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Abstract

Background and aims: Inflammatory bowel diseases (IBD) are considered to be dysregulated, immune-mediated disorders;
and immunosuppressive medications are the mainstay of their treatment. Clinically, we have often observed low serum im-
munoglobulin (Ig) levels in these patients. The aim of this study was to assess the frequency and risk factors of secondary
humoral immunodeficiency in IBD patients.
Methods: We conducted a cross-sectional study of eligible IBD patients with Crohn’s disease (CD), ulcerative colitis (UC), in-
determinate colitis (IC) or restorative proctocolectomy with ileal pouch, who having serum Ig measured. Demographic and
clinical variables were measured. Univariate and multivariate analyses were performed.
Results: A total of 324 patients was included, with a mean age of 38.8 years and 158 (48.8%) being male. Low IgG, IgG1, IgA,
and IgM were found in 22.7%, 23.4%, 7.9%, and 10.9% of patients, respectively. The shared risk factors for a low IgG or IgM
level were increasing age [odds ratio (OR)¼1.13; 95% confidence interval (CI) 1.03–1.23 for low IgG level and OR¼1.33; 95% CI
1.15–1.56 for low IgM level] and hypoalbuminemia (OR¼1.83; 95% CI 1.01–3.33 for low IgG level and OR¼3.17; 95% CI
1.23–8.15 for low IgM level). In addition, thioprine use was associated with low IgA level (OR¼2.76; 95% CI 1.03–7.39). IBD dis-
ease duration was a risk factor for low IgG1 level (OR¼1.40; 95% CI 1.12–1.76). The presence of concurrent primary sclerosing
cholangitis (OR¼0.064; 95% CI 0.007–0.60) and the use of biologics (OR¼0.16; 95% CI 0.033–0.79) were associated with normal
IgG1 level. IgG level was lower in CD patients than that in UC/IC and ileal pouch patients (P¼0.042). IgG and IgA levels were
elevated in patients with inflammatory conditions of the pouch (P¼0.01; P¼0.003, respectively).
Conclusions: Low Ig level appears to be common in IBD patients. Increasing age, disease duration and hypoalbuminemia
appeared to be risk factors. The findings may provide rationale for targeted therapy to boost humoral immunity in selected
patients with IBD.
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Introduction

Since the initial description of ileitis in 1913, multiple theories
have been proposed to understand the etiology and pathogene-
sis of inflammatory bowel disease (IBD), including infection [1],
psychosomatic dysfunction [2], dietary allergens and sulfur
compounds [3], the use of newer toothpastes [4] and altered diet
hygiene [5]. The current theory maintains that the pathogenesis
of IBD is associated with an abnormal immune response to al-
tered gut microbiota in genetically susceptible individuals. The
objective of medical management has been immune system
suppression or modulation, to control inflammation and dis-
ease activity. Commonly used agents include corticosteroids,
immunomodulators, and anti-tumor necrosis factor (TNF) bio-
logics, but we still see a great number of patients undergoing
surgery for failed medical treatment and the frequency of sur-
gery over long term has not changed significantly in the current
‘biological era’ [6, 7].

Reported findings in the study of immunocompetence in IBD
patients are highly variable. Studies of the serum IgG subclass
revealed that there were elevated IgG1 and IgG3 levels in ulcera-
tive colitis (UC) and increased IgG2 and IgG4 evels in CD patients
[8–10]. A decrease in serum IgG or IgM levels following
treatment with sulfasalazine or prednisone has been reported
in clinical trials [11, 12]. On the other hand, an increase in serum
IgM level was noted after abdominal surgery in IBD patients [13,
14]. No fixed pattern of Ig levels associated with disease activity
was noted [15–17]. Since the clinical utility of measuring Ig level
in IBD patients was not proven, it is not common to measure
the level in routine practice. In the background of those conflict-
ing results, we have noted that, in our clinical experience, low Ig
levels are common in IBD patients and some patients with re-
fractory IBD responded to intravenous immunoglobulin (IVIG)
therapy [18–21]. Therefore, we initiated this cross-sectional
study to assess the frequency of low serum Ig in IBD patients
and risk factors associated with Ig deficiency.

Patients and methods
Patients

The cross-sectional study was approved by the Cleveland Clinic
Institutional Review Board. Patients were identified by the
Department of E-research after scanning charts of the
Cleveland Clinic Health System patients, both at the Cleveland
and Florida campuses, maintained in an EPICVR database.

We collected this information from April 2002 to March 2012.
All the patients having a diagnosis of CD, UC, indeterminate co-
litis (IC) or restorative proctocolectomy with ileal pouches (for
IBD indication) and whose IgG, IgG1, IgA and IgM levels were
measured were searched. The disease diagnosis and laboratory
tests were searched through ICD-9 codes and the laboratory
codes, respectively. A total number of 1528 patients was initially
identified after matching the codes. After reviewing the charts,
324 patients were included who satisfied inclusion criteria. Rest
1024 were excluded. The inclusion criteria were (i) confirmed
diagnosis of IBD and (ii) measured serum IgG, IgG1, IgM or IgA
levels. The exclusion criteria were patients with (i) primary im-
mune deficiency disorders and (ii) secondary immune defi-
ciency due to HIV infection.

Measurement of serum immunoglobulin

Patients were classified into two categories: (i) low or normal or
(ii) high Ig status, based on our laboratory reference standard

for individual Igs. The cut-off levels for IgG, IgG1, IgG2, IgG3,
IgG4, IgA, and IgM deficiency were any value lower than 717 mg/
dL, 456 mg/dL, 125 mg/dL, 25 mg/dL, 11 mg/dL, 78 mg/dL,
and 53 mg/dL, respectively. All patients included in the study
had either IgG or IgG1 measured at the time of inclusion.
The majority of patients had immunoglobulin GAM (IgG, IgA or
IgM) or IgG subclass measured at the time of initial
presentation.

Diagnostic criteria

The diagnoses of CD and UC were made, based on a combined
assessment of clinical, endoscopic, radiographic, and histo-
logical features. The disease location was retrospectively veri-
fied, based on the Montreal Classification [22]. Disease
severities for the CD and UC patients were assessed with the
Harvey-Bradshaw index [23] and modified Mayo Score [24],
respectively. CD phenotype was based on the Vienna
Classification [25]. For analysis, the disease activity in UC/CD
patients was further divided into two simple groups: (i) remis-
sion to mild activity and (ii) moderate-to-severe activity. Pouch
patients were divided into three categories: (i) no inflammation,
(ii) inflammatory conditions of the pouch (pouchitis, CD of the
pouch, and cuffitis) and (iii) surgical procedure-associated com-
plications (such as anastomotic sinus, afferent and efferent
limb syndromes, and pouch prolapse).

Demographic and clinical variables

Basic demographics, social and family histories, ages at the dis-
ease diagnosis, ages at the time of Ig measurement, disease ac-
tivity and severity, concurrent medications, laboratory tests
including complete blood count, basic metabolic profile, and se-
rum calcium, albumin, liver enzymes, ferritin, vitamin D, and
stool Clostridium difficile toxins were documented. Only laboratory
values present at the time of serum Ig measurement, or within 6
months thereafter, were included. Concurrent primary sclerosing
cholangitis (PSC), history of colon cancer, bowel surgeries and
complications for each disease diagnosis and IBD-related hospi-
tal admissions were recorded for the period two years before and
after the Ig levels were taken. Data were entered into an ExcelTM

spreadsheet and saved in a dedicated password-protected mem-
ory disk provided by the Cleveland Clinic. The utmost care was
taken to protect the confidential patient information, with access
allowed only to the persons involved in the research.

Outcome measurements

The primary outcome was the assessment of frequency and risk
factors of low Ig level in this cohort.

Statistical analysis

Descriptive statistics were computed for all variables. These in-
cluded means and standard deviations (SD) or medians and inter-
quartile ranges (IQR) for continuous factors, and frequencies for
categorical factors. Patients with and without immunoglobulin
deficiency acted as cases and controls, respectively. Using univari-
ate analysis, a total of 34 demographic and clinical variables was
analysed for risk factors for each Ig deficiency separately. A multi-
variate logistic regression analysis was constructed using the for-
ward stepwise method with an entry criterion of P< 0.05 and a
removal criterion of P> 0.10. The variable “Use of biologics” was
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forced into the final model. Ig levels were compared in CD, or UC
and pouch patients, using the Kruskal-Wallis test. The correlation
of immunoglobulin level with disease activity in UC and CD and
pouch patients was measured by Spearman rank correlation anal-
ysis. All statistical analyses were performed using SPSS software
version 16 (SPSS, Chicago, IL). A P-value below 0.05 was considered
statistically significant.

Results
Demographic and clinical characteristics

Out of 1528 who were screened, a total of 324 patients met the
inclusion criteria and were studied. The study cohort included

158 (48.8%) males, 185 (57.1%) with CD, 41 (12.7%) with UC, and
98 (30.2%) with ileal pouches. The mean age of the patient co-
hort was 38.8 6 17.8 years. The mean age at diagnosis of IBD
was 27 6 15.5 years. The median duration from IBD diagnosis to
Ig measurement was 8.3 years [interquartile range (IQR)
1.7–19.5]. Of the total number, 31% and 39% of the patients were

Table 1. Demographic and clinical characteristics

Characteristic All cases (n¼ 324)

Age at diagnosis of IBD, years 27.0 6 15.5
Age at Ig test, years 38.8 6 17.8
Duration from IBD to Ig test, years

(interquartile range)
8.3 (1.7–19.5)

Male gender, n (%) 158 (48.8%)
Caucasian patients, n (%) 275 (84.9%)
Body mass index, kg/m2 25.4 6 6.0
Smoking status, n (%)

Never 215 (67.0%)
Current and past smoker 106 (33.0%)

Alcohol, n (%)
Never 214 (66.5%)
Current or past heavy use of alcohol 108 (33.5%)

Family history of IBD, n (%) 73 (22.7%)
Family history of colorectal cancer, n (%) 35 (10.9%)
History of IBD related bowel surgery, n (%) 223 (68.8%)
Type of IBD, n (%)

CD 194 (59.9%)
UC or IC 130 (40.1%)

Ileal pouch, n (%) 98 (30.2%)
Toxic or fulminant colitis, n (%) 29 (9.0%)
Fistulizing or stricturing CD phenotype, n (%) 116 (35.8%)
Primary sclerosing cholangitis, n (%) 38 (11.8%)
IBD-related hospitalization in

the last two years, n (%)
165 (53.1%)

Medications, n (%)
5-aminosalicylic acids 100 (31.0%)
Corticosteroids 126 (39.0%)
6-mercaptopurine/azathioprine 56 (17.4%)
Anti-TNF biologics 51 (15.8%)
Methotrexate 15 (4.6%)
Antibiotics 129 (39.8%)

Laboratory tests, n (%)
Anemia 197 (61.2%)
Thrombocytosis 70 (21.7%)
Leukocytosis 56 (17.4%)
Hypoalbuminemia 102 (32.1%)
Elevated alkaline phosphatase 57 (18.0%)
Elevated aspartate aminotransferase 48 (15.2%)
Elevated alanine aminotransferase 50 (15.8%)
Increased total bilirubin 26 (8.2%)
Hypocalcemia 63 (19.9%)
Low vitamin D 123 (74.5%)
Low ferritin level 29 (18.2%)
C. difficile-positive 6 (2.7%)

CD¼Crohn’s disease; IC¼ indeterminate colitis; IBD¼ inflammatory bowel dis-

ease; TNF¼ tumor necrosis factor; UC¼ulcerative colitis.

Table 2. P-values of univariate analysis of risk factors for low Ig level

Characteristic Low IgG
level
(n¼ 65)

Low IgG1
level
(n¼ 29)

Low IgA
level
(n¼ 21)

Low IgM
level
(n¼ 24)

Age at diagnosis of IBD,
years

0.181 0.229 0.868 0.001

Age at Ig test, years 0.001 0.305 0.612 <0.001
Duration from IBD to Ig

test, years
0.004 0.011 0.372 0.006

Male gender 0.162 0.445 0.378 0.503
Caucasian patients 0.054 1.0 1.0 0.774
Body mass index, kg/m2 0.517 0.587 0.115 0.037
Current and past

smoker
0.162 0.010 0.022 0.671

Regular alcohol use 0.423 0.101 0.056 0.659
Family history of IBD 0.682 0.815 0.402 0.025
Family history of colo-

rectal cancer
0.532 0.189 0.256 1.0

History of IBD-related
bowel surgery

0.062 0.278 0.538 0.173

Ileal pouch construction 0.052 0.138 0.607 0.159
Type of IBD (CD vs. UC

or IC)
0.042 0.118 0.752 0.123

Toxic or fulminant
colitis

0.817 1.0 0.233 0.495

Fistulizing or stricturing
CD phenotype

0.001 0.903 0.101 0.784

Primary sclerosing
cholangitis

0.054 0.010 0.704 0.641

IBD-related hospitaliza-
tion in last two years

0.574 0.166 0.270 0.583

Medications
5-aminosalicylic acids 0.595 0.303 0.520 0.359
Corticosteroids 0.118 0.464 0.958 0.014
6-mercaptopurine/
azathioprine

0.636 0.559 0.035 1.0

Anti-TNF biologics 0.180 0.161 1.0 1.0
Methotrexate 0.204 1.0 0.608 1.0
Antibiotics 0.488 0.989 0.588 0.734

Laboratory tests
Anemia 0.124 0.001 0.994 0.191
Thrombocytosis 0.344 0.472 0.033 0.071
Leukocytosis 0.830 0.635 0.392 1.0
Hypoalbuminemia 0.008 0.004 0.620 0.004
Elevated alkaline
phosphatase

0.843 0.670 0.394 0.393

Elevated aspartate
aminotransferase

0.524 0.779 0.755 0.722

Elevated alanine
aminotransferase

0.264 0.217 0.748 0.556

Increased total
bilirubin

0.792 1.0 0.089 0.623

Hypocalcemia 0.009 0.120 0.581 0.006
Low vitamin D 0.688 0.532 0.295 1.0
Low ferritin 0.730 1.0 0.690 0.741
C. difficile-positive 0.324 0.101 0.662 1.0

CD¼Crohn’s disease; IBD¼ inflammatory bowel disease; IC¼ indeterminate co-

litis; TNF¼ tumor necrosis factor; UC¼ulcerative colitis.
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using 5-aminosalicylates (5-ASA) or corticosteroids, respec-
tively, whereas 17.4% and 15.8% used 6-mecaptopurine (6-MP)/
azathioprine or anti-TNF biologics, respectively. The demo-
graphic and clinical characteristics are summarized in Table 1.

Frequency of low immunoglobulin level

Decreased IgG level was found in 65 patients (22.7%), low IgG1
level in 29 (23.4%), low IgA level in 21 (7.9%), and low IgM level in
24 (10.9%). Demographic features, smoking and alcohol history,
age of IBD diagnosis, age of serum Ig level measurement,
disease diagnosis, medication use and laboratory tests were
equitably distributed among patients of each low Ig groups
(Supplementary Tables 1–4).

Risk factors for low immunoglobulin levels

On univariate analysis for IgG deficiency; age at the time of Ig
measurement, duration of IBD diagnosis, CD diagnosis, fistulizing
or stricturing phenotype of CD, hypoalbuminemia and hypocalce-
mia were found to be significantly associated with low Ig levels.

For patients with a low IgG1, duration of IBD diagnosis, smoking,
the absence of PSC, anemia and hypoalbuminemia were signifi-
cant risk factors. For those with a low IgA, non-smoking, immu-
nomodulator use and thrombocytosis were significant risk
factors. Besides age at IBD diagnosis, other risk factors for a low
IgM were older age at Ig measurement, duration of IBD diagnosis,
high body mass index (BMI), no family history of IBD, corticoste-
roid use, hypoalbuminemia, and hypocalcemia. (Table 2).

On multivariate analysis, common risk factors for a low IgG
or IgM level were increasing age [odds ratio (OR)¼ 1.13; 95% con-
fidence interval (CI) 1.03–1.23; P¼ 0.006 for a low IgG and
OR¼ 1.33; 95% CI 1.15–1.56; P< 0.001 for a low IgM] and hypoal-
buminemia (OR¼ 1.83; 95% CI 1.01–3.33; P¼ 0.046 for a low IgG
and OR¼ 3.17; 95% CI 1.23–8.15; P¼ 0.017 for a low IgM).
Immunomodulator use was associated with IgA deficiency
(OR¼ 2.76; 95% CI 1.03–7.39; P¼ 0.044). Increased disease dura-
tion of IBD was a risk factor for a low IgG1 (OR¼ 1.40; 95% CI
1.12–1.76; P¼ 0.004). On the other hand, the presence of PSC
(OR¼ 0.064; 95% CI 0.007–0.60; P¼ 0.016) and the use of anti-TNF
biologics (OR¼ 0.16; 95% CI 0.033–0.79; P¼ 0.024) were associated
with normal IgG1 level. The use of anti-TNF biologics was not
associated with a low level of any other Ig deficiency (Table 3).

Association of immunoglobulin levels with disease
diagnosis and activity

IgG level was lower in CD patients than in UC or IC and ileal
pouch patients (P¼ 0.042). However, no significant difference
was identified in IgG1, IgA or IgM levels among the three groups
(all P> 0.05) (Table 4). IgG and IgA levels in pouch patients with
inflammation were higher than the pouch patients without
complications (P¼ 0.01 and P¼ 0.003, respectively). For other
groups, there was no correlation between Ig levels and disease
activity (Table 5). This was further illustrated by Figures 1 and 2.

Discussion

Our study showed that low Ig levels were common in IBD pa-
tients. The decrease in each Ig class was associated with differ-
ent risk factors. Increasing age and the presence of low serum
albumin were shared common risk factors for a low serum IgG
or IgM level. A long duration of IBD was a risk factor for a low
IgG1 level. Mean IgG level was low in CD, as compared with
other forms of IBD. Use of thioprine was associated with low IgA
level. On the other hand, anti-TNF biologics were found to be as-
sociated with normal IgG1 and trended towards a normal IgG
level.

Secondary immune deficiency is more common than primary
immune deficiency in clinical practice. Igs are secreted by plasma
cells as a complex interplay of T and B cells, antigens and anti-
gen-presenting cells. Ig deficiency, either primary or secondary,
represents a subset of a disturbed humoral immune system, due
to quantitative or qualitative failure of plasma cells to secrete

Table 4. Comparison of immunoglobulin levels in various forms of inflammatory bowel disease

Ig levels All patients (n¼324) CD (n¼ 185) UC or IC (n¼ 41) Ileal pouch (n¼ 98) P-value

IgG 980.5 (747.3–1200.0) 940.5 (697.0–1170.0) 1060.0 (806.0–1230.0) 1040.0 (819.5–1290.0) 0.042
IgG1 577.5 (457.3–760.3) 556.0 (384.0–720.0) 589.0 (467.0–864.0) 634.0 (485.3–765.8) 0.25
IgA 223.0 (142.0–312.5) 211.5 (140.5–325.3) 176.0 (119.5–252.5) 229.5 (166.0–331.0) 0.062
IgM 107.5 (64.5–164.8) 99.5 (60.8–152.3) 112.0 (71.0–182.5) 115.0 (85.0–203.0) 0.099

Ig levels were measured in mg/dL and described as medians and interquartile ranges.

CD¼Crohn’s disease; IC¼ indeterminate colitis; UC¼ulcerative colitis.

Table 3. Multivariate analysis of risk factors associated with low Ig
level

Characteristic Odds
ratio

95% confidence
interval

P-value

Low IgG level
Age at Ig level, every

5-year increase
1.13 1.03–1.23 0.006

Crohn’s disease-related
complications

2.48 1.38–4.49 0.003

Hypoalbuminemia 1.83 1.01–3.33 0.046
Anti-TNF biologics 0.49 0.20–1.20 0.12

Low IgG1 level
Duration of IBD; every

5-year increase
1.40 1.12–1.76 0.004

Ever smoked? 2.70 0.85–8.52 0.091
Primary sclerosing

cholangitis
0.064 0.007–0.60 0.016

Anemia 9.27 2.47–34.99 0.001
Anti-TNF biologics 0.16 0.033–0.79 0.024

Low IgA level
6-mercaptopurine/

azathioprine use
2.76 1.03–7.39 0.044

Thrombocytosis 2.72 1.07–6.90 0.035
Anti-TNF biologics 0.97 0.27–3.52 0.96

Low IgM level
Age at Ig level; every

5-year increase
1.33 1.15–1.56 <0.001

Hypoalbuminemia 3.17 1.23–8.15 0.017
Anti-TNF biologics 1.11 0.32–3.78 0.87

IBD¼ inflammatory bowel disease; TNF¼ tumor necrosis factor.
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serum Ig. The most common causes of primary immunoglobulin
deficiency are common variable immunodeficiency, selective IgA
deficiency, transient hypogammaglobulinemia in infancy, IgG
subclass deficiency and partial antibody deficiency with impaired
polysaccharide responsiveness. Immunosuppressant drugs, such
as corticosteroids [26, 27], rituximab [28–30], methotrexate [31], 6-
MP/azathioprine [32] and antithymocyte globulin can cause tem-
porary or permanent Ig deficiency. Other drugs, such as gold [33],
D-penicillamine [34], sulfasalazine [11, 12] and anticonvulsants,
can also decrease Ig secretion. Other factors associated with sec-
ondary Ig deficiency include nephrotic syndrome, uremia with or
without dialysis, cirrhosis, diabetes, malnutrition, viral and bacte-
rial infections [35]. With malnutrition and increasing age, Ig level
could be normal or high, but antibody production in response to
antigens is decreased [36, 37].

The pathogenic role of Ig in IBD patients has been studied; as
early as the 1960s, it was speculated that IBD results from

dysfunction in the innate immune system [38]. On the other
hand, the gastrointestinal tract is commonly involved in pri-
mary immunodeficiency syndromes, such as chronic granulo-
matous disease and Chediak-Higashi syndrome. There has
recently been renewed interest in the Ig deficiency theory, with
studies showing that infusion of intravenous Ig [18–21] and
granulocyte colony-stimulating factor (G-CSF) [39, 40] could in-
duce and maintain remission in patients with medically refrac-
tory IBD. Serum Ig levels, as markers for immunity, are easy to
measure. Most research on serum Ig measurement in IBD was
done in the early 1960s and 1970s, prior to the current era of the
wide use of anti-TNF biologics. No fixed pattern of Ig levels was
noted in the studies, showing low, normal-to-elevated Ig levels
[15–17, 41–44].

Our study showed concordant as well as discordant results
when compared with earlier studies. Concordant results were
the absence of a relationship between disease activity and Ig

Figure 1. Correlation of Ig level and disease activity in UC patients. (a) IgG; (b) IgG1; (c) IgA; (d) IgM.

Table 5. Immunoglobulin levels and IBD disease activity

Ig levels Crohn’s disease Ulcerative/indeterminate colitis Ileal pouch

Remission/
mild
(n¼ 127)

Moderate/
severe
(n¼55)

P Remission/mild
(n¼ 28)

Moderate/
severe
(n¼ 13)

P Normal
(n¼ 26)

Inflammation
(n¼ 38)

Surgical
complication
(n¼ 29)

P

IgG 943 (729–1164) 923 (612–1185) 0.37 1085 (858–1237) 899 (696–1220) 0.22 893 (668–1185) 1180 (910–2100) 1035 (825–1212.5) 0.028
IgG1 565 (484–732) 437 (348–741) 0.22 783 (491–1007) 470 (400–796) 0.27 506 (332–691) 640 (495–897) 658 (480–749) 0.13
IgA 218 (137–334) 200 (131–298) 0.56 231 (110–264) 166 (144–242) 0.66 190 (115–286) 286 (201–432) 245 (163–322) 0.1
IgM 97 (61–149) 102 (58–153) 0.84 97 (66–150) 140 (91–218) 0.27 109 (62–186) 113 (93–182) 119 (78–254) 0.75

Ig levels were measured in mg/dL and described as medians and interquartile ranges.

Disease activity data for three Crohn’s disease patients and five ileal pouch patients were missing.

Figure 2. Correlation of Ig level and disease activity in CD patients. (a) IgG; (b) IgG1; (c) IgA; (d) IgM.
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level in the majority of the patients and no difference in Ig lev-
els between patients with various forms of IBD. A difference is
noted in the prevalence of Ig deficiency when compared with
old studies. In the majority of previous studies, IBD patients
were found to have normal or elevated Ig levels. The Ig level
was elevated transiently, corresponding to worse disease activ-
ity, which responded to therapy with corticosteroids or sulfasa-
lazine. In healthy children, as well as in asymptomatic adults,
selective IgA deficiency is the most common primary immune
deficiency, with prevalence varying from 1 in 100 to 1 in 1000
[45–47]. In the setting of a normal IgG level in a healthy adult
population, the prevalence of IgG subclass deficiency has been
noted to be in the range of 2–20% [48–50]. In our study group, we
found that approximately one-fifth of the patients had a low
IgG1 or IgG, whereas a low IgM or IgA was less common. As our
patients were not pooled from a recurrent sinupulmonary infec-
tion group, it is highly unlikely that high prevalence of Ig defi-
ciency, especially IgG and IgG1, could be explained by
characteristics of the study cohort.

Pathophysiology and treatment approaches for IBD are
not completely understood. Current medical management aims
to suppress the inflammation, but we have observed that there
is no significant change in patients undergoing surgery.
Keeping this in mind, the findings of our study have several
clinical implications: none of the purported risk factors for Ig
deficiency in the literature—such as the use corticosteroids,
anti-TNF biologics, or immunomodulators, and abnormal
liver or kidney function—were found to be associated with low
Ig levels in multivariate analysis. So what could be possible
reasons for this observed difference in the frequency of Ig defi-
ciency? It could represent a subset of IBD patients having
baseline innate immune deficiency. This may explain the thera-
peutic effect of IVIG or G-CSF, especially in some patients with
medically refractory IBD. A recently published review article
noted that immunoglobulin-containing protein preparations
may offer a new strategy for restoring functional homeostasis
in the intestinal tract of patients with enteropathy [51, 52].
Low Ig levels could also represent a yet-unknown complex
pathophysiology of IBD, or be due to a paradigm shift, as com-
pared with the past, in the overall medical and surgical ap-
proach towards patients. Also, with the increased lifespan of
IBD patients, the disease duration of IBD has significantly in-
creased. A low IgG or IgM was associated with increased age,
whereas increase disease duration was associated with a low
IgG1. Increased disease duration and age could be associated
with protein-losing enteropathy, ultimately leading to low Ig
levels.

There are limitations to our study. There might have been
a referral bias, since all patients were from a tertiary care cen-
ter. Most patients with IBD referred to our center had complex
or refractory disease. However, the assessment of immune
function, including the measurement of serum Ig, has become
a part of our routine clinical practice. This is particularly true
for one of our co-authors (B.S.) due to his practice pattern. As a
result, approximately 30% of included patients had ileal
pouches. However, we were able to obtain a sample size large
enough for each category of disease studied. Another potential
limitation of the study would be the cut-offs used in the study
to define Ig deficiency. The number of patients with each diag-
nosis obliged us to divide them into quartiles, based on Ig lev-
els, and to correlate disease activity or location with the low
serum Igs. Another limitation of the study is its cross-sectional
nature. We did not have baseline Ig levels and approximately
80% of the patients had their Ig levels measured only once,

while the rest of them had Ig measured variable numbers of
times.

In conclusion, our study showed that low Ig levels appear to
be common in IBD patients. Increase in age, duration of IBD,
hypoalbuminemia and the use of immunomodulators are risk
factors. The findings of our study may shed some light on the
disease course and areas for targeted therapy in IBD patients.
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