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It was highly controversial whether fermented dairy foods protect against colorectal
cancer (CRC) because of conflicting results from current human epidemiologic studies;
we therefore conducted this meta-analysis based on the case–control and cohort studies
to estimate the holistic analyses. Finally, a total of seven case–control studies and ten
cohort studies comprising a total of >20,000 cases were incorporated in the quantitative
synthesis. Specifically, statistical evidence of significantly decreasing CRC risk in case–
control studies was found to be associated with cheese intake (OR = 0.89, 95% CI =
0.82–0.97). In a subgroup analysis, cheese intake was correlated with lower colon cancer
(OR = 0.89, 95% CI = 0.79–1.00) and rectal cancer (OR = 0.86, 95% CI = 0.74–1.00) risk
in case–control studies. Furthermore, we also found that the higher intake of yogurt may
lower the risk of rectal cancer (OR = 0.75, 95% CI = 0.65–0.88) in cohort studies. The
consumption of fermented dairy foods may be relevant to decrease CRC risk in this
meta-analysis.

Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_
record.php?ID=CRD42021269798, CRD42021269798.

Keywords: fermented dairy foods, yogurt, cheese, probiotics, colorectal cancer, meta-analysis
INTRODUCTION

In 2020, colorectal cancer (CRC) was the third most leading cause of cancer death in the Western
world. Results of epidemiological studies show that a multitude of risk factors are relevant to
colorectal cancer, including a lifestyle, diet, genetics, and obesity, and diet played a pivotal role for
the disease (1). There was a general consensus in the diet with colorectal cancer—high red meat and
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processed meat consumption has been consistently associated
with an increased risk of developing colorectal cancer; however,
dietary fiber intake can protect from colorectal cancer (2). In
addition, with the explosion of food processing in technologies,
better seeking of new risk factors in diet associated with
colorectal cancer is necessary to prevent the disease. Currently,
a wide variety of milk and dairy products are consumed by over 6
billion people worldwide (3); against this background, greatly
meeting the increasing demand for wide-ranging practical value
in novel dairy products had attracted a great deal of attention in
clinical practice. Fermented dairy foods were a traditional fresh
dairy fermented by complex microorganisms, generating a
significant amount of probiotics (4). The latter played an
essential role in modulating the host gut microbiota for
preventing carcinogenesis (5). Yogurt and cheese were
exemplified in fermented dairy foods.

Increasing data had supported a role for the imbalances gut
microbiota played on colorectal carcinogenesis (6). Multiple
studies have lately shown that the gut microbiota dysbiosis can
be remodeled through short-term effects of probiotic-enriched
dietary intervention (7). Studies have also found recently that the
consumption of fermented dairy foods was closely linked to
colorectal cancer, yet the overwhelming majority of analyses
were the consequences of negative or neutral results from the
previous systematic review and meta-analysis (8–10). These
apparent differences between theoretical and experimental
results were intriguing but require validation. Since dietary
interventions were the most practical and economical
approach than other treatment modalities, further analysis
was demanded.

In this study, yogurt and cheese were chosen typically
represented on fermented dairy foods in order to ascertain the
concrete links in colorectal cancer. We developed this
comprehensive meta-analysis on published cohort and case–
control studies according to the PROSPERO guidelines https://
www.crd.york.ac.uk/prospero/display_record.php?ID=
CRD42021269798 to evaluate the impact of the fermented dairy
foods intake on colorectal cancer (CRC).
METHODS

Publication Search and Inclusion Criteria
Three databases (PubMed, Embase, Web of Science) were
searched for all articles in English language since database
inception in July 2021. We employed the following terms in
the analysis: “fermented food or fermented milk or cultured milk
or cheese or yogurt or lactic acid bacteria” and “Colorectal
Neoplasm” or “Colorectal Cancer” or “Colonic Cancer” or
“Rectum Cancers” and so on. The study design was not
restricted during the retrieval of process in order to gain a
comprehensive search of literature.

If a study meets the following criteria, the results could be
incorporated for inclusion in the meta-analysis: (1) a topic of the
association about yogurt or cheese consumption and CRC, colon,
or rectal cancer risk; (2) the outcome relied on dietary
Frontiers in Oncology | www.frontiersin.org 2
information from questionnaires; (3) odds ratio (OR), hazard
ratio (HR), and relative risk (RR) with 95% CIs can be acquired
through reading full-text articles; (4) original articles were
published in English; and (5) the study of design was a cohort
or case–control study. In addition, we may exclude some articles
that meet our exclusion criteria. (1) Duplicate articles in different
databases; (2) cell or animal experiments; (3) meta-analysis
studies; (4) reviews, letters, and commentaries; and (5) articles
lacking specific data.

Data Extraction
First of all, duplicate literature from the databases was removed
from this study. Then, two authors (ZL and JW) independently
screened the titles and abstracts to exclude some works of data
that did not meet our eligibility. In parallel, based on the
inclusion and exclusion criteria, the outcome of specific
information can be acquired through reading the full texts,
such as first author of the works, year of publication, sex,
country of recruitment, follow-up period, dairy type, and the
number of cases or controls.

Study Quality Assessment
The Newcastle–Ottawa Scale (NOS) was performed for some
cohort or case–control studies. Two reviewers (ZL and JW)
determined the quality of the included studies independently.
The Newcastle–Ottawa Scale (NOS) of the maximum score was
9, and a high score (≥6) indicated high quality in this study. If
there were any discrepancies, disagreements were addressed
through discussion.

Statistical Analysis
We calculated the consumption of yogurt or cheese in the highest
compared with the lowest categories to computer odds ratios or
(case–control studies) rr and hr (cohort studies) corresponding
to the 95% confidence interval (95% CI). The study of
heterogeneity was assessed with the Cochran’s Q statistic and
I2 statistics. If I2 ≥ 50% from the statistics analysis, the fixed-
effects model was performed for calculation; otherwise, the
random-effects model was employed. In order to explore the
sources of heterogeneity, we also performed a sensitivity analysis
by logistic meta-regression analyses. In addition, we examined
prespecified stratified analyses for different study characteristics:
region, dairy type, sex, and tumor location (colorectal cancer,
colon cancer, proximal or distal colon cancer, and rectal cancer).
The funnel plot and Begg’s rank correlation method were
employed to assess publication bias.

The statistical analyses were performed by STATA 16.0
software (Stata Corp, College Station, TX).
RESULTS

Study Selection
The flow diagram of the steps was presented as a flowchart in
Figure 1. Of the 17 reports remaining after 2005 abstracts were
screened, the studies were included in the meta-analysis: 10
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prospective cohort studies (11–20) and 7 case–control studies
(21–27).

Study Characteristics
The main characteristics of the studies are depicted in Table 1
and Table 2. Simultaneously, 6,968 cases and 8,536 controls were
included in the case–control studies (Table 1). A total of
1,310,276 participants with 14,944 cases were recorded in this
cohort studies (Table 2). The case–control studies were
conducted in five countries (Netherland, Moroccan, France,
the United States, Canada). In addition, for the cohort studies,
many countries were incorporated in this analysis, including 2
from the United States, 3 from Sweden, 1 from Italy, 1 from
Japan, and 2 from each of the 10 different European countries.
Two types of studies were conducted in adults.

Quantitative Synthesis
Yogurt The outcome of the high consumption compared with
low consumption on yogurt is shown in Table 3 and Figure 2. In
case–control studies, we included seven quantitative studies to
assess the joint association of yogurt consumption with
colorectal cancer which was not statistically significant in the
outcome (OR = 0.91, 95% CI = 0.79–1.04), as is shown in
Table 3, in terms of subgroup analysis by region, sex, and
tumor location. The results from subgroups of region and sex
had no statistical difference; however, there were two different
outcomes on tumor location, rectal cancer (OR = 0.75, 95% CI =
0.65–0.88) and colon cancer (OR = 0.96. 95% CI = 0.77,1.19). In
cohort studies, we enrolled 10 quantitative studies to analyze the
Frontiers in Oncology | www.frontiersin.org 3
incidence and mortality between consumption of yogurt and
colorectal cancer. In addition, we also formed subgroups
regarding region and tumor location, as shown in Table 3.
Overall, yogurt intake levels were not statistically significant in
mortality (HR = 1.09, 95% CI = 0.89,1.35) and incidence (RR =
0.89, 95% CI = 0.77,1.03).

Cheese The outcome of the high consumption compared with
low consumption on yogurt is shown in Table 4 and Figure 3. In
case–control studies, seven quantitative studies were included to
analyze the joint association of cheese consumption with
colorectal cancer. The result of the consumption of total cheese
with colorectal cancer was a statistical difference (OR = 0.89, 95%
CI = 0.82,0.97). In addition, there was a statistically significant
difference in tumor location with cheese of consumption
between colon cancer (OR = 0.89, 95% CI = 0.79,1.00) and
rectal cancer (OR = 0.86, 95% CI = 0.74,1.00). However,
systematic analyses of different countries based on extant data
were not statistically significantly different. In cohort studies,
interestingly, no statistically significant differences in outcome
were found; only one country (Sweden) was a statistically
significantly different in consumption of yogurt (RR = 0.72,
95% CI = 0.56,0.94).

Evaluation of Heterogeneity
We will consider heterogeneity among studies in overall
comparisons and choose the random-effects model
(P heterogeneity< 0.001 and I2 > 50%.). In order to
comprehensively analyze the outcome, we formed subgroups
on sex, countries, and tumor location.
FIGURE 1 | Flowchart for identification of studies.
May 2022 | Volume 12 | Article 812679
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TABLE 1 | Characteristics of literatures included in the meta-analysis.

Reference Study
characteristics

(age, y)

No. of
cases

and end-
point

Sex,
no. of
cases
(M/W)

No.
controls
and type

Exposure OR Adjustments to OR Funding
source

Outcome NOS
quality
score

Kampman
et al. 1994
(21)

Netherlands (up
to 75 at age of
diagnosis)

232CC NA 520H Fermented
dairy
products >
242VS<
22g/d;
Yogurt:>
91g/D vs
Non-users;
Hard
cheese:>
49VSc
19g/d

0.86
(0.51,1.44);1.16
(0.71,1.88);1.21
(0.72,2.03)

Adjusted for age,gender,
urbanization level,family history,
cholecystectomy, total energy
intake, energy-adjusted intake of
fat, dietary fibre, vitamin C and
alcohol

Agency Incidence 7

Kinany
et al. 2020
(22)

Moroccan ( more
than 18 years
old)

1453CRC (49.3%/
50.7 %)

1453H Yogurt
>44.00
VS<44.00
g/day
Cheese
>12.00 g/
day
VS<12.00
g/day

CRC 0.74
(0.64-0.86) CC
0.72 (0.58-
0.89) ;R 0.76
(0.61-0.93)/
CRC 0.89
(0.79-1.00);CC
0.91 (0.77-
1.06);R 0.88
(0.75-1.04)

Multivariable model: conditional
logistic regression using age in
years, residence (urban, rural),
education level (illiterate, primary,
sec ondary, higher), monthly
income (low, medium, high),
physical activity intensity (high,
moderate and low), smoking status
(never smoker, Ex smoker and
current smoker), BMI categories
(normal, underweight, overweight,
obesity), non-steroidal anti-
infammatory drugs (yes or no),

Agency Incidence 7

Boutron
et al. (24)

France (30-75) 171CRC (109/
62)

309H Cheese
Q5VSQ1;

CRC 1.2(0.6-
2.2)

total energy intake (continuous/
Kcal), intakes of red processed
meat and dietary fber (both
continuous-g/day), family history of
colorectal can cer (yes logarithmic
or no) transformation for equality of
variance and multiple logistic
regression controlling for age, sex
and caloric intake.

Agency Incidence 8

Shannon
et al. (23)

US (30-62) 424CRC (238/
186)

414H Yougrt:>1
VS 0
servings/
week

CRC(M) 1.27
(0.69-2.36) ;
CRC(W)0.65
(0.37-1.16)

adjusted for age and total energy Agency Incidence 8

Kampman
et al. (25)

US (30-70) 1983 CC (1095/
888)

2400H Cheese:
High VS
Low intake;
Yogurt:
High VS
Low

CC(M) 0.9 (0.7-
1.2) ;(W) 0.8
(0.7-1.1)/CC
(M) 1.0 (0.8-
1.2); (W) 1.1
(0.9-1.3)

Adjusted for age, BMI, family
history of first-degree relative with
colorectal cancer, use of aspirin,
use of NSAIDs, energy intake, long-
term vigorous physical activity and
dietary fiber

Agency Incidence 7

Williams
et al. (26)

US (40-79) 945 R
(Whites
+African-
Americans)

NA 959 H Cheese
(Whites):
Q4VSQ1;
Yogurt
(Whites):
Q2VSQ1;
Cheese
(African-
Americans):
Q4VSQ1;
Yogurt
(African-
Americans):
Q4VSQ1
(servings/
wk)

0.73(Whites)
(0.50-
1.06);0.69
(Whites)(0.53-
0.89);1.04
(African-Ameri
cans)(0.44-
2.46); 1.08
(African-
Americans)
(0.62-l .87)

Adjusted for age, sex, education,
income, BMI 1 year ago, physical
activity, family history, nonsteroidal
anti-inflammatory drug use, and
total energy intake.

Agency Incidence 7

(Continued)
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Sensitivity Analysis
In order to understand the meta-stability of the associations
observed, we omit one study at a time from the outcome in
cohort and case–control studies. If the observation did not
appreciably change, we confirmed the reliability of the
data analysis.

Publication Bias
The publication bias of selecting literature was evaluated by Begg’s
test. Figure 4 exhibits two funnel plots of yogurt and cheese of case–
control included in the meta-analysis. There was no apparent
publication bias in yogurt (P = 1.000) and cheese (P = 0.251).
DISCUSSION

Here, we developed this meta-analysis on 17 cohorts and case–
control studies with more than 1,310,276 participants and 14,944
cases. By comparing the high consumption with low
consumption in two distinct study designs, we attempted to
identify the link of fermented food such as yogurt and cheese in
association with colorectal cancer. We discovered new
associations, some of which have not previously been
published. In general, whereas our results from this meta-
analysis are consistent with the observation that the
consumption of yogurt and cheese remained unclear
connection for previous studies, we discovered some novel
links in different study designs and subgroups.

For example, we observed that different primary tumor sites
were associated with yogurt consumption. Results of the case–
control study found yogurt intake to be associated with a
decreased risk of rectal cancer, but not colon cancer. The
reason for this disparity in the outcome was unclear.
Furthermore, we found that there is an inverse association
Frontiers in Oncology | www.frontiersin.org 5
between dietary intake of cheese in case–control and the risk
of colorectal cancer. There are several reasons that could account
for these outcomes. Compared to other fermentation products
such as yogurt, having greater viable probiotics in cheese is
advantageous. The reason for these differences was interpreted
with unique characteristics in higher pH and buffering capacity
and lower oxygen and salt levels. In these settings, the long-term
survival of probiotics was observed in the center of the cheese.
Theoretically, it may also play a protective role in storage and
passage through the gastrointestinal tracts (28). From the field of
microbial ecology perspective, it is suggested that the
administration of sufficient amounts of diet rich in probiotics
may be associated with a lower incidence of colorectal cancer
(29). There was a marked regional difference in consumption of
cheese such as Sweden from Europe which was distinct from
other countries. Simultaneously, consumption of cheese in a
cohort study is negatively associated with the risk of colorectal
cancer. Swedish people are well known to have healthy and fixed
dietary habits, particularly breakfast, at which they prefer to
consume them as daily dietary activities, so they gain more
probiotics from cheese compared to other countries. This
resulted in a lower incidence of CRC in Swedish people.

Epidemiologic studies have shown that fermented dairy foods
such as yogurt and cheese, the main sources of probiotics in
human diets, have proved to be one source of calcium inWestern
populations (30). Therefore, there are several possible reasons
that could explain the consumption of fermented dairy foods
associated with CRC. A recent meta-analysis showed that dietary
patterns rich in calcium in dairy foods may decrease the
incidence of colorectal adenomas, which was precancerous
lesions of colorectal cancer (31). The underlying mechanism
could arrest excessive proliferation and mutation in the gut
epithelium by binding to toxic bile acids and long-chain fatty
acids (32). Some studies argued that high physiological
TABLE 1 | Continued

Reference Study
characteristics

(age, y)

No. of
cases

and end-
point

Sex,
no. of
cases
(M/W)

No.
controls
and type

Exposure OR Adjustments to OR Funding
source

Outcome NOS
quality
score

Zhuoyu
et al. (27)

11 Canada (20-
74)

1760 CRC
(ON+NL)

NA 2481 H Cheese
(NL):
Q5VSQ1;
Cheese
(ON):
Q5VSQ1;
Yogurt(NL):
Q3VSQ1;
Yogurt
(ON):Q5 VS
Q1

1.25(NL)
(0.76,2.05);
0.90(ON)
(0.70,1.14)/
1.02(NL)
(0.75,1.39);
0.85(ON)
(0.68,1.07)

Adjusted for total energy intake,
age, sex, BMI, physical activity
(METs/week), first-degree relatives
with CRC, polyps, diabetes,
reported colon screening
procedure, cigarette smoking,
alcohol drinking, education
attainment, household income,
marital status, regular use of
NSAID, regular use of multivitamin
supplements, reported HRT
(females only), and intakes of fruits,
vegetables and red meat. Variables
were included in the final model
based on a >10% alternation in the
parameter coefficient of interest.

Agency Incidence 7
May 202
2 | Volume
 12 | Article
CRC, colorectal cancer; CC, colon cancer; DC, distal colon cancer; R, rectal cancer; M, man; W, woman; NL, subjects in Newfoundland and Labrador; ON, subjects in Ontario.
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TABLE 2 | Characteristics of literatures included in the meta-analysis.

ts to the RR/HR Funding
source

NOS
quality
score

istory of colon cancer, previous

ohol consumption, aspirin use,

t, and dietary fiber intakes

Agency
industry

8

physical activity, parental history
oking, pasts smoking, alcohol
se

Agency 7

total energy and quartiles of red

nd vitamin C intake. Individual

Agency 7

ent and the year of entry into the

tal energy intake and quintiles of

d red meat

Agency 7

. Adjusted for education, family

betes, cigarette smoking, aspirin

gy and quartiles of saturated fat,

d red meat intake

Agency 7

aire. Adjusted for energy, animal

ary fiber, simple sugars, BMI,

ucation level,recreational activity

f work.

Agency 7

ories), sex and center. Adjusted

, smoking status and intensity,

Agency 7
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Reference Study cohort
and

characteristics
(age, y)

No. of
participants

(M/W)

No. of
incident
cases

Outcome
(Incidence/
Mortality)

Follow-
up

length,
y

Exposure RR/HR Adjustme

Kearney
et al. (11)

USA: Health
Professionals
Follow-up Study
(40-75)

47,935 M 203 CC Incidence. 6 Hard
cheese: >1/
d vs
<1/mo (1
slice)

RR CC: 1.35 (95% CI:
0.67, 2.75)

Age, total calories, family h
polyp, screening,
past history of smoking, al
physical activity,
BMI, red meat, saturated f

Singh et al.
(12)

USA: Adventist
Health Study
(25-100)

32051 157 CC Incidence. 6 Cheese
(excluding
cottage
cheese):
>2 servings/
wk vs never

RR CC: 1.04 (95% CI:
0.69, 1.59)

Age at baseline, sex, BMI,
of colon cancer, current sm
consumption, and aspirin

Terry et al.
(13)

Sweden:
Swedish
Mammography
Screening
Cohort (median
55)

61,643 W 572 CRC,
371 CC
and 191 R

Incidence. 11.3 Fermented
dairy
servings/mo
(yogurt and
cultured
milk): Q4 vs
Q1

RR CRC: 0.90 (95% CI:
0.72, 1.13) RR CC: 0.76
(95% CI: 0.57, 1.01) RR
R: 1.28 (95% CI: 0.87,
1.89)

Age, BMI, education level,
meat, alcohol, and
energy-adjusted folic acid
dairy products were
mutually adjusted

Larsson
et al. (14)

Sweden:
Swedish
Mammography
Cohort (40-76)

60,708 W 798 CRC,
543 CC
(246 PC,
170
DC,127
unknown),
249 R

Incidence. 14.8 Cheese: >3
vs <1
serving/d

RR CRC: 0.65 (95% CI:
0.44, 0.96) RR PC: 0.76
(95% CI: 0.39, 1.50) RR
DC: 0.24 (95% CI: 0.07,
0.82) RR R: 0.89 (95%
CI: 0.46, 1.71)

Stratified by age at recruitm
cohort. Adjusted
for age, BMI, education, to
intakes of folate,
vitamin B-6, cereal fiber an

Larsson
et al. (15)

Sweden: Cohort
of
Swedish Men
(45-79)

45,306 M 449CRC,
276 CC
and
173 R

Incidence. 6.7 Cultured
milk (sour
milk and
yogurt): >1
serving/d vs
never/Hard
cheese: >3
slices/d vs

RR CRC: 1.07 (95% CI:
0.86,
1.34); RR CC: 1.17 (95%
CI: 0.88,
1.56) RR R: 0.94 (95%
CI: 0.66,
1.33)/RR CRC: 0.79
(95% CI: 0.56,

Stratified by age at baselin
history of CRC,
BMI, exercise, history of d
use, multivitamin
supplement use, total ene
total vitamin D,
alcohol, fruit, vegetable, an

Valeria et
al., 2011
(16)

Italy: Italian
European
Prospective
Investigation into
Cancer and
Nutrition cohort
(EPIC-Italy
cohort)
(mean of 51)

14,178/31,063 289 CRC
(215 CC
and 74 R)

Incidence. 12 <4
Yogurt: T3
vs T1
slices/wk
(median
intake)

RR CRC (entire cohort):
0.65 (95%
CI: 0.48, 0.89) RR CRC
(M): 0.47
(95% CI: 0.28, 0.81) RR
CRC (W):
0.69 (95% CI: 0.47, 1.03)

Stratified by diet questionn
fat, red meat
intake, dietary calcium, die
alcohol
consumption, smoking, ed
(excluding
sports),sporting and type o

Neil et al.,
2013 (17)

10 European
countries
(Denmark,

142,141/334, 981 4513
CRC,
2868 CC

Incidence. 11 Yogurt
(natural and
flavored

RR CRC: 0.90 (95% CI:
0.81, 0.99) RR CC: 0.88
(95% CI: 0.77, 1.00) RR

Stratified by age (1-y categ
for total energy intake,
BMI, physical activity index
n

c

a

u

a

e

ia

r

t
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TABLE 2 | Continued
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0.046 3 (0.77,1.14) >0.05
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European
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TABLE 3 | Yogurt.

Subgroup
Studies, n

Case–control studies
Total yogurt
Canada
US
Men
Women
Colon cancer
Rectal cancer
Cohort studies
Total yogurt
Sweden
Colon cancer
Rectal cancer

Total yogurt
a

No. of
incident
cases

Outcome
(Incidence/
Mortality)

Follow-
up

length,
y

Exposure

olon cancer; R, rectal cancer; M, man; W, woman; NL, subjects in New

heterogeneity

I2 (%)

10 57.2%
2 0.0%
6 55.6%
2 0.0%
2 66.1%
4 69.3%
3 4.0%

4 54.6%
2 13.1%
3 57.3%
3 10.8%

2 0.0%
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A B
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FIGURE 2 | Yogurt: forest plot of case–control studies (A–G) and cohort studies (H–K) in yogurt examining the association between consumption of yogurt and risk of
colorectal cancer as well as the consumption of yogurt in the mortality of colorectal cancer (L). CRC, colorectal cancer; CC, colon cancer; DC, distal colon cancer; R, rectal
cancer; M, man; W, woman; NL, subjects in Newfoundland and Labrador; ON, subjects in Ontario. Case–control studies: (A) total CRC; (B) CRC in man; (C) CRC in woman;
(D) US; (E) Canada; (F) colon cancer; (G) rectal cancer; Cohort studies: (H) total CRC; (I) Sweden; (J) colon cancer; (K) rectal cancer; (L) mortality of CRC.
Frontiers in Oncology | www.frontiersin.org May 2022 | Volume 12 | Article 8126799

https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Liang et al. Dairy Food and Colorectal Cancer
A B

D E F

G IH

J

C

FIGURE 3 | Cheese: forest plot of case–control studies (A–E) and cohort studies (F–J) in yogurt examining the association between consumption of yogurt and risk of
colorectal cancer. CRC, colorectal cancer; CC, colon cancer; DC, distal colon cancer; R, rectal cancer; M, man; W, woman; NL, subjects in Newfoundland and Labrador; ON,
subjects in Ontario. Case–control studies: (A) total CRC; (B) US; (C) Canada; (D) colon cancer; (E) rectal cancer. Cohort studies: (F) total CRC; (G) US; (H) Sweden; (I) colon
cancer; (J) rectal cancer.
TABLE 4 | Cheese.

Subgroup
Studies, n

heterogeneity OR/RR/HR (95% CI) P-value

I2 (%) P-value

Case–control studies OR (95% CI)
Total cheese 9 0.0% 0.644 0.89 (0.82,0.97) <0.05
US 4 0.0% 0.763 0.83 (0.71,0.96) >0.05
Canada 2 26.3% 0.244 0.96 (0.77,1.19) >0.05
Colon cancer 4 0.0% 0.515 0.89 (0.79,1.00) <0.05
Rectal cancer 3 0.0% 0.608 0.86 (0.74,1.00) <0.05
Cohort studies RR (95% CI)
Total cheese 5 37.0% 0.174 0.89 (0.73,1.08) >0.05
US 2 0.0% 0.533 1.11 (0.78,1.59) >0.05
Sweden 2 0.0% 0.464 0.72 (0.56, 0.94) <0.05
Colon cancer 5 41.1% 0.147 0.88 (0.68, 1.13) >0.05
Rectal cancer 2 0.0% 0.810 0.84 (0.54, 1.29) >0.05
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concentrations of bile acids in the colorectal epithelium may
initiate carcinogenesis (Figure 5) (33). Moreover, probiotics in
fermented dairy foods may also play a pivotal role in colorectal
cancer. There have been some animal models of evidence which
have suggested that probiotics can competitively adhere to
intestinal mucus to prevent colonization of pathogens (34).
Probiotics may regulate the imbalance of intestinal microflora
to suppress tumorigenesis via multiple mechanisms (Figure 5)
(35–40). Hence, consumption of calcium in fermented dairy
Frontiers in Oncology | www.frontiersin.org 11
foods may decrease the incidence of CRC and lower the risk of
developing colorectal tumors.

In this meta-analysis, there were some inadequacies,
although we enrolled a great deal of high-quality studies. No
apparent publication bias has not been perceived, yet its impact
may remain. Besides this, there was a marked heterogeneity
throughout this analysis. The reason could be attributed to the
difference in food products, regular and prolonged dietary habits,
and the sample size of this study. Finally, the smaller sample sizes of
A

B

FIGURE 4 | Funnel plot of colorectal cancer risk associated with consumption of yogurt in case–control (A); Begg’s and Egger’s funnel plot for publication bias test
on consumption of yogurt in case–control (a1 and a2). Each point represents a separate study for the indicated association. s.e., standardized effect. Funnel plot of
colorectal cancer risk associated with consumption of cheese in case–control (B); Begg’s and Egger’s funnel plot for publication bias test on consumption of cheese
in case–control (b1 and b2). Each point represents a separate study for the indicated association. s.e., standardized effect.
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the relevant analysis allows us not to fully account for mortality in
colorectal cancer. We hope more experimental and theoretical
evidence will be able to verify the outcome.

In conclusion, our meta-analysis suggests that fermented
dairy food intake may have an impact on the incidence of
colorectal cancer. Besides, the economic approach applied to
convey health benefits by way of modifying the gut microbiota
has been used to ferment dairy foods, which could markedly
prevent colorectal cancer in the near future. It may thus be an
effective strategy to integrate fermented dairy foods into
eating habits for the early prevention of colorectal cancer.
In parallel, we wished to see what role this meta-analysis could
play in the dietary management of future outbreaks in
colorectal neoplasms.
Frontiers in Oncology | www.frontiersin.org 12
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FIGURE 5 | The probiotics play essential roles in host metabolism, immune modulation, and colonization resistance to pathogens, suppressing the CRC
progression. On the one hand, there were studies demonstrating that probiotics can prevent the attachment of pathogenic bacteria to gut epithelia. On the other
hand, short-chain fatty acids (SCFAs), mainly acetate, butyrate, and propionate, are major metabolic products of probiotics, promoting probiotics growth and
reproduction, protecting the intestinal barrier function. Probiotics may represses toxic bacterial metabolites by indirectly inhibiting the growth of pathogens. Toxic
bacterial metabolites can induce DNA damage in epithelial cells; indirectly impaired barrier function was among the constellation of accepted pathologies in CRC and
generated local or chronic inflammation by producing inflammatory cytokines (IL-6, TNF). In addition, pathogenic bacteria may also exert pro-inflammatory effects via
microorganism-associated molecular patterns (MAMPs) by Toll-like receptors (TLRs), which lead to detection by dendritic cells (DC) as well as activation of Th-17
cells, and the latter will promote the expression of the pro-inflammatory mediator IL-23 and block the expression of the anti-inflammatory mediator IL-10. However,
probiotics also bound the Toll-like receptor (TLR), which activated the TLR–NF-kB signal transduction pathway to inhibit the inflammatory effects.
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