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        INTRODUCTION

  Eosinophils are bone-marrow-derived granulocytic leukocytes 

that play a vital role in mucosal innate immunity, aff ected through 

a variety of cellular mechanisms. Eosinophils modulate immune 

system function via proinfl ammatory mediator prostaglandin, 

leukotrienes, and cytokines as well as antigen-presenting func-

tion. Infl ammatory bowel disease (IBD) is a chronic, lifelong, 

infl ammatory disorder of the gastrointestinal tract mediated by 

a variety of immune cells including neutrophils, plasma cells, and 

eosinophils. Associations between IBD and increased levels of 

circulating and mucosal eosinophils date back to the 1960s ( 1,2 ). 

However, the exact function of eosinophils in IBD is still debated, 
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                                                                                                                    OBJECTIVES:     Peripheral blood eosinophilia (PBE) in infl ammatory bowel disease (IBD) is associated with ulcerative 

colitis (UC) and active disease. Little data exist on the long-term impact of PBE on disease course. 

We aimed to investigate the multi-year patterns of PBE and its impact on disease severity in a large 

IBD cohort.

    METHODS:     We performed a registry analysis of a consented, prospective, natural history IBD cohort at a tertiary 

center from 2009 to 2014. Demographics, comorbidities, disease activity, healthcare utilization, and 

time to hospitalization or surgical resection of patients who displayed PBE were compared to patients 

without PBE.

    RESULTS:     Of the 2,066 IBD patients, 19.2% developed PBE. PBE was signifi cantly associated with UC 

( P <0.001), extensive colitis ( P <0.001), and shorter disease duration ( P =0.03). Over six years, PBE 

patients had more active disease (Harvey–Bradshaw Index  P =0.001; ulcerative colitis activity index 

 P <0.001), concurrent C-reactive protein elevation ( P <0.001), healthcare utilization (hospitalization 

 P <0.001, IBD surgery  P <0.001), and more aggressive medical therapy (prednisone  P <0.001, anti-

TNF  P <0.001). Patients with PBE had a signifi cantly reduced time to hospitalization in both UC 

( P <0.001) and Crohn’s disease (CD) ( P <0.001) and reduced time to colectomy in UC ( P =0.003). 

On multivariable modeling, PBE remained signifi cantly associated with hospitalization and surgery 

in both CD and UC. New diagnosis of UC with PBE was associated with increased steroid ( P =0.007) 

and anti-TNF ( P =0.001) requirement.

    CONCLUSION:     This multi-year study of a large IBD cohort suggests that peripheral blood eosinophilia represents a 

biomarker of a distinct IBD subgroup, with a unique infl ammatory signature, and at risk for worse 

clinical outcomes.

        SUPPLEMENTARY MATERIAL  is linked to the online version of the paper at  http://www.nature.com/ajg 
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but may include infl ammatory, regulatory, and/or tissue repair 

function.

  In IBD, prior studies demonstrated that peripheral blood 

eosinophilia (PBE) was mainly associated with ulcerative colitis 

(UC), showing signifi cant correlations with disease activity and 

the development of primary sclerosing cholangitis (PSC) ( 3,4 ). 

In a study of newly diagnosed pediatric IBD patients, Sadi  et al.  

described a 40.4% incidence of PBE, and PBE was associated with 

disease activity indices and colonic eosinophilia on biopsy ( 5 ). 

Multi-year period prevalence and clinical impact of PBE in IBD 

patients is unknown. Th us, we aimed to characterize the nature 

and clinical signifi cance of PBE in a large, adult IBD patient popu-

lation. We hypothesized that a minority of patients would develop 

PBE and these patients would have more severe disease and worse 

long-term clinical outcomes compared to patients without this 

laboratory fi nding.

    METHODS

   Study population

  Th e study population consisted of patients with IBD (Crohn’s dis-

ease (CD), UC diagnosed using established criteria) who enrolled 

in a consented, prospective, natural history IBD registry main-

tained at UPMC from 2009 to 2014 ( 6 ). Patients who enrolled 

aft er 2009 but were seen previously in UPMC had their complete 

demographic, clinical, disease activity, and laboratory data set 

back-fi lled to 2009. Patients enrolled in the registry and who had 

a measurement of eosinophil count at any point during the years 

2009–2014 were considered for inclusion. Patients were excluded 

if there was no eosinophil measurement during the study period, 

a diagnosis of IBD unclassifi ed, hypereosinophilic syndrome, 

primary eosinophilic disorder of the gastrointestinal tract (e.g., 

eosinophilic esophagitis) or other organs, or demonstrated post-

operative (≤14 days) PBE due to this relatively common post-

anesthetic laboratory fi nding.

  PBE was defi ned as absolute eosinophil count greater than or 

equal to 0.4×10 9 /l, (the upper limit of normal as defi ned by UPMC 

clinical laboratory) or an electronically fl agged high value in the 

electronic medical record (if another reference range or units of 

measurement were used) at any point during the study period. 

Eosinophilia was categorized as mild (0.41–1.5×10 9 /l or 1–3 times 

upper limit normal (ULN)), moderate (1.5–5×10 9 /l or 3–10× 

ULN), severe (>5×10 9 /l or >10× ULN) ( 7,8 ), or unknown if the 

value was fl agged as elevated, but no units or reference range were 

provided. Repeated complete blood counts were not systematically 

planned at defi ned intervals, but were obtained as clinically indi-

cated during the course of routine care. Annual patterns of PBE 

were created by dichotomizing each year as any PBE or no PBE if a 

blood count with diff erential was obtained.

    Clinical data collection

  Baseline patient demographic data, comorbid conditions known 

to be associated with PBE (asthma, allergic rhinitis, adrenal 

insuffi  ciency, PSC), and rheumatologic diseases (rheumatoid 

arthritis, Sjogren’s syndrome, systemic lupus erythematosus, 

dermatomyositis, systemic sclerosis, and connective tissue disor-

der), as well as general allergy and medication allergy data was 

collected using data captured by ICD-9 code and/or electronic 

medical record problem list. Baseline disease characteristics 

including disease type (CD, UC), duration of disease, disease 

location and behavior according to Montreal Classifi cation ( 9 ) at 

initial endoscopic or radiographic encounter, and history of IBD-

related surgery prior to 2009 were also recorded.

  Disease activity was evaluated using biochemical infl amma-

tory markers (high sensitivity C-reactive protein (hsCRP) and 

erythrocyte sedimentation rate (ESR)) and disease activity indices 

(Harvey–Bradshaw Index (HBI) for CD ( 10 ) and ulcerative colitis 

activity index (UCAI) for UC ( 11 )) which were collected prospec-

tively at each clinical encounter. Annual dichotomous patterns (ele-

vated vs. normal) of biochemical infl ammatory markers (hsCRP: 

≥0.74 mg/dl; ESR: >20 mm/h per UPMC laboratory standards) as 

well as annual mean values for disease activity indices were created.

  Healthcare utilization measures included emergency depart-

ment use, IBD-related hospital admissions and IBD surgery (as 

verifi ed by manual review of discharge summaries and operative 

reports), radiographic studies, endoscopies, and fi nancial charges. 

Financial data included all healthcare charges for both inpatient 

and outpatient sources within the UPMC system (20 hospitals and 

>500 clinic sites), excluding pharmacy charges. Financial charges 

were infl ated to base year 2014 using the Consumer Price Index 

( http://www.bls.gov/data/infl ation_calculator.htm ). IBD medi-

cation exposure was determined for immunomodulator agents 

(azathioprine, methotrexate, 6-mercaptopurine), prednisone 

(no other systemic glucocorticoids to avoid overlap with adrenal 

insuffi  ciency treatment), enteric steroids (oral budesonide and per 

rectum corticosteroid preparations), anti-TNF therapy (infl ixi-

mab, adalimumab, certolizumab pegol), and 5-ASA compounds 

(sulfasalazine, mesalamine, balsalazide, either orally or topically). 

Health-related quality of life was assessed using the published 

version of short IBD questionnaire (SIBDQ) ( 12,13 ) which was 

also prospectively collected at each visit.

  Patients were followed through 2014 or last known clinical con-

tact, which was determined by date of last telephone encounter or 

outpatient IBD clinic visit.

    Subgroup analysis

  To examine the impact of PBE in patients with recently diagnosed 

IBD, we performed a subgroup analysis of patients with a new 

IBD diagnosis within the study period (2009–2014) and a CBC 

with diff erential within the subsequent 12 months. We compared 

disease activity, IBD medication requirement, healthcare utiliza-

tion, and total fi nancial charges by presence of PBE within 1 year 

of IBD diagnosis.

    Statistical analysis

  Descriptive measures of centrality were calculated using median 

and interquartile range (IQR) for continuous variables. Kruskal–

Wallis and Wilcoxon rank-sum tests were utilized to determine 

signifi cant association for continuous parameters. Categorical 

variables were presented as proportions. Pearson  χ  2  or Fisher’s 
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exact tests were used to assess association between categorical 

variables. Spearman rank-order correlation was used for correla-

tion analysis of both absolute eosinophil counts as well as number 

of years (range 0–6) with PBE with rates of healthcare utilization 

and disease activity metrics.

  Logistic regression modeling was performed for outcomes of 

IBD-related hospitalization or surgical resection. Covariates tested 

included PBE, hsCRP elevation, baseline demographics, disease 

characteristics, prior IBD surgery, IBD medications, comorbid 

anxiety and/or depression, asthma, allergies, smoking status, pre-

scription opiate use, adrenal insuffi  ciency, and rheumatologic con-

ditions. Univariate modeling was performed and covariates with 

univariate signifi cance of  P ≤0.10 were included in the multivariate 

model. PBE, hsCRP, and asthma were included in the fi nal model 

regardless of univariate signifi cance to control for these important 

variables. Patients with PSC were excluded from regression mod-

eling.

  Time-to-event analysis was performed from the date of labo-

ratory testing (date of PBE in the case of PBE patients and date 

of initial complete blood cell count in non-PBE patients) using 

end points of IBD-related hospitalization or surgical resection. If 

a patient developed PBE aft er normal laboratory evaluations, the 

date of PBE was used in time-to-event analysis.

  All tests were 2-sided, with statistical signifi cance considered at 

level  P ≤0.05, unless otherwise stated. Data were analyzed using 

Stata Statistical Soft ware (Version 13; StataCorp LP, College Sta-

tion, TX).

    Ethical considerations

  Enrollment in and use of the research registry (Protocol # 

0309054) as well as the current study (Protocol # 15050080) 

was approved by University of Pittsburgh Institutional Review 

Board.

     RESULTS

   Study cohort

  As of 31 December 2014 there were 2,564 patients enrolled in the 

IBD registry. Th ere were 23,889 blood count laboratory evaluations 

in 2,066 distinct patients. Of the blood counts, 5.2% ( n =1,243) 

demonstrated elevated eosinophil levels (1,164 mild eosinophilia, 

48 moderate, 3 severe) in 396 (19.2%) distinct patients, defi ning 

the PBE group. Of the PBE patients, 106 (26.7%) had eosinophilia 

at the fi rst visit during the 6-year period while 73.2% of PBE was 

detected during follow up.

  PBE was signifi cantly associated with younger age ( P =0.02), 

comorbid asthma ( P <0.0001), rheumatologic disease ( P =0.045), 

adrenal insuffi  ciency ( P =0.02), and PSC ( P <0.0001) (  Table   1  ). Sig-

nifi cantly more PBE patients had allergies ( P <0.0001) and specifi -

cally medication allergies ( P <0.0001).

  PBE was signifi cantly associated with UC ( P <0.0001) and shorter 

disease duration ( P =0.03) (  Table   1  ). Th ere was no signifi cant 

diff erence between ileal and colonic CD ( P =0.22) or complicated 

and non-complicated CD ( P =0.14). UC patients with PBE had sig-

nifi cantly more extensive disease ( P <0.0001) compared to distal. 

 Table 1  .     Study cohort demographics and disease characteristics 

by the presence of PBE ( n =2066) 

    PBE 

(   n   =396)  

  No PBE 

(   n   =1670)  

   P   -value  

 %  19.2  80.8  — 

   Demographics 

  Female, %  193 (48.7)  862 (51.6)  0.26 

  Age, median (IQR)  42 (24)  44 (24)  0.02 

  BMI, median (IQR)  25.4 (7.1)  25.5 (6.9)  0.34 

  Smoking, %      0.35 

   Never  287 (72.5)  1137 (68.1)   

   Former  71 (17.9)  348 (20.8)   

   Current  26 (6.6)  105 (6.3)   

  Comorbidity, % 

   Anxiety/depression  49 (12.4)  152 (9.1)  0.06 

   Hypertension  38 (9.6)  114 (6.8)  0.07 

   Hyperlipidemia  19 (4.8)  80 (4.8)  1.00 

   Diabetes mellitus  17 (4.3)  35 (2.1)  0.02 

   Asthma  22 (5.6)  24 (1.4)  <0.0001 

   Allergic rhinitis  13 (3.3)  44 (2.6)  0.50 

   Rheumatologic disease  a    11 (2.8)  22 (1.3)  0.045 

   Adrenal insuffi ciency  5 (1.3)  4 (0.2)  0.02 

   PSC  32 (8.1)  55 (3.3)  <0.0001 

   Any allergy  303 (76.5)  1108 (66.3)  <0.0001 

   Medication allergies  267 (67.4)  925 (55.4)  <0.0001 

  IBD characteristics  

  Disease, %      <0.0001 

   CD ( n =1148)  171 (48.4)  977 (64.3)   

   UC ( n =725)  182 (51.6)  543 (35.7)   

  CD Location,  b   %      0.03 

   Ileal (L1)  45 (26.3)  142 (17.3)  0.30 

   Colonic (L2)  40 (23.4)  175 (21.3)  1.00 

   Ileocolonic (L3)  80 (46.8)  462 (56.3)  0.003 

   Upper GI (L4)  6 (3.5)  41 (5.0)  0.35 

  CD Behavior,  c   %      0.14 

   Infl ammatory (B1)  76 (49.0)  384 (42.6)  0.049 

   Stricturing (B2)  39 (25.2)  297 (32.9)  <0.0001 

   Penetrating (B3)  40 (25.8)  221 (24.5)  0.12 

  Perianal disease, (%)  33 (19.3)  173 (19.2)  0.30 

  UC Extent,  d   %      0.09 

   Proctitis (E1)  8 (4.7)  34 (7.2)  0.85 

   Left-Sided (E2)  50 (29.1)  171 (36.1)  0.17 

   Extensive (E3)  114 (66.3)  269 (56.8)  <0.0001 

   Duration (years, median (range))  14 (11)  15 (13)  0.03 

  History of IBD-surgery, %  109 (27.5)  495 (29.6)  0.61 

 BMI, body mass index; CD, Crohn’s disease; IQR, interquartile range; PBE, 

peripheral blood eosinophilia; PSC, primary sclerosing cholangitis; UC, ulcerative 

colitis. 

   a   Rheumatoid arthritis, Sjogren’s, systemic lupus erythematosis, systemic scle-

rosis, polyangiitis with granulomatosis, connective tissue disorder not otherwise 

specifi ed.  

   b   Location data missing in 157 patients.  

   c   Behavior data missing in 91 patients.  

   d   Extent data missing in 79 patients.  
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Disease type (UC or CD) did not impact degree of PBE ( P =0.25) or 

recurrence of PBE ( P =0.41) ( Supplementary Table 1 ).

    Disease activity and healthcare utilization

  Over the 6-year period for both UC and CD, PBE patients had sig-

nifi cantly higher rates of elevated hsCRP ( P <0.0001), more active 

disease on both UCAI ( P <0.0001) and HBI ( P =0.0001), emer-

gency department use ( P <0.0001), hospitalization ( P <0.0001), 

and IBD-related surgery ( P <0.0001) compared to patients with-

out PBE (  Table   2  ). PBE patients had signifi cantly greater rates of 

prednisone use ( P <0.0001) anti-TNF agents ( P <0.0001), incurred 

higher median cumulative charges ($94,470 vs. $21,675,  P <0.001) 

compared to patients without PBE in both UC and CD. Th e analy-

sis was repeated aft er removal of patients with PSC and all signifi -

cant parameters remained ( Supplementary Table 2 ).

  On multivariate modeling controlling for signifi cant univariate 

variables ( Supplementary Table 3 ) as well as elevated hsCRP and 

asthma, PBE remained signifi cantly associated with IBD-related 

hospitalization in both CD (adjusted odds ratio (AOR) 1.60; 95% 

CI 1.07–2.39) and UC (AOR 2.35; 95% CI 1.48–3.74) (  Table   3  ). 

 Table 2  .     Six-year rates of healthcare utilization, disease activity, and IBD medication exposure by presence of PBE 

    PBE    No PBE        

    CD (   n   =171)    UC (   n   =182)    CD (   n   =977)    UC (   n   =543)    PBE vs. No PBE  

  P   -value  

  CD    P   -value    UC    P   -value  

  Healthcare utilization  

  ED, %  108 (63.2)  112 (61.5)  461 (47.2)  237 (43.6)  <0.0001  <0.0001  <0.0001 

  Hospitalization, %  120 (70.2)  109 (59.9)  459 (47.0)  190 (35.0)  <0.0001  <0.0001  <0.0001 

  IBD Surgery, %  88 (51.5)  43 (23.6)  308 (31.5)  67 (12.3)  <0.0001  <0.0001  0.01 

  Radiology, % 

   CT  105 (61.4)  105 (57.7)  554 (56.7)  303 (55.8)  0.47  0.27  0.67 

   MR  35 (20.5)  31 (17.0)  161 (16.5)  95 (17.5)  0.38  0.23  1.00 

   SBFT  21 (12.3)  13 (7.1)  87 (8.9)  32 (5.9)  0.26  0.16  0.59 

  Endoscopy, %  a    151 (88.3)  156 (85.7)  842 (86.2)  473 (87.1)  0.7  0.54  0.62 

  Disease activity  

  SIBDQ, median (IQR)  50.5 (17.4)  51.6 (14.7)  52.8 (17.0)  57.0 (13.7)  0.0001  0.01  <0.0001 

  HBI, median (IQR)  4.5 (5.7)  —  3.0 (4.7)  —  0.0001  0.0002  — 

  UCAI, median (IQR)  —  3.7 (4.3)  —  2.1 (4.4)  <0.00001  —  <0.0001 

  hsCRP elevation, %  114 (66.7)  117 (64.3)  432 (44.2)  194 (35.7)  <0.0001  <0.0001  <0.0001 

  ESR elevation, %  90 (52.6)  94 (51.6)  316 (32.3)  159 (29.3)  <0.0001  <0.0001  <0.0001 

  IBD medications  

  Prednisone, %  109 (63.7)  137 (75.3)  450 (46.1)  277 (51.0)  <0.0001  <0.0001  <0.0001 

  Biologic, % 

   anti-TNF  112 (65.5)  63 (34.6)  466 (47.7)  108 (19.9)  <0.0001  <0.0001  <0.0001 

   Other  b    4 (2.3)  1 (0.5)  5 (0.5)  2 (0.4)  0.34  0.03  0.58 

  IM, %  97 (56.7)  93 (51.1)  590 (60.4)  202 (37.2)  0.32  0.40  0.001 

  5-ASA, %  56 (32.7)  120 (65.9)  309 (31.6)  326 (60.0)  0.004  0.79  0.16 

  Enteric steroids  c  , %  44 (25.7)  16 (8.8)  179 (18.3)  42 (7.7)  0.36  0.03  0.64 

  Financial charges  

   Total charges (USD), 

median (IQR) 

 $120,904 

(307,140) 

 $72,630 

(240,171) 

 $30,952 

(133,370) 

 $15,728 

(54,224) 

 <0.0001  <0.0001  <0.0001 

 CD, Crohn’s disease; CT, computed tomography; ED, emergency department; ESR, erythrocyte sedimentation rate; HBI, Harvey–Bradshaw Index; hsCRP, high sensitivity 

C-reactive protein; IBD, infl ammatory bowel disease; IM, immunomodulator; MRI, magnetic resonance imaging; PBE, peripheral blood eosinophilia; SBFT, small bowel 

follow through; SIBDQ, short infl ammatory bowel disease questionnaire; UC, ulcerative colitis; UCAI, ulcerative colitis activity index; TNF, tumor necrosis factor; 5-ASA, 

5-aminosalicylate. 

   a   Colonoscopy, enteroscopy, esophagogastroduodenoscopy, pouchoscopy.  

   b   Natalizumab, vedolizumab, golimumab, rituximab.  

   c   Oral budesonide, per rectum corticosteroid preparations.  
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 Table 3  .     Multivariate logistic regression of hospitalization and IBD surgery for patients with CD ( n =1,111) and UC ( n =677) after exclusion 

of patients with primary sclerosing cholangitis 

  Hospitalization  

    Crohn’s Disease    Ulcerative Colitis  

    AOR (95% CI)     P -value    AOR (95% CI)     P -value  

 PBE  1.60 (1.07–2.39)  0.02  2.35 (1.48–3.74)  <0.0001 

 Elevated hsCRP  2.39 (1.77–3.23)  <0.0001  1.49 (0.97–2.31)  0.07 

 Age  —  —  1.01 (1.00–1.02)  0.12 

 Anxiety and/or Depression  0.82 (0.51–1.32)  0.42  1.18 (0.58–2.37)  0.65 

 Asthma  0.71 (0.27–1.92)  0.50  0.86 (0.17–2.22)  0.46 

 Allergies  1.13 (0.66–1.93)  0.65  1.23 (0.38–1.49)  0.57 

 Medication Allergies  0.85 (0.52–1.40)  0.52  0.75 (0.38–1.49)  0.41 

 Smoking Status  1.15 (0.92–1.44)  0.22  1.18 (0.78–1.78)  0.43 

 IBD Surgery prior to 2009  1.39 (1.03–1.87)  0.03  1.89 (1.08–3.33)  0.03 

 Behavior  1.14 (0.95–1.37)  0.16  —  — 

 Extent  —  —  1.21 (0.85–1.73)  0.29 

 anti-TNF  0.99 (0.74–1.34)  0.97  1.11 (0.69–1.81)  0.64 

 Prednisone  2.05 (1.51–2.79)  <0.0001  1.27 (0.80–2.01)  0.32 

 IMs  1.12 (0.82–1.52)  0.48  —  — 

 Opiates  2.53 (1.88–3.41)  <0.0001  3.66 (2.34–5.73)  <0.0001 

  IBD Surgery  

    Crohn’s Disease    Ulcerative Colitis  

    AOR     P   -value    AOR     P   -value  

 PBE  1.77 (1.04–3.01)  0.03  1.76 (0.99–3.15)  0.05 

 CRP  2.33 (1.57–3.48)  <0.0001  1.42 (0.79–2.55)  0.24 

 BMI  0.97 (0.94–1.00)  0.04  —  — 

 Asthma  0.34 (0.08–1.38)  0.13  0.16 (0.02–1.39)  0.10 

 Rheumatoid Arthritis  —  —  6.9 (0.52–90.93)  0.14 

 Adrenal Insuffi ciency  2.31 (0.08–66.29)  0.62  —  — 

 Allergies  1.26 (0.64–2.48)  0.50  1.03 (0.38–2.81)  0.95 

 Medication Allergies  0.75 (0.40–1.41)  0.37  0.71 (0.27–1.84)  0.48 

 Smoking Status  —  —  1.07 (0.64–1.80)  0.79 

 IBD Surgery prior to 2009  —  —  3.57 (1.80–7.09)  <0.0001 

 Location  1.17 (0.87–1.58)  0.30  —  — 

 Behavior  1.71 (1.34–2.18)  <0.0001  —  — 

 Extent  —  —  1.09 (0.67–1.77)  0.72 

 Duration  0.97 (0.95–0.99)  0.01  —  — 

 anti-TNF  1.83 (1.22–2.73)  0.003  1.81 (0.99–3.33)  0.05 

 Prednisone  1.06 (0.70–1.61)  0.77  1.79 (0.93–3.45)  0.08 

 IMs  1.32 (0.88–1.99)  0.18  —  — 

 Opiates  3.25 (2.16–4.88)  <0.0001  5.77 (3.22–10.36)  <0.0001 

 AOR, adjusted odds ratio; anti-TNF, anti-tumor necrosis factor; BMI, body mass index; CD, Crohn’s disease; CRP, C-reactive protein; PBE, peripheral blood eosinophilia; 

IM, immunomodulator; UC, ulcerative colitis. 

 Variables were selected for inclusion in multivariate models based on univariate signifi cance with  P <0.10 ( Supplementary Table 4 ). 
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Similarly, PBE remained signifi cantly associated with IBD surgery 

in both CD (AOR 1.77; 95% CI 1.04–3.01) and UC (AOR 1.76; 

95% CI 0.99–3.15).

  On time-to-event analysis, PBE patients had signifi cantly more 

rapid hospitalization in both UC ( P <0.00001) and CD ( P <0.00001) 

compared to IBD patients without PBE (  Figure   1  ). Furthermore, 

patients with UC and PBE had a signifi cantly decreased time to 

surgical resection ( P =0.003), while there was no diff erence in CD 

( P = 0.92).

    Multi-year patterns and correlation analysis

  Th e majority (59.8%) of PBE patients had their eosinophilic 

episode(s) in 1 year, while 20.1% had PBE in 2 years, 13.0% in 3 

years, and 7.1% between 4 and 6 years. Th e number of years with 

PBE was signifi cantly associated with comorbid PSC ( P <0.001). 

Consequently, we excluded patients with PSC from further 

analysis.

  Th e number of years with PBE correlated with number of hos-

pitalizations (CD:  ρ =0.81  P <0.00001; UC:  ρ =0.72,  P <0.00001), 

emergency department visits, (CD:  ρ =0.21,  P <0.00001; UC: 

 ρ =0.21,  P =0.0001), and IBD surgeries (CD:  ρ =0.17,  P <0.00001; 

UC:  ρ =0.13,  P =0.0004) ( Supplementary Table 4 ). With regards 

to disease activity, number of years with PBE also signifi cantly 

correlated with elevated hsCRP rates (CD:  ρ =0.19,  P <0.00001; UC: 

 ρ =0.30,  P <0.00001), UCAI ( ρ =0.19,  P <0.00001), HBI ( ρ =0.12, 

 P =0.0001), and total fi nancial charges (CD:  ρ =0.21,  P <0.00001; 

UC:  ρ =0.27,  P <0.00001). Number of years with PBE was inversely 

correlated with quality of life (CD:  ρ =−0.09,  P =0.005; UC:  ρ =−0.16, 

 P =0.0001).

  Compared to PBE in 1 year only, patients with multiple years of 

PBE had a trend toward faster hospitalization ( P =0.06) and surgi-

cal resection ( P =0.06) in CD, but did not meet statistical signifi -

cance. In UC, there was no diff erence between 1 year and multiple 

years of PBE in time to hospitalization ( P =0.59) or time to resec-

tion ( P =0.17).

  Using absolute eosinophil counts in 376 PBE patients (94.9% all 

PBE patients) with the same reference range and units of meas-

urement, absolute eosinophil counts did not signifi cantly correlate 

with either hospitalization or IBD surgery in either UC or CD.

    Association with hsCRP

  To further clarify the association between PBE and hsCRP, we 

analyzed patients with same-day hsCRP and eosinophil meas-

urements. Th ere were 1,256 patients who had concurrent labo-

ratory measurements (54.4% of PBE patients and 59.0% of no 

PBE patients). Of these, 33.0% demonstrated elevated hsCRP, 
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 Figure 1 .     Time-to-event analysis by presence of peripheral blood eosinophilia (PBE) ( n =396) compared to patients without PBE ( n =1670). ( a ) Hospitaliza-

tion in CD ( n =1148). ( b ) Hospitalization in UC ( n =725). ( c ) Surgical resection in CD. ( d ) Colectomy in UC.
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    New IBD diagnosis subgroup

  Th ere were 188 subjects with IBD diagnosed between 2009 and 

2014. Of these, 131 (CD  n =62, UC  n =69) had a CBC with diff er-

ential within 12 months following diagnosis and 30 (22.9%) had 

PBE. Th e majority (70%) of subjects with new IBD diagnosis and 

PBE had UC.

  Subjects with PBE within 1 year of IBD diagnosis had nearly two 

times the rate of hsCRP elevation (CD: 100 vs. 54.5%,  P =0.009; 

UC: 76.2 vs. 37.0%,  P =0.004), but there was no signifi cant diff er-

ence in disease activity scores (HBI  P =0.68; UCAI  P =0.06) by pres-

ence of PBE (  Table   5  ). In UC, patients with PBE were signifi cantly 

more likely to require corticosteroids (95.2 vs. 63.0%,  P =0.007) 

and anti-TNF therapy (61.9 vs. 17.4%,  P =0.001) compared to new 

IBD patients without PBE. Th ere was a trend toward more immu-

nomodulator use (71.4 vs. 50.0%), but this did not reach statistical 

signifi cance ( P =0.12). Medication exposure was not signifi cantly 

diff erent in CD.

  PBE within 1 year of IBD diagnosis was signifi cantly associ-

ated with higher ED use in UC (71.4 vs. 43.5%,  P =0.04), but not 

CD ( P =0.15). Nearly half (49.6%,  n =64) of all new IBD diagnosis 

patients were hospitalized and 24.8% ( n =25) required IBD-related 

surgery within the study timeframe. On time-to-event analysis, 

there was no signifi cant diff erence between subjects with PBE and 

those without for either hospitalization ( P =0.25) or IBD surgery 

( P =0.87). Th is did not diff er by disease subtype.

     DISCUSSION

  In this prospective registry analysis of PBE in a large IBD cohort 

followed over a multi-year period, a minority of IBD patients dis-

played PBE, oft entimes recurrent, and associated with concurrent 

infl ammation. Aft er controlling for infl ammation, PBE remained 

signifi cantly associated with more severe disease with negative 

clinical outcomes compared to patients without this laboratory 

fi nding. Furthermore, an incident cohort of recently diagnosed 

IBD patients with PBE displayed similar associations as the entire 

PBE cohort. Th ese fi ndings suggest that PBE identifi es a unique 

at-risk subgroup of IBD patients that require further pathophysio-

logic mechanistic investigation and potentially targeted therapies.

  Th e prevalence of PBE in our study is consistent with recent 

reports ( 3 ) albeit lower than initial studies in the 1960s as well as 

a recent pediatric study, which reported prevalence rates between 

30–40% in IBD patients ( 1,2,5 ). Th is historical prevalence diff er-

ence may be explained by study design, or more eff ective medical 

therapies currently, thus controlling infl ammation and reducing 

the eosinophilic signal. Th e lower adult prevalence of PBE may be 

related to age-mediated diff erences in propensity toward PBE in 

IBD. In this study, PBE was associated with other comorbidities 

known to display peripheral eosinophilia such as asthma, rheu-

matologic diseases, and allergies, which is similar to other pop-

ulation-based studies ( 14 ). Th is may suggest an altered genetic 

predisposition to eosinophilic-mediated process systemically in 

these individuals.

  PBE was associated with concurrent hsCRP elevation suggest-

ing that PBE may be a marker of an active infl ammatory cascade 

18.0% PBE, and 8.0% both hsCRP elevation and PBE. Concur-

rent hsCRP elevation and PBE was signifi cantly associated with 

UC ( P <0.0001) ( Supplementary Figure 1 ). Absolute hsCRP level 

was not signifi cantly correlated with absolute eosinophil count in 

patients with concurrent hsCRP elevation and PBE ( P =0.39).

  Aft er exclusion of comorbid PSC, simultaneous PBE and 

hsCRP elevation was signifi cantly associated with more ED visits 

( P <0.0001), hospitalization ( P =0.02), prednisone use ( P =0.002), 

and higher median cumulative fi nancial charges ($78,726 vs. 

$43,247,  P =0.001) compared to patients with hsCRP elevation 

alone over the 6-year period (  Table   4  ).

  In time-to-event analysis, UC patients with both PBE and hsCRP 

elevation had more rapid time to hospitalization ( P <0.001) ( Sup-

plementary Figure 2 ) compared to patients with hsCRP elevation 

alone. Th ere was no diff erence in time to hospitalization ( P =0.13) 

in CD or time to surgery for either UC ( P =0.11) or CD ( P =0.74) 

when comparing subjects with both PBE and hsCRP to those with 

hsCRP elevation alone.

 Table 4  .     Healthcare utilization, disease activity, and IBD 

medication exposure by the presence of PBE and simultaneous 

hsCRP elevation compared to hsCRP elevation alone 

    PBE+hsCRP 

(   n   =98)  

  hsCRP 

(   n   =303)  

   P   -value  

  Healthcare utilization  

  ED, %  66 (67.3)  142 (46.9)  <0.0001 

  Hospitalization, %  62 (63.3)  159 (52.5)  0.02 

  IBD Surgery, %  31 (31.6)  104 (34.3)  0.9 

  Disease activity and quality of life  

  HBI, median (IQR)  4.0 (4.7)  3.4 (4.6)  0.57 

  UCAI, median (IQR)  4.5 (5.3)  3.8 (6.3)  0.51 

  SIBDQ, median (IQR)  52.0 (16.3)  50.1 (21.1)  0.32 

  IBD medications  

  Prednisone, %  69 (70.4)  168 (55.4)  0.002 

  Biologic, % 

   Anti-TNF  48 (49.0)  136 (44.9)  0.34 

   Other  a    2 (2.0)  0  0.06 

  Immunomodulator, %  57 (58.2)  196 (64.7)  0.54 

  5-ASA, %  49 (50.0)  122 (40.3)  0.04 

  Enteric steroids,  b   %  14 (14.3)  72 (23.8)  0.08 

  Financial charges  

   Total charges (USD), 

median (IQR) 

 $78,726 

(254,031) 

 $43,247 

(134,572) 

 0.001 

 ED, emergency department; HBI, Harvey–Bradshaw Index; hsCRP, high 

sensitivity C-reactive protein; IBD, infl ammatory bowel disease; PBE, peripheral 

blood eosinophilia; SIBDQ, short infl ammatory bowel disease questionnaire; 

UC, ulcerative colitis; UCAI, ulcerative colitis activity index; anti-TNF, anti-tumor 

necrosis factor; 5-ASA, 5-aminosalicylate. 

   a   Natalizumab, vedolizumab, golimumab, rituximab.  

   b   Oral budesonide, per rectum corticosteroid preparations.  
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in these individuals. Compared to patients with hsCRP elevation 

alone, simultaneous PBE and hsCRP elevation was associated with 

increased hospitalization and prednisone requirement, suggesting 

a potential additive risk of the two biomarkers. Histologic stud-

ies have demonstrated an increased number of mucosal eosino-

phils in IBD samples ( 15,16 ) and an increase in eosinophil-derived 

products (EDPs) in serum, pathologic, and fecal samples of 

actively infl amed IBD subjects compared to quiescent IBD con-

trols ( 17–25 ). EDPs have been shown to diminish epithelial bar-

rier function ( 26 ) and murine models with depleted EDPs have 

attenuated experimental colitis ( 25,27–29 ). Treatment with corti-

costeroids reduces EDPs ( 17,22 ) and may help explain the higher 

rates of steroid requirement in the current study. Together these 

fi ndings implicate eosinophils as key fi gures in the disposition to, 

development of, and propagation of the infl ammatory cascade in 

IBD. However, even aft er controlling for active infl ammation and 

medication requirements in multivariate modeling, PBE remained 

associated with negative outcomes, signifying an unmet need in 

the care of PBE patients.

  Absolute eosinophil counts did not signifi cantly correlate with 

outcomes. Similarly, patients with multiple years of PBE compared 

to only 1 year of PBE displayed no diff erence in time to event anal-

ysis. Th is suggests that it is not the absolute increase in eosinophil 

number or necessarily the number of PBE occurrences, but rather 

the signature itself that predisposes the individual to more diffi  cult 

disease.

  Since the initial association of eosinophils and UC, their exact 

role has been debated. It was initially postulated that the etiology 

of UC was an allergic phenomenon, thus explaining the eosinophil 

signature ( 30 ). Th is idea was strengthened by the subsequent iden-

tifi cation of Th 2 cellular network and relevant cytokine pathways 

including interleukin (IL)-4, IL-5, IL-10, and IL-13. Eosinophil 

growth, chemotaxis, and activation are predominantly mediated 

by IL-5 with a synergistic chemotaxic eff ect of eotaxin and IL-13 

( 31 ). In the current study, PBE was associated with UC and higher 

rates of adverse outcomes in the UC PBE population compared 

to CD PBE. Th is may be explained by diff erences in chemotactic 

abilities, adhesion properties, and degranulation activity between 

UC and CD peripheral eosinophils ( 32 ), with potentially a more 

toxic eff ect of the eosinophil in UC compared to CD.

  Th ere are several limitations to this study. Th is was an obser-

vational study and thus prone to selection bias, information bias, 

and confounding variables. More patients with PBE were hospital-

ized thus predisposing to more laboratory tests and the opportu-

nity to observe PBE. Only the initial laboratory values obtained 

in a hospitalization were used for this study. Of all patients in the 

 Table 5  .     Healthcare utilization, disease activity, medication requirements, and healthcare charges in subjects with new diagnosis of IBD 

between 2009 and 2014 with a complete blood cell count with differential within a year after diagnosis by presence of PBE 

    PBE (   n   =30)    No PBE (   n   =101)        

    CD (   n   =9)    UC (   n   =21)    CD (   n   =55)    UC (   n   =46)    PBE vs. No PBE    P   -value    CD    P   -value    UC    P   -value  

  Healthcare utilization  

  ED, %  7 (77.8)  15 (71.4)  26 (47.3)  20 (43.5)  0.01  0.15  0.04 

  Hospitalization, %  6 (66.7)  10 (47.6)  21 (38.2)  14 (30.4)  0.09  0.15  0.27 

  IBD-surgery, %  6 (66.7)  2 (9.5)  22 (40.0)  3 (6.5)  0.82  0.16  0.65 

  Disease activity  

  HBI, median (IQR)  2.8 (3.4)  —  2.6 (4.2)  —  0.63  0.93  — 

  UCAI, median (IQR)  —  4.0 (3.5)  —  2.3 (3.2)  0.10  —  0.11 

  hsCRP elevation, %  9 (100)  16 (76.2)  30 (54.5)  17 (37.0)  <0.0001  0.009  0.004 

  ESR elevation, %  5 (55.5)  11 (52.4)  20 (36.4)  12 (26.1)  0.05  0.29  0.05 

  SIBDQ, median (IQR)  55.4 (19.1)  52.3 (10.3)  53.3 (20.1)  54.8 (10.7)  0.62  0.75  0.42 

  IBD medications  

  Prednisone, %  5 (55.5)  20 (95.2)  30 (54.5)  29 (63.0)  0.02  1.00  0.007 

  anti-TNF, %  3 (33.3)  13 (61.9)  27 (49.1)  8 (17.4)  0.09  0.48  0.001 

  IM, %  8 (88.9)  15 (71.4)  41 (74.5)  23 (50.0)  0.20  0.67  0.12 

  5-ASA, %  6 (66.7)  18 (85.7)  31 (56.4)  38 (82.6)  0.26  0.72  1.00 

  Financial charges  

   Total charges (USD), 

median (IQR) 

 $164,162 

(201,758) 

 $47,104 

(199,207) 

 $42,454 

(123,994) 

 $14,266 

(53,996) 

 0.004  0.01  0.03 

 CD, Crohn’s disease; ED, emergency department; ESR, erythrocyte sedimentation rate; HBI, Harvey–Bradshaw Index; hsCRP, high sensitivity C-reactive protein; IBD, 

infl ammatory bowel disease; IM, immunomodulator; PBE, peripheral blood eosinophilia; SIBDQ, short infl ammatory bowel disease questionnaire; UC, ulcerative colitis; 

UCAI, ulcerative colitis activity index; TNF, tumor necrosis factor; 5-ASA, 5-aminosalicylate. 
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 Study Highlights

   WHAT IS CURRENT KNOWLEDGE 

    ✓     Peripheral blood eosinophilia (PBE) in infl ammatory bowel 
disease (IBD) is associated with UC and active disease. 

   ✓     Little data exists on the long-term impact of PBE on 
disease course. 

    WHAT IS NEW HERE 

    ✓     Nearly 20% of patients demonstrate PBE over a multi-year 
period in a large IBD cohort. 

   ✓     PBE patients had increased healthcare utilization, more 
active disease, and required more aggressive medical 
therapy compared to IBD patients without PBE. 

   ✓     PBE represents a biomarker of a distinct IBD subgroup, 
with a unique infl ammatory signature, and at risk for worse 
clinical outcomes. 
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IBD registry, only 80.6% had a complete blood count with diff er-

ential during the 6-year period. If serologic evaluation was only 

performed in patients suspected of active disease, this could skew 

the results. Endoscopic and histologic data on these patients would 

have been useful to correlate active infl ammation and evaluate 

the presence of mucosal eosinophils. However, endoscopic and 

histologic data at the time of their laboratory evaluation was not 

available. Finally, we attempted to assess and control for potential 

confounding by conducting multiple subgroup analyses and using 

multivariable modeling including many potential confounding 

covariates.

  Th ere are also strengths of this study. Th is IBD cohort represents 

a large, adult IBD patient population followed longitudinally for 6 

years with highly detailed phenotypic information, prospectively 

collected disease activity metrics, extensive clinical parameters, 

and healthcare utilization parameters. Th is level of detail allows 

for identifying unique patient subgroups and retaining suffi  cient 

population sizes to be able to conduct signifi cant subgroup analy-

ses. Furthermore, the observational nature of this study provides 

a real-world view of patterns in a heterogenous IBD population.

  In conclusion, PBE occurs in a minority of IBD patients and is 

associated with worse clinical outcomes in a multi-year longitudinal 

analysis. Th is laboratory fi nding represents a biomarker for a unique 

infl ammatory process that may not be addressed by conventional 

IBD maintenance therapies. Further research into the exact mecha-

nism of eosinophil function in IBD is needed, but this subgroup of 

patients may be candidates for targeted therapy in future studies.
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