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SUMMARY

Background—The serum biomarkers, elevated 7αC4 (C4) and decreased FGF19, have been 

proposed as screening tests for bile acid diarrhoea.

Aim—To analyse prevalence, specificity and reproducibility of fasting C4 and FGF19 in 

identifying bile acid diarrhoea in patients with irritable bowel syndrome with predominant 

diarrhoea or functional diarrhoea (summarized as IBS-D).

Methods—We prospectively studied fasting serum C4 and FGF19 in 101 IBS-D patients; we 

reviewed data from 37 of the 101 patients with prior fasting serum C4 and FGF19 and from 30 of 

the 101 patients with prior faecal bile acids per 48 hours. We compared results with normal values 

[C4 ≥52.5ng/mL (n=184), FGF-19 ≤61.7pg/mL (n=50)]. We used Spearman correlation and Bland 

Altman plots to appraise reproducibility.

Results—Among the 101 patients, there was a negative correlation between serum C4 and 

FGF19 (Rs=−0.342, p=0.0005). Bile acid diarrhoea was diagnosed in 10 patients based on 

elevated serum C4 levels [mean 23.5±23.1 (SD) ng/mL] and 21 patients based on decreased 

FGF19 levels (121.6±84.2pg/mL). With replicate tests in patients with stable IBS-D, 78% of C4 
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and 70% of FGF19 measurements remained concordant, with 3% and 11% respectively 

consistently positive for bile acid diarrhoea in the 101 patients. Compared to 48h faecal bile acids, 

specificity for C4 and FGF19 was 83% and 78%, respectively. Bland Altman plots demonstrated 

greater reliability of C4 than FGF19.

Conclusions—Among 101 patents with IBS-D, fasting FGF19 and C4 levels had good 

specificity and negative predictive value, suggesting utility as screening tests to exclude bile acid 

diarrhoea.
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INTRODUCTION

Bile acid diarrhoea is a putative pathophysiology of 10–30% of patients with chronic 

diarrhoea or diarrhoea-predominant irritable bowel syndrome (IBS-D) and of ~1% of the 

entire population(1–3). Bile acids are detergent molecules produced by the liver and released 

into the GI tract in response to a meal to assist with fat emulsification and absorption. 

Approximately 95% of bile acids are reabsorbed in the terminal ileum(3). When excess bile 

acids reach the colon and the associated bacteria, they interact with the G-protein coupled 

bile acid receptor 1 (GPBAR1 or TGR5), resulting in increased colonic motility, transit, 

visceral sensation, fluid secretion and mucosal permeability(4).

Studies have demonstrated that there is a limited role of increased bile acid synthesis from 

the liver in the aetiology of bile acid diarrhoea(3). Bile acid diarrhoea is characterised into 3 

major categories, based on underlying pathophysiology: type 1 – ileal disease, indicating 

poor bile acid reabsorption in the ileum; type 2 – idiopathic, seen in IBS-D; or type 3 – 

secondary causes of bile acid diarrhoea, such as small intestinal bacterial overgrowth, 

cholecystectomy, and chronic pancreatitis(5). Treatment with bile acid sequestrants (such as 

colesevelam, cholestyramine, and colestipol) has demonstrated an 80–96% response in 

patients with moderate to severe bile acid diarrhoea (selenium-75-labeled homocholic acid 

conjugated taurine [75SeHCAT] retention <10%)(2,6). Although the main effect of bile acid 

sequestrants is to bind bile acids, these medications are nonspecific in their binding 

properties and they can potentially affect other mechanisms associated with diarrhea. For 

example, bile acid sequestrants bind Clostridium difficile toxin (7, 8) and decrease C. difficile 
spore colony formation in mice (9), change virulence of vibrio (10), promote eubiosis (11), 

and treat bacterial infection in mammals (12). Therefore, although bile acid binders are 

utilized in clinical practice when bile acid diarrhoea is suspected and there are no easily 

available diagnostic tests, a positive response does not necessarily confirm the diagnosis.

The gold standard test used to diagnose bile acid diarrhoea is the 75SeHCAT retention test. 

However, this test requires ingestion of a radio-labeleded bile acid derivative; whole-body 

gamma camera scans at baseline and after 7 days, and is unavailable in the United States. 

Therefore, several screening tests have been evaluated including the 24- and 48-hour stool 

faecal bile acid test; the 14C-glycoholate breath and stool test; and two serum biomarkers, 
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7α-hydroxy-4-cholesten-3-one (C4) and fibroblast growth factor 19 (FGF19). 14C-

glycoholate breath and stool test is currently not used due to radiation exposure, varying 

normal values, and difficulties in interpretation in the presence of small bowel bacterial 

overgrowth(3, 13). C4 is a metabolic intermediate in the rate limiting step for the synthesis of 

BAs from hepatic cholesterol and is significantly correlated with faecal loss of bile acids(8). 

It is validated as a method to detect bile acid diarrhoea when compared to the 75SeHCAT 

retention test(11). FGF19 is a hormone released by ileal enterocytes after stimulation of 

nuclear farnesoid X receptors, typically by absorbed bile acids, and FGF19 provides 

negative feedback for bile acid synthesis in hepatocytes.(3, 14)

With a cut-off value of <10% retention of tracer 75SeHCAT at 7 days to identify patients 

with bile acid diarrhoea, 75SeHCAT retention has the highest average diagnostic yield of 

30.8%, followed by 48‐hour faecal bile acid excretion (25.5%), FGF19 (24.8%), and C4 

(17.1%) among patients with functional diarrhoea or IBS-D(15). Unfortunately, the 48-hour 

faecal bile acid test requires cumbersome 48‐hour stool collection and a 4-day, 100-gram 

fat/day intake. Therefore, the serum biomarkers, C4 and FGF19, may be the preferable 

screening tests for bile acid diarrhoea, and the utility of each has been evaluated in 

comparison with both 75SeHCAT and faecal bile acids(14, 16–18). Currently, the serum 

biomarkers are not being used in the clinical setting, likely due to lack of availability of the 

tests. However, there is potential value in having valid screening tests for bile acid diarrhoea 

in patients with apparent IBS-D or functional diarrhoea, both in diagnostic practice and in 

characterization of patients for eligibility to participate in clinical trials. Before proposing 

these as alternative screening tests for bile acid diarrhoea, it is important to understand the 

performance characteristics of the serum markers, C4 and FGF19.

The aims of our study were to prospectively evaluate the prevalence of abnormal results on 

repeat testing of fasting serum C4 and FGF19 in detection of bile acid diarrhoea in patients 

with IBS-D or chronic diarrhoea, and to assess the reproducibility and performance 

characteristics of these serum biomarkers.

METHODS

Participants and Study Design

This was a single-center, prospective study. Participants were recruited from an ~950 patient 

population base at Mayo Clinic of those with IBS-D and chronic diarrhoea based on Rome 

III criteria. Participants completed the validated bowel disease questionnaires (including 

assessment by stool daily diary for 8 days of stool frequency and stool consistency using the 

Bristol Stool Form Scale) and the Hospital Anxiety and Depression Scale(19, 20).

Exclusion criteria included: (1) use of drugs or agents that alter GI transit and analgesia 

(opioids, anticholinergics, tricyclic antidepressants, and serotonin–norepinephrine reuptake 

inhibitors); (2) pregnant females; and (3) chronic liver disease or history of elevated AST or 

ALT; (4) secondary causes of bile acid diarrhoea, such as coeliac disease, microscopic 

colitis, terminal ileum resection,. Cholecystectomy was not an exclusion criterion.
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This study was approved by Mayo Clinic Institutional Review Board on 2/12/2015 (IRB 

#15–000014). The 101 enrolled subjects signed written, informed consent.

Participants provided a fasting blood sample before 9:00 a.m. (66%) or 10:00 a.m. (90%) for 

the measurements of C4 and FGF19. We had prior measurements of C4 and FGF19 in 37 of 

the same participants performed at least 5 years previously, and the recorded values were 

used for analysis of replicate samples from the same patients (Figure 1).

Serum 7α-hydroxy-4-cholesten-3-one (C4)

The C4 assay performed in our center [adapted from Galman et al.(21)] is based on HPLC/

tandem mass spectrometry(22). We utilised C4 ≥52.5ng/mL to diagnose bile acid diarrhoea, 

based on 95th percentile seen in 184 healthy adult (110 female, 74 male) volunteers(23).

Serum Fibroblast Growth Factor 19 (FGF19)

Serum FGF19 was measured by ELISA (FGF19 Quantikine Enzyme-Linked 

Immunosorbent Assay Kit, R&D Systems, Minneapolis, MN), as in previous studies(24). We 

used FGF19 ≤61.7pg/mL to diagnose bile acid diarrhoea, based on 5th percentile seen in 50 

healthy adult (39 female, 11 male) volunteers(14, 16).

Comparison of Serum C4 and FGF19 and Prior Measurements of Faecal Bile Acids

Among the 37 patients with replicate C4 and FGF19 samples, there were recorded data on 

48‐hour faecal bile acid excretion from 30 participants (Figure 1). The faecal bile acid assay 

and method of measurement were described in previous studies(25). Patients were defined as 

having bile acid diarrhoea, based on a faecal bile acid cut off ≥2619μmol/48h. We compared 

bile acid diarrhoea diagnosis with the individual serum biomarkers(14).

Statistical Analysis

We used Spearman correlation between the prospectively collected C4 and FGF19 data and 

the replicate data. Pattni et al. utilised an index equation to adjust for BMI and age for serum 

FGF19 values(11). Therefore, we analysed BMI and age as covariates for the fasting serum 

biomarkers with a linear model using SAS/STAT® software. Bland-Altman plots were used 

to assess the variability among the replicate samples to appraise the performance 

characteristics of the tests. To help understand any changes in bowel function in the patients 

with replicate serum biomarkers, we performed analysis using 2-tailed, paired t test to 

compare bowel movements and stool consistency in those patients appraised at least 5 years 

apart. By comparison to the 48‐hour faecal bile acid excretion, we calculated specificity, 

sensitivity, negative predictive value, and positive predictive value for both serum 

biomarkers. Additionally, we determined the sensitivities and specificities of C4 and FGF19 

in combination, assuming both serum tests would be performed together rather than 

sequentially.
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RESULTS

Demographics

Table 1 shows the participant demographics. Of the 101 participants, 84 patients had IBS-D, 

and 17 were classified as functional diarrhoea (FD). Participants were predominantly (84%) 

female, overweight (average BMI, 28.7kg/m2), and aged 42.2±12.9 (SD) years. Of note, 14 

patients had previously undergone cholecystectomy.

Bowel Function in Patients with Replicate Serum Measurements

In the first cohort of 37 patients, bowel frequency and stool consistency were respectively 

1.9±0.6 bowel movements (BM)/day and 5.0±0.8 stool consistency/BM on the Bristol Stool 

Form Scale. The patients in the prospective cohort had 2.2±0.9 BM/day and 5.0±1.0 stool 

consistency/BM on the Bristol Stool Form Scale.

The intra-individual comparisons using paired t test demonstrated no differences in bowel 

frequency (p=0.41) or stool consistency (p=0.92) in the patients with replicate serum C4 and 

FGF19 measurements, indicating that the clinical status of their main symptom (diarrhoea) 

had not changed significantly between the two serum collections.

Relationship of Fasting Serum C4 and FGF19 Data

Figure 2 demonstrates the expected significant negative correlation (Rs=−0.342, p=0.0005) 

between the prospectively gathered FGF19 and C4 data in 100 patients. When the 

cholecystectomy patients were excluded from the analysis, the data continued to 

demonstrate a significant negative correlation between C4 and FGF19 (Rs = −0.0.28, 

p=0.009). Figure 2 also shows that the same overall inverse correlation exists in patients 

with prior cholecystectomy, but with the small numbers (n=14), this was not statistically 

significant.

Abnormal Fasting Serum C4 and FGF19 Measurements in Two Patient Cohorts

Prospective cohort—There was no significant difference when evaluating BMI and age 

as covariates for the fasting serum biomarkers. Using C4 and FGF19 cutoffs that were either 

above or below, respectively, the reference values of a healthy population, positive results for 

bile acid diarrhoea in the prospectively collected samples were 10% (10/101) and 21% 

(21/100), respectively. The results were concordant between the two tests in 74% (74/100) of 

participants: 5% were positive and 69% negative for bile acid diarrhoea by both tests.

In order to compare (see below) the serum biomarkers with the current gold standard in the 

USA, which is total faecal bile acid excretion, we included data from another 39 patients 

who had serum C4 and FGF19, as well as total 48-hour faecal bile acid excretion.

Repeat Testing of Fasting Serum C4 and FGF19 Measurements—Figures 3a and 

3b represent the Spearman correlations between the replicate samples of the serum 

biomarkers in patients with no significant changes in clinical evaluation of bowel functions. 

Statistically significant correlations were observed for the replicate C4 values, while 

borderline significance was observed between the repeat FGF19 measurements (p=0.0526).
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Figures 4a and 4b show the Bland Altman plots for the replicate samples. C4 demonstrates 

greater variability above the cutoff value (52.5ng/mL) to diagnose bile acid diarrhoea. In 

contrast, the abnormal values of serum FGF19 appear to be more consistent.

In the supplementary figure (in Supplemental Material), there is an outline of how C4 and 

FGF19 changed over time. For C4, 29/37 (78%) samples remained stable, with 1/37 (3%) 

being consistently positive for bile acid diarrhoea. For FGF19, 26/37 (70%) values remained 

stable, with 4/37 (11%) being consistently reduced below the normal range (<61.7pg/mL) 

suggesting bile acid diarrhoea.

Comparison of Serum Biomarkers and Faecal Bile Acid Excretion

Table 2 demonstrates the comparisons of bile acid diarrhoea screen with serum biomarkers 

and 48‐hour faecal bile acids. C4 and FGF19 demonstrated high negative predictive value 

and specificity for both markers 79%/83% and 78%/78%, respectively. When combining C4 

and FGF19 together, the sensitivity increased to 50% and the specificity was 65%. When we 

excluded patients with cholecystectomy, serum C4 showed 40% sensitivity, 85% specificity, 

40% PPV, and 85% NPV to diagnose bile acid diarrhoea. For FGF19, exclusion of patients 

with prior cholecystectomy resulted in 20% sensitivity, 75% specificity, 17% PPV, and 79% 

NPV to diagnose bile acid diarrhoea.

Replication Cohort

From our prior cohort, there were an additional 39 patients diagnosed with IBS-D with C4 

and 38 patients with FGF19. Utilizing the new fasting serum biomarker cutoffs, the 

prevalence of bile acid diarrhoea was 23% based on C4 and 34% based on FGF19.

In the entire patient database of 140 patients, including patient samples collected since 2012, 

there were 138 and 140 patients with measurements of fasting FGF19 and C4, respectively, 

in patients with IBS-D. Abnormal results were identified in 14% with C4 and 5% with 

FGF-19.

DISCUSSION

In this study, we have analysed replicate fasting serum FGF19 and C4 values in patients with 

functional diarrhoea and IBS-D. The participant demographics were similar (including 

psychosomatic scores) to those participating in previous studies with IBS-D and chronic 

diarrhoea at our center(26). We have observed significant correlations in replicate serum C4 

measurements, as well as high levels of specificity and negative predictive values relative to 

faecal bile acid measurements. Thus, our findings suggest that serum C4 and FGF19 are 

biomarkers that can be used as screening methods for bile acid diarrhoea, using the cut-offs 

≥52.1ng/mL and ≤61.7pg/mL, respectively. The serum biomarkers provide a simple method 

to rule out bile acid diarrhoea in patients with IBS-D. Those who test positive on the serum 

tests, 75SeHCAT or 48h fecal bile acid measurement, will require additional confirmatory 

testing, as indicated in the proposed algorithm (Figure 5). According to this algorithm, if 

fasting serum FGF19 and C4 are negative, then the patient can receive available 

symptomatic therapies for the IBS-D. If either C4 or FGF19 test is positive, the patient with 
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IBS-D should undergo available confirmatory testing with measurement of fecal bile acids 

over 48h or 75SeHCAT retention.

Consistent with previous reports in the literature, these serum biomarkers measured in the 

prospectively collected samples (~100 samples) diagnosed bile acid diarrhoea in 10% for C4 

and 21% for FGF19; additionally, in the entire current database (~140 samples), bile acid 

diarrhoea was diagnosed in 14% and 25%, based on C4 and FGF19, respectively(3). The 

cutoff values over time for bile acid diarrhoea diagnosis have changed as more healthy 

volunteer data have been collected, relative to the values previously reported from our 

laboratory [e.g. C4 cutoff value of 47.1ng/mL(8,9)]. The new C4 cutoff based on our healthy 

volunteers (≥52.1ng/mL) was reproduced by Bajor et al.(21). Participants with 75SeHCAT 

retention ≤ 20% were treated on colestipol. Responders were defined by a decrease in 

symptoms and number of bowel movements by 50%. The responders were noted to have an 

average C4 value of 55ng/mL(27). Although the number of participants in our study was 

relatively small for the comparison to the gold standard of total faecal bile acid excretion 

over 48 hours, it demonstrated a high specificity and negative predictive value of fasting 

serum C4 and FGF19.

Our observations confirm those reported in the literature for studies of the individual 

biomarkers, serum C4 and FGF19. Sauter et al. demonstrated C4 sensitivity, specificity, 

positive predictive value (PPV), and negative predictive value (NPV) of 90%, 79%, 73%, 

and 92%, respectively, for C4 ≥48ng/mL and 75SeHCAT <10%. Our data demonstrated a 

higher specificity (83%) with a higher cut-off of 52.5ng/mL. The higher positive predictive 

value observed by Sauter et al. is based on the increased prevalence of bile acid diarrhoea in 

that cohort of 17/24 (71%) patients with type 1 and type 3 bile acid diarrhoea(28). Pattni et 

al. described sensitivity and specificity of 58% and 84%, respectively, for FGF19 

≤145pg/mL as compared to 75SeHCAT retention values of <10%. Sensitivity increased to 

68% when FGF19 values were combined with serum C4, BMI, and patient age(17). These 

differences in the observed sensitivity and specificity may be related to the differences in the 

diagnostic yield of 75SeHCAT compared to faecal bile acid measurements and different 

cutoff points used in different studies.

Our study also evaluated the concordance of these biomarkers on repeat testing in a patient 

population with no significant change in their bowel dysfunction. The measurements of C4 

several years apart demonstrated a significant positive correlation. In addition, 78% of the 

C4 values were consistent over time and remained predominantly normal over time. 

Although the Bland-Altman plot for fasting serum C4 demonstrated variability in the higher 

values observed, these values were all above the cutoff line for bile acid diarrhoea; that is, 

the test results were abnormal, despite variability over time. More importantly, there was 

increased reliability (or less variability) within the normal range of C4 that excluded bile 

acid diarrhoea, indicating that participants whose values were normal remained normal 

overtime, thus, validating the utility of fasting C4 measurement as a screening test.

Fasting serum FGF19 showed a borderline significant correlation on repeat testing. Seventy 

percent of the FGF19 values remained consistent over time, with 59% and 11% remaining 

negative and positive over time, respectively. The Bland-Altman plot demonstrated more 

Vijayvargiya et al. Page 7

Aliment Pharmacol Ther. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



stable FGF19 values, with slightly greater variability with the higher absolute values. The 

abnormal values (≤61.7pg/mL, indicating bile acid diarrhoea) were also consistent and, 

therefore, reliable over time.

The strengths of our study include the appraisal of both serum markers for bile acid 

diarrhoea in the same cohort and comparison of results with earlier results from serum 

measurements and with faecal 48‐hour bile acid excretion. Additionally, based on the bowel 

diary data, the patients had no significant changes in their bowel dysfunction between the 

two times of testing. Given the diurnal variation in the serum FGF19 measurements(29) and 

the effect of meal ingestion on serum C4 measurements, an important precaution taken was 

to ensure that all measurements were performed during fasting and at approximately the 

same time of day, that is, 66% before 9:00 a.m. and 90% before 10:00 a.m. This is 

particularly relevant for FGF19 which shows significant variation, reaching peak levels 

approximately 3–4 hours after meals(29).

Limitations of our study include the need for further enriching the study cohort with more 

patients with bile acid diarrhoea. Three of the patients with positive results on the replicate 

C4 and FGF19 measurements had previously undergone cholecystectomy. However, it is 

worth noting that other patients had not done so, and there were equal numbers of post-

cholecystectomy patients with normal or abnormal values of serum C4 and FGF19. From 

this observation, we also conclude that the serum biomarkers can be used to screen for bile 

acid diarrhoea among patients with post-cholecystectomy diarrhoea. An additional limitation 

is the absence of concurrent 48hour faecal bile acid measurement.

A concern in our study is the interpretation from the observation of discordant serum 

biomarkers. Five patients had similar interpretation of the C4 and FGF19 values on repeat 

testing, but the results were not consistent with the faecal bile acid data. Pattni et al.(17) 

suggested that combining the two serum biomarkers increased the yield for bile acid 

diarrhoea diagnosis. Our data combining C4 and FGF19 confirmed that recommendation, 

since there was improved sensitivity (50%) when considering C4 and FGF19 together (in 

parallel analysis). However, the specificity for diagnosis of bile acid diarrhoea was lower 

with the combination of C4 and FGF19, and this is demonstrated by the observation that 5 

patients with positive combined serum C4 and FGF19 had negative faecal bile acid excretion 

results.

Currently, we are unable to recommend just one blood test for bile acid diarrhoea diagnosis, 

but the serum C4 test appears to be most reliable as a screening test to exclude bile acid 

diarrhoea in view of the higher negative predictive value and specificity, and the more 

consistent values of normal C4 levels on replicate testing, as shown in the Bland-Altman 

plot.

Based on previous reports and our data, C4 has high specificity and reproducibility, 

particularly in patients with no evidence of bile acid diarrhoea. Combining both C4 and 

FGF19 can help increase the diagnostic yield for bile acid diarrhoea. We believe that these 

serum biomarkers are a good screening method for bile acid diarrhoea.
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Without such a simple screening method, patients may choose to forgo the arduous 48‐hour 

faecal bile acid test and proceed with a therapeutic trial of bile acid sequestrants. However, 

these agents are nonspecific in their binding properties and are not a reliable test to diagnose 

bile acid diarrhoea (7–10) Additionally, the cost in the United States of full dose colesevelam 

(1.875g, b.i.d.) for 4 weeks is about 5-fold higher than the cost of measurements of serum 

C4 and FGF19. Since the serum biomarkers predict the response to bile acid sequestrants(30) 

and are cost-efficient compared to a 4‐week therapeutic trial, we believe they have a place as 

first-line tests and, if necessary, can be followed by confirmatory diagnostic tests such as 

total faecal bile acid excretion or, where available, 75SeHCAT retention test. Such a 

diagnostic approach would also decrease the risk of adverse effects from unnecessary 

treatment.

Future directions for this research include additional confirmatory testing of the diagnostic 

performance of fasting serum C4 and FGF19 with tests such as 75SeHCAT or 48‐hour faecal 

bile acid, based on availability, as well as conducting studies to understand why replicate C4 

and FGF19 values change over time and if symptoms and severity change in accordance 

with the observed variation in the biomarker.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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ALT alanine aminotransferase

AST aspartate aminotransferase

BMI body mass index

ELISA enzyme-linked immunosorbent assay

HPLC high performance liquid chromatography

NPV negative predictive value

PPV positive predictive value

SD standard deviation
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Figure 1. 
Patient distribution in the prospective and prior cohort
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Figure 2. 
Negative Spearman correlation between prospectively collected fasting serum FGF19 and 

C4. The lighter circles represent patients who have undergone cholecystectomy.
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Figure 3. 
a. Positive Spearman correlation between replicate C4 samples over time. The lighter circles 

represent patients who have undergone cholecystectomy.

b. Positive Spearman correlation between replicate FGF19 samples over time. The lighter 

circles represent patients who have undergone cholecystectomy.
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Figure 4. 
a. Bland-Altman for replicate C4 values. The dashed vertical line depicts C4=52.5ng/mL. 

This graph depicts greater variability in the higher C4 values; of note, they are diagnostic for 

bile acid diarrhoea. The lighter circles represent patients who have undergone 

cholecystectomy.

b. Bland-Altman for replicate FGF19 values. The dashed vertical line demonstrates 

FGF19=61.7pg/mL. There was less variability compared to the C4 Bland-Altman plot. The 

lighter circles represent patients who have undergone cholecystectomy.
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Figure 5. 
Proposed algorithm using fasting serum FGF19 and C4 in the diagnosis of bile acid 

diarrhoea in patients with IBS-D or functional diarrhoea
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Table 1

Demographics, psychosomatic scores and quantitative data on bile acid diarrhoea serum markers (BSFS: 

Bristol Stool Form Scale; HAD: Hospital Anxiety and Depression Scale)

Mean ± SD IBS-D/Chronic diarrhoea

N 101

IBS-D/functional diarrhoea 84 / 17

Age (yrs) 42.2 ± 12.9

Gender (F/M) 85/16

BMI, kg/m2 28.7 ± 7.4

Bowel movements/day 2.2 ± 1.2

Bowel consistency (BSFS) 4.7 ± 1.0

Anxiety score (HAD) 4.5 ± 2.9

Depression score (HAD) 1.6 ± 1.7

Abdominal surgery (# of patients)

 Hysterectomy 13

 Cholecystectomy 14

 Appendectomy 10

Fasting serum C4 (ng/mL) 23.5 ± 23.1

Number with C4 ≥52.5ng/mL 10/101 (10%)

Fasting serum FGF19 (pg/mL) 121.6 ± 84.22

Number with FGF19 ≤61.7pg/mL 21/100 (21%)
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Table 2

Statistical comparison of the diagnostic value of fasting serum C4 and FGF19 as compared to 48hr fecal bile 

acids

Bile acid biomarker >2619μmol/48h
(+ bile acid diarrhoea)

<2619 μmol/48h
(− bile acid diarrhoea)

PPV NPV

C4

≥52.5 ng/mL (+ bile acid diarrhoea) 2 4 33% NA

≤52.5 ng/mL (− bile acid diarrhoea) 5 19 NA 79%

Sensitivity 29% NA

Specificity NA 83%

FGF19

≤61.7 pg/mL (+ bile acid diarrhoea) 2 5 29% NA

>61.7 pg/mL (− bile acid diarrhoea) 5 18 NA 78%

Sensitivity 29% NA

Specificity NA 78%

PPV=positive predictive value; NPV=negative predictive value;
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