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Longitudinal relations between maternal depressive
symptoms and child sleep problems: the role of

parasympathetic nervous system reactivity

Peggy S. Keller,1 Chrystyna D. Kouros,2 Stephen A. Erath,3 Ronald E. Dahl,4

and Mona El-Sheikh3

1Department of Psychology, University of Kentucky, Lexington, KY; 2Department of Psychology, Southern Methodist
University, Dallas, TX; 3Department of Human Development and Family Studies, Auburn University, Auburn, AL;

4School of Public Health, University of California, Berkeley, Berkeley, CA, USA

Background: We examined maternal depressive symptoms (MDS) as longitudinal predictors of actigraphy-measured
sleep; children’s respiratory sinus arrhythmia (RSA) was tested as a moderator of these relations. Method: A total of
271 children (145 boys and 126 girls) participated in a three-wave study (M age at T1 = 9.38 years), with a 1-year lag
between waves. Children wore actigraphs to derive sleep parameters. RSA reactivity was assessed during a social
stress test. Results: Contrary to hypotheses, MDS were related to less sleep over time for children exhibiting greater
RSA withdrawal. Consistent with hypotheses, MDS were related longitudinally to decreased sleep activity for children
exhibiting less RSA withdrawal. Conclusions: Findings illustrate the importance of maternal influences and
physiological regulation as predictors of children’s sleep. Keywords: Maternal depression, sleep, autonomic,
parasympathetic, children.

Introduction
Maternal depressive symptoms (MDS) may promote
child sleep problems (El-Sheikh, Kelly, Bagley, &
Wetter, 2012; Seifer, 2011). Insufficient and poor
quality sleep are prevalent in children and are
associated with mental health problems (Astill, Van
der Heijden, Van Ijzendoorn, & Van Someren, 2012).
Identification of family variables that can impact this
important bioregulatory system is warranted
(El-Sheikh, 2011). This investigation examines
longitudinal relations between MDS and objective
measures of child sleep and considers parasympa-
thetic nervous system (PNS) reactivity indexed by
respiratory sinus arrhythmia (RSA) as a moderator of
associations. Herein, the term sleep problems refers
to shorter duration and worse quality sleep relative
to children in the sample.

MDS are associated with parent reports of sleep
problems in infants and preschoolers (Seifer, 2011;
Warren, Howe, Simmens, & Dahl, 2006), but there
has been little research on older children or using
objective sleep measures. In one of the few excep-
tions, El-Sheikh et al. (2012) examined actigraphi-
cally measured sleep and found that family conflict
mediated the association between MDS and
children’s (M age = 9.44 years) sleep duration and
quality. That study used the T1 sample of this
study, which uses a larger data set now available
from three waves. The use of actigraphy in this
investigation avoids potential biases for negative
perceptions by depressed mothers (Grills & Ollen-
dick, 2002).

Individual differences in PNS activity modulate the
degree of internalizing and externalizing problems
among children exposed to family adversity
(El-Sheikh & Erath, 2011). The vulnerability or
protective functions of PNS activity may extend to
children’s sleep outcomes. Activation of the PNS –
the vagal brake – reduces heart rate and supports
emotion regulation and social engagement (Porges,
2007). Flexible withdrawal of PNS influence (vagal
withdrawal) in the context of stress results in a rapid
yet moderate increase in heart rate, enabling
engaged and well-regulated responses to environ-
mental demands. Greater vagal withdrawal has been
linked with fewer child-reported sleep problems
and higher sleep duration and sleep quality
(Elmore-Staton, El-Sheikh, Vaughn, & Arsiwalla,
2012; El-Sheikh & Buckhalt, 2005). Greater vagal
withdrawal, indexed by respiratory sinus arrhythmia
reactivity (RSA-R), is also related to fewer external-
izing, internalizing, and cognitive problems in child-
hood (Graziano & Derefinko, 2013).

Respiratory sinus arrhythmia refers to variability
in heart rate across the breathing cycle and serves
as a valid marker of vagal output to the heart
(Berntson, Cacioppo, & Grossman, 2007). Reduced
RSA in response to stress or challenge is an index
of vagal withdrawal. In this study, lower (i.e., more
negative) RSA-R scores indicate greater vagal
withdrawal (i.e., greater RSA withdrawal). Children
with lower RSA withdrawal may have poorer
sleep, particularly in the context of MDS due to
their less adaptive responses to stress; in con-
trast, children with greater RSA withdrawal may
exhibit relatively good sleep even in the context of
MDS.Conflicts of interest statement: No conflicts declared.
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We examined longitudinal associations between
MDS and actigraphy-based sleep parameters (dura-
tion and quality). Sleep duration and quality are
differentially related to developmental outcomes
(Dewald, Meijer, Oort, Kerkhof, & Bogels, 2010) and
thus we examined these sleep parameters separately.
We examined associations betweenMDS and sleep in
older children and young adolescents as the influence
of family stress on child sleep may increase across
child development (Weinraub et al., 2012). Bidirec-
tional associations were also examined because chil-
dren’s sleepmay affectMDS (Teti &Crosby, 2012).We
expected thatMDSwouldpredict children’s increased
sleep problems over time; expectations regarding the
converse direction were tentative given the paucity of
researchwith older children. Finally,we expected that
greaterRSAwithdrawalwouldameliorate thenegative
effects of MDS on child sleep.

Method
Participants

Drawn from the Auburn University Sleep Study
(AUSS; 339 families recruited from public schools
in the United States), 282 families participated at T1
and an additional 57 families were recruited at T2.
Four AUSS families were excluded due to outliers
and 64 did not have sleep or maternal depression
data. The final analytic sample size was 271 at T1,
264 at T2, and 259 at T3.

Children (8–10 years old) at T1 (2009–2010) with
no diagnosed learning disability or sleep disorder
were eligible for participation. Data were collected
from 2010 to 2011 at T2 and from 2011 to 2012 at
T3. Children who participated for the first time at T1
versus T2 did not differ in sex, race, body mass index
(BMI), asthma status, sleep, or RSA, but children
who participated for the first time at T2 were older,
p < .05, and MDS were higher, p < .001.

At T1, the mean age of children was 9.38 years
(SD = 8.03 months); 46.5% were female; 37% were
African American and the others were European
American. Socioeconomic status was assessed with
income-to-needs ratio (U.S. Department of
Commerce; www.commerce.gov) (M = 1.61;
SD = .97). Children’s mean age was 10.39 years
(SD = 7.81 months) at T2 and 11.32 (SD = 7.72) at
T3.

For the 282 families participating initially at T1, 55
(19.5%) were lost to attrition at any subsequent time
point. Of those participating initially at T2 (n = 46 in
the analytic sample), 3 (6.5%) were lost to attrition at
T3. There were no significant differences between
retained and attrited families on any study variable.

Procedure

This study was approved by the institution’s review
board; informed consent and assent were obtained.

Procedures were identical across waves. Actigraphy
data were collected during the regular school year,
excluding holidays. Children wore the actigraphs on
their nondominant wrists for seven consecutive
nights; sleep diaries were used to cross-validate
actigraphic assessments (Acebo & Carskadon,
2001). Nights with medication used for an acute
illness were excluded.

Children visited the laboratory for physiological
assessment after completion of actigraphy
(M = 1.67–4.03 days across waves). After a 3-min
adaptation, RSA was assessed during a 3-min base-
line while children were asked to sit quietly. Later,
children completed a modified version of the Trier
Social Stress Task (Kudielka, Hellhammer, &
Kirschbaum, 2007). Children were given 3 min to
prepare a speech about something interesting that
happened to them in the past year, and were asked
to deliver the 3-min speech; RSA during the speech
was examined. Children were told that several
researchers would view the speech and evaluate it
through a one-way mirror. Mothers completed ques-
tionnaires. Families were compensated for their
participation.

Measures

Maternal depressive symptoms (T1–T3). Mothers
completed the Center for Epidemiologic Studies
Depression Scale (Radloff, 1977), which consists of
20 items rated on a 4-point scale. Reliability in the
current sample was excellent (a = .89–.91 across
waves). Based on the cut-off score of ≥16, 27.1% at
T1, 27.5% at T2, and 28.6% at T3 of mothers had
potentially clinical levels of depression.

Child depressive symptoms (T2–T3). Children com-
pleted the Children’s Depression Inventory (Kovacs,
1992); a = .81–.87 across waves. One item assessing
suicidal ideation was not administered and two
items assessing sleep were removed. Because
depressed children may experience sleep problems
and maternal depression may confer a greater
genetic risk for depression (Goodman et al., 2011),
concurrent levels of child depression in relation to
sleep problems were controlled at T2 and T3. Based
on a cut-off score of 12, 6.8% and 5.5% of children
reported potentially clinical levels of depression at T2
and T3, respectively.

RSA (T1–T3). Data were collected with the
MW1000A acquisition system (Mindware Technolo-
gies Ltd., Gahanna, OH). Electrodes were placed on
the child’s chest in a modified lead-II configuration.
Cardiovascular activity was recorded with an ECG
activity amplifier module and disposable pediatric
snap ECG electrodes. Spectral analysis of thoracic
impedance was used to derive respiration. Data were
scored using Mindware analysis software (HRV
3.0.17). Data were reviewed for artifacts and missing
or misplaced R-peaks and were edited manually. The
natural log of the high-frequency power (.15–.40 Hz)
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was used to derive RSA (Berntson et al., 1997). Data
during the 3-min baseline and during the speech
task were averaged to form composite baseline
(RSA-B) and stress task scores, respectively. RSA
reactivity (RSA-R) was computed by subtracting
RSA-B from the stress task RSA, such that lower
(i.e., more negative) RSA-R scores indicate greater
vagal withdrawal. RSA-B was included as a control
variable in all models. The percentages of children
exhibiting RSA withdrawal at T1, T2, and T3 were
56.9%, 51.5%, and 51.2%, respectively; there were
no significant differences in RSA-R across time.

Sleep (T1–T3). Motion during sleep was monitored
in 1-min epochs using zero-crossing mode with an
Octagonal Basic Motionlogger (Ambulatory Monitor-
ing, Inc., Ardsley, NY). Data were scored using the
Sadeh algorithm (Sadeh, Sharkey, & Carskadon,
1994) and ActME software (Action W2, 2002). We
examined (1) Sleep minutes – from sleep onset to
wake time; (2) Sleep activity – % of epochs with
physical activity. Scores are the average across
available nights. Children had valid data for most
nights (M = 5.62–6.13 nights across waves).

Control variables. Child age, race, and gender were
controlled. Child height and weight were recorded in
the laboratory and used to compute BMI (Must,
Dallal, & Dietz, 1991). Mothers reported on child
diagnosis of chronic illness and pubertal develop-
ment (Pubertal Development Scale; Petersen, Crock-
ett, Richards, & Boxer, 1988).

Analysis plan

Full information maximum likelihood was used and
an autoregressive cross-lag model was fit using

AMOS v. 19 in which MDS predicted children’s sleep
at the next time point and, at the same time,
children’s sleep predicted MDS. Variables within
the same time point were allowed to correlate
(Figure 1). Analyses controlled for concurrent child
depressive symptoms, providing a conservative test
of the relation between MDS and children’s sleep
problems. In addition, time-invariant covariates
were child age, sex, race, and whether the child
had a severe chronic illness (e.g., sickle cell; n = 18)
or was diagnosed with asthma (n = 41), and the
time-varying covariates were child BMI and puberty
status.

Children’s RSA-R to the Trier task, RSA-B, and the
interaction between MDS and RSA-R were also
included as predictors of children’s sleep problems.
All predictors were mean centered before creating the
two-way interaction term and significant interac-
tions were probed using an online interaction calcu-
lator (Preacher, Curran, & Bauer, 2006).

Results
Table 1 shows descriptive statistics and correla-
tions. Two models tested prediction of children’s (a)
sleep minutes and (b) sleep activity.

Sleep minutes

This model (Figure 1) was a good fit to the sample
data, v2 (193) = 313.04, p < .001, v2/df = 1.62,
CFI = .93, RMSEA = .05 (90% confidence interval
[CI]: .042–.06). All autoregressive effects were signif-
icant. MDS interacted with T1 RSA-R in predicting T2
sleep minutes (Figure 2A; simple slopes significant

T1 Child RSA 
Baseline

T3 RSA 
Baseline

T2 RSA 
Baseline

T1 Child 
RSA-R

T3 Child 
RSA-R

T3 Mother 
Depression X

RSA-R

T3 Mother 
Depression

T2 Mother 
Depression

T2 Child 
Sleep Minutes

T3 Child 
Sleep Minutes

.42 (.06)

.63 (.06)

.44 (.07)

.72  (.06)

1.67(.40)

T1 Mother 
Depression

–.03 (.01)

.21 (.05)

T1 Child 
Sleep Minutes

T1 Mother 
Depression X 

RSA-R

.48 (.06)

.20 (.07)

.30 (.07)

.37 (.08)

.41  (.07)

.38  (.08)

.27 (.07)

.25 (.07)

.72 (.10)

.39 (.11)

T2 Mother 
Depression X

RSA-R

T2 Child 
RSA-R

Figure 1 Autoregressive cross-lag model of mothers’ depression symptoms and children’s sleep minutes as moderated by children’s
RSA-R. Note: Covariances among variables within the same time point were estimated, but not shown here. Model included the following
(correlated) covariates as predictors of children’s sleep at T2 and T3: child age, sex, race, chronic illness, asthma, and time-varying
covariates of child depression symptoms, BMI, and puberty. Solid lines denote significant paths (all p < .01), dotted lines denote
nonsignificant paths

© 2013 The Authors. Journal of Child Psychology and Psychiatry © 2013 Association for Child and Adolescent Mental Health.

174 Peggy S. Keller et al. J Child Psychol Psychiatr 2014; 55(2): 172–79



Table 1 Means, standard deviations, and intercorrelations among study variables

M SD 1. 2. 3. 4. 5. 6. 7.

1. T1 mother CESD 10.54 8.51 —
2. T1 RSA baseline 6.94 1.05 .02 —
3. T1 RSA-R �.12 .69 .01 �.39** —
4. T1 sleep minutes 457.29 57.90 �.11 .11 �.05 —
5. T1 sleep activity 41.42 12.77 .04 �.12† .05 �.56** —
6. T2 mother CESD 12.02 9.65 .59** .07 �.03 �.23** .12† —
7. T2 RSA baseline 7.08 1.16 �.10 .53** �.07 .10 .02 �.01 —
8. T2 RSA-R �.07 .81 .15* �.01 .28** .04 �.12 .04 �.41**
9. T2 sleep minutes 444.09 50.82 �.15* .19** �.17* .33** �.18** �.09 .11†

10. T2 sleep activity 40.60 13.52 .02 �.11 .04 �.11 .56** �.07 �.02
11. T3 mother CESD 11.91 10.09 .54** .02 .03 �.08 .03 .56** �.01
12. T3 RSA baseline 6.96 1.21 .08 .45** �.10 .11 .05 �.02 .61**
13. T3 RSA-R �.03 .88 �.03 �.12 .31** �.06 �.10 .14† �.24**
14. T3 sleep minutes 435.78 59.53 �.04 .07 �.04 .36** �.24** �.05 .02
15. T3 sleep activity 39.17 13.93 �.02 �.07 �.01 �.17* .52** �.09 .001
Covariates
16. Age (T2; in months) 124.67 7.84 �.01 .05 .01 �.20** .08 �.00 �.02
17. Child sex – – .01 .02 .11 �.13† .13† �.08 .10
18. Race – – .09 .09 .12† �.19** �.12† .12† .08
19. Chronic illness – – �.06 �.09 .02 �.01 �.10 .01 �.05
20. Asthma status – – �.01 �.03 .13† �.21** .25** .04 �.00
21. T2 BMI 20.22 5.26 .08 �.20** .07 �.24** .02 .08 �.13†

22. T2 puberty status 1.74 .54 �.02 �.09 �.04 �.15* .02 .02 �.05
23. T2 CDI 4.10 4.49 .15* .03 �.03 .10 �.04 .02 .01
24. T3 BMI 21.66 5.56 .03 �.15* .05 �.19** .00 .08 �.09
25. T3 puberty status 2.06 .63 .00 �.04 �.00 �.17* .04 .06 �.12†

26. T3 CDI 3.92 4.28 �.02 �.01 �.05 .09 �.01 �.06 .01

8. 9. 10. 11. 12. 13. 14. 15.

1. T1 mother CESD
2. T1 RSA baseline
3. T1 RSA-R
4. T1 sleep minutes
5. T1 sleep activity
6. T2 mother CESD
7. T2 RSA baseline
8. T2 RSA-R —
9. T2 sleep minutes �.08 —
10. T2 sleep activity �.07 �.48** —
11. T3 mother CESD .06 �.07 �.004 —
12. T3 RSA baseline �.09 .09 .06 .03 —
13. T3 RSA-R .33** �.06 �.05 �.02 �.49* —
14. T3 sleep minutes �.07 .34** �.16* �.10 .12† �.08 —
15. T3 sleep activity �.01 �.15* .57** �.04 �.04 �.01 �.57** —
Covariates
16. Age �.06 �.17** .02 .06 �.10 .03 �.09 �.02
17. Child sex �.05 �.10 .15* .00 .14* .08 �.12† .13*
18. Race .14* �.08 �.24** �.07 .05 .10 �.20 �.11†

19. Chronic illness �.02 .08 �.11 �.06 �.09 .14† .00 .05
20. Asthma status .17* .01 .09 �.01 .12† �.05 .01 .03
21. T2 BMI .11 �.27** .04 .13† �.17* .03 �.28** .12†

22. T2 puberty status .06 �.04 �.08 �.02 �.09 �.07 �.09 �.03
23. T2 CDI .02 .03 .07 .29* �.02 .01 .04 .06
24. T3 BMI .08 �.23** .01 .14* �.15* .01 �.25** .09
25. T3 puberty status .12† �.09 .00 .03 �.17* .01 �.09 �.01
26. T3 CDI .01 .11 .03 .07 �.00 �.02 .02 .05

16. 17. 18. 19. 20. 21. 22. 23. 24. 25.

1. T1 mother CESD
2. T1 RSA baseline
3. T1 RSA-R
4. T1 sleep minutes
5. T1 sleep activity
6. T2 mother CESD

(continued)
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for values of RSA-R lower than �.10 and greater than
.76). For children with lower RSA-R, there was no
association between T1 MDS and T2 sleep minutes.
For children with higher RSA-R, there was a negative
association between MDS and sleep minutes. In the
context of lower MDS, children exhibiting high levels
of RSA-R slept longer (predicted M = 7 hr and
48 min) over time than those with lower RSA-R
(7 hr and 18 min). Reflective of reciprocal relations,
greater sleep minutes at T1 were associated with
decreased MDS at T2 (Figure 1).

Sleep activity

This model (Figure 3) provided a good fit to the data,
v2 (193) = 309.11, p < .00, v2/df = 1.60, CFI = .94,
RMSEA = .05 (90% CI: .04–.06). All autoregressive
paths were significant. There was a significant
interaction between MDS and children’s T1 RSA-R
predicting T2 sleep activity (Figure 2B; simple slopes
were significant for values of RSA-R lower than
�1.68 and greater than .48). For children with lower
RSA-R, T1 MDS predicted decreases in sleep activity
over time; no association was found for children with
higher RSA-R. However, sleep activity was consis-
tently lower for children with higher RSA-R com-
pared to those with lower RSA-R. Furthermore, MDS
at T2 predicted decreases in sleep activity at T3; this
relation was not moderated by RSA-R (Figure 3).
Sleep activity did not predict MDS.

Post hoc analyses

Relations between MDS, RSA-R, and sleep were
significant between the first two time points but not

between T2 and T3. This raises the question of
whether associations are stronger earlier compared
to later in development. A chi-square difference test
examined whether the strength of association
between T1 MDS and T2 child sleep was the same
as compared to this relation 1 year later (i.e., T2
MDS to T3 sleep). A model where the T1–T2 and
T2–T3 paths were freely estimated did not provide a
better fit to the data than a model where these two
paths were constrained to be equal for either the
model with sleep minutes, Δv2 (1) = 1.45, or the
model with sleep activity, Δv2 (1) = 0.37. Moreover,
the moderation effects did not differ for either T1–T2
versus T2–T3 sleep minutes, Δv2 (3) = 4.66, or sleep
activity, Δv2 (3) = 4.69.

Discussion
We examined longitudinal associations between
MDS and children’s sleep problems, with child
RSA-R as a moderator of associations. MDS inter-
acted with RSA-R to predict sleep over time, even
with conservative models controlling for many
potential confounds. Consistent with expectations,
there were more sleep minutes among children with
higher RSA withdrawal and nondepressed mothers.
These results are consistent with an arousal regula-
tion model of sleep (Dahl, 1996), as children with
well-regulated responses to normal social stress and
without the stress of MDS experienced longer sleep.

However, for children with higher RSA withdrawal,
MDS were related to fewer sleep minutes, such that
children with more depressed mothers and higher
RSA withdrawal slept for fewer minutes. Research
suggests that normally adaptive physiological

Table 1 (continued)

16. 17. 18. 19. 20. 21. 22. 23. 24. 25.

7. T2 RSA baseline
8. T2 RSA-R
9. T2 sleep minutes
10. T2 sleep activity
11. T3 Mother CESD
12. T3 RSA baseline
13. T3 RSA-R
14. T3 sleep minutes
15. T3 sleep activity
Covariates
16. Age —
17. Child sex .04 —
18. Race �.06 �.03 —
19. Chronic illness �.02 .07 .18** —
20. Asthma status .07 .07 .10 .05 —
21. T2 BMI .09 �.01 .12† �.02 .05 —
22. T2 puberty status .25** �.42** .20** �.00 .07 .26** —
23. T2 CDI .00 .00 �.04 .03 �.05 �.05 �.05 —
24. T3 BMI .11† �.02 .08 �.03 .01 .95** .29** �.06 —
25. T3 puberty status .28** �.44** .13* .00 .06 .24** .76** �.02 .24** —
26. T3 CDI �.02 �.06 .02 .01 �.11 �.01 �.02 .55** �.02 �.01

CESD, Center for Epidemiological Studies on Depression; RSA, respiratory sinus arrhythmia; RSA-R, respiratory sinus arrhythmia
reactivity to social stress test [change in RSA from baseline]; BMI, body mass index; CDI, Children’s Depression Inventory.
†p < .10; *p < .05; **p < .01; ***p < .001.
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responses to stress, such as vagal withdrawal, may
predict negative bioregulatory outcomes in the con-
text of chronic high stress. El-Sheikh and Hinnant
(2011) cited allostatic load (McEwen & Stellar, 1993)
to explain reductions in baseline RSA over time
among boys who exhibited RSA withdrawal to stress
and were exposed to high or increasing marital
conflict. The adaptive role of vagal withdrawal may
be diminished when it is repeatedly required in the
context of high stress, resulting in maladaptive
biological regulation of stress and ultimately sleep
problems. MDS is directly linked with lower baseline
RSA (Gentzler, Rottenberg, Kovacs, George, & Morey,
2012); this lower baseline RSA combined with fur-
ther RSA withdrawal may result in hyperarousal
(Boyce et al., 2001) and interfere with sleep. Indeed,

children’s lower baseline RSA in conjunction with
greater RSA withdrawal is associated with poorer
sleep quality (El-Sheikh, Erath, & Bagley, 2012).
Another possibility is that children with higher vagal
withdrawal, potentially reflecting greater sensitivity
to stress, may be more susceptible to adverse con-
sequences of maternal depression, consistent with
the biological sensitivity to context framework (Boyce
& Ellis, 2005; Ellis & Boyce, 2008).

Analyses predicting sleep activity also yielded
mixed support for hypotheses. Consistent with
expectations, children with greater RSA withdrawal
demonstrated lower sleep activity than children with
lower RSA withdrawal across the range of MDS.
Moreover, MDS were not associated with more sleep
activity among children with greater RSA with-
drawal. In contrast to expectations, MDS predicted
lower sleep activity for children with lower RSA
withdrawal. MDS may be particularly stressful for
children with less adaptive stress responses (i.e.,
lower RSA withdrawal); lower sleep activity may
reflect a biological compensatory mechanism among
these children (even if these children sleep for a
relatively low or normal number of minutes).

The different patterns of interaction for sleep
minutes and sleep activity highlight the need to
examine multiple indices of sleep–wake regulation.
Sleep minutes indexes sleep amount, whereas sleep
activity measures sleep quality or fragmentation.
These different aspects of sleep are not necessarily
predicted by the same variables in the same way.
Additional longitudinal research will illuminate
these effects, including physiological responses that
provide protection or increase vulnerability to sleep
disruptions. Of course, there are genetic determi-
nants of sleep and biological vulnerabilities (Armit-
age et al., 2009) and given the frequent association
between depressive symptoms and sleep, mothers
who are depressed may also have sleep problems
and children’s sleep problems may be related to
shared genes or prenatal influences. Nevertheless,
controlling for children’s depressive symptoms in
analyses strengthens some of the conclusions.

The longitudinal study design permitted examina-
tion of bidirectional associations, which indicated
that longer child sleep at age 9 predicted decreased
MDS when children were age 10. This result is
consistent with the literature conducted with infants
and younger children (Countermine & Teti, 2010).
Even though older children and young adolescents
are not as likely to signal their awakening to parents
as infants are, it is plausible that such signaling may
disrupt mothers’ sleep, which in turn may underlie
the observed associations. There are many mecha-
nisms of effects, however, that can connect chil-
dren’s sleep with maternal depression that warrant
assessment (e.g., increased agitation and stress,
dysfunctional cognitions).

These findings should be interpreted in light of
study limitations. Although this is a longitudinal
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Figure 2 Two-way interaction between mothers’ depressive
symptoms and child RSA-R at T1 predicting children’s (a) sleep
minutes and (b) sleep activity at T2
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study examining potential bidirectional effects, the
study design cannot be used to conclusively deter-
mine causality. We note that there were several
nonsignificant findings, and that interactions were
not consistently significant across time points. Fur-
thermore, the magnitude of relations between study
variables may have been attenuated in this commu-
nity sample and larger effect sizes may be observed
in clinical samples of depressed mothers or children
with clinically significant sleep problems. It is also
possible that the role of RSA-R differs for children in
clinical samples. Assessment of paternal depression
and children’s sleep is also warranted. Children were
in late childhood and early adolescence, and most
associations were observed in the first part of the study.

Despite these limitations, this study builds on
prior research showing relations between maternal
depression and child sleep through examination of
objective sleep measures, a longitudinal design, and
physiological reactivity as a moderator. Findings
consistently show evidence for differential suscepti-
bility to poor sleep based on PNS activity and MDS in
late childhood and early adolescence. Sleep plays an

important role in brain function, supporting adap-
tive connectivity and reactivity of brain regions
devoted to emotion and emotion regulation (Gujar,
McDonald, Nishida, & Walker, 2010) and therefore
has important implications for the development of
psychiatric problems (Astill et al., 2012).

Acknowledgements
The project was supported by grant number
R01HL093246 from the National Heart, Lung, and
Blood Institute awarded to M.E.-S. The content is solely
the responsibility of the authors and does not neces-
sarily represent the official views of the NIH. The
authors have declared that they have no competing or
potential conflicts of interest. We thank study partici-
pants, school personnel, and lab staff.

Correspondence
Mona El-Sheikh, Human Development and Family
Studies, 203 Spidle Hall, Auburn University, Auburn,
AL 36849–5214, USA; Email: elshemm@auburn.edu

Key points

• Longitudinal relations between maternal depression and child sleep duration and quality were examined.
Physiological regulation indexed by children’s RSA reactivity to a lab stressor was assessed as a moderator of
relations.

• Maternal depressive symptoms were associated with less sleep minutes for children exhibiting higher RSA
withdrawal, and lower sleep activity for children exhibiting lower RSA withdrawal.

• Children with less depressed mothers and greater RSA withdrawal exhibited relatively high sleep minutes and
relatively low sleep activity.

• Sleep problems can be cause, consequence, or symptom of mental health problems and understanding of the
development of sleep problems in childhood is critical.
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Figure 3 Autoregressive cross-lag model of mothers’ depression symptoms and children’s sleep activity as moderated by children’s RSA-R.
Note: Covariances among variables within the same time point were estimated, but not shown here. Model included the following
(correlated) covariates as predictors of children’s sleep at T2 and T3: child age, sex, race, chronic illness, asthma, and time-varying
covariates of child depression symptoms, BMI, and puberty. Solid lines denote significant paths (all p < .01). Dotted lines denote
nonsignificant paths
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