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Abstract 

Background: Breastfeeding might prevent childhood cancer by stimulating the immune system.

Methods: The following databases, including PubMed, Embase, and Cochrane Library, were searched from inception 
to January 10, 2021.

Results: In dose‑dependent manner, there was a statistically significant inverse association between any breastfeed‑
ing and the incidence of childhood cancer. There was no evidence that breastfeeding was inversely related to child‑
hood cancer of the skeletal, reproductive, or sensory systems. However, breastfeeding was inversely associated with 
the incidence of hematological malignancies and cancers of the nervous and urinary systems. Among hematologi‑
cal malignancies, the relationship was significant for acute lymphocytic leukemia (ALL) and acute myeloid leukemia 
(AML), but not for acute non‑lymphocytic leukemia (ANLL), Hodgkin’s lymphoma (HL), or non‑HL.

Conclusions: The evidences demonstrated that breastfeeding have a potential protective role in preventing selec‑
tive childhood cancer growth, especially for ALL, AML, cancer of nervous and urinary systems. This study recom‑
mended that breastfeeding be extended for as long as possible or maintained for at least 6 months to prevent selec‑
tive childhood cancer growth.

Keywords: Breastfeeding, Childhood cancer, Acute lymphocytic leukemia, Acute myeloid leukemia, Non‑
lymphocytic leukemia
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Background
The incidence and mortality associated with childhood 
cancer is increasing sharply in developed and develop-
ing countries [1]. The most common childhood can-
cers include acute leukemia at 26.3%, especial for acute 
lymphoblastic leukemia (ALL) [2], central nervous 

system tumors at 17.6%, and lymphoma at 14.6% of all 
cancers [3].

Breastfeeding is the major food for newborn babies, 
who receive almost all essential needs to meet the 
requirements of growth and development [4]. It has 
become a universal phenomenon for babies to be fed 
with formula in recent years; nevertheless, components 
of formula are different from those of breastfeeding. 
Breastfeeding has components not found in formula, 
including active hormones and peptides, all of which 
play essential roles in development during the newborn 
period and infancy. A researcher suggested that breast-
feeding might help prevent childhood cancer by stimulat-
ing the immune system. To date, several lines of evidence 
suggest that breastfed babies are healthier, with benefits 
of increased immunity and intelligence, lower incidence 
of sudden infant death, childhood obesity, and allergies 
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[5–7]. There was a hypothesis that breastfeeding might 
help protect against several childhood diseases, not lim-
ited to ALL [8].

There were eight studies reporting the results of 
meta-analyses on the relationship between breastfeed-
ing and childhood cancer [4, 9–15]. The relationship of 
breastfeeding and hematological malignancy-related 
diseases was confirmed by several studies of these stud-
ies [4, 9–12, 14, 15]. Two studies expanded the scope of 
research to the relationship between breastfeeding and 
central nervous system diseases [13, 14]. There was lit-
tle evidence to suggest that breastfeeding was signifi-
cantly associated with acute non-lymphoblastic leukemia 
(ANLL) [16–18], non-Hodgkin’s lymphoma (NHL) [9, 
16, 17, 19, 20], central nervous system cancers, malig-
nant germ cell tumors, juvenile bone tumors and other 
solid cancers. None of these studies mentioned breast-
feeding and other systemic diseases and the influence 
of breastfeeding on childhood cancer. Moreover, a clear 
association between modes of breastfeeding (or formula) 
and risk of childhood cancer had not been explored in 
detail in previous studies. The World Health Organiza-
tion (WHO) suggested that breastfeeding had additional 
health benefits that extend into adulthood, and it recom-
mended maintaining breastfeeding for 2 years or longer 
[21]. With respect to the duration of breastfeeding, there 
were controversy among researchers and no consensus 
had yet been reached. Given the lack of comprehensive 
and systematic research confirmed by reviewing the lit-
erature, this meta-analysis was conducted to compre-
hensively explore the association of breastfeeding and 
childhood cancer, involving several countries, modes of 
breastfeeding, various feeding durations, and systemic 
diseases of childhood.

Methods
Search strategy
PubMed and Embase were systematically searched for 
relevant studies that met our eligibility criteria. The liter-
ature search was carried out on January 10, 2021 to iden-
tify published studies on the relationship of breastfeeding 
and cancer in children. Two authors were responsible 
for screening the studies to obtain full manuscripts, as 
well as the titles and abstracts. To ensure complete-
ness and accuracy of this meta-analysis and systematic 
review, two reviewers participated in the entire literature 
search process without interfering with one another. The 
search terms for this study were as follows: “Childhood”, 
“Children”, “Child”, “Neoplasms”, “Cancer”, “Tumour”, 
“Neoplastic”, “Malignancy”, “Bottle-feeding”, “Breastfeed-
ing”, “Infant nutrition”, “Perinatal”, and “Milk”, with lan-
guage and publication status restrictions. The Preferred 

Reporting Items for Systematic Reviews and Meta-Analy-
ses (PRISMA) was followed [22].

Eligibility criteria
Studies were included in the meta-analysis if they met 
the following criteria: (1) the study was published in Eng-
lish; (2) the exposure of interest was breastfeeding; (3) the 
outcome was childhood cancer; (4) the age of included 
population was less than 18 years old; and (5) the esti-
mates of the relative odds ratio (OR) with 95% confidence 
interval (CI) were reported.

Exclusion criteria were as follows: (1) duplicated 
reports; (2) defective study designs; (3) incomplete data 
and uncertain outcome effects; and (4) incorrect statisti-
cal methods or those that could not be amended, could 
not be provided, or could not be converted into OR.

Data extraction
The following data were extracted from each study: coun-
try of the patients, individual ages and average ages, 
types of cancer (e.g., hematological malignancies includ-
ing lymphoma and leukemia, and cancers of the nerv-
ous, motor, urinary, reproductive, and sensory systems), 
the modes of breastfeeding (e.g., exclusive breastfeed-
ing, mixed breastfeeding, and bottle feeding or formula 
feeding; non-exclusive breastfeeding including mixed 
and formula feeding; the same classification applied for 
non-mixed and -formula feeding), feeding duration, and 
the number of patients in the breastfeeding and con-
trol. Adjustment factors and other directly extractable 
data were first extracted for each study. The durations of 
breastfeeding were classified as either past breastfeed-
ing or never breastfed, greater than or equal to 6 months 
or less than 6 months, and greater than or equal to 
12 months or less than 12 months.

Validity assessment
The Newcastle-Ottawa Scale (NOS) was used to assess 
quality of included studies in this meta-analysis and sys-
tematic review [23]. NOS includes case definition, repre-
sentativeness of the cases, selection of controls, definition 
of controls, comparability of cases and controls, ascer-
tainment of exposure, same method of ascertainment for 
cases and controls, and no response rate. Each asterisk in 
the table represents a point, and the final score is the sum 
of the points.

Statistical analysis
The effect of breastfeeding on childhood cancer was 
analyzed using OR and 95%CI as the effect measure. 
Between-study heterogeneity [22] was assessed using 
Cochran’s Q and  I2 statistics. Initial analyses with 
 I2 < 40% were performed using a fixed-effects model; 
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otherwise, a random effects model was adopted. Poten-
tial confounders, including the modes of breastfeeding 
(exclusive, mixed, and formula with different durations 
of breastfeeding), duration of breastfeeding (includ-
ing ≥1 month vs. < 1 month, ≥6 months vs. < 6 months, 
and ≥ 12 months vs. < 12 months), different countries, 
and cancers of different systems were regarded as the 
main sources of heterogeneity. Subgroup and sensitivity 
analyses were employed. We used the one-stage robust 
error meta-regression model to establish the potential 
dose-response relationship between duration of breast-
feeding and risk of cancer [24, 25]. This was a one-stage 
method that treated each study as a cluster combined 
with robust error estimation as a solution to deal with 
potential correlations within each study [26]. The 
restricted cubic spline function with three auto-gen-
erated knots was used to fit the potential non-linearity 
trends [27]. The remr command of Stata software was 
used to run the dose-response meta-analyses [28]. All 
statistical analyses were performed using RevMan 5.3 
and STATA 15.0.

Results
All studies
A total of 3348 studies were obtained through a search 
of electronic databases, and 46 studies, including 20,066 
cases and 448,661 control individuals, met our eligibil-
ity criteria. A total of 770 studies were removed for being 
duplicates, 2443 for being irrelevant (as determined by 
reading the title and abstracts), and 89 for reasons deter-
mined by reading the full text. Studies also were excluded 
if data could not be extracted or could not be obtained by 
contact with the author (see Additional file 1: Table 1). A 
flow diagram was shown in Fig. 1.

Of these 46 studies [8, 9, 16–20, 29–67], 24 studies pub-
lished between 1988 to 2017 [8, 16, 18–20, 29, 31–33, 36, 
39, 40, 42, 43, 47, 52–56, 60, 62, 64, 66] discussed hema-
tological malignancies, including 19 studies [8, 16, 18, 19, 
29, 32, 36, 39, 40, 42, 43, 52–56, 60, 62, 66] of leukemia 
(ALL, acute myeloid leukemia (AML) and ANLL). 5 stud-
ies [9, 16, 18–20] reported relevant data about lymphoma 
(Hodgkin’s lymphoma (HL) and non-Hodgkin’s lym-
phoma (NHL)). All included studies in this meta-analysis 

Fig. 1 Flow diagram of study selection
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questioned the influence of the modes and duration of 
breastfeeding on childhood cancer. The main features of 
the studies were displayed in Additional file  1: Table  1. 
The reasons for excluding 96 studies in detail were dis-
played in Additional file 1: Table 2. All funnel plots were 
symmetrical, suggesting absence of bias.

Whether breastfeeding impacts the incidence of childhood 
Cancer
Thirty-five studies [8, 9, 16–18, 20, 29, 31–43, 46, 47, 
49, 50, 52–54, 56, 59, 60, 62, 64–67] explored whether 
breastfeeding impacted the incidence of childhood can-
cer. Compared to children that were never breastfed, the 
odds ratio of ever having been breastfed was 0.83 (95%CI, 
0.75–0.92) with respect to childhood cancer (Fig. 2), sug-
gesting that ever having been breastfed was associated 
with a significant reduction in the incidence of childhood 
cancer.

Modes of breastfeeding
With respect to the various modes of breastfeeding, 
there was no significant difference in incidence of child-
hood cancer between exclusive and non-exclusive 

breastfeeding (OR = 0.82, 95%CI, 0.66–1.02) (Fig.  3 and 
Table 1). However, the others modes of breastfeeding and 
the incidence of childhood cancer (mixed vs. non-mixed 
breastfeeding (OR = 0.95, 95%CI, 0.91–1.00) and formula 
vs. non-formula feeding (OR = 1.38, 95%CI, 1.00–1.92)) 
showed significant differences. Mixed breastfeeding vs. 
formula (OR = 0.75, 95%CI, 0.53–1.07), exclusive breast-
feeding vs. formula (OR = 0.54, 95%CI, 0.23–1.25), and 
the comparison of exclusive vs. mixed (OR = 1.01, 95%CI, 
0.92–1.10) showed no significant differences in the inci-
dence of childhood cancers. All details regarding modes 
of breastfeeding associated with the incidence of child-
hood cancer were shown in Table 1.

Duration of breastfeeding
We observed a non-linear dose-response relationship 
between duration of breastfeeding and risk of cancer 
(P for non-linear test < 0.01). The risks of cancer were 
inversely associated with the duration of breastfeeding: 
as duration of breastfeeding increased, the odds of cancer 
significantly decreased (Fig. 4).

Grouped based on the duration of breastfeeding, there 
were cut-off points at months 1, 6, and 12 for exclusive 

Fig. 2 Forest plot demonstrating the incidence of children with cancer in terms of ever breastfeeding versus never breastfeeding



Page 5 of 11Gong et al. Italian Journal of Pediatrics           (2022) 48:98  

Fig. 3 Forest plot demonstrating the incidence of children with cancer in terms of exclusive versus non‑exclusive breastfeeding

Table 1 Subgroup analyses of different outcome indicators

ALL Acute lymphocytic leukemia, AML Acute myeloid leukemia, ANLL Acute non-lymphocytic leukemia, HL Hodgkin’s lymphoma, NHL Non-Hodgkin’s lymphoma

Outcome indicators Number of 
studies

Sample size OR, 95%CI P for OR I2 I2 for P

Childhood cancer (Ever vs. Never) 35 468,727 0.83 [0.75, 0.92] 0.0003 82% P < 0.00001

Duration
 Duration ≥1 month vs. < 1 month 11 25,609 0.75 [0.63, 0.89] 0.001 80% P < 0.00001

 Duration ≥6 months vs. < 6 months 32 41,813 0.82 [0.74, 0.90] 0.0001 62% P < 0.00001

 Duration ≥12 months vs. < 12 months 13 8490 0.82 [0.65, 1.04] 0.09 68% P < 0.0002

 Exclusive ≥6 months vs. 6 months 4 3243 0.98 [0.75, 1.28] 0.88 45% 0.14

Country developed vs. developing 31 465,845 0.89 [0.83, 0.95] 0.001 55% 0.0002

Gender female vs. male 29 467,962 0.96 [0.92, 1.01] 0.13 0% 0.71

High quality studies 24 33,407 0.78 [0.67, 0.91] 0.002 88% P < 0.00001

The mode of breastfeeding
 Exclusive vs. Mixed and Formula 8 11,199 0.82 [0.66, 1.02] 0.08 82% P < 0.00001

 Mixed vs. Formula and Exclusive 10 28,166 0.95 [0.91, 1.00] 0.07 41% 0.8

 Formula vs. Mixed and Exclusive 8 26,165 1.38 [1.00, 1.92] 0.05 95% P < 0.00001

Exclusive vs. Mixed 7 8865 0.99 [0.90, 1.08] 0.82 0% 0.99

 Exclusive vs. Mixed 0–6 months 3 3234 0.96 [0.80, 1.15] 0.68 45% 0.14

 Exclusive vs. Mixed 6–12 months 1 251 1.08 [0.65, 1.81] 0.76 NA NA

 Exclusive vs. Mixed > 12 months 1 142 0.78 [0.37, 1.64] 0.52 NA NA

Exclusive vs. Formula 5 5764 0.54 [0.23, 1.25] 0.15 96% P < 0.00001

Mixed vs. Formula 7 22,361 0.75 [0.53, 1.07] 0.11 95% P < 0.00001

 Mixed vs. Formula < 1 month 1 7891 1.02 [0.91, 1.01] 0.75 NA NA

 Mixed vs. Formula ≥1 month 1 7650 1.01 [0.91, 1.14] 0.84 NA NA

Type of cancer
 Hematologic malignancies 24 445,481 0.82 [0.71,0.94] 0.005 85% P < 0.00001

 Leukemia 19 437,644 0.89 [0.82, 0.97] 0.009 49% 0.008

  ALL 19 435,166 0.90 [0.85, 0.95] 0.0003 55% 0.002

  AML 3 8761 0.79 [0.66, 0.94] 0.009 62% 0.07

  ANLL 3 694 1.10 [0.68, 1.80] 0.69 0% 0.95

 Lymphoma 5 10,443 0.93 [0.79, 1.09] 0.36 0% 0.72

  HL 4 8270 0.89 [0.68, 1.15] 0.36 0% 0.63

  NHL 5 9318 0.96 [0.79, 1.17] 0.67 0% 0.78

 Nervous system 9 19,923 0.72 [0.54, 0.96] 0.02 89% P < 0.00001

 Skeletal system 1 636 0.85 [0.62, 1.16] 0.30 NA NA

 Urinary system 1 904 0.69 [0.51, 0.92] 0.01 NA NA

 Reproductive system 1 744 1.11 [0.73, 1.67] 0.63 NA NA

 Sensory system 1 337 0.77 [0.39, 1.50] 0.44 NA NA

Three largest studies 3 21,769 0.90 [0.79, 1.04] 0.16 84% 0.002
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breastfeeding. Table 1 indicates that the length of breast-
feeding was significantly related to the incidence of can-
cer, especially for long-term breastfeeding (≥1 month vs. 
< 1 month (OR = 0.75, 95%CI, 0.63–0.89), and ≥ 6 months 
vs. < 6 months (OR = 0.82, 95%CI, 0.74–0.90). However, 
no difference was observed for the comparison between 
12 months of breastfeeding (≥12 months vs. < 12 months 
(OR = 0.82, 95%CI: 0.65–1.04).

Regarding exclusive breastfeeding for 6 months, four 
studies [33, 39, 47, 52] were included in this meta-anal-
ysis; there was no significant difference between groups 
in terms of incidence of childhood cancer (≥6 months vs. 
< 6 months, OR = 0.98 95%CI, 0.75–1.28). Compared with 
mixed breastfeeding, there were no data for incidence of 
childhood cancer for 6–12 months and ≥ 12 months of 
exclusive breastfeeding, with the exception of a compari-
son of exclusive breastfeeding for 0–6 months vs. mixed 
breastfeeding (OR = 0.92, 95%CI, 0.78–1.08). Significant 
meaningful data were not found (Table 1).

Studies in developed countries
Because of various economic levels among countries, 
breastfeeding conditions were inconsistent, as was the 
incidence of childhood cancer. The data of 31 stud-
ies were analyzed [8, 9, 16, 17, 19, 20, 32, 34–36, 38–43, 
46, 47, 49, 50, 52–54, 56, 60, 62, 64–68] from developed 
countries, and there was a significant inverse relation-
ship between any breastfeeding and childhood cancer 
(OR = 0.89, 95%CI, 0.83–0.95) (Table 1).

Gender
Only the differences with respect to gender in the inci-
dence of childhood cancer had been compared, and there 
were no data on the prevalence of males and females in 
the various breastfeeding conditions. Twenty-nine stud-
ies [9, 17, 20, 29–35, 37, 39–43, 45–48, 51–53, 56–58, 
63–65], involving 467,962 individuals were included in 
this meta-analysis and systematic review; the result of 
females vs. males (OR = 0.96, 95%CI, 0.92–1.01) sug-
gested no significant difference between the sexes with 
respect to incidence of childhood cancer (Table 1).

The largest studies and high‑quality studies
The studies with more than 1000 cases were considered 
the largest studies [4]. The largest study [69], conducted 
in the United Kingdom by the UK Childhood Cancer 
Study Investigators and published in 2001, included 
2157 cases. For those who were ever breastfed com-
pared to those who were never breastfed (OR = 0.89, 
95%CI, 0.84–1.00) there was a weak connection of 
borderline statistical significance to the effect that any 
breastfeeding was associated with a slight reduction 
in the incidence of childhood cancer. This study also 
included a subgroup analysis of the duration of breast-
feeding. Only 1–6 months of breastfeeding (OR = 0.88, 
95%CI, 0.79–0.98) showed a statistically significant 
inverse relationship with the incidence of childhood 
cancer. According to a meta-analysis by Lancashire 

Fig. 4 Dose‑response relationships between duration of breastfeeding and risk of cancer
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et  al. [54] in the United Kingdom, published in 2003 
and including 1588 cases, neither ever being breast-
fed (compare with never) (OR = 1.01, 95%CI, 0.91–
1.11), nor the duration of breastfeeding (< 1 month: 
OR = 1.05, 95%CI, 0.91–1.22, 1–6 months: OR = 0.97, 
95%CI, 0.87–1.09, > 6 months: OR = 1.04, 95%CI, 0.85–
1.27) showed any correlation with the risk of childhood 
cancer. A study of 1074 participants conducted in the 
United States and published in 1999 by Shu et al. [62] 
also investigated the influence of breastfeeding on the 
incidence of childhood cancer, and evaluated whether 
long breastfeeding duration was more protective. 
Their results were statistically significant and indicated 
that any breastfeeding (whatever form and regardless 
of length of breastfeeding) decreased the incidence 
of childhood cancer (OR = 0.79, 95%CI, 0.70–0.91); 
the effects of more than 6 months of breastfeeding 
(OR = 0.70, 95%CI, 0.59–0.82) were more pronounced 
for the incidence of childhood cancer in the three larg-
est studies.

These three studies were analyzed separately by our 
reviewers without interfering with one another [54, 62, 
69]. We found no remarkably significant inverse asso-
ciation between any breastfeeding and childhood cancer 
(OR = 0.90, 95%CI, 0.79–1.04) (Table  1). However, the 
common comparison was 6 months or more of breast-
feeding compared with a shorter duration in the three 
largest studies; the results demonstrated weak evidence 

of a protective association between breastfeeding for 
duration of 6 months or more and the incidence of child-
hood cancer (OR = 0.93, 95%CI, 0.86–1.01).

NOS for assessing the quality of included studies was 
shown in Additional file  1: Table  3. The scores ranged 
from 4 to 9. In total, we obtained 32 high-quality studies 
[8, 9, 18, 20, 29–38, 40, 44–48, 50, 52–54, 57–63, 66] with 
scores greater than or equal to 6. It included 24 studies 
[8, 9, 18, 20, 29, 31–33, 35–38, 40, 46, 47, 50, 52–54, 59, 
60, 62, 65, 66] in an evaluation of whether breastfeeding 
impacted childhood cancer, and it found a significant 
relationship between duration of ≥1 month vs. < 1 month 
and the incidence of childhood cancer (OR = 0.75, 
95%CI, 0.63–0.89) (Table 1).

Different childhood cancers
Hematological malignancies
Whatever modes of breastfeeding and any length of 
breastfeeding were associated with lower risk of hemato-
logical malignancy (OR = 0.82, 95%CI, 0.71–0.94) (Fig. 5).

Separate subgroup analyses were also performed for 
leukemia (ALL, AML, and ANLL) and lymphoma (HL 
and NHL). For leukemia, there were 19 studies [8, 16–
19, 29, 32, 36, 39, 40, 42, 43, 52–54, 56, 60, 62, 66] that 
indicated a statistically significant inverse relationship 
between any breastfeeding and leukemia risk (OR = 0.89, 
95%CI, 0.82–0.97). Based on subgroup analysis of leuke-
mia, the odds ratio for ALL was 0.85 (95%CI, 0.82–0.97), 

Fig. 5 Forest plot demonstrating the incidence of haematological malignancies in childre
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suggesting a protective effect of breastfeeding against 
ALL. Only three studies [19, 53, 62] were conducted con-
taining subgroup analyses of AML (OR = 0.79, 95%CI, 
0.66–0.94), and there was a significant relationship 
between AML and incidence of childhood cancer. For 
ANLL, three studies [16–18] were included, and there 
was no association between any breastfeeding and risk of 
ANLL (OR = 1.10, 95%CI, 0.68–1.80) (Table 1).

The subgroup analysis for lymphoma included five 
studies [9, 16, 18–20] (OR = 0.93, 95%CI, 0.79–1.09). It 
found that breastfeeding had no significant protective 
effect on the risk of either HL [9, 18–20] or NHL [9, 16, 
18–20] (OR = 0.89, 95%CI, 0.68–1.15; OR = 0.96, 95%CI, 
0.79–1.17, respectively) (Table 1).

Other childhood cancers
The data regarding the relationships of breastfeeding and 
other disease systems were also collected and analyzed. 
Nine studies [9, 34, 35, 38, 39, 49, 50, 57, 65] explored 
the association of breastfeeding and the incidence of 
nervous system diseases, and statistical significance was 
observed in subgroup analysis of relationship between 
breastfeeding and nervous system diseases (OR = 0.72, 
95%CI, 0.54–0.96). However, there was investigated the 
effect breastfeeding on the incidence of cancers of skel-
etal [41], urinary [50], reproductive [65] and sensory 
systems [38]. No study mentioned the respiratory, diges-
tive or endocrine systems. On the basis of the data we 
obtained, the results of incidence of childhood cancer in 
several other systems (skeletal: OR = 0.85, 95%CI, 0.62–
1.16, reproductive: OR = 1.11, 95%CI, 0.73–1.67, sensory: 
OR = 0.77, 95%CI, 0.39–1.50) were not statistically signif-
icant; the exception was the urinary system (OR = 0.69, 
95%CI, 0.51–0.92) (Table 1).

Discussion
Childhood cancer is a major cause for death of children 
and adolescents in many countries. The relationship of 
breastfeeding and the incidence of childhood cancer 
had been addressed by several researchers. This meta-
analysis and systematic review was conducted to explore 
the relationships between breastfeeding and childhood 
cancer, and a total of 46 studies were included in this 
study. To the best of our knowledge, there have been 
several meta-analyses and systematic reviews reporting 
these associations. We further investigated some other 
aspects of breastfeeding, involving modes and dura-
tion of breastfeeding and systemic cancers such as leu-
kemia and cancers of the skeletal system, but it found 
that several meta-analyses and original studies had 
returned inconsistent results or suggestions regarding 
this topic. Mammas et al. [13] discussed the association 
between breastfeeding and viral infections, and stated 

that breastfeeding may help prevent infections during the 
first years of life. Two studies [11, 14] were more com-
prehensive than that of Mammas et al. Davis et al. [70], a 
review of nine published case-control published in 1998, 
drew the conclusion that breastfeeding for 6 months and 
beyond was more effective than short-term breastfeeding 
in terms of reducing the incidence of Hodgkin’s disease. 
However, there was no evidence to show an association 
between infant feeding and any other cancer. Rodent 
et  al. [15], Amitay et  al. [4], Darcy et  al. [10] and Kwan 
et  al. [12] found that there was an inverse correlation 
between any breastfeeding and childhood acute lympho-
blastic leukemia, and that breastfeeding for 6 months and 
beyond was superior to short-term feeding in terms of 
reducing leukemia morbidity and mortality. They found 
no evidence to suggest that long-term breastfeeding was 
protective against AML.

The modes of breastfeeding were classified as exclu-
sive or non-exclusive, and various modes of breastfeed-
ing were subjected to subgroup analysis. In addition, we 
investigated the relative effects of three types, including 
differences between exclusive breastfeeding and non-
exclusive breastfeeding, differences between mixed 
breastfeeding and non-mixed breastfeeding, and dif-
ferences between bottle feeding and non-formula feed-
ing, for cancer in children. The findings of subgroup 
analysis suggested that mixed and exclusive breastfeed-
ing were superior to only bottle feeding and that the 
combination of two modes of breastfeeding was more 
beneficial than one alone. These findings suggested that 
the inclusion of breastfeeding might reduce the inci-
dence of childhood cancer, regardless of the modes of 
breastfeeding. In other words, mixed-breastfeeding 
was better for children than exclusive bottle-feeding 
and exclusive breastfeeding.

There were some differences of results in this meta-
analysis compared to the WHO suggestions regard-
ing modes of breastfeeding. The latter recommended 
that exclusive breastfeeding was needed for the first 
6 months of life and should be continued breastfeeding 
until 2 years of age or longer with the addition of appro-
priate supplements. However, no significant difference 
was found in this meta-analysis regarding the protective 
effect of exclusive breastfeeding and mixed feeding for 
0–6 months, specifically for childhood cancer. The dif-
ference might derive from the small study populations 
due to there being only three studies [33, 39, 47] in this 
meta-analysis.

According to the results of duration of breastfeeding 
in this meta-analysis, there was protective effect for any 
duration of breastfeeding. However, there was no sig-
nificant difference between ≥12 months and < 12 months 
of breastfeeding, suggesting that more than 6 months of 
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breastfeeding could reduce the incidence of childhood 
cancer even more. Based on this dose-response relation-
ship, it observed that, as the duration of breastfeeding 
increased, the odds of cancer significantly decreased. This 
suggested that extending the duration of breastfeeding as 
long as possible would reduce the incidence of cancer.

We removed the three largest and high-quality stud-
ies for separate analysis. These studies suggested weak 
significant inverse associations between any breastfeed-
ing and long-term breastfeeding and childhood cancer, 
suggesting a very small influence of these studies on the 
results of this meta-analysis and systematic review.

Twenty-four studies [8, 16, 18–20, 29, 31–33, 36, 39, 
40, 42, 43, 47, 52–56, 60, 62, 64, 66] reported hemato-
logical malignancies and were included in this meta-
analysis. Common hematological malignancies, such 
as ALL, AML, ANLL, HL and NHL, were included in 
a subgroup analysis. Four meta-analyses [4, 12, 14, 15] 
probed the association between breastfeeding and the 
incidence of childhood leukemia. Based on subgroup 
analysis of leukemia, we found that breastfeeding indeed 
protected children by reducing the incidence of leukemia 
in childhood. This finding was consistent with conclu-
sions of previous meta-analyses and systematic reviews. 
Undoubtedly, for ALL and AML, the functions of breast-
feeding were identical because most leukemia cases were 
acute leukemia; nevertheless, there was no evidence to 
suggest that breastfeeding was associated with ANLL or 
lymphoma (HL and NHL).

The most comprehensive systemic diseases to date were 
analyzed in this meta-analysis and systematic review 
with respect to the relationship of breastfeeding with 
childhood cancer. According to the available evidence, 
breastfeeding reduced the prevalence of childhood hema-
tological malignancies and cancers of the nervous and 
urinary systems. There were no remarkable associations 
of breastfeeding with cancers of the skeletal, reproductive, 
or sensory systems. Nevertheless, we cannot rule out that 
there may be variation because of the small sample size. 
Moreover, we cannot draw a conclusion regarding the 
relationship of breastfeeding with the incidence of cancers 
of other systems (i.e., respiratory, digestive, and endocrine 
systems) because of the absence of data.

The data from developed countries were consid-
ered separately from those of countries accounting for 
the majority of the collected data in this meta-analysis. 
Therefore, the conclusions needed to be confirmed fur-
ther and compared with those of the total sample. The 
protective effect in the total sample was better than 
that of the developed countries. The hypothesis was 
that developing countries may do better than developed 
countries with respect to breastfeeding. The relationship 
of breastfeeding to childhood cancer in developed and 

developing countries needed to be further explored in 
the future.

There were several limitations of this meta-analysis. 
Firstly, the data collected from single studies were not 
complete and available, and some negative results might 
be missed, this might produce certain biases in the 
meta-analysis. In addition, unpublished literature was 
not included in terms of eligibility criteria. Secondly, the 
definitions of some studies did not clearly specify mixed 
breastfeeding, exclusive breastfeeding or bottle feeding, 
and the data were insufficient. Furthermore, the sam-
ple sizes of studies regarding the relationship between 
breastfeeding and cancers of certain systems of child-
hood were small, and this may affected the reliability of 
the meta-analysis. Thirdly, Most of populations included 
in this study come from high-income countries, and there 
was a lack of evidence support from low-income coun-
tries. Therefore, the conclusion of this study may only be 
applicable to population in high-income countries, and 
evidence applicable to population in low-income coun-
tries needs to be further produced and verified. In the 
course of cancer development, children may be exposed 
to more uncertain potential cancer risk factors. However, 
the original study did not provide relevant information 
about the potential cancer risk of children, which may 
have some effect on the accuracy of results. Finally, there 
was no information on covariates that may serve as medi-
ators or confounders, including parental smoking behav-
ior and family history of cancer.

Conclusions
Current evidence demonstrated that breastfeeding 
have a potential protective role in preventing selective 
childhood cancer growth, especially in ALL and AML 
among hematological malignancies. However, breast-
feeding did not appear to protect children from ANLL, 
HL, or NHL. Breastfeeding appeared to be beneficial in 
reducing the incidence of childhood cancer of the nerv-
ous and urinary systems. There was no evidence that 
breastfeeding was inversely related to the incidence of 
childhood malignancies of the skeletal, reproductive, or 
sensory systems. Notably, this meta-analysis indicated 
that the modes of mixed-breastfeeding and exclusive 
breastfeeding were recommended for preventing selec-
tive childhood cancer growth. This study recommended 
that breastfeeding be extended for as long as possible 
or maintained for at least 6 months to prevent selective 
childhood cancer growth. In addition, the current evi-
dences were from population in high-income countries, 
and its applicability in low-income countries needed to 
be verified by evidences from population in low-income 
countries in the future.
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