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Abstract

EEGs were examined in data collected from 348 1-week, 1-month and 3-month-old infants of
depressed and non-depressed mothers across several studies. Both the percentage of infants
exhibiting spectral peaks and the frequency in Hz at which those peaks were exhibited increased with
age. Consistent with previous studies, infants of depressed mothers exhibited greater left frontal EEG
power, suggesting greater relative right frontal EEG activity than infants of non-depressed mothers.
This profile was apparent across a narrow frequency range, which shifted from 3-9Hz at one week
of age to 4-9Hz by three months of age.

EEG in 1-Week, 1-Month and 3-Month-Old Infants of Depressed and Non-
Depressed Mothers

Maternal depression has been noted to negatively affect infant development (see Field, Diego
& Hernandez-Reif, 2006 for a review). Prior to birth, fetuses of depressed mothers exhibit
distinct neurobehavioral profiles (Allister, Lester, Carr & Liu, 2001; Monk, Sloan, Myers et
al., 2004) and shortly after birth, neonates of depressed mothers show neurobehavioral
dysregulation (Field, Diego, Dieter, et al., 2004; Hernandez-Reif, Field, Diego & Ruddock,
2006), that persists throughout infancy (Jones, Field, Davalos &, Pickens 1997a; Jones, Field,
Fox, Lundy & Davalos, 1997b) and may predispose these infants to develop cognitive, motor
and emotional problems (Patel et al., 2003; Silverstein, Augustyn, Cabral & Zuckerman, 2006)
and psychopathology (Luoma, Tamminen, Kaukonen etal., 2001; Warner, Weissman, Mufson,
& Wickramaratne, 1999).

Infants of depressed mothers are also more likely to exhibit a particular pattern of resting brain
electrical activity marked by greater left than right frontal EEG power suggesting relative right
frontal EEG activity (Table 1). This pattern is evident as early as one week of age (Diego,
Field, Hernandez-Reif, Cullen, Schanberg & Kuhn, 2004;Jones, Field, Fox, Davalos, Lundy
& Hart, 1998) and has been shown to remain stable from one to three months (Jones et al.,
1997b) and from three months to three years (Jones et al., 1997a). Furthermore, the pattern of
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EEG asymmetry exhibited by these infants is consistent with their behavioral affective style
and is similar to the EEG pattern exhibited by their mothers (Field et al., 2004;Jones et al.,
1998) and other depressed adults (see Davidson, 2000 for a review) even when these individuals
show a remission in their behavioral symptoms (Henriques & Davidson, 1990).

Frequency Bands

Method

Participants

In most adult studies, EEG asymmetries have been assessed on 8-13Hz- EEG power, as activity
within this frequency band is thought to be inversely related to the degree of cortical activity
occurring at a given electrode site (Davidson, 2000). In the waking infant, the EEG is primarily
composed of low frequency activity (1-4Hz) which is widely preponderant across the scalp
from birth to three months of age, and becomes more stable and increases in frequency to 3—-
5Hz by five months (Mizuno, Yamauchi, Watanabe, Komatsushiro, Takagi, linuma &
Arakawa, 1970), and 7-8Hz by the end of the first year (Marshall, Bar-Haim & Fox, 2002;
Stroganova, et al., 1999). Because the spectral properties of the human EEG change across
development, it is not appropriate to use the adult frequency bands in the study of infant EEG
(Pivik et al., 1993). As such, it has been proposed that researchers use either a wide frequency
band that encompasses all frequencies in which there is a substantial amount of power (i.e. 3—
12Hz), or use narrow frequency bands centered around the peaks in the spectrum (i.e. 6-9Hz)
(Pivik et al., 1993).

Studies examining frontal EEG asymmetries in infants of depressed mothers have employed
a wide range of frequency bands from the 3-12Hz and 3-13Hz bands on one week-olds to the
3-12Hz, the 2-6Hz and 6-9Hz bands on three to six month olds, and the 3-5Hz, 6-9Hz and
10-12Hz bands in older infants (Table 1). The use of distinct frequency bands creates a problem
when comparing findings across studies. For example, while studies using the 2—6Hz and 3-
12 Hz bands have found differences between infants of depressed and non-depressed mothers
at three months (Jones et al., 1997; Field et al., 1995), studies using the 6-9Hz band, have
yielded inconsistent results (Field et al., 1998; Jones et al., 1997). Furthermore, at least one
study, which examined 3-5Hz, 6-9Hz and 10-12Hz band asymmetries, found that only the 6—
9Hz band discriminated thirteen to fifteen month-old infants of depressed mothers from infants
of non-depressed mothers (Dawson, Frey, Self et al., 1999). Because power within distinct
frequency bands might reflect distinct components across development, the variation in the
use of frequency bands due to a lack of clear understanding highlights the need for determining
frequency bands that best discriminate infants of depressed from those of non-depressed
mothers across early infant development.

Even though numerous studies have examined EEG asymmetries in infants of depressed
mothers, none have critically evaluated the optimal methodological approach for deriving
frontal EEG asymmetries in this population. As such, the present study examined the spectral
properties of EEG records of one week, one month and three month-old infants of depressed
and non-depressed mothers, and critically evaluated the efficacy of distinct methodological
approaches currently used in the study of infant EEG asymmetries. Based on previous findings,
we hypothesized that infants of depressed mothers would exhibit greater left than right frontal
EEG power than infants of depressed mothers suggesting greater relative right frontal EEG
activity. EEG asymmetries computed at certain frequencies were expected to more effectively
discriminate infants of depressed mothers from those of non-depressed mothers.

The sample consisted of the records of 348 infants obtained from databases on the effects of
maternal depression on infant development including demographic information, infant EEG
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records and self-report measures of maternal depression previously reported by Field, Jones,
Diego and their colleagues (Field, Diego, Dieter et al., 2004; Diego, Field, Jones, et al.,
2004; Jones, Field, Fox, Lundy & Davalos, 1997; Jones, Field, Fox, Davalos, Lundy & Hart,
1998; Jones & Field, 1998; Jones, McFall & Diego, 2004). This cross-sectional sample
consisted of the records from 100, one-week-old infants, 144, one-month-old infants and 104,
three-month-old infants born to mothers with and without symptoms of depression (Total:
Depressed n = 149; Non-Depressed n = 199; 1-Week: Depressed n = 45; Non-Depressed n =
55; 1-Month: Depressed n = 66; Non-Depressed n = 78; 3-Months: Depressed n = 38; Non-
Depressed n = 66). The mothers had been recruited from prenatal clinics and newborn nurseries
and were on average 25-years-old, predominantly middle SES on the Hollingshead index
(Hollingshead, 1975) and distributed 36% African-American, 33% Hispanic, 29% Caucasian
and 2% Asian. Records were only compiled for right-handed mothers who: a) had
uncomplicated pregnancies and deliveries; b) did not smoke cigarettes, drink alcohol or use
recreational drugs during pregnancy; c¢) had not been prescribed medications (including
antidepressants or other psychotropic medications) other than vitamins; and d) had healthy,
full-term infants who did not exhibit any abnormalities during pregnancy, delivery or the
postpartum period. Only records with at least 15 valid windows of infant EEG were included.

Assessments

A Demographic Questionnaire was administered to the mothers after they signed an informed
consent. The questionnaire included the mothers’ age, ethnicity, occupation and education.
Answers to the occupation and education questions were then used to compute socioeconomic
status (SES) based on the Hollingshead (1975) Four Factor Index of Social Status.

The Center for Epidemiological Studies-Depression scale (CES-D) (Radloff, 1977) is a 20-
item scale, with scores ranging between 0 and 60. The respondents rate the frequency (within
the last week) of 20 symptoms. The symptoms include depressed mood, feelings of
helplessness and hopelessness, feelings of guilt and worthlessness, loss of energy, and
problems with sleep and appetite. Despite the fact that the CES-D does not allow for a clinical
diagnosis of depression, studies have shown that a score of 16 or greater can differentiate
clinically depressed and non-depressed participants with only a 6% false positive and 36%
false negative rate (Radloff, 1977). In addition, this scale has been shown to be reliable and
valid for diverse demographic groups (Radloff, 1977). Test-retest reliability for the CES-D
indicates satisfactory test-retest reliability ranging from .51 to .67 over a 2-8 week period and
from .32 to .54 over a 3- to 12-month period (Radloff, 1977).

Although depression symptoms assessed via self-report scales such as the CES-D do not
provide a clinical diagnosis for depression, they have been correlated with diagnosed
depression based on clinical evaluations (Radloff & Teri, 1986) and with well established
structured clinical interviews such as the DIS (Weissman, Prusoff & Newberry, 1975; Wilcox,
Field, Promodromis & Scafidi, 1998). Furthermore, research on both adults and infants reveals
that mothers who have scores above the cut off on self-report scales such as the CES-D and
Beck Depression Inventory (BDI), exhibit a pattern of electrophysiological (Diego, Field &
Hernandez-Reif, 2001; Henriques & Davidson, 1991; Shaffer, Davidson, & Saron, 1983) and
biochemical dysregulation (Field, Diego, Dieter, Hernandez-Reif, Schanberg, Kuhn, Yando &
Bendell, 2004) that is mimicked by their infants (Field et al., 1990; Field et al., 2001) and is
not different when a clinical diagnosis for depression is used (Dawson, Frey, Panagiotides,
Osterling, & Hessl, 1999; Jones et al., 1998; Henriques & Davidson, 1990). The mother’s CES-
D was administered during the same visit that the infant’s EEG was recorded.
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The infant’s EEG was recorded for three-minutes from four (F3, F4, P3 & P4) scalp locations
referenced to the vertex (Cz). The vertex-referencing scheme was used, as it is the least invasive
location for young infants and has been used in previous research examining EEG asymmetry
in this age range. EEG recordings were conducted using lycra stretchable caps (manufactured
by Electro-Cap, Inc.) that were positioned on the participant’s head using anatomical landmarks
(Bloom & Anneveldt, 1982). Omni-prep gel and electrode gel were inserted into each site in
order to gently abrade and provide good conductance. Impedances were less than 5K ohms or
the site was re-abraded until optimal impedances were obtained. EOG was also obtained from
the outer canthus and the supra-orbit position of one eye using Beckman mini-electrodes. 1-
week and 1-month old infants were swaddled and rested in bassinette, while 3-month old infants
sat in an infant car seat were during the EEG recordings. The infants mothers as well as the
research team were instructed to remain quiet and out of the infant’s field of vision during these
recordings to avoid any influence on the infants emotional state during these EEG baseline
recordings.

The EEG signals were amplified using Grass Model 12 Neurodata Acquisition System
amplifiers with filters set at 1Hz high pass and 100Hz low pass and a gain of 20,000, 60Hz
notch filter on. Prior to data collection, the signal for each channel was calibrated using a 10Hz
sine wave. The analogue output from the amplifiers was then digitized at a sampling rate of
512 samples per second and digitized using 12-bit conversion (Analog Devices RTI-815 A/D
board). The data were then streamed to a computer screen and saved to a hard disk using data
acquisition software (Snapstream, v. 3.21, HEM Data Corp. 1991).

Data Reduction

The digitized EEG data were graphically displayed and the EOG channels were used as cues,
the data containing eye and motor movement artifact were underscored and eliminated from
all channels. Artifact free data were submitted to a discrete Fourier Transform using a 1-second
Hanning Window with 50% overlap using EEGEDIT software (James Long Company, Caroga
Lake, NY). These analyses produced average power density values for each participant at each
site single-hertz (Hz) frequency bins from 3-12Hz in picowatt ohms (one microvolt squared)
for each channel. The mean number of artifact free windows across all infants was 93 (SD =
47). The mean number of artifact free windows for infants of depressed mothers was 89.5 (SD
= 45.8) and 96.0 (SD = 48.5) for infants of non-depressed mothers.

Individual spectral plots (for each infant at each recording site) were then visually inspected
for either the absence of, or the presence of single or multiple visually detectable peaks in
amplitude occurring within the 3-12Hz boundaries. Cumulative percentages of power
occurring within the 3-12Hz bands revealed that approximately 55 to 63% of the EEG activity
at both frontal and parietal sites for 1-week, 1-month and 3-month old infants occurred between
3 and 4Hz, 90% occurred between 3-8Hz and 95% occurred below 10Hz. 20% of 1-week
infants, 27% of 1-month infants and 50% of 3-month infants exhibited at least one spectral
peak over frontal sites and 19% of 1-week infants, 20% of 1-month infants and 36% of 3-month
infants showing at least one spectral peak over parietal sites. Frequencies computed on the
peak amplitude frequency across age groups revealed a mode peak frequency of 4Hz for the
1-week and 1-month old infants and a mode peak frequency of 5Hz for the 3-month old infants
across all sites.

Inasmuch as power values were positively skewed and leptokurtotic, the natural logarithms of
the absolute power values were used to compute log power values. EEG asymmetry scores
were then computed on the log power values for each homologous electrode pair site (Ln
(F3) — Ln(F4) for frontal asymmetry & Ln(P3) — Ln(P4) for parietal asymmetry) for each of
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the 3-12Hz frequency bins and for the 3-6Hz, 6-9Hz, 9-12Hz and 3-12Hz bands. Negative
scores reflect greater left than right EEG power, and positive scores reflect greater right than
left EEG powerl.

Results

Demographics

Analyses of Variance and Chi Square analyses on Maternal Depression Group and Age Group
differences (see Table 2) revealed that the groups (across both age and depression status) did
not differ on maternal age, socioeconomic status (SES), ethnicity, or infant gender. The age at
testing did not differ for infants of Depressed and Non-Depressed mothers within the one week,
one month or three month-old groups. Similarly, the mothers’ depression scores did not differ
for infants of depressed mothers in the one-week, one-month or three month-old groups or for
infants of non-depressed mothers in the one-week, one-month or three-month-old groups.

EEG Spectral Properties

Cumulative percentages of power occurring within the 3-12Hz bands revealed that
approximately 55% to 63% of the EEG activity at both frontal and parietal sites for 1-week,
1-month and 3-month old infants occurred between 3 and 4Hz, 90% occurred between 3-8Hz
and 95% occurred below 10Hz. These cumulative percentages of power were similar for infants
of depressed and non-depressed mothers.

Chi square tests revealed that a presence of at least one spectral peak increased with age 20%
of 1-week infants, 27% of 1-month infants and 50% of 3-month infants exhibited at least one
spectral peak over frontal sites and 19% of 1-week infants, 20% of 1-month infants and 36%
of 3-month infants showing at least one spectral peak over parietal sites (p < .001). Chi
square tests failed to reveal any differences between infants of depressed and non-depressed
mothers.

The peak amplitude frequency across age groups revealed a mode peak frequency of 4Hz for
the 1-week and 1-month old infants and a mode peak frequency of 5Hz for the 3-month old
infants across all sites (Figure 1). Mode peak frequencies for each age group were identical for
infants of depressed and non-depressed mothers.

Frequency Band Analyses

An Age group (1-week/1-month/3-month) by Depression group (Depressed/Non-Depressed)
by Frequency bin (3Hz, 4Hz...12Hz) by Hemisphere (Left/Right) by Region (Frontal/Parietal)
ANOVA was conducted on log power values. This analysis revealed significant Hemisphere
by Frequency by Age by Group, F (18, 3078) = 2.63, p = .021, £ = .281, a Hemisphere by
Region by Frequency by Group, F (9, 3078) =5.12, p =.003, € = .296 interaction effects. The
Age by Frequency interaction was followed by the examination of the mean relative power
plots and Games-Howell post hoc comparisons comparing mean relative power values between
each age group at each frequency. These analyses revealed that there was a steady decrease in
amplitude from the lowest frequency bins to the highest frequency bins. Further, while there
were not any significant differences between 1-week and 1-month olds, 3-month old infants
had significantly less 3Hz, p = .011 relative power than 1-week old infants and significantly
less 4Hz, p = .011, relative power than 4-month old infants. Further, 3-month old infants
showed significantly greater 6Hz and 7Hz relative power than both 1-week olds (p < .001, p
=.001) and 3-month olds (p <.001, p < .001 respectively).

Ipearson’s r correlations computed on EEG asymmetry difference and EEG ratio scores (defined as [Ln(R) — Ln(L)]/ [Ln(R) — Ln(L)])
revealed that both of these indices were highly correlated at both 3-9 Hz (r = .98) and 4-9Hz (r = .96) frequency bands.
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Group by Hemisphere by Age Group ANOVAs were then conducted for the frontal region at
each frequency. These analyses revealed significant Group by Hemisphere interactions across
all frequencies (3Hz-12Hz), but only a significant Group by Hemisphere by Age Group
interaction for the 3Hz frequency bin, F (2, 3078) = 4.98, p = .008, suggesting that frontal EEG
asymmetry differences between infants of depressed and non-depressed mothers were not
consistent across the three age groups studied. Inasmuch as these analyses were conducted to
test for differences in hemispheric activity between infants of depressed and non-depressed
mothers, these significant four-way interactions were followed by Group by Hemisphere
ANOVAs conducted separately for the frontal and parietal regions at each frequency (Figure
2). The conservativeGames-Howell procedure was used to control for alpha inflation, unequal
group sizes and heterogeneous variances. These analyses revealed the following: 1) one week
old infants of depressed mothers exhibited greater left than right frontal EEG power from 3Hz
to 7Hz; 2) one month old infants of depressed mothers exhibited greater left than right frontal
EEG power from 3Hz to 10Hz; and 3) three month old infants of depressed mothers exhibited
greater left than right frontal EEG power from 4Hz to 12Hz.

To determine which frequency bands discriminated infants of depressed and non-depressed
mothers at each age, discriminant function analyses were then computed for each age group
separately with maternal depression group (Non-Depressed vs. Depressed) entered as the
grouping variable and EEG asymmetry scores for single Hz- bins from 3-12Hz entered as the
dependent variables. These analyses were followed by the examination of the discriminant
function loadings and the F values from Group by Asymmetry ANOVAs to determine the
frequency band with the greatest discriminant validity. In order to evaluate this band,
subsequent ANOVAs and discriminant function analyses were then conducted to compare the
discriminant validity of this frequency band to the broad frequency band (3-12Hz).

The classification ability of these bands was then evaluated using proportional chance criterion
analyses. This analysis uses Z-scores to evaluate if the proportion of cases correctly classified
within a group is significantly better than chance. These analyses revealed the following (Table
3): 1) Frontal EEG asymmetry within the 3-9Hz and the 3-12Hz frequency bands
discriminated infants of depressed from infants of non-depressed mothers; 2) Frontal EEG
Asymmetry within the 3-9Hz and the 3-12Hz frequency bands discriminated infants of
depressed from infants of non-depressed mothers at one week of age; 3) Frontal EEG
asymmetry within the 3-9Hz frequency bands discriminated infants of depressed from infants
of non-depressed mothers at one month of age; 4) Frontal EEG asymmetry within the 4-9Hz
frequency band discriminated infants of depressed from infants of non-depressed mothers at
three months of age.

Frontal EEG Asymmetry Variability

Inasmuch as the distributions of frontal EEG asymmetry values for infants of depressed and
non-depressed mothers might be different, a series of Levene’s tests for equality of variances
were conducted on frontal EEG asymmetry difference values at each age (Table 4). These
analyses revealed that frontal EEG asymmetry difference variances did not differ for infants
of depressed and non-depressed mothers at one week and at one month, however, at three
month-old infants of depressed mothers show marginally greater variability than infants of
non-depressed mothers at 3-9 Hz (F = 6.46, p = .06).

Discussion

Analyses of the individual spectral distribution plots revealed that older infants were more

likely to exhibit a clearly discernable peak in frequency within the 3-12Hz range than younger
infants. This is consistent with previous findings indicating that the proportion of infants who
show a clearly discernable spectral peak within the 3-12Hz range significantly increases with
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age (Hagne, 1972; Marshall et al., 2002; Mizuno et al., 1970; Stroganova et al., 1999). Of those
infants that showed a clearly discernable peak, the majority of 1-week and 1-month olds showed
apeak at 4Hz and the majority of 3-month olds showed a peak at 5Hz (Figure 1). These findings
are consistent with previous research indicating the presence of a 3-5Hz rhythm at about 3-
months of age (Hagne, 1972; Lindsley, 1944, Mizuno et al., 1970; Smith, 1939). The shift in
frequency from 4Hz at 1-week and 1-month to 5Hz at 3 months is also consistent with findings
from studies showing development changes in the frequency distribution of these spectral peaks
(Hagne, 1972; Marshall et al., 2002; Stroganova et al., 1999).

Infants of depressed mothers exhibited greater left than right frontal EEG power suggesting
greater relative right frontal EEG activity than infants of non-depressed mothers, but they did
not exhibit any hemispheric differences in parietal power. These findings are in accord with
the greater left than right frontal (but not parietal) EEG power observed in infants of depressed
mothers and infants exhibiting negative affective styles (see Table 1). They are also consistent
with findings from adult studies indicating that depressed individuals exhibit greater left than
right frontal EEG power (see Davidson, 1995;2000 for reviews). However, even though this
frontal asymmetry pattern was evident across all ages, the frequency bins on which these
differences were exhibited differed with age. One-week old infants could only be differentiated
at 3 to 7Hz, one-month old infants could only be differentiated at 3 to 10Hz, and three-month
old infants exhibited significant differences at 4 to 12Hz (Figure 2).

Similarly, when all three age groups were pooled, the 3-9Hz bins yielded the greatest
discriminant functions and F values. Frontal EEG asymmetry scores computed using both the
wide 3-12Hz and the narrow 3-9Hz frequency bands, significantly classified infants of
depressed and non-depressed mothers. Inasmuch as 95% of EEG activity occurs below 10Hz
in young infants, it would be advisable to use the 3-9Hz frequency bin in EEG asymmetry
studies conducted on young infants.

Discriminant function analyses conducted for each age group to evaluate the frequency at
which frontal EEG asymmetries best discriminated infants of depressed from infants of non-
depressed mothers, revealed that the 3-9Hz bins yielded the greatest discriminant functions
and F values for one week and one month-old infants. For one week and one month-old infants,
the discrimination obtained with the 3-9Hz band was almost identical to the discrimination
obtained with the use of the wider 3-12Hz frequency band. In both cases, frontal EEG
asymmetry scores were able to significantly classify infants of depressed and non-depressed
mothers. The almost identical classification results obtained with the 3-12Hz and the 3-9Hz
band for one week and one month-old infants suggest that resting EEG asymmetry values
obtained using the wide 3-12Hz frequency band can be compared to findings obtained using
discrete frequencies within the 3-9Hz range. This is encouraging as most of the frontal EEG
asymmetry studies conducted on infants this age have examined the wide 3-12Hz band or
frequencies between 3-9Hz (see Table 1).

Unlike younger infants, the 4-9Hz bins yielded the greatest discriminant functions and F values
for three month-old infants, suggesting that the 4-9Hz band is better able to discriminate infants
of depressed from infants of non-depressed mothers at this age. Three month-old infants’
frontal EEG asymmetry within the 3—-12Hz band yielded less accurate classifications than those
obtained with the narrow 4-9Hz frequency band. The majority of studies examining differences
in frontal EEG asymmetry in infants older than three months have used the 6-9Hz band. Given
our findings, it is not surprising that these studies have consistently found differences between
infants of depressed and infants of non-depressed mothers (see table 1).

It was surprising that three-month old infants’ frontal EEG asymmetry scores were better able
to classify infants of non-depressed mothers than infants of depressed mothers. This could be
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attributed to any one of a number of possible factors. For example, this could simply be an
artifact of the group sizes analyzed at each age, while the group sizes for the depressed and
non-depressed groups were similar for one-week (n=45, D; n=55, ND) and one-month old
infants (n=66, D; n=78, ND), there were substantially fewer three-month old infants in the
depressed group (n=38) than in the non-depressed group (n=66). The lower discriminant ability
of frontal EEG scores in 3 month-old infants of depressed mothers might have resulted from
their exposure to different social environments. By virtue of their age, three month-old infants
have had a chance to more extensively interact with their mothers than younger infants.
Depressed mothers may exhibit withdrawn or intrusive interaction styles when interacting with
their infants (Cohn, Matias, Tronick, Connell, & Lyons-Ruth, 1986; Tronick & Field, 1986)
and these styles affect the development of infant frontal EEG asymmetry differently, with
infants of withdrawn depressed mothers showing a shift towards greater right frontal EEG
activity infants of intrusive depressed mothers showing a shift towards greater left frontal EEG
activity (Diego, et al., 2005; Jones, et al., 1997). Unfortunately, we were not able to assess
maternal interaction styles in these mothers to determine if maternal interaction style was
related to the greater EEG asymmetry variability exhibited by these infants. The heterogeneity
of maternal depression is a potential limitation of these findings, as differences in maternal
depression can differentially affect the infant's physiological patterns. Future studies should
assess maternal depression subtypes including withdrawn and intrusive interaction styles.

In conclusion, the greater left frontal EEG power profile exhibited by infants of depressed
mothers was pronounced across a narrow frequency range, which shifted from 3-9Hz in one-
week and one month-old infants to 4-9Hz in three month-old infants. These narrow frequency
band ranges were better able to discriminate infants of depressed from infants of non-depressed
mothers than the 3-12Hz wide band frequency range.

The developmental change in the frequency band that best differentiated infants of depressed
from infants of non-depressed mothers from 3—-9Hz to 4-9Hz is consistent with developmental
findings and suggests that during the first month of life, the 3-9Hz frequency band manifests
regional cortical activity levels that may reflect affective style. By three months of age, the
activity tapped by the 3-9Hz band during the first month shows a shift in its frequency
distribution and becomes more apparent over the 4-9Hz frequency band. One potential
limitation of these findings is the cross-sectional design used in the current study. Future studies
should replicate and extend these findings by using a longitudinal design to assess the
development of the EEG within this age range.
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Figure 1.

Distribution of the peak frequency in absolute power within the 2-13Hz range for each
electrode site (F3 thru P4). Bars indicate the percentage of infants within an age group whose
frequency fell within each 1-Hz bin. Gray bars indicate 4Hz bin, Black bars indicate the 5Hz
bin.
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Figure 2.
Partial Eta Square values for the Group by Hemisphere ANOVAs computed on log- power

values at frontal (F3 & F4) sites for 1-Week, 1-Month and 3-Month old infants of depressed
and non-depressed mothers.
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Summary of findings for all studies examining differences in resting frontal EEG asymmetries between infants

of depressed and non-depressed mothers.

Study Reference Age Hz Band Findings
Dawson, Ashman, Hessl, Spieker et al., 2001 LM 13-15-Mo 6-9Hz QND eD
Dawson, Frey, Panagiotides, Osterling et al., 1997 LM 13-15-Mo 6-9Hz QND eD
Dawson, Frey, Panagiotides, Yamada, et al., 1999 LM 13-15-Mo 6-9Hz QOND eD
Dawson, Klinger, Panagiotides, Hill, et al., 1992 Cz 11-17-Mo 6-9Hz QND eD
Diego, Field, Hart, Hernandez-Reif, et al., 2002 Cz 3-6-Mo 6-9Hz Ql oW
Diego, Field, Hernandez-Reif et al., 2004 Cz 1-Wk 3-12Hz QND eD
Diego, Field, Jones & Hernandez-Reif, 2006 Cz 1-Wk 3-13Hz oleo W
3-6-Mo 3-13Hz Ql oW
Diego, Field, Jones et al., 2004 Cz 3-6-Mo 6-9Hz QOND eD
Field, Diego, Dieter et al., 2001 Cz 1-Wk 3-12Hz Ql oW
Field, Diego, Dieter et al., 2004 Cz 1-Wk 3-13Hz QND eD
Field, Fox, Pickens & Nawroki, 1995 Cz 3-6-Mo 3-12Hz QND eD
Field, Pickens, Fox, Gonzales, et al., 1998 Cz 3-Mo 6-9Hz QND eD
Jones, Field, Fox et al., 1997a Cz 3-6-Mo 6-9Hz QND eD
3-Yr 6-9Hz QND D
Jones, Field, Davalos, et al., 1997b Cz 1-Mo 2-6Hz QND eD
3Mo 2-6Hz QOND eD
Jones, Field, Fox, Davalos et al., 1997¢c Cz 3-Mo 6-9Hz oleo W
6-Mo 6-9Hz Ql oW
Jones, Field, Fox et al., 1998 Cz 1Wk 3-13Hz QND eD
Jones, Field, Fox et al., 2001 Cz 10-Mo 6-9Hz QND eD
Jones & Field, 1998 Cz 1Wk 3-13Hz QND eD
Jones, McFall & Diego, 2004 Cz 1-Mo 3-6Hz QND eD
3Mo 6-9Hz QOND eD

QND D = Infants of depressed mothers exhibited greater right frontal EEG asymmetry (greater left than right frontal EEG power) than infants of

non-depressed mothers.

QI oW = Infants of depressed withdrawn mothers exhibited greater right frontal EEG asymmetry (greater left than right frontal EEG power) than

infants intrusive depressed mothers.

e| o \W = Both infants of depressed intrusive and withdrawn mothers exhibited greater right frontal EEG asymmetry (greater left than right frontal

EEG power) than infants intrusive depressed mothers.
Reference locations: Cz = vertex, LM = Linked Mastoids.
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Table 4

Between groups variance differences computed for frontal EEG asymmetry at each age group. p values are
Bonferroni corrected for multiple comparisons.

3-9 Hz 4-9 Hz
1-Wk F=0.71,p=NS. F=131,p=N.S.
1-Mo F=270,p=NS. F=259,p=N.S.
3-Mo F =6.46,p = .06 F=425p=N.S.
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