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Abstract

Key Points

IMPORTANCE Language development builds on speech perception, with early disruptions
increasing the risk for later language difficulties. Although a major postpartum depressive episode is
associated with language development, this association has not been investigated among infants of
mothers experiencing a depressed mood at subclinical levels after birth, even though such a mood is

Question Is subclinical postpartum
depressed maternal mood associated
with how the young infant’s brain
processes speech information?

frequently present in the first weeks after birth. Understanding whether subclinical depressed

Findings In this population-based

maternal mood after birth is associated with early language development is important given

cohort study, more depressed maternal

opportunities of coping strategies for subclinical depressed mood.

mood at 2 months after birth was
associated with a statistically significant

OBJECTIVE To examine whether depressed maternal mood at subclinical levels 2 months after birth

smaller change in infants’

is associated with infant speech perception trajectories from ages 2 to 6.5 months.

electrophysiological brain responses to
syllable pitch perception between ages

DESIGN, SETTING, AND PARTICIPANTS In this longitudinal cohort study conducted between
January 1, 2018, and October 31, 2019, 46 healthy, monolingual German mother-infant dyads were
tested. The sample was recruited from the infants database of the Max Planck Institute for Human
Cognitive and Brain Sciences. Initial statistical analysis was performed between January 1 and March
31, 2021; the moderation analysis (results reported herein) was conducted between July 1 and July
31, 2022.

2 and 6.5 months.
Meaning This study’s findings suggest
an association between aberrant
maturation patterns of infant speech
perception and postpartum depressed
maternal mood at subclinical levels.

EXPOSURES Mothers reported postpartum mood via the German version of the Edinburgh
Postnatal Depression Scale (higher scores indicated higher levels of depressed mood, with a cutoff
of 13 points indicating a high probability of clinical depression) when their infants were 2 months old.
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Author affiliations and article information are
listed at the end of this article.

MAIN OUTCOMES AND MEASURES Electrophysiological correlates of infant speech perception
(mismatch response to speech stimuli) were tested when the infants were aged 2 months (initial
assessment) and 6.5 months (follow-up).
RESULTS A total of 46 mothers (mean [SD] age, 32.1 [3.8] years) and their 2-month-old children
(mean [SD] age, 9.6 [1.2] weeks; 23 girls and 23 boys) participated at the initial assessment, and 36
mothers (mean [SD] age, 32.2 [4.1] years) and their then 6.5-month-old children (mean [SD] age,
28.4 [1.5 weeks; 18 girls and 18 boys) participated at follow-up. Moderation analyses revealed that
more depressed maternal subclinical postpartum mood (mean [SD] Edinburgh Postnatal Depression
Scale score, 4.8 [3.6]) was associated with weaker longitudinal changes of infants’
electrophysiological brain responses to syllable pitch speech information from ages 2 to 6.5 months
(coefficient: 0.68; 95% CI, 0.03-1.33; P = .04).
CONCLUSIONS AND RELEVANCE The results of this cohort study suggest that infant speech
perception trajectories are correlated with subclinical depressed mood in postpartum mothers. This
(continued)
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Abstract (continued)

finding lays the groundwork for future research on early support for caregivers experiencing
depressed mood to have a positive association with children’s language development.
JAMA Network Open. 2022;5(9):e2232672. doi:10.1001/jamanetworkopen.2022.32672

Introduction
Early human infancy is a critical period for studying language development, as infants already show
perceptual capacities for linguistic input.1-3 Language development hinges on social interaction, with
the primary caregiver’s mood affecting communication with the infant. Clinical studies on
postpartum depression4 indicate that a child’s language development can be negatively affected by
caregivers’ depression.5-9 Given that (1) women experience depressive symptoms along a wide
spectrum after giving birth, (2) most mothers currently experience subclinical depressed mood in the
postpartum period,10 and (3) subclinical levels of depressive symptoms in the early postpartum
period increase the likelihood of later deterioration of mood,11 investigating whether subclinical levels
of depressive symptoms are associated with early infant language development is important for a
child’s linguistic development.
Foundations of language are already established during the first weeks after birth,12 making
depressed maternal mood a potential risk factor associated with early language acquisition
milestones. Because altered infant speech perception is associated with the risk of later language
impairments,13,14 it is important to identify factors negatively influencing infants’ speech perception
as early as possible. However, it remains unknown whether subclinical depressed mood in otherwise
healthy mothers who have recently given birth is associated with early infant speech perception, and
whether such an association can be detected in very early infancy.
Infant speech perception can be investigated by electrophysiological markers because
electroencephalography can be performed relatively easily in young infants. The event-related
potential mismatch negativity15 or mismatch response indicates the brain’s neural response to
speech that is the response to deviant stimuli compared with the response to standard stimuli,
without requiring an infant’s attention. Although mismatch negativity among adults is negative in
polarity, a shift from an “immature” positive to a more adultlike mismatch response is typically
observed during the first year of life.12,16-18 Of note, a delayed polarity shift of an infant’s mismatch
response has been associated with the risk of developing language impairments later in life.13,14
Hence, the mismatch response is well suited to study trajectories of early linguistic development.
The present study investigated whether maternal mood at 2 months after birth is associated
with infants’ longitudinal speech perception development. We analyzed mismatch response patterns
to different acoustic speech features among infants aged 2 months and 6.5 months, to cover the age
range during which a mismatch response polarity shift is expected.12,16,17 We hypothesized that a
more depressed maternal mood during the early postpartum period is associated with a lower
likelihood of developing a more mature mismatch response across infancy compared with infants of
mothers with more positive mood.

Methods
Participants
This cohort study was conducted between January 1, 2018, and October 31, 2019. The sample,
recruited from the infants database of the Max Planck Institute for Human Cognitive and Brain
Sciences, Leipzig, Germany, consisted of 46 dyads of mothers and their 2-month-old infants at initial
assessment. Thirty-six mother-infant dyads completed the follow-up assessment when the infants
were aged 6.5 months. Infant studies of comparable sample sizes have explained mismatch response
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variance by factors of the learning environment, such as mismatch response variance with quantity
of language input among 37 infants,19 mismatch response variance with amount of language
exposure among 27 infants,20 and mismatch response variance with infant-directed speech quality
among 17 infants.21 As we were specifically interested in maternal postpartum mood at subclinical
levels, we used the German version22 of the Center for Epidemiologic Studies Depression Scale23 to
screen for and exclude mothers with (past) clinical episodes of major depressive disorder. Exclusion
criteria for infants were gestational age less than 37 weeks, birth weight less than 2700 g, and
diagnosed hearing deficits or neurologic conditions. Parents were informed of the aim and procedure
and provided written parental consent. Mothers were compensated with 7.50€ and could pick a
small toy for their infants. The study followed American Psychological Association standards
according to the Declaration of Helsinki24 and was approved by the medical faculty’s ethics
committee of Leipzig University.

Maternal Assessment
Mothers completed mood and stress questionnaires at 2 months after birth. For maternal
postpartum mood, the Edinburgh Postnatal Depression Scale (EPDS)25,26 was used (German
version27). Scores range from 1 to 30; higher scores indicate higher levels of depressed mood, with a
cutoff of 13 points indicating a high probability of clinical depression. This cutoff ensures high
specificity but lower sensitivity,28 as we were specifically interested in identifying mothers with
subclinical levels of depressed mood. We also assessed maternal subjective perceived stress using
the Perceived Stress Scale (PSS-10)29 (German version30), with higher scores indicating higher levels
of perceived stress. Furthermore, mothers were screened for any psychiatric or neurologic diseases
and any current medications.

Infant Assessment
Identical protocols were used for 2-month-old and 6.5-month-old infants to assess speech
perception in an electrophysiology experiment, conducted in a quiet, infant-friendly room (each
appointment lasted 60 minutes). We recorded the electroencephalogram from 21 active electrodes
(actiCAP system; Brain Products GmbH) at standard positions (10-20 system), referenced online to
electrode Cz and a ground electrode at position Fp1. Electrooculograms were recorded from
electrodes at the outer canthi of both eyes and orbital ridges of the right eye. Electrode impedances
were largely less than 10 kΩ and always less than 20 kΩ. The electroencephalogram signal was
amplified (BrainAmp; Brain Products GmbH), digitized online at 500 Hz, and recorded (BrainVision
Recorder, version 1.21.01.02; Brain Products GmbH). During experiments, infants lay (aged 2 months)
or sat (aged 6.5 months) on their parent’s lap and, if necessary, were entertained using silent toys or
fed by their mothers.
For the electrophysiological assessment of speech perception, we applied a multifeature
paradigm31 with semisynthesized syllables (eFigure 1A in the Supplement). For the standard stimulus,
we used the syllable /ba/. As deviants, we used the syllables /ga/ (consonant deviant32,33), /bu/
(vowel deviant32,34), raised the pitch by 16 Hz /ba+/ (syllable pitch [F0] deviant35), and lengthened
the vowel by 100 ms /ba:/ (/ba/ vs /ba:/ contrast13; vowel length deviant). Stimuli were recorded by a
female native German speaker (16-bit sampling rate, 44.1-kHz digitization) and adjusted using Praat,
version 6.0.2836 (a description of the stimuli is in eFigure 1A in the Supplement).
A total of 800 stimuli were presented via loudspeakers using Presentation software, version
17.2 (Neurobehavioral Systems Inc). Standard and deviant syllables were presented in alternation
(eFigure 1B in the Supplement) at pseudorandom order (ie, 1 deviant type no more than twice in a
row), with a total of 400 standards (probability, 50%) and 100 of each deviant syllable (probability,
12.5%). The interstimulus interval (syllable offset to onset) was 800 milliseconds (experiment
length, 13 minutes).
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Electrophysiological Data Analysis
Electrophysiological data were processed using EEGLAB, version 13.5.4b37 and MATLAB, version
R2017b (The MathWorks Inc). Offline, data were algebraically re-referenced to the mean of mastoids
and bandpass filtered (windowed-sinc finite impulse response [FIR] filter, bandpass 1-30 Hz, Kaiser
window, β = 7.857; filter order = 1208) and semiautomatically scanned for artifacts (criteria:
abnormal values above ±100 μV, abnormal trends above a maximum slope of 100 μV/epoch and 0.5
R2 limit) for subsequent independent-component analysis. Calculated independent components38
were visually scanned and artifact-related components were determined, saved, and applied to
continuous data bandpass filtered at 0.5 to 30 Hz (windowed-sinc FIR filter, Kaiser window,
β = 7.857; filter order = 824), typically used for mismatch response analysis.14,39 Data epochs of 700
milliseconds postsyllable onset (prestimulus baseline, 200 milliseconds) were obtained from the
corrected data and again semiautomatically scanned for artifacts. Finally, individual means for
deviants (/bu/, /ga/, /ba:/, and /ba+/) and standard (/ba/) were calculated, and grand means were
computed.

Statistical Analysis
Statistical analysis was performed with SPSS software, version 24 (IBM Corp) between January 1 and
March 31, 2021 (initial analysis) and between July 1 and July 31, 2022 (moderation analysis). We
tested for significance of the mismatch response as an indicator of infant speech perception at ages
2 and 6.5 months for all contrasts by comparing the mean event-related potential amplitude of the
standard stimulus with those of the deviant stimuli at frontal (F3, Fz, and F4 electrodes),40 central
(C3, Cz, and C4 electrodes), and posterior (P3, Pz, and P4 electrodes) regions of interest. Analyses
were performed for six 100-millisecond time windows (starting 100 milliseconds after stimulus
onset), while controlling for infants’ physical maturation (infant age; Table 1), which has been shown
to affect infant mismatch response polarity (ie, positive vs negative mismatch response).17 For each
age, one 3-factorial repeated-measures analysis of covariance was performed on the mean amplitude
event-related potential data, with the factors condition (standard, syllable pitch, consonant, vowel,
and vowel length deviant), time-window (100-200, 200-300, 300-400, 500-600, and 600-700
milliseconds), and region (frontal, central, and parietal).
To investigate the association of postpartum maternal mood with longitudinal changes in infant
speech perception from ages 2 to 6.5 months, moderation analyses were performed for statistically
significant mismatch response effects found in the repeated-measures analyses of covariance.
Within-participant factor was the mismatch response amplitude change (from ages 2 to 6.5 months)
and the moderator was maternal mood (EPDS scores). Significant association of maternal mood with
speech perception development from ages 2 to 6.5 months was probed by using the SPSS toolbox
MEMORE41 and applying the Johnson-Neyman procedure42,43 for identifying boundaries of
significance when the moderation effect of maternal mood on the change of the mismatch response
amplitude from ages 2 to 6.5 months becomes significant.
Assumptions for metric statistical tests were checked; if not otherwise specified, data were
normally distributed (Kolmogorov-Smirnov test). Reported P values are 2-sided, and effects are
considered to be statistically significant at P < .05. P values were Bonferroni corrected for multiple
comparisons.

Missing Data
All infants met the criteria of at least 50% valid trials in the electrophysiological experiment. All
mothers were under the clinical cutoff for a major depressive episode. From the first to second
assessment, 10 infant-mother dyads withdrew.
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Results
All 46 infants (mean [SD] age, 9.6 [1.2] weeks; 23 girls and 23 boys) and 46 mothers (mean [SD] age,
32.1 [3.8]) were German monolingual, healthy, and from families with middle to high socioeconomic
backgrounds; mothers did not smoke and had no history of neurotoxin use. All mothers were on maternity leave at both assessment points and reported a joint household with both parents (Table 1).

Self-reported Maternal Mood and Perceived Stress
Table 1 provides mean (SD) EPDS scores (maternal mood) and mean (SD) PSS-10 scores (perceived maternal stress) of 46 mothers participating in the first assessment (data acquired 2 months after birth;
eFigure 2 in the Supplement) as well as of 36 mothers in the final sample (data acquired 6.5 months
after birth; eFigure 2 in the Supplement) who responded to our second assessment invitation. Mean
(SD) EPDS scores of mothers in the final sample (4.2 [3.1]) were below the cutoff of 13.28 Five mothers
participating in the first assessment and 2 mothers in the final sample were taking L-thyroxin and in a
stable euthyroid state with this treatment. After controlling for additional factors associated with maternal mood, we did not find significant correlations between maternal EPDS scores and socioeconomic
background (mother’s professional qualification [r = −0.19; P = .21] or father’s professional qualification
[r = −0.23; P = .11) or number of children in the family (r = 0.001; P ⱖ .99) (eTable in the Supplement).
However, we found a significant correlation between maternal EPDS scores and PSS-10 scores (r =
−0.64; P = .001; eTable in the Supplement). Because a mother’s perceived stress enhances clinical postpartum depression risk44 and is associated with 2-month-old infants’ electrophysiological patterns,45
we performed a moderation analysis as a control, with mismatch response amplitude change as a
within-participant factor and maternal PSS-10 scores as a moderator.

Table 1. Overview of Maternal and Infant Characteristics
First assessment
(n = 46)

Second assessment
(n = 36)

Dropouts
(n = 10)

Maternal age, mean (SD) [range], y

32.1 (3.8) [25-41]

32.2 (4.1) [25-41]

31.3 (2.9) [28-35]

Maternal CES-D scores, mean (SD) [range]

6.7 (5.5) [0-23]

6.2 (5.5) [0-23]

7.8 (5.9) [1-21]

Maternal EPDS scores, mean (SD) [range]

4.8 (3.6) [0-14]

4.2 (3.1) [0-11]

6.4 (4.6) [0-14]

Maternal PSS-10 scores, mean (SD) [range]

10.1 (5.8) [1-25]

9.6 (5.8) [1-23]

11.6 (5.8) [6-25]

2

3

0

Characteristic
Maternal and family characteristics

Maternal euthyroid state while taking L-thyroxin 5
medication, absolute No.
Professional qualification of mothers, No. (%)
Without qualification

1 (2.2)

1 (2.8)

Completed vocational training

11 (23.9)

6 (16.7)

5 (50.0)

University student

1 (2.2)

1 (2.8)

0

University degree (or higher)

33 (71.7)

28 (77.7)

5 (50.0)

Professional qualification of fathers, No. (%)
Completed vocational training

20 (43.5)

14 (38.9)

6 (60.0)

University student

4 (8.7)

4 (11.1)

0

University degree (or higher)

22 (47.7)

18 (50.0)

4 (40.0)

No. of older siblings, No. (%)
None

14 (30.4)

14 (38.9)

0

1

15 (32.6)

12 (33.3)

3 (30.0)

2

4 (8.7)

3 (8.3)

1 (10.0)

No information

13 (28.3)

7 (19.4)

6 (60.0)

Age, mean (SD) [range], wk

9.6 (1.2) [8-12]

28.4 (1.5) [26-32]

NA

Sex ratio, female:male

23:23

18:18

5:5

Infant characteristics

Week of pregnancy at birth, mean (SD) [range]

39.7 (1.2) [37-42]

39.8 (1.2) [37-42]

39.7 (1.2) [37-41]

Weight at birth, mean (SD) [range], g

3522.4 (375.7)
[2790-4300]

3540.2 (360.9)
[2820-4300]

3458.0 (439.7)
[2790-4265]
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Electroencephalographic Patterns During Infant Speech Perception
In 2-month-old infants, a significant 3-way interaction (R2 = 0.14; 95% CI, 0.09-0.14; P = .003) was
revealed but was not significantly associated with infant age as a control variable. Post hoc pairwise
comparisons (contrasting each deviant with the standard condition at each region and time window)
showed this interaction to be associated with a positive frontal mismatch response to all deviant
types, as well as a positive central mismatch response to the vowel length deviant (Table 2;
Figure 1A; and eFigure 3A in the Supplement).
In 6.5-month-old infants, a significant 3-way interaction (R2 = 0.34; 95% CI, 0.29-0.35;
P = .001) was again revealed, with no significant association of infant age with outcomes. Post hoc
pairwise comparisons showed this interaction to be associated with a positive frontal mismatch
response to all deviant types, as well as positive central mismatch response to the syllable pitch,
consonant, and vowel deviant types (Table 2; Figure 1B; and eFigure 3B in the Supplement).

Moderation of Maternal Mood on Infant Speech Perception Development
Moderation analyses of the consonant, vowel, and vowel length mismatch response did not
significantly explain overall variance. We found significantly explained overall variance only for the
syllable pitch mismatch response (R2 = 0.12; 95% CI, 0.00-0.32; P = .04), with a nonsignificant
intercept (coefficient, −2.41; 95% CI, −5.90 to 0.12; P = .08), suggesting a mismatch response change
from positive to more negative amplitudes between ages 2 and 6.5 months. We also found that
maternal EPDS scores were significantly associated with syllable pitch mismatch response change
(coefficient, 0.68; 95% CI, 0.03-1.33; P = .04). Probing the moderation association of maternal mood
with mismatch response development revealed that the Johnson-Neyman transition point for a
significant association of maternal mood with infant speech perception change is at an EPDS score of
8.57 (Table 3; Figure 2). This finding means that mismatch response development (typically from
positive to more negative values) stagnates or even becomes more positive (immature) at age 6.5
months with more depressed maternal mood and that this association becomes significant at EPDS
scores of 8.57 or higher. Controlling for the association of mother’s self-perceived stress with
outcomes, analysis revealed no significantly explained overall variance.

Table 2. Statistical Values of the Post Hoc Pairwise Comparisons Following the Significant 3-Way Interaction
Among Condition, Region, and Time Window
Deviant

Region

Time window, ms

95% CI

P value

Infant aged 2 mo
Syllable pitch

Frontal

300-400

0.48 to 4.61

.007

Consonant

Frontal

300-400

0.20 to 4.48

.05

400-500

0.21 to 4.49

.02

Vowel

Frontal

400-500

0.19 to 5.71

.03

Vowel length

Frontal

400-500

0.15 to 4.07

.03

500-600

1.44 to 5.87

.001

600-700

1.44 to 6.20

.001

500-600

1.07 to 5.69

.001

600-700

1.23 to 6.00

.001

.001

Central

Infant aged 6.5 mo
Syllable pitch

Consonant

Vowel

Vowel length

Frontal

200-300

1.32 to 6.46

Central

200-300

0.18 to 5.36

.03

Frontal

200-300

1.45 to 6.42

.001

Central

200-300

0.80 to 5.11

.002

Frontal

200-300

2.00 to 7.39

.001
.006

300-400

0.76 to 6.41

Central

200-300

0.00 to 5.66

.05

Frontal

300-400

0.93 to 4.63

.001

400-500

−0.06 to 4.21

.06
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Discussion
We found that self-reported maternal mood 2 months after birth was associated with the
longitudinal development of an electrophysiological indicator for infant syllable pitch perception.
More depressed maternal mood was associated with a weaker maturational change of the mismatch
response to the syllable pitch deviant between ages 2 and 6.5 months. This finding suggests an
association between infant speech perception maturation and depressed maternal mood after birth

Figure 1. Infant Speech Perception Abilities
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A, Frontal event-related potentials (ERPs) to speech stimuli at age 2 months (n = 46) in
response to the standard stimulus and the various deviant stimuli. B, Central ERPs to
speech stimuli at age 2 months in response to the standard stimulus and the various
deviant stimuli. C, Frontal ERPs to speech stimuli at age 6.5 months (n = 36) in response

to the standard stimulus and the various deviant stimuli. D, Central ERPs to speech
stimuli at age 6.5 months in response to the standard stimulus and the various deviant
stimuli. E, Electrode placement. MMRs indicates mismatch responses.
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even at a subclinical level, and a pivotal role of an early exposure to depressed mood for syllable pitch
perception developmental trajectories.
Within the first year of life, the brain’s signature of processing an auditory mismatch is expected
to develop from positive, immature mismatch responses to a more adultlike mismatch
negativity.12,16-18 Given that this shift is regularly seen at this developmental stage, the first year of life
constitutes a critical period for speech perception. This period is vulnerable to environmental
influence, such as the main caretaker’s mood. Although we observed an overall maturation (less
positive mismatch response) in 6.5-month-old infants compared with 2-month-old infants, infants of
mothers with more depressed mood 2 months after birth showed overall more positive, less mature
mismatch response polarity at both ages. This finding suggests that the main caregiver’s mood is a
pace-setting factor for infant mismatch response maturation. This finding is corroborated by the

Table 3. Development of Infant Speech Perception (ie, Mismatch Response to Syllable Pitch Changes) at Values
of the Moderator Variable Maternal Mood
Maternal mood (EPDS score)

Effect (SE) [95% CI]

P value

0.00

−2.41 (1.72) [−5.90 to 1.08]

.17

0.58

−2.02 (1.57) [−5.21 to 1.18]

.21

1.16

−1.62 (1.44) [−4.54 to 1.30]

.27

1.74

−1.23 (1.31) [−3.89 to 1.44]

.36

2.32

−0.83 (1.20) [−3.27 to 1.61]

.49

2.89

−0.44 (1.11) [−2.70 to 1.83]

.70

3.47

−0.04 (1.05) [−2.18 to 2.10]

.97

4.05

0.36 (1.02) [−1.71 to 2.42]

.73

4.63

0.75 (1.02) [−1.32 to 2.82]

.47

5.21

1.15 (1.05) [−0.99 to 3.29]

.28

5.79

1.54 (1.12) [−0.73 to 3.81]

.18

6.37

1.94 (1.20) [−0.51 to 4.39]

.12

6.95

2.33 (1.31) [−0.34 to 5.00]

.09

7.53

2.73 (1.44) [−0.20 to 6.65]

.07

8.11

3.12 (1.58) [−0.08 to 6.32]

.06

8.57
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Figure 2. Mismatch Response (MMR) Development Between Ages 2 and 6.5 Months as a Linear Function
of Maternal Mood
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observation that the developmental shift toward more negative mismatch responses at age 6.5
months when compared with age 2 months was more likely for infants of mothers with a less
depressed mood. Given that infants with a prolonged period of positive “immature” mismatch
responses during the first months of life are at risk of later language difficulties12 and immature
mismatch responses to pitch variations were found among individuals experiencing language
developmental difficulties,46-49 mothers’ more depressed postpartum mood can be considered a
risk factor for infants experiencing language difficulties later in life.
Our findings extend previous reports on negative associations between maternal postpartum
clinically depressed mood and children’s language development by exploring the subclinical range of
maternal mood.8,50 They align with previous work suggesting that a reduction of infant-directed
speech use among mothers with depressed mood is associated with children’s developmental
trajectories.51 Infant-directed speech uses greater pitch variability and slower speech rate compared
with adult-directed speech52,53 and is critical for encouraging early language perception.54-57
However, depressed mothers often show a reduction in vocal pitch modulation when directing
speech toward their infants.58-60 Our findings lend support to the role of pitch modulations in the
mother-infant relationship, even in subclinical mood deterioration: it was the response to the syllable
pitch and not the other speech deviants that showed associations with infant mismatch response
negativity and maternal mood. However, associations might have been missed because of the
relatively small sample.
Although further studies with infant-caregiver dyads are needed to fully characterize the
association of the caregiver’s mood with infant language development, the present findings suggest
that the postpartum period is a critical time for infant speech perception. This finding provides the
foundation for future studies testing the hypothesis that early support of mothers with postpartum
depressed mood may also be beneficial for their infants’ speech perception and language
development. Although pharmacologic interventions for postpartum depression have been shown
to effectively encourage infant-directed speech use59 and to promote infant speech perception,8 an
alternative approach of supporting women experiencing postpartum subclinical depressed mood
might be the involvement of other close caregivers. As fathers also use increased pitch variability in
infant-directed speech,61 paternal pitch variability may be one option for a low-threshold coping
strategy to support infants’ language development during the postpartum period.62

Limitations
This study has some limitations. The longitudinal design offers the advantage of establishing a
sequence of events; however, correlation over time does not imply causation and allows only for
speculation on the underpinnings of the association between postpartum maternal mood and infant
syllable pitch perception. Although a reduced range in the vocal pitch of mothers with postpartum
depression has been reliably shown,58,59 we did not test whether our main findings were associated
specifically with infant-directed speech use by mothers. Future research should include assessments
of mothers’ infant-directed speech characteristics to disentangle the specific aspects underlying the
association between maternal postpartum mood, maternal pitch modulation, and infant mismatch
response to syllable pitch deviants. Moreover, we assessed maternal mood only when infants were 2
months old. To reliably conclude that maternal mood 2 months after birth moderates less
maturational change of infant speech perception from ages 2 months to 6.5 months, only a second
assessment would allow for excluding that mothers continue to experience a more depressed mood,
which might also be associated with infants’ speech perception at 6.5 months.
Our study offers, to our knowledge, the first evidence of an association of postpartum maternal
mood at a subclinical level and infant speech perception. Future research will need to replicate these
findings in a larger, more heterogeneous sample with families of broader socioeconomic
backgrounds to allow for generalizability of the present results. In the present study, family-related
variables such as socioeconomic background and number of siblings did not explain maternal
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postpartum mood. However, even in our limited sample with mostly middle to high socioeconomic
status, the observed variance in mood showed an association with infant speech perception.

Conclusions
The results of this cohort study suggest an association of postpartum depressed maternal mood at
subclinical levels with less maturational change of speech perception among young infants between
ages 2 and 6.5 months. Our observation that maternal mood at 2 months post partum was associated
with infant speech perception longitudinally emphasizes the importance of considering the role of
postpartum maternal mood in shaping infants’ brain responses to speech stimuli. This finding
advocates for systematic early screenings for mothers’ postpartum mood and for future studies
exploring whether early support for caregivers experiencing depressed mood can have a positive
association with infant language development.

ARTICLE INFORMATION
Accepted for Publication: August 4, 2022.
Published: September 21, 2022. doi:10.1001/jamanetworkopen.2022.32672
Open Access: This is an open access article distributed under the terms of the CC-BY License. © 2022 Schaadt G
et al. JAMA Network Open.
Corresponding Author: Gesa Schaadt, PhD, Department of Education and Psychology, Freie Universität Berlin,
Schwendenerstrasse 33, 14195 Berlin, Germany (gesa.schaadt@fu-berlin.de).
Author Affiliations: Department of Education and Psychology, Freie Universität Berlin, Berlin, Germany (Schaadt);
Department of Neuropsychology, Max Planck Institute for Human Cognitive and Brain Sciences, Leipzig, Germany
(Schaadt, Männel); Department of Neurology, Max Planck Institute for Human Cognitive and Brain Sciences,
Leipzig, Germany (Zsido, Villringer, Obrig); Emotion & Neuroimaging Lab, Max Planck Institute for Human
Cognitive and Brain Sciences, Leipzig, Germany (Zsido, Sacher); Clinic for Cognitive Neurology, Medical Faculty,
University Leipzig, Leipzig, Germany (Villringer, Obrig, Männel, Sacher); Department of Audiology and Phoniatrics,
Charité–Universitätsmedizin Berlin, Berlin, Germany (Männel); Department of Psychiatry, Psychotherapy and
Psychosomatics, Helios Park Hospital Leipzig, Leipzig, Germany (Sacher).
Author Contributions: Drs Schaadt and Männel had full access to all of the data in the study and take
responsibility for the integrity of the data and the accuracy of the data analysis. Drs Männel and Sacher
contributed equally.
Concept and design: Schaadt, Villringer, Männel, Sacher.
Acquisition, analysis, or interpretation of data: Schaadt, Zsido, Obrig, Männel, Sacher.
Drafting of the manuscript: Schaadt, Zsido.
Critical revision of the manuscript for important intellectual content: Zsido, Villringer, Obrig, Männel, Sacher.
Statistical analysis: Schaadt, Zsido.
Obtained funding: Villringer, Männel, Sacher.
Administrative, technical, or material support: Villringer.
Supervision: Villringer, Obrig, Männel, Sacher.
Conflict of Interest Disclosures: Dr Männel reported receiving grants from the German Research Foundation
during the conduct of the study. Dr Sacher reported receiving grants from the Society in Branco Weiss Fellowship
during the conduct of the study. No other disclosures were reported.
Funding/Support: This research was funded by the Max Planck Society, the German Research Foundation (project
MA 6897/2-1 [Dr Männel]), and the Society in Science Branco Weiss Fellowship (Dr Sacher).
Role of the Funder/Sponsor: The funding sources had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.
Additional Contributions: We are grateful to the participating families for supporting our research. We thank
Kristiane Klein, Department of Neuropsychology, Max Planck Institute for Human Cognitive and Brain Sciences,
Annika Werwach, Clinic for Cognitive Neurology, Medical Faculty, University Leipzig, and Lisa-Marie Burmeister,
JAMA Network Open. 2022;5(9):e2232672. doi:10.1001/jamanetworkopen.2022.32672 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/23/2022

September 21, 2022

10/13

JAMA Network Open | Pediatrics

Association of Postpartum Maternal Mood With Infant Speech Perception

Clinic for Cognitive Neurology, Medical Faculty, University Leipzig, for their work with the participating families and
their help in electroencephalographic data recording, and Dr Angela D. Friederici, Department of
Neuropsychology, Max Planck Institute for Human Cognitive and Brain Sciences, for her support and helpful
comments on the manuscript. They were not compensated for their contributions.
REFERENCES
1. Dehaene-Lambertz G, Spelke ES. The infancy of the human brain. Neuron. 2015;88(1):93-109. doi:10.1016/j.
neuron.2015.09.026
2. Perani D, Saccuman MC, Scifo P, et al. Neural language networks at birth. Proc Natl Acad Sci U S A. 2011;108(38):
16056-16061. doi:10.1073/pnas.1102991108
3. Friederici AD. The neural basis of language development and its impairment. Neuron. 2006;52(6):941-952.
doi:10.1016/j.neuron.2006.12.002
4. Gavin NI, Gaynes BN, Lohr KN, Meltzer-Brody S, Gartlehner G, Swinson T. Perinatal depression: a systematic
review of prevalence and incidence. Obstet Gynecol. 2005;106(5 Pt 1):1071-1083. doi:10.1097/01.AOG.
0000183597.31630.db
5. Murray L, Cooper PJ, Wilson A, Romaniuk H. Controlled trial of the short- and long-term effect of psychological
treatment of post-partum depression, 2: impact on the mother-child relationship and child outcome. Br J
Psychiatry. 2003;182(5):420-427. doi:10.1192/bjp.182.5.420
6. Murray L, Arteche A, Fearon P, Halligan S, Croudace T, Cooper P. The effects of maternal postnatal depression
and child sex on academic performance at age 16 years: a developmental approach. J Child Psychol Psychiatry.
2010;51(10):1150-1159. doi:10.1111/j.1469-7610.2010.02259.x
7. Kaplan PS, Danko CM, Everhart KD, et al. Maternal depression and expressive communication in one-year-old
infants. Infant Behav Dev. 2014;37(3):398-405. doi:10.1016/j.infbeh.2014.05.008
8. Weikum WM, Oberlander TF, Hensch TK, Werker JF. Prenatal exposure to antidepressants and depressed
maternal mood alter trajectory of infant speech perception. Proc Natl Acad Sci U S A. 2012;109(suppl 2):
17221-17227. doi:10.1073/pnas.1121263109
9. Kuhl PK, Conboy BT, Padden D, Nelson T, Pruitt J. Early speech perception and later language development:
implications for the “critical period”. Lang Learn Dev. 2005;1(3-4):237-264. doi:10.1080/15475441.2005.9671948
10. Stewart DE, Vigod S. Postpartum depression. N Engl J Med. 2016;375(22):2177-2186. doi:10.1056/
NEJMcp1607649
11. Reck C, Stehle E, Reinig K, Mundt C. Maternity blues as a predictor of DSM-IV depression and anxiety disorders
in the first three months postpartum. J Affect Disord. 2009;113(1-2):77-87. doi:10.1016/j.jad.2008.05.003
12. Friedrich M, Herold B, Friederici AD. ERP correlates of processing native and non-native language word stress
in infants with different language outcomes. Cortex. 2009;45(5):662-676. doi:10.1016/j.cortex.2008.06.014
13. Friedrich M, Weber C, Friederici AD. Electrophysiological evidence for delayed mismatch response in infants
at-risk for specific language impairment. Psychophysiology. 2004;41(5):772-782. doi:10.1111/j.1469-8986.2004.
00202.x
14. Schaadt G, Männel C, van der Meer E, Pannekamp A, Oberecker R, Friederici AD. Present and past: can writing
abilities in school children be associated with their auditory discrimination capacities in infancy? Res Dev Disabil.
2015;47:318-333. doi:10.1016/j.ridd.2015.10.002
15. Näätänen R, Gaillard AWK, Mäntysalo S. Early selective-attention effect on evoked potential reinterpreted.
Acta Psychol (Amst). 1978;42(4):313-329. doi:10.1016/0001-6918(78)90006-9
16. Trainor L, McFadden M, Hodgson L, et al. Changes in auditory cortex and the development of mismatch
negativity between 2 and 6 months of age. Int J Psychophysiol. 2003;51(1):5-15. doi:10.1016/S0167-8760(03)
00148-X
17. He C, Hotson L, Trainor LJ. Maturation of cortical mismatch responses to occasional pitch change in early
infancy: effects of presentation rate and magnitude of change. Neuropsychologia. 2009;47(1):218-229. doi:10.
1016/j.neuropsychologia.2008.07.019
18. Morr ML, Shafer VL, Kreuzer JA, Kurtzberg D. Maturation of mismatch negativity in typically developing infants
and preschool children. Ear Hear. 2002;23(2):118-136. doi:10.1097/00003446-200204000-00005
19. Garcia-Sierra A, Ramírez-Esparza N, Kuhl PK. Relationships between quantity of language input and brain
responses in bilingual and monolingual infants. Int J Psychophysiol. 2016;110:1-17. doi:10.1016/j.ijpsycho.2016.
10.004
20. Marklund E, Schwarz I-C, Lacerda F. Amount of speech exposure predicts vowel perception in four- to eightmonth-olds. Dev Cogn Neurosci. 2019;36:100622. doi:10.1016/j.dcn.2019.100622

JAMA Network Open. 2022;5(9):e2232672. doi:10.1001/jamanetworkopen.2022.32672 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/23/2022

September 21, 2022

11/13

JAMA Network Open | Pediatrics

Association of Postpartum Maternal Mood With Infant Speech Perception

21. García-Sierra A, Ramírez-Esparza N, Wig N, Robertson D. Language learning as a function of infant directed
speech (IDS) in Spanish: testing neural commitment using the positive-MMR. Brain Lang. 2021;212:104890. doi:
10.1016/j.bandl.2020.104890
22. Gerbershagen HU, Kohlmann TH. Die deutsche Fassung der “Center for Epidemiologic Studies Depression Scale
(CES-D)”: Übersetzung und psychometrische Validierung. Lübeck/Mainz; 2006.
23. Radloff LS. The CES-D scale: a self-report depression scale for research in the general population. Appl Psychol
Meas. 1977;1:385-401. doi:10.1177/014662167700100306
24. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053
25. Boyd RC, Le HN, Somberg R. Review of screening instruments for postpartum depression. Arch Womens Ment
Health. 2005;8(3):141-153. doi:10.1007/s00737-005-0096-6
26. Cox JL, Holden JM, Sagovsky R. Detection of postnatal depression: development of the 10-item Edinburgh
Postnatal Depression Scale. Br J Psychiatry. 1987;150:782-786. doi:10.1192/bjp.150.6.782
27. Bergant AM, Nguyen T, Heim K, Ulmer H, Dapunt O. Deutschsprachige Fassung und Validierung der
“Edinburgh postnatal depression scale”. Dtsch Med Wochenschr. 1998;123(3):35-40. doi:10.1055/s-2007-1023895
28. Levis B, Negeri Z, Sun Y, Benedetti A, Thombs BD; DEPRESsion Screening Data (DEPRESSD) EPDS Group.
Accuracy of the Edinburgh Postnatal Depression Scale (EPDS) for screening to detect major depression among
pregnant and postpartum women: systematic review and meta-analysis of individual participant data. BMJ. 2020;
371:m4022. doi:10.1136/bmj.m4022
29. Cohen S, Kamarck T, Mermelstein R. A global measure of perceived stress. J Health Soc Behav. 1983;24(4):
385-396. doi:10.2307/2136404
30. Klein EM, Brähler E, Dreier M, et al. The German version of the Perceived Stress Scale—psychometric
characteristics in a representative German community sample. BMC Psychiatry. 2016;16:159. doi:10.1186/s12888016-0875-9
31. Näätänen R, Pakarinen S, Rinne T, Takegata R. The mismatch negativity (MMN): towards the optimal paradigm.
Clin Neurophysiol. 2004;115(1):140-144. doi:10.1016/j.clinph.2003.04.001
32. Cheng Y-Y, Wu H-C, Tzeng Y-L, Yang M-T, Zhao L-L, Lee C-Y. Feature-specific transition from positive mismatch
response to mismatch negativity in early infancy: mismatch responses to vowels and initial consonants. Int J
Psychophysiol. 2015;96(2):84-94. doi:10.1016/j.ijpsycho.2015.03.007
33. Mahmoudzadeh M, Dehaene-Lambertz G, Fournier M, et al. Syllabic discrimination in premature human
infants prior to complete formation of cortical layers. Proc Natl Acad Sci U S A. 2013;110(12):4846-4851. doi:10.
1073/pnas.1212220110
34. Koerner TK, Zhang Y, Nelson PB, Wang B, Zou H. Neural indices of phonemic discrimination and sentence-level
speech intelligibility in quiet and noise: a mismatch negativity study. Hear Res. 2016;339:40-49. doi:10.1016/j.
heares.2016.06.001
35. Partanen E, Pakarinen S, Kujala T, Huotilainen M. Infants’ brain responses for speech sound changes in fast
multifeature MMN paradigm. Clin Neurophysiol. 2013;124(8):1578-1585. doi:10.1016/j.clinph.2013.02.014
36. Boersma P. Praat, a system for doing phonetics by computer. Glot Int. 2001;5(9/10):341-345.
37. Delorme A, Makeig S. EEGLAB: an open source toolbox for analysis of single-trial EEG dynamics including
independent component analysis. J Neurosci Methods. 2004;134(1):9-21. doi:10.1016/j.jneumeth.2003.10.009
38. Makeig S, Bell AJ, Jung T-P, Sejnowski TJ. Independent component analysis of electroencephalographic data.
In: Proceedings of the 8th International Conference on Neural Information Processing Systems (NIPS’95). MIT Press;
1995:145-151.
39. Männel C, Schaadt G, Illner FK, van der Meer E, Friederici AD. Phonological abilities in literacy-impaired
children: brain potentials reveal deficient phoneme discrimination, but intact prosodic processing. Dev Cogn
Neurosci. 2017;23:14-25. doi:10.1016/j.dcn.2016.11.007
40. Näätänen R, Paavilainen P, Rinne T, Alho K. The mismatch negativity (MMN) in basic research of central
auditory processing: a review. Clin Neurophysiol. 2007;118(12):2544-2590. doi:10.1016/j.clinph.2007.04.026
41. Montoya AK. Moderation analysis in two-instance repeated measures designs: probing methods and multiple
moderator models. Behav Res Methods. 2019;51(1):61-82. doi:10.3758/s13428-018-1088-6
42. Johnson PO, Fay LC. The Johnson-Neyman technique, its theory and application. Psychometrika. 1950;15(4):
349-367. doi:10.1007/BF02288864
43. Johnson PO, Neyman J. Tests of certain linear hypotheses and their application to some educational problems.
Stat Res Mem. 1936;1:57-93.

JAMA Network Open. 2022;5(9):e2232672. doi:10.1001/jamanetworkopen.2022.32672 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/23/2022

September 21, 2022

12/13

JAMA Network Open | Pediatrics

Association of Postpartum Maternal Mood With Infant Speech Perception

44. Zelkowitz P, Milet TH. The course of postpartum psychiatric disorders in women and their partners. J Nerv
Ment Dis. 2001;189(9):575-582. doi:10.1097/00005053-200109000-00002
45. Pierce LJ, Thompson BL, Gharib A, et al. Association of perceived maternal stress during the perinatal period
with electroencephalography patterns in 2-month-old infants. JAMA Pediatr. 2019;173(6):561-570. doi:10.1001/
jamapediatrics.2019.0492
46. Davids N, Segers E, van den Brink D, et al. The nature of auditory discrimination problems in children with
specific language impairment: an MMN study. Neuropsychologia. 2011;49(1):19-28. doi:10.1016/j.
neuropsychologia.2010.11.001
47. Kujala T, Leminen M. Low-level neural auditory discrimination dysfunctions in specific language impairment—a
review on mismatch negativity findings. Dev Cogn Neurosci. 2017;28:65-75. doi:10.1016/j.dcn.2017.10.005
48. Baldeweg T, Richardson A, Watkins S, Foale C, Gruzelier J. Impaired auditory frequency discrimination in
dyslexia detected with mismatch evoked potentials. Ann Neurol. 1999;45(4):495-503. doi:10.1002/1531-8249
(199904)45:4<495::AID-ANA11>3.0.CO;2-M
49. Kujala T, Lovio R, Lepistö T, Laasonen M, Näätänen R. Evaluation of multi-attribute auditory discrimination in
dyslexia with the mismatch negativity. Clin Neurophysiol. 2006;117(4):885-893. doi:10.1016/j.clinph.2006.01.002
50. Porritt LL, Zinser MC, Bachorowski JA, Kaplan PS. Depression diagnoses and fundamental frequency–based
acoustic cues in maternal infant-directed speech. Lang Learn Dev. 2014;10(1):51-67. doi:10.1080/15475441.2013.
802962
51. Martinez A, Malphurs J, Field T. Depressed mothers’ and their infants’ interactions with nondepressed
partners. Infant Ment Health J. 1996;17(1):74-80. doi:10.1002/(SICI)1097-0355(199621)17:1<74::AIDIMHJ6>3.0.CO;2-1
52. Fernald A, Simon T. Expanded intonation contours in mothers’ speech to newborns. Dev Psychol. 1984;20(1):
104-113. doi:10.1037/0012-1649.20.1.104
53. McRoberts GW, Best CT. Accommodation in mean f0 during mother-infant and father-infant vocal interactions:
a longitudinal case study. J Child Lang. 1997;24(3):719-736. doi:10.1017/S030500099700322X
54. Kaye K. The Mental and Social Life of Babies: How Parents Create Persons. Vol 3. Harvester Press; 1982.
55. Bloom L, Margulis C, Tinker E, Fujita N. Early conversations and word learning: contributions from child and
adult. Child Dev. 1996;67(6):3154-3175. doi:10.2307/1131772
56. Golinkoff RM, Can DD, Soderstrom M, Hirsh-Pasek K. (Baby) talk to me: the social context of infant-directed
speech and its effects on early language acquisition. Curr Dir Psychol Sci. 2015;24(5):339-344. doi:10.1177/
0963721415595345
57. Spinelli M, Fasolo M, Mesman J. Does prosody make the difference? a meta-analysis on relations between
prosodic aspects of infant-directed speech and infant outcomes. Dev Rev. 2017;44:1-18. doi:10.1016/j.dr.
2016.12.001
58. Bettes BA. Maternal depression and motherese: temporal and intonational features. Child Dev. 1988;59(4):
1089-1096. doi:10.2307/1130275
59. Kaplan PS, Bachorowski JA, Smoski MJ, Zinser M. Role of clinical diagnosis and medication use in effects of
maternal depression on infant-directed speech. Infancy. 2001;2(4):537-548. doi:10.1207/S15327078IN0204_08
60. Lam-Cassettari C, Kohlhoff J. Effect of maternal depression on infant-directed speech to prelinguistic infants:
implications for language development. PLoS One. 2020;15(7):e0236787. doi:10.1371/journal.pone.0236787
61. Fernald A, Taeschner T, Dunn J, Papousek M, de Boysson-Bardies B, Fukui I. A cross-language study of prosodic
modifications in mothers’ and fathers’ speech to preverbal infants. J Child Lang. 1989;16(3):477-501. doi:10.1017/
S0305000900010679
62. Kaplan PS, Dungan JK, Zinser MC. Infants of chronically depressed mothers learn in response to male, but not
female, infant-directed speech. Dev Psychol. 2004;40(2):140-148. doi:10.1037/0012-1649.40.2.140
SUPPLEMENT.
eFigure 1. Description of Experimental Speech Stimuli
eFigure 2. Description of Experimental Protocol
eTable. Correlation of Maternal Mood (EPDS-Scores) With Mother’s and Father’s Professional Qualifications,
Number of Children in the Family and Mother’s Perceived Stress
eFigure 3. Topographic Maps of the Mismatch Response

JAMA Network Open. 2022;5(9):e2232672. doi:10.1001/jamanetworkopen.2022.32672 (Reprinted)

Downloaded From: https://jamanetwork.com/ on 09/23/2022

September 21, 2022

13/13

