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Abstract

Because breastfeeding provides optimal nutrition and other benefits for
infants (e.g., lower risk of infectious disease) and benefits for mothers (e.g.,
less postpartum bleeding), many organizations recommend that healthy
infants be exclusively breastfed for 4 to 6 months in the United States and
6months internationally. Recommendations related to how long breastfeed-
ing should continue, however, are inconsistent. The objective of this article
is to review the literature related to evidence for benefits of breastfeeding
beyond 1 year for mothers and infants. In summary, human milk represents
a good source of nutrients and immune components beyond 1 year. Some
studies point toward lower infant mortality in undernourished children
breastfed for >1 year, and prolonged breastfeeding increases interbirth
intervals. Data on other outcomes (e.g., growth, diarrhea, obesity, and
maternal weight loss) are inconsistent, often lacking sufficient control for
confounding variables. There is a substantial need for rigorous, prospective,
mixed-methods, cross-cultural research on this topic.
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INTRODUCTION

Breastfeeding is widely considered the optimal mode of nutrition for infants (3, 74, 138, 140), in
part because milk produced by well-nourished, healthy women can provide complete nutrition in
the first 6 months of life. Breastfeeding also reduces primary malnutrition, especially in settings
plagued by poverty, unsanitary conditions, and food insecurity (62); is associated with lower in-
cidence of infections (13, 57); reduces infant mortality (109), sudden infant death syndrome (62),
dental malocclusions (98), and obesity later in life (56); and may improve intelligence (56). For
women, breastfeeding prolongs lactational amenorrhea; may reduce breast and ovarian cancers
and type 2 diabetes (5, 25); and may facilitate postpartum weight loss (91). There appears to be a
dose-response relationship such that these effects are strengthened with exclusive and increased
duration of any breastfeeding—at least within the first year of life. In the United States, exclusive
breastfeeding is generally recommended for 4–6 months with continued breastfeeding for up to
one year. Internationally, recommendations are generally centered on exclusive breastfeeding for
6 months and then continued breastfeeding for up to one year and, in some cases, even longer.
Despite these guidelines, how long women should continue breastfeeding is unclear.
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More specifically, the American Academy of Pediatrics (3) recommends that mothers continue
breastfeeding until the infant is 1 year old, after which time breastfeeding can be continued if
“mutually desired by mother and infant” (p. e827). Similarly, a committee convened by the US
National Academy of Sciences recommended that adults who work with infants should promote
and support exclusive breastfeeding for 6 months and continuation of breastfeeding for 1 year
or more (61). The Academy of Nutrition and Dietetics (74) states that “exclusive breastfeeding
provides optimal nutrition and health protection for the first 6 months of life, and that breast-
feeding with complementary foods from 6 months until at least 12 months of age is the ideal
feeding pattern for infants” (p. 444).Whereas the aforementioned references regarding prolonged
breastfeeding provide little to no justification for their recommendations, they all cite the World
Health Organization (WHO), which recommends that infants receive nutritionally adequate and
safe complementary foods while breastfeeding continues for up to 2 years of age or beyond (136,
140). In a subsequent report written jointly by the WHO and the Pan American Health Organi-
zation (PAHO) (138), guidelines for prolonged breastfeeding are justified as follows (references
cited are those cited in the report).

1. Human milk provides substantial amounts of energy, micronutrients, and lipids to a breast-
fed infant’s diet (36, 104, 139).

2. Breastfeeding provides enhanced benefits during periods of childhood illness, resulting
in the prevention of dehydration and the provision of nutrients needed to recover from
infections (20).

3. Breastfeeding has a potential impact on maternal fertility and birth spacing.
4. Breastfeeding reduces child morbidity andmortality in disadvantaged populations (89, 141).
5. Breastfeeding may improve infant appetite and growth (96, 114), although the WHO and

PAHO recognized that data were mixed (23, 54).
6. Associations exist between longer periods of breastfeeding and reduced risk of childhood

illnesses (31) and obesity (21) as well as improved cognition (105).

Of note, aside from a potential impact on maternal fertility and birth spacing (for which there
was no citation provided), implications for maternal health do not appear to have been consid-
ered. Nonetheless, breastfeeding for ≥2 years is a common international recommendation based
on this and other reports (see the sidebar titled Socioeconomic Status and Prolonged Breastfeed-
ing Trends for global prolonged breastfeeding rates), and in some circumstances, guidance for
prolonged breastfeeding is expanded to “frequent, on-demand breastfeeding until 2 years of age
or beyond” (138, p. 36).

But what is the scientific evidence that breastfeeding beyond 1 year confers benefits to mothers
and/or infants? Answering this question is important for a variety of reasons, including the desire

SOCIOECONOMIC STATUS AND PROLONGED BREASTFEEDING TRENDS

Data from 153 countries compiled by Victora and colleagues and published as part of the Lancet breastfeeding series
(127) suggest that the proportion of infants still breastfed at 20–23 months of life is highest (∼64%) in low-income
countries and lowest (∼17%) in upper- to middle-income countries. Whereas it is likely that rates are even lower
in high-income countries, data regarding prolonged breastfeeding in these nations are often not available. National
time trends reported between 1993 and 2013 suggest that although the overall rates of prolonged breastfeeding are
highest in the poorest countries and lowest in the wealthiest countries, rates in the former are decreasing whereas
those in the latter are increasing. The authors raise the concern that poor mothers may move toward breastmilk
substitutes after 1 year postpartum as their incomes increase.
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Prolonged
breastfeeding: any
breastfeeding that
occurs beyond 1 year
postpartum (women)
or beyond the first
year of life (children)

Breastfeeding:
nursing at the breast
and the provision of
human milk through
other devices

to optimize maternal and infant health. Here, we provide a comparative perspective on the
duration of breastfeeding/lactation across great apes and critically evaluate the literature de-
scribing benefits, risks, or neutral outcomes associated with breastfeeding beyond 1 year in
humans—focusing primarily on reevaluating justifications used in the 2003 WHO & PAHO
(138) report but also including other available research as appropriate.Our intent is not to provide
an exhaustive review of the literature; rather, our goal is to present the most relevant publications
on a variety of issues related to this topic, often citing recent critical reviews when possible.

DEFINITION OF PROLONGED BREASTFEEDING

Herein, the term prolonged breastfeeding refers to breastfeeding beyond 1 year postpartum.Only
literature that specifically examined associations between breastfeeding after 1 year postpartum
andmaternal and/or infant health has been considered (not the overall association between breast-
feeding and health). Because details are often not specified in the literature, we consider breast-
feeding to include nursing at the breast and the provision of human milk through other devices.

BREASTFEEDING DURATION: A COMPARATIVE PERSPECTIVE

In contrast to much of the literature discussed herein, evolutionary anthropologists and prima-
tologists approach the question of breastfeeding and/or lactation duration and maternal/child
health from a comparative ethological perspective. Once situated into its evolutionary history,
breastfeeding for >1 year in humans cannot actually be interpreted as extended since human
breastfeeding duration is shorter in comparison with our closest relatives, particularly considering
human ontogeny (126).

The introduction of complementary foods in humans occurs at approximately the same time as
that for other great apes (6 ± 2 months) (43, 110). Yet, the human pattern diverges after 6 months
in notable ways. Unlike other great apes whose initial solid foods are generally limited to those
they can self-collect, humans accomplish food supplementation via parental and allomaternal pro-
visioning and processing of nutritious weaning foods (126). Despite providing for energetically
costly offspring (59), humans maintain breastfeeding at a relatively limited and decreasing cost
across lactation (22), enabled via supplementation. In comparison, other great apes continue to
rely primarily on lactation to supply nutrients, and their offspring do not enter a feeding transi-
tion period, during which they continue to breastfeed but acquire more calories from self-foraging
than milk, until approximately 2–3 years of age (43, 80). Human infants have a variable feeding
transition period, but data from human populations suggest it occurs within the second year of
life—substantially earlier than in other apes (see discussion below in this section).

All apes continue to lactate for months to years beyond the feeding transition, with mothers’
milk possibly serving as a buffer in resource-challenged environments (43). Emery Thompson
& Sabbi (43) note that differences among nonhuman apes in available weaning foods that re-
quire little processing or learning to acquire help explain variation in the timing of breastfeeding
termination in chimpanzees, bonobos, gorillas, and orangutans. For humans, who provide consis-
tent weaning foods for their infants (126), the potential costs of earlier lactation cessation may be
further reduced. Hunter-gatherer populations terminate breastfeeding at ∼2.5 years, and other
small-scale societies cease breastfeeding at ∼20–24 months (110, 126); these time points are en-
abled via comparatively abundant and accessible foods for young children.

Early and sustained supplementation and comparatively early breastfeeding cessation in hu-
mans are attributed to several unique life history characteristics, including humans’ comparatively
shorter interbirth intervals (IBIs), simultaneous rearing of multiple dependents, and relatively
high fertility (43, 59). For instance, IBIs of hunter-gatherers average 3–5 years (68), and total
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fertility is ∼5.4 live births (55). In comparison, wild gorilla populations have average IBIs ranging
from 4 to 5 years (on the lower end), while wild orangutan populations have IBIs of 6–8 years
(on the upper end). It is noteworthy that, for wild orangutans, because death frequently occurs
during females’ reproductive span, fertility only nears replacement levels (43). The human breast-
feeding pattern and duration are supported by our prosocial, cooperative nature. Specifically, our
willingness to support supplementation for our altricial infants and dependent young children
and through cooperative breeding, where allomothers provision infants and reduce maternal
energy expenditure during critical reproductive periods, lowers the energetic cost of human
reproduction (59, 77, 86). This perspective is particularly important to consider when evaluating
the evidence of benefit (or detriment) arising from prolonged lactation in humans.

HUMAN MILK PRODUCED AFTER 1 YEAR POSTPARTUM
AS A SOURCE OF ENERGY AND NUTRIENTS

The WHO & PAHO (138) report suggests that human milk provided to children after 1 year of
age is a valuable source of energy and nutrients. In this section, we examine alterations in milk
volume and nutrient composition after 1 year and evidence that human milk necessarily and/or
uniquely contributes to infant health and well-being during this time.1

Milk Volume

Measurements of milk volume after 1 year vary greatly across studies, and this variation is likely
influenced by geographic location, cultural norms, and other context-specific factors. For instance,
Dewey (35) reports that children 12–23 months of age consume ∼448 mL/day of milk, which
contributes ∼29% of their overall energy needs. Later, Dewey & Brown (36) studied another
group of US women with high breastfeeding rates beyond 1 year postpartum and found that
human milk accounted for ∼40% of daily energy requirements of children 1–2 years of age. Data
compiled frommultiple multinational cohorts by theWHO&UNICEF (139) suggested that the
overall energy needs of children in this age bracket are roughly 20% higher than the estimates of
Dewey & Brown (36); in this case, human milk would account for only ∼31% of the daily energy
needs of children between 1 and 2 years of life (139). Data from another small US cohort (n =
6) suggest that milk production at 1 year is ∼600 mL/day, decreasing to ∼400 mL/day of milk at
16 months (see figure 4B in 92). Kent and colleagues (67) reported that Australian women (n= 3)
produced only 109 g/day of milk at 18 months postpartum.

Estimates from developing nations are equally variable. For instance, data from Indonesia
suggest that women (n= 8) between 13 and 23 months postpartum produced 190–460 mL/day of
milk, corresponding to 17–54% of total energy needs (10). In another, larger (n= 120) study from
this region, milk consumption was 460 and 190 mL/day at 12 and 34 months postpartum, respec-
tively (11). In India, milk intake was estimated to be 480 and 345 mL/day at 37 and 48 months,
respectively (7), and in New Guinea, milk intake decreased from 330 to 130 mL/day between
13 and 18 months postpartum (6).

In summary, estimates across populations indicate that children breastfeeding for >1 year con-
sume from ∼100 to 600 mL/day of human milk and that human milk can (but does not always)
provide a substantial amount of energy to infants during this time. These data do not address

1Note that milk consumption, rather than capacity for milk production, is the variable of interest in this
context.
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whether human milk is uniquely important in terms of providing energy and nutrients to infants
after 1 year of life and provide little insight as to contexts in which it might be particularly neces-
sary for infant growth, development, and survival.

Milk Composition

In addition to decreasing in volume after 1 year, milk composition also changes. For example,
Czosnykowska-Łukacka and colleagues (27) reported that, compared with milk produced before
12 months, concentrations of protein and lipids were higher and carbohydrates lower in milk
produced after 18 months. Later, these researchers demonstrated that protein concentration in-
creased after 1 year and was even higher after 2 years in milk produced by 116 Polish mothers (28).
In a similar study, Mandel and colleagues (76) evaluated total energy and lipid contents of milk
produced by 27 women between 2 and 6 months compared with that produced by 34 women after
>1 year. Both fat and total energy concentrations were higher in the milk produced after 1 year.
Perrin et al. (99) evaluated composition of 33 pooled milk samples created from milk produced by
51 women ≤1 year postpartum and compared those samples with milk collected longitudinally
from 19 women between 11 and 17 months.When the milk produced before 1 year was compared
with that produced between 11 and 17 months, the milk produced after 1 year was found to have
more protein and less zinc, calcium, iron, and oligosaccharides than the milk pools. Between
11 and 17 months, protein, oligosaccharides, and sodium concentrations continued to increase.
Conversely, zinc and calcium concentrations decreased, with no changes in lactose, lipids, iron,
and potassium. Karra and colleagues (65) found that between 7 and 25 months, concentrations
of zinc, calcium, vitamin B6, vitamin C, and magnesium (only after 18 months) decreased.
Neville et al. (92) reported that sodium, lactose, and protein in milk produced by US women
increased after 1 year postpartum. These increases were statistically significant but small, and
their physiologic importance is unknown. Other studies have reported no changes in milk’s
macronutrient concentrations >1 year postpartum. For example, Boediman and colleagues (11)
reported no differences in protein, lipids, and lactose in milk produced by Indonesian women
in their first, second, or third year postpartum. They did, however, report increased vitamin A
concentrations from the first to the second year. Dewey and colleagues (37) evaluated 116 milk
samples produced by 46 women between 7 and 20 months postpartum. Compared with women
at 4–6 months postpartum, lipid, sodium, and iron were higher; magnesium and calcium were
lower; and lactose and protein were unchanged.

In summary, human milk remains a source of macronutrients and micronutrients for children
>1 year old, although there is substantial variation in milk volume and nutrient concentrations,
likely due to changing infant demand and dilution effects. While estimates suggest that a siz-
able proportion of energetic needs is contributed to older nurslings’ diets in the United States,
estimates from Australia suggest a much lower proportion. Similar variations are also reported
from developing nations, where data from Indonesia suggest upward of 50% of daily energy re-
quirements is supplied through breastfeeding, compared with New Guinea, where infants only
consume a quarter of the amount of milk and thus a quarter of the energy. These data suggest that
these differences are not simply explained by development level or socioeconomic status (SES) of
the population. Rather, there are clearly additional substantive, nuanced factors contributing to
the importance of milk components, particularly energy-yielding nutrients, provided by human
milk after the first year across global regions. While it is also clear that there are changes in milk
composition after 1 year postpartum, these changes have merely been described and not linked
to important factors such as bioavailability, food hygiene, the child’s nutritional status, or other
infant health outcomes.
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EVIDENCE FOR ASSOCIATION BETWEEN PROLONGED
BREASTFEEDING AND INFANT OUTCOMES

Most studies evaluating short- and long-term infant outcomes associated with breastfeeding fo-
cus on breastfeeding as a dichotomous (yes/no) variable, exclusive breastfeeding for 4–6 months,
and/or breastfeeding for ≤1 year. This literature is robust, demonstrating myriad benefits to in-
fants, including promotion of sensory and cognitive development, protection against infectious
and chronic disease, and reduction of infant mortality (137). However, this literature generally
does not explore associations with prolonged breastfeeding (>1 year) and infant health and well-
being.Here, we specifically review the literature relating prolonged breastfeeding to infant health,
growth, and development during the second year of life and, in some cases, beyond.

Infant Nutritional Status, Including Physical Growth

The effect of prolonged breastfeeding on child growth is difficult to address given the complex-
ities of obtaining data needed for its evaluation. Three reviews (33, 42, 50) summarize most of
the primary literature (Table 1) in this regard and note the challenges related to potential reverse
causality and confounding that affect interpretation of each dataset examined. The experimental
design for most studies is cross-sectional, with either an absence of or poor control for factors such
as SES, availability of supplemental foods, and hygiene. Generally, the cross-sectional approaches
(15, 19, 23, 45, 78, 88, 93, 94, 113, 114, 119, 130, 131) identified poorer growth and nutritional sta-
tus in children breastfeeding for >1 year. Conversely, Taren &Chen (120) detected greater height
for age, weight for age, and weight for height in Chinese children breastfed for >1 year compared
with those breastfed for<1 year. Prolonged breastfeeding was also related to improved length and
weight gain in Kenyan children, although weight for height and weight for age were reduced (96).
Longitudinal studies generally agree with cross-sectional studies, associating prolonged breast-
feeding with malnutrition (18, 89), although Fawzi and colleagues (45) failed to detect differences
in weight or height gains between breastfed or weaned children from 1 to 3 years in Sudan.

Two case-control studies have explored the relationship between prolonged breastfeeding and
child growth. In Ethiopia, Thorén et al. (122) reported an elevated risk of malnutrition in children
breastfed for >1 year in both cases (diarrhea) and healthy children of similar social background
(controls). Cousens et al. (26) matched children hospitalized for clinical malnutrition with neigh-
borhood controls. Prolonged breastfeeding combined with supplementation was associated with
a 70% reduction in the risk of clinical malnutrition from ages 1 to 3 years.

A concern with the hypothesis that prolonged breastfeeding causally affects nutritional status
in all of these studies is the potential for reverse causality, given that the choice to breastfeed or
wean is not controlled. Caulfield and colleagues (23) addressed this possibility with data from
19 developing countries and concluded that the decision to wean was related to child size;
however, this was not consistent across cohorts. Additionally, the decision to wean after 1 year
was related to availability and acceptance of other foods (112). Many factors could contribute to
the decision to wean or extend breastfeeding, including maternal/child illness, food availability,
and pregnancy. More in-depth discussion of reverse causality can be found in the reviews of
Grummer-Strawn (50) and Elsom &Weaver (42), the papers by Caulfield et al. (23) and Marquis
et al. (78), and commentaries by Mølbak et al. (90) and Martin (79).

Prolonged Breastfeeding and Appetite

The WHO & PAHO (138) report acknowledged the fact that there are conflicting data with
respect to whether prolonged breastfeeding impacts infant appetite. However, and as addressed
by Habicht (54), few studies have evaluated this, and none has specifically evaluated appetite as
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Table 1 Summary of published studies examining the association of prolonged breastfeeding and child growth,
nutritional status, and survival

Reference Country
Sample
size Association with growth

Association with
nutritional status

Controlled for
confounders Survival

15 Ghana 202 Lower WH,WA, HA Malnutrition No NR

18 Bangladesh 1,087 Reduced WA Malnutrition No Improved

19 Bangladesh 4,612 Slight increase in mean arm
circumference

No association No Improved for
severely under-
nourished
children

23 19 developing
countries

26,615 Reduced WA and HA Malnutrition Yes NR

26 Burkina Faso 304 HA similar for chronically
undernourished given solid
food

Reduced risk of
malnutrition for
those eating solid
foods up to
36 months

Case control of
undernour-
ished
children;
partly
covered

NR

45 Sudan 28,753 No association No association Yes NR

78 Peru 134 Reduced gain in length with low
complementary food intake
or diarrhea

NA Yes NR

88 Botswana 20,908 Reduced WA Malnutrition No NR

89 Guinea-Bissau 849 Reduced WA Greater relative risk
or malnutrition at
21–23 and 27–29
months

No Improved

93 Zambia 394 Greater HA No association Yes NR

94 Ghana ∼500 NA Reduced
malnutrition

Yes NR

96 Kenya 264 Improved length and weight
gain; lower WH and WA;
similar HA

No association Yes NR

113 Senegal 4,515 Reduced HA and WH Increased
malnutrition

Yes NR

114 Senegal 443 Greater HA and gain in length No relationship with
weight or arm
circumference

Yes NR

119 Pakistan 1,072 NR Stunting Yes NR

120 China 2,148 Greater HA,WA, and WH Less malnutrition Yes NR

122 Ethiopia 249 NR More malnutrition Case control of
social
background

NR

129 Brazil 4,923 No association NA Yes NR

130 Brazil 802 Reduced HA and WH NA Yes NR

131 Thailand 197 Reduced WA NA No NR

144 Turkey 1,666 No association No association Yes NR

Abbreviations: WA, weight for age; WH, weight for height; HA, height for age; NR, not reported; NA, not applicable.

a primary outcome variable. Another study cited in the WHO & PAHO (138) report, the one
by Caulfield et al. (23), also did not evaluate data on infant appetite for any of the 19 cohorts
included in the study; nonetheless, the authors hypothesized that a delay in the introduction of
complementary foods may be related to a preference for breastmilk over other foods/textures,
thus creating an appetite preferential for milk in older children. Of the other references in the
WHO & PAHO (138) report related to appetite, one (96) contains no reference to appetite. The
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other (1122) utilized family interviews of 485 rural Senegalese children to explore why children
were ultimately weaned before or after 2 years of age. The authors found that of the 120 moth-
ers who continued to breastfeed for >2 years, the most cited reason for continued breastfeeding
was that the child was perceived as “little and weak” (112, p. 478). In 59% of these cases, the
mothers concurrently reported that the child had low or no appetite for family foods. Indepen-
dently, low appetite for family foods was the second-most cited reason for breastfeeding for ≥2
years. The authors caution interpretation of their findings to suggest that prolonged breastfeed-
ing causes reduced appetite, noting that reverse causality is possible. Similarly, Dettwyler (34)
reported that mothers in Mali claimed that many children preferred breastmilk to other foods,
would consume family foods only when they were extremely hungry, and in some instances com-
pletely refused to consume anything but breastmilk, even well after 1 year of age (34).

Brakohiapa and colleagues (15) evaluated 202 breastfed, Ghanaian infants and concluded
that “prolonged breastfeeding adversely affects acceptance of food and thus nutritional status”
(15, p. 417) and “when breastfed children who are over 12 months old show reluctance to take
supplementary foods, they should be weaned completely to enhance their food intake” (15,
p. 418). However, the authors provided no empirical data to support these claims. Similarly,
Boediman and colleagues (11) reported comparable claims from Indonesian mothers, but again
provided no supporting empirical evidence. Nonetheless, they concluded that weaning at 1 year
is inappropriate but that solid foods should be offered prior to nursing infants after this time.
Bentley and colleagues (9) evaluated acceptance of food in Peruvian children (n = 40, ages 4–
36 months) with diarrhea during the episode and during their recovery. Breastmilk offered in
a 12-h period was negatively associated with appetite, whereas higher volumes of milk were
associated with reduced appetite for other foods. Together, these studies suggest that maternal
decisions related to duration of lactation are at least in part driven by child growth and appetite
for other foods, although it is likely that these are multidirectional, complex interactions.

Infant Infection Risk

Substantial research has shown that breastfeeding in the first year of life reduces the risk of in-
fant infection (71). However, what is the evidence that this protection continues with prolonged
breastfeeding? In Guinea-Bissau, Mølbak and colleagues (89) evaluated the association between
prolonged breastfeeding and the risk and duration of diarrhea in 849 infants <3 years of age; the
median age of weaning was 22 months, and 25% of the children were still breastfed at 27 months.
They found that weaned children had significantly more diarrheal episodes than children still
receiving human milk after 1 year (relative risks were 1.41 and 1.67 in 1- and 2-year-old chil-
dren, respectively). At 1 and 2 years of age, the duration of diarrheal episodes was 1 day longer in
weaned children compared with those still breastfed. Children weaned between 16 and 19 months
were at 2.55 times higher risk of increased diarrheal episodes in the 30 days following weaning
compared with the 30 days before; this relationship was not present in children weaned at other
ages.When all the weaned children were considered together, an increased risk of diarrhea in the
month following weaning was found, compared with the month prior to weaning. Conversely, in
264 Kenyan infants (mean age at enrollment 14.1 months), there were no differences in infections
or markers of infection (e.g., fever, low energy, low appetite, or upper respiratory tract infection)

2The authors of the WHO& PAHO (138) report cited a 2001 paper by Simondon et al. (114) as evidence for
mixed effects of prolonged breastfeeding on child appetite. This paper does not support this reference, and we
believe it was cited in error. Rather, we believe the correct reference was a different 2001 paper by Simondon
et al. (112), which does contain data on infant appetite and prolonged breastfeeding. The latter is discussed
here.
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among infants weaned at enrollment (n = 14), those who were weaned during the 6-month study
period (n = 77), and those breastfed throughout the duration of the study (n = 173) (96).

Størdal and colleagues (118) also evaluated the relationship between breastfeeding duration
and the risk of infant infection in Norwegian children ≤18 months of age. Compared with infants
who received breastmilk for <6 months, those who were breastfed for ≥1 year were less likely
to be hospitalized for any infection by 18 months of age. However, the risk of hospitalization in
infants breastfed for ≥1 year was not different from that of those breastfed for 6 to 11 months.
This relationship was similar for all infection types evaluated. Conversely, work by Gulick (52)
in US infants did not find a relationship between the risk of infant illness and the duration of
breastfeeding during the toddler period, although this study did not specify the age at which an
infant becomes a toddler.

In summary,while an abundance of evidence exists regarding infectious outcomes as they relate
to breastfeeding for ≤1 year, there is limited evidence related to similar impacts after 1 year. It is
noteworthy that the paper cited in the 2003 WHO & PAHO (138) report related to the impact
of prolonged breastfeeding on the risk of infant infection (20) did not evaluate breastfeeding for
>1 year. Available evidence, therefore, allows no concrete conclusions to be made for a protective
effect of breastfeeding for >1 year against infectious disease.

Childhood Mortality

The document (136) cited as evidence in the 2003 WHO & PAHO (138) report relating re-
duction in child mortality with prolonged breastfeeding also did not evaluate breastfeeding for
>1 year. Nonetheless, there is limited evidence for such an association. For instance, while cause
of death in breastfed children versus weaned children between 12 and 35 months of age did not
differ, children who were not breastfed during this time experienced 2.6 times higher mortality
than those whowere breastfed (89).This risk increased to 3.5 times after researchers controlled for
cofounding factors. This trend was independent of the age of weaning, but in this cohort>90% of
the 849 children were still breastfed at 15 months. Similarly, in Bangladeshi children >18 months
of age, those not breastfed during the month of evaluation were twice as likely to die than children
who were breastfed (19). Relative risk of death associated with not breastfeeding was 22.1 in chil-
dren with upper arm circumferences <111 mm, suggesting an interaction between feeding mode
and chronic nutritional status in this regard. In this study, breastfed children were more likely to
have larger upper arm circumferences than weaned children when adjusted for age, indicating that
breastfeeding patterns may have played multiple roles in mediating child health and well-being.
The same research group (18) also found that among similarly malnourished children matched
for age (12–35 months; n= 1,087), the risk of dying was six times higher in nonbreastfed children
compared with breastfed children. Importantly, the findings presented here are likely highly de-
pendent on the specific environment and other context-specific variables; how translatable these
findings are to other populations or environments, therefore, is unclear. In summary, while data
are sparse, some evidence suggests that prolonged breastfeeding is associated with lower child-
hood mortality, at least in some contexts where malnutrition is common. To adequately address
this, additional well-powered, case-control, longitudinal studies that collect specific breastfeeding
and weaning data, and that follow children well into adolescence, would be needed. This area of
research is perhaps the most critical of those identified in this review, given the potential impact
of lowering childhood mortality on global child health and well-being.

Infant Gastrointestinal Microbiome

It is well established that myriad factors influence the development of an infant’s gastrointestinal
(GI) microbiome during the first 1,000 days of life (117). However, most studies have focused
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on the infant’s first year of life and were not designed to evaluate the impact of breastfeeding for
>1 year. For example, in a study with 48 healthy Australian children, Matsuyama and colleagues
(81) explored the association between a child’s diet during the second year of life and the fecal
microbiome. Although multiple associations between the children’s dietary patterns and variation
in the fecal microbiome were found, no strong relationships were observed with breastfeeding
except at study commencement when children were 1 year of age. The authors suggest that
after 1 year, consumption of other foods has a stronger effect on the fecal microbiome than
does breastfeeding. Although they observed three bifidobacteria that clustered with human milk
intake, there was no association with duration of breastfeeding beyond 1 year on overall fecal
Bifidobacterium community structure. In The Environmental Determinants of Diabetes in the
Young (TEDDY) study, three phases of infant GI microbiome progression were described: a
developmental phase (3–14 months), a transitional phase (15–30 months), and a stable phase
(31–46 months) (116). The authors found that breastfeeding was the most significant factor
associated with the microbiome structure from 3 to 14 months. However, only 10% of infants
continued breastfeeding after 14 months, making it difficult to evaluate the amount of variation
in the fecal microbiome explained by breastfeeding. It was noted that Bifidobacterium was more
dominant in breastfed infants than in nonbreastfed infants at all time points. In summary, data
are limited with respect to the potential impacts of prolonged breastfeeding on the infant GI
microbiome, and no broad conclusions can be made.

Infant Immunity, Including Asthma, Food Sensitization, and Leukemia

Human milk not only serves as an adaptive nutritional source for the growth needs of the infant
but also provides an array of immunomodulatory components.Most studies directly related to in-
fant immune development and breastfeeding duration are limited to examining the first 6 months
postpartum. Nonetheless, here we attempt to evaluate changes in immune components in milk
produced >1 year postpartum and critically evaluate existing evidence that prolonged breastfeed-
ing is related to infant immune development.

Immune components in milk.There is consistency in the literature demonstrating increased
concentrations of milk-borne immune components in late lactation, specifically secretory im-
munoglobulin A (sIgA), total IgA, lactoferrin, and lysozyme.For instance,Goldman and colleagues
(48) investigated sIgA, lactoferrin, and lysozyme in milk produced by five women at 12, 13–15,
and 16–24 months postpartum; they found that sIgA, IgA, and lactoferrin increased over time
and lysozyme peaked at 13–15 months postpartum. The findings were supported by the work
of Czosnykowska-Łukacka and colleagues (28), who demonstrated that milk produced by 116
mothers after 1 year had increased IgG and sIgA; concentrations were even higher after 2 years
postpartum. The same research group demonstrated that lactoferrin concentration was lowest in
the first year postpartum and increased until 18 months postpartum before leveling off (29).While
we could identify no studies specifically examining the association between milk’s immune com-
position and infant immune development or immunocompetence, and these types of studies are
nearly impossible to conduct for ethical reasons, it is interesting to speculate on the relationship
between these changes and the immunological dependence of the infant.Nonetheless, breastfeed-
ing for >1 year continues to provide children with immunological support, although it remains
unclear what level of protection this would provide in the older, more developed child. Additional
research is needed to understand putative relationships among breastfeeding duration (especially
>1 year), immune development, and immunocompetence in the infant.

Respiratory outcomes, eczema, and atopy.Demonstrating the categorical aggregate inconsis-
tencies within the literature, data from two cohorts (Swedish and Australian) originally reporting
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conflicting results were methodologically harmonized and reevaluated to determine the relation-
ship between breastfeeding duration and wheezing at 4–5 and 8 years of age. Brew and colleagues
(17) expanded upon the previous analyses by utilizing six categories for the duration of breast-
feeding (<1, 1–4, 4–7, 7–10, 10–13, and >13 months) instead of the two utilized previously (<3
versus >3 months, or <6 versus >6 months). They found that longer breastfeeding duration was
associated with lower asthma risk in early childhood: Every additional 3 months was positively
associated with reduced risk. However, this effect was greater in the Swedish cohort (in which
breastfeeding duration was longer and infants were recruited from the general population) com-
pared with the Australian cohort (which comprised infants with a family history of asthma). It
is also important to note the highest category of breastfeeding duration was >13 months, and
therefore little extrapolation can be made on the protective effects beyond one year.

A dose-response relationship between breastfeeding duration and respiratory outcomes was
also examined by Silvers and colleagues (111), who reported that each additional month of breast-
feeding was associated with a 7–8% reduction of risk of asthma and wheezing in New Zealand
infants at 15 months of age. In this large cohort (n = 987), approximately one-third of infants
were still breastfeeding at 1 year; however, no further delineation of breastfeeding duration was
examined or can be determined, and therefore examinations of protective effects beyond 1 year
are limited. Of interest is that this study showed that the duration of exclusive breastfeeding was a
stronger predictor of respiratory illness than the duration of any breastfeeding, but the researchers
found no association with breastfeeding (exclusive or duration) and risk of eczema or atopy at 15
months.Watanabe and colleagues (133) reported that, compared with a duration of breastfeeding
of<10months, durations of 10–14, 14–19, and>19months were inversely associated with asthma
in a Japanese cohort. However, the odds ratios were very similar across the groups with durations
of >10 months (0.69, 0.73, and 0.67, respectively). Unfortunately, the authors did not statistically
compare the odds ratios among these longer-duration groups.

One case-control study (100) conducted in India examined wheezing as a primary outcome.
Cases were defined as children who presented with wheezing or received a nebulizer treatment;
a family history of asthma was not reported for cases or controls. Infants breastfed for <1 year
had a higher incidence of wheezing than did controls; it was not until breastfeeding duration was
>1 year that the protective effects of breastfeeding associated with a lower risk of wheezing were
demonstrated. Infants breastfed for 2 years had an even lower incidence of wheezing. In summary,
while studies are limited, the literature seems to support a protective effect of breastfeeding for
>1 year in relation to some respiratory outcomes. Further studies are needed, especially in low-
to middle-income countries where the prevalence and severity of asthma are increasing.

Food allergies.The protective effect of breastfeeding on the development of food allergies re-
mains controversial, and only one study that examined this relationship was identified. van Ginkel
and colleagues (125) found that each additional month of breastfeeding was associated with a re-
duced risk of clinical food allergies to any food by ∼4%. Of note, out of 492 participants, only
48 (9.8%) reported breastfeeding for >1 year. This study reported a higher prevalence of bovine
milk allergy among infants breastfed for >1 year compared with formula-fed infants, but this as-
sociation was confounded by atopy in the mothers, suggesting the possibility of reverse causation
whereby atopic mothers purposefully breastfeed their infants for longer.

Leukemia.Childhood leukemia is the most common cancer in children and is intimately asso-
ciated with infant immune development, although its etiology remains largely unknown. Rudant
and colleagues (108), reporting results from a retrospective study conducted in France, found
that compared with no breastfeeding, breastfeeding for >1 year was associated with a 40% lower
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risk of acute lymphoblastic leukemia but was not protective against acute myeloblastic leukemia.
A marked increase in the risk of acute myeloblastic leukemia was seen in infants breastfed for
6–11 months compared with those breastfed for >12 months. Breastfeeding for >12 months pro-
vided an additional 10% reduction in the risk of acute lymphoblastic leukemia compared with
breastfeeding for 6–11 months. To our knowledge, this is the only study available evaluating the
association of breastfeeding duration for >1 year and immune-related cancers in children.

Prolonged Breastfeeding and Dental Caries

The relationship between prolonged breastfeeding and dental caries has been the subject of con-
siderable recent debate. Adding to this controversy, in 2018 the British Society of Paediatric Den-
tistry (14) published a recommendation that women who continue to breastfeed their infants after
1 year of age work closely with their health practitioners to minimize the risk of dental decay and
consider reducing on-demand and nighttime feedings. The society also recommended that after
1 year of age, the last breastfeeding session of the day take place before toothbrushing so that the
last substance on the child’s teeth before bedtime is fluoridated toothpaste. Although this contin-
ues to be a highly charged issue, a review of the topic by Branger et al. (16) (see the sidebar titled
Prolonged Breastfeeding and Dental Health) concluded that breastfeeding beyond 1 year of age
is associated with an increased risk of caries and that breastfeeding until 2 years is associated with
a greater severity of caries in primary teeth, independent of sugar consumption. Nonetheless, the
authors concluded that it is nearly impossible to assess causality in the currently published studies
because none has adequately controlled for confounding factors. A similar conclusion was reached
by Tham et al. (121).

Childhood Overweight/Obesity

Pediatric overweight/obesity is a growing international public health crisis. Not only are over-
weight and obese children more likely to be obese as adults, but obesity is also strongly corre-
lated with other chronic diseases (e.g., diabetes). Breastfeeding is considered protective against
obesity, as breastfed children generally have a decreased incidence of obesity when compared with
formula-fed children (145).Whilemost studies have focused on the first 6months, several research
groups have examined obesity in the context of prolonged breastfeeding and identified an inverse
relationship between longer overall breastfeeding and decreasing incidence of overweight/obesity
in pediatric populations. For example, in a German cohort (n = 2,108; mean age 9.6 years), Liese
et al. (75) found that longer breastfeeding duration was associated with a lower risk of being over-
weight. Compared with nonbreastfed children, children breastfed for 6 months to >1 year were
less likely to be overweight. A subanalysis of 1,754 children who were never breastfed showed an

PROLONGED BREASTFEEDING AND DENTAL HEALTH

In its 2018 position paper, the British Society of Pediatric Dentistry (14) called for (a) high-quality research de-
signed to assess the relationship between prolonged breastfeeding and dental caries risk, controlling for confound-
ing factors, and (b) reconsideration by the World Health Organization to revise their guidelines on breastfeeding
to consider the relative importance of continued breastfeeding beyond 1 year in developing versus developed na-
tions. Largely because development of early childhood caries represents a multifaceted infectious disease and risks
of prolonged breastfeeding must be weighed against benefits, these recommendations were challenged by a variety
of organizations. This remains a highly charged debate, as reviewed by Branger and colleagues (16).
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even stronger association.Comparedwith children breastfed for<6months, children breastfed for
>1 year were considerably less likely to be overweight, suggesting a dose-response-like pattern
for the relationship between breastfeeding duration and risk of overweight.

In a US cohort (n = 12,587; mean age 4 years), Grummer-Strawn & Mei (51) found that
breastfeeding for ≥1 year was associated with a decreased prevalence of overweight. As did Liese
et al. (75), they found that the duration of breastfeeding showed a dose-response-like protective
relationship. However, this effect was largely confounded by race/ethnicity and, when stratified
by race/ethnicity, the protective effect of breastfeeding was limited to Caucasian, non-Hispanic
children.

Fallahzadeh et al. (44) examined the association between breastfeeding for >1 year and the
risk of obesity in a cohort of 800 Iranian children (mean age 12.1 years). Compared with chil-
dren breastfed for <1 year, and after adjusting for age, sex, gravida, and parental education, those
breastfed for 12–23.9 months had a similar risk of becoming obese, but those still breastfed at
2 years were 44% less likely to become obese. An important limitation of this study is that it did
not control for diet and physical activity in the children. In a Kenyan cohort (n = 1,443; mean
age 3.8 years), Gewa (47) also found that, compared with children breastfed for <1 year (and after
adjusting for SES, maternal body mass index, birth weight, and child’s current stunting status),
children breastfed for 1–2 years were not at lower risk for overweight/obesity, but those breastfed
for >2 years were 45% less likely to be overweight/obese.

Taken together, several (but not all) studies have demonstrated that prolonged breastfeeding
may be associated with a decreased risk of childhood overweight/obesity. However, this appears
to vary by race/ethnicity and population. A limitation of this body of literature is that almost all
studies failed to capture or account for the intake of human milk, the exclusivity of breastfeeding,
and the child’s typical overall diet and activity level.

Prolonged Breastfeeding, Cognition, and School Success

Breastfeeding is largely considered beneficial for cognitive development and education attainment
(4, 128), and many milk-borne nutrients and biologically active factors (e.g., docosahexaenoic
acid) have been proposed as important mediators of this relationship. Nursing at the breast (as
opposed to receiving human milk from a bottle) may also provide benefits (97). Less is known
about the relationship between prolonged breastfeeding and cognitive development and/or
educational attainment, although a small number of studies support the general finding that
breastfeeding is beneficial. In a Filipino cohort (n = 1,984), Daniels & Adair (30) found that
prolonged breastfeeding was associated with improved cognitive development. Using a nonverbal
intelligence test of fluid abilities (i.e., children were tasked with discriminating differences among
five pictures on a set of 100 cards) administered at 8.5 and 11.5 years of age, they compared chil-
dren of both healthy and low birthweights that breastfed for 0 to 6 months with those breastfed
for 6–12 months, 12–18 months, 18–24 months, and ≥2 years. Overall, the mean scores were 51.4
at 8.5 years of age and 69.1 at 11.5 years of age. In a model adjusted for various parental and SES
factors, breastfeeding for 12–18 months was associated with increases in nonverbal intelligence
test scores of 1.6 and 9.8 points at 8.5 years of age in healthy and low birthweight children,
respectively.While no significant association was observed for breastfeeding for 18–24 months or
≥2 years in healthy birthweight children, improved cognitive development was observed in low
birthweight children breastfed for 18–24 months (6.6-point increase) and ≥2 years (7.1-point
increase). In both healthy and low birthweight children, the beneficial association with prolonged
breastfeeding remained at 11.5 years of age, although mostly weakened, with improved cognitive
development observed only in healthy birthweight children breastfed for 12 to <18 months
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(1.4-point increase, a decrease of 0.2 points from 8.5 years of age). In a Brazilian population-based
birth cohort (n = 3,493), Victora et al. (127) found that, compared with children breastfed for
<1month, children breastfed for≥12months had higher intelligence quotient scores (3.76 points)
and education attainment at 30 years of age after adjusting for confounders. Conversely, Horta
& Victora (57) conducted a pooled meta-analysis of five global birth cohorts (n = 10,082) and
found no association between prolonged breastfeeding and educational attainment in any cohort,
although prolonged breastfeeding was positively associated with completion of ≥12 years of
school. In summary, prolonged breastfeeding may be associated with improvements in cognition
and education attainment during childhood and extending into adulthood. However, while a lack
of controlling for confounders remains plausible, differences in cognition have been observed on
the basis of the extent of prolonged breastfeeding, which should be further explored.

EVIDENCE FOR IMPACT OF PROLONGED BREASTFEEDING
ON MATERNAL HEALTH OUTCOMES

In addition to providing acute and long-lasting benefits to infants, breastfeeding also impacts ma-
ternal health. For instance, breastfeeding immediately after birth helps a woman recover from the
process of childbirth (106). Lactation also inhibits ovulatory activity and thus fertility, although
the duration of postpartum anovulation varies greatly (39, 66, 84). Risks of some cancers are lower
in women who breastfeed (64, 85, 134, 146), and although data are mixed, there is some evidence
that breastfeeding modulates weight loss during the immediate postpartum period (38, 40). Most
of the research on the impacts of breastfeeding on maternal health, however, focuses on what can
be considered the dichotomous nature of breastfeeding and/or investigates dose-response associ-
ations between the duration of exclusive breastfeeding or any breastfeeding during the first year
postpartum. Here, we evaluate the literature as it relates to the association between prolonged
breastfeeding and maternal health and well-being.

Maternal Body Weight

With obesity an international health crisis and the well-documented association between parity
and obesity risk, there is substantial interest in determining whether prolonged breastfeeding can
help women maintain healthy body weights. Conversely, in some low-resource settings, repeated
pregnancies can lead to maternal depletion—particularly when they overlap with breastfeeding
(87). In these cases, there is a concern that prolonged lactation might exacerbate maternal un-
dernutrition. In a study conducted by Mazariegos and colleagues (83), the relationship between
breastfeeding duration and long-term body weight was evaluated in 75,421 Mexican women. For
each live birth, the study participants reported if they had breastfed and the duration of breast-
feeding. The total number of months of breastfeeding reported was divided by the number of
live births to estimate the mean duration of lactation for each child. Important covariates, such
as gestational weight gain, diet, and physical activity, were controlled for. Data suggest that, com-
pared with women who did not breastfeed, those who breastfed for ∼3–6 months per child had
a modest but significantly lower weight gain. Additional months of breastfeeding, however, were
not associated with additional weight loss or gain. Similar findings were reported by Dewey and
colleagues (38), who studied relatively healthy, matched cohorts of US women who breastfed for
≤3 months (n = 39) or ≥1 year (n = 46).

In contrast, Adair & Popkin (1) studied 375 rural and 1,245 urban lactating Filipino women
who were generally malnourished. Women were studied 2 years following parturition. For the
urban women, each 100 days of breastfeeding was associated with a loss of 0.117 kg of body
weight over the 2-year period. For rural women, the negative impact of lactation began to accrue
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after ∼13.5 months postpartum; women who breastfed for 2 years lost an average of 1.0 kg. Older
women in both urban and rural settings were at increased risk of weight loss with prolonged
breastfeeding and were less likely than younger women to replenish their energy reserves over
the period of the study.

In summary, data suggest that prolonged breastfeeding either does not impact maternal body
weight or might exacerbate maternal depletion in chronically malnourished women. However, it
is possible that reverse causality (i.e., women living in regions of chronic malnutrition purposefully
breastfeed for longer periods of time) might be at least in part driving the latter relationship.

Maternal Bone Health

Lactation represents a homeorhetic period during which calcium absorption, usage, and excretion
are systematically shifted to support milk production (8), with secretion of 240–320 mg of calcium
into milk daily during peak lactation (70, 103). As such, it is reasonable to assume that lactation
might lead to higher risk of bone loss, osteopenia, and osteoporosis, and some but not all studies
support this assumption (e.g., 2, 49, 72), although it appears that bone remineralization occurs
somewhat successfully after weaning (101). However, most studies on this topic do not examine
the relationship between prolonged breastfeeding and maternal bone health. Nonetheless, Gur
et al. (53) evaluated the association of cumulative breastfeeding duration (as opposed to duration
of breastfeeding per child) and bone mass in 509 postmenopausal, osteoporotic Turkish women.
They compared bone mineral density in several locations among women who never breastfed,
breastfed for <96 months, or breastfed for ≥96 months. Overall, they found that bone mineral
density at the trochanter site was highest in womenwho never breastfed; those womenwho breast-
fed for≥96months (∼19months of breastfeeding per child) had lower bonemineral density at this
site than those who breastfed for<96months.Among the oldest women (60–80 years), breastfeed-
ing duration was inversely correlated with bone mineral densities of the spine andWard’s triangle.

In a study of 1,486 postmenopausal Turkish women, Dursun and colleagues (41) reported that
women who had breastfed (cumulatively) for <1 year had higher lumbar spine bone mineral den-
sity than those who had breastfed (cumulatively) for 1–2 years, 2–5 years, and >5 years. Similar
results were found for femoral neck bone mineral density. They concluded that their data suggest
a possible negative impact of long-term breastfeeding as a risk factor for postmenopausal osteo-
porosis. Okyay and colleagues (95) studied 542 Turkish women and found that those who had, on
average, breastfed each of their children for >1 year had the highest risk for osteoporosis (odds
ratio 12.92).

Conversely, Feldblum and colleagues (46) explored whether breastfeeding duration was related
to bone density in 352 relatively healthy, postmenopausal US women (40–54 years). Participants
were categorized as having never breastfed, having breastfed for 1–11 months, or having breastfed
for ≥1 year. After adjusting for age at first lactation and recentness of the last lactation, they found
no consistent trends in bone mineral density related to having breastfed for >1 year. In a study
of 501 postmenopausal Turkish women, Cavkaytar et al. (24) also found no clear relationship
between prolonged breastfeeding and risk of osteopenia or osteoporosis. Rojano-Mejía et al. (107)
also studied the association between cumulative duration of breastfeeding and risk of osteoporosis
in 567 postmenopausal Mexican mestizo women and found similar risk in women breastfeeding
for a total of >3 years (roughly equivalent to 10 months/child) and those breastfeeding for a total
of >4 years (about 14 months/child).

In summary, although data are conflicting and studies do not always characterize the duration
of breastfeeding in a way that allows direct translation into prolonged breastfeeding, there is some
evidence for a negative association between prolonged breastfeeding and maternal bone health.
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It should be noted that inadequate dietary consumption of calcium does not appear to drive
lactation-related bone loss, and calcium supplementation during this period might have unin-
tended negative impacts on overall maternal calcium homeostasis and bone health (102). As such,
more research is needed to understand the complex interaction among diet, lactation, and bone
health, including an appreciation for the likely importance of maternal vitamin D status (32).
These studies should include and evaluate important contextual variables such as chronic and
acute calcium and vitamin D consumption, seasonality, maternal physical activity patterns, and
breastfeeding intensity beyond 1 year of life.

Lactational Amenorrhea, Anovulation, and Interbirth Intervals

Myriad studies have found that breastfeeding duration lengthens lactational amenorrhea (LA)
(e.g., 12, 58, 143). However, women display tremendous heterogeneity in breastfeeding behavior
and LA duration (132, 142). Cultural norms for postpartum sexual behavior, contraceptive use,
maternal nutrition, infant supplementation, breastfeeding structure, parity, and health are also
likely contributors to LA duration, but such factors are difficult to tease apart (58, 132, 142).

Understanding the factors that influence the relationships among breastfeeding duration, LA,
and IBI in women breastfeeding for>1 year suffers additional challenges. Frequently, studies focus
on the transition period from full breastfeeding (≤6 months) to 12 months postpartum. Studies
that report LA data beyond 1 year postpartum often condense data, present broad summaries, and
leave associations between breastfeeding and LA beyond 1 year to be inferred from 12-month data
and/or visually interpreted from figures. Additionally, these studies are frequently conducted in
rural populations, have small sample sizes, and do not simultaneously collect behavioral observa-
tions on nursing behavior, nutritional data, social norms/behaviors, and biomarkers, which would
allow findings that address the biosocial nature of LA. Therefore, here, we provide a broad review
of the trends in LA and IBI studies and brief overviews of studies that have investigated proximate
factors contributing to variation in postpartum infertility in women who breastfeed for >1 year.

Lactational amenorrhea. Studies conducted on natural fertility populations were among the first
to call attention to the relationship between breastfeeding and LA and provided early evidence of
behavioral impacts on maternal physiology (reviewed in 12). For instance, Konner & Worthman
(69) studied 17 !Kung mother-infant dyads and concluded that the !Kung breastfeeding pattern
suppressed ovarian function through a prolactin-meditated effect of frequent nipple stimulation.
However, as shown by similar studies on breastfeeding and LA (e.g., 135), other proximate factors
are also likely contributors to LA duration (e.g., nutrition) (69). Numerous additional studies,
although frequently lacking biomarker or behavioral data, continued to identify an association
between prolonged breastfeeding and LA duration (e.g., 60, 73). For instance, Bongaarts & Potter
(12) indicated in their review that mean/median LA duration exceeded 12 months in populations
with breastfeeding durations of >18 months.

A more recent effort to understand the role that LA serves in regulating fertility has focused on
the metabolic load hypothesis, which integrates nursing intensity and maternal nutrition to assess
maternal energetic stress (123, 124). Valeggia & Ellison (123) found that well-nourished Toba
women (n = 113) resumed menses following a period of positive energy balance, a finding that
helps to explain why comparable nursing-intensive populations can have substantial differences
in LA duration.

Interbirth interval. Breastfeeding beyond 1 year is also repeatedly associated with longer IBIs.
Jain & Bongaarts (63) performed a study utilizing data from theWorld Fertility Survey conducted
with breastfeeding women in Bangladesh, Indonesia, Sri Lanka, Jordan, Peru, Guyana, Colombia,
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and Panama and found that breastfeeding continues to be associated with increasing IBI into the
second and third year postpartum.Mattison et al. (82) conducted a study in Kilimanjaro,Tanzania,
in which they specifically tested whether breastfeeding beyond 2 years was associated with IBI, and
their results indicated that children who breastfed for ≥2 years were significantly more likely to
experience a longer IBI between their birth and their subsequent sibling’s birth.

In summary, breastfeeding during the second year postpartum is associated with longer dura-
tions of LA, which in turn lengthens IBI and impacts fertility. As in studies focused primarily on
earlier stages of lactation (142), evidence that breastfeeding structure, nursing intensity, and dura-
tion influence LA and fertility regulation continues to exist for women breastfeeding for >1 year.
However, population and individual variations suggest that cross-cultural and individual factors
play critical roles (115).

Other Maternal Outcomes

Despite anecdotal suggestion,wewere unable to find scientific data regarding putative associations
between prolonged breastfeeding and other maternal outcomes, such as effects on the maternal
GI microbiome, chronic disease, risk of cancer, all-cause morbidity, immunity, and increased life
expectancy. This lack of information highlights the need for such research to provide science-
based evidence to make informed decisions and provide guidance for prolonged breastfeeding.

SUMMARY OF EVIDENCE FOR A BENEFIT OF PROLONGED
BREASTFEEDING

Here, we have summarized the data within the framework of that used in the 2003 WHO
& PAHO (138) document, in addition to emerging evidence for health impacts of prolonged
breastfeeding. With regard to the premise that human milk can contribute substantially to the
nutrient (and energy) requirements of the infant, and acknowledging that milk does not represent
sole-source nutrition for toddlers and volume varies greatly, there is solid evidence to support this
rationale for prolonged breastfeeding. Nonetheless, whether the nutrients contributed by human
milk are necessarily superior in terms of bioavailability or bioactivity (e.g., immune-related pro-
teins such as lactoferrin) to those available from other foods is unclear. Moreover, in the situation
of breastfeeding/pregnancy overlap, there might be a negative impact on milk consumption
by the younger child. The importance of prolonged breastfeeding for provision of nutrients in
humans likely depends on the availability of nutritious weaning and/or complementary foods and
also on their accessibility and safety. This also raises relevant concerns when the intent is not to
wean breastfed children but to complement human milk intake at various ages.

In the 2003 WHO & PAHO (138) report, prolonged breastfeeding was also justified as
providing benefits during periods of childhood illness, although the cited reference (20) does
not actually evaluate breastfeeding for >1 year in this regard. Nonetheless, several research
teams (e.g., those mentioned in 89) have provided evidence that prolonged breastfeeding is
associated with decreased child mortality, despite the fact that prolonged breastfeeding is often
associated with reduced child growth and inconsistent effects on infectious disease. The potential
importance of provision of human milk, as opposed to the avoidance of contaminated food and
water common in areas where hygiene is difficult and clean water unavailable, is also notable
and requires further study. Moreover, emerging data (e.g., 128), although inconsistent (e.g.,
57), support a relationship between prolonged breastfeeding and improvements in cognition
and education attainment during childhood and possibly into adulthood. This line of research
also warrants further investigation to determine if these relationships hold true across the SES
spectrum and are not better explained by confounders.
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For the mother, substantial research supports an association of prolonged breastfeeding with
reduced maternal fertility and increased birth spacing, although the physiologic mechanisms un-
derpinning this effect are unclear. If lower fertility and increased birth spacing are desired, these
effects appear to be a clear benefit of breastfeeding for >1 year. However, the potential nega-
tive impacts on maternal depletion and bone health, particularly in chronically undernourished
women, should be further investigated.

In evaluating the published literature related to whether prolonged breastfeeding impacts ma-
ternal and infant health, it is important to consider both the mother and the infant and objectively
weigh benefits against possible risks coupled with the real possibilities of confounding and reverse
causality complicating the interpretation of study findings. Indeed, as described by Grummer-
Strawn (50), the potential for an external factor (e.g., poverty) to cause both prolonged breast-
feeding and an outcome of interest (e.g., infant malnutrition) may lead to spurious correlations in
observational studies. As such, and because conducting controlled intervention studies would be
wholly unethical, research in this area must account for these confounders. Child feeding deci-
sions, such as whether to continue breastfeeding beyond 1 year, can also be driven by child size,
growth, and overall health. This reality can result in reverse causality unless longitudinal data
(including qualitative data assessing caregiver decision making) are simultaneously evaluated. In
addition, there are likely important interactions among duration of breastfeeding, cultural norms,
and SES on health outcomes in both mothers and infants. As such, it is possible that effects seen in
some locations would be different from those expected in others. Clearly, there is no one-size-fits-
all guidance regarding the optimal duration of breastfeeding. Nonetheless, this topic is of great
importance to both public health and public interest, and guidance based on the current state of
the science should be provided to populations and families as much as possible.

LIMITATIONS OF AVAILABLE STUDIES

The most pressing limitation related to available evidence examining the impact of prolonged
breastfeeding on maternal/infant health is the inadequate nature of the available literature
specifically and rigorously examining these associations. In addition, it is to be expected that
these relationships vary by context, with different outcomes anticipated on the basis of location
and culture. To our knowledge, no multicohort studies have examined the interactions among
prolonged breastfeeding, population, and maternal and/or infant health. Prospective studies that
adequately collect data regarding relevant biological, abiotic, environmental, and psychosocial
confounders are needed to evaluate whether breastfeeding beyond 1 year impacts maternal
and/or infant health. These studies should be designed in such a way that adequate sample sizes
of maternal-infant dyads who continue to breastfeed after 1 year postpartum are included.When
possible, researchers should collect and analyze milk for its nutritional and immunologic compo-
nents so that contributions to the child’s diet and immune competence can be evaluated; evaluate
overall maternal and infant nutrient consumption; and quantify anthropometric, biochemical,
and clinical indices of maternal and infant nutritional status. Qualitative data should be longitu-
dinally collected to help elucidate maternal decision-making patterns related to continuation and
discontinuation of breastfeeding, including availability and affordability of other age-appropriate,
hygienic, and nutritious food sources. These studies should encompass, if possible, multiple
cohorts representing different socioeconomic and cultural realities.
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