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Objective: Studies have shown a correlation between gut microbiota and anxiety and
depression levels. However, these studies are mainly animal studies or clinical studies of
non-cancer patients, there is still a lack of relevant studies in cancer patients. The main
objective of this trial was to analyze the correlation between probiotics and anxiety and
depression levels in cancer patients.

Methods: We screened all cancer patients consecutively admitted to the inpatient
department of the First Affiliated Hospital, Zhejiang University School of Medicine in May
2020. A total of 292 cancer patients met our inclusion criteria. Then, we followed up
all patients for 24 weeks. Patients who had incomplete data or loss of follow-up were
excluded. In addition, in patients who took probiotics, those did not take probiotics
consistently or did not take specific probiotics were excluded. Ultimately, the number
of patients enrolled was 82 in probiotics cohort and 100 in non-probiotics cohort. The
17-item Hamilton Depression Scale (HAMD-17) questionnaire was used to measure the
depression levels of the patients, and we also used Hamilton Anxiety Scale (HAMA)
questionnaire to assess the patients’ anxiety levels. A logistic regression model was
used to analyze whether the difference in baseline data of two cohorts would affect
the final result.

Results: Demographic and clinical characteristics of all cancer patients enrolled in
probiotics cohort and non-probiotics cohort were similar except the cancer therapy
(P = 0.004). According to the HAMA score, we divided cancer patients into non-
anxiety group (HAMA score < 14) and anxiety group (HAMA score ≥ 14). Similarly,
cancer patients were also divided into non-depression group (HAMD-17 score ≤ 7)
and depression group (HAMD-17 score > 7). The results demonstrated that there
was no statistical difference in the proportion of patients with anxiety (6.1 and 13.0%,
respectively, P = 0.121) and depression (30.5 and 23.0%, respectively, P = 0.254)
between probiotics and non-probiotics cohorts. The results of logistic regression model
analysis further proved that the baseline difference in cancer therapy did not affect
the conclusions.
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Conclusion: Our results still suggest that there is no significant correlation between
probiotics and anxiety and depression levels in cancer patients. Therefore, we do
not recommend supplementing probiotics for cancer patients to prevent anxiety
and depression. Moreover, high-quality RCTs are also needed to further confirm the
conclusions of this study.
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INTRODUCTION

Cancer, a serious disease in which cells grow indefinitely, is one of
the leading causes of death worldwide (1). Various factors affected
the cancer patients such as unpredictability of tumor recurrence,
stressful treatments and constant anticipatory threats (2–5).
Therefore, emotional distress is a common symptom in cancer
patients. Depression and anxiety are considered two common
comorbidities of cancer, and could lead to many adverse events
in the treatment of cancer, for example influencing life quality
and negatively impacting medical adherence, cancer survival, and
costs of treatments (6).

Several studies have reported the influence of the
gastrointestinal microbiota on the gut-brain axis, and its possible
function in neuropsychiatric disorders such as Alzheimer’s
disease, anxiety, depression, autism, and Parkinson’s disease
(7–10). It has been shown that compound probiotic bacteria
could produce neurotransmitters and neuropeptides, including
serotonin, Gamma-Amino Butyric Acid (GABA), and Brain-
Derived Neurotrophic Factor (BDNF), which could regulate
people’s emotion (11, 12). Several studies supported this theory
that probiotic bacteria are effective on improving central nervous
system (CNS) function, including functions associated with
mental illness, such as anxiety, depression, memory capability,
and stress response (13, 14).

However, the current studies on the correlation between
probiotics and anxiety and depression are mostly animal studies,
and human studies are still relatively lacking. In a previous study,
healthy people were given a probiotics mixture, which included
B. longum R0175, Lactobacillus helveticus R0052, or placebo
for 30 days. Results revealed that the probiotics administration
group showed significantly less emotional distress than control
group (15). Similarly, in another clinical study, healthy subjects
were treated randomly either a milk drink with probiotic or
placebo for 3 weeks, and mood was assessed before treatment
and after 10 and 20 days of administration. Subjects who
initially presented with depression or anxiety showed significant
improvement in mood disorders after receiving probiotics (16).
However, there are still some disputes about whether probiotic
can improve mood disorders. Therefore, meta-analysis was
performed to get a comprehensive result. The results of a meta-
analysis suggested that probiotics only benefit to animals, but
do not significantly alleviate anxiety symptoms in healthy and
anxious samples (17). Another meta-analysis also showed that
probiotics only significantly improved depressive symptoms in
patients with major depressive disorder, but not in patients
with mild to moderate depression or in healthy people (18).
In addition, another meta-analysis demonstrated that probiotics

significantly improved symptoms in patients with mild to
moderate depression, but not in healthy people (19).

The above studies suggested that the efficacy of probiotics may
vary depending on the study population. Studies have shown
that there are significant differences in the composition of the
gut microbiome among cancer patients, psychiatric patients,
and healthy individuals (20–22), which may be one of the
main reasons for the differences in the efficacy of probiotic
supplementation in these populations. Several studies explored
the efficacy of probiotics for anxiety and depression in both
psychiatric patients and healthy individuals, but there was still no
literature on whether probiotics could play a preventive role in
mood disorders of cancer patients. Therefore, the main objective
of this study was to analyze the correlation between probiotics
and anxiety and depression levels in cancer patients.

MATERIALS AND METHODS

Participants
We screened all cancer patients consecutively admitted to the
inpatient department of the First Affiliated Hospital, Zhejiang
University School of Medicine in May 2020. The number of
all cancer patients included was 292. A pathology report was
required for each patient. The patients included in our study
were admitted to our hospital but were then discharged. Then,
we followed up all patients for 24 weeks whether they had been
taking probiotics as prescribed and finally scored their anxiety
and depression levels. The follow-up time points were the first,
third and sixth months.

Inclusion and Exclusion Criteria
The inclusion criteria for patients were: (1) 18–70 years old, no
gender restrictions; (2) diagnosed with cancer; (3) no previous
use of probiotics; (4) no previous diagnosis of anxiety or
depression; (5) patients who were admitted to our hospital
in May 2020. The exclusion criteria for all patients were: (1)
incomplete medical records; (2) loss of follow-up; for patients
who took probiotics were: (1) not taking probiotics consistently
during follow-up; (2) not taking specific strains of Lactobacillus
genera and Bifidobacterium genera. Patients who did not take
probiotics during hospitalization and follow-up after discharge
were included in the non-probiotics group.

Probiotics
One study suggested that probiotics consisting of specific strains
of Lactobacillus genera and Bifidobacterium genera might have
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TABLE 1 | The types and dosages of probiotic strains in our study.

Probiotics Types and dosages
of probiotic strains
(1 tablet)

Company
(Country)

Recommended
dosage of drug
instructions

(1) Compound
eosinophil-
lactobacillus
tablets

(1) Lactobacillus
acidophilus:
5.0 × 106 CFU

Tonghua
Golden-horse
Pharmaceutical
Group Co., Ltd.
(China)

2 tablets, 3 times
a day, take with
warm water

(2) Live combined
bifidobacterium,
lactobacillus and
enterococcus
capsules

(1) Bifidobacterium
longum: ≥
1 × 107 CFU
(2) Lactobacillus
acidophilus: ≥
1 × 107 CFU
(3) Enterococcus
faecalis: ≥
1 × 107 CFU

Shanghai
Shangyao Xinyi
Pharmaceutical
Co., Ltd. (China)

3 tablets, twice a
day, take with
warm water half
an hour after
meals

CFU, Colony-Forming Unit.

the potential to prevent and treat depression and anxiety
disorders (23). Therefore, probiotics in this study included
compound eosinophil-lactobacillus tablets, and live combined
bifidobacterium, lactobacillus and enterococcus capsules. These
probiotics are commercial products, the types and dosages
of probiotic strains are shown in Table 1. Patients took
probiotics for 24 weeks according to the recommended dosage
of drug instructions.

Measures
We reviewed the electronic medical records system and
extracted socio-demographic information of eligible participants,
including name, gender, age, smoking, drinking, education level,
residence, cancer types, tumor size, tumor stage, and cancer
therapy. Psychiatrist of our team assessed the depression and

anxiety levels of these cancer patients by phone, and the 17-
item Hamilton Depression Scale (HAMD-17) questionnaire was
used to measure depression levels of the patients (24, 25).
This questionnaire consists of 17 items, each with a score of
0–4. A total score less than 8 indicates no depression, 8–17
indicates mild depression, 18–24 indicates moderate depression,
and more than 24 indicates severe depression. We also used
Hamilton Anxiety Scale (HAMA) questionnaire to assess the
patients’ anxiety levels (25). This questionnaire consists of 14
items, and each item is 0–4 points. When the total score less
than 7 suggests no anxiety, the total score ≥ 7 suggests possible
anxiety, the total score ≥ 14 suggests certain anxiety, the total
score ≥ 21 suggests significant anxiety, and the total score ≥ 29
suggests severe anxiety.

Statistical Analysis
The Kolmogorov–Smirnov test was performed to verify
whether continuous variables conform to normal distribution.
Mean ± Standard Deviation (SD) or median (interquartile
range) was calculated for continuous variables, and frequency
and percentage for categorical variables. We applied the Student’s
t-test to compare the differences between probiotics cohort and
non-probiotics cohort for continuous variables with normal
distribution, otherwise, Mann-Whitney U test was used. Chi-
square test or Fisher’s exact test was used for categorical variables.
To assess the correlation between probiotics administration
and anxiety and depression levels in cancer patients, we set the
HAMD-17 score of 7 and the HAMA score of 14 as a cut-off
value of depression and anxiety. Logistic regression models were
used to analyze whether the difference in baseline data of two
cohorts would affect the final result. The IBM Statistical Package
for Social Sciences (SPSS, version 26) software was used to do all
statistical analyses and two-tailed p < 0.05 was considered to be
statistically significant.

FIGURE 1 | Flow chart of this study.
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RESULTS

Demographic and Clinical
Characteristics of All Cancer Patients
Enrolled
A total of 292 cancer patients at the First Affiliated Hospital,
Zhejiang University School of Medicine in May 2020 met our
inclusion criteria. We reviewed the electronic medical records
system, 40 patients with incomplete data, 17 patients who lost
follow-up in all patients were excluded. In addition, 23 patients
who took probiotics irregularly during follow-up, and 30 patients
who didn’t take the specific strains of Lactobacillus genera and
Bifidobacterium genera in patients who took probiotics were
excluded. Finally, the number of patients enrolled was 82 in
probiotics cohort and 100 in non-probiotics cohort. The flow
chart of this study was detailed in Figure 1.

Demographic and clinical characteristics of all cancer patients
enrolled in probiotics and non-probiotics cohorts are shown in

TABLE 2 | Demographic and clinical characteristics of all cancer patients enrolled.

Variables Probiotics
(N = 82)

Non-probiotics
(N = 100)

P-value

Gender, n (%) 0.918

Male 56 (68.3) 69 (69.0)

Female 26 (31.7) 31 (31.0)

Age, years 64 (55, 70) 63 (54, 68) 0.452

Smoker, n (%) 0.721

Yes 38 (46.3) 49 (49.0)

No 44 (53.7) 51 (51.0)

Drinker, n (%) 0.943

Yes 25 (30.5) 30 (30.0)

No 57 (69.5) 70 (70.0)

Highest level of education, n (%) 0.081

Higher professional education 9 (11.3) 2 (2.1)

Secondary education 43 (53.8) 55 (57.3)

Primary education 22 (27.5) 33 (34.4)

Illiteracy 6 (7.5) 6 (6.3)

Unknown 2 4

Residence, n (%) 0.277

City 52 (63.4) 71 (71.0)

Rural 30 (36.6) 29 (29.0)

Cancer type, n (%) 0.992

Liver cancer 38 (46.3) 48 (48.0)

Pancreatic cancer 22 (26.8) 25 (25.0)

Lung cancer 21 (25.6) 25 (25.0)

Other cancers 1 (1.2) 2 (2.0)

Tumor size, cm 3.5 (2.1, 4.6) 3.5 (2.1, 5.0) 0.972

Stage, n (%) 0.557

III-IV 44 (53.7) 58 (58.0)

I-II 38 (46.3) 42 (42.0)

Cancer therapy 0.004

Only surgery/radiation therapy 25 (30.5) 51 (51.0)

First-line therapy 45 (54.9) 45 (45.0)

Second-line and above therapy 12 (14.6) 4 (4.0)

Bold value means statistically significant at P < 0.05.

Table 2. The median age of patients in two cohorts was 64 and 63,
respectively. Male patients (68.3 and 69.0% in probiotics cohort
and non-probiotics cohort, respectively), patients with secondary
education (53.8 and 57.3%), and patients living in city (63.4
and 71.0%) accounted for the majority of enrolled patients. The
proportion of non-smokers (53.7 and 51.0% in probiotics cohort
and non-probiotics cohort, respectively) and non-drinkers (69.5
and 70.0% in probiotics cohort and non-probiotics cohort,
respectively) were relatively higher. The cancer types of the
patients in these two cohorts mainly included liver cancer,
pancreatic cancer, and lung cancer. There were no statistical
differences in the demographic and clinical characteristics of the
cancer patients enrolled in these two cohorts (P > 0.05) except
the cancer therapy (P = 0.004).

Comparison of Anxiety and Depression
Levels Between Two Cohorts
According to the HAMA criteria, patients with HAMA
scores ≥ 14 were considered definitely anxiety, so we regarded
cancer patients with a HAMA score ≥ 14 as anxious patients,
and those with a HAMA score < 14 as non-anxious patients.
Our results suggested that the proportion of anxious patients
in probiotics cohort (6.1%) was lower than non-probiotics
cohort (13.0%), but the difference was not statistically significant
(P = 0.121, as shown in Table 3).

According to the HAMD-17 criteria, patients with HAMD-
17 scores > 7 were considered depression, so we divided cancer
patients into non-depression group (HAMD-17 scores ≤ 7)
and depression group (HAMD-17 scores > 7). The results
demonstrated that the proportion of patients with depression was
similar between probiotics and non-probiotics cohort (30.5 and
23.0%, respectively, P = 0.254, as shown in Table 3).

Logistic regression models were used to analyze whether the
difference in baseline data of two cohorts would affect the final
result. The results further proved that the baseline difference in
cancer therapy did not affect the conclusions (P > 0.05, as shown
in Tables 4, 5).

DISCUSSION

We have mentioned that there are significant differences in the
composition of the gut microbiome of cancer patients, psychiatric

TABLE 3 | Comparison of anxiety and depression levels between probiotics and
non-probiotics cohorts.

Outcome
measures

Probiotics
(N = 82)

Non-probiotics
(N = 100)

X2 P-value

HAMA, n (%) 2.409 0.121

<14 77 (93.9) 87 (87.0)

≥14 5 (6.1) 13 (13.0)

HAMD-17, n (%) 1.301 0.254

≤7 57 (69.5) 77 (77.0)

> 7 25 (30.5) 23 (23.0)

HAMA, Hamilton Anxiety Scale; HAMD-17, 17-item Hamilton Depression Scale;
SD, Standard Deviation.
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TABLE 4 | Logistic regression model analysis of the effect of cancer therapy on the correlation between probiotics and anxiety in cancer patients.

Variables Total
(N = 182)

Non-anxiety
(N = 164)

Anxiety
(N = 18)

OR 95% CI P-value

Probiotics 82 (45.1) 77 (47.0) 5 (27.8) 0.402 0.133-1.215 0.106

Cancer therapy

Only surgery/radiation therapy 76 (41.8) 70 (42.7) 6 (33.3) – – 0.487

First-line therapy 90 (49.5) 79 (48.2) 11 (61.1) 1.886 0.650-5.474 0.243

Second-line and above therapy 16 (8.8) 15 (9.1) 1 (5.6) 1.137 0.120-10.745 0.911

OR, odds ratio; CI, confidence interval.

TABLE 5 | Logistic regression model analysis of the effect of cancer therapy on the correlation between probiotics and depression in cancer patients.

Variables Total
(N = 182)

Non-depression
(N = 134)

Depression
(N = 48)

OR 95% CI P-value

Probiotics 82 (45.1) 57 (42.5) 25 (52.1) 1.410 0.712-2.792 0.324

Cancer therapy

Only surgery/radiation therapy 76 (41.8) 58 (43.2) 18 (37.5) – – 0.885

First-line therapy 90 (49.5) 65 (48.5) 25 (52.1) 1.169 0.573-2.385 0.668

Second-line and above therapy 16 (8.8) 11 (8.2) 5 (10.4) 1.270 0.376-4.290 0.700

OR, odds ratio; CI, confidence interval.

patients, and healthy individuals. Compared with healthy
individuals, patients with colorectal cancer have more abundant
of 11 operational taxonomic units belonging to the genera
Enterococcus, Escherichia/Shigella, Klebsiella, Streptococcus, and
Peptostreptococcus, but less abundant of 5 operational taxonomic
units belonging to the genus Roseburia and other butyrate-
producing bacteria of the family Lachnospiraceae (22). Similarly,
one study showed that the levels of Bacteroidetes, Proteobacteria,
and Actinobacteria were significantly increased and the levels
of Firmicutes were significantly decreased in patients with
major depression disorder compared with healthy people
(21). Differences in gut microbiome in different populations
may lead to different effects of probiotic supplementation on
anxiety and depression levels. These differences prompted us
to conducted this study, and we want to explore whether
probiotics are associated with anxiety and depression levels in
cancer patients. Currently, there are many probiotic products that
contain different strains of probiotic bacteria. Are all probiotics
useful for reducing anxiety and depression symptoms? One
study suggested that probiotics consisting of specific strains of
Lactobacillus genera and Bifidobacterium genera might have the
potential to prevent and treat depression and anxiety disorders
(23). Therefore, only patients using probiotics consisting of
specific strains of Lactobacillus genera and Bifidobacterium
genera were included in this study. This could effectively
rule out interference with the outcomes of this study by
other strains that may not be effective in improving anxiety
and depression.

In the current study, we found that cancer patients
supplemented with probiotics did not significantly reduce the
levels of anxiety and depression, which is consistent with
the conclusions of some meta-analysis for non-cancer patients
(17–19). However, one study reported that supplementing with

probiotics improved the clinical anxiety and stress biochemical
characteristics of patients undergoing laryngectomy, and taking
probiotics reduced the anxiety level of patients from HAMA
19.8–10.2 (26). Although the population in this study is also
cancer patients, they mainly discussed the effects of probiotics
on anxiety levels in surgical patients, which is different from our
research perspective.

We know that gender is one of the common risk factors
for depression and anxiety, and the prevalence is higher in
women (27, 28). In addition, age also affects the development
of depression and anxiety disorders (29, 30). The results of
a Chinese study demonstrated that age and education level
were risk factors for depression, while age and gender were
risk factors for anxiety disorders (31). Chemotherapy is also
thought to significantly affect the gut microbiome, which may
further affect the anxiety and depression levels of cancer patients
(32). Besides, studies demonstrated that the gut microbiota may
be associated with the development of several cancer types,
such as colorectal cancer (33), gynecological cancer (34), liver
cancer, lung cancer, gastric cancer, and pancreatic cancer (35–
38). Additionally, the composition of the gut microbiomes differs
significantly among tumor stages (39), so the differences in
cancer types and tumor stages may also affect our results.
Therefore, we investigated baseline characteristics of enrolled
cancer patients including age, gender, education level, residence,
smoking and drinking habits, type of cancer, tumor size, stage
of cancer, and cancer therapy in both cohorts, so as to exclude
the influence of these factors on our results. As a result, we
found that patients in both cohorts were similar with respect to
these factors except the cancer therapy (P = 0.004). However,
the results of logistic regression model analysis further proved
that the baseline difference in cancer therapy did not affect
the conclusions.
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Over the past few years, there has been growing evidence that
gut microbiomes play an important role in the hypothalamic-
pituitary-adrenal (HPA) axis and stress reactivity (40). An
approach between them, we call it gut-brain axis. Probiotics can
influence neuroplasticity-related and neurotransmitter systems
through the gut–brain axis (41). An experimental study showed
that a specific strain of Bifidobacteria could increase the
levels of plasma tryptophan and alter dopamine and serotonin
turnover in the brain areas associated with mental disorders
(42). Goehler et al. reported that intestinal microflora could
influence neural transmission in the central nucleus of the
amygdala, the paraventricular hypothalamus, and the bed
nucleus of the stria terminalis which were involved in the
emotions processing related to anxiety and depression (43).
These studies provided a theoretical basis for supplementing
probiotics for the prevention and treatment of anxiety and
depression. However, these theories were based on animal
models. Although clinical research results had found that
probiotics were effective for major depression disorder, they
were not effective for anxious and healthy people. However,
studies have been inconsistent as to whether probiotics are
beneficial for mild to moderate depression (17–19). The
results of our study demonstrated that there was no statistical
difference in the proportion of cancer patients with anxiety
(6.1 and 13.0%, respectively, P = 0.121) and depression (30.5
and 23.0%, respectively, P = 0.254) between probiotics and
non-probiotics cohorts. Therefore, it is not recommended to
supplement probiotics to reduce anxiety and depression levels in
cancer patients.

Although this study shows that probiotic supplementation
does not significantly reduce anxiety and depression levels in
cancer patients, some limitations of this study need to be
considered. First, the sample size of our study is relatively
small, which may lead to bias in our results. Second, this is
a retrospective cohort study that cannot directly clarify the
relationship between probiotics supplementation and anxiety and
depression levels in cancer patients. Third, it is well known that
the symptoms of anxiety and depression are related to many
factors such as environmental factors. During follow-up, it was
found that none of the patients took supplements to promote
mental state, but some patients took yogurt occasionally (less
than 3 times a week), which might slightly affect our conclusions.
Due to our design limitations, these cannot be completely
eliminated. Therefore, our results need to be confirmed in a larger
sample of cancer patients with better designs, such as randomized
controlled trials.

CONCLUSION

Our results still suggest that there is no significant correlation
between probiotics and anxiety and depression levels in cancer
patients. Therefore, we do not recommend supplementing
probiotics for cancer patients to prevent anxiety and depression.
Moreover, high-quality RCTs are also needed to further confirm
the conclusions of this study.

DATA AVAILABILITY STATEMENT

The original contributions presented in the study are included
in the article/supplementary material, further inquiries can be
directed to the corresponding author/s.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by the First Affiliated Hospital, Zhejiang University
School of Medicine (Approval number: IIT20210103A). The
patients/participants provided their written informed consent to
participate in this study.

AUTHOR CONTRIBUTIONS

ZY and SY designed this study. MD and SL collected the data
of the patients. YZ contributed to the data analysis. ZY, QZ, and
SY participated in the writing and revision of the manuscript. All
authors approved the final version of the article and agreed to be
responsible for all aspects of the work.

FUNDING

This study was supported by the National Natural Science
Foundation of China (No. 81803501), the Natural Science
Foundation of Zhejiang Province, China (No. LQ18H310001),
the Hospital Pharmacy Foundation of Zhejiang Pharmaceutical
Association (No. 2019ZYY15), the Wu Jieping Medical
Foundation (No. 320.6750.19090-23), and the National Major
Scientific and Technological Special Project for Significant New
Drugs Development during the Thirteenth Five-Year Plan Period
(No. 2020ZX09201-003).

REFERENCES
1. Knox SS. From ‘omics’ to complex disease: a systems biology approach to

gene-environment interactions in cancer. Cancer Cell Int. (2010) 10:11. doi:
10.1186/1475-2867-10-11

2. Naik H, Leung B, Laskin J, McDonald M, Srikanthan A, Wu J, et al. Emotional
distress and psychosocial needs in patients with breast cancer in British
Columbia: younger versus older adults. Breast Cancer Res Treat. (2020)
179:471–7. doi: 10.1007/s10549-019-05468-6

3. Hall DL, Jimenez RB, Perez GK, Rabin J, Quain K, Yeh GY, et al. Fear of
cancer recurrence: a model examination of physical symptoms, emotional

distress, and health behavior change. J Oncol Pract. (2019) 15:e787–97. doi:
10.1200/JOP.18.00787

4. Smith TG, Troeschel AN, Castro KM, Arora NK, Stein K, Lipscomb J, et al.
Perceptions of patients with breast and colon cancer of the management of
cancer-related pain, fatigue, and emotional distress in community oncology. J
Clin Oncol. (2019) 37:1666–76. doi: 10.1200/JCO.18.01579

5. Gurevich M, Devins GM, Rodin GM. Stress response syndromes and cancer:
conceptual and assessment issues. Psychosomatics. (2002) 43:259–81. doi: 10.
1176/appi.psy.43.4.259

6. Smith HR. Depression in cancer patients: pathogenesis, implications and
treatment (review). Oncol Lett. (2015) 9:1509–14. doi: 10.3892/ol.2015.2944

Frontiers in Psychiatry | www.frontiersin.org 6 April 2022 | Volume 13 | Article 830081

https://doi.org/10.1186/1475-2867-10-11
https://doi.org/10.1186/1475-2867-10-11
https://doi.org/10.1007/s10549-019-05468-6
https://doi.org/10.1200/JOP.18.00787
https://doi.org/10.1200/JOP.18.00787
https://doi.org/10.1200/JCO.18.01579
https://doi.org/10.1176/appi.psy.43.4.259
https://doi.org/10.1176/appi.psy.43.4.259
https://doi.org/10.3892/ol.2015.2944
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles


fpsyt-13-830081 March 28, 2022 Time: 15:16 # 7

Ye et al. Probiotics and the Risk of Anxiety and Depression

7. Jiang C, Li G, Huang P, Liu Z, Zhao B. The gut microbiota and Alzheimer’s
disease. J Alzheimers Dis. (2017) 58:1–15. doi: 10.3233/JAD-161141

8. Simpson CA, Diaz-Arteche C, Eliby D, Schwartz OS, Simmons JG, Cowan
CSM. The gut microbiota in anxiety and depression – a systematic review. Clin
Psychol Rev. (2021) 83:101943. doi: 10.1016/j.cpr.2020.101943

9. Mangiola F, Ianiro G, Franceschi F, Fagiuoli S, Gasbarrini G, Gasbarrini A.
Gut microbiota in autism and mood disorders. World J Gastroenterol. (2016)
22:361–8. doi: 10.3748/wjg.v22.i1.361

10. Vascellari S, Palmas V, Melis M, Pisanu S, Cusano R, Uva P, et al. Gut
microbiota and metabolome alterations associated with Parkinson’s disease.
mSystems. (2020) 5:e561–520. doi: 10.1128/mSystems.00561-20

11. Wang H, Lee IS, Braun C, Enck P. Effect of probiotics on central
nervous system functions in animals and humans: a systematic review. J
Neurogastroenterol Motil. (2016) 22:589–605. doi: 10.5056/jnm16018

12. Dinan TG, Cryan JF. The microbiome-gut-brain axis in health and disease.
Gastroenterol Clin North Am. (2017) 46:77–89. doi: 10.1016/j.gtc.2016.09.007

13. Pirbaglou M, Katz J, de Souza RJ, Stearns JC, Motamed M, Ritvo P. Probiotic
supplementation can positively affect anxiety and depressive symptoms: a
systematic review of randomized controlled trials. Nutr Res. (2016) 36:889–98.
doi: 10.1016/j.nutres.2016.06.009

14. Slyepchenko A, Carvalho AF, Cha DS, Kasper S, McIntyre RS. Gut emotions -
mechanisms of action of probiotics as novel therapeutic targets for depression
and anxiety disorders. CNS Neurol Disord Drug Targets. (2014) 13:1770–86.
doi: 10.2174/1871527313666141130205242

15. Messaoudi M, Violle N, Bisson JF, Desor D, Javelot H, Rougeot C. Beneficial
psychological effects of a probiotic formulation (Lactobacillus helveticus
R0052 and Bifidobacterium longum R0175) in healthy human volunteers. Gut
Microbes. (2011) 2:256–61. doi: 10.4161/gmic.2.4.16108

16. Benton D, Williams C, Brown A. Impact of consuming a milk drink containing
a probiotic on mood and cognition. Eur J Clin Nutr. (2007) 61:355–61. doi:
10.1038/sj.ejcn.1602546

17. Reis DJ, Ilardi SS, Punt SEW. The anxiolytic effect of probiotics: a systematic
review and meta-analysis of the clinical and preclinical literature. PLoS One.
(2018) 13:e0199041. doi: 10.1371/journal.pone.0199041

18. Goh KK, Liu YW, Kuo PH, Chung YE, Lu ML, Chen CH. Effect of probiotics
on depressive symptoms: a meta-analysis of human studies. Psychiatry Res.
(2019) 282:112568. doi: 10.1016/j.psychres.2019.112568

19. Ng QX, Peters C, Ho CYX, Lim DY, Yeo WS. A meta-analysis of the use of
probiotics to alleviate depressive symptoms. J Affect Disord. (2018) 228:13–9.
doi: 10.1016/j.jad.2017.11.063

20. Nie P, Li Z, Wang Y, Zhang Y, Zhao M, Luo J, et al. Gut microbiome
interventions in human health and diseases. Med Res Rev. (2019) 39:2286–313.
doi: 10.1002/med.21584

21. Jiang H, Ling Z, Zhang Y, Mao H, Ma Z, Yin Y, et al. Altered fecal microbiota
composition in patients with major depressive disorder. Brain Behav Immun.
(2015) 48:186–94. doi: 10.1016/j.bbi.2015.03.016

22. Wang T, Cai G, Qiu Y, Fei N, Zhang M, Pang X, et al. Structural segregation
of gut microbiota between colorectal cancer patients and healthy volunteers.
ISME J. (2012) 6:320–9. doi: 10.1038/ismej.2011.109

23. Cheng LH, Liu YW, Wu CC, Wang S, Tsai YC. Psychobiotics in mental
health, neurodegenerative and neurodevelopmental disorders. J Food Drug
Anal. (2019) 27:632–48. doi: 10.1016/j.jfda.2019.01.002

24. Husain MI, Chaudhry IB, Khoso AB, Husain MO, Hodsoll J, Ansari MA, et al.
Minocycline and celecoxib as adjunctive treatments for bipolar depression:
a multicentre, factorial design randomised controlled trial. Lancet Psychiatry.
(2020) 7:515–27. doi: 10.1016/S2215-0366(20)30138-3

25. Yang W, Zhang G, Jia Q, Qian ZK, Yin G, Zhu X, et al. Prevalence and clinical
profiles of comorbid anxiety in first episode and drug naive patients with major
depressive disorder. J Affect Disord. (2019) 257:200–6. doi: 10.1016/j.jad.2019.
06.052

26. Yang H, Zhao X, Tang S, Huang H, Zhao X, Ning Z, et al. Probiotics reduce
psychological stress in patients before laryngeal cancer surgery. Asia Pac J Clin
Oncol. (2016) 12:e92–6. doi: 10.1111/ajco.12120

27. Kiely KM, Brady B, Byles J. Gender, mental health and ageing. Maturitas.
(2019) 129:76–84. doi: 10.1016/j.maturitas.2019.09.004

28. Hedley D, Uljarevic M, Foley KR, Richdale A, Trollor J. Risk and
protective factors underlying depression and suicidal ideation in autism

spectrum disorder. Depress Anxiety. (2018) 35:648–57. doi: 10.1002/da.
22759

29. Mann JJ, Oquendo MA, Watson KT, Boldrini M, Malone KM, Ellis SP,
et al. Anxiety in major depression and cerebrospinal fluid free gamma-
aminobutyric acid. Depress Anxiety. (2014) 31:814–21. doi: 10.1002/da.22278

30. Batterham PJ, Christensen H, Calear AL. Anxiety symptoms as precursors of
major depression and suicidal ideation. Depress Anxiety. (2013) 30:908–16.
doi: 10.1002/da.22066

31. Hong JS, Tian J. Prevalence of anxiety and depression and their risk factors in
Chinese cancer patients. Support Care Cancer. (2014) 22:453–9. doi: 10.1007/
s00520-013-1997-y

32. Ervin SM, Ramanan SV, Bhatt AP. Relationship between the gut microbiome
and systemic chemotherapy. Dig Dis Sci. (2020) 65:874–84. doi: 10.1007/
s10620-020-06119-3

33. Ambalam P, Raman M, Purama RK, Doble M. Probiotics, prebiotics and
colorectal cancer prevention. Best Pract Res Clin Gastroenterol. (2016) 30:119–
31. doi: 10.1016/j.bpg.2016.02.009

34. Chambers LM, Bussies P, Vargas R, Esakov E, Tewari S, Reizes O, et al.
The microbiome and gynecologic cancer: current evidence and future
opportunities. Curr Oncol Rep. (2021) 23:92. doi: 10.1007/s11912-021-
01079-x

35. Akkiz H. The gut microbiome and hepatocellular carcinoma. J Gastrointest
Cancer. (2021) 52:1314–9. doi: 10.1007/s12029-021-00748-1

36. Zhao F, An R, Wang L, Shan J, Wang X. Specific gut microbiome and serum
metabolome changes in lung cancer patients. Front Cell Infect Microbiol.
(2021) 11:725284. doi: 10.3389/fcimb.2021.725284

37. Tong Y, Gao H, Qi Q, Liu X, Li J, Gao J, et al. High fat diet, gut microbiome
and gastrointestinal cancer. Theranostics. (2021) 11:5889–910. doi: 10.7150/
thno.56157

38. Riquelme E, Zhang Y, Zhang L, Montiel M, Zoltan M, Dong W, et al. Tumor
microbiome diversity and composition influence pancreatic cancer outcomes.
Cell. (2019) 178:795–806e12. doi: 10.1016/j.cell.2019.07.008

39. Mizutani S, Yamada T, Yachida S. Significance of the gut microbiome in
multistep colorectal carcinogenesis. Cancer Sci. (2020) 111:766–73. doi: 10.
1111/cas.14298

40. Misiak B, Loniewski I, Marlicz W, Frydecka D, Szulc A, Rudzki L, et al. The
HPA axis dysregulation in severe mental illness: can we shift the blame to gut
microbiota? Prog Neuropsychopharmacol Biol Psychiatry. (2020) 102:109951.
doi: 10.1016/j.pnpbp.2020.109951

41. Sun N, Ni X, Wang H, Xin J, Zhao Y, Pan K, et al. Probiotic Lactobacillus
johnsonii BS15 Prevents memory dysfunction induced by chronic high-
fluorine intake through modulating intestinal environment and improving gut
development. Probiotics Antimicrob Proteins. (2020) 12:1420–38. doi: 10.1007/
s12602-020-09644-9

42. Desbonnet L, Garrett L, Clarke G, Bienenstock J, Dinan TG. The probiotic
Bifidobacteria infantis: an assessment of potential antidepressant properties in
the rat. J Psychiatr Res. (2008) 43:164–74. doi: 10.1016/j.jpsychires.2008.03.009

43. Goehler LE, Lyte M, Gaykema RP. Infection-induced viscerosensory signals
from the gut enhance anxiety: implications for psychoneuroimmunology.
Brain Behav Immun. (2007) 21:721–6. doi: 10.1016/j.bbi.2007.02.005

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Ye, Zhang, Du, Lu, Zhao and Yang. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Psychiatry | www.frontiersin.org 7 April 2022 | Volume 13 | Article 830081

https://doi.org/10.3233/JAD-161141
https://doi.org/10.1016/j.cpr.2020.101943
https://doi.org/10.3748/wjg.v22.i1.361
https://doi.org/10.1128/mSystems.00561-20
https://doi.org/10.5056/jnm16018
https://doi.org/10.1016/j.gtc.2016.09.007
https://doi.org/10.1016/j.nutres.2016.06.009
https://doi.org/10.2174/1871527313666141130205242
https://doi.org/10.4161/gmic.2.4.16108
https://doi.org/10.1038/sj.ejcn.1602546
https://doi.org/10.1038/sj.ejcn.1602546
https://doi.org/10.1371/journal.pone.0199041
https://doi.org/10.1016/j.psychres.2019.112568
https://doi.org/10.1016/j.jad.2017.11.063
https://doi.org/10.1002/med.21584
https://doi.org/10.1016/j.bbi.2015.03.016
https://doi.org/10.1038/ismej.2011.109
https://doi.org/10.1016/j.jfda.2019.01.002
https://doi.org/10.1016/S2215-0366(20)30138-3
https://doi.org/10.1016/j.jad.2019.06.052
https://doi.org/10.1016/j.jad.2019.06.052
https://doi.org/10.1111/ajco.12120
https://doi.org/10.1016/j.maturitas.2019.09.004
https://doi.org/10.1002/da.22759
https://doi.org/10.1002/da.22759
https://doi.org/10.1002/da.22278
https://doi.org/10.1002/da.22066
https://doi.org/10.1007/s00520-013-1997-y
https://doi.org/10.1007/s00520-013-1997-y
https://doi.org/10.1007/s10620-020-06119-3
https://doi.org/10.1007/s10620-020-06119-3
https://doi.org/10.1016/j.bpg.2016.02.009
https://doi.org/10.1007/s11912-021-01079-x
https://doi.org/10.1007/s11912-021-01079-x
https://doi.org/10.1007/s12029-021-00748-1
https://doi.org/10.3389/fcimb.2021.725284
https://doi.org/10.7150/thno.56157
https://doi.org/10.7150/thno.56157
https://doi.org/10.1016/j.cell.2019.07.008
https://doi.org/10.1111/cas.14298
https://doi.org/10.1111/cas.14298
https://doi.org/10.1016/j.pnpbp.2020.109951
https://doi.org/10.1007/s12602-020-09644-9
https://doi.org/10.1007/s12602-020-09644-9
https://doi.org/10.1016/j.jpsychires.2008.03.009
https://doi.org/10.1016/j.bbi.2007.02.005
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychiatry
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychiatry#articles

	The Correlation Between Probiotics and Anxiety and Depression Levels in Cancer Patients: A Retrospective Cohort Study
	Introduction
	Materials and Methods
	Participants
	Inclusion and Exclusion Criteria
	Probiotics
	Measures
	Statistical Analysis

	Results
	Demographic and Clinical Characteristics of All Cancer Patients Enrolled
	Comparison of Anxiety and Depression Levels Between Two Cohorts

	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References


