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Abstract

Background: The aim of this study was to quantitatively summarize the available evidence on the association of
breastfeeding with the risk of childhood cancer.

Methods: A literature search of PubMed and Embase databases was performed to identify eligible observational
studies published from inception to July 17, 2020. The categorical and dose-response meta-analysis was conducted
by pooling relative risk (RR) or odds ratio (OR) estimates with 95% confidence intervals (CIs). Potential sources of
heterogeneity were detected by meta-regression and stratification analysis. Sensitivity analysis and publication bias
test were also carried out.

Results: Forty-five articles involving 475,579 individuals were included in the meta-analysis. Among the thirty-three
studies on the association between breastfeeding and risk of childhood leukemia, the pooled risk estimates were
0.77 (95% CI, 0.65–0.91) and 0.77 (95% CI 0.63–0.94) for ever versus non/occasional breastfeeding and longest versus
shortest breastfeeding duration group, respectively. There was clear indication for non-linear dose-response
relationship between breastfeeding duration and the risk of childhood leukemia (P non-linear < 0.001). The most
protective effect (OR, 0.66, 95% CI 0.62–0.70) was observed at a breastfeeding duration of 9.6 months. Four studies
examined, the association between breastfeeding and risk of childhood neuroblastoma, and significant inverse
associations were consistently observed in both the comparisons of ever breastfeeding versus non/occasional
breastfeeding (OR = 0.59, 95% CI 0.44–0.81) and longest versus shortest breastfeeding (OR = 0.61, 95% CI 0.44–0.83).
However, no associations of breastfeeding with risk of other cancers were found.

Conclusions: Our study supports a protective role of breastfeeding on the risk of childhood leukemia, also
suggesting a non-linear dose-response relationship. Further studies are warranted to confirm the association
between breastfeeding and risk of childhood neuroblastoma.
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Background
Childhood cancer is emerging as a major cause of death
in children worldwide, which is bleaker for children with
cancer in lower-middle-income countries [1]. Although
childhood cancer only accounted for 1% of the total can-
cer [2], while once it occurs, a range of medical, psycho-
logical, ethical, and societal concerns are raised.
Moreover, the global age-standardized incidence rates of
registered cancers in children aged 0–14 years have in-
creased from 124.0 to 140.6 per million person-years
since the 1980s [3]. To date, little is known about the
etiology of childhood cancer, but maternal reproductive
health are potential explanations for a fraction of the in-
cidence [4–6].
It is widely accepted that breastfeeding may protect

mothers against breast cancer [7] and ovarian cancer [8],
but also bring multiple health benefits for the infants [9,
10]. However, the relationships of breastfeeding with the
risk of childhood cancer are inconsistent across studies
and the associations may differ by cancer types. Several
studies have shown that breastfeeding had a protective
effect on childhood cancer and the protection increased
with the duration of the breastfeeding [11, 12]. However,
some previous studies showed no evidence of protection
from breastfeeding for childhood cancer, and the ana-
lyses by duration of breastfeeding also failed to support
the protective hypothesis [13, 14]. When specific types
of childhood cancer were examined, Amitay and Kei-
nan-Boker [15] showed that breastfeeding was inversely
associated with the risk of childhood leukemia. However,
Wang et al. [16] provided limited evidence for a pro-
tective role of breastfeeding in childhood Hodgkin's
lymphoma. Other publications have even reported that
prolonged breastfeeding was positively associated with
the risk of childhood malignant germ cell tumors [17]
and leukemia [18].
A previous meta-analysis of the association between

breastfeeding and the risk of childhood cancer was based
on 26 original studies published up to June 2004 [19].
The pooled effect estimates suggested that breastfeeding
was associated with 9% (95% confidence interval (CI), 2–
16%) lower risk of acute lymphoblastic leukemia (ALL),
24% (95% CI 3–40%) lower risk of Hodgkin’s disease,
and 41% (95% CI 22–56%) lower risk of neuroblastoma,
but no associations of breastfeeding with acute nonlym-
phoblastic leukemia, non-Hodgkin’s lymphoma, central
nervous system cancers, malignant germ cell tumors, ju-
venile bone tumors, or other solid cancers. Since then,
evidences regarding this association have accumulated
rapidly and provided more answers to this question. For
the dose-response relationship, a previous pooled ana-
lysis showed that the protective effect of breastfeeding
on the risk of childhood ALL was lowest at the breast-
feeding duration of 8–10months [20]. However, the

exact dose-response relationship has not yet been evalu-
ated for other cancer types. Therefore, we conducted
this updated systematic review and dose-response meta-
analysis of epidemiological studies to quantify precisely
the impact of breastfeeding on the incidence of child-
hood cancer.

Methods
The study was registered in the international prospective regis-
ter of systematic reviews (PROSPERO: CRD42020199446).
The Preferred Reporting Items for Systematic reviews and
Meta-Analysis (PRISMA) checklist for reporting the meta-
analysis was shown in Additional file 1: Table S1.

Search strategy
Original articles from PubMed and EMBASE databases
were systematically searched from the inception to 17
July 2020 to identify potentially eligible studies on the
association between breastfeeding and the risk of child-
hood cancer. The search strategy was as follows: (“child”
OR “pediatric” OR “childhood” OR “children”) AND
(“cancer” OR “tumor” OR “neoplasm” OR “carcinoma”
OR “malignancy” OR “leukemia” OR “lymphoma” OR
“neuroblastoma” OR “retinoblastoma” OR “melanoma”)
AND (“breastfeeding” OR “infant feeding” OR “infant
nutrition”). In addition, we conducted manual retrieval
of the relevant references.

Inclusion and exclusion criteria
The eligible studies were included as follows: (1) study
design of cohort or case-control, (2) clearly defining the
outcome of interest as cancer of specific anatomical site
[21–23], (3) reporting the relative risk (RR) or odds ratio
(OR) and corresponding 95% CI to calculate the associ-
ation between breastfeeding and cancer risk among chil-
dren, or providing sufficient data to calculate them, (4) if
study populations overlapped, we selected the one with
larger sample size. The exclusion criteria were as follows:
(1) systematic review or meta-analysis; (2) letter, meet-
ing, or comment; (3) duplicate studies retrieved from
various databases. Two reviewers (QS and XS) inde-
pendently performed study review and inclusion, and
discrepancies were solved by a third reviewer (DY).

Data extraction and quality assessment
We extracted crucial information from the final studies
retained, including first author, year of publication, data
collection years, country or region, sample size, age in
years, source of participants, cancer site, method of
assessing breastfeeding, breastfeeding category, variables
adjusted or matched, and corresponding risk estimates
with 95% CIs.
Two researchers (QY and PZ) independently rated the

quality of the included studies using the Newcastle-
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Ottawa Scale with scores ranging from 0 to 9 points [24].
This scale evaluates studies on the following aspects: (I)
selection of cases and controls (4 scores); (II) comparabil-
ity of cases and controls (2 scores); (III) ascertainment of
exposure and non-response rate (3 scores). Studies with a
quality score more than 7 points were considered as high
quality. Two researchers (QS and QY) independently
assessed the potential risk of bias using the risk of bias in
nonrandomized studies of interventions (ROBINS-I) tool
[25]. This tool encompasses seven domains: the presence
of any confounding variables, selection bias, deviations
from the exposure, misclassification of the exposure, miss-
ing data, measurement of outcomes, and selection of the
reported results. In this approach, a study was categorized
as “low risk,” “moderate risk,” “serious risk,” or “critical
risk” of bias.

Statistical analysis
All statistical analyses were performed using STATA
version 14.0. The multivariate-adjusted risk estimates
were selected if they were reported in the original article;
otherwise, the unadjusted risk estimates were calculated
using the original data. For the studies reported risk esti-
mates relative to a reference category other than shortest
breastfeeding duration, the risk estimates were recalcu-
lated using the shortest breastfeeding duration as refer-
ence by using the Orsini method [26]. When pooling the
risk estimates, we regraded the shortest breastfeeding
duration as the reference group (non/occasional breast-
feeding), i.e., some defined never and some defined less
than 1 month, 2 months, or 6 months.
In the analysis of breastfeeding versus non/occasional

breastfeeding, if the corresponding estimate had not
been presented in a study, estimates associated with dif-
ferent breastfeeding categories were synthesized into a
single estimate. We also combined the risk estimates
comparing the longest with the shortest breastfeeding
duration among the studies with equal or greater than
three different breastfeeding categories. The forest plot
of the association between breastfeeding and the risk of
childhood cancer was generated for breastfeeding and
non/occasional breastfeeding and longest versus shortest
breastfeeding duration, respectively.
A two-stage dose-response meta-analysis [27] was con-

ducted to investigate the potential non-linear dose-
response relationship between breastfeeding and the risk
of childhood cancer. Briefly, a restricted cubic splines
model with four knots at fixed percentiles, 5%, 35%,
65%, and 95%, of exposure level was used, which had
negligible influence on the estimates. We assigned a null
value to the lower bound of the reference group. The
midpoint of the range was adopted to represent the cat-
egory. When the category was open-ended, we assigned
the midpoint of the upper open-ended category

assuming that they had the same interval as the adjacent
category.
The heterogeneity was evaluated by Q-statistic test and

I-squared (I2) [28, 29]. The random-effects model was
used to pool the effect estimates, as the approach can be
used whether or not there is heterogeneity [30]. Subgroup
analyses were performed by year of publication, geo-
graphic location, quality score, sample size, study design,
and definition of reference category. Heterogeneity be-
tween strata by the above stratified factors was assessed by
meta-regression analysis. Sensitivity analysis was per-
formed to evaluate the effect of a particular study on the
overall results by deleting one study at a time and combin-
ing the effect values of the remaining studies.
Funnel plot was generated, and the symmetry means

no potential publication bias. Publication bias was
assessed using Egger’s test [31] and Begg’s test [32].

Results
Systematic search
The flowchart of study selection is presented in Add-
itional file 1: Figure S1. The primary search strategy
for PubMed and Embase yielded 2905 and 2771 arti-
cles, and manual search from the reference lists of
original studies or relevant reviews and meta-analyses
on this topic yielded 67 additional articles. After re-
moval of duplicates, 5545 articles were retrieved for
assessment based on title and abstract, of which 116
articles were included for full text evaluation. After
exclusion of 8 articles with insufficient data, 4 articles
only reporting data on all cancers, 47 articles as meta,
review, comment or meeting abstract, 2 articles con-
ducted not among children, and 10 articles with over-
lapping data sets (Additional file 1: Table S2), a total
of 45 articles with 475,579 participants were included
for this meta-analysis [13, 14, 17, 18, 33–73].

Characteristics of the included studies
The characteristics of selected studies are shown in
Table 1. The total number of participants (from 140 to
410,147) varied widely across the included studies. All
articles represented a range of geographical areas in Eur-
ope (n = 20), Asia (n = 8), and North America or Ocea-
nia (n = 17). There were 32 articles with population-
based case-control design, 12 articles with hospital-based
case-control design, and one article with cohort design.
The median quality score of all included articles was 7,
which resulted in 33 articles with a score of 7 or more
and 12 articles with a score less than 7. Based on the
ROBINS-I tool, 37 studies were considered at moderate
risk of bias, and 8 studies were rated at serious risk of
bias. Of the 45 articles, 33 studies provided the effect es-
timates for the association of breastfeeding on leukemia,
11 studies on lymphoma, 7 studies on brain tumors, 4
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studies on neuroblastoma, 4 studies on soft-tissue sar-
coma, 3 studies on nephroblastoma, 2 studies on retino-
blastoma, and 2 studies on germ cell tumors. The details
of included studies for the subsequent subgroup analysis
are shown in Additional file 1: Table S3. Moreover, after
excluding studies with the breastfeeding only as dichot-
omous variable, and no sufficient data of the number of
cases and controls in each breastfeeding category, 23
studies were included for leukemia [13, 14, 18, 34–36,
38–43, 46, 47, 54, 56, 58, 61, 63, 64, 70–72], 6 studies
for lymphoma [14, 33, 36, 40, 43, 46], and 6 studies for
brain tumors [14, 40, 44, 51, 64, 67] in dose-response
meta-analysis.

Leukemia

Summary of main findings The summary risk esti-
mates of the risk of childhood leukemia were 0.77 (95%
CI, 0.65–0.91) for breastfeeding versus non/occasional
breastfeeding and 0.77 (95% CI, 0.63–0.94) for longest
versus shortest breastfeeding duration (Fig. 1). A signifi-
cant non-linear dose-response relationship between
breastfeeding and the risk of childhood leukemia was
found (P < 0.001 for non-linearity; Fig. 2). The overall
dose-response relationship approximated to a U-shaped
curve. Compared with never breastfeeding, the risk of
leukemia was statistically significant at a duration of
4.4–15.0 months. The most protective effect (OR = 0.66,
95% CI 0.62–0.70) was observed at a duration of 9.6
months. Specifically, the average breastfeeding duration
of 6 months and 12months reduced 20% (95% CI 15%–
25%) and 27% (95% CI 22%–33%) of the risk of child-
hood leukemia, respectively. Begg’s funnel plot was pre-
sented in Additional file 1: Figure S2. The shape of the
funnel plot revealed no asymmetric distribution with a P
value of 0.075 by Begg’s test and 0.173 by Egger’s test.

Subgroup analysis and meta-regression analysis In
the subgroup analysis for the comparison of breastfeed-
ing versus non/occasional breastfeeding, there were sig-
nificant differences in the heterogeneity between strata
by geographic location (P in meta-regression = 0.016)
and definition of reference category (P in meta-
regression = 0.025) (Table 2). Protective effect of breast-
feeding on the risk of childhood leukemia cancer was
found in population from Asia (OR, 0.43; 95% CI, 0.19–
0.98), but not Europe and North American or Oceania.
The inverse association was more pronounced among
the studies with defining occasional breastfeeding as ref-
erence group (OR, 0.47; 95% CI, 0.28–0.80), especially
for the studies using breastfeeding less than 6 months as
reference group (OR = 0.49, 95% CI 0.35–0.67). Sub-
group analysis of publication year showed similar results
with main analysis, and studies with small and larger

sample size showed slightly different results. Significant
associations were found in studies with high-quality
score (OR, 0.72; 95% CI, 0.59–0.87) and population-
based case-control studies (OR, 0.86; 95% CI, 0.76–0.96).
We also conducted subgroup analysis stratified by

histologic type and found that breastfeeding was associ-
ated with a decreased risk for ALL at borderline statis-
tical significance (OR = 0.92, 95% CI 0.84–1.00), but not
associated with acute myeloid leukemia (AML) risk
(Table 2). Moreover, all subgroup analysis of ALL were
consistent with those of childhood leukemia (Additional
file 1: Table S4). Further stratified by immunophenotype
in ALL, the results showed a weak evidence of border-
line statistical significance that breastfeeding was associ-
ated with a small reduction in B cell ALL risk, but no
evidence of the association between breastfeeding and
risk of T cell ALL (Table 2). The forest plots of sub-
group analysis are shown in Additional file 1: Figure S3.

Sensitivity analysis The one-study-removed analysis
showed that exclusion of each study did not significantly
change the results (Additional file 1: Figure S4). Consid-
ering that the incidence of childhood leukemia varies
with age, which may have an influence on the risk esti-
mate, we performed the repeated analyses by only in-
cluding the group of studies among children aged 0–14
years old. Consequently, we found that there was no sig-
nificant effect on the pooled risk estimates (Add-
itional file 1: Figure S5).

Lymphoma

Summary of main findings There was no suggestive
evidence of the association between breastfeeding and
risk of childhood lymphoma, with the pooled risk esti-
mates of 0.83 (95% CI, 0.68–1.02) and 0.77 (95% CI,
0.53–1.10) for the comparison of breastfeeding versus
non/occasional breastfeeding and longest versus shortest
breastfeeding duration, respectively (Fig. 3). The non-
linear dose-response relationship curve showed that the
association between breastfeeding and the risk of child-
hood lymphoma was significant in a narrow range of
breastfeeding duration (P = 0.046 for non-linearity; Add-
itional file 1: Figure S6). The funnel plot showed sym-
metry distribution with a P value of 0.533 by Begg’s test
and 0.267 by Egger’s test (Additional file 1: Figure S7).

Subgroup analysis and meta-regression analysis Het-
erogeneity between strata by geographic location (P =
0.041) and definition of reference group (P = 0.044) was
identified by meta-regression analysis (Table 3). Only
the studies conducted in Asia indicated a significant as-
sociation between breastfeeding and risk of childhood
lymphoma (OR = 0.53, 95% CI 0.37–0.76). In the
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Fig. 1 Forest plots for pooled risk estimates and the corresponding 95% confidence intervals (CIs) of childhood leukemia risk for a breastfeeding
vs. non/occasional breastfeeding and b longest vs. shortest breastfeeding duration
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subgroup of studies with defining occasional breastfeed-
ing as reference category, the association between
breastfeeding and risk of childhood lymphoma was sig-
nificant (OR = 0.66, 95% CI 0.44–0.99). Comparing with
the breastfeeding duration of less than 6 months, the
pooled risk estimate of prolong breastfeeding for the risk
of lymphoma was 0.50 (95% CI 0.34–0.75). Moreover,
there were no significant associations of breastfeeding
with both Hodgkin’s lymphoma and non-Hodgkin’s
lymphoma (Table 3). The forest plots of stratified ana-
lysis are shown in Additional file 1: Figure S8.

Sensitivity analysis Omitting the studies of UKCCS In-
vestigators et al. [43] and Hardell et al. [14] modified the
pooled risk estimates in sensitivity analysis, suggesting
the results may be unstable (Additional file 1: Figure S9).
Sensitivity analysis by only including the group of studies
among children aged 0–14 years old showed the pooled
risk estimate of 0.98 (95% CI 0.84–1.15; Additional file
1: Figure S10).

Brain tumors
No significant association between breastfeeding and
risk of childhood brain tumors was found (Fig. 4). Non-
linear dose-response relationship was also not observed
(P = 0.776 for non-linearity). There was no sign of asym-
metry with a P value of 0.764 by Begg’s test and 0.261 by
Egger’s test (Additional file 1: Figure S11). All subgroups
showed no significant association between breastfeeding
and risk of childhood brain tumors (Table 4). The corre-
sponding forest plots of subgroup analysis are presented
in Additional file 1: Figure S12. Sensitivity analysis ex-
cluding each study did not substantially change the

results (Additional file 1: Figure S13). Sensitivity analysis
by excluding the studies considering upper age limits
equal and higher than 15 years yielded similar result with
the pooled risk estimate of 0.99 (95% CI 0.87–1.12; Add-
itional file 1: Figure S14).

Neuroblastoma, soft-tissue sarcoma, nephroblastoma,
retinoblastoma, and germ cell tumors
The associations of breastfeeding with risk of childhood
neuroblastoma, soft-tissue sarcoma, nephroblastoma,
retinoblastoma, and germ cell tumors are presented in
Table 5. Significant association was consistently found in
neuroblastoma for the two comparisons of breastfeeding
versus non/occasional breastfeeding (OR = 0.59, 95% CI
0.44–0.81) and longest versus shortest breastfeeding
(OR = 0.61, 95% CI 0.44–0.83).

Discussion
Study quality and study design
Of the 45 studies included, 33 were sufficient to provide
at least fair quality evidence regarding the association
between breastfeeding and the risk of childhood cancer.
The included studies are at risk for selection bias for
cases and controls and the potential misclassification in-
troduced by the lack of specificity in exposure definition.
Confounding is also an important consideration on ac-
count of the nature of observational studies. Almost all
studies matched cases with controls by sex (33/45) and
age (37/45), and most studies also matched participants
using geographic location (15/45), and a few additionally
used race or ethnicity (6/45). These matching variables
are crucial for the comparability of cases and controls.
Moreover, parental socioeconomic status (SES) was

Fig. 2 Risk estimates (solid line) and the corresponding 95% CIs (dash lines) for the dose-response relationship between breastfeeding and the
risk of childhood leukemia
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Table 2 Subgroup analysis of association between breastfeeding and childhood leukemia risk for the comparison of breastfeeding
versus non/occasional breastfeeding

No. of
studies

No. of
cases

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

P in meta-
regression

Cancer type 0.629

AML (A.1) 11 1241 0.96 (0.79 ~
1.18)

0.723 38.9 < 0.001

ALL (A.2) 27 11,554 0.92 (0.84 ~
1.00)

0.057 66.4 < 0.001 0.500

B cell ALL (A.3) 6 3974 0.91 (0.81 ~
1.01)

0.070 47.3 0.350

T cell ALL (A.4) 4 472 1.00 (0.79 ~
1.26)

0.996 8.6 0.091

Year of publication 0.921

In and before 2000 (A.5) 10 5018 0.76 (0.59 ~
0.97)

0.030 84.7 < 0.001

After 2000 (A.6) 23 10,135 0.77 (0.62 ~
0.97)

0.023 94.5 < 0.001

Geographic location 0.016

Europe (A.7) 14 7518 0.89 (0.77 ~
1.04)

0.147 81.2 < 0.001

Asia (A.8) 8 1739 0.43 (0.19 ~
0.98)

0.044 94.1 < 0.001

North America or Oceania
(A.9)

11 5896 0.93 (0.79 ~
1.09)

0.386 77.6 < 0.001 0.259

North America only (A.10) 8 3285 1.01 (0.84 ~
1.21)

0.960 74.0 < 0.001

Oceania only (A.11) 2 411 0.63 (0.36 ~
1.12)

0.113 29.0 0.235

Both1 (A.12) 1 2200 0.79 (0.69 ~
0.90)

< 0.001 NA NA

Study quality score 0.280

< 7 (A.13) 10 2752 0.97 (0.74 ~
1.28)

0.827 70.5 < 0.001

≥ 7 (A.14) 23 12,401 0.72 (0.59 ~
0.87)

0.001 94.7 < 0.001

Sample size 0.787

≤ 500 (A.15) 15 1938 0.77 (0.64 ~
0.93)

0.007 59.3 0.002

> 500 (A.16) 18 13,215 0.78 (0.61 ~
1.01)

0.061 95.9 < 0.001

Study design 0.490

PC-CS (A.17) 22 11,524 0.86 (0.76 ~
0.96)

0.009 81.0 < 0.001

HC-CS (A.18) 10 3451 0.61 (0.29 ~
1.32)

0.214 96.8 < 0.001

Cohort study (A.19) 1 178 1.02 (0.70 ~
1.48)

0.917 NA NA

Definition of reference category 0.024

Never breastfeeding (A.20) 25 13,278 0.87 (0.72 ~
1.04)

0.132 93.8 < 0.001

Occasional breastfeeding
(A.21)

8 1875 0.47 (0.28 ~
0.80)

0.005 88.8 < 0.001 0.872

≤ 6 months (A.22) 5 440 0.49 (0.35 ~ < 0.001 21.7 0.276
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Table 2 Subgroup analysis of association between breastfeeding and childhood leukemia risk for the comparison of breastfeeding
versus non/occasional breastfeeding (Continued)

No. of
studies

No. of
cases

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

P in meta-
regression

0.67)

≤ 1 month (A.23) 3 1435 0.50 (0.15 ~
1.60)

0.240 95.9 < 0.001

Abbreviations: PC-CS population-based case-control study; HC-CS hospital-based case-control study; NA not applicable
1One study was conducted in the United States, Canada and Australia

Fig. 3 Forest plots for pooled risk estimates and the corresponding 95% confidence intervals (CIs) of childhood lymphoma risk for a breastfeeding vs.
non/occasional breastfeeding and b longest vs. shortest breastfeeding duration
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commonly used as adjustment, because higher SES
among controls may overestimate the protective effect
of breastfeeding on the risk of childhood cancer [40].
Smoking during pregnancy was also considered neces-
sary, since it is associated with breastfeeding [74], and it
may be related with the risk of childhood cancer [75,
76], even though the association may vary by cancer

types [77–80]. Therefore, the imbalance in this factor
between cases and controls may be contributory to con-
founding bias. Some other potential confounders were
also taken into consideration, such as infectious expo-
sures, day care, birth weight, and birth order. However,
we cannot exclude the possibility of residual confound-
ing, although most of the included studies had matching

Table 3 Subgroup analysis of association between breastfeeding and childhood lymphoma risk for the comparison of breastfeeding
versus non/occasional breastfeeding

No. of
studies

No. of
cases

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

P in meta-
regression

Cancer type 0.875

Hodgkin’s disease (B.1) 9 458 0.86 (0.63 ~
1.18)

0.341 25.8 0.215

Non-Hodgkin’s lymphoma
(B.2)

9 686 0.88 (0.67 ~
1.15)

0.343 26.9 0.205

Year of publication 0.583

In and before 2000 (B.3) 4 244 0.75 (0.53 ~
1.06)

0.103 0.0 0.908

After 2000 (B.4) 7 980 0.84 (0.63 ~
1.12)

0.231 51.5 0.054

Geographic location 0.041

Europe (B.5) 6 939 0.98 (0.84 ~
1.15)

0.826 0.0 0.571

Asia (B.6) 4 259 0.53 (0.37 ~
0.76)

0.001 0.0 0.906

North America (B.7) 1 26 0.69 (0.30 ~
1.58)

0.381 NA NA

Study quality score 0.436

< 7 (B.8) 2 85 0.66 (0.31 ~
1.42)

0.290 39.7 0.198

≥ 7 (B.9) 9 1139 0.86 (0.70 ~
1.06)

0.152 28.0 0.196

Sample size 0.578

≤ 200 (B.10) 5 368 0.77 (0.44 ~
1.35)

0.366 45.5 0.119

> 200 (B.11) 6 856 0.89 (0.75 ~
1.06)

0.203 12.7 0.334

Study design 0.743

PC-CS (B.12) 8 1068 0.85 (0.68 ~
1.05)

0.125 34.1 0.156

HC-CS (B.13) 3 156 0.78 (0.41 ~
1.51)

0.461 31.4 0.233

Definition of reference category 0.044

Never breastfeeding (B.14) 6 831 0.97 (0.83 ~
1.14)

0.732 0.0 0.879

Occasional breastfeeding
(B.15)

5 393 0.66 (0.44 ~
0.99)

0.042 40.8 0.149 0.170

≤ 2 months (B.16) 2 216 1.07 (0.42 ~
2.72)

0.888 68.3 0.076

≤ 6 months (B.17) 3 177 0.50 (0.34 ~
0.75)

0.001 0.0 0.937

Abbreviations: PC-CS population-based case-control study; HC-CS hospital-based case-control study; NA not applicable
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and adjustment variables. In the stratified analysis of
study quality, we found that the results from studies
with higher quality showed consistent association with
overall risk estimates, which provides additional confi-
dence in the findings of our meta-analysis.
Case-control study is the main study design that all

included studies of the meta-analysis except one were
case-control studies. Since most studies have collected
exposure information through parental interview,
case-control studies are susceptible to recall bias and
selection bias. Cohort studies are considered to pro-
vide more robust estimates than case-control studies;
therefore, further cohort studies are needed to pro-
vide more evidence on the association and risk of
childhood cancer. An optimal study might be con-
ducted within the framework of a large population-
based registry or cohort with full access to baseline

information regarding demographic characteristics, de-
tailed data of breastfeeding including breastfeeding
duration, the use of infant formulas, the main types
of milk given, the age of introduction of a range of
foods and so on, and collection of medical records to
accurately identify all diagnosed cases [81]. However,
cohort studies would require follow-up periods of sev-
eral years consuming manpower, material, financial
and time largely, and very large sample sizes to pro-
vide sufficient statistical power. To be noted, the find-
ings are to be expected from International Childhood
Cancer Consortium (I4C), which is the first cohort
consortium to have published findings on childhood
cancer to elaborate the association [82]. But for now,
case-control studies are mainly reported, and results
from population-based case-control studies are more
reliable compared with those from hospital-based

Fig. 4 Forest plots for pooled risk estimates and the corresponding 95% confidence intervals (CIs) of the risk of childhood brain tumors for a
breastfeeding vs. non/occasional breastfeeding and b longest vs. shortest breastfeeding duration

Su et al. BMC Medicine           (2021) 19:90 Page 17 of 23



case-control studies. We also found similar associ-
ation in population-based case-control studies with
overall risk estimates.

Leukemia
There is sufficient evidence to show that breastfeeding
was inversely associated with the risk by pooling a num-
ber of original articles, with 23% lower risk of childhood
leukemia (95% CI 9–35%) for breastfeeding versus non/

occasional breastfeeding and 23% lower risk (95% CI 6–
37%) for longest versus shortest breastfeeding duration,
respectively. Moreover, we found a protective effect of
breastfeeding on the risk of childhood ALL among the
studies with higher quality and population-based case-
control studies.
We found high heterogeneity in the meta-analysis on

the association between breastfeeding and the risk of
childhood leukemia, and there exists significant

Table 4 Subgroup analysis of association between breastfeeding and risk of childhood brain tumors for the comparison of
breastfeeding versus non/occasional breastfeeding

No. of
studies

No. of
cases

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

P in meta-
regression

Cancer type 0.396

Ependymoma (C.1) 4 408 1.02 (0.65 ~
1.60)

0.931 22.3 0.277

Astrocytoma (C.2) 4 475 0.91 (0.71 ~
1.15)

0.411 0.0 0.589

Medulloblastoma (C.3) 2 148 0.89 (0.42 ~
1.92)

0.770 53.4 0.143

Others (C.4) 3 446 1.13 (0.83 ~
1.55)

0.446 22.1 0.274

Year of publication 0.665

In and before 2005 (C.5) 4 640 0.95 (0.69 ~
1.30)

0.751 37.8 0.186

After 2005 (C.6) 3 1019 0.94 (0.80 ~
1.10)

0.431 0.0 0.458

Geographic location 0.296

North America (C.7) 2 310 0.74 (0.55 ~
1.01)

0.055 0.0 0.364

Europe (C.8) 4 1071 1.03 (0.90 ~
1.19)

0.639 0.0 0.636

Oceania (C.9) 1 278 0.81 (0.47 ~
1.39)

0.443 NA NA

Study quality score 0.847

≤ 7 (C.10) 5 926 0.92 (0.72 ~
1.16)

0.472 35.6 0.184

> 7 (C.11) 2 733 0.98 (0.82 ~
1.17)

0.825 0.0 0.479

Sample size 0.179

≤ 1000 (C.12) 4 631 0.81 (0.62 ~
1.06)

0.121 4.7 0.369

> 1000 (C.13) 3 1028 1.02 (0.89 ~
1.17)

0.772 0.0 0.560

Definition of reference category 0.665

Never breastfeeding (C.14) 3 1019 0.94 (0.80 ~
1.10)

0.431 0.0 0.458

Occasional breastfeeding
(C.15)

4 640 0.95 (0.69 ~
1.30)

0.751 37.8 0.186 0.207

≤ 2 months (C.16) 3 602 1.08 (0.88 ~
1.32)

0.482 0.0 0.489

≤ 6 months (C.17) 1 38 0.57 (0.30 ~
1.09)

0.088 NA NA

Abbreviations: PC-CS population-based case-control study; HC-CS hospital-based case-control study; NA not applicable
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heterogeneity in different regional groups by meta-re-
gression analysis. In the subgroup analysis of geographic
location, we found that breastfeeding was more strongly
associated with the risk of childhood leukemia in Asia.
In terms of risk of bias, Robins-I tool rated 4 European
studies and 2 Asian studies at serious risk, and 10 Euro-
pean studies and 6 Asian studies were considered at
moderate risk. At the original study level, one aspect
that deserves particular attention is the difference in the
number of cases and the source of population, which
may at least in part explain the heterogeneity observed
across the geographic region. For example, the Asian
subgroup analyses included 8 studies with a total of
1739 cases, with only 1 study enrolled more than 200
cases. Moreover, few studies (3/8) used population-based
case-control study design. However, European articles
included 14 studies with 7518 cases and 71% studies
used population controls. This is a similar situation to
North America or Oceania, in that a majority (6/11) of
articles included in the meta-analysis had more than 200
case numbers, and most (9/11) used population controls.
Therefore, the differences in risk estimates could be re-
lated to study quality issues. On the other hand, there
were several other potential explanations could be pro-
posed. A great variation in breastfeeding duration across
the countries may result in the heterogeneity. It should
be noted that breastfeeding duration is shorter in high-
income countries than in those that are resource-poor.
It was estimated that 25% of infants in the USA and Eur-
ope are exclusively breastfed through 6 months [83, 84],
as compared with 43% in the South-East Asia region
[85]. In particular, only three countries (France, Spain,
and the USA) had rates below 80% for ever breastfeeding
across all country groups [10]. It could be that varying
cultural influences contribute to this region disparity,
with for example protective Islamic beliefs, South Asian
cultural teachings, and more extensive support networks.
A study in UK provided the evidence that Pakistan-

origin mothers had higher breastfeeding initiation rates
and longer average breastfeeding durations than White
British mothers [86]. Another cross-sectional study in
the USA demonstrated that Asian women had the high-
est breastfeeding initiation rates relative to all other ra-
cial/ethnic groups [87]. On the other hand, the
heterogeneity may also due to the breastfeeding pattern.
The volume of breastfeeding differed considerably be-
tween the women who breastfed only and those who
performed mixed feeding, even if these women had the
same breastfeeding duration. Globally, the prevalence of
exclusive breastfeeding varied widely, countries from
Asia and the Pacific region had moderate to high rate of
exclusive breastfeeding, while the rate of exclusive
breastfeeding was lower in Europe and America [10].
Additionally, we performed the dose-response meta-

analysis, which showed a specific non-linear dose-
response relationship between breastfeeding and the risk
of childhood leukemia. World Health Organization
(WHO) and United Nations International Children’s
Emergency Fund (UNICEF) developed the global strat-
egy for infant and young child feeding that infants
should be exclusively breastfed for the first 6 months of
life to achieve optimal growth, development and health
[88]. In the current study, we found that breastfeeding
duration of 6 months could reduce 20% (95% CI 15–
25%) risk of childhood leukemia. The U-shaped curve
showed that breastfeeding duration of approximately 9.6
months might show the most significant protect effect
on the risk of childhood leukemia. The decreased risk of
childhood leukemia was statistically significant at a dur-
ation of 4.4–15.0 months. Interestingly, we found that
there was more pronounced association between breast-
feeding and risk of childhood leukemia when defining
breastfeeding for less than 6 months as reference group,
rather than never breastfeeding, which may due to that
breastfeeding appeared a protective effect on the risk of
leukemia after a certain period. The nonsignificant

Table 5 Numbers of retrieved studies and pooled odds ratio for the association of breastfeeding with the risk of five individual
cancer types

Ever versus non/occasional breastfeeding Longest breastfeeding versus shortest breastfeeding

Cancer type No. of
studies

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

No. of
studies

OR (95%CI) P
value

I2

(%)
P value for
heterogeneity

Neuroblastoma 4 0.59 (0.44 ~
0.81)

0.001 29.2 0.237 4 0.61 (0.44 ~
0.83)

0.002 0.0 0.482

Soft-tissue
sarcoma

4 0.79 (0.44 ~
1.44)

0.448 37.1 0.189 3 0.69 (0.14 ~
3.44)

0.649 63.9 0.063

Nephroblastoma 3 0.63 (0.41 ~
0.98)

0.041 57.2 0.097 3 0.76 (0.44 ~
1.32)

0.324 49.1 0.140

Retinoblastoma 2 1.32 (0.17 ~
10.24)

0.792 72.6 0.056 2 1.08 (0.57 ~
2.07)

0.807 0.0 0.411

Germ cell
tumors

2 1.08 (0.73 ~
1.60)

0.708 0.0 0.639 2 2.64 (1.05 ~
6.60)

0.038 0.0 0.319
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decreased risk at prolonged breastfeeding duration might
derive from relatively small sample size but not real ef-
fect. Large-sample and well-designed studies should be
developed in future to demonstrate this turning point.
There were several potential explanations why breast-

feeding may decrease the risk of childhood leukemia.
Breast milk contains high levels of immunologically ac-
tive components and multifactorial anti-inflammatory
defense mechanisms that influence the development of
the immune system of the breastfed infant [89, 90]. For
example, soluble tumor necrosis factor (TNF)-related
apoptosis-inducing ligand (TRAIL) in breast milk can
control apoptosis and cell proliferation in various organs
and tissues. Breastfeeding also provides the infants with
human alpha-lactalbumin made lethal to tumor cells
(HAMLET), which is a substance with anticancer activity
in breast milk [91]. Besides, breast milk imparts the
mother’s stem cells to the infant, where they potentially
function to actively stimulate or modulate the immune
system and promote its development early in life [92]. In
particular, Greaves’ hypothesis proposed immunological
model that breast milk could modify the immune re-
sponse in the prevention of childhood ALL [93]. More-
over, accumulating evidence have demonstrated that
breast milk has the potential of shaping the neonate’s
gut microbiome, such as microbiota richness, diversity,
and composition [94, 95]. Recently, a large, multi-center
study suggested that breastfeeding status was the most
significant factor associated with microbiome structure
in early life [96]. It is hypothesized that breastfeeding
could decrease the risk of childhood leukemia by the re-
cent discovery of the breast milk microbiome and its
connections with immune factors [97].

Lymphoma
The meta-analysis provided no convincing evidence of the
association between breastfeeding and risk of lymphoma.
The findings of the present study are consistent with previ-
ous observational studies although some early studies indi-
cated negative association of breastfeeding with lymphoma
risk, especially in Hodgkin’s lymphoma [19, 43]. In
addition, results from sensitivity analysis were unstable,
which deserves more studies to clarify the association.
Our pooled analysis presented an inverse association

between breastfeeding and risk of childhood lymphoma
in Asia, but not Europe or North America, suggesting a
potential region-specific effect. What is more, significant
discrepancies across subgroups stratified by definition of
reference category were found, and only the pooled esti-
mate for the studies using occasional breastfeeding as
reference group showed a significantly decreased risk of
childhood lymphoma. It may be explained by the signifi-
cant non-linear dose-response relationship. For example,
Davis et al. [33] found that breastfeeding for more than

6 months was associated with a decreased risk of child-
hood lymphoma, but that breastfeeding for shorter dura-
tions was not associated with a reduced risk. The study
using breastfeeding for less than 6 months as reference
group suggested that a longer breastfeeding duration had a
protective effect against Hodgkin’s lymphoma [53]. An-
other point we should make is that the incidence of lymph-
oma is highest among 10–14 years old (and even higher
among 15–19 years old), while the low age of the cases in
the included studies with a short tumor induction period
might be too short to find a decreased risk for lymphoma.

Other cancers
We found significant association between breastfeeding
and risk of childhood neuroblastoma, while no signifi-
cant associations of breastfeeding with risk of soft-tissue
sarcoma, brain tumors, nephroblastoma, retinoblastoma,
and germ cell tumors. This is updated from the previous
meta-analysis and the results were consistent [19]. How-
ever, the associations of breastfeeding and risk of these
cancers may be underpowered because of the small
number of studies in the meta-analysis.

Strength and limitation
The primary strength of our study is that the traditional
categorical meta-analysis and dose-response analysis
were applied simultaneously, which can provide more
meaningful information. Another strength is the large
sample size and number of included studies, which make
the findings stable and reliable and enable us to conduct
multiple subgroup analyses by geographic location, study
quality score, study design, etc. In addition, we also per-
formed stratified analyses on the association of breast-
feeding and risk of the subtypes of individual cancers.
However, the present study has several limitations.

First, there was high evidence of heterogeneity across
studies in the categorical meta-analysis. However, meta-
regression analyses suggested that geographic region and
definition of reference category are the potential sources
of the observed heterogeneity. Second, our meta-analysis
included very limited studies from Oceania and no study
from Africa. Third, the results of dose-response meta-
analysis were prone to be influenced by possible expos-
ure misclassification as the exposure dose was estimated
with median for interval exposure, and the lower bound
added to the half of the adjacent previous category for
the highest open-ended exposure group. Fourth, the
number of studies evaluating the associations of breast-
feeding with risk of neuroblastoma, nephroblastoma, ret-
inoblastoma, and germ cell tumors is small. Fifth, we
were unable to assess differences by age or sex, because
sufficiently age- or sex-specific studies are not available.
Finally, limited by the lack information of breastfeeding
pattern in most of included studies, such as exclusive
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breastfeeding and partial breastfeeding, we cannot evalu-
ate the association between breastfeeding pattern and
the risk of childhood cancer.

Conclusion
This meta-analysis demonstrates that breastfeeding was
associated with the reduced the risk of childhood
leukemia. The present study also provides suggestive evi-
dence of the inverse association between breastfeeding
and risk of neuroblastoma. In addition, given that the
role of breastfeeding for the risk of childhood leukemia
and lymphoma may be region-specific, further analyses
are warranted to provide insights into the strategy of
breastfeeding advocacy.
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