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Background & Aims: Patients with Crohn’s disease (CD) often have bile acid diarrhea (BAD), 
due to bile acid malabsorption following ileal resection (IR). Bile acid malabsorption increases 
production of 7α-hydroxy-4-cholesten-3-one (C4), a bile acid precursor. We investigated 
relationships between serum concentrations of C4 and BAD in patients with CD. 
 
Methods: We collected demographic data, serum samples, and information on the presence of 
diarrhea (>3 liquid bowel movements/day), as well as clinical, endoscopic, and histologic scores 
from 26 patients with CD and IR, 21 patients with CD without IR, and 37 patients with 
ulcerative colitis (UC). We compared serum concentrations of C4 and fibroblast growth factor 19 
(FGF19) between groups. We performed area under the receiver operating characteristic curve 
(AUROC) analysis to identify the optimal cutoff C4 concentrations for the diagnosis of diarrhea 
attributable to bile acid malabsorption (BAD), defined as diarrhea and a serum concentration of 
FGF19 <60 pg/mL. 
 
Results: Patients with UC had a median serum C4 concentration of 11.8 ng/mL, whereas 
patients with CD and IR with ileitis (documented endoscopically) had a median concentration of 
100.0 ng/mL (P compared to UC<.0001) and patients with CD and IR without ileitis had a 
median concentration of 51.6 ng/mL (P compared to UC<.001). Patients with CD without IR did 
not have a significantly higher median concentration of C4 than patients with UC (P=.71), 
regardless of ileitis (P=.34). When endoscopic findings were confirmed histologically, similar 
results were found to analyses using endoscopic findings alone. A higher proportion of patients 
with active UC had diarrhea (72.0% vs 0 patients with inactive UC; P<.001), but their median 
concentrations of C4 did not differ significantly from that of patients with inactive UC (12.1 
ng/mL vs 9.7 ng/mL; P=.3). A cutoff concentration of C4 of 48.3 ng/mL or greater identified 
patients with diarrhea attributable to bile acid malabsorption with 90.9% sensitivity, 84.4% 
specificity, and an AUROC 0.94. A significantly higher proportion of patients with 
concentrations of C4 above this cutoff had BAD (50.0%) than below this cutoff (1.8%) (P<.001). 
When we analyzed only patients with diarrhea, a C4 cutoff of 48.3 ng/mL identified those with 
low FGF19 concentrations (<60 pg/mL) with 91% sensitivity and 95.5% specificity (AUROC, 
0.99). Above this cutoff, 83.3% of patients had a serum concentration of FGF19 <60 pg/mL 
compared to 4.5% below this threshold (P<.0001). C4 concentrations correlated with the number 
of daily bowel movements (r=0.41; P=.004) and correlated inversely with FGF19 concentrations 
(r= –0.72; P<.0001). 
 
Conclusion: We observed significantly increased serum concentrations of C4 in patients with 
CD with IR, compared to patients with UC. A cutoff concentration of C4 above 48.3 ng/mL 
identifies patients with diarrhea likely attributable to bile acid malabsorption (BAD) with an 
AUROC value of 0.94. Increased serum levels of bile acid precursors identify patients with 
diarrhea and a low serum concentration of FGF19, and concentrations of C4 correlate with daily 
liquid bowel movements and correlate inversely with FGF19 concentrations. C4 may be a 
biomarker to identify patients with diarrhea attributable to bile acid malabsorption. 
 
KEY WORDS: non-invasive test; monitoring, surgical complications; inflammatory bowel 
diseases 
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Ulcerative colitis (UC) and Crohn’s disease (CD) comprise chronic inflammatory 

bowel diseases (IBD). While UC is isolated to the colon, approximately 25-30% of CD 

patients have isolated ileal disease and 30-55% have ileocolonic disease. Since ileal 

disease or resection mediates bile acid malabsorption (BAM), CD patients are at 

significant risk for bile acid diarrhea (BAD)1.  

Ileal dysfunction or resection causes BAM with subsequent secretory diarrhea 

(BAD) due to the effects of bile acids (BA) on adenylate cyclase in the colonic 

epithelium compounded by an increase in intestinal permeability1. Length of ileal 

resection (IR) less than 100 cm causes BAD, while IR greater than 100cm produces 

steatorrhea, due to depletion of the BA pool. Furthermore, active ileal CD has been 

shown to have increased prevalence of BAM with a decrease in BA absorptive 

transporters 1. Diarrhea resulting from ileal disease is referred to as type 1 BAD. Type 2 

BAD is idiopathic, and type 3 results from abnormal BA absorption from other causes.1,2   

BAD often coexists in CD patients with diarrhea, but the optimal method of 

diagnosing BAD is unclear. An empiric therapeutic trial with bile acid sequestrants 

(BAS) is often used. However, gastrointestinal side effects, suboptimal dose titration 

and patient compliance hinder it’s use 1,3.  75Se-homocholic acid-taurine (SeHCAT) 

testing uses non-invasive imaging to detect BA retention of radiolabeled HCAT. 

SeHCAT is available in eight European countries4, but is less available elsewhere. 

Furthermore, it is unavailable in the USA5. SeHCAT involves radiation exposure and 

requires two visits. While not affected by intestinal transit, SeHCAT may possibly not 

discriminate BAM from other conditions that cause rapid intestinal transit. 1,5 Patients 

with BAM develop compensatory increases in the synthesis of BA precursors. 7α-
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hydroxy-4-cholesten-3-one (C4) is a stable BA precursor that can be measured in the 

serum. C4 has been demonstrated to correlate well with BAD diagnosed with SeHCAT. 

6 Furthermore, C4 has been compared to SeHCAT and has been found to correlate 

appropriately and have similar test characteristics.1,7,8 However, the major impediment 

to the use of C4 has been availability1.  

The use of C4 as a valuable diagnostic test in the irritable bowel syndrome with 

diarrhea (IBS-D) population is well-described, but detailed data is lacking in CD. 7 In a 

pediatric cross-sectional study using clinical scoring and biomarkers without endoscopic 

evaluation, C4 was elevated in CD patients (n=44) as compared to UC (n=14) and in 

CD patients with diarrhea (n=12) as compared to those without.9 Other studies have 

demonstrated either elevated C4 in patients with type 1 BAD compared to other BAD 

types or in CD patients with historical categorizations of IR or ileitis compared to 

controls, however, detailed clinical data was not available to evaluate for confounders.10-

12  

Another serum diagnostic test, Fibroblast Growth Factor 19 (FGF19), has been 

described for BAD.12 FGF19 is produced in the ileum in response to BA absorption and 

suppresses BA production. Studies have shown it to be inversely related to C4 and 

reduced in patients with BAD compared to controls. FGF19 is also lower in type 1 BAD 

compared to other types of BAD. Although IR has been shown to produce higher C4 

and lower FGF19, limited detailed clinical or endoscopic data has been available to 

evaluate confounders.11,12 In CD patients with clinical and biomarker, but not 

endoscopic, disease activity assessments, FGF19 was inversely correlated with IR 

length and was lower with suspected ileitis.13 
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In order to clarify the utility of C4 concentrations for the diagnosis of BAD in CD, 

assessment of the presence of diarrhea with other markers of BAM (FGF19) is critical. 

Furthermore, evaluation of active CD as the cause of diarrhea is also necessary, since 

symptoms are neither sensitive nor specific for objective endoscopic inflammation in 

CD.14 This discordance between symptoms and inflammation underscores the 

importance of accurately diagnosing alternative causes of diarrhea in CD, such as BAD, 

to explain this discrepancy. Previous studies have not analyzed C4 concentrations in 

CD patients with well characterized clinical and endoscopic disease activity. This study 

aims to investigate the relationship between C4 concentrations and BAD in well-

characterized CD patients and appropriate controls.  

METHODS 

Patients and study design 

Patients with CD were selected from the prospectively established University of 

California, San Diego (UCSD)-Prometheus IBD biobank. This consists of archived 

specimens and prospectively scored disease activity assessments from a convenience 

sample of IBD patients. Serum samples are collected at each clinical or endoscopic 

encounter. Patients were selected from the biobank based on availability of serum 

samples. In individual patients from the biobank with multiple visits linked with serum 

collections, individual patient visits –and corresponding serum samples analyzed– were 

selected using a pre-specified algorithm (Supplementary Appendix). It prioritized 

temporal proximity of serum collections to endoscopies and availability of stool 

frequency data. Serum samples, clinical and endoscopic scores were collected at the 

same timepoint in 40 patients. If serum samples were not collected at the same time as 
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disease activity assessments, medical chart review was performed to ensure changes 

in clinical or endoscopic status did not occur in the intervening time. Serum samples 

were collected at clinical visits (with clinical assessments) within 6 weeks of the 

endoscopy visit in 35 patients. Two patients had serum sample collections at clinic visits 

at 4 and 8 months apart from an endoscopy, respectively. Seven CD-IR patients did not 

have available endoscopic activity assessments, but had serum samples collected at 

clinical visits. Thus, these patients were only included in analyses comparing C4 

concentrations in the entire CD-IR group to UC. Histologic assessments of biopsies are 

from the same endoscopies with activity assessments. CD patients were grouped into 

those with IR and those without. Patients with UC (without ileal disease), were included 

as controls. Clinical disease activity indices (CD: Patient-reported Outcomes-2 [PRO2], 

UC: partial Mayo score), and serum were collected at routine clinical and endoscopy 

visits. Endoscopic procedures were scored using the simplified endoscopic score for CD 

(SES-CD) and the Mayo endoscopic sub-score (ESS) for UC. For CD patients, ileal 

biopsies were scored using the Global Histologic Disease Activity score (GHAS) by a 

blinded gastrointestinal pathologist (MV). Demographics, serum samples, clinical, 

endoscopic and histologic scores were prospectively collected. The number of daily 

liquid bowel movements (BM) was recorded prospectively in 37 clinical visits linked with 

serum collections and was abstracted from medical record review by 2 reviewers (RB, 

MD) when prospective data was unavailable (n=39). Eight patients had missing stool 

frequency data and were excluded from BAD outcome analyses (and only included in 

analyses comparing C4 concentrations between groups). Patients were excluded if they 

had a colectomy, an ileostomy or a colostomy. This is due to the lack of interaction of 
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BA’s with the colon, thus BAD would not physiologically be possible and interpretation 

of BM frequency would be confounded. IR, BAS use, or parenteral nutrition (PN) use 

was abstracted from medical record review by 2 reviewers (RB, MD). IR lengths were 

obtained from pathology reports when available, and clinical documentation otherwise. 

One patient had anti-diarrheal use and had persistent diarrhea (>10 BM/d). Thus, this 

was not felt to affect the analysis. 

Serum C4 concentrations were measured by liquid chromatography and mass 

spectrometry (LC-MS, Prometheus Laboratories Inc.). This assay has been shown to 

have a reportable range of 1.5 to 500 ng/mL, and high intra- and inter-assay run 

accuracy and precision with recoveries of 90-110% and coefficient of variation of less 

than 10 % spanning the reportable range. The assay is specific for C4 and does not 

cross-react with cholesterol, 7-alpha cholesterol, 7-beta cholesterol, 7-Keto cholesterol, 

cholic acid or deoxycholic acid. FGF19 concentrations were measured using a 

quantitative sandwich enzyme immunoassay using a monoclonal antibody specific for 

human FGF19 (Quantikine ELISA Human FGF19 kit, R&D Systems, MN). 

Definitions: 

Ileal and colonic endoscopic remission (ER) were defined as an ileal or colonic 

SES-CD <3 and <2 in each segment for CD patients. In UC, ER was defined as a UC-

ESS <2. Active colitis was defined as a UC-ESS ≥2 in UC. Diarrhea attributable to BAM 

(BAD) was defined as having both diarrhea (>3 daily liquid BM’s15,16) with objective 

evidence of bile acid malabsorption (FGF19 concentration <60pg/mL10). Patients were 

defined as being in ER for visits within 8 months of endoscopy demonstrating ER 

without any interval endoscopy demonstrating activity within that period (and in the 
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absence of a change in clinical symptoms). Furthermore, for patient samples collected 

at visits not within 8 months of endoscopy or if a change in symptoms occurred without 

endoscopic documentation, categorization of active ileitis or ER could not be performed. 

Ileal histologic remission was defined as a GHAS ≤2 on ileal biopsies.17 Patients with 

inactive IBD comprised of inactive UC patients and CD patients with neither colonic nor 

ileal endoscopic disease activity. 

Endpoints: 

Primary analysis was performed to determine whether serum C4 concentrations 

were different in CD-IR patients and CD patients without IR compared to UC patients. In 

these groups, further analyses were performed in CD patients with and without ileitis. 

These analyses were repeated for FGF19 concentrations. Other analyses of C4 

concentrations included (A) CD IR patients with IR<50cm compared to IR >50cm18,19 

and (B) CD IR patients receiving BAS, compared to those not receiving BAS.  

Characteristics of test procedure (sensitivity, specificity, positive predictive value 

(PPV), negative predictive value (NPV), receiver–operating characteristic (ROC) curve 

and the area under the curve (AUC)) were used to evaluate optimal cutoff values 

(Youden’s index) for C4 concentration for diarrhea attributable to BAM.  

Statistical analysis 

Data analysis included descriptive statistics computed for continuous variables 

(means and standard deviations analyzed for normally distributed data, medians with 

interquartile rages (IQR) analyzed for non-normally distributed data). Percentages were 

used for categorical variables.  Between-group comparisons were performed using, 

Fishers exact test, or Wilcoxon rank sums test, as appropriate. P-values ≤0.05 were 
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considered significant. Due to multiple statistical comparisons, post-hoc Bonferroni 

corrections were performed (adjusted p-value). All statistical analyses were done using 

JMP13 (SAS Institute, NC, USA). Analyses included one serum collection per patient. 

Spearman’s correlation coefficient was used for two comparisons A) C4 concentrations 

and the number of daily bowel movements as a continuous variable, B) C4 and FGF19 

concentrations. 

Ethics 

All authors had access to study data, reviewed and approved the final 

manuscript. Study protocol and materials were approved by the institutional review 

board at UCSD. All patients provided written informed consent. 

RESULTS 

Patients 

Eighty-four patients (CD:47, UC: 37) with serum sample collections were 

included (Table 1). Twenty-six CD-IR patients were included. Of these, 9 patients had 

ileitis documented endoscopically (CD, +IR, +ileitis), 10 patients had endoscopic 

documentation of absence of ileitis (CD, +IR, -ileitis) and categorization of endoscopic 

activity could not be performed in 7 patients. Twenty-one CD patients without IR were 

included. Of these, 9 patients had ileitis (CD, -IR, +ileitis) and 12 patients did not have 

ileitis (CD, -IR, -ileitis).  One CD-IR patient required intermittent PN.  Thirty-seven UC 

patients without ileal disease were included. Of the UC patients, 28 patients had active 

endoscopic disease and 9 patients did not. Stool frequency was recorded in 76 patients. 

BAS use was recorded in 81 patients. Only CD-IR patients had BAS use (4/23, three 

patients with missing data).  
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Ileal resection, ileitis and C4 concentrations:  

 Compared to UC patients (11.8ng/mL, IQR 25-75: 5.5-19.6), significantly higher 

median C4 concentrations existed in all CD-IR patients (70.8 ng/mL, IQR 25-75: 35.9-

138.8, p<0.0001, adjusted p-value <0.001), CD-IR patients with documented 

endoscopic ileitis (CD, +IR, +ileitis: 100.0 ng/mL, IQR 25-75: 34.5-159.0, p<0.0001, 

adjusted p-value <0.001) and CD-IR patients with documentation of absence of ileitis 

(CD, +IR, -ileitis: 51.6ng/mL, IQR 25-75: 23.5-75.7, p=0.001, adjusted p-value =0.006, 

Figure 1). CD-IR patients with active ileitis (CD, +IR, +ileitis) did not have significantly 

higher C4 than CD-IR patients without ileitis (CD, +IR, -ileitis, p=0.2). CD patients 

without IR (7.7 ng/mL, IQR 25-75: 4.8-31.4, p=0.71) did not have higher C4 

concentrations than UC. In this group, those with documentation of active ileitis (CD, -

IR, +ileitis: 15.2ng/mL, IQR 25-75: 6.8-72.7) did not have higher C4 concentrations 

compared to UC (p=0.34). Notably, CD patients with neither IR, nor ileitis (CD, -IR, -

ileitis: 5.8 ng/mL, IQR 25-75: 3.0-19.5) had similar C4 concentrations to UC patients 

(p=0.18).  

Compared to inactive IBD patients (11.1%), the only groups to have a greater 

proportion of patients with diarrhea were CD-IR patients (50.0%, p=0.02, adjusted p-

value =0.04) and CD-IR patients with active ileitis (57.1%, p=0.03, adjusted p-value 

=0.06).  

Similar C4 concentrations were seen in UC patients with and without 

endoscopically active colitis (p=0.3) even though a greater proportion of patients with 

active UC had diarrhea (72.0%) as compared to inactive IBD patients (11.1%, p<0.001, 
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adjusted p-value <0.003, Supplementary Table 1) or inactive UC patients (0%, p<0.001, 

adjusted p-value <0.003).  

Histologic confirmation of active ileitis or ileal histologic remission yielded similar 

results to endoscopy alone (Supplementary Figure 1). CD-IR patients, regardless of 

ileitis on histology, had higher median C4 concentrations compared to UC, while other 

groups did not. Four CD patients with ileal endoscopic remission did not have histologic 

remission. Three had IR (C4: 38.5-70.9 ng/mL) and one did not (C4=31.4 ng/mL). 

CD patients with IR length >50cm (n=4, IQR 25-75: 92.7-189.5) had numerically 

higher median C4 concentrations (109.0 ng/mL vs. 45.2 ng/mL, p=0.19) as compared to 

CD patients with shorter IR length (n=5, IQR 25-75: 35.0-89.9). However, IR length was 

not associated with the presence of diarrhea (IR≤ 50cm: 20% IR>50cm: 50%, p=0.52). 

Diagnostic accuracy of C4 concentrations for bile acid diarrhea 

 An ROC curve yielded a threshold C4 concentration of 48.3 ng/mL (Figure 2, 

AUC 0.94, 90.9% sensitivity, 84.4% specificity, PPV: 50%, NPV: 98.2%, n=75) to 

diagnose BAD (diarrhea with FGF19<60pg/mL). BAD was present in 50.0% of patients 

with C4 concentrations above 48.3 ng/mL (n=20) compared to 1.8% of patients below 

this cutoff (n=55, p<0.0001, Figure 3, Supplementary Table 2). In those with BAM (C4 

>48.3 ng/mL, n=20) without BAD, median C4 concentrations were 93.6 ng/mL (IQR 25-

75: 56.7-120.7, n=10), while concentrations were 131 ng/mL (IQR 25-75: 74.5-196.5, 

n=10) for those with both BAM and BAD (p=0.14). 

 The proportion of patients with C4 >48.3 ng/mL were, 17/26 (65.4%) CD-IR 

patients, 2/21 (9.5%) CD patients without IR and 3/37 (8.1%) UC patients. The 
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proportion of patients with BAD were, 45.5% (10/22) CD-IR patients, 0/20 CD patients 

without IR (0%) and 1/33 UC patients (3.0%).  

 A sensitivity analysis was performed exclusively in patients with diarrhea for C4 

concentrations to detect patients with an FGF19 concentration <60pg/mL. An ROC 

curve yielded an AUC of 0.99 (Supplementary Figure 2). Above a threshold C4 

concentration of 48.3 ng/mL (90.9% sensitivity, 95.5% specificity, PPV: 90.9, 

NPV:95.5%), higher proportions of patients had FGF19 concentrations <60pg/mL 

(>48.3ng/mL: 83.3%, 10/12 vs. <48.3ng/mL: 4.5%, 1/22, p<0.0001). 

Correlations between bowel movement frequency and C4 concentrations 

Significant correlations were found between the number of daily bowel 

movements as a continuous variable and C4 concentrations (r=0.41, p=0.004, 

Supplementary Figure 3).  

FGF19 Concentrations 

Compared to UC patients, CD-IR patients, CD-IR patients with documented 

endoscopic ileitis (CD, +IR, +ileitis) and CD-IR patients with documentation of absence 

of ileitis (CD, +IR, -ileitis) had lower FGF19 concentrations (Figure 4). Other groups did 

not have significantly different concentrations. A strong inverse correlation existed 

between C4 and FGF19 concentrations (r= -0.72, p<0.0001, Supplementary Figure 4). 

Bile-Acid Sequestrant Use 

Only CD-IR patients had BAS use. In this group, those with BAS use (n=4, IQR 

25-75: 190.5-317.0), had higher median C4 concentrations (247.0 ng/mL vs. 49.3 

ng/mL, p=0.002) than patients without BAS use (n=19, IQR 25-75: 35.0-102.0). To 

avoid selection bias for more severe BAD in patients with BAS prescriptions, an 
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analysis of only patients with diarrhea was performed. In these patients, C4 

concentrations remained associated with BAS use (BAS use: 288.0 ng/mL, n=3, no 

BAS use: 87.5 ng/mL, n=8, p<0.05). Given this finding and that all patients using BAS 

were CD-IR patients, a comparison excluding patients using BAS was performed for 

median C4 concentration between CD-IR patients (49.3 ng/mL, IQR 35.0-102.0) and 

UC patients and still found a significant difference (p<0.0001). 

DISCUSSION 

BAD is a common comorbidity in CD patients. Simple BAD diagnostic testing is 

needed to improve clinical care. To date, there is limited data on C4 concentrations in 

the setting of BAD in CD patients.  

Our study demonstrates higher C4 concentrations in CD-IR patients. C4 

concentrations were not associated with CD ileitis in the absence of IR. Furthermore, 

ileitis in the presence of IR was not associated with more pronounced C4 elevations. 

Higher C4 concentrations are found in patients with BAS use, suggesting BA 

sequestration increases excretion and loss of negative-feedback. Although consistent 

with current literature7,11, the use of prospectively scored endoscopy and histology, as 

well as appropriate controls, better characterizes C4 concentrations in CD patients with 

suspected BAD.  

C4 threshold concentrations of 48.3ng/mL had a high sensitivity and specificity 

for detecting diarrhea in the presence of objective evidence of BAM (FGF19<60pg/mL). 

This entity is likely BAD. Furthermore, in patients with diarrhea, a C4 cutoff above 48.3 

ng/mL identified a high proportion of patients with an FGF19 <60pg/mL and was highly 

sensitive and specific for this outcome. Thus, C4 concentrations can be used to suggest 
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the presence or absence of BAD. This cutoff is similar to previously described 

thresholds in the IBS-D population.5,7 This is the first study to describe these findings in 

patients with endoscopically documented disease activity, systematically controlling for 

ileal and colonic inflammation. Furthermore, we validated these findings with 

prospective histologic scoring and FGF19 measurements.  

The most common clinical scenario for considering BAD in IBD patients is in CD-

IR patients. This study confirms that CD-IR patients have more BAM with clinically 

significant diarrhea (BAD). Findings also suggest ileitis is insufficient to either cause 

BAM biochemically or subsequent BAD. This is similar to the effects of ileal resection 

and ileitis on vitamin B12 metabolism, in which only IR is associated with deficiency.20 

BAS use was associated with higher C4 in the few patients receiving BAS, and 

this was independent of the presence of diarrhea. Although the sample size is small, 

this is consistent with previous literature using older assays.21  

Study limitations include sample size and missing stool frequency and BAS use 

data. Retrospective stool frequency assessments were performed in a proportion of 

patients. However, explicit clinical documentation of frequency of liquid stools was 

required, and considered missing otherwise. Patients were also assumed to have 

inactive small bowel disease based on physician assessment and ileo-colonoscopy. 

Three patients received BAS at the time of serum collections (C4: 144ng/mL-

404ng/mL), and all had persistent diarrhea. However, conclusions were unaltered when 

excluding these patients from analyses. Analyses for IR lengths had small sample sizes, 

which may predispose to a type 2 error.  
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C4 was not compared to either SeHCAT or a therapeutic trial, and we assumed 

similar test characteristics of C4 as compared with SeHCAT.1,7,21,22 This may limit 

conclusions. However, measured FGF19 was consistent with C4 concentrations in each 

patient group. Previously studies have demonstrated lower FGF19 with ileitis.13 

Literature is conflicting on whether ileitis causes higher C4 concentrations 9-12. However, 

several studies do show elevated C4 levels in this context11,12. Although higher C4 

concentrations were seen in CD-IR patients, ileitis in the absence of IR yielded 

numerically higher C4 and lower FGF19 concentrations. However, statistical 

significance may have been less evident due to sample size. Additionally, this study 

used prospective endoscopic scoring with a specific SES-CD cutoff, which may yield 

different results than previous studies which used historical categorizations of disease 

location. 

One CD-IR patient using PN for short bowel syndrome was included; however, 

PN is not known to affect C4 concentrations. Ultimately, missing stool frequency data 

excluded this patient from analyses for BAD outcomes. Serum samples were collected 

at clinic visits at various times in the day, statin use was not recorded and lipids were 

not routinely measured. Older studies suggest diurnal variations and possible effects of 

ethanol, triglyceride and cholesterol levels on C4 measured by LC 1,23. However, recent 

studies contradict this.7,24 Liver disease may affect C4. Two active UC patients had 

primary sclerosing cholangitis with cholestatic liver enzyme elevations of 1.2 and 3.5 

times the upper limit of normal at the time of sampling; however, they did not have 

elevated C4 (26.1 and 19.0 ng/mL, respectively). A third had a remote liver 

transplantation due to Wilson’s disease without clinical recurrence, normal liver 
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enzymes and normal C4 (4.4 ng/mL). One patient had non-alcoholic fatty liver disease 

without elevated transaminases. The remaining patients had neither hepatobiliary 

abnormalities, nor cholestatic liver enzyme elevations.  

This study suggests C4 is a potential biomarker to diagnose diarrhea attributable 

to bile acid malabsorption, particularly in CD-IR patients. In addition to elevated bile acid 

precursors accurately identifying patients with both diarrhea and a low FGF19 

concentration, strong appropriate correlations of C4 existed with daily liquid bowel 

movements and FGF19 concentrations. In all patients, C4 concentrations above 48.3 

ng/mL identified BAD with an AUC of 0.94, was highly sensitive and specific for this 

diagnosis and significantly higher proportions of patients had BAD above this cutoff 

(50% vs. 1.8% p<0.0001). Furthermore, when analyzing only in patients presenting with 

diarrhea, C4 concentrations above 48.3 ng/mL identified a higher proportion (83.3% vs. 

4.5%, p<0.0001) of patients having a low FGF19 concentration with excellent test 

characteristics (AUC: 0.99, 90.9% sensitivity, 95.5% specificity, PPV: 90.9, 

NPV:95.5%). At present, no studies demonstrate that BAS initiation based on symptoms 

combined with C4 concentrations is effective in CD patients with suspected BAD. 

Although further validation is required, this study suggests that a threshold C4 

concentration of 48.3ng/mL can be used to guide clinicians to suggest the presence or 

absence of diarrhea likely attributable to BAM (BAD). Furthermore, CD-IR patients are 

the group most likely to have BAD. This avoids treatment of patients without BAD with 

unnecessary therapy, avoiding confusion related to a possible placebo response. A 

prospective randomized trial should be conducted to confirm that initiating treatment at 

this concentration is associated with reduction in diarrhea and to evaluate the optimal 
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rise in C4 concentrations to indicate adequate bile-acid sequestration. This may provide 

supporting information on the need for dose escalation of therapy in patients with likely 

BAD who do not respond to initial BAS therapy.  C4 testing is available to clinicians and 

could be used to guide treatment. 
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TABLE-FIGURE LEGENDS 

Table 1: Patient Characteristics 

 

Figure 1 : Ileal Resection, Endoscopic Activity and C4 Concent rations  

Compared with UC, higher C4 concentrations existed in CD patients with ileal 

resections (IR), with or without endoscopically confirmed ileitis. Similar C4 existed 

between inactive UC and active UC patients (p=0.30). 

 

Figure 2: ROC analysis for bile acid diarrhea based  on C4 concentrations 

ROC analysis indicated an optimal threshold C4 concentration associated with diarrhea 

for CD and UC patients without colitis (90.9% sensitivity, 84.4% specificity, AUC=0.94). 

The diagonal line indicates an ideal threshold based on optimal sensitivity and 

specificity. 

 

Figure 3: Outcomes for Bile Acid Diarrhea based on C4 concentrations 

Concentrations of C4 ≥48.3/mL were associated with higher rates of bile acid diarrhea 

(>3 liquid BM daily and FGF19 concentration<60pg/mL) compared to those below this 

concentration.  

 

Figure 4 : Ileal Resection, Endoscopic Activity and FGF19 Conc entrations  
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Compared with UC, lower FGF19 existed in CD patients with ileal resections (IR), with 

or without endoscopically confirmed ileitis. Similar FGF19 existed between inactive UC 

and active UC patients (p=0.72). 
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Table 1: Patient Characteristics 

 
Crohn's Disease 

(n=47) 
Ulcerative Colitis 

(n=37) p value 

Mean age, years (SD) 41.3 (15.7) 44.2 (17.7) 0.43 

Female, n (%) 29 (61.7) 18 (48.6) 0.23 

Behavior, n (%) 
   

B1 23 (48.9) n/a n/a 

B2 14 (29.8) n/a n/a 

B3 10 (21.3) n/a n/a 

Location, n (%)    
CD: L1 11 (23.4) n/a n/a 

CD: L2 6 (12.8) n/a n/a 

CD: L3 30 (63.8) n/a n/a 

UC: Proctitis n/a 6 (16.2) n/a 

UC: Left Sided n/a 11 (29.7) n/a 

UC: Extensive n/a 20 (54.1) n/a 

Perianal Disease, n (%) 6 (12.8) n/a n/a 
Age at diagnosis (years), 

n (%)    
<16 7 (14.9) 4 (10.8) 0.58 

16-40 31 (66) 21 (56.8) 0.39 

>40 9 (19.1) 12 (32.4) 0.16 

Biologic Medication Use 34 (72.3) 26 (70.3) 0.84 
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Editors Notes- What You Need to Know 

1. Background 

o Crohn's disease (CD) predisposes to bile acid malabsorption, which 

increases 7α-hydroxy-4-cholesten-3-one (C4) production. 

o C4 concentrations are elevated in patients with bile acid diarrhea (BAD). 

2. Findings 

o In CD patients with an ileal resection, C4 concentrations are elevated.  

o C4 concentrations of 48.3 ng/mL have a 90.9% sensitivity and 84.4% 

specificity to suggest likely BAD.  

o In all patients, a C4 threshold of 48.3ng/mL has a 50% positive predictive 

value and 98.2% negative predictive value for BAD.  

o Amongst patients with diarrhea, a C4 threshold of 48.3ng/mL has a 90.9% 

positive predictive value and 95.5% negative predictive value for bile acid 

malabsorption confirmed with low (<60pg/mL) FGF19 concentrations. 

3. Implications for patient care 

o In CD patients with an ileal resection, the risk of bile acid diarrhea is 

elevated.  

o In CD patients, C4 concentrations can be used to suggest the presence or 

absence of bile acid diarrhea. 
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Supplementary Figure 1: 

Ileal Resection, Endoscopic Activity, Histologic Activity and C4 Concentrations 

Compared with UC patients, higher C4 concentrations existed in CD patients with ileal resection 

(IR), with or without ileitis confirmed with both endoscopy and histology.  
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Supplementary Figure 2: ROC analysis for bile acid malabsorption in patients with diarrhea 

using C4 concentrations 

A sensitivity analysis was performed exclusively in patients with diarrhea for C4 concentrations 

to detect patients with an FGF19 concentration <60pg/mL. An ROC curve yielded an AUC of 

0.99. The optimal C4 threshold found was 35.0ng/mL (sensitivity 100%, specificity 91%). A 

threshold C4 concentration of 48.3 had a 91% sensitivity and 95.5% specificity. Above both 

thresholds, higher proportions of patients had FGF19 concentrations <60pg/mL (threshold of 

35ng/mL: 84.6%, 11/13 vs 0%, 0/20, p=NA; threshold 48.3ng/mL: 83.3%, 10/12 vs. 4.5%, 1/22, 

p<0.0001). 
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Supplementary Figure 3: Correlations for the number of daily liquid bowel movements and 7C4 

concentrations. 
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Supplementary Figure 4: Correlations between 7C4 and FGF19 concentrations. 

 

 
 
Supplementary Table 1: 
Proportion of patients with clinically significant diarrhea in each group. 

 

 

Group >3liquid BM/d (%) p value * 

CD+IR –all (n=22) 50.0% 0.02 

With ileitis (n=7) 57.1% 0.03 

Without ileitis (n=8) 25.0% 0.45 

CD without IR- all (n=20) 30.0% 0.20 

With ileitis (n=9) 22.2% 0.58 

Without ileitis (n=7)   28.6 % 0.36 

Active UC (n=25) 72.0% 0.0002 

Inactive UC (n=9) 0% N/A 

Inactive IBD without IR (n=18) 11.1% N/A 

 

* compared to inactive IBD without resection 
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Supplementary Table 2: 
An ROC analysis indicated an optimal threshold C4 concentration associated with diarrhea for 

CD and UC patients without colitis (90.9% sensitivity, 84.4% specificity, AUC=0.94). Test 

characteristics for various C4 values are provided here. 
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Supplementary Appendix: 
Patient level analysis algorithm: 
1) Chose visit closest to endoscopy date 
2) If visit is at endoscopy, visit in endoscopic remission selected 
3) If both in endoscopic remission, chose with visit with data on daily bowel movements 
4) If 1-3 equal, chose visit with 3BM/day  
5) If 1-4 equal: chose most recent visit 
6) For analysis on 7C4 concentrations and diarrhea, if no data on BM/d, chose most 
recent visit with BM/d 
 
 
 
 
 


