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ABSTRACT: Evolutionary theory has been applied to help understand and predict parenting decisions.
Parent-offspring conflict theory posits that conflicts between mothers and infants are inevitable because they
share only half of their genes. A prediction drawn from this body of theory is that infants will typically benefit
from later weaning than the timing that most benefits the mother, who has other arenas in which she must
allocate her energy to ensure her family has enough resources, that her other children are cared for, and that
she has energy to allocate to future pregnancies. This research tested whether the timing of weaning from
breastmilk, measured as the maternally reported age at which their infant last breastfed, is consistent with
expectations from parent-offspring conflict theory in the UK Millennium Cohort. Cox proportional hazards
models predicting age last breastfed for the entire sample, including those never breastfed (adjusted model N
= 15,825), and models for the subsample who ever breastfed were carried out (adjusted model N = 9678).
Many of the results were consistent with predictions, including for variables that would not logically link to
early weaning without thinking from an evolutionary perspective, such as preeclampsia (HR for weaning
ever-breastfed infants = 1.08; 95% CI 1.00-1.17), and birthweight (HR for each 1 kg increment = 0.90; 95%
CI 0.88-0.93). Older mothers weaned their infants later (HR for each year of maternal age = 0.94; 95% CI
0.92—-0.97). The findings are discussed from evolutionary and public health perspectives as an example of the
utility of evolutionary thinking for understanding health-related behaviours.
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1. Introduction
1.1. Introduction to Parent-Offspring Conflict & Study Aims

From the perspective of evolutionary theory, parent-offspring conflict arises when a parent and their
offspring’s genetic interests differ with regard to giving and receiving acts of parental care [1]. In most
situations, the infant demands more than their parent is willing to give. Weaning is an example in which
such conflict has been observed (reviewed in [2,3]). In this case, it is typical for an infant to benefit from
an extended period of breastfeeding, while the mother receives greater benefits by weaning to allow faster
recovery from maternal depletion or to produce income that can be distributed beyond her current infant.
Parent-offspring conflict theory is based on the concept of inclusive fitness: an individual’s genetic
representation in future generations combines their personal reproductive success as well as the
reproductive success of their genetic relatives [4]. Hence, evolution is expected to have shaped maternal
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behaviour such that mothers act to optimise not a single infant’s survival, but instead the fitness gains from
parenting a particular infant in the context of the gains from investing energy into future reproduction or
existing offspring born before a new infant.

The present research aimed to explore weaning conflict in a cohort of British women, applying
evolutionary theory to better understand the roles of conflict arising from variation on the infant side, such
as low birthweight and developmental delay in infancy, as well as conflict arising from the maternal side,
including the returns to paid work and the number of children in the family.

1.2. Parent-Offspring Conflict Theory and Weaning

Trivers’ weaning conflict argument was based on the changing costs versus benefits of nursing through
time from maternal and infant fitness perspectives [1]. Initially, the benefits to both mother and infant far
outstrip the costs of feeding a newborn infant: very early weaning will likely result in the death of the infant,
and there is no weaning conflict. As the infant grows, their survival chances without mother’s milk increase;
they require and can take in more milk due to their increasing body size; and they become increasingly able
to eat other foods. At some point, the mother’s fitness returns will be maximised by switching from nursing
to producing the next offspring: the fitness returns to her of continued nursing will be lower than shifting
her energy to recovery from maternal depletion and investment in future reproduction. But the infant’s
interests will not be maximised by their mother’s shift to her future reproduction, and while they remain
able to benefit from nursing, they will benefit from later weaning than the timing which maximises maternal
fitness. This conflict leads to distress, including higher physiological stress in infants [5,6].

1.3. Maternal Age, Existing Family Size, and Weaning Conflict

Trivers’ weaning conflict argument is straightforward in its evolutionary logic laid out in his 1974
paper, and should apply to all mammal species. But human families differ from those of other mammals in
that the existing family size at the time an infant is born should affect weaning conflict. The majority of
mammals breed, wean, and raise offspring to independence before beginning the next reproductive bout.
In contrast, humans have a long period of juvenile dependency post-weaning, and simultaneously parent a
family of children over a lengthy period [7]. This life history pattern of overlapping periods of parental care
means that the fitness costs and benefits of care for each child in a family unit will likely influence the
optimal weaning time. If older siblings are ‘helpers’ in that they reduce the costs of direct infant care by
helping to care for their younger siblings, then having older siblings should be associated with later weaning
[8]. If older siblings are not helpers, for example because close birth spacing and small completed family
sizes mean that they are not likely to be old enough to help, then having older siblings should exacerbate
weaning conflict because the share of maternal care is lower for each new sibling added to the family. This
effect should become more apparent with maternal age accounted for: older mothers will both be more
likely to wean early with more offspring competing for maternal resources, but will at the same time have
lower reproductive value, i.e., be less likely to need to curtail investment in an infant to invest in the next
pregnancy, and should therefore wean later. In statistical modelling, a greater number of older siblings
should be associated with earlier weaning once maternal age is statistically adjusted for. Older mothers
should wean later, as they have less residual reproductive value (see [9—11]).

1.4. Income and Weaning

A related complexity in human families is that while breastmilk is non-partible, many other activities that
a mother can engage in as parental investment produce partible goods, such as financial resources from paid
work. It is well-established that returning to paid employment after birth or the end of paid maternity leave is
associated with weaning or not initiating breastfeeding in the first place [12—14]. While maternal employment
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has usually been considered as a binary variable, mothers who gain more from paid work should be more
likely to wean early. However, while this may be true, in low income families mothers are more likely to have
to return to work to meet basic needs, and hence would be expected to wean early. Consistent with this, higher
income families have been found to be more likely to breastfeed than those with very low incomes [15]. At
the other end of the income spectrum in highly economically unequal societies, it is possible that phenotypic
correlations will mean that wealthy women could tolerate extended breastfeeding as a less important brake
on their overall fitness. Consistent with this, existing findings have shown that women in professional
occupations are more likely to breastfeed than women in sales, technical, and other lower paid occupations
[13]. In sum, while it is clear that maternal and family resources should be important in weaning decisions,
optimal weaning times for maternal fitness are likely to be non-linear but important.

1.5. Offspring Vulnerability, Infant Sex, and Weaning Conflict

Preeclampsia, hypertension in late pregnancy, sometimes leads to maternal proteinuria and organ
system damage [16]. It can be understood as a result of maternal-foetal conflict where an undernourished
foetus risks the mother’s and their own survival in an attempt to secure more nutrients [17,18]. In utero,
infants are able to manipulate maternal blood pressure and insulin resistance to increase nutrient flow
[19,20]. From birth onwards, infants no longer have the same abilities to directly manipulate maternal
physiology, giving mothers the upper-hand in maternal-infant conflict. Thus, earlier weaning would be
predicted to occur when there has been preeclampsia.

Infants born following preeclampsia, or those born small, have a lower likelihood of survival and
should, as individuals, be more likely to benefit from delayed weaning [21,22]. But from the mother’s
inclusive fitness perspective, a small infant contributes less to her fitness, and parent-offspring conflict
theory suggests that she should wean early to invest her energy elsewhere [23]. There is existing evidence
that infants born low birthweight are weaned at an earlier age: Flacking et al. found in a sample of Swedish
births that infants born low weight were twice as likely to have been weaned by six months of age as infants
born at higher weights [24].

In mammals not undergoing nutritional or environmental stress, male infants are born larger and grow
more rapidly than female infants [25-28]. As such, there is an increased expectation of weaning conflict
for male infants [29].

1.6. Predictions

Predictions derived from parent-offspring conflict theory are summarised in Table 1.

Table 1. Predictions informed by parent-offspring conflict theory.

Predicted Direction of

Concept or Variable Effect on Weaning

Reasoning from the Parent-Offspring Conflict Theory

Older mothers are less likely to have future offspring to

Maternal age: residual reproductive value Later . .o
shift reproductive investment to.

Having older siblings reduces the share of maternal

Older siblings Earlier . .
investment to allocate to an infant.
. . . . The fitness returns to income will exceed the returns to
High potential for maternal income Earlier . .
continue breastfeeding.
. . Increased conflict as male infants grow more rapidly and
Male infant sex Earlier & pidly
are more costly for mothers.
Pre-eclampsia, premature birth, low birth Earlier Less viable infants should receive reduced maternal
weight, and early developmental delay investment as they contribute less to maternal fitness
. . Phenotypic correlations will allow wealthy mothers to wean
High family income Later P Y

later
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2. Methods
2.1. Sample

The Millennium Cohort Study sample (MCS) consisted of 18,552 children born around the year 2000
in the United Kingdom. It is a continuing longitudinal observational cohort study of a nationally
representative sample of British children [30]. A detailed cohort profile, including sampling methods, can
be found in [31]. Here, the first and second sweeps of the longitudinal study were used, when the children
were around nine months old and at three years old. Weaning age was the only variable taken from the
three year interview. The dataset includes health-related, family, childcare, work, lifestyle, socio-political
attitudes, and socioeconomic variables. Although there were 18,552 successful interviews at 9 months,
there was loss to follow up between the two data sweeps, although additional children were added to the
cohort at age three [31].

2.2. Predictor Variables

Infant viability indicators were taken from the 9 month interview cross-checked with health records.
These were: weight at birth in kilograms; premature birth at less than 37 weeks of gestation; preeclampsia
diagnosed in pregnancy; and whether there was early developmental delay. This variable was constructed
using indicators of delayed infant development in cognitive and motor skills, similar to those in the Ages and
Stages questionnaire [32]. For more details about developmental delay measurement in the MCS, see [33].

Maternal residual reproductive value was included as age and the number of the mother’s children in
the household before the cohort member was born. Maternal potential returns to paid work were measured
as her last income in British Pounds before the cohort member was born. Family household income was
included as equivalised income using the OECD method. Details and discussion of the OECD and other
equivalisation methods can be found in [34]. Maternal education was included as the number of completed
years of education.

Ethnic, cultural, and family factors were included as statistical covariates. These were the use of
childcare help (allocare) by relatives as the infant’s main carer during daytime hours, and the role of the
father in infant care. Fathers responded to questions about infant care on six-point scales, including the
frequency of changing nappies, getting up at night to care for the infant, feeding the baby, and time spent
alone with the infant. The lowest point on the scale denoted never performing the paternal activity, and the
highest indicated that he carried out the activity every day or night. These paternal care indicators were
summed to produce a single paternal involvement in infant care score. The allocare indicators were
predicted to lead to early weaning by reducing the need for full-time maternal care of infants [6,15,35,36].
Father’s absence from the household was included as a binary predictor. The MCS cohort is more than 80%
white British ethnicity [31]. Ethnicity was included as a potential confounder, represented by two variables:
whether English was spoken in the home (never; bilingual household; English-speaking only), and whether
the mother identified herself as white British versus all other ethnicities (including mixed-ethnicity).

2.3. Outcome & Statistical Analysis

Information on breastfeeding was included in the MCS 9-month interview and in the following data
sweep when the children were three years old. Weaning is defined here as the maternally reported age at
which they last received breast milk. Weaning times from the two interviews were merged into a single
dataset and analysed using Cox proportional hazards models. This approach models time to weaning rather
than only whether weaning occurred within a specified period.

Around two thirds of infants in the MCS were ever breastfed [37]. Given that a third were never
breastfed, a decision had to be made about whether to include all births, or only infants born to women who
initiated breastfeeding. Exclusive bottle-feeding from birth can be thought of as immediate weaning, and
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hence theoretically should not be excluded from the analysis. Second, any pattern of the predictors only
being important at birth but not later will be observable in survival plots. A second analysis was carried out
to test whether predicted associations changed when the sample was restricted to only those who breastfed
for at least the first day of their infant’s life.

Analysis was carried using stsef followed by stcox in STATA 16, with model adequacy assessed using
the estat concordance command to estimate Harrell’s C, which measures accuracy in predicting the order
of events (weaning), and is equivalent to an ROC (receiver operator curve) value in its interpretation.

2.4. Planned Interactions

Older mothers with no or few existing offspring would be expected to wean late. To capture this, a
variable was included that was maternal age multiplied by the maximum observed number of older siblings
minus number of older siblings. Thus if the largest number of older siblings was ten born to a woman who
is currently 40, this case would be 40+(10 — 10), and if it was a first child of a 40 year old woman it would
be 40*(10 — 0).

Maternal income was included as a continuous variable to address whether a linear association is
present. Given the likelihood of nonlinear associations in which mothers who can earn more should wean
earlier, yet women in wealthy families can afford to wean late (phenotypic correlation), cut points were
made at the 25th and 75th percentiles of maternal income and of family income.

3. Results
3.1. Descriptive Statistics

Descriptive statistics are presented in Tables 2—4. The life table in Table 2 shows weaning ages for all
infants with data available in either the 9-month or 3-year interview. Only 38% of the MCS sample were
still breastfeeding at one month, and 17% were still breastfeeding at six months. The infant’s father was
present in around 80% of households, and an allocarer (usually the maternal grandmother) was the main
child care provider during working-hours in 16% of households (Table 3).

Table 2. Life table of weaning age.

C lative P tion Not Yet
Interval Start Time in Days Number Entering Interval Number of Weaning Events umulative *roportion ot Ye

Weaned

0 18,201 10,061 0.45
30 8140 1191 0.38
60 6949 689 0.34
90 6260 943 0.29
120 5317 895 0.24
150 4422 582 0.21
180 3840 690 0.17
210 3150 423 0.15
240 2727 370 0.13
270 2357 259 0.12
300 2098 36 0.11

330 2062 5 0.11
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Table 3. Categorical variable frequencies.

Variable Name Num. Yes % Yes Num. No % No

Father not in household 3168 16.5 15,235 79.3

Kin allocare 3117 16.2 15,270 79.5

Eclampsia 994 5.2 17,207 89.6

Born <37 weeks of gestation 1361 7.1 16,840 87.7

Developmental delay >2SD 3638 18.9 14,794 77.0

Ethnicity: White British 15,034 82.7 3138 17.3

English is spoken only in the home 15,511 85.2 681 3.7
Infant sex 8864 Female 48.7% Female 9337 Male 51.3% Male

Table 4. Descriptive statistics for continuous variables.

Variable Name Mean Min Max SD N
Mother’s age 28.1 13 51 5.9 18,199
Number of older siblings the infant has 0.9 0 9 1.1 18,201
Family weekly income (OECD equivalised) 289.7 13.2 1282.8 2.0 18,024
Mother’s annual income before the infant was born (in GBP) 7488.3 0 450,000.0 11,999.3 18,019
Age of mother completed education 17.6 7 36 2.8 18,121
Paternal direct childcare score 10.2 1 21 5.9 16,255
Infant birthweight (kg) 3.3 0.4 7.2 0.6 18,382

3.2. Cox Regression Results

There were substantial Pearson correlations between maternal and family income (» = 0.40) and between
birthweight and premature birth (» = —0.47). Of these, in Cox regression models including both birthweight
and prematurity, prematurity was not statistically significant, presumably due to collinearity. Due to this,
premature birth and maternal income were dropped from the adjusted Cox regression models, although their
individual relationships with time to weaning can be viewed on the left side of Tables 5 and 6.

Table 5 shows the Cox regression results predicting days breastfed for the entire cohort. The left side
of Table 5 displays unadjusted hazard ratios and p-values for each variable on its own, and the right side
shows results of a Cox regression model with covariates included. Harrell’s C (which is comparable to
ROC) was 0.68, meaning that the Cox model correctly classified weaning times in just over 2/3 of cases.
The model’s explanatory power stemmed from statistically significant contributions from 12 out of 16
predictors. Two predictors with large effects were maternal age and birthweight: each kilogram of
birthweight decreased the hazard of weaning by 10%. Figures 1 and 2 display survival plots for maternal
age, birthweight, and weaning. To visually depict the effects, maternal age was split at the mean (28.1 years,
see Table 4), and birthweight was split at 2.5 kg to identify infants with low birthweight. From Figure 1,
approximately 30% of infants born to mothers who were younger than average were predicted to still be
breastfeeding at 50 days, compared to almost 50% of infants born to mothers above the sample mean
maternal age.

The analysis sample size in the Cox regression was reduced by approximately 3000 cases compared to
the full sample size possible. This was due to loss to follow-up between the 9-month and 3-year interviews,
and to missing values for individual cases spread across the predictor variables.
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Table 5. Cox regression results predicting time to weaning. N = 15,825 observations (adjusted model) and 14,032 weaning
events. Harrell’s C = 0.68. Hazard ratios above one indicate earlier weaning.

Unadjusted Model Results Adjusted Model Results
. . Hazard o Hazard o
Predictor Variable Ratio P< 95% CI Ratio P< 95% CI
Mother’s income above 25th percentile 0.96 0.010 0.93-0.99 1.03 0.143  0.99-1.08
Mother’s income above 75th percentile 0.80 0.001 0.77-0.82 0.98 0.303  0.93-1.02
Age mother completed education 0.91 0.001 0.91-0.92 0.94 0.001 0.94-0.95
Mother’s annual income before infant was born (in
GBP/10,000) 0.92 0.001 0.90-0.93
Family weekly income (OECD/100) 0.90 0.001 0.90-0.91 0.95 0.001  0.94-0.96
Father not in household 1.51 0.001 1.45-1.57 1.39 0.001 1.30-1.48
Paternal direct childcare score (higher = more care) 0.99 0.001 0.98-0.99 1.02 0.001 1.01-1.02
Kin allocare during the week 1.21 0.001 1.16-1.26 1.24 0.001 1.19-1.30
Maternal age 0.96 0.001 0.95-0.96 0.94 0.001  0.92-0.97
Number of older siblings 0.99 0.055 0.97-1.00 1.15 0.003 1.05-1.25
Preeclampsia 1.07 0.045 1.00-1.15 1.05 0.163  0.98-1.13
Birthweight (kg) 0.90 0.001 0.87-0.92 0.90 0.001  0.88-0.93
Born <37 weeks gestation 1.16 0.001 1.09-1.23
Infant sex (1 =M; 2 =F) 0.97 0.068 0.94-1.00 0.97 0.057  0.94-1.00
Developmental delay >2SD 1.01 0.486 0.98-1.05 1.03 0.123  0.99-1.08
Mothers ethnicity (white British = 1; all others = 2) 0.65 0.001 0.62-0.68 0.64 0.001  0.60-0.69
Other language spoken in the home 0.77 0.001 0.74-0.79 0.91 0.001 0.87-0.96
Maternal age by parity interaction 0.99 0.001 0.99-0.99 1.00 0.030 1.00-1.01
1.0
Maternal age
split at mean
=477 Below 28.1
08 ~Above 28.1
s
>
‘5 06
"
2 \
-
g 04 H‘\_\LL
3
o
02
—‘—1—
00
0 100 200 300

Days breastfed

Figure 1. Survival plot displaying the predicted number of days until weaning split by maternal age for the full sample (n =
15,825). Maternal age was split at its mean of 28.1 years. The y-axis shows the predicted proportion weaned by age (days
breastfed) on the x-axis.
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Figure 2. Survival plot displaying the predicted number of days until weaning split by whether the infant was born low
birthweight (LBW), defined as born below 2500 g, for the full sample (r = 15,825). The y-axis shows the predicted proportion
weaned by age (days breastfed) on the x-axis.

Table 6 displays the results of Cox regression models, with the sample restricted to those who ever
breastfed, defined here as having breastfed for at least a day. This reduced the sample size for the analysis
by around 6000 cases. Many of the results were similar to the main analysis (see Table 5), but in this
subsample, boys were weaned younger than girls. The number of older siblings had the opposite effect to
the main analysis result: having more older siblings was associated with later weaning.

Table 6. Cox regression results predicting time to weaning for mothers who initiated breastfeeding. N = 9678 in adjusted model.
Harrell’s C = 0.61.

Unadjusted Model Results Adjusted Model Results
Predictor Variable H;:fizd p< 95% CI Hﬁjﬁf,d p<  95%CI
Mother’s income above 25th percentile 1.09 0.001 1.04-1.13 1.05 0.098  0.99-1.11
Mother’s income above 75th percentile 0.95 0.028 0.91-0.99 1.04 0275 0.97-1.10
Age mother completed education 0.94 0.001 0.93-0.94 0.95 0.001 0.94-0.96
Mother’s annual income before infant was born (in
GBP/10,000) 0.99 0.121 0.97-1.00
Family weekly income (OECD/100) 0.96 0.001 0.95-0.97 0.99 0.133  0.98-1.00
Father not in household 1.32 0.001 1.24-1.41 1.41 0.001 1.28-1.55
Paternal direct childcare score (higher = more care) 1.00 0.796 0.99-1.01 1.02 0.001 1.02-1.03
Kin allocare during the week 1.35 0.001 1.28-1.42 1.28 0.001 1.21-1.36
Maternal age 0.96 0.001 0.95-0.96 0.95 0.007  0.92-0.99
Number of older siblings 0.89 0.001 0.87-0.91 1.00 0974  0.87-1.15
Preeclampsia 1.13 0.008 1.03-1.23 1.08 0.045 1.00-1.17
Birthweight (kg) 0.87 0.001 0.84-0.91 0.89 0.001  0.86-0.93
Born <37 weeks gestation 1.28 0.001 1.18-1.38
Infant sex (1 =M; 2 =F) 0.95 0.020 0.91-0.99 0.95 0.013  0.90-0.99
Developmental delay >2SD 1.07 0.009 1.02-1.13 1.09 0.002 1.03-1.15
Mothers ethnicity (white British = 1; all others = 2) 0.74 0.001 0.71-0.78 0.73 0.001 0.68-0.79
Other language spoken in the home 0.84 0.001 0.80-0.87 0.95 0.098  0.89-1.01

Maternal age by parity interaction 0.99 0.001 0.99-0.99 1.00 0.516  0.99-1.01
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4. Summary & Discussion
4.1. Maternal Age

Consistent with expectations about residual reproductive value, older mothers weaned their infants
later. This result is consistent with previous studies, but has been argued to be mediated by education ad
parity such that maternal age is not in itself important [38]. Here, statistical adjustment for parity and
maternal education had little influence on the hazard ratio for maternal age: in the adjusted models (Tables
5 and 6), every 10 year increase in maternal age approximately halved the hazard of weaning.

4.2. Older Siblings

Having older siblings theoretically reduces the share of maternal investment available to allocate to an
infant and would therefore be expected to be associated with earlier weaning in later-born children. The
results of the present analysis were mixed: in the main analysis, which included all infants and was adjusted
for covariates, later-born children were more likely to be weaned early. When the sample was reduced to
include only infants who initially breastfed, there was no statistically significant difference by parity. This
suggests that the presence of older siblings affects the decision to breastfeed, but does not affect the time
to weaning for infants who breastfed for at least a day following birth. It should be noted that outside of
industrially developed economies, there is evidence that later-born infants breastfeed for longer or have
complementary foods introduced when they are older [9,35]. Hence, the extent to which older siblings are
genuinely competitors for maternal investment is likely to vary according to culture, birth spacing, and
economic system.

It was predicted that parity and maternal age together would affect breastfeeding: older mothers with
no or few existing offspring would be expected to wean late. The unadjusted analyses on the left side of
Tables 5 and 6 show this pattern, but it was not present in the adjusted models. In the main adjusted analysis,
the pattern was opposite to the prediction: older mothers with lower parity weaned earlier, although the
statistical effect size was very small (HR = 1.003).

4.3. Maternal Earning Potential

While not an exclusively evolutionarily-derived prediction, it was expected that high maternal earning
potential would be associated with early weaning, as the gains to work may exceed the fitness returns to
continuing breastfeeding. In the adjusted models, which statistically control for household income, mothers
who were in the top quartile for income did not wean earlier, although the trend was in the predicted
direction for infants who were ever breastfed. In unadjusted Cox regression models, higher maternal income
showed a statistically significant linear association with later weaning. Maternal income before the infant
was born and family income reported when the infant was 9 months old were highly correlated and collinear
in the Cox regression models; therefore, maternal income was removed from the adjusted models. It should
be noted that maternal and family income also showed substantial correlations with most of the other
variables included in the study. For example, the Pearson correlation between maternal income and parity
was —0.15, and the correlation between maternal income and how much direct care the father provided was
0.18. As such, further analysis would be necessary to tease out the causal pathways between income and
age at weaning.

4.4. Sex of Infant

Increased maternal-infant conflict was expected for sons, as male infants grow more rapidly and are
hence more costly for mothers. Other work in the UK and systematic reviews have shown that earlier
weaning of boys [38,39]. Here, the analysis including all infants did not show a statistically significant
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effect for sex, but for ever-breastfed infants the results were similar to prior work in showing earlier
weaning of boys (see Table 6).

4.5. Indicators of Infant Viability

From an evolutionary perspective, less viable infants should receive reduced maternal investment as they
contribute less to maternal fitness. Pre-eclampsia, premature birth, low birth weight, and early developmental
delay were included as indicators of infant viability. Pre-eclampsia appears not to have been included in prior
studies of breastfeeding, but it is associated with measures of poor foetal growth, and has been interpreted as
foetal manipulation of maternal circulation as an attempt to secure more nutrients [17,18]. As such, pre-
eclampsia is indicative both of poor foetal viability and maternal-foetal conflict with potential to harm both
mother and foetus. The present results showed the predicted statistically significant association in the adjusted
models only for infants who were ever breastfed, as well as significant association in both unadjusted analyses.
Further analysis would be necessary to understand whether pre-eclampsia is itself important, or whether it
was statistically significant here only because it was associated with other indicators of infant viability that
were not included or sufficiently statistically adjusted for in the analyses.

Low birthweight and prematurity were too closely associated to include both in Cox regression, but similar
to other studies, low birthweight was associated with earlier weaning [24]. This study differs from prior research
in that most medical research has compared low birthweight to normal birthweight as a binary predictor [24].
The results reported here imply a linear relationship between birthweight and weaning age, extending to higher
birthweights than the 2500 g low birthweight cut-off typically used in medical research. Figure 2 additionally
shows the odds of weaning for infants born under 2500 g, similar to past medical research.

It was predicted that developmental delay as a sign of poor viability would be associated with earlier
weaning. This was the case for ever-breastfed infants in the present study. It should be noted that causal
direction cannot be established with the MCS retrospective study design: it is possible that both developmental
delay leads to the decision to wean and that weaning is associated with delay following weaning.

4.6. Allocare and Paternal Involvement

Allocare by relatives, paternal presence, and involvement in childcare were associated with earlier
weaning. These predictors were included as they are often associated with reproductive decisions, including
in the MCS cohort [40]. The evidence here suggests that using alternative infant care providers may make
early weaning a more convenient option, as allocarers can take over infant feeding with formula and/or
early supplemental feeding with solid foods. Other research has also highlighted that grandparents, who are
the primary family allocare providers in the MCS sample, may verbally encourage infant independence,
including the introduction of solid foods and weaning [41]. The statistical models did not fully account for
factors that are likely to influence weaning time, including when the mother returned to work, whether she
expressed breast milk so that allocarers could feed infants breast milk, and other key aspects of maternal
time allocation. Future analysis could provide a more detailed understanding of the role of maternal time-
budgets in weaning decisions.

4.7. Ethnic Background

Following prior studies’ adjustment for ethnic background in the UK Millennium cohort, ethnicity was
operationalised using two variables, one a binary variable denoting white British maternal ethnic
background, and the other representing whether English was spoken in the household [42]. These were
associated with weaning in the expected pattern: later weaning was associated with not being white British,
and with speaking languages in the household other than English.
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5. Limitations and Conclusions

The findings of these analyses generally support the evolutionary theoretical framework: measures of
infant viability and maternal age in particular were associated with weaning in the predicted ways. However,
other causes of the observed relationships cannot be ruled out. For example, older mothers may wean their
infants later due to cultural shifts or changes in economic constraints over time. It is more difficult to
envision alternative explanations for the observed effects of birthweight and of pre-eclampsia.

The adjusted Cox regression models were affected by multicollinearity. While Cox regression does not
have an option to assess multicollinearity using the Variance Inflation Factor (VIF) or similar measures,
income had smaller effects or dropped out of statistical significance in the adjusted models. While it may
be the case that income dropped out of models because variation in weaning age is driven by the covariates
rather than income itself, the results for individual variables in the adjusted models reported here are likely
affected by relationships with weaning that are complex and multifactorial.

While the MCS captures many aspects of health, household economics, behaviour and beliefs, it is
self-reported data which, for some variables, is likely to contain inaccuracies. The weaning age data were
self-reported and retrospectively collected. One effect of this is that mothers appear to have rounded up or
down in their estimates of when their infant last breastfed. This effect can be seen, for example, in Figure
1, where enough women reported weaning at 3 months/90 days for a step to be visible in the hazard plot.
This inaccuracy is not likely to result in finding statistical effects that do not exist (statistical Type 1 error),
but may obscure relationships that do exist (Type 2 error). Second, the MCS had a loss to follow-up of
around 3000 individuals between nine months and three years. For the purposes of the present research,
those specifically lost to follow-up will be infants who initiated breastfeeding but then were lost to follow-
up. Those who breastfed for only a short period are not lost to follow-up, as their weaning time was recorded.

This analysis aimed to test parent-offspring conflict theory applied to weaning, but also has relevance
for breastfeeding promotion in public health, and is one of many examples of why evolutionary thinking is
useful in medicine and public health. The most vulnerable infants from a health perspective would stand to
benefit the most from later weaning, but weaning conflict theory [1,23] and the evidence here and in similar
studies run counter to this [9,24].

The Harrell’s C value of the Cox regression model indicated that the variables included together
successfully classified the timing of weaning in around two thirds of cases. This level of model performance
is not far below the typical standard for clinical use (eight out of ten successfully classified), and the
variables used here could in future inform the basis for a successful algorithm to predict early weaning and
target resources to the infants who would benefit the most.
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