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Background/Aims: Primary antibody deficiency (PAD) in adults is increasingly recognized, but remains underdiagnosed and
undertreated. We described the clinical and immunologic features of adult patients with PAD according to real-world expo-
sure to intravenous immunoglobulin replacement therapy (IVIGRT) and explored whether the Ajou-PAD score reflects treat-
ment decisions in routine clinical practice.

Methods: We conducted a retrospective cohort study at Ajou University Hospital (January 1, 2020-November 18, 2024),
screening adults (age > 18 yr) diagnosed with PAD, and excluding those with IVIGRT exposure before diagnosis. After 1:1
propensity score matching by age and sex, clinical and laboratory findings between the IVIGRT-exposed and -unexposed
groups were compared. The discriminatory performance of the Ajou-PAD score, a composite index integrating clinical and
immunologic parameters, was evaluated for IVIGRT exposure using receiver operating characteristic analysis.
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Results: The final matched cohort included 602 patients (301 per group). Immunoglobulin G subclass 3 deficiency (IgG3SCD)
was the most prevalent phenotype and more frequent in the IVIGRT-exposed group than in the IVIGRT-unexposed group.
The Ajou-PAD score showed modest discriminatory performance for IVIGRT exposure (AUC = 0.61; 95% Cl, 0.56-0.65).

Conclusions: In Korean adults with PAD, IgG3SCD was the most prevalent phenotype and was more common among
patients receiving IVIGRT in routine clinical practice. The Ajou-PAD score showed modest discriminatory performance for IVI-
GRT exposure and should be considered an exploratory adjunct rather than a standalone tool for treatment decision-making.

Keywords: Primary immunodeficiency diseases; Antibodies; Immunoglobulins; Immunoglobulins, intravenous; Propensity

score

INTRODUCTION

Recent studies suggest an increasing global prevalence of
primary antibody deficiency (PAD), a major phenotype of
primary immunodeficiency (PID) in adults [1,2]. PAD has
traditionally been considered a childhood-onset genetic dis-
order; however, its manifestation in adults remains under-
recognized [3-5]. Adult PAD encompasses a broad spectrum
of humoral immune abnormalities, including hypogamma-
globulinemia, immunoglobulin G (IgG) subclass deficiency
(IgGSCD), and functional antibody deficiency [6-8]. Because
IgG subclasses play distinct roles in humoral immunity, de-
ficiencies in specific subclasses may contribute to heteroge-
neous clinical phenotypes. Accordingly, adult patients with
PAD present with heterogeneous clinical features, including
variable infectious burden and systemic manifestations [9-11].

PAD diagnosis and management are guided by established
international consensus and practice parameters [12,13].
However, the wide clinical heterogeneity of adult PAD often
complicates timely diagnosis and treatment decisions [14].
In addition, PAD frequently overlaps with allergic and au-
toimmune phenotypes [9,15], further delaying appropriate
diagnosis and management in real-world clinical practice.
Evidence regarding the clinical features and immunolog-
ic findings of adult PAD in Korea remains limited. Intrave-
nous immunoglobulin replacement therapy (IVIGRT) is a key
therapeutic intervention for patients with PAD, and recent
studies suggest potential benefits in selected subgroups, in-
cluding those with IgG3 subclass deficiency (IgG3SCD) and
asthma-related exacerbations [7,8,16]. However, the gen-
eralizability of these findings to broader adult PAD popu-
lations remains uncertain. Moreover, the optimal timing of
IVIGRT initiation—particularly in patients with IgGSCD—re-
mains unclear [17-19]. In clinical practice, IVIGRT initiation

https://doi.org/10.3904/kjim.2026.072

is individualized and based on a combination of infection
burden, |G levels, comorbid conditions, and functional an-
tibody responses. Although severity scoring systems have
been proposed for PID, their utility in guiding treatment
decisions in adults with PAD is not well established [20,21].

To address this gap, we developed the Ajou-PAD scor-
ing system by adapting a previously proposed PID severity
framework [20] and incorporating symptom burden and
laboratory findings to integrate clinical and immunologic
parameters, thereby summarizing disease burden and eval-
uation of its potential to reflect treatment decisions. Accord-
ingly, in this study, we aimed to characterize PAD pheno-
types and associated comorbidities according to real-world
IVIGRT exposure in a propensity score-matched cohort and
to evaluate whether the Ajou-PAD score reflects treatment
decisions in routine clinical practice.

METHODS

Study participants and propensity score
matching
This retrospective cohort study was conducted at Ajou Uni-
versity Hospital, Korea, from January 1, 2020 to November
18, 2024, and is reported in accordance with the Strength-
ening the Reporting of Observational Studies in Epidemiol-
ogy guidelines [22]. Adults (> 18 yr) diagnosed with PAD
were identified by review of electronic medical records. PAD
phenotypes were classified based on serum IgG, immuno-
globulin A (IgA), immunoglobulin M (IgM), and IgG subclass
levels using institutional adult reference intervals [23].

PAD phenotypes included hypogammaglobulinemia and
IgA, IgM, IgG, and IgG SCDs, defined according to estab-
lished diagnostic criteria [12,13]. IgG deficiency was defined

www.Kjim.org 941


www.kjim.org

KJIM™

as total IgG levels below the reference range, whereas hy-
pogammaglobulinemia was defined as broader global IG
reduction involving multiple major |G isotypes, including
IgG with IgA and/or IgM reduction. To avoid ambiguity with
monogenic agammaglobulinemia syndromes, the term
agammaglobulinemia was not used as a separate analytic
category in this study. Patients with well-defined monogen-
ic immunodeficiencies, including X-linked agammaglob-
ulinemia, were excluded. Patients with secondary causes
of antibody deficiency, such as hematologic malignancy,
protein-losing conditions, or ongoing immunosuppressive/
biologic therapy likely to affect IG levels, were also exclud-
ed. IG measurements used for phenotype classification were
collected at (or closest to) the time of PAD diagnosis and
before IVIGRT initiation. Patients were stratified into two
groups according to IVIGRT exposure: those who received
at least one course during the study period (IVIGRT-exposed)
and those who did not (IVIGRT-unexposed). The IVIGRT-ex-
posed group therefore included both patients who received
a single IVIGRT course and those who underwent repeated
or long-term IVIGRT during the study period. At our institu-
tion, IVIGRT was determined by treating physicians based
on clinical factors, including recurrent or severe infections,
quantitative 1G deficiencies, and relevant comorbidities,
with consideration of national insurance reimbursement
criteria. Of 801 screened adults, 766 were eligible to par-
ticipate (IVIGRT-exposed group, n = 413; IVIGRT-unexposed
group, n = 353). Propensity score matching (1:1) by age and
sex [24,25] yielded 312 matched pairs (n = 624). After ex-
cluding 22 patients with IVIGRT exposure before the docu-
mented PAD diagnosis, the final analytic cohort comprised
602 adults, with 301 patients in each group (Fig. 1).

This study was conducted in accordance with the Decla-
ration of Helsinki and approved by the Institutional Review
Board of Ajou University Hospital (AJOUIRB-DB-2024-585).
The requirement for informed consent was waived due to
the retrospective nature of the study.

Comparison of clinical and laboratory findings
Baseline demographic characteristics, PAD phenotypes, al-
lergic and autoimmune comorbidities, and laboratory pa-
rameters were extracted from electronic medical records.
Reduced lymphocyte percentage was included as an ex-
ploratory hematologic marker because it was available only
in a subset of patients due to variations in clinical testing
practices. Pneumonia and chronic rhinosinusitis were de-
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fined as physician-diagnosed conditions based on clinical
and radiologic documentation in the medical records. Mul-
tiple chemical sensitivity with sick house syndrome was de-
fined as a physician-documented diagnosis of multisystem
symptoms attributed to environmental chemical or indoor
exposures [26,27]. Categorical laboratory thresholds were
defined according to institutional standards and grouped as
follows: type 2 inflammatory markers, including increased
total immunoglobulin E (IgE) (> 114 kU/L) and eosinophil-
ia (blood eosinophil count > 150/uL); hematologic mark-
ers, including leukopenia (WBC < 4 x 103/ul) and reduced
lymphocyte percentage (< 16%); complement markers, in-
cluding reduced complement C3 (< 90 mg/dL) and reduced
complement C4 (< 10 mg/dL); and autoantibody markers,
including thyroglobulin antibody positivity (> 60 U/mL), mi-
crosome antibody positivity (>60 U/mL), and rheumatoid
factor positivity (> 14 U/mL). Complement C3 and C4 were
both assessed; however, only C3 is presented in the Results
due to greater data availability and clearer interpretability
in this cohort. Quantitative IG and IgG subclass levels were
measured using nephelometry. Cut-offs for total IG and
IgG SCDs were defined as values below the lower limits of
the institutional reference ranges, in accordance with es-
tablished criteria [12,13]. The institutional reference rang-
es (updated July 1, 2022) were: IgG 700-1,600 mg/dL; IgA
70-400 mg/dL; IgM 40-230 mg/dL; IgG1 382.4-928.6 mg/
dL; 1gG2 241.8-700.3 mg/dL; I9G3 21.8-176.1 mg/dL; and
IgG4 3.9-86.4 mg/dL [23]. IgG subclass values obtained be-
fore July 1, 2022 were originally reported in mg/L and were
converted to mg/dL (mg/dL = mg/L + 10) prior to analysis.
All'lG subclass values were standardized to mg/dL to ensure
consistency, including application within the scoring system.
Quantitative IgG, IgA, and IgM deficiencies were defined as
serum levels below the lower limits of their respective refer-
ence ranges. IgG deficiency and hypogammaglobulinemia
were analyzed as distinct categories: IgG deficiency was
defined by reduced total IgG alone, whereas hypogamma-
globulinemia reflected broader global IG reduction involving
multiple major |G isotypes. IgGSCD was defined as a serum
subclass level below the corresponding reference range.

Ajou-PAD scoring

The Ajou-PAD score was adapted from previously published
frameworks [20,21] and comprised symptom- and labora-
tory-based components (Supplementary Table 1). The ref-
erence ranges in Supplementary Table 1 reflect the original
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Adult patients (aged 18 years or older) with a diagnosis of PAD, irrespective of the timing of the initial diagnosis, who visited the Department
of Allergy and Clinical Inmunology at Ajou University Hospital between January 1, 2020 and November 18, 2024.

(n = 801)

Exclusion (n = 35)
- Had a history of diseases requiring continuous immunosuppressants or systemic steroid
treatment (n = 11)
- Were diagnosed with malignant neoplasms (n = 21)
- Had severe psychiatric disorders potentially interfering with study participation (n = 0)
- Had severe systemic diseases potentially interfering with study participation (n = 3)
*Each case will be classified according to the predefined exclusion criteria. If a patient meets multiple criteria,

the exclusion reason will be assigned based on a predefined priority order. The priority order for exclusion was:
()i ive therapy, (2) mali (3) psychiatric disorder, (4) severe systemic diseases.

n =766

IVIGRT-treated group
(n=413)

IVIGRT-untreated group
(n=353)

PSM

Before matching, the SMD were 0.058 for gender and 0.320 for age at diagnosis,
indicating a notable imbalance in age between the IVIGRT-treated and untreated groups. After performing 1:1 nearest-neighbor matching
based on the propensity scores. Post-matching SMDS were reduced to 0.010 for sex and 0.036 for age,
both below the conventional threshold of 0.1, suggesting that matching effectively minimized group differences.

IVIGRT-treated group
(n=312)

n =624

IVIGRT-untreated group
(n=312)

Exclusion IVIGRT exposure before PAD diagnosis onset date
To establish clear justification that IVIG was administered specifically for the treatment of PAD, subjects whose first IVIG prescription date
occurred before the documented onset of PAD were excluded. Control subjects were selected as matched pairs
to the treatment group to ensure comparability.

IVIGRT-treated group

(n = 301) n = 602

IVIGRT-untreated group
(n=301)

*Subjects were classified according to whether they received IVIGRT between January 1, 2020 and November 18, 2024.

Figure 1. Study participant recruitment. Among 801 adult patients with PAD who visited the Department of Allergy and Clinical Immu-
nology at Ajou University Hospital between January 1, 2020 and November 18, 2024, a total of 766 participants were included in the
analysis after excluding 35 patients according to the predefined exclusion criteria. Participants were classified into the IVIGRT-exposed and
IVIGRT-unexposed groups based on IVIGRT exposure during the study period. To balance differences in age and sex between the two
groups, PSM was performed, resulting in 312 matched participants in each group (n = 624). After excluding participants who had received
IVIGRT prior to the onset of PAD diagnosis, the final analysis included 301 participants in the IVIGRT-exposed group and 301 participants
in the IVIGRT-unexposed group (n = 602). PAD, primary antibody deficiency; IVIGRT, intravenous immunoglobulin replacement therapy;
PSM, propensity score matching; SMD, standardized mean difference.

laboratory reporting format, whereas all analyses and score
calculations in the main manuscript were performed using
converted mg/dL values. This scoring system was applied
to the final matched cohort to evaluate its association with
real-world IVIGRT exposure, with higher scores indicating
greater clinical severity and more pronounced humoral IG
impairment. The Ajou-PAD score was calculable in 589 of
602 patients with complete data. Discriminative perfor-
mance of the Ajou-PAD score for IVIGRT exposure was as-
sessed using receiver operating characteristic (ROC) curve
analysis, and the optimal cut-off value was determined
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using the Youden J index [28]. As the Ajou-PAD score is
an integer-based discrete scoring system, the ROC-derived
cut-off of 9.5 represents the boundary between adjacent
score categories. Accordingly, a threshold of > 10 was used
to classify patients into higher- and lower-score groups for
exploratory analyses and the clinical and laboratory charac-
teristics were compared between these two groups.

Statistical analysis
Continuous variables are presented as mean + standard de-
viation with corresponding sample size, and categorical vari-
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ables as number (percentage) or n/N (%) when denomina-
tors differed due to missing data. Continuous variables were
compared using Student’s t-test, and categorical variables
using Pearson’s chi-square test. Univariable logistic regres-
sion was performed to identify factors associated with IVI-
GRT exposure and higher Ajou-PAD score categories. ROC
analysis was used to assess the discriminative performance
of the Ajou-PAD score for IVIGRT exposure, with the optimal
cut-off determined using the Youden J index. A two-sided
p value < 0.05 was considered statistically significant. Miss-
ing data were handled using complete case analysis, and
sample sizes are reported for each variable.

RESULTS

Comparison of clinical characteristics and PAD
phenotypes between the IVIGRT-exposed and
IVIGRT-unexposed groups

A total of 801 adults were screened, of whom 766 met the
eligibility criteria. After propensity score matching by age
and sex and exclusion of 22 patients who received IVIGRT
before PAD diagnosis, 602 patients were included in the
final analytic cohort (301 in each group) (Fig. 1). Among
PAD phenotypes, IgG3SCD was the most prevalent pheno-
type (68.60%), followed by IgG2SCD (10.30%), IgG defi-
ciency (9.63%), IgG4SCD (6.48%), IgA deficiency (4.65%),
and hypogammaglobulinemia (4.32%) (Fig. 2). Comparison
of these prevalence rates between the two groups showed
that IgG3SCD was significantly more prevalent in the IVI-
GRT-exposed group (81.06%) than in the IVIGRT-unex-
posed group (56.15%; p < 0.001). Moreover, prevalence
rates of IgG deficiency, IgG4SCD, hypogammaglobulin-
emia, and IgA deficiency were significantly higher in the
IVIGRT-exposed group than those in the IVIGRT-unexposed
group (p < 0.05 for all), whereas no significant differences
were observed in the prevalence of IgG1SCD or IgG2SCD.
Among the IVIGRT-exposed patients, the mean annual IVI-
GRT dose was 107 + 67 gl/year, and the mean dosing in-
terval was 2.50 + 1.40 months. Overall, the combination
rates of IgG3SCD with other quantitative Ig abnormalities
were higher in the IVIGRT-exposed group than those in the
IVIGRT-unexposed group.
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Comparison of laboratory parameters
between the IVIGRT-exposed and IVIGRT-
unexposed groups
Comparison of age at PAD diagnosis, sex distribution, Ajou-
PAD total score, and laboratory parameters between the
two study groups revealed no significant differences in age
or sex (Table 1). The mean Ajou-PAD total score was higher
in the IVIGRT-exposed group than that in the IVIGRT-unex-
posed group (13.0 £5.1vs. 11.0 £ 5.2, p < 0.001). Howev-
er, total IgG and 1gG3 levels were significantly lower in the
IVIGRT-exposed group than those in the IVIGRT-unexposed
group (IgG: 1,143 £ 241 vs. 1,202 + 285 mg/dL, p = 0.007;
IgG3: 14 £ 11 vs. 21 £ 26 mg/dL, p < 0.001). Type 2 in-
flammatory markers, including serum total IgE and blood
eosinophil counts, were lower in the IVIGRT-exposed group
than in the IVIGRT-unexposed group (serum total IgE: 237 +
475 vs. 354 + 650 kU/L, p = 0.012; blood eosinophil counts:
175 £ 249 vs. 220 + 243 cells/uL, p = 0.028).

The prevalence of leukopenia (WBC < 4 x 103/uL) was low
and did not differ between the two study groups (1.00% vs.
0.33%, p = 0.317). All patients with available lymphocyte

Il |VIGRT-treated group
B IVIGRT-untreated group

100

< 0.001

Prevalence of PAD phenotype (%)

Figure 2. Comparison of PAD prevalence between IVIGRT-ex-
posed and IVIGRT-unexposed groups. The bars represent the
prevalence (%) of major PAD phenotypes in the IVIGRT-exposed
and IVIGRT-unexposed groups. PAD phenotypes include IgA
deficiency, IgM deficiency, hypogammaglobulinemia, 1gG defi-
ciency, and IgG SCD (IgG1-1gG4). p values were calculated using
the Pearson chi-square test for categorical variables. p values of
p < 0.05 were considered statistically significant. PAD, primary
antibody deficiency; IVIGRT, intravenous immunoglobulin replace-
ment therapy; IG, immunoglobulin; SCD, subclass deficiency.
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percentage data (n =42; 29 exposed and 13 unexposed) ex-
hibited reduced lymphocyte percentage (< 16%); therefore,
a between-group comparison was not performed (Table 1).
Reduced complement C3 levels (< 90 mg/dL) and autoan-
tibody positivity (thyroglobulin antibody > 60 U/mL, micro-
some antibody >60 U/mL, and/or rheumatoid factor > 14 U/
mL) were comparable between the two groups (p > 0.05 for
all). Overall, IG levels and type 2 inflammatory markers were
lower in the IVIGRT-exposed group, whereas no differences
were observed in complement levels or autoantibody posi-
tivity between the two groups.

Comparison of allergic and autoimmune
comorbidities

Table 2 summarizes the allergic and autoimmune comor-
bidities between the IVIGRT-exposed and IVIGRT-unexposed
groups. The IVIGRT-exposed group displayed a higher prev-
alence of allergic rhinitis (66.78% vs. 54.82%, p = 0.003),
bronchial asthma (46.18% vs. 36.88%, p = 0.021), mul-
tiple chemical sensitivity (including sick house syndrome)
(14.62% vs. 2.66%, p < 0.001), allergic contact dermatitis
(22.92% vs. 15.28%, p = 0.017), thyroid disease (11.63%
vs. 2.99%, p < 0.001), rheumatoid arthritis (18.60% vs.

KJIM™

6.31%, p < 0.001), and polycystic ovary syndrome with oral
contraceptive use (4.65% vs. 1.33%, p = 0.017) than the
IVIGRT-unexposed group. Overall, allergic and autoimmune
comorbidities were more frequent in the IVIGRT-exposed
group than in the IVIGRT-unexposed group.

Factors associated with IVIGRT exposure
Table 3 presents PAD phenotypes associated with IVIGRT ex-
posure based on univariable logistic regression analyses. IgA
deficiency (odds ratio [OR] = 2.607, p = 0.025), hypogam-
maglobulinemia (OR = 4.440, p = 0.003), IgG deficiency (OR
=4.878,p < 0.001), IgG3SCD (OR = 3.344, p < 0.001), and
IlgG4SCD (OR = 2.373, p = 0.015) were significantly asso-
ciated with IVIGRT exposure, whereas age, sex, IgG1SCD,
and lgG2SCD were not. Analysis of the combinations of two
PAD phenotypes showed that combined IgG deficiency and
IgG3SCD showed the highest OR for IVIGRT exposure (OR =
12.23, p < 0.001), followed by IgG3SCD plus IgG4SCD (OR
= 7.84, p = 0.007), and IgG deficiency plus hypogamma-
globulinemia (OR = 4.21, p = 0.005).

Table 4 presents allergic and autoimmune comorbidities
associated with IVIGRT exposure in the study participants.
Allergic rhinitis (OR = 1.657, p = 0.003), bronchial asthma

Table 1. Comparison of demographic, laboratory, and Ajou-PAD score parameters between the two study groups

Variable Total IVIGRT-exposed group  IVIGRT-unexposed Dl
(n =602) (n=301) group (n = 301)

Age at PAD diagnosis (yr) 45+ 15 45+ 15 45+ 15 0.827
Female 486 (80.73) 244 (81.06) 242 (80.40) 0.836
Total IgG (mg/dL) 1,173 £ 265 1,143 + 241 1,202 + 285 0.007
IgG3SCD (mg/dL) 18 £ 20 14 £ 11 21+26 < 0.001
Total IgE (kU/L) 296 + 572 (n = 595) 237 + 475 (n = 296) 354 + 650 (n = 299) 0.012
Total eosinophil count (cells/uL) 198 + 246 (n = 581) 175 + 249 (n = 286) 220 + 243 (n = 295) 0.028
Thyroglobulin antibody positivity 51/249 (20.48) 23/121 (19.01) 28/128 (21.88) 0.575
Microsomal antibody positivity 33/247 (13.36) 14/119 (11.76) 19/128 (14.84) 0.477
Rheumatoid factor positivity 24/197 (12.18) 16/118 (13.56) 8/79 (10.13) 0.470
Low lymphocyte percentage (< 16%) 42/42 (100) 29/29 (100) 13/13 (100) NA
Decreased complement C3 (< 90 mg/dL) 40/308 (12.99) 22/153 (14.38) 18/155 (11.61) 0.470
Leukopenia (WBC < 4 x 103/uL) 4(0.67) 3(1.0 ) 1(0.33) 0.317
Ajou-PAD total score 12.0 £5.2 (n = 589) 13.0 5.1 (n=298) 11.0+5.2(n=291) <0.001

Values are presented as mean = standard deviation (with available n),

denominators (N) are shown.

PAD, primary antibody deficiency; Ig, immunoglobulin; WBC, white blood cell; NA, not available.
Low lymphocyte percentage data were available for 42 patients, all of whom had values < 16%; therefore, between-group

comparison was not applicable. Ajou-PAD total score data were available for 589 patients.
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(OR=1.469, p=0.021), multiple chemical sensitivity (includ-
ing sick house syndrome) (OR = 6.270, p < 0.001), allergic
contact dermatitis (OR = 1.649, p = 0.018), thyroid disease
(OR =4.269, p < 0.001), rheumatoid arthritis (OR = 3.392,
p < 0.001), and polycystic ovary syndrome/oral contracep-
tive use (OR = 3.622, p = 0.025) were significantly associ-

The Korean Journal of Internal Medicine Vol. 41, No. 5, September 2026

ated with IVIGRT exposure, whereas chronic rhinosinusitis,
atopic dermatitis, chronic spontaneous urticaria, drug aller-
gy, food allergy, Sjogren disease, and Behget disease were
not. Overall, IgG3SCD (alone or in combination with other
quantitative g abnormalities) and allergic/autoimmune co-
morbidities were associated with IVIGRT exposure.

Table 2. Comparison of comorbid allergic and autoimmune conditions between the two study groups

Variable Total IVIGRT-exposed group  IVIGRT-unexposed IS
(n =602) (n=301) group (n = 301)
Allergic conjunctivitis 82 (13.62) 41 (13.62) 41 (13.62) >0.999
Allergic contact dermatitis 115 (19.10) 69 (22.92) 46 (15.28) 0.017
Allergic rhinitis 366 (60.80) 201 (66.78) 165 (54.82) 0.003
Atopic dermatitis 235 (39.04) 119 (39.53) 116 (38.54) 0.802
Bronchial asthma 250 (41.53) 139 (46.18) 111 (36.88) 0.021
Chronic rhinosinusitis 129 (21.43) 66 (21.93) 63 (20.93) 0.766
Chronic spontaneous urticaria 221 (36.71) 109 (36.21) 112 (37.21) 0.800
Drug allergy 137 (22.76) 77 (25.58) 60 (19.93) 0.098
Food allergy 118 (19.60) 61(20.27) 57 (18.94) 0.681
Behcet disease 7 (1.16) 3(1.00) 4(1.33) 0.704
Rheumatoid arthritis 75 (12.46) 56 (18.60) 19 (6.31) < 0.001
Sjogren disease 4 (0.66) 2 (0.66) 2 (0.66) >0.999
Thyroid disease 44 (7.31) 35(11.63) 9(2.99) < 0.001
Multiple chemical sensitivity with sick 52 (8.64) 44 (14.62) 8(2.66) < 0.001
house syndrome
PCOS with oral contraceptive use 18 (2.99) 14 (4.65) 4(1.33) 0.017

The values are represented as n (%). Variables are grouped by disease category and ordered alphabetically within each category.
IVIGRT, intravenous immunoglobulin replacement therapy; PCOS, polycystic ovary syndrome.

Table 3. Univariable logistic regression analyses of factors associated with IVIGRT exposure

Variable

Odds ratio 95% Cl lower 95% Cl upper p-value
Age at PAD diagnosis (yr) 1.001 0.990 1.012 0.826
Female (vs. male) 1.044 0.696 1.567 0.836
IgA deficiency 2.607 1.170 6.379 0.025
IgM deficiency 4.608 1.175 30.392 0.052
Hypogammaglobulinemia 4.440 1.782 13.442 0.003
IgG deficiency 4.878 2.568 10.088 < 0.001
IgG1 subclass deficiency 1.095 0.472 2.561 0.832
IgG2 subclass deficiency 1.000 0.590 1.695 >0.999
IgG3 subclass deficiency 3.344 2.326 4.854 <0.001
IgG4 subclass deficiency 2.373 1.205 4.947 0.015

IVIGRT, intravenous immunoglobulin replacement therapy; Cl, confidence interval; PAD, primary antibody deficiency; Ig,

immunoglobulin.
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Ajou-PAD score performance for IVIGRT

exposure

The Ajou-PAD score demonstrated modest discriminatory
performance for IVIGRT exposure (area under the curve [AUC]

KJIM™

=0.61; 95% confidence interval [Cl], 0.56-0.65; p < 0.001)
(Fig. 3A). Using the Youden J index, we identified an op-
timal cut-off value of 9.5 with a sensitivity of 0.74 and a
specificity of 0.44 (Fig. 3B). Based on this threshold, we cat-

Table 4. Univariable logistic regression analyses of comorbidities associated with IVIGRT exposure

Variable Odds ratio 95% Cl lower 95% Cl upper p-value
Allergic conjunctivitis 1.000 0.627 1.595 >0.999
Allergic contact dermatitis 1.649 1.094 2.504 0.018
Allergic rhinitis 1.657 1.192 2.309 0.003
Atopic dermatitis 1.043 0.751 1.447 0.802
Bronchial asthma 1.469 1.061 2.037 0.021
Chronic rhinosinusitis 1.061 0.719 1.568 0.766
Chronic spontaneous urticaria 0.958 0.687 1.335 0.800
Drug allergy 1.381 0.942 2.031 0.099
Food allergy 1.088 0.727 1.630 0.681
Behcet disease 0.747 0.146 3.418 0.705
Rheumatoid arthritis 3.392 1.996 6.005 <0.001
Sjdgren disease 1.000 0.119 8.379 >0.999
Thyroid disease 4.269 2.101 9.607 < 0.001
Multiple chemical sensitivity with sick house syndrome 6.270 3.057 14.602 < 0.001
PCOS with oral contraceptive use 3.622 1.282 12.894 0.025
Variables are grouped by disease category and ordered alphabetically within each category.
IVIGRT, intravenous immunoglobulin replacement therapy; Cl, confidence interval; PCOS, polycystic ovary syndrome.
we SRSt sesvn gy MOmmlen Mmoo
0.61 95 0.44 0.56 0.65 <0.001
1.0 7 Severity Patients %
Non-severe (< 10) 207 35.14
08 7 Severe (2 10) 382 64.86
Total 589 100.00
Z 081
% 04
02
0.0 f

0.0

Figure 3. Ajou-PAD Score for discriminating IVIGRT exposure. (A) ROC curve representing the discriminative performance of the Ajou-
PAD score for IVIGRT exposure. The AUC was 0.61 (95% Cl, 0.562-0.653), which was significantly different from the null hypothesis of
an AUC of 0.5 (p < 0.001). (B) The optimal cut-off value of the Ajou-PAD score determined using the Youden J index was 9.5, yielding
a sensitivity of 0.738 and a specificity of 0.443. (C) Based on an Ajou-PAD score threshold of 10, study participants were classified into
lower-score (< 10) and higher-score (> 10) groups. Of the total 589 participants with available score data, 382 (64.86%) were classified as
higher-score and 207 (35.14%) as lower-score. PAD, primary antibody deficiency; IVIGRT, intravenous immunoglobulin replacement thera-
py; ROC, receiver operating characteristic; AUC, area under the curve; Cl, confidence interval.
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egorized patients into higher-score (the Ajou-PAD score >
10) and lower-score (< 10) groups, comprising 64.86% and
35.14% of the 589 patients with available Ajou-PAD score
data, respectively (Fig. 3C). Compared to the lower-score
group, the higher-score group exhibited higher prevalence
rates of IgA deficiency (7.07% vs. 0.48%, p < 0.001), hy-
pogammaglobulinemia (6.54% vs. 0.48%, p = 0.001), IgG
deficiency (13.87% vs. 2.42%, p < 0.001), and 1gG2SCD
(12.30% vs. 5.80%, p = 0.012). Other PAD phenotypes did
not differ significantly between the groups (Table 5). These
findings were supported by univariable logistic regression
analyses, in which IgA deficiency (OR = 15.67, p = 0.007),
hypogammaglobulinemia (OR = 14.43, p = 0.009), IgG de-
ficiency (OR = 6.51, p < 0.001), and IgG2SCD (OR = 2.28,
p = 0.014) were associated with the higher-score group
(data not shown). Among comorbidities, chronic rhinosi-
nusitis was positively associated with the higher-score group
(OR = 1.61, p = 0.031), whereas atopic dermatitis was in-
versely associated with the higher-score group (OR = 0.69,
p = 0.033) (data not shown). Overall, an Ajou-PAD score of
> 10 classified 382 (64.86%) of the 589 patients into the
higher-score group and was associated with distinct immu-
nologic characteristics.

DISCUSSION

In this study, we compared clinical characteristics, labo-

The Korean Journal of Internal Medicine Vol. 41, No. 5, September 2026

ratory findings, and allergic/autoimmune comorbidities
according to IVIGRT exposure in adult patients with PAD.
The IVIGRT-exposed group showed a higher prevalence of
IgG3SCD, IgG deficiency, and combined deficiency pheno-
types, as well as a higher prevalence of allergic and auto-
immune comorbidities. In univariable analyses, IgG3SCD,
hypogammaglobulinemia, and other quantitative I1G abnor-
malities were associated with IVIGRT exposure. The Ajou-
PAD score showed modest discriminatory performance for
IVIGRT exposure.

In this adult Korean cohort, IgG3SCD was the most preva-
lent PAD phenotype, consistent with previous studies in sim-
ilar populations [29-31]. Adult patients with IgG3SCD have
been reported to experience recurrent respiratory infections
and more frequent asthma exacerbations, and IVIGRT may
be beneficial in selected cases [8,16,29]. We observed a
significant association between IgG3SCD and IVIGRT expo-
sure, which was more pronounced when IgG3SCD coexist-
ed with other quantitative IgG deficiency or IgGSCD pheno-
types. These findings highlight the importance of assessing
both total IG levels and IgG subclasses in characterizing PAD
phenotypes and understanding treatment patterns associat-
ed with IVIGRT in adult patients with PAD in clinical practice.

In this study, the IVIGRT-exposed group exhibited signifi-
cantly higher prevalence rates of allergic and autoimmune
comorbidities than those in the IVIGRT-unexposed group.
Although allergic rhinitis and bronchial asthma were more
frequent in the IVIGRT-exposed group, their serum total IgE

Table 5. Comparison of baseline clinical and lab findings between the higher-score and lower-score groups based on the

Ajou-PAD score

Variable Total Higher-score (Ajou-PAD Lower-score (Ajou-PAD ol
(n = 589) score > 10) (n = 382) score < 10) (n = 207)
Age at PAD diagnosis (yr) 45+ 15 46+ 15 44 + 14 0.392
Female 477 (80.98) 303 (79.32) 174 (84.06) 0.162
IgA deficiency 28 (4.75) 27 (7.07) 1(0.48) < 0.001
IgM deficiency 11 (1.87) 6 (1.57) 5(2.42) 0.470
Hypogammaglobulinemia 26 (4.41) 25 (6.54) 1(0.48) 0.001
IgG deficiency 58 (9.85) 53 (13.87) 5(2.42) < 0.001
IgG1 subclass deficiency 23(3.90) 17 (4.45) 6 (2.90) 0.353
IgG2 subclass deficiency 59 (10.02) 47 (12.30) 12 (5.80) 0.012
IgG3 subclass deficiency 409 (69.44) 274 (71.73) 135 (65.22) 0.102
IgG4 subclass deficiency 39 (6.62) 30 (7.85) 9 (4.35) 0.102

The values are represented as n (%) or mean = standard deviation.

PAD, primary antibody deficiency; Ig, immunoglobulin.
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levels and blood eosinophil counts were lower. These find-
ings are consistent with the clinical observation that a sub-
set of adult patients with PAD present with infection-domi-
nant airway disease rather than type 2-driven inflammation
[16,32,33]. This pattern suggests that some asthma patients
with PAD may present a mixed inflammatory phenotype,
in which IVIGRT has been reported to be associated with
reduced infection burden in selected populations. Chronic
rhinosinusitis is a heterogeneous inflammatory disease with
evolving treatment approaches, including biologics [34]. In
addition, the present study revealed higher comorbid rates
of multiple chemical sensitivity and allergic contact derma-
titis in the IVIGRT-exposed group than in the IVIGRT-un-
exposed group, although multiple chemical sensitivity has
been described as a multisystem condition with proposed
neuroimmune mechanisms [26,27] and allergic contact
dermatitis is mediated by T cell-mediated responses. Auto-
immune thyroid disease and rheumatoid arthritis were also
significantly associated with IVIGRT exposure, consistent
with previous reports that autoimmune manifestations are
common in inborn errors of immunity [15,35]. Autoimmune
thyroid disease and rheumatoid arthritis are common auto-
immune diseases in our population (Table 4). Taken togeth-
er, these findings support a close association between PAD
and higher comorbid rates of major allergic and autoim-
mune diseases, although further investigations are needed
to clarify pathogenic mechanisms and whether and which
sub-phenotype of PAD could be refined according to co-
morbidity profiles. Evaluation for multiple chemical sensitiv-
ity and autoimmune comorbidities (including autoimmune
thyroid disease), as well as common allergic diseases such
as asthma and rhinitis, may be relevant considerations in the
clinical evaluation of adult PAD patients.

IVIGRT is widely used as a therapeutic option for patients
with PAD and has been suggested to reduce infection bur-
den and exert immunomodulatory effects [18,36,37]. Nev-
ertheless, the optimal timing, dose, duration, and objective
biomarkers for initiating and maintaining IVIGRT are not ful-
ly understood across PAD phenotypes and clinical contexts,
and relevant considerations continue to evolve [19,38,39].
Several decision-support approaches have already been
proposed, including severity scoring systems originally de-
veloped for PIDs and applied to support chronic manage-
ment decisions [20,21]. The present study evaluated the
Ajou-PAD score (integrating clinical and immunologic find-
ings) in a large cohort of adult PAD patients and observed
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modest discriminatory performance for IVIGRT exposure.
These findings suggest that the Ajou-PAD score may reflect
real-world treatment decisions; however, its clinical utility
remains limited and requires further validation.

This study has several limitations. First, the retrospective,
single-center design may limit generalizability, and the ter-
tiary referral setting may have enriched for patients with
airway and allergic comorbidities. IVIGRT initiation was de-
termined by treating physicians, introducing potential con-
founding by indication and selection bias. In addition, the
IVIGRT-exposed group included both patients who received
a single IVIGRT course and those who underwent repeat-
ed or long-term treatment, which may have introduced
exposure heterogeneity and potential misclassification bias.
Therefore, our findings should be interpreted as describing
real-world treatment patterns associated with IVIGRT expo-
sure rather than causal treatment effects. Second, function-
al antibody assessments, such as vaccine response testing
and specific antibody measurements, were not routinely
performed in this cohort [40]. Further prospective multi-
center studies with standardized immunologic evaluation
are needed to validate these findings and refine sub-pheno-
type classifications in adults with PAD.

In conclusion, IgG3SCD was the most prevalent PAD phe-
notype in this cohort and was more frequently observed
among patients receiving IVIGRT in routine clinical practice.
The Ajou-PAD score showed modest discriminatory perfor-
mance for IVIGRT exposure and should be considered an
exploratory adjunct rather than a standalone tool for treat-
ment decision-making.

KEY MESSAGE

1. 1gG3SCD was the most prevalent PAD phenotype
and was more frequently observed among Korean
adults with PAD receiving IVIGRT in routine clinical
practice.

2. The Ajou-PAD score showed modest discrimina-
tory performance for IVIGRT exposure and may
reflect real-world treatment decisions.
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Supplementary Table 1. Ajou-scoring system, comprising laboratory and clinical parameters for PAD

Point value (normal reference level) 0 1 2 3 4 5
Laboratory
IgG1 (mg/dL) (382.4-928.6) > 741 519-740 296-518 0-295
IgG2 (mg/dL) (241.8-700.3) > 421 294-420 168.4-293 0-167
IgG3 (mg/dL) (21.8-176.1) > 27 19-26 11-18 0-10
IgG4 (mg/dL) (3.9-86.4) >58 41-57 23-40 0-22
Total IgG (mg/dL) (700-1,600) > 1,233 863-1232 493-862 0-492
Total IgA (mg/dL) (70-400) > 239 167-238 96-166 0-95
Total IgM (mg/dL) (40-230) > 150 101-149 61-100 0-60
Clinical history
Recurrent viral infections (colds, herpes, None 1 2 3 4 >5
warts, and condyloma) (within 1 yr)
Recurrent sinus infections in the absence None 1 2 3 4 >5
of allergy (within 1 yr)
Recurrent need for intravenous antibiotics ~ None 1 2 3 4 > 5 or Prophylactic
to clear infections (within 1 yr)
Recurrent pneumonia (within 1 yr) None 1 2 3 4 >5
New ear infections (within 1 yr) None 1 2 3 4 >5
Persistent stomatitis or fungal infection on ~ None Present
skin or elsewhere
Chronic diarrhea with weight loss None Present
Recurrent, deep abscesses of the skin or None Present
internal organs
Infection with normally harmless None Present
tuberculosis-like bacteria (NTM)
A family history of PAD None present
Other
Pulmonary function tests Normal ~ FEV1/FVC < 80% FEV1/FVC < 70% FEV1/FVC < 60%
Bronchiectasis None Localized Bilateral, cystic

PAD, primary antibody deficiency; Ig, immunoglobulin; IVIGRT, intravenous immunoglobulin replacement therapy; NTM,
nontuberculous mycobacteria.

Point values reflect deviations from normal reference levels and clinical severity within 1 year.

Recurrent infection items were scored according to the number of episodes per year (0-5 points), with increasing scores reflecting
higher frequency rather than a diagnostic threshold. Prophylactic therapy was scored in the highest category where applicable.
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