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Abstract
Background: Fibroblast growth factor 19 (FGF19) secrets from intestinal epithelial cells and proved to be
associated with functioning ileum in Crohn’s disease and alcoholic steatohepatitis. In the present study,
we aimed to explore the potential value of FGF19 as a biomarker for assessment of gastrointestinal (GI)
dysfunction in pediatric patients with sepsis.

Methods: We performed a prospective study to enroll pediatric patients with sepsis admitted to the
pediatric intensive care unit (PICU) at Shanghai Children’s Hospital from January 2018 to December
2018. Serum FGF19 levels at PICU admission were determined, and the clinical and laboratory
parameters were collected.

Results: Signi�cantly decreased serum FGF19 levels were found in patients with sepsis-associated GI
dysfunction. Lower serum FGF19 levels than 60 μg/mL on PICU admission is predictive for GI
dysfunction. Correlation analyses revealed signi�cant correlations of serum FGF19 with hemoglobin, and
low FGF19 serum concentration less than 52 μg/mL on PICU admission is related to GI dysfunction-
associated liver injury.

Conclusion: Serum FGF19 is a novel predictor for GI dysfunction or GI-liver dysfunction in pediatric
patients with sepsis.

Introduction
Acute gastrointestinal injury (AGI) is common in intensive care unit and associated with worse prognosis
in critically ill patients [1]. The Gastrointestinal (GI) plays a crucial role in the pathophysiology of sepsis
[2]. Conversely, sepsis is potential concerns with AGI, and resuscitation from septic shock may be
associated with morphologic changes in GI epithelium resulting in GI disorder, GI motor dysfunction, GI
barrier dysfunction, etc. [3]. Consequently, GI barrier dysfunction provides an outlet for intestinal �ora
moving to other locations, leading to the aggravation of sepsis with multiple organ dysfunction syndrome
(MODS) [4]. Specially, intestinal failure was closely related to occurrence of liver disorder [5]. Considering
of the hypothesis of GI as the motor of sepsis, early identi�cation of AGI and stable intestinal barrier are
critical for against the progress of sepsis.

The signs and symptoms about AGI include abnormal bowel sounds, abdominal distention and pain,
diarrhea, constipation, nausea, vomiting, inability to tolerate enteral feeding, and GI hemorrhage. The
grade of AGI based on European Society of Intensive Care Medicine (ESICM) strongly affected by the
subjective factors [6]. Up to date, easily applicable variable(s) and biomarkers for AGI are not available.
So, it is necessary to develop the sensitive and speci�c biomarker to early or timely diagnose AGI. The
mucosal barrier of GI mostly consists of epithelial cells. Intestinal epithelial cells-drived “signaling
message” might contribute to the intestinal-other organs crosstalk. Fibroblast growth factor 19 (FGF19)
secrets from intestinal epithelial cells and involves in the feedback regulation of bile acid synthesis
mediating the communication between the small intestine and the liver [7]. Limited studies indicated that
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reduced FGF19 levels are associated with ileal resection, diarrhea and disease activity, and FGF19 may as
a biomarker for functioning ileum in Crohn’s disease [8, 9]. Adiponectin-FGF15/19 axis as an essential
adipose-GI-liver coordinator involved in the development and progression of alcoholic steatohepatitis [10].
Furthermore, administration of a nontumorigenic FGF19 variant (M70) in healthy human volunteers
represents an effective approach for the prevention and treatment of cholestatic liver diseases associated
with bile acid dysregulation via potently reducing the hepatic activity of cholesterol 7a-hydroxylase
(CYP7A1) [11]. All these reports suggest that FGF19 levels might correlated with the GI-liver function.

It is unknown whether serum FGF19 plays a key role in patients with sepsis as a “message” or
“biomarker” for GI-liver dysfunction. So, we performed a prospective observational study and collected
serum from pediatric patients with sepsis to investigate the potential role of FGF19 as a diagnostic
biomarker for or GI-liver dysfunction.

Materials And Methods

2.1 Study Design and Patient Characteristics
Patients with sepsis were enrolled in this study from January 2018 to December 2018. Sepsis were
diagnosed based on the International Pediatric Sepsis consensus conference in 2005 [12] and Surviving
Sepsis Campaign International Guidelines in 2012 [13]. Only patients who were expected to have a long-
term (> 72hr) intensive care treatment were included into this study. The patients with advanced tumor or
life expectancy less than 1 month were excluded. Patients diagnosed with sepsis over 24h were excluded.
Sepsis-associated GI dysfunction was de�ned according to the guideline by European Society of
Intensive Care Medicine (ESICM) [6]. Sepsis-associated acute kidney injury (AKI) was de�ned as
infectious episode with AKI according to the KDIGO criteria [14]. Sepsis-associated liverinjury (SALI) were
diagnosed according to the criteria of International pediatric sepsis consensus conference [12]. SALI was
de�ned by the following conditions: 1) TBIL ≥ 4.0 mg/dL, or 2) ALT 2 times upper limit of normal for age.
The study protocol was approved by the local ethics committee and conducted in accordance with the
ethical standards laid down in the Declaration of Helsinki (Ethics Committee of Children’s Hospital
a�liated to Shanghai Jiao Tong university (Approval number: 2018R039-F01). The informed consent
was signed by the patients’ relatives.

2.2 Patient’s treatment
Patients were treated with �uid therapy, vasoactive drugs, antibiotics, and other supportive therapy
recommended by the International Pediatric Sepsis consensus conference in 2005 [12] and Surviving
Sepsis Campaign International Guidelines in 2012 [13].

2.3 Blood samples
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Blood samples were collected without anticoagulant at the time point of patient’s admission to the PICU.
After centrifugation, the serum was stored at –80oC. Serum FGF19 levels were determined using Enzyme-
linked immunosorbent assays (ELISA) (MultiScience [LIANKE] Biotech, CO., LTD, Hangzhou, China).

2.4 Observational variables
According to the pre-established Case Report Form (CRF), we collected the clinical parameters including
age, sex, co-morbidities, infection sources, PRISM III score, mechanical ventilator, vasoactive agents. The
laboratory indexes include routine blood indexes (platelet, PLT; the percentage of natural killer [NK], T cells
[CD4+ CD8+]; and B cells [CD19+]) and biochemical parameters for organ functions (total bilirubin, TBIL;
alanine aminotransferase, ALT; albumin; blood urea nitrogen, BUN; creatinine, Cr; lactic acid, Lac; creatine
kinase isoenzyme MB, CK-MB), coagulation function (activated partial thromboplastin time, APTT;
international normalized ratio, INR; �brinogen, Fib), and infectious indexes (procalcitonin, PCT; c-reaction
protein, CRP; white blood cell, WBC). The outcome variables included the length of PICU stay and PICU
survival status. The laboratory indexes were collected from the �rst test within 24 hours after PICU
admission.

2.5 Statistical Analyses
Continuous variables were presented as median (Inter Quartile Range, IQR) for abnormal distribution data
and as means ± standard derivations (SD) for normal distribution data. Student t test and the Mann–
Whitney U test were used to compare the continuous variables with normally distributed data or abnormal
distribution, repectively. The chi-square test was used to compare the categorical data. Unadjusted
associations between covariates and GI dysfunction were estimated by bivariable logistic regression
models. Adjusted odd ratios (ORs) were estimated by multivariate logistic regression models with
inclusion of covariate terms chosen based on the biological plausibility of possible confounding of
laboratory indexes and outcome. Correlation analysis was performed based on linear regression. In order
to appreciate the accuracy of independently predictors of sepsis-associated GI dysfunction, a ROC curve
was generated. Data analyses were performed using STATA 15.0 MP (College Station, Texas, USA). A
value of P < 0.05 was considered statistically signi�cant.

Results

3.1 Baseline characteristics of patients
A total of 101 patients were enrolled, and 11 cases without FGF19 value were excluded. Finally, there were
90 cases (51 males and 49 females) used to further analysis with a median age of 19 (5, 60) months.
The baseline characteristics of patients enrolled in this study were shown in Table 1. The PICU morbidity
rate of pediatric sepsis was 12.2% (11/90). According to GI dysfunction, the patients were divided into the

javascript:void(0);
javascript:void(0);


Page 5/15

sepsis group (n = 58) and the sepsis-associated GI dysfunction group (n = 32). There were signi�cant
differences between two groups in aspects of PRISM III score, rate of shock, AKI, or acute liver injury (ALI),
infection site, and the length of PICU stay (all P < 0.05). In addition, PICU mortality in the group of GI
dysfunction showed a higher tendency but without statistic signi�cance compared with that in the non-GI
dysfunction group (18.8% vs. 8.6%, P = 0.160)Table 1)..

3.2 Serum FGF19 levels are speci�cally correlated with GI
dysfunction in pediatric patients
Based on our initial hypothesis, we further investigated if the occurrence of GI dysfunction might have a
speci�c impact on circulating FGF19. Remarkably, we found signi�cantly decreased FGF19 serum
concentrations at PICU admission in patients who ful�lled septic GI dysfunction criteria, compared with
sepsis without GI dysfunction (48.4 [27.7, 95.6] μg/ml vs. 77.6 [45.8, 151.2] μg/ml, P = 0.046, Table 2)..
Moreover, the levels of PCT were signi�cantly higher (4.5 [0.6, 12.6] ng/mL vs. 0.5 [0.1, 5.7] ng/mL, P =
0.005), but the levels of albumin were signi�cantly lower in patients with GI dysfunction than patients
without GI dysfunction (36.4 [28.3, 40.3] g/L vs. 39.6 [34.5, 43.1] g/L, P = 0.025, Table 2).. In addition,
serum lactate levels and INR values displayed higher tendency but without statistic signi�cance (P =
0.126, P = 0.116, respectively; Table 2)

To investigate the in�uence of sepsis-associated organ dysfunction precisely, we performed subgroup
analysis among patients with sepsis. When patients were further subdivided into subgroups with
different organ dysfunction, the levels of FGF19 were no difference with the occurrence of sepsis-
associated respiratory failure (P = 0.731), AKI (P = 0.373), or acute ALI (P = 0.426), septic shock (P =
0.053). Furthermore, FGF19 serum concentrations did not correlate with age or sex in patients with sepsis
(P = 0.925, P = 0.495; respectively).

Additionally, multivariate logistic regression analysis indicated that low FGF19 level was independently
risk factor for the occurrence of GI dysfunction in pediatric patients with sepsis (OR: 0.992, 95%
con�dence interval [CI]:: 0.984–0.999, P = 0.046) adjusted by PCT, albumin, Lac, INR, and PRISM III score
(Table 3)..

3.3 Serum FGF19 concentration is a predictive marker for GI
dysfunction in pediatric patients with sepsis
When we applied ROC analyses to evaluate the diagnostic value of FGF19 levels in pediatric patients with
sepsis, FGF19 serum levels achieved similar area under the ROC (AUC) statistics as PCT (AUC: 0.636
[0.515, 0.757] vs. 0.683 [0.562, 0.804], P = 0.597; Figure. 1).. Furthermore, FGF19 serum levels displayed
the diagnostic accuracy for GI dysfunction with a sensitivity of 62.5% and a speci�city of 55.2 % with the
cutoff value of 60 μg/mL. Though PCT was no independent risk factor for diagnosis of GI dysfunction,
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serum PCT concentration displayed higher diagnostic accuracy than FGF19 for PICU mortality with a
sensitivity of 67.7 % and a speci�city of 70.9 % with the cutoff value of 1.44 ng/mL (Figure 1)..

3.4 Levels of circulating FGF19 are closely correlated to
serum albumin levels and liver injury
Given the critical role of FGF19 in cross-talk between GI and liver, we tried to evaluate the correlation of
FGF19 levels and liver injury in pediatric patients with sepsis. The serum FGF19 levels were positively
correlated with the serum albumin levels at the time of PICU admission (r 2 = 0.056, P = 0.024; Figure 2A)..
In addition, though there was no signi�cant difference in total patients with or without liver injury (Figure
2B),, serum FGF19 levels were signi�cantly lower in subgroup of GI dysfunction complicated with ALI
than that without ALI (Figure 2C).. Though serum FGF19 showed a poorly diagnostic potential in sepsis-
associated liver injury in the present small size, the rate of liver injury had a higher tendency in the group
of patients with FGF19 < 52 μg/mL, which were obtained by ROC analysis as a threshold value for the
occurrence of liver injury (Figure 2D)..

Discussion
In the present study, we found that serum FGF19 levels are correlated with the occurrence of GI
dysfunction, which also is a potential biomarker for GI dysfunction-associated liver injury with the
threshold value of 52 μg/mL.

Pediatric critically ill patients often have a constellation of symptoms due to intra-abdominal
hypertension. Several studies indicated that there are up to 62% of patients exhibiting at least one GI
symptom for at least 1 day after ICU admission [1, 15, 16]. In the present study, the incidence of GI
dysfunction in pediatric patients with sepsis was 35.6% (32/90). Accumulated evidence con�rmed that
that development of GI problems is related to worse outcome in critically ill patients [15, 17–19]. In adult
critically ill patients, the presence of three or more of GI dysfuntion symptoms on the �rst day in an ICU
stay is associated with a three-fold increase in mortality of patients needing mechanical ventilation (MV)
[20]. Consistently, the mortality was 6/32 in patients with GI dysfunction with higher tendency mortality
than that in children without GI dysfunction (5/58) in our present study.

The lack of markers for the measurement of GI function has suppressed studies in the �eld of GI
dysfunction. Recent report proved that PCT level could distinguish upper or lower GI perforation (GIP)
[21]. Given that serum PCT concentration is related to bacterial load [22], the severity of sepsis [23], and
even prognosis [24, 25], serum PCT levels might related to late phase of infection. So far, the evidence
regarding the diagnostic validity and accuracy of PCT in predicting GI dysfunction in sepsis is lacking. In
our present study, though serum PCT concentration was not an independent factor for GI dysfunction, it
displayed the AUC of 0.683 for identi�cation of GI dysfunction with a sensitivity of 67.7 % and a
speci�city of 70.9 % with the cutoff value of 1.44 ng/mL. To the best of our knowledge, this study is the
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�rst to evaluate the role of PCT in predicting GI dysfunction in sepsis as a useful supplementary tool.
Considering that PCT is a regular clinical parameter, PCT would be helpful biomarker for assessing the GI
dysfunction in patients with sepsis.

The enterocyte damage occurring in early stage of sepsis affects the secretion of enterocyte-derived
factors. These biofactors may help the intensivist to identify GI dysfunction in the early stage. Recently,
intestinal fatty acid binding protein (I-FABP) in urine has been proposed as possible markers for the
damage of intestinal epithelial cells [26]. In our present study, FGF19, as an enterocyte-derived factor, is
signi�cantly correlated with GI dysfunction in patients with sepsis, which gave a new insight into
assessment of GI dysfunction. Furthermore, serum FGF19 has a certain power to identify GI dysfunction
with a sensitivity of 62.5% and a speci�city of 55.2 % with the cutoff value of 60 μg/mL, although the
accuracy of FGF19 is moderate. The feasibility of serum FGF19 as a common indicator of GI dysfunction
still needs to be con�rmed in large size samples. Moreover, FGF19 is involved in the feedback regulation
of bile acid synthesis via potently reducing the hepatic activity of CYP7A1 [11], which plays a critical role
in the communication between the small intestine and the liver [7]. FGF19 was proved to be correlated
with the development and progression of alcoholic steatohepatitis [10]. Interestingly, we found that the
lower serum FGF19 level was correlated with GI dysfunction complicated by ALI, and lower FGF19 than
52 μg/ml suggested a higher risk of occurrence of ALI. The difference was not statistic signi�cance
possibly due to a small simple size. To our best knowledge, it is the �rst biomarker displaying the
potential value in diagnosis of GI-liver dysfunction in sepsis. This needs to be paid attention and con�rms
in a larger sample size of patients with sepsis.

There were several limitations in our study. We prospectively enrolled the patients with sepsis. However,
the sample size of sepsis-associated GI dysfunction was relative small. In addition, we did not determine
I-FABP as a reference biomarker in the enrolled patients. Furthermore, it would be necessary to analyze
the pathology or pathogen of GI-liver injury in patients with sepsis to accurately de�ne the value of FGF19
involved in sepsis-associated GI dysfunction and liver injury.

In summary, serum FGF19 could serve as a new biomarker in pediatric patients with sepsis to assess GI
dysfunction and GI dysfunction-associated liver injury. Serum FGF19 concentration less than 60 μg/mL
on PICU admission is predictive for GI dysfunction, and less than 52 μg/mL on PICU admission is related
to GI dysfunction-associated liver injury.
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  Total

(n = 90)

Sepsis

 (n = 58)

Sepsis-associated GI dysfunction

(n = 32)

P

Age, month 19 (5, 60) 17.5 (5, 57) 19.5 (6, 68.5) 0.739
Male, n (%) 51 (56.7) 31 (53.4) 20 (62.5) 0.407
PRISM III 7 (3, 12) 6 (2, 10) 10 (4, 13) 0.040
Complications        
Shock, n (%) 42 19 23 < 0.001
Respiratory failure, n (%) 55 32 23 0.120
Liver dysfunction, n (%) 10 1 9 < 0.001
Acute kidney injury, n (%) 17 6 11 0.005
Infection site       0.011
Respiratory system, n (%) 44 33 11  
Gastrointestinal system, n (%) 21 7 14  
Urine system, n (%) 1 1 0  
Skin and soft tissue, , n (%) 11 9 2  
Central nervous system, n (%) 13 8 5  
Mechanical Ventilator, n (%) 53 (58.9) 31 (53.4) 22 (68.8) 0.158
Length of PICU stay, day 13 (7, 20) 12 (7, 16) 16 (11.5, 35.5) < 0.001

PICU mortality, n (%) 11 (12.2) 5 (8.6) 6 (18.8) 0.160

PRISM : pediatric risk of mortality  score; PICU: pediatric intensive care unit.

 

 

 

Table 2. The laboratory indexes of patients with sepsis.

  Total

(n =90)

Sepsis

 (n =58)

Sepsis-associated GI dysfunction

(n =32)

P

FGF19 ( μg/ml) 59.8 (35.6, 130.5) 77.6 (45.8, 151.2) 48.4 (27.7, 95.6) 0.046
WBC (×109/L) 11.2 (6, 16.5) 11.2 (5.1, 16.5) 10.6 (6.9, 16.8) 0.730
CRP (mg/L) 16 (5, 78) 8 (5, 70) 25 (6.5, 93.5) 0.123
PCT( ng/mL) 1.0 (0.1, 7.9) 0.5 (0.1, 5.7) 4.5 (0.6, 12.6) 0.005
Lac (mmol/L) 1.5 (1, 2.6) 1.4 (0.9, 2.5) 1.6 (1.3, 3.4) 0.126
INR 1.1 (1.0, 1.3) 1.1 (1.0, 1.2) 1.1 (1.0, 1.3) 0.116
APTT(s) 39 (19.5, 59.5) 37 (20, 60.5) 45.5 (19, 59.5) 0.808
Fib (g/L) 2.5 (1.6, 3.9) 2.6 (1.7, 3.9) 2.2 (1.4, 4.1) 0.706
ALT (U/L) 21 (14, 43) 21 (15, 35) 20 (12, 63.5) 0.701
TBIL(μmol/L) 7.4 (4.7, 12.4) 6.6 (4.7, 11.6) 8.5 (5.4, 14.7) 0.286
Albumin (g/L) 38.5 (32.5, 41.2) 39.6 (34.5, 43.1) 36.4 (28.3, 40.3) 0.025
Cr (μmol/L) 26 (20, 33) 26 (20, 32) 27 (20.5, 52.5) 0.430
BUN (mmol/L) 4 (2.7, 5.4) 3.7 (2.7, 5.1) 4.3 (2.8, 7.2) 0.316
CK-MB (U/L) 24 (16, 38) 24 (18, 41) 24 (10, 37) 0.157
PLT (×109/L) 262.5 (172, 364) 267 (172, 415) 259 (187.5, 343.5) 0.889
NK (%) 29.5 (13.5, 45.5) 29 (11, 49) 29.5 (17, 42.5) 0.970
CD4+CD8+ (%) 1.6 (1.0, 2.0) 1.5 (0.8, 1.9) 1.7 (1.3, 2.1) 0.267
CD19 (%) mean±sd 35.1 ± 13.5 35.1± 14.2 35.1 ± 12.5 0.665
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FGF19: Fibroblast growth factor 19; WBC: white blood cell; CRP: C-reactive protein; PCT: procalcitonin; Lac: lactate;

INR: international normalized ratio; APTT: activated partial thromboplastin time; Fib: fibrinogen; ALT:

alanine aminotransferase; TBIL: total bilirubin; Cr: creatinine; BUN: blood urea nitrogen; CK-MB: creatine kinase

isoenzyme MB; PLT: platelet; NK: natural killer.

 

 

 

 

Table 3. Multivariate logistic regression about laboratory indexes with occurrence of GI
disorder in patients with sepsis.

  Univariate logistic analysis   Multivariate logistic analysis
  OR (95% CI) P   OR (95% CI) P
FGF19 0.994 ( 0.987, 1.000) 0.053   0.992 (0.984, 0.999) 0.046
PCT 1.048 (0.997, 1.102) 0.063   1.042 (0.988, 1.099) 0.126
Albumin 0.919 (0.856, 0.985) 0.018   0.967 (0.893, 1.047) 0.407
Lac 1.216 (0.944, 1.566) 0.129   1.052 (0.758, 1.461) 0.760
INR 6.527 (0.760, 56.057) 0.087    4.914 (0.211, 114. 606) 0.306
PRISM III 1.059 (0.987, 1.135) 0.109   1.064 (0.979, 1.157) 0.125

FGF19: Fibroblast growth factor 19; PCT: procalcitonin; Lac: lactate; INR: international normalized ratio; PRISM :

pediatric risk of mortality  score.
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Figure 1

Receiver operating characteristic (ROC) analyses of serum �broblast growth factor 19 (FGF19) and
Procalcitonin (PCT) predicting gastrointestinal dysfunction in pediatric patients with sepsis.
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Figure 2

Levels of circulating �broblast growth factor 19 (FGF19) are closely correlated to serum albumin levels
and liver injury. (A) regression analysis between FGF19 and albumin, (B) serum FGF19 levels in total
patients with or without liver injury, (C) serum FGF 19 levels in subgroup of patients with gastrointestinal
(GI) dysfunction complicated by liver injury or not, (D) the rate of liver injury in different groups with
FGF19 >= 52 μg/mL or FGF19 < 52 μg/mL.


