 18)

Low 
(n = 14)

Normal 
(n = 53)

Age, years 71.9 ± 7.7 71.7 ± 8.8 76.8 ± 6.7 70.6 ± 7.8
p 0.9 0.007
Smoking, yes 48 (98) 16 (88.9) 14 (100) 50 (94.4)
p 0.1 0.3
Duration of disease, 
years

6.6 ± 5.6 5.5 ± 2.8 7.9 ± 5.8 5.9 ± 4.7

p 0.4 0.3
BMI, kg/m2 18.6 ± 3.1 19.2 ± 3.9 18.7 ± 3.6 18.6 ± 3.3
p 0.6 0.9
GOLD stages
  GOLD 1 06 (12.2) 0 02 (14.3) 04 (7.5)
  GOLD 2 12 (24.5) 09 (50) 03 (21.4) 18 (34)
  GOLD 3 15 (30.6) 07 (38.9) 06 (42.9) 16 (30.2)
  GOLD 4 16 (32.7) 02 (11.1) 03 (21.4) 15 (28.3)
p 0.06 0.6
mMRC score 3 ± 0.6 2.9 ± 0.6 3.1 ± 0.4 2.9 ± 0.7
p 0.9 0.08
Chest X-ray
  Hyperinflated 
lungs

03 (6.1) 0 0 03 (5.7)

  Chronic 
bronchitis

28 (57.1) 12 (66.7) 11 (78.6) 29 (54.7)

  Combine 18 (36.7) 06 (33.3) 03 (21.4) 21 (39.6)
p 0.5 0.2
FEV1, % predicted 45.9 ± 24.4 49.4 ± 18.3 47.8 ± 23.8 46.6 ± 22.8
p 0.5 0.8
FEV1/FVC, % 45.8 ± 11.5 49.9 ± 9.9 48.3 ± 9 46.5 ± 11.8
p 0.1 0.5
WBC, G/L 11.5 ± 6.8 12.6 ± 6.6 11.7 ± 5.9 11.8 ± 6.9
p 0.5 0.9
Albumin (g/l) 38.2 ± 4.3 37.2 ± 5.1 37.7 ± 4.9 38 ± 4.4
p 0.5 0.8
CRP (mg/dL) 37.9 ± 51.1 53.6 ± 59.2 34.1 ± 49.6 44.2 ± 54.6
p 0.3 0.5
PCT (ng/mL) 0.1 ± 0.2 0.8 ± 1.9 0.09 ± 0.08 0.36 ± 1.15
p 0.01 0.1

Data are presented as X  ± SD and n (%)

Table 5  Correlation of IgG3 and IgG4 levels with clinical and 
biomedical characteristics in COPD patients
Indices IgG3 level IgG4 level

Low 
(n = 33)

Normal 
(n = 34)

Low 
(n = 29)

Normal 
(n = 38)

Age, years 72.9 ± 7.7 70.9 ± 8.2 73.8 ± 8.1 70.4 ± 7.6
p 0.3 0.08
Smoking, yes 32 (97) 32 (94.1) 27 (93.1) 37 (97.4)
p 0.6 0.4
Duration of disease, 
years

7.6 ± 6.3 5.1 ± 2.9 7.1 ± 6 5.7 ± 4

p 0.04 0.2
BMI, kg/m2 19.1 ± 3.3 18.4 ± 3.4 18.9 ± 3.3 18.6 ± 3.3
p 0.4 0.7
GOLD stages
  GOLD 1 04 (12.1) 02 (5.9) 03 (10.3) 03 (7.9)
  GOLD 2 09 (27.3) 12 (35.3) 10 (34.5) 11 (28.9)
  GOLD 3 10 (30.3) 12 (35.3) 11 (37.9) 11 (28.9)
  GOLD 4 10 (30.3) 08 (23.5) 05 (17.2) 13 (34.2)
p 0.7 0.5
mMRC score 3 ± 0.6 2.9 ± 0.6 2.9 ± 0.6 3 ± 0.6
p 0.8 0.5
Chest X-ray
  Hyperinflated 
lungs

02 (6.1) 01 (2.9) 02 (6.9) 01 (2.6)

  Chronic 
bronchitis

23 (69.7) 17 (50) 18 (62.1) 22 (57.9)

  Combine 08 (24.2) 16 (47.1) 09 (31) 15 (39.5)
p 0.1 0.6
FEV1, % predicted 46.4 ± 24 47.2 ± 22.1 48.4 ± 21.3 45.6 ± 24.2
p 0.9 0.6
FEV1/FVC, % 45.5 ± 10.2 48.3 ± 12.1 48.7 ± 9.8 45.6 ± 12.1
p 0.3 0.2
WBC, G/L 11.4 ± 4.9 12.2 ± 8.1 10.3 ± 3.6 12.9 ± 8.2
p 0.6 0.09
Albumin (g/l) 37.7 ± 5 38.1 ± 4 38.6 ± 4.2 37.4 ± 4.7
p 0.7 0.3
CRP (mg/dL) 49.4 ± 60.9 35 ± 44.7 38.6 ± 49.6 44.8 ± 56.5
p 0.2 0.6
PCT (ng/mL) 0.4 ± 1.4 0.2 ± 0.4 0.4 ± 1.5 0.2 ± 0.4
p 0.4 0.6

Data are presented as X  ± SD and n (%)

Table 6  Association between decreased serum ig concentration and risk of AECOPD in the next 12 months
Indices IgG IgA IgE

Low (n = 07) Normal (n = 60) Low (n = 07) Normal (n = 60) High (n = 08) Normal (n = 59)
AECOPD/12 months 3.4 ± 1.5 2.9 ± 1 3.1 ± 1.3 3 ± 1.1 3.2 ± 1.1 2.9 ± 1
p 0.3 0.7 0.5
≥ 2 AECOPD/12 months 06 (85.7) 55 (91.7) 06 (85.7) 55 (91.7) 07 (87.5) 54 (91.5)
p 0.6 0.6 0.7
AECOPD relate hospitalization, yes 01 (14.3) 14 (23.3) 01 (14.3) 14 (23.3) 01 (12.5) 14(23.7)
p 0.5 0.6 0.5

Data are presented as X  ± SD and n (%)
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Fig. 2  Scatter Plot Showing the Correlation Between Serum IgG Concentration and the Number of Exacerbations Over the Next 12 Months, Classified 
by Frequency of Exacerbations

 

Fig. 1  Scatter Plot Showing the Correlation Between Serum IgG Concentration and the Number of Exacerbations Over the Next 12 Months, Classified 
by Exacerbation Severity
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concentrations. Additionally, we identified 2 cases (0.3%) of 
CVID within the COPD group.

Humoral immune defects are a spectrum of diseases 
that represent the most common primary immunode-
ficiency disorders. The adult antibody deficiency syn-
dromes include CVID, selective IgA deficiency (SIgAD), 
and specific antibody deficiency (SAD). The prevalence 
of antibody deficiencies ranges from 1:500 in SIgAD 
to about 1:25,000 in CVID. About 32% of patients with 
CVID develop pneumonia, and about 23% develop bron-
chiectasis [15]. The likelihood of hypogammaglobu-
linemia increases with increased severity of COPD and 
is associated with increased mortality. IgG subclass 
deciency, especially IgG2 deciency, is also common in 
patients with COPD and IgG subclass levels correlate 
with poor outcomes. The cause for low immunoglobulin 
levels in patients with COPD is multifactorial including, 
possibly, the fact that oral corticosteroids may decrease 
IgG levels [16].

Studies on serum Ig concentrations have revealed sig-
nificant fluctuations in Ig concentration thresholds, influ-
enced by a myriad of factors, including immune response 
dynamics. In the context of chronic inflammation, inter-
leukin-6 (IL-6) is recognized as a promoter of Ig synthe-
sis. A study by A. Gonzalez Quintela (2008) among adults 
found average IgG concentrations at 1118 mg/dl, IgM at 
147 mg/dl, and IgA at 262 mg/dl. Notably, IgA tends to 
be higher in men compared to women, while IgG and 
IgM levels are higher in women. Regarding age distribu-
tion, IgG and IgA concentrations were observed to grad-
ually increase with age, with no significant difference in 
IgM concentrations across age groups. Furthermore, IgA 
concentrations exhibit a tendency to be higher in groups 
with obesity and metabolic disorders characterized by 
elevated glucose and blood fat levels, while no disparities 
were noted in IgG and IgM concentrations. These find-
ings underscore the complex interplay of Ig concentra-
tions with demographic and metabolic factors [17].

According to Williamson et al. (2014), normal serum 
Ig concentrations were as follows: IgG: 768–1632  mg/
dl, IgM: 60–263  mg/dl, IgA: 82–453  mg/dl, IgE: 0.01–
0.04 mg/dl [18]. Kim et al. (2016), concentrations of IgG 
subclasses are as follows: IgG1: 382.4–928.6 mg/dL, IgG2: 
241.8–700.3 mg/dL, IgG3: 21.8–176.1 mg/dL, IgG4: 3.9–
86.4 mg/dL [19].

According to Samea et al. (2011), there was a sig-
nificantly higher increase in IgE levels in the serum of 
patients with stable and acute COPD compared to the 
control group. IgE concentrations were also higher and 
showed differences when comparing during and outside 
exacerbations of COPD. However, it was observed that 
bronchial asthma patients had increased serum IgE levels 
compared to the COPD group [20].

McCullagh et al. (2017), the study focused on changes 
in serum antibody levels and immune response with 
antibody replacement therapy in COPD patients experi-
encing ≥ 2 exacerbations/year. The results revealed that 
69% of patients exhibited the common multiple immune 
deficiency syndrome. Among these patients, 27.6% had 
general antibody deficiency, 69% had specific antibody 
deficiency, and 3.4% had selective IgA deficiency [5].

In a study conducted by Pia Holma et al. in Finland, the 
mean serum IgG concentration among 5430 participants 
at age 46 years was 11.20  g/L. Two standard deviations 
below and above the mean were 6.84 g/L and 15.56 g/L, 
respectively. Among the participants, 57 had serum IgG 
levels of 6.8  g/L or lower, while 162 had levels above 
15.6  g/L. IgG subclasses were measured for individuals 
with serum IgG levels lower than 5.0 g/L or higher than 
20.0 g/L. In all cases, the subclass findings were consis-
tent with an even distribution [7].

Several factors contribute to secondary immunodefi-
ciency in COPD patients, with prominent ones supported 
by substantial evidence including prolonged exposure 
to cigarette smoke, extended use of corticosteroids, and 
nutritional deficiencies. Prolonged exposure to cigarette 
smoke, a significant risk factor for COPD development, 
can detrimentally affect immune function. Similarly, the 
extended use of corticosteroids, often prescribed to man-
age COPD exacerbations and inflammation, may sup-
press the immune system, increasing susceptibility to 
infections. Additionally, malnutrition and deficiencies in 
essential nutrients, common in COPD due to factors like 
reduced appetite and increased energy expenditure dur-
ing breathing, can weaken the immune system, further 
exacerbating immunodeficiency in these patients. In this 
study, we observed a notable decrease in serum Ig con-
centrations among COPD patients compared to controls 
of similar race and age. This finding indicates that serum 
antibody deficiency is a prevalent condition in individuals 
with COPD. It is plausible that this deficiency contributes 
to the frequent exacerbations of the disease associated 
with respiratory infections.

Associations of serum immunoglobulin concentrations 
with clinical and subclinical characteristics in Group E 
COPD patients
Our analysis of the relationship between serum Ig con-
centrations and various individual, clinical, and para-
clinical characteristics revealed several key findings. 
Firstly, we observed that the average age of individuals 
with reduced IgG levels was higher compared to those 
with normal IgG concentrations (75.5 ± 7.9 vs. 71.1 ± 7.8 
years old). Factors such as smoking history, disease dura-
tion, body mass index (BMI), and the modified Medical 
Research Council (mMRC) dyspnea scale score did not 
demonstrate a significant impact on the difference in IgG 
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concentrations between the two groups. Additionally, 
no notable disparities were recorded in measures of air-
flow obstruction, including GOLD classification, forced 
expiratory volume in one second (FEV1%) and the ratio 
of FEV1 to forced vital capacity (FEV1/FVC%), between 
individuals with low and normal IgG levels (p > 0.05). 
However, there was a tendency for the chronic bronchi-
tis phenotype to be more prevalent in the group with 
reduced serum IgG levels. Furthermore, parameters 
such as blood white blood cell count, albumin concentra-
tion, serum C-reactive protein (CRP), and procalcitonin 
(PCT) levels showed no significant differences between 
the two groups. Similarly, when examining the relation-
ship between IgA levels and individual, clinical, and 
paraclinical characteristics, no statistically significant dif-
ferences were noted.

In the study by Holm et al. (2020), no significant differ-
ence was observed in inflammatory parameters between 
two groups of COPD patients with antibody deficiency 
and those without serum antibody deficiency [21]. Pia 
Holma et al., serum IgG concentrations were measured 
at age 46 years in a cohort of 5430 individuals. The results 
revealed an association between current smoking and 
low serum IgG levels in both males and females. Spe-
cifically, serum IgG concentrations were 10.3 g/L among 
current smokers and 11.5 g/L among non-smokers, indi-
cating a significant difference (p < 0.001). However, the 
mean serum IgG concentration in former smokers did 
not differ from that of non-smokers [7].

In the study, we identified specific associations within 
subgroups of IgG concentrations. Firstly, in the group 
with low IgG1 concentrations, a higher proportion of 
patients were observed in GOLD stage 4 compared to 
the normal IgG1 concentration group (32.7% vs. 11.1%). 
Additionally, the serum PCT concentration in the low 
IgG1 concentration group was significantly higher than 
in the normal IgG1 group (0.1 ± 0.2 vs. 0.8 ± 1.9 ng/ml). 
Furthermore, individuals with low IgG2 levels exhibited 
a significantly higher average age compared to the nor-
mal group (76.8 ± 6.7 vs. 70.6 ± 7.8 years). Additionally, 
the duration of disease in the low IgG3 group was signifi-
cantly longer compared to the normal group (7.6 ± 6.3 vs. 
5.1 ± 2.9 years). However, no statistically significant rela-
tionships were found between the remaining factors and 
the concentration of IgG subgroups.

Antibodies are crucial components of the body’s adap-
tive immune system, providing defense against patho-
gens. Complete or partial deficiency in these antibody 
classes can increase the risk of various infectious dis-
eases. Among these, IgG holds particular importance, 
constituting 70–80% of total serum antibodies and serv-
ing as a primary defense mechanism against extracellular 
threats. IgG is further divided into four subclasses, each 
with distinct roles in immune defense. IgG1 is primarily 

involved in combating protein-derived antigens, while 
IgG2 contributes to resistance against microbes with 
polysaccharide coatings. IgG3 plays a critical role in the 
immune response against respiratory viruses, and IgG4 
is particularly important in fighting respiratory infec-
tions [14]. Indeed, it’s crucial to emphasize that serum 
antibody deficiency doesn’t always equate to immuno-
deficiency. Even if an individual has slightly reduced 
total antibody levels, their body may still be capable of 
mounting a specific immune response tailored to com-
bat particular pathogens. This highlights the complex-
ity of the immune system, where various factors beyond 
serum antibody levels contribute to overall immunity and 
defense against infections [10].

During the longitudinal follow-up spanning 12 months, 
we observed that the group with low serum IgG lev-
els experienced a higher frequency of exacerbations per 
year compared to the normal group (3.4 ± 1.5 vs. 2.9 ± 1). 
Similarly, the group with high serum IgE levels also had 
exacerbations occurring more frequently than the normal 
group (3.2 ± 1.1 vs. 2.9 ± 1). However, we found no signifi-
cant differences between the two groups in terms of the 
phenotype of multiple exacerbations and the frequency 
of exacerbations requiring hospitalization.

Indeed, immune deficiencies, particularly IgG deficien-
cies, are linked to recurrent infections in patients with 
chronic airway diseases like bronchial asthma, COPD, 
or bronchiectasis. IgG3, comprising about 2–4% of total 
serum IgG, is the most frequently observed subclass defi-
ciency in chronic airway diseases and is closely associated 
with the risk of recurrent infections and exacerbations. 
It’s important to note that an individual may experience 
a deficiency in one IgG subclass without a general IgG 
deficiency, or they may have a combined deficiency of 
multiple subclasses. This highlights the complexity and 
variability of immune responses in these conditions [19, 
22].

In a study conducted by Kim et al. (2016) in Korea 
involving 59 adult patients with bronchial asthma and 
COPD, the findings revealed that IgG3 deficiency was 
the most prevalent (88.1%), followed by IgG4 deficiency 
(15.3%). Common infectious complications observed 
included pneumonia (60.2%), recurrent bronchitis 
(15.9%), and sinusitis (12.5%), with a lower incidence of 
extrapulmonary infections. Pus bacillus was identified as 
the primary cause of pneumonia, followed by Klebsiella 
pneumoniae, pneumococcus, and Moraxella catarrha-
lis. These findings underscore the significance of IgG 
subclass deficiencies in predisposing individuals with 
chronic airway diseases to recurrent infections, high-
lighting the importance of targeted interventions and 
management strategies [19].

In the study conducted by Leitao Filho et al. (2018), it 
was found that 18.8% of patients exhibited a deficiency 
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in at least one IgG subclass. The incidence of decreased 
IgG1-4 subclasses was 4.5%, 5.7%, 7.6%, and 7%, respec-
tively. Notably, simultaneous reduction of two or more 
subclasses ranged from 0.2 to 2.9%. Differences were 
observed in the decline of IgG1 and IgG2 levels between 
the group with two or more exacerbations compared to 
the group with one or fewer exacerbations. Additionally, 
25% of moderate and severe COPD patients experienced 
a decline in IgG levels. Specifically, it was observed that 
up to 50–100% of these individuals exhibited a pheno-
type characterized by frequent exacerbations and a high 
likelihood of hospitalization due to exacerbations. These 
findings underscore the importance of evaluating IgG 
subclass levels in COPD patients, especially those with a 
history of exacerbations, to better understand and man-
age their disease progression [23].

The role of defective adaptive immunity and low serum 
IgG concentration is well established in CVID patients 
suffering from recurrent pneumonia and respiratory tract 
complications. It has also been shown that patients with 
milder forms of hypogammaglobulinemia may suffer 
from respiratory infections. Although these patients ben-
efit from IgG replacement therapy, they may remain fully 
asymptomatic for years. Early diagnosis and consideration 
of IgG replacement therapy is believed to be beneficial. Not 
only low but even high serum IgG concentrations were 
associated with respiratory infection burden. Elevated 
serum IgG in older individuals may also indicate risk of 
pneumonia-related mortality and recurrent pneumonia 
although mechanisms are incompletely described [7].

In a retrospective analysis by Cowan et al. (2015), 
involving 14 cases of COPD patients with serum antibody 
deficiency who underwent antibody replacement therapy, 
the authors reported a reduction in the frequency of 
moderate and severe exacerbations. This suggests that 
antibody replacement therapy may be beneficial in man-
aging COPD patients with serum antibody deficiency, 
potentially mitigating the recurrence of exacerbations 
and improving disease outcomes [11].

In a study by Bermejo Martin et al. (2014), the asso-
ciation between serum Ig deficiency and death due to 
infection was investigated in 172 patients. The findings 
revealed that concomitant deficiencies in IgG1, IgM, and 
IgA were associated with an increased risk of death in 
patients with severe sepsis or septic shock. These results 
suggest that supplementing exogenous Ig may aid in 
improving treatment outcomes in patients with severe 
sepsis, particularly in cases where multiple Ig deficiencies 
are present. This highlights the potential importance of 
tailored immunomodulatory therapies, such as Ig adju-
vant therapy, in managing severe infections and improv-
ing patient survival [24].

Indeed, the existing literature on the prognostic role 
and exacerbation frequency associated with decreased 

IgG levels in COPD remains limited and somewhat 
inconclusive. Different studies present varying perspec-
tives on this issue [7, 16, 25, 26]. There is currently insuf-
ficient strong evidence to confirm a clear relationship 
between decreased IgG concentrations and exacerba-
tion frequency or to establish the prognostic value of IgG 
concentrations regarding exacerbation risk. This uncer-
tainty stems from the influence of numerous factors on 
serum IgG concentration, such as malnutrition and pro-
longed corticosteroid use in treatment. Further research 
is needed to elucidate the complex relationship between 
IgG levels and exacerbation risk in COPD, considering 
the multifactorial nature of this condition and its man-
agement [27].

In our study, we did not investigate the relationship 
between serum Ig levels and the frequency or risk of 
exacerbations. Additionally, we did not find a signifi-
cant correlation between serum IgG concentration and 
the risks of exacerbation frequency and severity after 12 
months of follow-up. This suggests that although there 
is a decrease in serum Ig concentrations, especially IgG, 
this immunodeficiency does not clearly affect the prog-
nosis of the risk of acute exacerbations in COPD patients. 
This finding may be due to the small sample size of our 
study. Additionally, the recurrence rate of acute exacer-
bations is influenced by various factors such as patient 
treatment compliance, quality of care, and disease man-
agement conditions. Furthermore, all patients in our 
study belonged to group E, with Ig concentrations lower 
than the average threshold of the control group. There-
fore, no significant differences were observed when 
comparing factors within the COPD group. Moreover, 
the severity of exacerbations is affected by multiple fac-
tors, including disease stage, degree of airflow obstruc-
tion, and co-morbidities, rather than solely by infections 
related to Ig deficiency. These factors collectively contrib-
ute to the complexity of exacerbation outcomes in COPD 
patients.

It’s important to acknowledge the limitations of our 
study. Firstly, being a single-center study, the generaliz-
ability of our findings may be limited. Secondly, the sam-
ple size utilized in the study was relatively small, and it 
included only COPD patients in group E. Therefore, our 
findings offer initial insights into the characteristics of 
serum Ig concentrations in group E COPD patients and 
their association with clinical and paraclinical charac-
teristics and future exacerbation risk. Further research 
with larger sample sizes, multicenter studies, inclusion 
of patients across various disease stages, and longer fol-
low-up periods are needed to comprehensively evaluate 
changes in serum Ig concentrations and exacerbation risk 
in COPD patients. Subsequent studies can inform spe-
cific recommendations for the use of immunoglobulin 
therapy such as IVIG in COPD treatment.
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Conclusions
The study found that serum IgG and IgM concentra-
tions are notably reduced in COPD patients compared 
to healthy individuals, with particularly low levels of 
IgG1 and IgG3 subclasses in COPD patients. Conversely, 
serum IgA levels were significantly higher in COPD 
patients compared to normal controls. However, there 
was no significant association between Ig concentra-
tions, especially serum IgG deficiency and its subclasses, 
with the frequency and risk of exacerbations during a 
12-month longitudinal follow-up. The study suggests 
exercising extreme caution when considering immuno-
globulin therapy in COPD treatment. Immunoglobulin 
therapy may be considered in severe COPD exacerba-
tions with clear evidence of respiratory infection.
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