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1 | INTRODUCTION

Abstract

This study used data from 2,222 mothers and infants participating in a population-
based birth cohort to verify whether maternal depression in the perinatal period was
associated with poor infant sleep. Mothers who scored 213 points on the Edinburgh
Postnatal Depression Scale at 16-24 weeks of gestation and/or 3 months after de-
livery were considered perinatally depressed. The main outcome variable was poor
infant sleep at 12 months of age, defined as >3 night wakings, nocturnal wakefulness
>1 hr or total sleep duration <9 hr. Infant sleep data were obtained with the Brief
Infant Sleep Questionnaire (BISQ) and 24-hr actigraphy monitoring. Prevalence of
perinatal depression in the sample was 22.3% (95% confidence interval [Cl], 20.5-
24.0). After Poisson regression, infants of depressed mothers showed an adjusted
relative risk (RR) of 1.44 (95% Cl, 1.00-2.08; p = .04) for >3 night wakings with ques-
tionnaire-derived data. When actigraphy data were analysed, no association was
found between perinatal depression and poor infant sleep (adjusted RR, 1.20; 95%
Cl, 0.82-1.74; p = .35). In conclusion, although mothers in the depressed group were
more likely to report more night wakings, objective data from actigraphy did not rep-
licate this finding. Dysfunctional cognition, maternal behavioural factors and sleep
impairment associated with perinatal depression may affect the mother's impression

of her infant's sleep.

KEYWORDS
actigraphy, cohort studies, depression, antenatal, postpartum, sleep, surveys and

questionnaires

depression has been associated with altered child sleep behaviour
from birth throughout childhood, with evidence of longer pe-

riods of indeterminate sleep (not clearly characteristic of active

Maternal perinatal depression, defined as an episode of major de-
pression occurring from pregnancy to the first 12 months after
delivery, is a highly prevalent condition, affecting up to 20% of
childbearing women (Gelaye, Rondon, Araya, & Williams, 2016;
O'Hara & McCabe, 2013; Stuart-Parrigon & Stuart, 2014). Perinatal

versus quiet sleep) in neonates, as well as shorter sleep duration,
longer sleep latency, more night wakings and, in objective mea-
surements of sleep, lower efficiency and altered sleep microstruc-
ture (Armitage et al., 2009; Bat-Pitault et al., 2017; Diego, Field, &
Hernandez-Reif, 2005; Field et al., 2007; O'Connor et al., 2007).
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Maternal depression may influence infant sleep through sev-
eral mechanisms. In depressive states, higher than average levels
of corticotropin-releasing hormone (CRH) produced by the pla-
centa can cause abnormal autonomic activity in the foetal brain
and reprogramming of the foetal hypothalamic-pituitary axis to
increasing cortisol production (Field, Diego, & Hernandez-Reif,
2006). Elevated corticosteroid levels may alter the normal pattern
of development of the foetal sleep-wake cycle, which can last
beyond birth, possibly presenting as longer periods of crying and
active vigil states in the first weeks of life (de Weerth, van Hees,
& Buitelaar, 2003). Alternatively, higher levels of catecholamines
in depressive states following sympathoadrenal hyperactivation
could increase blood pressure and uterine artery resistance, hence
reducing foetal oxygenation and ultimately reprogramming the
development of key structures in circadian rhythmicity, such as
the suprachiasmatic nucleus (Field et al., 2006; de Weerth, Zijl, &
Buitelaar, 2003).

Behavioural mechanisms are also likely to play a role in me-
diating maternal depression and infant sleep. In pregnancy, neu-
rocognitive changes in maternal reward and motivational neural
networks prepare mothers to engage with their infant and re-
spond to their signals (Pearson et al., 2012). Disturbance of such
neurocognitive rearrangement in depressive states may therefore
impair maternal emotional perception of and responsiveness to in-
fant discomfort and night-time fussing. Parenting may be directly
affected through the aforementioned neural mechanisms in de-
pressive states, as well as indirectly through interparental conflict
(Sadeh, Tikotzky, & Scher, 2010; Stein et al., 2014). Compromised
parenting quality may facilitate behaviours that may be hazardous
to infant sleep quality, such as irregular sleep and bedtime sched-
ules (Field, 2010). Moreover, throughout a healthy pregnancy,
total maternal sleep time gradually decreases and sleep frag-
mentation increases (Lee, Zaffke, & McEnany, 2000). Depression
is highly and bidirectionally correlated with insomnia symptoms
(Dgrheim, Bondevik, Eberhard-Gran, & Bjorvatn, 2009). Thus, ma-
ternal sleep deprivation in the postpartum period may enhance
depressive symptoms, and depression may, likewise, enhance ma-
ternal difficulty in initiating or maintaining sleep. In this context,
maternal hyperarousal states in depression may facilitate mater-
nal perception of infant night-time waking. Furthermore, maternal
difficulty in resuming sleep may lead to the perception of longer
infant night-time vigils and lower infant sleep quality.

Sleep health is intimately linked to brain development and
child behaviour, and sleep disturbances very early in life may play
a long-lasting detrimental role in the child's overall health and
well-being (Field, 2017). Thus, the objective of this study was
to evaluate whether 12-month-old infants exposed to maternal
perinatal depression were at higher risk of sleep disturbances, as
measured through a standardized questionnaire and actigraphy
monitoring, compared to unexposed infants. We hypothesized
that, compared to infants of mothers without perinatal depres-
sion, those whose mothers were depressed in the perinatal pe-

riod would show a higher risk of presenting more than three night

wakings, sleeping less than 9 hrin 24 hr, or spending more than 1
hr awake during the night.

2 | METHODS
2.1 | Context and enrolment

This study used data from the 2015 Pelotas Birth Cohort Study,
conducted by the Federal University of Pelotas, Brazil (Hallal et al.,
2017). Pelotas is a city of approximately 330,000 inhabitants located
in southern Brazil, of which around 95% live in the urban area. The
2015 cohort is a population-based study designed to include all chil-
dren born to mothers living in the urban area of the municipality
throughout that year.

Enrolment started during gestation, with weekly visits by
trained fieldworkers to the 123 public and private antenatal care
clinics, ultrasound facilities and laboratories between May 2014
and December 2015, aiming to recruit pregnant women with a due
date from January 1 through to December 31, 2015. In the initial
interview, expectant mothers between 16 and 24 weeks gestation
responded to a structured computer-assisted questionnaire contain-
ing information on demographic, socioeconomic and behavioural
characteristics, as well as on reproductive history, antenatal care
and chronic or acute illnesses. To enrol mothers who had not been
reached during gestation, and to conduct maternal and neonatal as-
sessments, interviewers also paid daily visits to the city's five ma-
ternity hospitals, in which approximately 99% of all deliveries occur,
from January 1 to December 31, 2015. Neonates were weighed
using SECA portable paediatric scales, model 376 (SECA, seca gmbh
and co. kg, Hamburg, Germany), and gestational age was calculated
from first or second trimester ultrasound or last menstrual period.
Hospital charts were reviewed to collect Apgar scores. Need for
intensive care after birth was assessed through the questionnaire
answered by the mother and from hospital records. Further infor-
mation on the cohort's development and methodology can be found
elsewhere (Hallal et al., 2017).

Women taking part in the Physical Activity for Mothers Enrolled
in Longitudinal Analysis (PAMELA) study and mothers of children
participating in a sleep intervention trial (Sleep Study) were excluded
from the analyses (Domingues et al., 2015; Santos et al., 2016). The
decision to exclude participants of the two trials was based on the
assumption that taking part in a physical activity trial could impact
maternal depressive symptoms, and that the sleep trial could atten-

uate poor sleep symptoms in infants.

2.2 | Follow-up

Mothers who had been enrolled and evaluated during gestation
were interviewed within 48 hr of delivery. Those who had not been
identified during antenatal care were invited to participate during

the interviewer’s visit to the maternity hospital and were likewise
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interviewed in the first 48 hr after delivery. Mothers were also inter-
viewed 3 and 12 months after delivery.

2.3 | Evaluation of maternal depressive symptoms

Maternal depression was assessed during gestation and 3 months
after delivery using the Edinburgh Postnatal Depression Scale
(EPDS) (Cox, Holden, & Sagovsky, 1987), previously validated for the
Brazilian population (Santos et al., 2007). The EPDS is a 10-item scale
in which each item has four possible responses (from 0 to 3), with a
minimum total score of O and a maximum of 30. The scale expresses
the intensity of depressive symptoms over the preceding 7 days.
Mothers with EPDS scores 213 (sensitivity and specificity of 59.5%
and 88.4%, respectively (Santos et al., 2007)) during pregnancy and/
or at 3 months after delivery were considered at increased risk of
perinatal depression. Mothers who were recruited during pregnancy
answered the EPDS during gestation, and then at 3 months. Those
who were contacted first in the perinatal period answered the EPDS
only at 3 months after delivery.

2.4 | Assessment of child sleep
2.4.1 | Subjective assessment

Child sleep was evaluated 12 months after birth, in a visit previ-
ously scheduled for the period between 7 days before and after
the child's birthday. Mothers answered the Brief Infant Sleep
Questionnaire (BISQ), designed by Sadeh et al. and previously
adapted and validated for the Brazilian population (Del-Ponte
et al., 2020; Nunes, Kampff, & Sadeh, 2012; Sadeh, 2004). The
BISQ is a 5- to 10-min-long questionnaire containing questions
related to the infant's sleep periods over the preceding week, and
can be applied from O to 3 years of age. Questions include sleep
organisation, habitual sleep position, soothing techniques, day-
time and nocturnal sleep duration, number of night wakings, noc-
turnal wakefulness, sleep latency, habitual bedtime and maternal

impression of the child's sleep quality.

2.4.2 | Objective assessment

For objectively evaluating sleep, the infants wore an actigraphy
monitor, model wGT3X-BT (ActiGraph), on the wrist for 3 days. Due
to the logistic planning of the main cohort, the actigraphy devices
were placed in the morning or afternoon of the day of the interview
and removed 3 days later, thus allowing for information on one full
day of sleep monitoring. Placement of the actigraphy device was
chosen after a pilot study indicated better adherence to the device
when used on the wrist in comparison to one of the lower limbs
(Ricardo et al., 2017). The Sadeh algorithm was used for data extrac-

tion with 1-min epochs, in which minimal sleep period length was

set at 15 min, sleep onset was defined as three uninterrupted min-
utes of reduced movements, night-time wakings were defined as at
least five consecutive 1-min epochs preceded and followed by sleep,
and awake time was defined as 15 min of increased body movement
(Sadeh, Acebo, Seifer, Aytur, & Carskadon, 1995).

2.5 | Sleep outcomes

Main sleep outcomes were number of night wakings (episodes of
awakening of 5 min or more), nocturnal wakefulness (sum of the time
awake after first night-time sleep onset until awakening the following
morning), nocturnal sleep duration (minutes), daytime sleep duration
(minutes) and total sleep duration in 24 hr (minutes). Infants whose
mothers reported >3 night wakings, >1 hr of nocturnal wakefulness
or total sleep duration <9 hr during the 24-hr period were consid-
ered poor sleepers, based on the findings by Sadeh (2004). Other
data retrieved from the BISQ questionnaire were preferred sleeping
position, soothing technique, daytime and nocturnal sleep duration
(minutes), usual sleep time, sleep latency (time from bedtime to sleep
onset in minutes), and maternal impression of infant's problematic
sleep. As for actigraphy, nocturnal and daytime sleep duration (min-
utes), sleep efficiency (a ratio between total sleep duration and time
in bed) and usual bedtime (clock time after 19:00 hours in which the
infant falls asleep, or clock time of sleep onset if sleep initiated be-
fore 19:00 hours and continued past this hour) were retrieved.

2.6 | Confounders

Potential confounders included maternal characteristics prior to
delivery. To be considered a confounder, the variable had to be
associated with both the exposure (maternal perinatal depression)
and the sleep outcomes with a p-value <.20 and could not be part
of the causal pathway between maternal perinatal depression and
infant sleep outcomes (Maldonado & Greenland, 1993). This deci-
sion was based on a conceptual framework describing the pos-
tulated hierarchical relations between exposures, and included
maternal age in complete years (<20, 20-29, 30-39, 240), complete
years of formal education (0-4, 5-8, 9-11, 212), self-reported skin
colour (white/non-white), presence of partner or spouse (yes/
no), parity including current gestation (1, 2, 23), history of abor-
tion (yes/no), number of relatives (0, 1, 22) and offspring (0, 1,
>2) living in the same household, planning of the pregnancy (yes/
no), number of antenatal care appointments (1-4, 5-8, 29), intra-
gestational morbidities such as high blood pressure (yes/no) and
diabetes mellitus (yes/no), physical activity during pregnancy (yes/
no), smoking during pregnancy (yes/no), alcohol consumption dur-
ing pregnancy (yes/no), any illegal drug use during pregnancy (yes/
no), feeling supported by the child's father (yes/no), and intention
to breastfeed (yes/no) (Victora, Huttly, Fuchs, & Olinto, 1997).
Maternal socioeconomic status was assessed by the Brazilian

Criteria of Economic Classification, which divides families into five
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categories (A to E, with A as the wealthiest) and takes into account
the head-of-family's educational level and the household assets
(ABEP Associacao Brasileira de Empresas de Pesquisa, 2016).

2.7 | Analyses

Prevalence of maternal perinatal depression with 95% confidence
interval (95% Cl) was calculated first. Then, infant sleep indicators
at 12 months were analysed according to maternal perinatal depres-
sive status and the association was tested with the chi-squared test
of heterogeneity (for categorical indicators). Poisson regression was
performed to estimate crude and adjusted relative risks (RRs) and
their respective 95% CI. All the analyses used Stata version 14.2
(StataCorp LP).

2.8 | Exploratory Analysis

Exploratory analyses were performed to verify whether maternal
depression at specific points in time might have a greater effect on
infant sleep characteristics. We considered maternal depression in
four distinct presentations: (a) maternal depression limited to the
gestational period; (b) maternal depression limited to the postpar-
tum; (c) maternal depression in the postpartum, starting either dur-
ing pregnancy or after delivery; and (d) maternal depression both
during pregnancy and in the postpartum. Confounders included
those already taken into consideration in the main analysis. However,
when maternal depression limited to the postpartum was analysed,
the infant's perinatal characteristics (mode of delivery, birthweight,
gestational age, sex, 5-min Apgar score, need for intensive care at
birth, and length of hospital stay after birth) were also included as
potential confounders. For these analyses, all independent variables
were entered into the adjusted models and were then selected in
backward stepwise fashion, starting with the variable with the high-
est p-value and stopping when all the remaining variables were as-
sociated with the outcome at p-value <.20.

2.9 | Ethics and consent

The Institutional Review Board of the Federal University of Pelotas,
affiliated with the Brazilian National Committee for Research Ethics
(CONEP), approved the study protocols for all of the cohort's waves.
Mothers signed a written informed consent form. Mothers with
severe depressive symptoms were referred to mental health care

services.

3 | RESULTS

A total of 4,275 live neonates were enrolled in the 2015 Pelotas
Birth Cohort, 3,199 of whose mothers (73.8%) were enrolled during

gestation. After exclusion of participants from the PAMELA trial
(n = 424) and Sleep Study (n = 586) and accounting for refusals,
deaths and losses from birth to the 12-month follow-up (n = 541), as
well as for mothers with missing information on depression during
pregnancy and/or at 3 months follow-up (n = 502), 2,222 mother-in-
fant dyads were included in the analyses. Figure 1 shows the flow-
chart of the enrolment process and final sample.

Prevalence of perinatal depression in our sample was 22.3%
(n = 495; 95% ClI, 20.5-24.0). Of these mothers, 267 (53.9%) were
only depressed during pregnancy, 99 (20%) were only depressed at
3 months after delivery, and 129 (26.1%) were depressed both during
pregnancy and after delivery. The majority of mothers (n = 1,727;
77.3%) did not meet the criteria for depression in any of the analysed
time frames.

Table 1 shows the mothers' characteristics. Nearly half of the
mothers (46.3%) were 20-30 years of age; 36.2% had from 9 to
11 years of formal education and 22% were in one of the extremes of
socioeconomic status. Most of the mothers self-identified as white
(72.2%), living with a spouse/partner and not sharing the household
with other family members. Slightly over half of the mothers were
not primiparous (51.4%), 34.5% reported a previous history of abor-
tion and about half had at least one other child in the household.
Almost half the women had not planned the pregnancy and only a
few (6.4%) had attended fewer than five antenatal appointments.
Nearly all the mothers said they intended to breastfeed. Few mothers
(13.9%) reported physical activity during the pregnancy. Gestational
morbidities such as high blood pressure, diabetes mellitus and smok-
ing were reported by 26.5%, 9.9% and 15.1% of mothers, respec-
tively, whereas 27 mothers (1.2%) reported illegal drug use and 7.1%
(n = 157) reported any alcohol consumption during pregnancy. Two-
thirds (66.0%) of the deliveries were by Caesarean section. Most
mothers (88%) said they felt supported by their spouse or partner.

The prevalence of low birthweight (<2,500 g) was 11.3% and
16.6% of the neonates were preterm. As shown in Table 2, fewer
than 1% had a 5-min Apgar score below 7, 11.8% required intensive
care at birth and 70% were discharged from hospital within 4 days.

BISQ data and actigraphy records were available for 2,222 and
1,462 of the infants, respectively (Figure 1). Table 3 shows the
means and proportions of infant sleep characteristics according to
the data source (BISQ or actigraphy) and maternal depression status.
Sleep characteristics were similar between groups, with children of
depressed mothers taking around 3 min longer to fall asleep accord-
ing to the BISQ (p = .01). Nocturnal wakefulness was greater in both
groups according to actigraphy when compared to data reported by
the mothers in BISQ. The number of night wakings did not differ
between the groups, regardless of the data source. There were no
differences in soothing techniques employed by depressed versus
non-depressed mothers, but depressed mothers were more likely to
consider their infant's sleep problematic (p = .005).

Figure 2 shows the prevalence rates for poor infant sleep as re-
ported by depressed and non-depressed mothers. Prevalence rates
were similar between the groups, except for prevalence of more

than three night wakings, which was higher in infants of depressed
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Women enrolled during pregnancy who
delivered eligible infants:
3,199

Women enrolled after delivery who
delivered eligible infants:
1,076

2015 Birth Cohort Population:

4,275
<
Physical activity (PAMELA) trial PE—
424
J
N\
Sleep Trial e —————————
586
J

A

Deaths, refusals, and losses from
birth to 12 months:
541

Mothers with missing information
on depression during pregnancy
and/or at 3 months follow-up
502

Analysed sample: 2,222 mothers

(2,222 children with BISQ data and
1,462 children with actigraphy records)

FIGURE 1 Study participants flowchart

versus non-depressed mothers, but only according to the BISQ data
(8.2% versus 5.6%, respectively; p = .04).

Table 4 presents the results from crude and adjusted Poisson
regression analyses. According to the BISQ data, the risk of sleep
problems (as measured by night wakings) was 45% higher in infants
of depressed mothers compared to those of non-depressed mothers
(RR = 1.45; 95% Cl, 1.01-2.08; p = .04) and 44% higher (RR = 1.44;
95% Cl, 1.00-2.08; p = .04) when the data were adjusted for con-
founding. However, based on the actigraphy data, the risk did not
differ between the groups, even after adjusting for confounding
(adjusted RR = 1.20; 95% Cl, 0.82-1.74; p = .35). As seen in Table 4,
according to both crude and adjusted analyses of both BISQ and ac-
tigraphy data, infants of depressed mothers did not show greater
risk of short total sleep duration or long nocturnal wakefulness.

3.1 | Exploratory analysis

Regardless of the data source (BISQ or actigraphy), none of the time
frames of maternal depression (limited to the pregnancy; limited to
the postpartum; during postpartum and having started either dur-
ing or after the pregnancy; or present in both the pregnancy and

postpartum) was particularly associated with increased risk of any

infant sleep outcome. Tables S1-S4 show the results of an explora-
tory analysis.

4 | DISCUSSION

In our study, although questionnaire-derived data suggested a
higher risk of sleep problems (in the form of more night wakings) at
12 months of age among infants of mothers with perinatal depres-
sion, the findings were not replicated when objective (actigraphy)
data were analysed. In addition, infants of depressed mothers did
not experience greater risk of other outcomes suggestive of poor
sleep. In exploratory analyses, even when maternal depression was
disaggregated (gestational depression, postpartum depression,
postpartum depression starting in pregnancy or after delivery up to
3 months, or depression in both periods), no effect of maternal de-
pression on infant sleep was detected.

Earlier studies have used objective instruments to asses sleep
in infants of mothers with current or previous depression. In
Armitage et al. (2009), infants of depressed mothers assessed in
the first 6 months of life showed longer sleep latency, lower sleep
efficiency and more arousals than infants of non-depressed moth-

ers, as measured by actigraphy. A study that assessed sleep with
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TABLE 1 Maternal characteristics in the analysed sample. 2015
Pelotas Birth Cohort

Characteristics n (%)

Age (years)
<20 316 (14.2)
20-29 1,028 (46.3)
30-39 812 (36.6)
240 65(2.9)

Schooling (years)

0-4 178 (8.0)

5-8 567 (25.5)

9-11 802 (36.2)

212 673 (30.3)
Socioeconomic status?

A 4(3.9)

B 551 (25.7)

C 1,114 (51.9)

D-E 398 (18.5)
White self-reported skin colour 1,604 (72.2)
Living with spouse/partner (yes) 1,840 (82.8)
Number of relatives sharing the household

0 1,545 (69.5)

1 237 (10.7)

22 440 (19.8)
Number of children sharing the household

0 1,130 (50.9)

1 726 (32.7)

22 366 (16.4)
Parity

1 1,078 (48.6)

2 709 (31.9)

>3 434 (19.5)
Previous abortion(s) (no) 848 (65.5)
Planned pregnancy (yes) 1,151 (51.8)
Number of antenatal appointments

1-4 142 (6.4)

5-8 934 (42.3)

29 1,130 (51.3)
Physical activity during pregnancy (yes) 309 (13.9)
Intention to breastfeed (yes) 2,191 (98.9)
Mode of delivery

Vaginal 756 (34.0)

Caesarean 1,465 (66.0)
Gestational hypertension (yes) 589 (26.5)
Gestational diabetes (yes) 221 (9.9)
Smoking during pregnancy (yes) 335(15.1)
Alcohol consumption during pregnancy (yes) 157 (7.1)
lllegal drug use during pregnancy (yes) 27 (1.2)
Felt supported by spouse/partner (yes) 1,944 (88.5)

@According to the Brazilian Criteria of Economic Classification.

TABLE 2 Characteristics of neonates in the analysed sample.
2015 Pelotas Birth Cohort

Characteristics n (%)
Sex
Female 1,117 (50.3)
Male 1,105 (49.7)
Gestational age (weeks)
<37 369 (16.6)
237 1,853 (83.4)
Birthweight (grams)
<2,500 251 (11.3)
22,500 1,970 (88.7)
5-min Apgar score
27 2,202 (99.2)
<7 17 (0.8)
Intensive care at birth
No 1,959 (88.2)
Yes 263(11.8)
Length of hospital stay (days)
<4 1,553 (70)
24 667 (30)

24-hr polysomnography at birth and 6 months of age found macro
and microstructural sleep differences between infants of mothers
diagnosed with depression compared to those of mothers with no
personal history of depression (Bat-Pitault et al., 2017). Both studies
assessed sleep at different ages to those in our study, and consider-
ing the important changes in sleep maturation throughout the first
year of life, the findings may not be comparable. For example, total
expected sleep time in 24 hr decreases from 14-17 hr between birth
and 3 months of age down to 11-14 hr at 12 months of age. Sleep
also shifts from a polyphasic pattern to a circadian rhythm in the
first 6 months, with reduction in the number of daytime naps and
night-time wakings. (Hirshkowitz et al., 2015; McLaughlin Crabtree
& Williams, 2009).

Importantly, questionnaires measure signalled night wakings,
whereas actigraphy measures motor awakenings, not necessarily
noticed by the mother. However, our study did not compare subjec-
tive versus objectively measured infant sleep, but exposure versus
non-exposure to maternal depression according to method of sleep
assessment separately.

Although the BISQ has proved to be a suitable method for
evaluating poor sleep in infancy (Sadeh, 2004), our findings sug-
gest that maternal depression may play a role in interpretation
of infants’ number of wakings, possibly through a dysfunctional
cognition regarding infants’ sleep quality and behaviour and,
consequently, in the form of a memory bias. Studies by Teti &
Crosby, Cornish et al., Morrell & Steele and Sadeh et al. suggest
that depression plays a role in maternal perception of infant tem-
perament, including difficulty in initiating and maintaining sleep
(Cornish et al., 2006; Morrell & Steele, 2003; Sadeh, Flint-Ofir,
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TABLE 3 Mean (standard deviation) or proportion (%) of infants’ sleep characteristics measured with the Brief Infant Sleep Questionnaire
(BISQ) and actigraphy, according to maternal perinatal depression

BISQ
Non-depressed

Sleep characteristics mothers
Preferred sleep position, n (%)

Back 482 (28.8)

Belly 369 (22.0)

Side 823 (49.2)
Soothing technique, n (%)

Feeding 684 (41.2)

Rocking 218 (13.1)

Holding 220(13.2)

Left in bed alone 203 (12.2)

Left in bed near parent 337 (20.3)
Mother considers infant's sleep a problem, n (%)

Not a problem at all 1,537 (91.5)

Minor problem 115 (6.8)

Very serious problem 29(1.7)
Nocturnal sleep duration (min), mean (+ SD) 510.9 (84.8)
Daytime sleep duration (min), mean (+ SD) 192.3 (96.1)
Number of night wakings (n), average (+ SD) 1.0(1.3)
Nocturnal wakefulness (min), mean (+ SD) 50.3 (64.7)
Sleep latency (min), mean (+ SD) 26.4(24.6)

Total sleep duration (min), mean (+ SD)

704.5 (107.1)

Sleep efficiency, % (+ SD)

Usual sleep time, mean (+ SD) 22:10 (01:20)

Note: 2015 Pelotas Birth Cohort.

Tirosh, & Tikotzky, 2007; Teti & Crosby, 2012). This hypothesis is
corroborated by the fact that despite very similar sleep character-
istics between the groups, depressed mothers were more likely to
report their infant's sleep as problematic. Also, because depres-
sion and sleep problems such as onset and maintenance insom-
nia are intimately linked, depressed mothers may be more easily
awakened by the infant's night-time wakings (Morin et al., 2015;
Swanson, Pickett, Flynn, & Armitage, 2011). Moreover, depressed
mothers may express greater difficulty in resuming sleep after a
night-time arousal, thus negatively influencing maternal percep-
tion of infant sleep quality (Suri et al., 2017).

In a bidirectional pattern, infant sleep difficulties themselves
may contribute to maternal depressive symptoms (Sadeh et al.,
2010). In a study including only non-depressed mothers in the im-
mediate postpartum, Dennis & Ross found that those whose infants
presented with more night wakings and shorter total sleep duration
at 4 and 8 weeks after birth were more likely to develop depressive
symptoms (Dennis & Ross, 2005). Likewise, Hiscock & Wake found
that infant sleep problems and maternal depressive symptoms both
decreased significantly after a brief infant behavioural intervention

to improve infant sleep in the first 8 months of life (Hiscock & Wake,

Actigraphy
Depressed Non-depressed
mothers p mothers Depressed mothers p
133 (28.0) .73
99 (20.8)
243 (51.2)
183 (39.5) A2
73(15.8)
53(11.4)
72 (15.6)
82(17.7)
414 (86.4) <.01
53(11.1)
12(2.5)
503.7 (89.6) A1 459.9 (90.3) 464.6 (93.6) 41
187.9 (100.1) .38 136.8(63.7) 137.3(66.3) .90
1.1(1.6) .24 1.9(1.3) 1.9 (1.3) .18
53.0 (67.7) 43 88.2(84.1) 82.7 (80.9) .28
29.8(29.6) .01
692.4 (118.6) .03 597.8 (101.6) 605.9 (109.2) .20
80.3(14.2) 78.6 (15.0) .07
22:15(01:21) .30 21:15(01:41) 21:14 (01:50) .94

2002). The same authors found that mothers who reported that
their 6-12-month-old infants had sleep problems were more than
twice as likely to present higher scores on depression, compared to
mothers who did not report such infant sleep problems (Hiscock &
Wake, 2001). However, after adjusting for maternal sleep quality,
infant sleep was no longer a predictor of maternal mood. Likewise,
Goyal et al. found that maternal but not infant sleep predicted ma-
ternal depressive symptoms 3 months after delivery (Goyal, Gay, &
Lee, 2009). Considering the important changes in infant sleep during
the first year of life, including the development of longer uninter-
rupted sleep and self-regulation capacity, the results are likely to
be influenced by infant age, especially in the first 6 months of life.
In a systematic literature review, Douglas and Hill (2013) identified
failure to distinguish normal neurodevelopment in the first semes-
ter of life as one of the methodological limitations undermining the
hypothesis that infant sleep interventions may improve maternal de-
pression scores.

Our study has several strengths. This was a longitudinal popu-
lation-based study, recruiting the majority of eligible families and
with very few refusals and losses to follow-up. In recent decades,

actigraphy has played an important role in assessing sleep in clinical
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practice and research, especially due to its lower cost, non-invasive-
ness and non-interruption of daily activities when compared to poly-
somnography (Sadeh, 2011; Smith et al., 2018). Several studies have

validated the use of this tool as a method for analysing most sleep

26.95

Depressed

phy

parameters in infancy and childhood, with sensitivity and specificity
ranging from 83.4% to 99.3% and from 17.0% to 97.8%, respectively
(Martin & Hakim, 2011; Meltzer, Montgomery-Downs, Insana, &
Walsh, 2012; Smith et al., 2018). The use of the correct algorithm
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TABLE 4 Crude and adjusted relative risks (RRs) and 95%
confidence intervals (95% Cl) for poor infant sleep at 12 months,
according to maternal perinatal depression

RR (95% CI) p
Maternal perinatal depression and > 3 night wakings - BISQ
1.45(1.01-2.08) .04
1.44 (1.00-2.08) .04

Crude analysis

Adjusted Analysis®
Maternal perinatal depression and > 3 night wakings - actigraphy
1.28 (0.93-1.74) A2
1.20(0.82-1.74) .35

Crude analysis

Adjusted Analysis®
Maternal perinatal depression and total sleep duration < 9 hr - BISQ
1.27 (0.85-1.89) .24
1.03(0.68-1.57) .88

Crude analysis
Adjusted Analysis®

Maternal perinatal depression and total sleep duration < 9 hr

- actigraphy
Crude analysis 0.92 (0.75-1.11) .38
Adjusted Analysisd 0.86 (0.70-1.06) 16

Maternal perinatal depression and nocturnal wakefulness > 1 hr
- BISQ

0.97(0.82-1.15) .75
0.92(0.77-1.09) .34

Crude analysis
Adjusted Analysis®

Maternal perinatal depression and nocturnal wakefulness > 1 hr

- actigraphy
Crude analysis 0.96 (0.86-1.07) 49
Adjusted Analysis’ 1.00 (0.88-1.15) 94

Note: 2015 Pelotas Birth Cohort Study.

Maternal age, planned pregnancy, gestational diabetes, illegal drug use.
PNumber of relatives sharing the household, number of children sharing
the household, history of abortion.

‘Maternal schooling, self-reported skin colour, smoking during
pregnancy.

dSocioeconomic status, number of children sharing the household.
“Maternal age, number of children sharing the household, parity,
planned pregnancy, gestational diabetes, feeling supported by spouse/
partner.

fHistory of abortion, gestational hypertension.

for the selected age group is paramount for optimization of results
(Bélanger, Bernier, Paquet, Simard, & Carrier, 2013). Sleep quality
and characteristics may be influenced by factors such as illness,
medication and sleep duration variations from night to night as well
as between weekdays and weekends. Therefore, most studies rec-
ommend at least five nights of continuous monitoring for accurate
sleep characterization (Acebo et al., 1999). Although actigraphy data
were only available for 24 hr in our study, to our knowledge this was
the first study to assess sleep with an objective method in a large
population-based setting.

A limitation of our study was the fact that sleep diaries could not
be included, due to the large number of participants, although they
would have been useful for detecting artefacts in actigraphy data.
Another potential limitation was the exclusion of children who slept

fewer than 15 hr a day at 3 months, who were participating in the

nested Sleep Trial. However, at baseline, mean EPDS scores of moth-
ers in the intervention group were similar to those in the control
group (5.8 and 5.2, respectively) (Santos et al., 2019). Additionally,
in our sample, 81.5% of mothers who were depressed in the perina-
tal period were still depressed at 12 months after delivery (n = 212
of 260 perinatally depressed mothers whose 12-month depression

rates were available).

5 | CONCLUSION

The study's main findings were that infants of mothers with peri-
natal depression did not show shorter sleep or longer nocturnal
wakefulness at 1 year of age, and that depressed and non-de-
pressed mothers used similar soothing techniques. Although sub-
jective sleep data were associated with higher risk of more than
three night wakings at 12 months among infants of perinatally de-
pressed mothers, this finding was not replicated by the actigraphy
data. Maternal dysfunctional cognition, hyperarousal and sleep-
resuming difficulties in depressive states may potentially explain
the subjective impression of poorer infant sleep among depressed

mothers.
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