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ABSTRACT

Background and objectives: As the mother—offspring relationship is central to human reproduction,
postpartum depression symptoms are difficult to explain in evolutionary terms. We proposed that
postpartum depression might arise as a result of evolutionary mother—offspring conflict over maternal
investment, and investigated the association between postpartum depression symptoms, infant night
waking, maternal sleep disturbance and breastfeeding frequency.

Methodology: We conducted a cross-sectional analysis using survey responses at 6 months postpar-
tum from 1598 Finnish mothers. We hypothesized that infant night waking at 6 months postpartum
would be associated with postpartum depression symptoms, and that this association would be medi-
ated by maternal sleep disturbance and a higher breastfeeding frequency.

Results: Infant night waking was moderately associated with postpartum depression symptoms, and
this association was mediated by maternal sleep disturbance (R*=0.09). Contrary to our prediction, we
found that increased breastfeeding was associated with less postpartum depression symptoms.
Conclusions and implications: We conclude that postpartum depression symptoms might partly be
the result of increased maternal fatigue stemming from high offspring demands on maternal
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investment, but that this is not due to the metabolic strain from increased breastfeeding. Studying postpartum depression from the

mother—offspring conflict perspective can potentially improve our understanding of the involved behavioral processes of both mother

and offspring, and allow interventions designed to benefit the well-being of both parties.

Lay Summary: We proposed that postpartum depression is due to an evolutionary conflict between mother and infant, where the infant

tires the mother to delay the arrival of a sibling. We found a link between infant night waking and postpartum depression, mediated by

the mother’s sleep, but not by breastfeeding frequency.

KEYWORDS: postpartum depression; mother—offspring conflict; infant night waking; maternal sleep; breastfeeding; fatigue

INTRODUCTION

Postpartum depression (PPD) is defined as a depressive
disorder, with an onset of symptoms (e.g. feelings of sadness
and/or guilt, loss of pleasure and anxiety) during pregnancy or
within the first year postpartum [1, 2]. As many as 15% of moth-
ers suffer from PPD in the postpartum period, and many more
report subclinical depressive symptoms, often referred to as the
‘baby blues’ [3, 4]. PPD has been observed in various cultural
contexts [5],
phenomenon.

PPD can negatively affect cognitive functioning (e.g. impaired

indicating that it is not only a Western

executive functioning and self-regulation) and parental behavior
and, consequently, have an adverse effect on mother—child
interactions and infant development [6]. At its worst, PPD can
affect a mother’s ability to care for her child, or even lead a
mother to actively harming herself and her infant, thereby dra-
matically decreasing her own and her infant’s fitness. Several
studies report an association between PPD and increased infant
mortality [7, 8].

The evolutionary approach to human behavior aims to iden-
tify psychological traits that have evolved as functional adapta-
tions to recurring problems in human ancestral environments.
As such, previous work theorizes that PPD may be an adaptive
response that informs the mother that the costs of raising the
offspring exceed the reproductive benefits. This work proposes
that depressive symptoms may help the mother to negotiate
greater levels of investments from others (i.e. social support),
and sometimes decrease her investment in the infant (i.e. the
defection hypothesis) [9]. Indeed, humans are cooperative
breeders and have evolved in sociocultural contexts, in which
critical social support for the mother during the perinatal period
can be obtained [10]. PPD has also been suggested to result
from recent shifts in human lifestyle, such as changes in diets,
physical activity and family and social networks (i.e. the mis-
match hypothesis) [11]. While PPD is observed broadly across
cultural context, the rates and severity of PPD vary across cul-
tures [12]. While there are insufficient prevalence estimates of
PPD in small-scale subsistence societies, at least one recent
study reported a high prevalence of PPD symptoms among
Hadza foragers in Tanzania [13]. Recent meta-analyses include
of urbanization and

populations that vary in terms

development. In these analyses, there is no clear evidence for
PPD being a result of urbanization and/or industrialization [5].
Interestingly, PPD appears to be more prevalent in some rural
communities (Bangladeshi [14], Amazonian [15] and Israeli
Bedouin [16] mothers). These large meta-analyses do not, how-
ever, address the more intricate aspects needed to understand
the development of PPD at the individual level, such as reduced
social support.

Here, we propose and conduct initial testing for the theory
that PPD symptoms might partly derive from evolutionary
mother—offspring conflict over maternal investment. We believe
that an evolutionary driver for this outcome results from evolu-
tionary motivation by the infant to delay the arrival of a
sibling—and thereby reduce sibling rivalry over maternal
investment—by exhausting the mother. We highlight that the
proposed theory is an attempt to provide an ultimate explan-
ation for why PPD exists. We acknowledge that variation in sev-
eral cultural practices likely also contributes to the variation in
prevalence reported globally.

Infant night waking as an adaptive strategy

According to the theory of mother—offspring conflict, what is
considered optimal maternal investment from the infant’s per-
spective (i.e. any investment of the mother that increases the
infant’s chance of surviving) is higher than the optimal invest-
ment from the mother’s perspective (i.e. how costly the invest-
ment is to her) [17]. Inclusive fitness theory states that infants
are selected to favor the birth and survival of future siblings,
but not more than their own survival [18]. The introduction of
siblings will decrease the mother’s investment of her limited
resources in any one infant. By contrast, a mother will optimize
her reproductive output by balancing her investment between
all her current and future offspring. Accordingly, a ‘short’ inter-
birth interval is harmful for the infant (i.e. <2 years) [19], as it
results in earlier weaning, may indicate a competitor sibling on
the way, and increases the risk of infant mortality. For instance,
infant mortality ofl Kung hunter-gatherers has been reported
to drop from over 70% to around 10% when extending the
interbirth interval from 2 to 4 years [20] (whereas the average
interbirth interval for humans in foraging populations has been
estimated at 3.34years) [21]. However, a ‘long’ interbirth
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interval is not beneficial for the mother as it might result in
fewer children overall, thereby decreasing her lifetime repro-
ductive output. Consequently, offspring are selected to favor
longer interbirth intervals than what is optimal for maternal
fitness [22].

Based on these conflicting fitness optima between mother
and offspring, night waking to breastfeed has been proposed to
be adaptive for the infant by expanding the interbirth interval of
the mother [20, 23]. An important proximate cause of the length
of the interbirth interval in naturally fertile populations is the
duration of lactational amenorrhea [24]. Indeed, frequent
breastfeeding, and especially breastfeeding at night, upholds
lactational amenorrhea [25]. Interestingly, infant night waking is
common throughout the first years of life, regardless of calories
consumed during the day [26, 27].

PPD as a consequence of fatigue

Infant night waking might also extend the interbirth interval by
contributing to maternal fatigue (see Fig. 1). By tiring the
mother, the infant could help delay the arrival of a sibling, as
exhausted mothers might not have the energy needed to con-
ceive and gestate another child (for instance, by decreasing the
mother’s sex drive [28]; or by reducing her fertility by
hypothalamic-pituitary-adrenal activation) [29]. Indeed, infant
night waking and maternal fatigue in the postpartum period
have repeatedly been associated with PPD [30-33]. In a pro-
spective study of mothers during the first two years postpartum
[34], infant night waking increased subsequent PPD symptoms.
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PPD could, in other words, represent a maternal response to
counter the infant’s otherwise ‘functional’ strategy to tire the
mother.

Frequent breastfeeding in itself subjects the mother to a con-
siderable metabolic strain by depleting energy resources [35].
This could, at least partly, explain why some mothers experience
fatigue in the postpartum period, and this fatigue could be
amplified depending on milk quality and quantity. Energy levels
postpartum are also affected by the sleep quality of the mother.
A recent study [36] found that maternal sleep satisfaction and
duration sharply declines after childbirth and is at its lowest
point the first 3 months postpartum, after which neither sleep
duration nor satisfaction fully recovers for several years. In gen-
eral, sleeping problems have been strongly associated with de-
pressive symptoms [37],
depression [1]. Some studies have reported that the relationship
between infant sleep problems and maternal mental health
issues diminishes when controlling for maternal sleep quality
[30, 38), indirectly indicating that maternal sleep quality medi-
ates the relationship between infant sleep quality and PPD.
However, the association between infant night waking, mater-
nal fatigue through breastfeeding, sleep disturbance and PPD

and are common features of

symptoms, has to our knowledge not been investigated from
the perspective of mother—offspring conflict.

The current study

Our aim was to investigate the association between infant night
waking and PPD symptoms at 6 months postpartum, from the

Maternal interest

" A

Fetal interest

Vil

Figure 1. Mother—offspring conflict illustrated as a tug-of-war analogy in the context of postpartum depression.

It is in the mother’s interest to limit resources to distribute to future offspring. In contrast, the offspring’s interest is to obtain more resources than the opti-

mal investment for the mother to provide. The mother—fetal dyad is a co-evolved unit, and as such, there is a perceived ‘balanced’ outcome from these diver-

gent genetic interests. Imbalance in this system (i.e. the fetus extracts more resources than the mother can provide), may lead to postpartum depression

symptoms, which has been proposed to be an adaptive response to signal for help.
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evolutionary perspective of mother-offspring conflict. We
studied whether an association between infant night waking
and PPD symptoms would be mediated by maternal sleep dis-
turbance and/or breastfeeding frequency. Based on previous re-
search and theoretical considerations, we predicted that (i)
infant night waking at 6 months postpartum would be associ-
ated with PPD symptoms, and that this association would be
mediated by (ii) maternal sleep disturbance and (iii) increased
breastfeeding frequency. We further explored these relation-
ships taking into account the infant’s sex, infant formula use,
co-sleeping and parity. We also expected the association be-
tween infant night waking and PPD symptoms to be weaker for
those using infant formula, as these mothers would be less
metabolically strained and as potential other caregivers could
take care of these feeds.

METHODOLOGY

Ethical statement

Data were obtained from the FinnBrain birth cohort study [39].
The Ethical Board for the Hospital District of Southwest Finland
provided an ethical statement in favor of the FinnBrain project
(20 June 2011, no. 6/2011). This study is in line with the
informed consent forms signed by the mother, the father and
by the legal guardians of the focal child.

Participants

The original sample included 3838 Finnish children and their
families, who had been followed since the first ultrasound
screening at gestational week 14 until 2 years of age. From the
data available, we selected variables that measured infant night
waking, maternal sleep disturbance, breastfeeding frequency
and PPD symptoms. This study was cross-sectional. As our
measures were taken 6 months postpartum, confounding fac-
tors, such as sleep-onset association difficulties (which often
emerge at a later age) [40], were all but avoided. Participants
who had not responded to all study variables at the 6-month
postpartum timepoint (n = 2240) were excluded. Thus, the final
sample included 1598 mothers (M., = 30.7years; SD = 4.7,
range 18-44). Of the included mothers, 52% (n = 826) were
primiparous, and 88% (n = 1403) reported that they were mar-
ried or co-habiting. Of the infants, 53% (n = 853) were male
and 47% (n = 745) were female. Detailed participant demo-
graphics are presented in Table 1.
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” Table 1. Participant demographics

n %
Infant’s sex
Male 853 534
Female 745  46.6
Infant’s sleeping arrangement
Bed in separate room 208 13.0
Bed in parents’ room 1016  63.6
In parents’ bed 259 16.2
Bed in siblings’ room 107 6.7
Infant formula use (sometimes or regularly)
Yes 1048  65.6
No 524 328
Mother’s parity
Primiparous 826  51.7
Multiparous 706  44.2
Mother’s relationship status?
Married or co-habiting 1403  87.8
In a relationship 75 4.7
Divorced 5 0.3
Widowed 0 0
Registered partnership 4 0.3
No relationship 10 0.6
Mother’s education level®
Part of compulsory school 0 0
Compulsory school 23 1.4
Vocational course/apprenticeship 16 1.0
Vocational school 232 145
High school graduate 199 125
Bachelor’'s degree (applied) 437 273
Bachelor’s degree (university) 94 5.9
Master’'s degree 433 27.
Licentiate/doctorate degree 83 5.2
Other 22 1.4
Mother’s monthly income®
<500€ 151 9.4
501-1000€ 169 10.6
1001-1500€ 229 143
1501-2000€ 504 315
2001-2500€ 313 19.6
2501-3000€ 101 6.3
3001-3500€ 49 3.1
3501-4000€ 11 0.7
>4000€ 1 0.7

Note that demographic variables include missing data. Hence, the num-
bers do not always add up to n = 1598 (maximum missing for separate
variable 6.3%).

*Assessed 1 month postpartum.
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MEASURES

In this study, we modeled associations between latent factors
of infant night waking (initially including four indicators), ma-
ternal sleep disturbance (three indicators), breastfeeding fre-
quency (two indicators) and PPD symptoms (10 indicators),
based on survey data collected from the mothers at 6 months
postpartum. The indicators (i.e. items) included are described
below.

Infant night waking

Information about infant night waking was obtained using the
Brief Infant Sleep Questionnaire (BISQ) [41]. The BISQ is a 12-
item questionnaire that includes questions about the infant’s
sleep during the past week. The original scale has demonstrated
sound psychometric properties in different populations [35, 42].
In this study, we used items 5, 7 and 8, in which the mother
rates the average amount of nighttime sleep in hours, night
awakenings, and hours spent awake during the night for the in-
fant. Moreover, we used item 12, in which the mother rates their
infant’s sleep problems on a 3-point Likert scale (0-2). In this
study, all items were coded so that higher scores indicated
more infant night waking.

Maternal sleep disturbance

Information about maternal sleep disturbance was obtained
using the Basic Nordic Sleep Questionnaire (BNSQ) [43]. The
BNSQ is a 27-item self-report questionnaire inquiring about
sleep-related behaviors and disturbances during the past 3
months. The BNSQ has been used in a variety of studies con-
ducted in the Nordic countries [43]. We included item 4, in
which the mother rates the average number of night awaken-
ings on a 5-point Likert scale (1-5), as well as item 12, in which
the mother estimates her average amount of nighttime sleep in
hours. We also used a composite variable for daytime sleepi-
ness that was created by summing the scores on items 8-11, all
of which were 5-point Likert scale items (1-5). Thus, the pos-
sible range of the composite variable was 4-20 points. In this
study, all items were coded so that higher scores indicated
more maternal sleep disturbance.

Breastfeeding frequency

Three variables were selected from the questions designed for
the FinnBrain birth cohort study: (i) a variable measuring the
total breastfeeding duration in days, from birth to 6 months of
age. We converted this variable from measuring breastfeeding
duration in days to measuring breastfeeding duration in
months. The maximum value of this variable was 6 months.
Note, however, that continued

some mothers likely
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breastfeeding beyond the 6-month measurement; (ii) a variable
measuring how many times during a 24-h day the infant
breastfed on average, given that the infant was exclusively
breastfeeding. This variable included only participants who had
responded that their infant was exclusively breastfeeding; (iii) a
variable measuring how many times during a 24-h day the in-
fant breastfed on average, given that the infant was partially
breastfeeding but also drinking infant formula or eating solid
foods. This variable included only participants who had
responded that their infant was partially breastfeeding. In the
statistical analysis, variables 2 and 3 were combined into one
variable. Participants who had ceased breastfeeding before 6
months postpartum were assigned the value zero on this vari-
able. For both included variables, higher scores indicated more
frequent breastfeeding.

PPD symptoms

Information about PPD symptoms was obtained using the
Edinburgh Postnatal Depression Scale (EPDS) [44]. The EPDS
is a 10-item self-report questionnaire, designed to assess symp-
toms of PPD during the past week. The EPDS has demonstrated
sound psychometric properties in different populations [45, 46].
In this study, we used all 10 items, scored on a 4-point Likert
scale (0-3). All items were coded so that higher scores indi-
cated more depressive symptoms. A cut-off indicating probable
depression has been suggested at 12-13 points [47]. Here, we
used a continuous measure of PPD ‘symptoms’ and not a cat-
egorical measure based on the diagnostic cut-off.

STATISTICAL ANALYSES

We analyzed the data in R (version 3.5.0). To adjust for meas-
urement error in the analyses, we conducted a structural regres-
sion model with latent factors, utilizing the ‘lavaan’ package.
For the visualization of correlations between items, we utilized
the ‘corrplot’ package. As some of the variables were ordered,
we used the diagonally weighted least squares estimator.

RESULTS

Descriptive statistics

Descriptive statistics for the included variables are presented in
online supplementary table 1. These variables were used as
indicators when creating the latent variables in the structural re-
gression model. In this sample, 812 (50.8%) infants were not
breastfeeding.

Correlations

Correlations between separate variables are illustrated in Fig. 2.
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Figure 2. Zero-order Spearman correlations between the variables included as indicators in the latent factors.

All correlations were significant at the P <0.001 level. BISQ, Brief Infant Sleep Questionnaire; BNSQ, Basic Nordic Sleep Questionnaire; BF, breastfeeding

items (indicating breastfeeding duration in months and daily breastfeeding frequency); EPDS, Edinburgh Postnatal Depression Scale. The number after the

abbreviation refers to the item number of said questionnaire.

Results from the structural regression model

Model specification. First, we specified a model, which
included four latent variables: ‘Infant Night Waking’ (four indica-
tors), Sleep (three
‘Breastfeeding Frequency’ (two indicators) and ‘Postpartum
Depression Symptoms’ (10 indicators). The assumption in our
model specification was that infant night waking at 6 months post-
partum would be associated with PPD symptoms, and that this
association would be mediated through breastfeeding frequency

‘Maternal Disturbance’ indicators),

and maternal sleep disturbance. As the initial model showed sub-
optimal fit [;2(148) = 1742.994, P <0.001, CFl = 0.898, TLI =
0.882, RMSEA = 0.082 (0.079, 0.086), SRMS = 0.075], we made
some adjustments to the model. First, we excluded BISQ item 5
(average amount of infant nighttime sleep in hours) from the ana-
lysis as its loading on the latent variable ‘Infant Night Waking’ was
very low (B = 0.26). Second, we added four residual correlations
between separate items that improved the model fit for the y? test

statistic with at least 80 points: EPDS items 4 and 5 (measuring
the mother’s anxiety and feelings of panic), EPDS items 1 and 2
(measuring the mother’s ability to laugh and look forward to en-
joyable things), the BNSQ composite variable and BNSQ item 4
(measuring the mother’s daytime sleepiness and average number
of night awakenings), and BISQ item 7 and BNSQ item 4 (meas-
uring the average number of night awakenings for the infant, and
the average number of night awakenings for the mother). After
these adjustments, the fit of the final model indicated adequate fit
[x2(127) = 858.445, P <0.001, CFl = 0.952, TLI = 0.942, RMSEA
= 0.060 (0.056, 0.064), SRMS = 0.059]. The adjusted model is
depicted in Fig. 3.

Analyses for the full sample as well as for the subgroups were
conducted using the adjusted model. The results are summar-
ized in Table 2.

Structural regressions in the full sample. Infant night waking
at 6 months postpartum was associated with both increased
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Figure 3. Standardized estimates for the adjusted structural regression model.

Latent variables are depicted as ovals; observed variables as rectangles; regression coefficients as single-headed arrows; correlations as two-headed arrows.

Indirect effects and residual errors are not shown. BISQ, Brief Infant Sleep Questionnaire; BNSQ, Basic Nordic Sleep Questionnaire; BF, breastfeeding items

(indicating breastfeeding duration in months and daily breastfeeding frequency); EPDS, Edinburgh Postnatal Depression Scale.

maternal sleep disturbance (f = 0.55) and increased breast-
feeding frequency (f = 0.40). Maternal sleep disturbance was
associated with increased PPD symptoms (f = 0.56), and
breastfeeding frequency was associated with ‘decreased’ PPD
symptoms (ff = —0.17). Moreover, there was a positive, indirect
association between infant night waking and PPD symptoms
via maternal sleep disturbance (f = 0.31), suggesting that in-
fant night waking, when mediated by maternal sleep disturb-
ance, was associated with increased PPD symptoms. There was
also a negative, indirect association between infant night wak-
ing and PPD symptoms via breastfeeding frequency (f =
—0.07), suggesting that infant night waking, when mediated by
frequent breastfeeding, in fact, was associated with decreased
PPD symptoms.

The directions of the associations remained the same when
dividing the participants into the subgroups. However, we
noted some slight differences in magnitude of the associations.
These differences should however be interpreted with caution,
as in each comparison the confidence intervals of the associa-
tions overlapped between the two subgroups.

Infant’s sex. Noteworthy, the association between infant

night waking and breastfeeding frequency as well as the

association between maternal sleep disturbance and PPD symp-
toms were somewhat larger for mothers with male (f = 0.45; f8
= 0.59) than female infants (f = 0.32; f = 0.51). The negative
association between breastfeeding frequency and PPD symp-
toms was also larger for mothers with male (f = —0.22) than
female infants (f = —0.11).

Infant formula.
turbance and PPD symptoms was slightly smaller for mothers

The association between maternal sleep dis-

using infant formula (f=0.51) than for mothers not using
(f=0.61). For mother not using formula, the negative associ-
ation between breastfeeding frequency and PPD symptoms was
not significant (f=—0.08, P=0.36).

Co-sleeping. Mothers who co-slept with their infant reported
a slightly larger negative association between breastfeeding fre-
quency and PPD symptoms (f=-0.28) than did those who
slept separately (f=—0.15). The association between infant
night waking and breastfeeding frequency was not significant
for mothers who co-slept with their infants (=0.17, P=0.11).

Parity. We noted no major differences between primiparous
and multiparous mothers.
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@D Table 2. Results from the structural regression models
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n b p 95% Clg SEp  zp Pg
Full sample 1598 Direct BISQ — BNSQ 1.10 0.56 [0.48, 0.67] 0.03 16.66 <0.001
BISQ — BF 0.49 0.40 [0.34, 0.46] 0.03 13.34 <0.001
BNSQ — EPDS  0.19 0.55 [0.49, 0.62] 0.03 16.16 <0.001
BF — EPDS -0.10 —-0.17 [-0.24, —0.10] 0.04 —4.97 <0.001
Indirect BISQ — BNSQ — EPDS 021 0.31 [0.25, 0.37] 0.03 9.60 <0.007
BISQ — BF — EPDS —-0.05 —0.07 [-0.10, —0.04] 0.02 —4.57 <0.001
Male infants 853 Direct BISQ — BNSQ 1.02 0.55 [0.47, 0.64] 0.04 12,66 <0.001
BISQ — BF 0.47 0.45 [0.38, 0.53] 0.05 11.68 <0.001
BNSQ — EPDS 0.22 0.59 [0.51, 0.68] 0.05 13.16 <0.001
BF — EPDS -0.14 -0.22 [-0.32, —0.13] 0.05 —4.68 <0.001
Indirect BISQ — BNSQ — EPDS  0.22 0.33 [0.24, 0.47] 0.04 7.58 <0.001
BISQ — BF — EPDS —-0.07 —0.10 [-0.15, —0.06] 0.02 —4.29 <0.001
Female infants 745 Direct BISQ — BNSQ 1.22 0.57 [0.48, 0.67] 0.05 11.48 <0.001
BISQ — BF 0.50 0.32 [0.22, 0.42] 0.05 6.52 <0.001
BNSQ — EPDS  0.18 0.51 [0.41, 0.61] 0.05 10.45 <0.001
BF — EPDS —0.05 —0.11 [-0.20, —0.02] 0.05 —2.45 0.01
Indirect BISQ — BNSQ — EPDS  0.21 0.29 [0.20, 0.38] 0.05 6.42 <0.001
BISQ — BF — EPDS —0.03 —0.04 [-0.07, —0.00] 0.02 —2.19  0.03
Using infant formula 1048 Direct BISQ — BNSQ 1.18 0.56 [0.46, 0.64] 0.04 13.33 <0.001
BISQ — BF 0.51 0.39 [0.32, 0.46] 0.03 11.30 <0.001
BNSQ — EPDS  0.17 0.51 [0.43, 0.59] 0.04 12.71 <0.001
BF — EPDS —0.08 —0.15 [-0.23, —0.07] 0.04 —3.55 <0.001
Indirect BISQ — BNSQ — EPDS  0.21 0.29 [0.27, 0.36] 0.04 7.59 <0.001
BISQ — BF — EPDS —0.04 —0.06 [-0.09, —0.02] 0.02 —3.42 0.001
Not using infant formula 524 Direct BISQ — BNSQ 1.21 0.55 [0.44, 0.67] 0.06 9.57 <0.001
BISQ — BF 0.08 0.32 [0.10, 0.55] 012 2.80  0.005
BNSQ — EPDS  0.22 0.61 [0.50, 0.71] 0.06 10.81 <0.001
BF — EPDS —-0.24 —0.08 [-0.25, 0.09] 0.09 —0.91 0.36
Indirect BISQ — BNSQ — EPDS  0.26 0.34 [0.22, 0.44] 0.06 6.13 <0.001
BISQ — BF — EPDS —0.02 —0.03 [—0.08, 0.03] 0.03 —0.84  0.40
Co—sleeping 259 Direct BISQ — BNSQ 1.46 0.51 [0.35, 0.67] 0.08 6.34 <0.001
BISQ — BF 0.12  0.17 [-0.04, 0.39] 0.11  1.58 0.11
BNSQ — EPDS  0.18 0.58 [0.45, 0.71] 0.07 8.48 <0.001
BF — EPDS —0.37 —0.28 [-0.48, —0.09] 0.10 —2.86  0.004
Indirect BISQ — BNSQ — EPDS  0.26 0.30 [0.16, 0.43] 0.07 429 <0.001
BISQ — BF — EPDS —0.04 —0.05 [-0.12, —0.02] 0.04 —1.31 0.19
Sleeping separately 1331 Direct BISQ — BNSQ 1.16 0.57 [0.49, 0.64] 0.04 15.25 <0.001
BISQ — BF 0.52  0.39 [0.33, 0.45] 0.04 11.90 <0.001
BNSQ — EPDS 0.19  0.53 [0.46, 0.60] 0.04 14.57 <0.001
BF — EPDS —0.09 —0.15 [-0.23, —0.08] 0.04 —4.14 <0.001
Indirect BISQ — BNSQ — EPDS  0.22 0.30 [0.23, 0.37] 0.03 874 <0.001
BISQ — BF — EPDS —0.04 —0.06 [-0.09, —0.03] 0.02 —3.89 <0.001
Primiparous mothers 826 Direct BISQ — BNSQ 1.04 0.56 [0.48, 0.66] 0.05 12.62 <0.001
BISQ — BF 0.43 0.37 [0.29, 0.45] 0.04 9.42 <0.001
BNSQ — EPDS  0.19 0.52 [0.43, 0.60] 0.04 11.90 <0.001

(continued)
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Table 2. Continued
n b ﬂ 95% Clﬁ SE/; Zp P/;

BF — EPDS -0.11 -0.19 [-0.28, —0.10] 0.05 —4.21 <0.001

Indirect BISQ — BNSQ — EPDS 0.19 0.29 [0.27, 0.37] 0.04 7.17 <0.001

BISQ — BF — EPDS —-0.05 —-0.07 [-0.11, —0.03] 0.02 —3.81 <0.001

Multiparous mothers 706 Direct BISQ — BNSQ 1.25 0.57 [0.47, 0.68] 0.05 11.19 <0.001
BISQ — BF 0.53 0.39 [0.29, 0.49] 0.05 7.68 <0.001

BNSQ — EPDS 0.19 0.57 [0.46, 0.67] 0.04 10.51 <0.001

BF — EPDS -0.07 —-0.12 [-0.22, —0.02] 0.05 —2.26 0.02

Indirect BISQ — BNSQ — EPDS 0.24 0.32 [0.22, 0.43] 0.05 6.33 <0.001

BISQ — BF — EPDS —-0.04 —0.05 [-0.09, —0.00] 0.02 —2.12 0.03

BISQ, Brief Infant Sleep Questionnaire; BNSQ, Basic Nordic Sleep Questionnaire; BF, breastfeeding items (indicating breastfeeding duration in months
and daily breastfeeding frequency); EPDS, Edinburgh Postnatal Depression Scale. Note that 66 mothers (4.1%) had missing data on the variable meas-
uring parity, and 8 mothers (0.5%) had missing data on the variable measuring co-sleeping.

DISCUSSION

In this study, we investigated the association between infant
night waking and PPD symptoms at 6 months postpartum.
Based on theories regarding evolutionary mother—offspring con-
flict [14, 17], we expected that infant night waking would be
associated with PPD symptoms, and that this association,
would, in turn, be mediated by breastfeeding frequency and ma-
ternal sleep disturbance.

Infant night waking and PPD symptoms

In support of our first hypothesis, we found that more frequent
infant night waking was associated with higher levels of PPD
symptoms at 6 months postpartum. This finding is consistent
with previous research, in which infant night waking has been
linked to poorer mental and physical health, as well as symp-
toms of fatigue and depression [30-33]. Another possible ex-
planation for the association between infant night waking and
PPD symptoms could be derived from the mismatch hypothesis
about recent shifts in human lifestyle [11]. Contrary to the mis-
match hypothesis, we did not, however, find any strong support
for differences between co-sleepers and mothers who slept sep-
arately from their infants (with co-sleeping more closely resem-
bling ancestral lifestyles) [47]. Other potential mismatch factors
that contribute to PPD, such as changes in family networks
postpartum and observed differences in immune function be-
tween women in industrialized environments [48], were not
tested here but warrant further investigation. Our theory seeks
to explain the potential appearance of PPD symptoms as a con-
sequence of the competition over maternal investment between
infant and mother. We view the addition of mother—offspring
conflict theory as an extension of other proposed hypotheses on
PPD. Indeed, our work is congruent with Hagen’s defection the-
ory [9]—that PPD may be an adaptive response from the mother
to seek investment from others (i.e. if the fitness gains of PPD

are larger than the costs). In other words, PPD is a ‘counter
strategy’ of the mother, which—if successful in such social con-
texts where it upregulates support—moderates the amount of
maternal investment allocated to that offspring. One of the limi-
tations of this study is that it is cross-sectional in design.
Future research should study the mother—offspring conflict
and PPD through longitudinal designs, as there is also some
evidence the mother's PPD symptoms increase infant night
waking [49].

Maternal sleep disturbance and breastfeeding frequency

In line with our second hypothesis, maternal sleep disturbance
mediated the association between infant night waking and PPD
symptoms at 6 months postpartum. Worth noting, there is evi-
dence indicating that lower levels of the neuroactive steroid
allopregnanolone is associated with both PPD symptoms [50]
and lower sleep quality [51], suggesting that poor sleep and
PPD might be mechanistically linked (although the causal
mechanisms between these are still unclear). Contrary to our
third hypothesis, we found a negative association between in-
fant night waking and PPD symptoms at 6 months postpartum,
when mediated by breastfeeding frequency. In this case, infant
night waking was associated with more frequent breastfeeding,
which is in line with previous studies [52]. However, more fre-
quent breastfeeding was associated with ‘less’ PPD symptoms.
There are several possible explanations for this association. It is
possible that breastfeeding, in fact, protects the mother from
developing PPD, e.g. through hormonal changes, such as oxyto-
cin release and decreased cortisol levels [53, 54], through in-
flammatory modulation [55] (in contrast, PPD has been
associated with increased neuroinflammation) [56] and through
enhancing bonding and attachment between her and her infant
[57]. In other words, the positive effects of breastfeeding might
outweigh some negative effects of frequent night waking.
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Mothers in Nordic countries are often very aware of the benefits
of breastfeeding [58]. Consequently, breastfeeding might have a
positive effect on maternal mood and physiology. Studies have
also linked breastfeeding difficulties, such as pain [59] and low
breastfeeding self-efficacy [60], to higher levels of PPD. This
may result in self-selection, whereby the mothers that continue
to breastfeed are those that feel good about it and therefore
show less PPD symptoms. It is also possible that mothers with
PPD symptoms breastfeed less. For instance, a recent study of
postnatal Malaysian women showed that depressive symptoms
were associated with breastfeeding problems, which in turn pre-
dicted breastfeeding discontinuation [61]. Finally, there is some
evidence that suggests that breastfeeding per se does not affect
maternal fatigue substantially [62]—in fact, breastfeeding could
have a protective effect. The link between PPD, breastfeeding
and infant night waking is complex, and this study is not meant
to be used to inform medical recommendations on the benefits
of breastfeeding, but as evidence to inform evolutionary per-
spectives on PPD.

Subgroup analyses

We also explored the associations separately based on the
infant’s sex, infant formula use, co-sleeping and parity. We
found no significant associations between the subgroups. The
association between infant night waking and breastfeeding fre-
quency as well as the association between breastfeeding fre-
quency and PPD symptoms were, however, larger—although
not to a statistically significant degree—for mothers with male
infants than female. In the literature, there is evidence of milk
differences depending on offspring sex across many different
mammal taxa [63-65], yet, research on sex-specific milk differ-
ences in humans is limited and contradictory [66]. We also
noted some trends for infant formula use and co-sleeping. Co-
sleepers had a slightly larger negative association between
breastfeeding frequency and PPD symptoms, as well as a non-
significant association between infant night waking and breast-
feeding, both indicating that a potential effect of infant night
waking on PPD symptoms would be mediated by fatigue related
to lost sleep and not breastfeeding. This is in line with the
results of Quillin et al. [67], who found that nighttime breast-
feeding among co-sleepers was associated with more frequent
maternal wakings but greater total sleep duration. However, we
did not find support for our prediction that mothers using in-
fant formula would show a weaker effect between infant night
waking and PPD symptoms, adding to the inconclusive findings
regarding breastfeeding-related fatigue and PPD symptoms. In
summary, our current findings suggest there are no large differ-
ences in associations depending on infant sex, infant formula
use, co-sleeping and parity, and highlight that, if there are

Evolution, Medicine, and Public Health

differences associated with mother—offspring conflict, their
manifestation regarding PPD may be complex.

Limitations

One of the major limitations of this study was that the included
variables were not designed specifically for our research ques-
tions. For instance, no item addressed how many times the in-
fant woke during the night specifically to breastfeed. The latent
variable for breastfeeding frequency was estimated using items
measuring breastfeeding duration in months and the average
amount of breastfeeding during a 24-h day, both of which are
only proxies of nighttime breastfeeding frequency and the meta-
bolic demand on the mother. Similarly, this study did not distin-
guish between mothers who experienced sleep disturbance due
to pain or discomfort and mothers who woke because of their
infant’s wakefulness.

As our study was cross-sectional due to some variables of
interest only being available at 6 months postpartum, it is not
possible to draw any conclusions about potential causal associ-
ations between the factors. Problems before or after 6 months
postpartum also remained undetected. It could, for instance, be
that the infant’s behavior to extend the interbirth interval starts
later than at 6 months postpartum, due to the suppressed fertil-
ity within the first months postpartum regardless of breastfeed-
ing pattern [23]. All measurements used in this study were
retrospective self-report questionnaires, which allows mothers
to over- or underestimate her or the infant’s behavior. A more
reliable method to gather information about infant night waking
could be, e.g. through real time motion-based measurements.
Moreover, PPD symptoms could also affect the experiences by
the mothers, for instance so that mothers with PPD symptoms
would be more sensitive to infant night waking, for instance
due to pre-existing sleeping problems. Future studies could
also gain from measuring prenatal baseline rates of PPD
symptoms.

It is also worth noting that our sample consisted only of
mothers living in Finland, limiting the generalizability of the
results. Compared to other high-income countries, the Nordic
countries stand out with more generous paid parental leave pol-
icies [68]—possibly contributing to lower levels of fatigue com-
pared to non-Nordic mothers. The prevalence of co-sleeping in
our sample (16%) was also considerably lower than in, for in-
stance, many East Asian and African countries [69]. In addition,
forms of peri- and postnatal social support might differ consid-
erably between cultures, with, for instance, grandmaternal sup-
port being associated with higher maternal peri- and postnatal
health in Himba women [10]. Previous research also highlights
a link between PPD and ‘lacking’ social support [12], indicating
that the relationship between these two aspects might be com-
plex, and that PPD does not necessarily result in higher levels of
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negotiated social support (i.e. contrasting the defection theory).
Interestingly, a recent study of postnatal Hadza foragers did not
find an association between PPD symptoms and social support
[13]. However, the authors noted an association between sleep
disturbance and PPD symptoms. Future work should more
closely examine whether PPD actually leads to increased social
support, as correlational evidence is insufficient for drawing
causal conclusions.

CONCLUSIONS AND IMPLICATIONS

To the best of our knowledge, this study is the first to investi-
gate the association between infant night waking, breastfeeding
frequency, maternal sleep disturbance and PPD symptoms
based on theoretical assumptions of evolutionary mother—off-
spring conflict. The results supported our first hypothesis that
infant night waking is associated with PPD symptoms.
Moreover, the association between infant night waking and
PPD symptoms was mediated by maternal sleep disturbance.
Breastfeeding frequency, however, was associated with fewer
PPD symptoms.

Although the results support some of the theoretical predic-
tions regarding mother—offspring conflict, additional research
regarding the consequences of infant night waking is warranted.
In particular, longitudinal designs would provide more informa-
tion about potential causal relationships between infant night
waking, maternal fatigue and PPD symptoms. Future studies
would also benefit from including information about breast
pumping, which caregiver is performing night feedings (with
bottles/formula), antidepressant use, and other factors that
might affect the relationship between infant night waking,
breastfeeding and maternal fatigue. Future research should also
investigate whether infant night waking, indeed, contributes to
longer interbirth intervals; as such an investigation would fur-
ther test the theoretical assumption regarding mother—offspring
conflict. Studying PPD symptoms from the perspective of evolu-
tionary conflict between the mother and her offspring would im-
prove our understanding of the involved behavioral processes
of both parties, and thus allow interventions designed to im-
prove individual well-being and support the mother—offspring
relationship.

Supplementary data

Supplementary data is available at EMPH online.
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