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ABSTRACT
Background: During the Pregnancy and Birth to 24 Months Project,
the US Departments of Agriculture and Health and Human Services
initiated a review of evidence on diet and health in these populations.
Objectives: The aim of these systematic reviews was to examine the
relation of 1) never versus ever feeding human milk, 2) shorter versus
longer durations of any human milk feeding, 3) shorter versus longer
durations of exclusive human milk feeding, and 4) feeding a lower
versus higher intensity of human milk to mixed-fed infants with acute
childhood leukemia, generally, and acute lymphoblastic leukemia,
specifically.
Methods: The Nutrition Evidence Systematic Review team con-
ducted systematic reviews with external experts. We searched
CINAHL, Cochrane, Embase, and PubMed for articles published
January 1980 to March 2016, dual-screened the results using
predetermined criteria, extracted data from and assessed risk of
bias for each included study, qualitatively synthesized the evidence,
developed conclusion statements, and graded the strength of the
evidence.
Results: We included 24 articles from case-control or retrospective
studies. Limited evidence suggests that never feeding human milk
versus 1) ever feeding human milk and 2) feeding human milk for
durations ≥6 mo are associated with a slightly higher risk of acute
childhood leukemia, whereas evidence comparing never feeding
human milk with feeding human milk for durations <6 mo is mixed.
Limited evidence suggests that, among infants fed human milk, a
shorter versus longer duration of human milk feeding is associated
with a slightly higher risk of acute childhood leukemia. None of
the included articles examined exclusive human milk feeding or the
intensity of human milk fed to mixed-fed infants.
Conclusions: Feeding human milk for short durations or not at all
may be associated with slightly higher acute childhood leukemia
risk. The evidence could be strengthened with access to broadly
generalizable prospective samples; therefore, we recommend linking
surveillance systems that collect infant feeding and childhood cancer
data. Am J Clin Nutr 2019;109(Suppl):757S–771S.

Keywords: breastfeeding, breast milk, human milk, leukemia,
infant, toddler, child, systematic review

Introduction
The Pregnancy and Birth to 24 Months Project was an initiative

of the US Departments of Agriculture and Health and Human
Services (1–3). During the Project, the USDA Nutrition Evidence
Systematic Review (NESR) team (previously the Nutrition
Evidence Library, or NEL) collaborated with external experts to
conduct systematic reviews (SRs) on nutrition and health during
pregnancy and from birth to 24 mo.

The SRs in this article examine the relationships of infant
milk-feeding practices with acute childhood leukemia, generally,
and acute lymphoblastic leukemia (ALL), specifically. Acute
leukemia makes up nearly a third of cancers in children and
teens, making it the most common cancer in those age groups,
and about 75% of acute leukemia cases are ALL (4, 5). A 2007
review by the Agency for Healthcare Research and Quality (6)
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found that infectious etiologies may exist [e.g., Greaves’ delayed
infection hypothesis (7)] and may be affected by feeding human
milk. In a recent review, Greaves (8) proposed that, by modu-
lating infants’ immune systems, feeding human milk for long
durations can be a factor that potentially prevents some cases of
ALL.

The purpose of this article is to summarize 4 SRs conducted to
answer the following questions:

• What is the relationship between shorter versus longer
durations of any human milk feeding and childhood
leukemia?

• What is the relationship between shorter versus longer
durations of exclusive human milk feeding and childhood
leukemia?

• What is the relationship between never versus ever feeding
human milk and childhood leukemia?

• What is the relationship between feeding a lower versus
higher intensity, proportion, or amount of human milk to
mixed-fed infants and childhood leukemia?

Methods
NESR analysts and librarians, who were trained in systematic

review methodology and had advanced degrees in fields such
as nutrition and library science, collaborated with a group of
subject-matter experts, called a Technical Expert Collaborative
(TEC), to complete SRs using methods that are described in detail
in this supplement (9). TEC members provided individual input
on SR materials developed by the NESR staff, but did not provide
formal group advice or recommendations to the government.

Scope of the systematic review

TEC members specified the target population, exposures
and comparators, outcomes, and key definitions for these SRs
using the analytic framework shown in Figure 1. In the SRs,
infant milk-feeding practices referred to the feeding of human
milk and/or infant formula. TEC members chose to use the
term human milk feeding instead of breastfeeding for precision.
Breastfeeding may be understood to mean feeding human milk at
the breast when, in fact, feeding method was rarely distinguished
by the authors of studies included in the SR. TEC members
intended to examine the feeding of human milk whether or not it
was fed at the breast.

For the comparisons of shorter with longer durations of any
and exclusive human milk feeding, TEC members did not define
thresholds for shorter duration or longer duration. Likewise, for
the comparison of never with ever feeding human milk, TEC
members did not define any minimum amount for ever feeding
human milk. They examined all comparisons of shorter with
longer durations (or vice versa) and of never with ever feeding
human milk (or vice versa) as defined by the authors of the studies
included in the SRs.

Acute childhood leukemia was the outcome of interest, and
we examined analyses that grouped all acute childhood leukemias
together (referred to in this article as leukemia) as well as analyses
of ALL specifically. We used this approach because some articles
did not examine leukemia generally but did examine the most
prevalent type of leukemia. We did not examine analyses of

less prevalent forms of leukemia, which were less likely to have
sufficient statistical power.

Literature search, screening, and selection

The librarians developed a literature search strategy that used
exposure terminology but not outcome terminology (available at
https://nesr.usda.gov) so that 1 search could be used to identify
literature in support of SRs examining infant milk-feeding
practices with several different outcomes (3). The librarians
conducted a broad search in CINAHL, Cochrane, Embase,
and PubMed using a search date range of January 1980 to
March 2016. The search excluded articles published before 1980
because the US Congress passed the Infant Formula Act in
1980, which established nutrient requirements for commercial
infant formulas in the US, and thus health effects associated with
formula consumption before 1980 might be different (10).

TEC members defined inclusion and exclusion criteria a priori
(Table 1), which NESR analysts used to dual-screen the search
results and the results of a manual search of the references of
included articles and existing SRs. TEC members reviewed the
search terms and list of included articles to ensure completeness
of the body of evidence.

Data extraction and risk of bias assessment

NESR analysts assembled a table of systematically extracted
data from each article included in the SRs (i.e., study character-
istics, sample characteristics, exposures and outcomes, risks of
bias, and funding sources). Two NESR analysts independently
completed the NEL Bias Assessment Tool for each article to
identify the risks of bias [(9), https://nesr.usda.gov].

Evidence synthesis, conclusion statement development, and
grading the strength of the evidence

NESR analysts and TEC members engaged in a series of
conference calls to review, discuss, and synthesize the evidence.
TEC members examined both significant and nonsignificant
associations [e.g., odds ratios (ORs) and CIs] for a thorough
synthesis of the evidence. To answer the SR questions, conclusion
statements were carefully constructed to accurately reflect the
synthesis of evidence. Conclusion statements do not draw impli-
cations, nor should they be interpreted to be dietary guidance. The
strength of the evidence underlying each conclusion statement
was graded strong, moderate, limited, or grade not assignable
using the NESR grading rubric [(9), https://nesr.usda.gov],
which takes into consideration the internal validity, consistency,
adequacy, impact, and generalizability of the evidence. Finally,
TEC members identified research recommendations.

Results
The literature search yielded 31,335 articles, and the bodies

of evidence for the 4 SRs on infant milk-feeding practices and
childhood leukemia comprise 24 articles (https://nesr.usda.gov).
A table of articles excluded during full-text screening, with their
rationale for exclusion, is available at https://nesr.usda.gov.

No articles met the inclusion criteria for the SRs (Table 1)
that examined the relationships of shorter versus longer durations
of exclusive human milk feeding or feeding lower versus higher
intensities, proportions, or amounts of human milk to mixed-fed

https://nesr.usda.gov
http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
https://nesr.usda.gov
http://www.NEL.gov
http://www.NEL.gov
https://nesr.usda.gov
https://nesr.usda.gov
http://www.NEL.gov
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Systematic review questions:
1. What is the relation between never vs ever feeding human milk and childhood leukemia? 
2. What is the relation between shorter vs longer durations of any human milk feeding and childhood leukemia?
3. What is the relation between shorter vs longer durations of exclusive human milk feeding and childhood leukemia?
4. What is the relation between feeding a lower vs higher intensity/proportion/amount of human milk to mixed-fed infants and childhood leukemia?

Endpoint Health Outcomes
Leukemia (i.e., acute leukemia, acute lymphoblastic 
leukemia)

Target Population
Birth through childhood

Key Definitions
• Human milk feeding: feeding human milk alone or in combination with 

infant formula and/or complementary foods or beverages such as cow’s 
milk

• Human milk: mother’s own milk provided at the breast (i.e., nursing) or 
expressed and fed fresh or after refrigeration/freezing. Donor milk (e.g., 
banked milk) is not examined in this review.

• Exclusive human milk feeding: feeding human milk alone and not in 
combination with infant formula and/or complementary foods or 
beverages such as cow’s milk; inclusive of WHO definitions of “exclusive” 
and “predominant” breastfeeding, which permit limited quantities of (a) 
drops or syrups containing vitamins, minerals, or medicines, (b) water 
and water-based drinks such as sweetened water and teas, (c) fruit juice, 
(d) oral rehydration salts solution, and (e) ritual fluids1

• Infant formula: commercially-prepared infant formula meeting FDA and/or 
Codex Alimentarius international food standards

• Mixed feeding: feeding human milk and infant formula but not 
complementary foods or beverages such as cow’s milk

• Complementary foods and beverages: foods and beverages other than 
human milk or infant formula (liquids, semisolids, and solids) provided to 
an infant or young child to provide nutrients and energy

Exposures
1. Never feeding human milk 
2. Duration of any human milk feeding among infants fed 

human milk
3. Duration of exclusive human milk feeding
4. Intensity/proportion/amount of human milk fed to 

mixed-fed infants (i.e., both at a given point in time and 
over a period of time)

Comparators
1. Ever feeding human milk (i.e., any amount of human 

milk feeding)
2. Longer durations of any human milk feeding
3. Longer durations of exclusive human milk feeding
4. Higher intensity/proportion/amount of human milk fed 

to mixed-fed infants

1World Health Organization. Indicators for assessing infant and young 
child feeding practices: conclusions of a consensus meeting held 6–8 
November 2007 in Washington D.C. WHO. 2008.

FIGURE 1 Analytic framework for systematic reviews conducted to examine the relation of infant milk-feeding practices with childhood leukemia. This
framework illustrates the overall scope of the project, including the population, exposures, comparators, and outcomes of interest. It also includes definitions
of key terms.

infants with childhood leukemia (Table 4). Herein, we present
evidence for the remaining 2 SRs:

• What is the relationship between never versus ever feeding
human milk and childhood leukemia?

• What is the relationship between shorter versus longer
durations of any human milk feeding and childhood
leukemia?

What is the relationship between never versus ever feeding
human milk and childhood leukemia?

Nineteen articles met the inclusion criteria for this SR question
(Table 2), which presented evidence from 15 independent case-
control studies and 1 retrospective cohort study. There were 4
independent case-control studies from France (14, 15, 21, 27,
29); 2 each from the US (17, 22, 31), Canada (20, 23), and the
UK (16, 24, 25); and 1 each from the Netherlands (32), Greece
(28), Australia (19), New Zealand (18), and China (30). The
retrospective cohort was from the UK (26). The articles by Kwan
et al. (22) and Urayama et al. (31), McKinney et al. (25) and
Beral et al. (16), and the 2 articles by Perrillat et al. (14, 27)
had overlapping samples but ran distinct analyses that met the
inclusion criteria.

Participants were up to 15 y of age at the time of the study,
although several studies excluded infants to minimize reverse
causality or to account for the possiblity that leukemia diagnosed
in infancy has a different etiology (14–17, 21, 22, 27, 29–
31). The studies from the United Kingdom, France, Canada,
and Australia that reported race and ethnicity had participants

who were primarily Caucasian, white European, or of European
descent (14, 19, 23, 24, 27); the study from New Zealand reported
that most participants were Non-Maori (18); and 1 US study ran
analyses on participants who were primarily (22) or entirely (31)
white (both Hispanic and Non-Hispanic). The remaining studies
did not report participants’ race or ethnicity. Some studies did not
report participants’ sex (16, 18, 25, 30, 32), but all other samples
included both males and females.

In almost all of the studies, infant milk-feeding data were
collected retrospectively by maternal recall; however, 2 studies
accessed infant-feeding data collected during infancy from
medical records (25) or the Department of Health, Social Services
and Public Safety database (26). The outcome was medically
diagnosed. All studies included matching variables, and all but a
few (17, 24–26) included additional adjustment variables. Every
study matched cases with controls using participants’ sex and age.
Most studies also matched participants using geographic location
(14, 16, 17, 19–23, 25, 27, 28, 30, 32), and a few in addition used
race or ethnicity or both (14, 22, 27, 31).

Five of the 16 studies reported statistically significant asso-
ciations (14, 15, 19, 20, 27, 29). This evidence consistently
suggested that never compared with ever being fed human milk
(i.e., any amount of human milk feeding) was associated with a
higher risk of childhood leukemia.

Specifically, Ajrouche et al. (15) found that ever, compared
with never, being fed human milk was associated with signifi-
cantly lower odds of ALL. This study also divided the group ever
fed human milk into 2 smaller groups fed human milk <6 and
≥6 mo. The resulting associations between being fed human milk
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TABLE 1 Inclusion and exclusion criteria established for the selection of studies to include in systematic reviews on infant milk-feeding practices and
childhood leukemia1

Category Inclusion criteria Exclusion criteria

Study design Randomized controlled trials
Nonrandomized controlled trials
Prospective cohort studies
Retrospective cohort studies
Case-control studies

Cross-sectional studies
Before-and-after studies
Uncontrolled studies
Narrative reviews
Systematic reviews
Meta-analyses

Publication status Published in peer-reviewed journals Gray literature, including unpublished data, manuscripts, reports,
abstracts, and conference proceedings

Language Published in English Published in languages other than English
Date range Published from 1980 to December 20152 Published before 1980
Source of foods,

beverages, or
nutrients

Human milk: mothers’ own milk, that is, human milk at the
breast (i.e., nursing) or expressed and fed fresh or after
refrigeration/freezing

Infant formula: commercially prepared infant formula meeting
FDA (11) and/or Codex Alimentarius international food
standards (12)

Human milk from third parties (e.g., banked/donor milk)Infant
formulas that are not commercially prepared or that do not meet
FDA (11) and/or Codex Alimentarius international food standards
(12)

Study setting Countries listed as Very High or High on the 2014 Human
Development Index (13)

Countries listed as Medium or Low on the 2014 Human
Development Index (13)

Study participants Human participants
Males
Females

Nonhuman participants (e.g., animal studies, in vitro studies)
Hospitalized patients, not including birth and immediate postpartum

hospitalization of healthy infants
Age of study

participants
Exposure age: infants (0–12 mo), toddlers (12–24 mo)
Outcome age: children (2–12 y) (i.e., include studies with

children within the sample)
Size of study groups Studies with ≥30 participants per study group or a power

analysis indicating that the study is appropriately powered
for the outcome(s) of interest

Studies with <30 participants per study group with no power
analysis indicating that the study is appropriately powered for the
outcome(s) of interest

Health status of study
participants

Studies done in generally healthy populations
Studies done in populations where infants were full term (≥37

and 0/7 weeks of gestation)
Studies done in populations with elevated chronic disease risk,

or that enroll some participants with a disease or with the
health outcome of interest

Studies that exclusively enroll participants with a disease or the
health outcome of interest

Studies carried out in hospitalized participants (except for birth and
immediate postpartum hospitalization of healthy infants) or
malnourished participants

Studies of exclusively preterm infants (gestational age <37 wk),
exclusively infants that have low birth weight (<2500 g) and/or
exclusively infants that are small for gestational age

1FDA, Food and Drug Administration.
2In 1980, the Infant Formula Act was passed (14), and December 2015 was when the literature search was carried out.

<6 and ≥6 mo, compared with never being fed human milk, and
lower odds of ALL were nonsignificant with slightly wider CIs
that included the null.

Greenop et al. (19) also found a significant association between
ever, compared with never, being fed human milk and lower odds
of ALL. Additional analyses divided the group ever fed human
milk into smaller groups fed human milk <3, ≥3 to <6, and
≥6 mo, and fed human milk exclusively <3, ≥3 to <6, and ≥6
mo. In comparison with never being fed human milk, all of the
human milk-feeding variables were associated with lower odds of
ALL, and in all but 1 instance (i.e., being fed human milk ≥3 to
<6 mo compared with never) the associations were statistically
significant.

Infante-Rivard et al. (20) compared being fed human milk ≤3
and >3 mo with never being fed human milk and found that both
durations were associated with significantly lower odds of ALL
in the full sample. Additional analyses divided the full sample
into subsamples <4 and ≥4 y of age. In these smaller groups,
the associations between being fed human milk ≤3 and >3 mo,
compared with never being fed human milk, and lower odds of
ALL had wider CIs that included the null. Subsample analyses
comparing being fed human milk 1–6 and >6 mo with never

being fed human milk also found associations with lower odds of
ALL, although the only association with statistical significance
was the comparison of 1–6 mo with never in the subsample <4 y
of age.

In the study by Perrillat et al. (14, 27), the associations between
ever compared with never being fed human milk and lower
odds of leukemia and of ALL were not statistically significant;
however, dividing the group ever fed human milk by the length of
participants’ human milk exposure made it evident that duration
mattered. In general, when compared with never being fed human
milk, longer durations of human milk feeding were associated
with lower odds of leukemia and of ALL, whereas shorter
durations of human milk feeding were not. Specifically, with
2 categorical durations of human milk feeding, there was a
significant association between being fed human milk ≥6 mo,
compared with never being fed human milk, and lower odds of
leukemia, and a nonsignificant association between being fed
human milk <6 mo, compared with never being fed human
milk, and higher odds of leukemia. The authors also divided the
group ever fed human milk into 4 categories of duration. Being
fed human milk 6–11 mo compared with never was associated
with significantly lower odds of leukemia. The odds of ALL,
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specifically, were also lower but had a slightly wider CI that
included the null. Likewise, the associations between being fed
human milk ≥12 mo, compared with never being fed human milk,
and lower odds of leukemia and of ALL were nonsignificant with
wide CIs. On the other hand, the authors found no associations
between being fed human milk <3 mo compared with never
and the odds of leukemia or of ALL specifically (i.e., the ORs
were both 1.0), and nonsignificant associations between being fed
human milk 3–5 mo, compared with never being fed human milk,
and higher odds of leukemia and of ALL.

Finally, the study by Rudant et al. (29) found no association
between never compared with ever being fed human milk
and ALL (i.e., the OR was 1.0); however, like the study by
Perrillat et al. (14, 27), the duration of the human milk exposure
mattered. In general, when compared with never being fed
human milk, longer-term intake of human milk was associated
with lower odds of leukemia, whereas shorter-term intake of
human milk was not. When the group ever fed human milk
was divided into 2 categories of duration, the authors found
that being fed human milk ≥6 mo compared with never was
associated with significantly lower odds of ALL, but there was a
nonsignificant association between being fed human milk <6 mo
and higher odds of ALL. The group ever fed human milk was also
divided into 4 categories of duration. There were nonsignificant
associations between being fed human milk 3–5 and 6–11 mo,
compared with never being fed human milk, and lower odds of
ALL, and, for the association between being fed human milk ≥12
mo compared with never and odds of ALL, the upper limit of the
CI was at the null. On the other hand, for the association between
being fed human milk ≤2 mo compared with never and ALL, the
lower limit of the CI was at the null.

Next, TEC members looked across the entire body of evidence
to see whether there were any distinct associations between never
compared with longer-term (i.e., ≥6 mo) and never compared
with shorter-term (i.e., <6 mo) feeding of human milk and
childhood leukemia, because some of the associations described
above depended on the duration of ever (14, 27, 29). Eleven
studies compared never being fed human milk with being fed
human milk ≥6 mo (14–22, 27, 29, 30); the majority (i.e., 8
studies) found consistent evidence that never being fed human
milk is associated with higher odds of leukemia or of ALL (14–
18, 20, 27, 29), and in 3 of the studies the association was
statistically significant (14, 19, 27, 29). On the other hand, out of
10 studies that compared never being fed human milk with being
fed human milk <6 mo (14–16, 18–22, 27, 29, 30), only 4 found
consistent evidence that never being fed human milk is associated
with higher odds of leukemia or of ALL (15, 16, 19, 20).

In summary, the evidence from the 5 studies with statistically
significant associations (14, 15, 19, 20, 27, 29) is consistent and
suggests that never being fed human milk compared with ever
being fed human milk (i.e., any amount of human milk feeding) is
associated with a higher risk of childhood leukemia. Some of the
studies in the body of evidence compared never being fed human
milk with being fed human milk for specific durations. Upon
closer examination of these analyses, TEC members concluded
that the evidence comparing never being fed human milk with
being fed human milk for shorter-term durations (i.e., <6 mo)
and risk of childhood leukemia is mixed. However, the evidence
comparing never being fed human milk with being fed human
milk for longer-term durations (i.e., ≥6 mo) is mostly consistent

and is associated with a slightly higher risk of childhood leukemia
(Table 4).

What is the relationship between shorter versus longer
durations of any human milk feeding and childhood
leukemia?

Eight articles met the inclusion criteria for this SR question
(Table 3), which presented evidence from 8 case-control studies.
Three studies were from the US (17, 22, 34), and there was 1 study
each from the UK (16), Germany (35), Oman (37), Russia (36),
and the United Arab Emirates (33). Participants were up to 15 y
of age at the time of the study, although 3 studies excluded infants
to minimize reverse causality or to account for the possibility
that leukemia diagnosed in infancy has a different etiology (16,
17, 22). Two US samples had primarily white participants who
were both Hispanic and non-Hispanic (22, 34) and the study
from the United Arab Emirates (33) reported having a sample
that was 100% Bedouin Arab. No other studies reported race or
ethnicity. One study did not report participants’ sex (16), but all
other samples included both males and females.

The studies collected data about the duration of any human
milk feeding retrospectively by maternal recall. The outcome was
medically diagnosed. All studies included matching variables and
most included additional adjustment variables (16, 22, 34–36).
Every study matched cases with controls using participants’ sex
and age. The 2 US studies (22, 34) in addition used race and
ethnicity as matching variables, whereas 4 studies (16, 17, 35, 36)
used geographic location as an additional matching variable, and
1 study (37) in addition matched cases with controls by family
or neighborhood to minimize differences in socio-economic,
genetic, and environmental exposures including diet.

Two studies reported statistically significant associations (33,
36). The evidence from these studies suggested that shorter
compared with longer durations of any human milk feeding
are associated with higher risk of childhood leukemia. Most of
the studies had nonsignificant associations that were also in the
direction of shorter compared with longer durations of any human
milk feeding being associated with a higher risk of childhood
leukemia (16, 17, 35–37) or had ORs at or close to the null (i.e.,
ORs 1.00–1.02) (22, 34).

The studies that reported statistically significant associations
between shorter compared with longer durations of any human
milk feeding and higher risk of childhood leukemia were by
Bener et al. (33) and Smulevich et al. (36). Bener et al. (33)
assessed male and female participants separately and found that,
in both sexes, the mean duration of any human milk feeding
was significantly shorter for cases with ALL than for controls.
Smulevich et al. (36) compared <1, 1–2, 3–4, 5–6, and 7–12 mo
with >12 mo of human milk feeding and found that being fed
human milk <1 mo was associated with significantly higher odds
of leukemia.

The studies that reported nonsignificant associations between
shorter and longer durations of any human milk feeding and
higher risk of childhood leukemia were by Beral et al. (16),
Davis et al. (17), Schuz et al. (35), Smulevich et al. (36), and
Waly et al. (37). Some of the nonsignificant associations were
likely underpowered because, among the studies that reported
ORs, some had wide CIs (17, 36). As described above, Smulevich
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TABLE 4 Systematic review questions, conclusion statements, and grades of the evidence supporting the conclusion statements within the context of these
systematic reviews

Systematic review question: what is the relationship between never versus ever feeding human milk and childhood leukemia?
Limited evidence suggests that never versus ever being fed human milk is associated with a slightly higher risk of childhood leukemia. The evidence

comparing never being fed human milk with being fed human milk for short durations (i.e., <6 mo) and risk of childhood leukemia is mixed. However, the
evidence comparing never being fed human milk with being fed human milk for long durations (i.e., ≥6 mo) is mostly consistent and is associated with a
slightly higher risk of childhood leukemia. (grade: limited)

Systematic review question: what is the relationship between shorter versus longer durations of any human milk feeding and childhood leukemia?
Limited but consistent evidence suggests that, among infants fed some amount of human milk, a shorter versus longer duration of any human milk feeding is

associated with a slightly higher risk of childhood leukemia. (grade: limited)
Systematic review question: what is the relationship between shorter versus longer durations of exclusive human milk feeding and childhood leukemia?
There is no evidence to determine whether or not there is a relationship between shorter versus longer durations of exclusive human milk feeding and

childhood leukemia. (grade: grade not assignable)
Systematic review question: What is the relationship between feeding a lower versus higher intensity, proportion, or amount of human milk to mixed-fed

infants and childhood leukemia?
There is no evidence to determine whether or not there is a relationship between feeding a lower versus higher intensity, proportion, or amount of human milk

to mixed-fed infants and childhood leukemia. (grade: grade not assignable)

et al. (36) compared multiple shorter durations with >12 mo
of human milk feeding. Durations of 3–4, 5–6, and 7–12 mo
had nonsignificant associations with higher odds of childhood
leukemia that had wide CIs. Likewise, Davis et al. (17) reported
that being fed human milk ≤6 mo, in comparison with >6 mo,
had a nonsignificant association with higher odds of ALL, and
the CI around the OR was wide. Schuz et al. (35) found that
≤1 mo and 2–6 mo of human milk feeding, compared with >6
mo, had nonsignificant associations with higher odds of leukemia
generally and of ALL specifically, and the lower limit of the CI
around the OR for ≤1 mo versus >6 mo and ALL was at the null.
The studies by Beral et al. (16) and Waly et al. (37) examined
the proportions of cases and controls within several categories
of duration. Both studies found higher proportions of cases than
controls in the shortest duration categories and higher proportions
of controls than cases in the longer duration categories.

In summary, the notable feature of this body of evidence
was its consistency in the direction of the associations across
most of the studies. Both studies with statistically significant
associations (36, 33) found that shorter compared with longer
durations of any human milk feeding were associated with
higher risk of childhood leukemia. Further, the majority of
nonsignificant associations (16, 17, 35–37), some of which
were likely underpowered, were consistent in direction with
the significant associations. Therefore, TEC members concluded
that limited but consistent evidence suggests that shorter versus
longer durations of any human milk feeding are associated with
a slightly higher risk of childhood leukemia (Table 4).

Discussion
The conclusion statements that answer the 4 SR questions,

and the grades of the evidence underlying the conclusion
statements, are listed in Table 4. For 2 of the 4 SR questions,
the conclusion statements and their grades reflect that no articles
met the inclusion criteria for these SRs (Table 1); TEC members
concluded that there is insufficient evidence to determine whether
or not there is a relationship between shorter versus longer
durations of exclusive human milk feeding, and between feeding
a lower versus higher intensity, proportion, or amount of

human milk to mixed-fed infants, and childhood leukemia. TEC
members answered the SR questions about shorter versus longer
durations of any human milk feeding and never versus ever
feeding human milk and childhood leukemia. After assessing
the adequacy, consistency, impact, generalizability, and internal
validity of the evidence (i.e., elements of the NESR grading
rubric), TEC members graded the conclusion statements for both
SR questions as limited.

There were limitations to the adequacy of the evidence for both
SR questions. The number of studies in the body of evidence
for shorter versus longer durations of any human milk feeding
was small; only 8 studies met the inclusion criteria. For the
SR question related to never versus ever feeding human milk,
there were limitations related to the independence of the studies
because across 20 included articles, there were 15 independent
samples. For both SR questions, TEC members identified issues
with statistical power indicating that there were sample-size
limitations.

TEC members did not have any concerns about the generaliz-
ability of the evidence to the US. The studies were conducted in
the US or several other countries categorized as high or very high
on the 2014 Human Development Index (13), according to the a
priori inclusion criteria.

TEC members did have some concerns about internal validity
related to study design. Nearly all of the studies were case-control
studies. TEC members recognized the importance of case-control
studies because they are useful for examining low-incident
outcomes such as leukemia. However, because case-control
studies rely on the retrospective collection of exposure data,
differential or nondifferential misclassification of the exposure
may have introduced bias. Differential misclassification from
recall bias (i.e., if mothers of children with leukemia recalled or
reported infant milk-feeding practices differently from mothers
of children without leukemia) could have resulted in over- or
underestimations of the associations, whereas nondifferential
misclassification would have tended to bias the reported asso-
ciations toward the null. There was no such concern related to
the outcome, which was medically diagnosed and unlikely to
misclassify cases or controls. Multiple comparisons used by some
of the studies (14, 19, 21, 22, 27, 29, 36) could have resulted in
finding statistically significant associations by chance; however,
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TEC members considered all associations (i.e., significant and
nonsignificant) during their evidence synthesis.

The consistency of the evidence was particularly important
when evaluating the strength of the evidence. Only 2 of the
8 studies examining shorter compared with longer durations
of any human milk feeding and 5 of 16 studies examining
never compared with ever feeding human milk reported any
statistically significant associations (14, 15, 19, 20, 27, 29,
33). However, the small number of statistically significant
associations was consistent in showing that shorter compared
with longer durations of any human milk feeding and never
compared with ever feeding human milk are associated with
a higher risk of childhood leukemia. TEC members examined
the bodies of evidence in their totality, including significant and
nonsignificant associations, to provide a more thorough synthesis
related to consistency. It was clear that the majority of significant
and nonsignificant associations between shorter compared with
longer durations of any human milk feeding and childhood
leukemia risk were consistent in direction (16, 17, 33, 35–37),
suggesting that shorter durations are associated with with higher
risk of childhood leukemia. It was also clear that the majority
of significant and nonsignificant associations between never
compared with ever being fed human milk, and especially never
versus ≥6 mo of human milk feeding, and childhood leukemia
were consistent in direction (14–16, 18–20, 27, 29), suggesting
that never being fed human milk is associated with higher risk of
childhood leukemia. Evidence was consistent in direction despite
heterogeneous independent variables resulting from not defining
longer, shorter, or ever for the SRs and instead including all
relevant comparisons. Some of the inconsistency in statistical
significance was explainable because several comparisons were
likely underpowered. In addition, as described previously, there
was the potential for differential and nondifferential misclas-
sification of the exposure to bias the associations toward the
null. Therefore, TEC members concluded that limited evidence
suggests that there are associations between shorter versus longer
durations of any human milk feeding and between never versus
ever feeding human milk and higher risk of childhood leukemia.

Regarding impact, the higher leukemia risk associated with
being fed human milk for short durations or not at all is likely
to be small. Still, small changes in risk are important due to the
seriousness of the disease.

Research recommendations

None of the articles that met the inclusion criteria for these SRs
(Table 1) examined shorter versus longer durations of exclusive
human milk feeding or the intensity, proportion, or amount of
human milk fed to mixed-fed infants and childhood leukemia.
Therefore, studies need to be designed and conducted to examine
these relationships. To better understand the broader relationships
between early diet and childhood leukemia risk, additional SRs
could examine the timing of the introduction of, and the types
and amounts of, human milk substitutes (e.g., infant formula) and
complementary foods and beverages in infants’ diets. If no data
are available, future research could address these topics.

In general, infant-feeding researchers should move toward
collecting data consistently using valid and reliable methods and
increase the precision with which they define their infant-feeding
variables. Researchers should incorporate effect modification

into their study design whenever possible in case different
biological or environmental characteristics modify the impact
of infant feeding on the outcomes. Finally, TEC members
recommend linking surveillance systems that capture information
about infant feeding and childhood cancer in order to explore
the relationship with adequately powered, broadly generalizable,
prospective samples. Electronic medical records may be another
source of prospectively collected infant-feeding and leukemia
data.
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