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Background: Bile acids (BAs) have been proposed to promote gastrointestinal cells
carcinogenesis. However, studies on serum total bile acid (TBA) levels and gastrointestinal
cancers (GICs) risk are rare.

Methods: We conducted a retrospective case–control study from 2015 to 2019 at the
First Affiliated Hospital of Air Force Military Medical University, in which 4,256 GICs cases
and 1,333 controls were recruited. Patients’ demographic, clinical and laboratory data
were collected. The odds ratios (ORs) with 95% confidence intervals (CIs) were estimated
using binary logistic regression models.

Results: Positive associations were observed between serum TBA levels and risks of
esophageal cancer (EC), gastric cancer (GC) and colorectal cancer (CRC). Overall, ORs of
EC, GC and CRC risk rose with the TBA levels increasing. After adjustment for potential
confounders, the OR of TBA-positive for EC risk was 4.89 (95% CI: 3.20-7.49), followed
by GC (OR: 3.92, 95% CI: 2.53-6.08), and CRC (OR: 3.32, 95% CI: 2.04-5.11). Patients
aged 60 years or older have a higher risk of GICs, especially for EC patients. Males are
associated with a higher risk of GC, while females are associated with a higher risk of
CRC. Preoperative serum TBA positive and negative was significantly different in the
presence or absence of hematogenous metastasis among EC patients (P=0.014), and
lymph node metastasis among GC patients (P=0.018).

Conclusions: This retrospective study showed positive associations between serum
TBA level and GICs risk, and a higher serum TBA level constitutes a risk factor for GICs.

Keywords: gastrointestinal cancer (GI cancer), serum, bile acid (BA), biomarkers, epidemiology - analytic
(risk factors)
Abbreviations: AUC, Area Under Curve; BA, bile acid; CI, confidence interval; CRC, colorectal cancer; EC, esophageal cancer;
GC, gastric cancer; GIC, gastrointestinal cancer; IM, intestinal metaplasia; OR, odds ratio; TBA, total bile acid; TCA,
taurocholic acid.
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INTRODUCTION

Global cancer incidence and mortality are rising rapidly, with
nearly 19.3 million new cases and 10.0 million deaths worldwide
in 2020 (1). Approximately 14.7% of these new cases are
gastrointestinal cancers (GICs, including esophageal, gastric
and colorectal cancers), and both their morbidity and mortality
are high in East Asia (1). In China, esophageal cancer (EC),
gastric cancer (GC) and colorectal cancer (CRC) remain the top
five most common and deadly tumors (2), and the total numbers
of new cases and deaths caused by GICs will continue to increase
due to changes in the population’s age and structure (3). GICs
are multifactorial and complex pathological processes that are
influenced by carcinogenic factors such as diet, lifestyle,
environmental factors and genetic susceptibility. Hence,
understanding the potential risk factors of GICs is essential for
cancer prevention efforts. Recently, some studies have reported a
link between bile acids (BAs) and GICs (4–7).

BAs is a normal component of intestinal contents, which is
released into the intestine during digestive activities to promote
the digestion and absorption of lipids and fat-soluble vitamins (8).
Apart from functioning to promote lipid absorption as a
detergent, BAs also act as endogenous ligands to regulate
metabolic pathways by activating several nuclear and plasma
membrane receptors (9). These receptors are extensively
expressed in a variety of human tissues, including liver, bile
duct, stomach, intestine and other digestive organs, with the
nuclear receptor farnesoid X receptor (FXR) and the cell
membrane surface G protein-coupled receptor TGR5 (G
protein-coupled bile acid receptor 1) being the most studied
(10). Although BAs exists as a normal physiological component
in the body, it was proposed as a carcinogen as early as the 1940s
(11). BAs can directly damage cells, including the induction of
DNA damage, mutations and a reduction in apoptotic capacity
(12), and recently there is growing evidence that chronic exposure
of gastrointestinal cells to high physiological levels of BAs may
induce carcinogenesis both in vitro and in vivo studies (13, 14). In
addition, the high levels of BAs in the gastrointestinal tract of
patients with gastric and colorectal cancers have also been
confirmed (15, 16). However, whether serum total TBA levels
are correlated with GICs has been reported less frequently.
Therefore, we designed this retrospective case-control study to
identify whether TBA levels are an associated risk factor for GICs.
MATERIAL AND METHODS

Study Design and Participants
We retrospectively reviewed the medical records of 12,566
patients who received inpatient care at the First Affiliated
Hospital of Air Force Military Medical University from January
2015 to December 2019. We included all patients with surgically
and histopathologically confirmed gastrointestinal cancers
(including EC, GC and CRC) as cases and included healthy
check-up patients at the health medicine center as controls. All
the patients were aged 18-75 years and of any gender. The
exclusion criteria were: 1) previous diagnosis of GICs with
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radiotherapy or chemotherapy prior to surgery; 2) history of
digestive system surgery (including esophagus, stomach, intestine
and liver); 3) malignancy with other systems; 4) diagnosis of
inflammatory bowel disease; 5) autoimmune diseases such as
primary biliary cirrhosis, primary sclerosing cholangitis, IgG4-
related sclerosing cholangitis, and autoimmune liver disease; 6)
chronic liver diseases (including viral hepatitis, alcoholic hepatitis,
non-alcoholic steatohepatitis, and drug-related hepatitis); 7)
incomplete data and information. Finally, a total of 5589 cases
(4256 cases of GIC and 1333 cases of control) were eligible for
inclusion and were therefore included in the study.

This study was approved by the Ethics Committee of the First
Affiliated Hospital of Air Force Military Medical University and
was undertaken in accordance with the Declaration of Helsinki.

Data Collection
Demographic, clinical and laboratory data were collected from
patients. Demographic data included gender, age, marital status,
and residence. Laboratory data included serum TBA, CEA, AFP,
CA19–9 and CA125 levels and were detected from the day before
operation. The cut off value of TBA, CEA, AFP, CA19–9 and
CA125 levels were 10mmol/L, 5 ng/ml, 7 ng/ml, 30 U/ml, 24 U/
ml. Tumor site, size and lymph node metastasis were defined by
pathologists in the department of pathology according to the
Tumor-Node-Metastasis (TNM)-based staging of esophageal,
gastric, and colorectal cancer by the new, 8th editions of the
relevant Union for International Cancer Control (UICC) and
American Joint Committee on Cancer (AJCC) publications. The
flow chart of the study design is shown in Figure 1.

Statistical Analysis
Data collected were encoded into numbers and statistically
analyzed. The mean ± standard deviation (x̅ ± s) was used to
describe characteristics that conform to a normal distribution, and
the median and interquartile spacing are used for those that do not.
For count data, the frequency in percentage (%) was presented. The
chi-square (c2) test and Fisher’s exact test were used to examine the
discrete variables. The non-parametric Mann-Whitney U test was
used to analyze whether there were differences in levels of serum
TBA and tumor makers between the case and control groups. The
restricted cubic spline regression models with five knots were
performed to estimate the nonlinear relationship of serum TBA
levels with the risk of esophageal, gastric, colorectal and
gastrointestinal cancer. We applied binary logistic regression
models to analyze the relationship between serum TBA levels and
GICs risk, and the ORs with 95% CIs were calculated. All analyses
were performed using STATA version 15.0 (Stata Corporation) and
SPSS version 25.0 (IBM, SPSS Inc., Chicago, IL, US). Two‐sided P
values less than 0.05 were considered statistically significant.
RESULTS

Demographic Characteristics of the Study
Participants
The case group included 4,256 participants. Of these, 1,439 (33.8%)
were EC, 1,260 (29.6%) were GC, and 1,557 (36.6%) were CRC.
June 2022 | Volume 12 | Article 859716
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The control group included 1,333 participants. The mean age of
study participants in the case group was older than that in the
control group, and the proportion of males in the case group was
higher than that of female patients (Table 1). The proportion of EC
(88.5% vs. 11.5%) and GC (70.4% vs. 29.6%) patients was
significantly higher in rural areas than in urban areas. Compared
to the control group, GIC patients had a higher proportion of users
of aspirin and metformin, and the difference was statistically
significant (p < 0.05; Table 1). However, due to the small number
of users due to aspirin, metformin and statins in both the case
group and the control group, the relevant data in this study may
not truly reflect the relationship between the drugs and GIC. The
other detailed demographic characteristics are shown in Table 1.

Comparison of TBA and Tumor Markers
Between Case and Control Groups
Preoperative tumor markers and TBA levels were compared
between cases and control group. Median TBA level in EC
patients (3.90mmol/L) tended to be higher than that in the
control group (2.75mmol/L), and the difference was statistically
significant (p < 0.05; Table 2). Median CEA levels were higher
among three case groups than that in the control group, particularly
for CRC patients, and the difference was all statistically significant
(p < 0.05; Table 2). Whereas, median AFP levels between the case
groups and the control group showed no statistical difference
(Table 2). In the GC group and CRC group, the median levels of
CA19-9 and CA125 were higher than that in the control group, and
showed similar median values and distributions (Table 2). In
addition, to identify the specificity and sensitivity of these serum
markers to diagnosis, we calculated their Area Under Curve (AUC).
Frontiers in Oncology | www.frontiersin.org 3
The AUC value of CEA among CRC patients was the highest, at
0.721.Whereas only the AUC value of TBA among EC patients was
statistically significant in case group, at 0.640. Relevant information
is shown in Supplementary Table S1.

TBA and Gastrointestinal Cancers Risk
Figure 2 shows the non-linear relationship between different
TBA levels adjusted for age and the risk of GIC. The ORs of EC
rose with the TBA levels increasing, and the ORs of GC nearly
leveled off before the TBA level reached 10 mmol/L. After that,
the ORs of EC and GC rose rapidly, and reached around 15.0 and
5.0 at 20 mmol/L, respectively (Figures 2A, B). Before reaching
10 mmol/L, TBA levels showed a U-shape relation with CRC risk,
with the nadir at 5 mmol/L; after that, the ORs sharply rose to
around 3.0 at 20 mmol/L (Figure 2C).

To further understand the relationship between the potential
risk factors with GICs, binary logistic regression analysis was also
performed (Figure 3 and Table 3). Patients were divided into
TBA-positive and TBA-negative by cut-off value of TBA of
10mmol/L. We observed statistically a significant positive
association between serum TBA levels and GICs risk when
comparing the control group (Figure 3 and Table 3). The
strongest association was between TBA-positive and EC risk
(OR: 5.00, 95% CI: 3.28 to 7.64; P <0.001), followed by GC (OR:
4.01, 95% CI: 2.59 to 6.21; P <0.001), and CRC (OR: 3.01, 95%
CI: 1.90 to 4.75; P <0.001). We further analyzed the association of
patients’ demographic, and laboratory data with the risk of GIC.
Although various exposure factors, such as history of drugs and
cholecystectomy, were statistically different in the demographics
of the study participants, we included only a subset of them due
FIGURE 1 | Flow chart of participant enrollment.
June 2022 | Volume 12 | Article 859716
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to the robustness of the data. The results also indicate that
patients aged 60 years or older have a higher risk of GICs,
especially for EC patients (OR: 3.78, 95% CI: 3.22 to 4.44; P
<0.001). Males are linked with a higher risk of GC, while females
are associated with a higher risk of CRC (Figure 3 and Table 3).
Frontiers in Oncology | www.frontiersin.org 4
The CEA, CA19-9, and CA125 were positively correlated with
the risk of GC and CRC (Figure 3 and Table 3). CEA showed a
strong association with CRC risk (OR: 6.90, 95% CI: 5.33 to 8.93;
P <0.001), and CA19-9 showed a strong association with GC risk
(OR: 5.09, 95% CI: 3.59 to 7.22; P <0.001).
TABLE 2 | TBA and tumor markers among patients and control individuals.

Factors Case median (IQR) Control median (IQR) (n=1333)

EC (n=1439) GC (n=1260) CRC (n=1557) GICs (total) (n=4256)

TBA (mmol/L) 3.90 (4.27)a 2.80 (3.47) 2.60 (2.84) 3.10 (3.63)a 2.75 (2.86)
CEA (ng/ml) 1.99 (1.73)a 2.25 (2.51)a 3.27 (5.29)a 2.40 (2.77)a 1.76 (1.51)
AFP (ng/ml) 2.77 (2.16) 2.73 (1.94) 2.75 (1.72) 2.75 (1.91) 2.79 (1.78)
CA199 (U/ml) 9.27 (8.68) 9.80 (13.08)a 12.40 (15.08)a 10.44 (11.84)a 9.13 (8.54)
CA125 (U/ml) 8.60 (5.94) 10.64 (6.88) a 11.06 (7.78)a 10.14 (6.96)a 8.66 (5.76)
June 20
aP value < 0.05 compared with the control group.
IQR, interquartile range; TBA, total bile acid; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GICs, gastrointestinal cancers.
TABLE 1 | Characteristics of the study participants in the case group and the control group, numbers (%).

Characteristics Case groups Control group (n=1333)

EC (n=1439) GC (n=1260) CRC (n=1557) GICs (total) (n=4256)

Age, y (mean ± SD) 62.31 ± 7.27a 57.27 ± 9.40a 58.31 ± 10.26 a 59.35 ± 9.33a 55.40 ± 9.52
Sex
Male
Female

976 (67.8%)
463 (32.2%)

959 (76.1%)a

301 (23.9%)
911 (58.5%)a

646 (41.5%)
2846 (66.9%)
1410(33.1%)

889 (66.7%)
444 (33.3%)

BMI, kg/m²
(mean ± SD)

23.08 ± 3.50a 22.78 ± 3.18a 23.60 ± 3.47 23.24 ± 3.28a 24.01 ± 3.14

Marital status
Married
Unmarried/divorced

1390 (96.6%)a

49 (3.4%)
1254 (99.5%)

6 (0.5%)
1551 (99.6%)

6 (0.4%)
4195 (98.6%)a

61 (1.4%)
1326 (99.5%)

7 (0.5%)
Residence
Urban
Rural

165 (11.5%)a

1274 (88.5%)
373 (29.6%)a

887 (70.4%)
891 (57.2%)a

666 (42.8%)
1429 (33.6%)a

2827 (66.4%)
1007 (75.5%)
326(24.5%)

History of biliary tract diseaseb

Yes
No

52 (3.6)a

1387 (96.4%)
103(8.2%)

1157 (91.9%)
83(5.3%)a

1474 (94.7%)
238 (5.6%)a

4018 (94.4%)
127 (9.5%)

1206 (90.5%)
History of cholecystectomy
Yes
No

27 (1.9%)a

1412(98.1%)
109(8.7%)

1151 (91.3%)
75 (4.8%)a

1482 (95.2%)
211(5.0%)

4045 (95.0%)
117 (8.8%)

1216 (91.2%)
History of hypertension
Yes
No

308 (21.4%)
1131 (78.6%)

191 (15.2%)a

1069 (84.8%)
253 (16.2%)a

1304 (83.8%)
752 (17.7%)
3504 (82.3%)

264 (19.8%)
1069 (80.2%)

History of coronary heart disease
Yes
No

98 (6.8%)a

1341 (93.2%)
44 (3.5%)

1216 (96.5%)
40 (2.6%)

1517 (97.4%)
182 (4.3%)

4074 (95.7%)
45 (3.4%)

1288 (96.6%)
History of diabetes
Yes
No

104 (7.2%)a

1335 (92.8%)
81 (6.4%)a

1179 (93.6%)
103 (6.6%)a

1454 (93.4%)
288 (6.8%)a

3968 (93.2%)
62 (4.7%)

1271 (95.3%)
Use of aspirin
Yes
No

58 (4.0%)a

1381 (96.0%)
49 (3.9%)a

1211 (96.1%)
47 (3.0%)a

1510 (97.0%)
154 (3.6%)a

4102(96.4%)
23 (1.7%)

1310 (98.3%)
Use of metformin
Yes
No

42 (2.9%)a

1397 (97.1%)
39 (3.1%)a

1221 (96.9%)
56 (3.6%)a

1501 (96.4%)
137 (3.2%)a

4119 (96.8%)
23 (1.7%)

1310 (98.3%)
Use of statin
Yes
No

40 (2.8%)a

1399 (97.2%)
16 (1.3%)

1244 (98.7%)
15 (1.0%)

1542 (99.0%)
71 (1.7%)

4185 (98.3%)
20 (1.5%)

1313 (98.5%)
22 | Vo
aP value < 0.05 compared with the control group.
bBiliary tract diseases include cholecystitis, gallstones, and gallbladder polyps.
SD, standard deviation; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GICs, gastrointestinal cancers.
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A B

DC

FIGURE 3 | The association between the potential risk factors and the risk of EC (A), GC (B), CRC (C), GIC (D). The black dot indicates the OR of each category.
The horizontal line represents the 95% CI. TBA, total bile acid; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GIC, gastrointestinal cancer; OR,
odds ratio; CI, confidence interval.
A B

DC

FIGURE 2 | The nonlinear association between different serum TBA levels adjusted for age and the risk of EC (A), GC (B), CRC (C), GIC (D). The trend fitted by the
blue dots presents the OR values estimated by the restricted cubic spline regression model. The dot indicates that there is at least one actual value of the X axis.
TBA, total bile acid; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GIC, gastrointestinal cancer; OR, odds ratio; CI, confidence interval.
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Biomarkers and Clinicopathological
Parameters of Gastrointestinal Cancer
To determine whether serum TBA levels are linked with GICs
pathological parameters, we further evaluated corrections
between GIC pathological parameters (i.e., lymph node
metastasis, hematogenous metastasis, etc.) with TBA (Table 4).
Chi-square test results showed that there were significant
differences in serum TBA levels in EC patients in terms of age
and hematogenous metastasis (p < 0.05; Table 4). The serum TBA
levels were also significantly different in gender, age and the
presence or absence of lymph node metastasis among GC patients
(p < 0.05; Table 4). In contrast, there was no significant difference
between serum TBA levels and clinicopathological parameters in
CRC patients. What’s more, no significant difference was
observed between serum TBA levels and clinical tumor-node-
metastasis (mTNM) stage (P>0.05; Table 4).
DISCUSSION

In this retrospective study, we investigated whether preoperative
serum TBA levels were associated with the risk of GICs. We
observed that levels of serum TBA were statistically significantly
associated with increased GIC risk, especially after reaching
10mmol/L. In order to explore the deeper relationship between
serum TBA levels and GICs, we further assessed corrections
between GIC pathological parameters. Besides, we also analyzed
the relationship between some potential risk factors with GICs,
including age, gender, medical history and tumor markers.
Overall, these findings suggest that a higher level of TBA may
promote GICs.
Frontiers in Oncology | www.frontiersin.org 6
BA plays a crucial role in human health and disease, with
dissolving nutrients such as dietary lipids and fat-soluble
vitamins, thereby significantly enhancing their intestinal
absorption (17). Besides, BAs are also signaling molecules to
produce metabolic effects by interacting with FXR and TGR5,
PXR and VDR (18), which act predominantly in enterohepatic
tissues, but also in peripheral organs. Once cholestasis occurs for a
variety of reasons, which is characterized by elevated levels of BA
in the liver and serum, followed by hepatocyte and biliary injury
(19), inflammation (20), metabolic disorders and other diseases
(21, 22). What’s more, BA is a potential cancer promoter, which
plays a crucial role in regulating the proliferation of cancer cells
from different sources (23). BA exposure has been considered a
potential risk factor for GIC (24), and increased BA secretion is
associated with an increased incidence of GIC (25). It has been
reported that high concentrations of secondary BA can cause
oxidative DNA damage, promote inflammation and activation of
NF-kB, which in turn can damage the gastrointestinal epithelium
and thus play an important role in GIC progression (26).

Previous epidemiological studies on BA and the risk of GICs
were case-control studies of fecal bile acid contents, particularly with
respect to CRC risk. In enterohepatic circulation, primary bile acids
undergo biochemical transformation, such as dehydroxylation, by
intestinal bacteria to produce secondary bile acids (deoxycholic acid
and shicholic acid) (27). Secondary bile acids, particularly
deoxycholic acid, have long been implicated as co-carcinogens in
CRC, which may damage the colon epithelium and thus accelerate
carcinogenesis (28–32). Hepatocytes secrete BAs to the bile
canaliculi, and the gallbladder empties to the duodenum upon
feeding and releases BAs to the gastrointestinal tract. BAs are then
reabsorbed through the enterocytes and get to the liver for reuptake
TABLE 3 | ORs and 95% CIs for GICs in association with patients’ demographic, clinical and laboratory data by binary logistic regression (N=5589)a.

EC (n=1439) GC (n=1260) CRC (n=1557) GICs (n=4256)

OR (95% CI) P OR (95% CI) P OR (95% CI) P OR (95% CI) P

Gender
Female
Male

1.00
1.14 (0.96,1.35)

0.141 1.00
1.56 (1.30, 1.88)

<0.001 1.00
0.70 (0.59, 0.83)

<0.001 1.00
1.03 (0.90, 1.18)

0.701

Age
≤60
> 60

1.00
3.78 (3.22, 4.44)

<0.001 1.00
1.37 (1.15, 1.62)

<0.001 1.00
1.75 (1.48, 2.07)

<0.001 1.00
2.20 (1.92, 2.51)

<0.001

TBA (mmol/L)
≤10
> 10

1.00
5.00 (3.28, 7.64)

<0.001 1.00
4.01 (2.59, 6.21)

<0.001 1.00
3.01 (1.90, 4.75)

<0.001 1.00
3.94 (2.65, 5.85)

<0.001

CEA (ng/ml)
≤5.0
> 5.0

1.00
0.91 (0.65,1.28)

0.597 1.00
2.69 (2.03, 3.57)

<0.001 1.00
6.90 (5.33, 8.93)

<0.001 1.00
3.31 (2.59, 4.23)

<0.001

AFP (ng/ml)
≤7.0
> 7.0

1.00
1.29 (0.85, 1.92)

0.237 1.00
1.89 (1.29, 2.77)

0.001 1.00
0.75 (0.47, 1.18)

0.209 1.00
1.26 (0.90, 1.76)

0.172

CA19-9 (U/ml)
≤30.0
> 30.0

1.00
1.05 (0.68, 1.62)

0.812 1.00
5.09 (3.59, 7.22)

<0.001 1.00
3.72 (2.61, 5.29)

<0.001 1.00
3.30 (2.39, 4.58)

<0.001

CA125 (U/ml)
≤24.0
> 24.0

1.00
0.97 (0.61, 1.53)

0.881 1.00
2.21 (1.49, 3.27)

<0.001 1.00
2.44 (1.67, 3.56)

<0.001 1.00
1.82 (1.30, 2.55)

0.001
June 2022
 | Volume 12 | Article
aThe control group for all comparisons is non-gastrointestinal cancer individuals.
TBA, total bile acid; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GICs, gastrointestinal cancers; OR, odds ratio; CI, confidence interval.
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and reuse through the portal circulation. Therefore, gastric juice BA
and serum BA have the same source, that is, both come from the
gallbladder. Since deoxycholic acid is formed in the colon and is
absorbed into the portal systemic circulation, serum deoxycholic
acid concentration might be of value as biomarkers of risk of CRC
(33). Two small case-control studies suggested that the positive
association between the serum unconjugated secondary bile acids
concentration and colorectal adenoma (32, 34). In addition, a
prospective study showed that certain conjugated primary and
secondary bile acid levels before diagnosis were positively
associated with colon cancer risk (6).

Another important result of our study was that TBA-positive
patients had a higher relative risk of EC (OR: 4.89, 95% CI: 3.20
to 7.49) and GC (OR: 3.92, 95% CI: 2.53 to 6.08) compared to
CRC (OR: 3.32, 95% CI: 2.04 to 5.11). BA exposure has also been
implicated in the development and progression of EC (35–37)
and GC (38, 39). Esophageal inflammation caused by continuous
reflux of bile acid‐containing gastric fluids is considered a major
risk factor for EC. However, studies have shown that exposure to
unmodified non-mutagenic bile acids can also induce EC even in
the absence of gastric acid (40, 41), which further indicated that
BAs may be related to EC risk. Munemoto et al. observed that
stimulation with taurocholic acid (TCA) results in high levels of
additional chromosomal alterations, and suggested that TCA‐
mediated activation of G6PD accelerates the progression of
cancer, including genetic alterations, by upregulating the
pentose phosphate pathway and overexpressing NF‐kB (42).

The association between serum TBA levels and the risk of
GIC by restricted cubic spline regression is shown in Figure 2.
Overall, the relative risks of GICs rose with the TBA levels
increasing. A retrospective study of 30,465 patients showed that
the degree of damage to the gastric mucosa worsened with
Frontiers in Oncology | www.frontiersin.org 7
increasing intragastric BA concentrations (43). Another study
in Japan showed that in H.pylori positive patients, the degree of
gastric mucosal atrophy as well as intestinal metaplasia worsens
with increasing BA concentrations, and those with high
intragastric BA concentrations are more likely to develop GC
(16). A European prospective study of 569 patients demonstrated
that colon cancer risk was positively associated with plasma
levels of conjugated BA, independent of unconjugated BA and
tertiary BA (6). These studies all showed that the occurrence of
GC was correlated with BA concentrations in the stomach, which
is consistent with our research.

Gastric intestinal metaplasia (IM) induced by BAs is a
precancerous lesion of gastric adenocarcinoma, which is linked
with the expression of caudal-related homeobox 2 (CDX2) (44).
Previously, our research group has found that the activation of
FXR and the sequence of SHP directly induced transcription
were involved in the expression of CDX2 in bile acid-induced
gastric IM lesions (45). Our previous study also indicated that
FXR may be associated with a series of molecular changes in
gastric cells after BA treatment, in which the FXR/SNAI2/miR-1
axis played an important role in BA-induced IM progression (7).
Besides, we also elucidated the role of the TGR5-ERK1/2-HNF4a
axis during IM development in patients with BAs reflux, which
may help to provide prospective strategies for IM treatment (46).
However, there are still many uncertainties about how BAs affect
the pathology of GICs, especially in relation to serum TBA.

In addition to the relationship between serum TBA and GIC
risk, there were some interesting findings in the present study. In
a binary logistic regression analysis that included both sex and
TBA levels, females are found to be linked with a higher risk of
CRC than males (Table 3). In a comprehensive prospective
metabolomics study, serum glycochenodeoxycholate was most
TABLE 4 | Comparison of clinicopathological characteristics between two groups stratified by TBA level in the case group.

EC=1439 GC=1260 CRC=1557 GICs (total)

Characteristics TBA
(+)

TBA
(-)

P c2 TBA
(+)

TBA
(-)

P c2 TBA
(+)

TBA
(-)

P c2 TBA
(+)

TBA
(-)

P c2

Gender
Male
Female

104
50

872
413

0.934 0.007 90
17

869
284

0.042 4.117 56
36

855
610

0.636 0.224 250
103

2596
1307

0.100 2.713

Age
≤60
> 60

43
111

472
813

0.031 4.644 50
57

690
463

0.008 6.948 45
47

782
683

0.405 0.693 138
215

1944
1959

<0.001 14.872

Lymphatic metastasis
Yes
No

80
74

640
645

0.615 0.253 81
26

742
411

0.018 5.565 45
47

682
783

0.660 0.194 206
147

2064
1839

0.048 3.898

Hematogenous
metastasis
Yes
No

8
146

26
1259

0.014 5.996 3
104

19
1134

0.383 0.763 4
88

60
1405

0.906 0.014 15
338

105
3798

0.090 2.872

cTNMa stage
Stage I
Stage II
Stage III
Stage IV

24
89
26
15

270
642
221
152

0.244 4.168 20
21
63
3

283
302
549
19

0.078b 6.518 13
34
41
4

248
531
626
60

0.917b 0.525
June
 2022 | Vo
lume 12
 | Article
aClinical Tumor-Node-Metastasis (TNM)-based staging of esophageal, gastric, and colorectal cancer by the new, 8th editions of the relevant Union for International Cancer Control (UICC)
and American Joint Committee on Cancer (AJCC) publications.
bFisher exact test.
TBA, total bile acid; EC, esophageal cancer; GC, gastric cancer; CRC, colorectal cancer; GICs, gastrointestinal cancers; OR, odds ratio; CI, confidence interval.
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strongly associated with CRC risk among females (OR = 5.34)
(4), which suggested that high TBA level might be a risk factor
for females. The serum TBA level was significantly different in
the presence or absence of hematogenous metastasis among EC
patients (P =0.014), and lymph node metastasis among GC
patients (P =0.018). Therefore, we speculated that TBA level
combined with tumor markers could predict EC hematogenous
metastasis and GC lymph node metastasis, thus guiding the
treatment and prognosis of GIC. Besides, various studies have
confirmed cholecystectomy (47) and drugs, such as aspirin (48),
metformin (49) and statins (50), might exert an effect in the field
of GICs. However, relevant data in this study are few and further
studies are needed to elucidate the mechanism of action and its
true significance in cancer prevention.

Our study was the first large retrospective study to examine the
relationship between serum TBA levels and the risk of esophageal,
gastric and colorectal cancer. Overall, it supports the hypothesis that
BAs promotes the carcinogenesis of gastrointestinal cells. However,
this study had several limitations. Firstly, despite the large case
number, this study is a single-center retrospective study, which has
the disadvantages of case selection bias and insufficient reliability,
and the results need to be further verified by a multicenter
prospective study. Secondly, other related information, such as
smoking and drinking, which might modify BAs effect on GICs
risk, was not collected. Thirdly, the results of serum TBA we
collected in a single serum sample could not represent the daily
variation of metabolites and serum TBA measurement is burdened
by non-specific effects, which may attenuate the correlation.
Moreover, we did not have the opportunity to compare BA levels
in the blood with fecal levels in our study, which have been reported
to play vital roles with gut microbiota in intestinal carcinogenesis
(51). But our results indicated that exposure to the high level of BAs
might be a risk factor for GICs.

In summary, we observed positive associations between serum
TBA level and GICs risk, and a higher serum TBA level constitutes
a risk factor for GICs. Considering serum TBA level can be
manipulated by dietary modifications and medications, removing
or minimizing exposures to related risk factors should be added
into prevention and treatment strategies for reducing the GICs
incidence. Further studies are needed to investigate the effects of
specific interventions on BAs in blood and feces in humans.
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