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Objective: Maternal depression is a con-
sistent and well-replicated risk factor for
child psychopathology. The authors ex-
amined the changes in psychiatric symp-
toms and global functioning in children
of depressed women 1 year following the
initiation of treatment for maternal major
depressive disorder.

Method: Participants were 1) 151
women with maternal major depression
who were enrolled in the Sequenced
Treatment Alternatives to Relieve Depres-
sion (STAR*D) study and 2) their eligible
offspring who, along with the mother,
participated in the child STAR*D (STAR*D-
Child) study (mother-child pairs: N=151).
The STAR*D study was a multisite study
designed to determine the comparative
effectiveness and acceptability of various
treatment options for adult outpatients
with nonpsychotic major depressive dis-
order. The STAR*D-Child study examined
children of depressed women at baseline
and involved periodic follow-ups for 1
year after the initiation of treatment for
maternal major depressive disorder to as-
certain the following data: 1) whether
changes in children’s psychiatric symp-
toms were associated with changes in the

severity of maternal depression and 2)
whether outcomes differed among the
offspring of women who did and did not
remit (mother-child pairs with follow-up
data: N=123). Children’s psychiatric symp-
toms in the STAR*D-Child study were as-
sessed using the Schedule for Affective
Disorders and Schizophrenia for School-
Age Children—Present and Lifetime Ver-
sion (K-SADS-PL), and maternal depres-
sion severity in the STAR*D study was as-
sessed by an independent clinician, using
the 17-item Hamilton Depression Rating
Scale (HAM-D).

Results: During the year following the
initiation of treatment, maternal depres-
sion severity and children’s psychiatric
symptoms continued to decrease over
time. Decreases in the number of chil-
dren’s psychiatric symptoms were signifi-
cantly associated with decreases in mater-
nal depression severity. When children’s
outcomes were examined separately, a
statistically significant decrease in symp-
toms was evident in the offspring of
women who remitted early (i.e., within
the first 3 months after the initiation of
treatment for maternal depression) or
late (i.e., over the 1-year follow-up inter-
val) but not in the offspring of nonremit-
ting women.

Conclusions: Continued efforts to treat
maternal depression until remission is
achieved are associated with decreased
psychiatric symptoms and improved func-
tioning in the offspring.

(Am J Psychiatry 2008; 165:1136-1147)

Maternal depression is a risk factor for child psy-
chopathology that is consistent and well-replicated. The
disorders among children of women with maternal de-
pression vary according to the developmental stage of the
affected offspring, with the average age at onset of anxiety
and behavior disorders before puberty, the average age at
onset of major depression in early adolescence, and the
average age at onset of substance use disorders in late ad-
olescence or early adulthood (1-4). Furthermore, mater-
nal depression has been associated with less robust re-

sponse to treatment among depressed adolescent
offspring (5). Until recently, little has been known about
the effect of treatment for depressed mothers on their off-
spring (6-8). The Sequenced Treatment Alternatives to Re-
lieve Depression (STAR*D) study provided a unique op-
portunity to investigate whether successful treatment for
depressed women would lead to improvement in psychi-
atric disorders and symptoms among their offspring (9).
The study of outcomes in these offspring is referred to as
the child STAR*D (STAR*D-Child) study (10, 11). The main
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objective of the STAR*D study (12-14) was to determine
which treatment or sequence of treatments would be ef-
fective in adult patients with a diagnosis of major depres-
sion who did not remit after first-line treatment with the
antidepressant citalopram, a selective serotonin reuptake
inhibitor. Remission was defined as a score of <7 on the
17-item Hamilton Depression Rating Scale (HAM-D [15]).

At the initiation of maternal treatment, approximately
one-third of the offspring (aged 7-17 years) of women in
the STAR*D study had a current psychiatric disorder (10).
Eligible offspring were independently assessed in the
STAR*D-Child study by a team that was not involved with
the mothers’ treatment. Three months after the initiation
of treatment for maternal depression, we reported that re-
mission among the mothers was associated with a signifi-
cant decrease in the rates of children’s diagnoses as well as
decreases in internalizing, externalizing, and total symp-
toms (11). Interestingly, a 250% maternal response to treat-
ment was required to detect improvement in the offspring.

In the STAR*D-Child study, mothers and their offspring
were followed every 3 months for 1 year after the initiation
of treatment for maternal depression. The objective of the
present study was to assess both maternal and child out-
comes as reported in the STAR*D-Child study. We investi-
gated two important issues that concern adult and child
clinicians. First, we assessed whether those children of
mothers who remitted by the 3-month follow-up re-
mained well throughout the remainder of the 1-year fol-
low-up interval. Second, we assessed whether those chil-
dren of mothers who remitted after the 3-month follow-up
similarly benefitted from maternal remission. In the
present study, we refer to depressed mothers who remit-
ted by the 3-month follow-up as early remitting subjects
and to those who remitted after the 3-month follow-up as
late remitting subjects. Most of the mothers (92%) who re-
mitted by the 3-month follow-up were treated with citalo-
pram (11). Late remitting subjects received two or more
treatments as provided by the STAR*D protocol (12).

We hypothesized that the following outcomes would oc-
cur during the 1 year after the initiation of treatment for
maternal depression: 1) mothers would show a significant
decrease in HAM-D scores, with children showing a signif-
icant decrease in offspring psychiatric symptoms, and
changes in child outcomes would be associated with
changes in maternal HAM-D scores; 2) children of early
remitting subjects, who were shown to benefit from remis-
sion of maternal depression 3 months after the initiation
of treatment (11), would continue to demonstrate a lower
prevalence of psychiatric symptoms relative to children of
nonremitting subjects, providing that their mothers re-
mained in remission; and 3) children of late remitting sub-
jects would demonstrate intermediate outcomes.
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FIGURE 1. STAR*D-Child Study Design?
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Method

The STAR*D Study Design

STAR*D (http://www.star-d.org) was a multisite study de-
signed to determine the comparative effectiveness and accept-
ability of different treatment options for a broadly representative
group of outpatients with nonpsychotic major depressive disor-
der (12, 14). STAR*D study participants were adults (age range:
18-75 years) with nonpsychotic major depressive disorder who
did not have a lifetime diagnosis of bipolar, schizophrenia, or
schizoaffective disorders. Initially, all study participants were
treated with citalopram. Those subjects who did not remit with
citalopram treatment or who were intolerant of citalopram were
offered other treatments, including antidepressants, cognitive
behavioral therapy, or a combination of treatments, using an
equipoise-randomized design as described elsewhere (16, 17).

The STAR*D-Child Study Design

Among the 14 STAR*D regional centers, seven participated in
the STAR*D-Child study. The STAR*D study recruited 824 women
(age range: 25-60 years) at these seven regional centers. Among
the women recruited, 808 (98%) were screened to ascertain
whether they had at least one child between the ages of 7 and 17
years. Of these women, 177 (22%) had children in this age range.
Among the 177 women with at least one child aged 7-17 years,
174 (98%) met all eligibility criteria, and 151 (87%) entered the
child study.

The STAR*D-Child assessors were 1) not involved with the
mothers’ treatment, 2) blind to their remission status, and 3) in-
dependent of the team that treated these mothers. Since the as-
sessors were involved with multiple assessments of children over
time, they were not blind to child status from prior assessments.
The mothers’ clinical assessments were conducted by STAR*D
staff who were not involved with the children’s assessments. Base-
line assessments (Figure 1) were conducted before or within 2
weeks following the initiation of treatment for maternal depres-
sion and every 3 months thereafter (3, 6, 9, and 12 months).

Subjects

Mothers (age range: 25-60 years) were adult outpatients with
nonpsychotic major depressive disorder who were enrolled as
participants in the STAR*D study. Mothers of children aged 7-17

ajp.psychiatryonline.org 1137



CHILDREN OF DEPRESSED MOTHERS

TABLE 1. Baseline Demographic and Clinical Characteristics of Depressed Mothers and Their Offspring (N=123)

Mother-Child Pair Assessment Before (or within) 2 Weeks After Initiation of Treatment for

Characteristic and Assessment Measure

Maternal Depression

Maternal Mean
Age (years) 37.7
HAM-D score 24.6

N

Race

African American 45

White 52

Hispanic 22

Other 4
Education

<High school 15

High school (<college) 79

>College 29
Annual household income

<15,000 29

15,000-39,999 49

>40,000 39
Marital status

Currently married 54

Separated, divorced, or widowed 28

Never married 41

Offspring Mean

Age (years) 11.69
N
Gender
Boy 61
Girl 62

K-SADS-PL
Symptom (child-report) 6.13
Symptom (mother-report) 6.10

C-GAS
Score 69.0

SD Range Median
6.6 24.0-52.0 36.0
5.2 14.0-42.0 25.0
% Range Median
36.6
423
17.9
3.3
12.2
64.2
23.6
24.8
41.9
333
439
22.8
333
SD Range Median
2.7 6.0-17.0 12.0
% Range Median
49.6
50.4
5.1 0-23 5.0
4.7 0-20 5.0
12.6 35-93 70.0

years were invited to participate in the STAR*D-Child study with
one eligible child. These mothers provided separate written in-
formed consent. If a mother had more than one offspring in the
age range of eligibility, one child was randomly selected. Addi-
tional data pertaining to the STAR*D-Child study sample are
available elsewhere (10).

Maternal Assessments

Maternal assessments were conducted as part of a comprehen-
sive battery of tests for all STAR*D participants (17). A diagnosis of
current nonpsychotic major depressive disorder was established
by a clinical interview and confirmed using a symptom checklist
based on DSM-IV criteria (17). The HAM-D was used to assess the
severity of depressive symptoms (15). The HAM-D has good reli-
ability, and scores are highly correlated with the results from
other observer-rated instruments (18). In the STAR*D study, re-
mission of maternal depression was defined as a HAM-D score
<7, and relapse was defined as a HAM-D score 214 any time after
remission. Mothers who were in remission during and after the
first 3 months of follow-up were considered early and late remit-
ting subjects, respectively, provided that they remained in remis-
sion for the entire 1-year follow-up interval.

Remission and treatment response were assessed using HAM-
D scores that were obtained from the STAR*D study. In cases in
which mothers discontinued their participation in the adult study
but remained in the child study, HAM-D scores were not avail-
able. In these cases and whenever HAM-D scores were unavail-
able, we converted the mothers' Quick Inventory of Depressive
Symptomatology—Self-Report scores to HAM-D scores. Quick
Inventory of Depressive Symptomatology—Self-Report scores
were obtained via interactive voice response (13) through the use
of a method based on item response theory analysis of the rela-
tionship between this self-report and HAM-D, as employed by the
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STAR*D study (9, 19, 20). The following HAM-D scores were un-
available for assessment: 0 at baseline and 51/121,9/87, 4/61, and
22/79 at 3, 6,9, and 12 months, respectively.

Child Assessments

Children were assessed with the Schedule for Affective Disor-
ders and Schizophrenia for School-Age Children—Present and
Lifetime Version (K-SADS-PL). The K-SADS-PL is a semistructured
diagnostic interview used to assess children at baseline and at 3-
month intervals (21). Among the K-SADS diagnostic measures, K-
SADS-PL, a downward extension of the adult SADS, is the most
widely used version currently available (22, 23). It is a valid and re-
liable diagnostic instrument, with test-retest reliability kappa co-
efficients in the good to excellent range (0.63-1.00) for present and
lifetime diagnoses (21). K-SADS-PL includes a screening section
and supplements for children who screen positive for one or more
disorders. In addition, all sections are available online
(www.wpic.pitt.edu/ksads/default.htm). Furthermore, the
mother (or parent) and child are interviewed separately, and
symptoms are scored separately (as absent or present) at the
threshold or subthreshold level. Because STAR*D was an effective-
ness study and mimicked clinical practice, we were required to
minimize the number of assessments. Thus, we selected the fol-
lowing sections of the K-SADS-PL that focus on disorders that are
highly prevalent among children of depressed parents: affective,
anxiety, and disruptive behavior disorders (2, 3). The qualifica-
tions, training of interviewers, and reliability of diagnostic assess-
ments of children have been reported elsewhere (10).

The variable child symptoms consisted of a simple count of the
child-reported symptoms from the screening interview that were
present at the threshold (definite symptoms) or subthreshold
level. We created a similar variable based on the mother’s clinical
interview about the child (mother-reported child symptoms) and
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TABLE 2. Time Trends for Severity of Maternal Depression and Child Outcomes in Depressed Mothers and Their Offspring

With Follow-Up Data (N=123)

Regression Coefficients

Variable Time Trend? Adjusted Time Trend® Maternal HAM-D Score
Severity of Maternal Depression
Maternal HAM-D
Linear —2.857 sk N/A
Quadratic 0.166%%* N/A
Child Psychopathology
Child symptoms (clinical interview with child)?
Linear —0.029:::% -0.011 0.012x*
Child symptoms (clinical interview with mother)b
Linear —0.013=* -0.002 0.07 753
K-SADS-PL diagnoses
Linear -0.028 -0.007 0.022
Child functioning
C-GAS
Linear 0.374: 0.309* -0.147x*

a Maternal HAM-D score adjusted for site and household income. Child outcomes adjusted for child age and gender.

b Additionally adjusted for maternal HAM-D scores.
#p<0.05. *#¥p<0.01. ***p<0.001.

analyzed the symptoms present at the threshold level. Diagnoses
were computed using standard procedures (i.e., combining ma-
ternal and child reports) (21).

The clinician-rated Children’s Global Assessment Scale (C-
GAS) was used to assess global functioning (24). In the present
study, subjects were assessed on their functioning over the previ-
ous 2 weeks. C-GAS scores were rated by a clinical assessor who
had access to all other contemporaneous child ratings, including
the K-SADS-PL. The reliability of the C-GAS has been validated
between clinical raters and across time, with demonstrated dis-
criminant and concurrent validity. The C-GAS provides a good es-
timate of overall severity of disturbance (range: 0-100). Scores >90
indicate superior functioning, and scores <70 indicate impaired
global functioning.

Data Analysis

Changes in maternal and child outcomes. Changes in ma-
ternal HAM-D scores and in child C-GAS scores, which are con-
tinuous variables, were modeled using longitudinal mixed-effect
regression models with random coefficients. The changes in
HAM-D scores of each individual mother over time were first
modeled using a polynomial regression model, with the individ-
ual HAM-D score at each specific time as the dependent variable
and the number of months after baseline assessment as the inde-
pendent variable. In addition, household income was included as
a potential confounding variable. The polynomial regression
model posits that the individual treatment response of each
mother was a function of the number of months since the base-
line assessment. This model was used to estimate 1) the average
pattern of change (e.g., linear, quadratic) in HAM-D scores over
time and 2) the extent of variation around regression parameters.
Initially, each regression parameter was treated as a random coef-
ficient to determine whether these parameters varied between
mothers. If there was no significant variation, the coefficients
were treated as fixed. A similar approach was used to model child
C-GAS scores, with children’s age, gender, and family household
income included as potential confounding variables. All longitu-
dinal mixed-models were performed using the PROC MIXED pro-
cedure of the SAS system (SAS, Cary, N.C.).

Changes in child symptoms were modeled using Poisson re-
gression analysis, which is appropriate for modeling count data.
The logarithm of a child’s symptom count at each specific time
was considered the dependent variable, and the number of weeks
after the baseline assessment was treated as an independent con-
tinuous variable. Changes in child diagnoses were similarly mod-

Am | Psychiatry 165:9, September 2008

eled using logistic regression analyses, which are appropriate for
modeling dichotomous outcomes. Both Poisson and logistic re-
gression analyses were conducted within the framework of the
generalized estimating equation approach to adjust for correla-
tions between repeated observations over time using an ex-
changeable correlation matrix, as suggested by Asarnow et al.
(25), and were performed using the PROC GENMOD procedure of
the SAS system (SAS, Cary, N.C.). For all models, the potential
confounding variables (children’s age, gender, and household in-
come) were included in the analysis.

For exploratory analysis of changes in symptoms over time in
children with at least one definite symptom at baseline, we used
1) alog (x+1) transformation to normalize the data and 2) relevant
random regression analyses as described previously.

Associations between maternal HAM-D scores and child
outcomes. The series of analyses conducted allowed us to de-
termine whether mother and child outcomes improved over the
mother’s treatment/follow-up period. However, if there was a sig-
nificant change over time in the mother’s HAM-D score and in the
child’s outcome variables, we sought to determine whether
changes in child outcomes over time were related to changes in
maternal HAM-D scores over time. This was initially accom-
plished by fitting 1) a Poisson regression model to child symp-
toms; 2) a logistic regression model to child diagnoses; and 3) a
random regression model to child functioning, as described pre-
viously except for the inclusion of the mother’s HAM-D score at
current assessment as a time-dependent covariate. We were able
to infer that changes in child outcomes were at least partially re-
lated to changes in the mother’s current HAM-D score if 1) the es-
timate of the coefficient corresponding to time (i.e., the number
of months from the baseline assessment) increased in magnitude
and decreased in statistical significance, with the addition of the
time-dependent covariate (i.e., the mother’s HAM-D score), and
2) at the same time the coefficient corresponding to the mother’s
HAM-D score was significantly different from 0.

Investigation of temporal relations between changes in
maternal and child symptoms. To investigate temporal rela-
tions between changes in maternal and child symptoms, we first
determined whether a change in the mother’'s HAM-D score pre-
ceded a change in child symptoms by examining whether the
prior 3-month assessments of the mother’s HAM-D scores were
associated with current child symptoms over the period from 3 to
12 months following the initiation of maternal treatment. Specif-
ically, we repeated the analyses for child outcomes as described
previously but with the mother’s HAM-D score at the prior 3-

ajp.psychiatryonline.org 1139
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FIGURE 2. Changes in Maternal Depression Severity and
Children’s Psychopathology and Functioning
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@ Maternal scores during the year following initiation of treatment for
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b Based on child-reported symptoms from K-SADS-PL assessment dur-
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¢ Child scores during the year following initiation of treatment for
maternal depression.

month assessment (rather than the current assessment) as the
time-dependent covariate.

To further explore the relationship between changes in mother
and child variables, we conducted an analysis to examine the ef-
fect of changes in child symptoms on maternal HAM-D scores
over the 1-year follow-up period by regressing child symptoms at
the prior 3-month assessments onto mothers’ HAM-D scores at
the subsequent 3-month period using random regression mod-
els. Potential confounding variables were controlled.

Maternal remission status and child outcomes. The effect
of maternal remission status on child outcomes was assessed us-
ing Poisson, logistic, or random regression analysis (depending
on whether the child outcome was a symptoms outcome, diag-
noses outcome, or functioning outcome, respectively) while ad-
justing for potential confounders. Child symptoms, diagnoses,
and functioning were dependent variables, and maternal remis-

1140 ajp.psychiatryonline.org

sion status (treated as a three-level categorical variable) was an
independent variable. Potential confounding variables (child age,
gender, and household income) were also included as covariates
in the regression models. The three categories of maternal remis-
sion status were as follows: maternal early remission (i.e., remis-
sion between baseline and 3 months), maternal late remission
(i.e., remission between 3 and 12 months), and maternal nonre-
mission (i.e., no remission during the 1 year following baseline as-
sessment). All analyses were adjusted for repeated observations
over time, as described previously. Time-by-maternal remission
status was included in the regression models to determine
whether the rate of change in child outcomes varied according to
maternal remission status.

Results

Sample

At baseline, 151 mother-child pairs were assessed. Of
these, 123 completed at least one of four follow-up assess-
ments. Unless noted otherwise, these 123 mother-child
pairs constituted the evaluable sample in the present
study, and their demographic characteristics are detailed
in Table 1. Additional data pertaining to screening and re-
cruitment have been reported elsewhere (10, 11). Baseline
demographic characteristics of the 123 mother-child pairs
with follow-up data and the 28 mother-child pairs who
participated only in the baseline assessment did not differ
on the following variables: education, household income,
marital status, mothers’ baseline HAM-D scores, and child
gender (data not shown). The 123 mothers with follow-up
data were, on average, 3.3 years older than the 28 mothers
without follow-up data (37.7 years old versus 34.4 years
old; p=0.02). In addition, children with follow-up data
were slightly older than children without follow-up data
(11.7 years old versus 10.5 years old; p=0.05).

Changes in Maternal and Child Outcomes

Maternal depression severity. In the year following the
initiation of treatment, 70 (57%) of the 123 mothers with
follow-up data experienced remission (39 early remitting
subjects and 31 late remitting subjects, respectively). Fig-
ure 2 shows that maternal HAM-D scores decreased mark-
edly during the first 3 months, moderately during the sub-
sequent 3 months, and only slightly thereafter. Table 2
shows the results of fitting a polynomial mixed-effects
regression model, with linear and quadratic terms, to
model changes in maternal depression severity. Both linear
and quadratic terms were found to be significant. The neg-
ative linear component and the positive quadratic compo-
nent suggest that maternal HAM-D scores decreased sig-
nificantly and then leveled off and may have increased
slightly toward the end of the follow-up interval. Coeffi-
cients for time trend refer to monthly changes in the rele-
vant variable. Results of the random regression model
show that there was significant variation in mothers’ base-
line HAM-D scores (sigmazintercept:22.98, p=0.0002) and
slope parameter (sigmaZgiope=1.665, p=0.03) but not in
quadratic parameter. In addition, no significant correla-
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TABLE 3. Correlations Between the Number of Child-Reported K-SADS-PL Symptoms and C-GAS Scores in Children of De-
pressed Women 1 Year After the Initiation of Treatment for Maternal Depression

Correlation With Child-Reported K-SADS-PL Symptoms (r)

1-Year Follow-Up Interval (month)

C-GAS Score Baseline 3 6 9 12
Baseline —0.409::3x —0.327:3%% —0.293#: —0.274:: —0.222x
Month
3 —0.426% —0.448sxx —0.427% —0.326% —0.327:
6 —0.397 #:kx —0.484#:x —0.604 3 —0.429s3%x —0.397:%x
9 —0.340% —0.407 05 —0.444s% —0.423s0x —0.284s%
12 —0.535x%:%x —0.579ssk:x —0.582x:x —0.527 %% —0.557 %%

#p<0.05. *#p<0.01. ***p<0.001.

tion was found between mothers’ baseline values and rate
of improvement (slope) in HAM-D scores during the 1-year
follow-up period (correlation coefficient=—0.39, p=0.28).

Children’s psychopathology and functioning. Child
symptoms decreased during the first 6 months, with few
changes thereafter (Figure 2). As shown in Table 2, results of
fitting a Poisson regression analysis reveal a significant nega-
tive linear term (-0.029 and -0.013 for the logarithm of chil-
dren’s K-SADS-PL symptoms reported by the child and
mother, respectively), which suggests that child symptoms
decreased significantly over time during the year following
the initiation of maternal treatment. Specifically, the
expected number of symptoms decreased by 2.9% ([1-e
=0.029]%100) per month by child report and by 1.3% per month
by maternal report. The proportion of children receiving one
or more diagnoses (K-SADS-PL) also decreased over time,
but the linear time trend was not statistically significant.

C-GAS scores improved (i.e., increased) moderately
during the first 6 months, with few changes thereafter
(Figure 2). A random regression analysis showed that only
the linear component was statistically significant, which
suggests improvement in C-GAS scores over time (Table
2). As expected, C-GAS scores had a moderate negative
correlation with the number of K-SADS-PL symptoms (Ta-
ble 3). To arrive at the correlations shown in Table 3, we
used counts of child-reported symptoms from the screen-
ing section of the K-SADS-PL as well as C-GAS scores. Cor-
relations between mother-reported child symptoms and
C-GAS scores were similar to those detailed in Table 3
(available upon request from the authors).

Associations Between Changes in Severity of
Maternal Depression and Child Outcomes

To determine whether significant changes in child out-
comes were related to changes in the severity of maternal
depressive symptoms, we repeated the regression analy-
ses but included mothers’ HAM-D scores as a time-depen-
dent covariate. If the inclusion of maternal HAM-D scores
decreased the magnitude of the coefficient associated
with time while the regression coefficient associated with
maternal HAM-D scores was found to be statistically sig-
nificant, the results would suggest that changes in child
outcomes were related to changes in maternal HAM-D
scores. Applying these criteria, the results detailed in Table
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2 suggest that 1) changes in child symptoms (by maternal
and child report) were related to changes in maternal de-
pression severity as measured by HAM-D scores, and
changes in maternal depression severity appeared to be
associated with changes in child symptoms over time; and
2) although there was a significant association between
child C-GAS scores and maternal HAM-D scores, this as-
sociation explains very little of the linear change over time
in C-GAS scores. Specifically, a one-unit decrease in ma-
ternal HAM-D scores was associated with a monthly 1.2%
and 1.1% decrease in child- and mother-reported symp-
toms, respectively, and with a monthly increase of 0.147 in
C-GAS scores.

Temporal Relations Between Changes in
Maternal and Child Symptoms

Through the use of time lag analysis, we examined
whether changes in maternal HAM-D scores preceded
changes in child symptoms. First, we estimated regression
coefficients associated with time trends in child symp-
toms, from 3 to 12 months after baseline assessment, that
were obtained using a Poisson regression model and for
which child age, gender, and household income were con-
trolled. Results of this analysis revealed that there was a
statistically significant decrease in child symptoms during
this time period (Table 4). When maternal HAM-D scores
from the previous 3-month assessments were included in
the model as a time-dependent covariate, the time trend
was no longer significant. However, the regression coeffi-
cient corresponding with the 3-month lagged covariate
(maternal depression severity) was also not significant.
These results suggest that changes in the mothers’ prior
HAM-D scores (i.e., 3 months prior to the child assess-
ment) may explain changes in child symptoms over time,
although the lack of significant association with prior ma-
ternal HAM-D scores renders these results somewhat in-
conclusive.

We also examined the possibility that maternal HAM-D
scores could be predicted by previously assessed child out-
come measures (26). Table 4 details the effects of child
symptoms over the previous 3 months on changes in ma-
ternal HAM-D scores over the 3- to 12-month follow-up
period. Although there was a significant decrease in mater-
nal HAM-D scores over this period, the inclusion of child
symptoms did not appear to explain this change (the ad-

ajp.psychiatryonline.org 1141



CHILDREN OF DEPRESSED MOTHERS

TABLE 4. Temporal Relationship of Mother and Child Symptom Changes During the 1 Year Following the Initiation of Treat-

ment for Maternal Depression

Regression Coefficients

Previous 3-Month

Adjusted Time Assessment
Relationship Time Trend? Trend?® VariableP
Effect of mothers’ HAM-D score at previous 3-month assessment on change in child -0.020% -0.012 0.006
symptoms
Effect of child symptoms at previous 3-month assessment on change in mothers’ —0.269% % —0.227x% 0.165

HAM-D score over follow-up

a For change in child symptom analysis, regression coefficients represent the linear time trend of the logarithm of symptom counts from a Pois-
son regression model after child age and gender were controlled. For change in mothers’ HAM-D score analysis, regression coefficients rep-
resent the linear time trend from a mixed model after household income was controlled.

b Regression coefficient associated with the 3-month lagged covariate.

#p<0.05. ##p<0.01. *#*+p<0.001.

justed time trend remained significant). Furthermore,
there was no significant association between child symp-
toms over the previous 3 months and current maternal de-
pression severity. These results suggest that decreases in
maternal depression scores were not associated with de-
creases in child symptoms during the previous 3 months.
Thus, it is unlikely that mothers became less depressed be-
cause their children improved (reverse causation).

Together, these results show that there was no statisti-
cally significant association between previous maternal
HAM-D scores and current child symptoms or between
previous child symptoms and current maternal HAM-D
scores. Furthermore, the proportion of change in child
symptoms that appeared to be related to change in mater-
nal HAM-D scores was greater (approximately 47%) than
the proportion of change in maternal HAM-D scores that
appeared to be related to change in child symptoms (ap-
proximately 18%).

Child Outcomes According to Maternal
Remission Status

Before analyzing child outcomes by maternal remission
status, we compared baseline characteristics for early, late,
and nonremitting mothers. Nonremitting mothers were
significantly less likely to have an annual household in-
come >$40,000 (p=0.005) and less likely to be currently
married or cohabitating (p=0.04). These mothers were
more likely to have higher HAM-D scores at baseline
(p<0.0001). Specifically, at baseline the mean HAM-D
scores for early, late, and nonremitting mothers were as
follows: 22.26 (SD=4.31), 23.97 (SD=5.06), and 26.98 (SD=
5.14), respectively.

As shown in Table 5, we compared child outcomes
(symptoms and C-GAS scores) by time of maternal de-
pression remission (early, late, and nonremitting moth-
ers), adjusting for child age, gender, and household in-
come and mothers’ baseline HAM-D scores. Because
estimates for the six mothers who relapsed would have
been unreliable, they were not included in the analysis for
child outcomes according to maternal remission status.
Two additional mothers had insufficient data. Thus, this
particular analysis was based on 115 mother-child pairs.
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During the 1-year follow-up interval, there was a statisti-
cally significant decrease over time in the number of
symptoms among children of early and late remitting
mothers, as reflected in the beta coefficients detailed in
Table 5. In contrast, among children of nonremitting
mothers, the number of child-reported symptoms in-
creased and did not change significantly by the end of the
1-year follow-up interval (Figure 3). The group-by-time in-
teraction coefficients were significant (p=0.05 and p=0.03
for child- and mother-reported symptoms, respectively),
which suggests that changes in the pattern of symptoms
differed significantly over time across the three mother-
child pair groups. C-GAS scores increased significantly
over time among children of early (p=0.006) and late (p=
0.001) remitting mothers, but the group-by-time interac-
tion was not statistically significant.

The results shown in Table 5 include all 115 children,
with and without symptoms at baseline. In addition, we
conducted an exploratory analysis of symptoms among 66
children who had definite K-SADS-PL symptoms at base-
line. The mean number of definite symptoms among
these children during each 3-month assessment period
was as follows: baseline, 10.1 (SD=10.1); 3 months, 7.8
(§D=10.0); 6 months, 8.6 (SD=11.1); 9 months, 9.4 (SD=
11.2); and 12 months, 8.3 (SD=11.5). After excluding the six
mother-child pairs corresponding to the six relapsing
mothers, we conducted an exploratory analysis of time
trends limited to children with definite baseline symp-
toms (N=60 [Table 6]). As shown in Table 6, time trends
were significant only for children of early remitting moth-
ers, but the direction of the results was similar to the anal-
yses that included all children (Table 5).

Additionally, we examined the prevalence of child psy-
chiatric disorders by maternal remission status (Table 7).
Prevalence of anxiety and depressive disorders decreased
significantly over time among children of early remitting
mothers, with little change among children of nonremit-
ting mothers and intermediate outcomes among children
oflate remitting mothers. The prevalence of disruptive be-
havior disorders did not change significantly, regardless of
maternal depression status.
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TABLE 5. Time Trends for Child Current Symptoms and Functioning by Maternal Remission Status 1 Year After the Initia-
tion of Treatment for Maternal Depression (N=115)2

Clinical Variable and 1-Year Follow-Up Interval (month) Time Trend®
Maternal Remission Status? N % Baseline 3 6 9 12 B p
Child-reported symptoms
Early remission 39 33.9 5.23 3.89 3.38 2.76 2.82 —-0.047 0.0001
Late remission 31 27.0 5.97 4.96 4.74 4.39 3.85 -0.031 0.03
No remission 45 39.1 6.47 6.05 5.03 6.39 6.15 -0.012 0.32
Group-by-time 0.05
Mother-reported child
symptoms
Early remission 39 33.9 4.7 3.8 3.4 2.7 33 -0.029 0.02
Late remission 31 27.0 6.0 5.3 5.4 4.2 4.0 -0.032 0.0005
No remission 45 39.1 6.9 5.9 7.2 71 7.3 0.003 0.79
Group-by-time 0.03
C-GAS
Early remission 38 33.0 70.26 74.68 77.63 74.76 78.68 0.507 0.006
Late remission 30 26.1 68.37 69.93 71.73 72.78 73.88 0.538 0.001
No remission 45 391 69.61 70.41 72.97 70.39 72.71 0.141 0.27
Group-by-time 0.10

3 Numbers may vary at each time point because of missing data. Of the 123 subjects with follow-up data, two had insufficient data and six
relapsed, and thus they are not included.

b Remission of maternal depression was defined as a HAM-D score <7, and relapse was defined as a HAM-D score >14 any time after remission.
Mothers who remitted during the first 3 months after the initiation of treatment were considered early remitting subjects (provided that they
remained in remission for the entire 1-year follow-up interval); mothers who remitted after the first 3 months were considered late remitting
subjects (provided that they remained in remission for the entire 1-year follow-up interval); and mothers who did not remit during the 1 year
following baseline assessment were considered nonremitting subjects.

¢ Adjusted for child age, gender, household income, maternal marital status, and HAM-D scores at baseline. Beta coefficient reflects a linear

time trend in the log of symptom counts.

Children Receiving Treatment

Children did not receive treatment as part of the
STAR*D-Child study. However, if a child had a diagnosis
(K-SADS-PL) and was impaired or distressed, the inter-
viewer offered feedback to the child and the child’s family,
encouraged treatment, and provided appropriate refer-
rals. At each follow-up assessment, mothers were asked
the following question: “Has your child received treatment
for a psychiatric condition or emotional problem since we
last saw you?” There were no statistically significant differ-
ences in the proportion of children receiving treatment by
maternal remission status, with 15%, 16%, and 22% of
children of early, late, and nonremitting mothers, respec-
tively, receiving treatment. The number and proportion of
children receiving treatment among those in need of treat-
ment (defined as a K-SADS-PL diagnosis and C-GAS score
<70) were as follows: 7 (26.9%), 6 (28.6%), 7 (36.8%), and 8
(50%) at the 3-, 6-, 9-, and 12-month follow-up assess-
ments, respectively.

Discussion

In the present analysis, mothers with major depressive
disorder were treated, and their offspring were followed
up for 1 year after the initiation of maternal treatment. At
the beginning of the study, approximately one-third of the
children (aged 7-17 years) had a current psychiatric disor-
der, and approximately one-half had a lifetime history of a
psychiatric disorder (10). At the 3-month follow-up assess-
ment, we found that maternal remission from depression
was associated with a significant decrease in children’s di-
agnoses (11). One year after the initiation of treatment for
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FIGURE 3. Changes in Child Symptoms According to Mater-
nal Remission Status?
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w
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aBased on child-reported symptoms from K-SADS-PL assessment

during the year following initiation of treatment for maternal de-
pression.

maternal depression, we found that maternal depression
severity and children’s psychiatric symptoms continued to
decrease over time, with most of the offspring symptom
alleviation and functional improvement occurring within
the first 3 to 6 months during the 1-year follow-up interval.
Furthermore, decreases in the number of child psychiatric
symptoms were significantly associated with decreases in
maternal depression severity as reflected in maternal
HAM-D scores, and these decreases tended to precede
symptom and functional improvements in children.
When child outcomes were examined separately for the
offspring of mothers who remitted early (i.e., within the
first 3 months after the initiation of treatment for maternal
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TABLE 6. Time Trends for Definite Symptoms in Children by Maternal Remission Status Among Children With Definite
Symptoms at Baseline (N=60)2

Adjusted Time Trend®

Maternal Remission Status? N % B p
Early remission 17 28.3 -0.076 0.003
Late remission 13 21.7 —-0.033 0.12
No remission 30 50.0 -0.012 0.5
Group-by-time 0.11

2 Numbers may vary at each time point because of missing data. Children of six mothers who relapsed are not included. Definite symptoms
for children with >1 definite symptom from the K-SADS-PL screening and supplements (if applicable) at baseline (based on summary scores)
are shown.

b Remission of maternal depression was defined as a HAM-D score <7, and relapse was defined as a HAM-D score >14 any time after remission.
Mothers who remitted during the first 3 months after the initiation of treatment were considered early remitting subjects (provided that they
remained in remission for the entire 1-year follow-up interval); mothers who remitted after the first 3 months were considered late remitting
subjects (provided that they remained in remission for the entire 1-year follow-up interval); and mothers who did not remit during the 1 year
following baseline assessment were considered nonremitting subjects.

¢ Beta coefficients reflect linear time trends in log-transformed counts of child symptoms, estimated using a mixed-effects longitudinal regres-

sion model after child age and gender, household income, maternal marital status, and baseline HAM-D scores were controlled.

depression), later (i.e., after the first 3 months of the initia-
tion of treatment for maternal depression), or not at all
over the 1-year follow-up interval, a statistically significant
decrease in symptoms was evident in children of early and
late remitting mothers but not in children of nonremitting
mothers. We also found that child global functioning im-
proved significantly over time. In contrast, offspring func-
tioning remained unchanged at the 3-month follow-up as-
sessment (11). This pattern is consistent with previous
research indicating that reductions in psychiatric symp-
toms frequently precede changes in functioning (27, 28).
We do not know why maternal depression remission had a
positive impact on children, but mechanisms suggested
by other investigators include diminished marital discord,
improved parenting, and a less critical attitude toward the
offspring (25).

One-third of the children had a current psychiatric disor-
der at baseline (10). However, when symptom scores were
averaged across the entire sample, it might have appeared
that children were not severely impaired at baseline and
that our results may only be applicable in mildly to moder-
ately impaired children. An exploratory analysis restricted
to children with at least one definite symptom at baseline
revealed that symptoms decreased significantly over time
only among children of early remitting mothers. However,
the direction of change over time was the same as it was in
the analysis for the entire sample (i.e., a greater decrease of
symptoms among children of early remitting mothers rela-
tive to children of late remitting mothers and no significant
change in children of nonremitting mothers).

An exploratory analysis of psychiatric diagnoses sug-
gests that among children of early remitting mothers the
prevalence of internalizing disorders (i.e., depressive and
anxiety disorders) decreased significantly over time, with-
out similar decreases among children of nonremitting
mothers and intermediate outcomes among children of
late remitting mothers. However, the prevalence of disrup-
tive behavior disorders did not change significantly in any
of the three mother-child pair groups. We do not know

1144 ajp.psychiatryonline.org

why a remission of maternal depression was not associ-
ated with changes in the prevalence of these disorders.
However, in their study of the offspring of depressed par-
ents, Hammen and Brennan (29) found that severity of
maternal depression was less likely to be associated with
nondepressive child outcomes than chronicity. Addition-
ally, the category (disruptive behavior disorders) includes
attention deficit hyperactivity disorder, a disorder that
might not change significantly when the rearing environ-
ment changes (i.e., when maternal depression remits).

In the STAR*D study, an estimated one-third (36.8%) of
the patients experienced remission with one treatment
(citalopram) in approximately 3 months. The cumulative
remission rate (which is a theoretical rate because it as-
sumes that there were no dropouts) was 67% after com-
pletion of all four treatment levels, which occurred within
a 1-year interval (13). The STAR*D study revealed that per-
sistent treatment of adult depression can lead to more re-
missions over time, and the STAR*D-Child study showed
that children’s psychiatric symptoms decrease when
mothers experience remission. In the STAR*D-Child
study, the benefit for children was greater when mothers
remitted early. However, children of late remitting moth-
ers also experienced a statistically significant decrease in
psychiatric symptoms.

Except for a small pilot study (N=18) that we conducted
several years ago (6), there are no other published studies,
to our knowledge, that have followed the outcomes of chil-
dren of depressed parents based on parental remission
status after treatment of parental depression. Beardslee et
al. (8) examined parents with mood disorders (N=93) and
their children (N=121), who were randomly assigned to a
psycho-educational intervention or control condition.
Treatment of parental mood disorders was not provided as
part of the study, and the analysis did not relate changes in
parental clinical status to changes in child clinical out-
comes. However, in both the intervention and control
conditions, children reported increased understanding of
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TABLE 7. Time Trends for Child Diagnoses by Maternal Remission Status 1 Year After the Initiation of Treatment for Mater-
nal Depression (N=115)2

1-Year Follow-Up Interval (month)

Maternal Remission Baseline 3 6 9 12 Time Trend
StatusP N % N % N % N % N % Be p
Any disorder
Early remission 38 37 38 26 38 13 38 17 38 14 -0.105 0.06
Late remission 31 19 31 31 31 32 31 26 31 27 0.015 0.75
No remission 45 40 45 33 45 34 45 40 45 38 —-0.001 0.97
Group-by-time 0.14
Anxiety disorders
Early remission 38 13 38 9 38 3 38 3 38 0 -0.250 0.05
Late remission 31 6 31 17 31 18 31 19 31 8 0.021 0.55
No remission 45 18 45 23 45 20 45 20 45 20 0.013 0.65
Group-by-time 0.10
Depressive disorders
Early remission 38 16 38 6 38 0 38 3 38 0 -0.322 0.02
Late remission 31 6 31 10 31 11 31 3 31 4 -0.0844 0.07
No remission 45 7 45 8 45 9 45 7 45 3 -0.029 0.65
Group-by-time 0.20
Disruptive behavior
disorders
Early remission 38 18 38 11 38 13 38 17 38 14 -0.019 0.67
Late remission 31 13 31 21 31 25 31 18 31 19 0.030 0.61
No remission 45 27 45 15 45 23 45 30 45 28 0.027 0.56
Group-by-time 0.71

2 Numbers may vary at each time point because of missing data. Of the 123 subjects with follow-up data, two had insufficient data and six
relapsed, and thus they are not included.

b Remission of maternal depression was defined as a HAM-D score <7, and relapse was defined as a HAM-D score =14 any time after remission.
Mothers who remitted during the first 3 months after the initiation of treatment were considered early remitting subjects (provided that they
remained in remission for the entire 1-year follow-up interval); mothers who remitted after the first 3 months were considered late remitting
subjects (provided that they remained in remission for the entire 1-year follow-up interval); and mothers who did not remit during the 1 year
following baseline assessment were considered nonremitting subjects.

¢ Linear time trend in the log odds of disorder obtained from a logistic regression model using generalized estimating equations, after child
age, gender, household income, maternal marital status, and baseline maternal HAM-D scores were controlled.

d Linear time trend obtained from a logistic regression model using generalized estimating equations, after child age, household income,
maternal marital status, and baseline maternal HAM-D score were controlled.

parental illness, and internalizing symptoms decreased nal HAM-D scores, which appeared to be the result of
among the children. changes in child symptom scores, were more modest

In our study sample, remission was not evenly distrib- ~ (18%). These findings suggest that reductions in child
uted. As expected, nonremitting mothers had higher ~ symptoms are not likely to be the predominant reason for
HAM-D scores at baseline. Additionally, these mothers  the observed decrease in maternal HAM-D scores.
were more likely to have lower annual incomes and more There are several limitations to the present study. First,
likely to be single relative to mothers who experienced re- ~ child assessors were aware that all mothers were de-
mission. The STAR*D study reported that patients who pressed at baseline. However, they were not involved with
were married or cohabitating remitted with greater fre-  the mothers’ treatment and were unaware of the mothers’

quency than single participants. This suggests that social ~ €SPonse to treatment. ) )
support may be a positive predictor of response to treat- Second, although our study did not provide treatment
ment for major depressive disorder (9) to children, some child participants received treatment

outside of the study. Since treatment was not significantly
more prevalent in the offspring of nonremitting mothers
than in the offspring of mothers who experienced remis-
sion, child treatment is not likely to have biased our re-
sults. Last, limited statistical power rendered our findings
pertaining to changes in the number of children with psy-
chiatric disorders to be tentative and precluded an exami-
nation of changes in the prevalence of specific disorders.

Mothers might have become less depressed in reaction
to positive changes experienced by their children (reverse
causation). To address this possibility, we examined
whether previous maternal HAM-D scores predicted sub-
sequent child symptoms as well as whether previous child
symptoms predicted subsequent maternal HAM-D scores.
There was no significant association between previous
maternal HAM-D scores and subsequent child symptoms
or between previous child symptoms and subsequent ma- Clinical Implications
ternal HAM-D scores. However, although a moderately The STAR*D study showed that continued efforts to
large proportion (approximately 47%) of the changes in treat depression until remission is achieved are likely to
child symptom scores over time appeared to be related to benefit adults with nonpsychotic major depressive disor-
changes in maternal HAM-D scores, the changes in mater- der. The present study revealed that continued treatment
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of maternal depression until remission is achieved is asso-
ciated with decreased symptoms and improved function-
ing in the offspring. Clinicians who treat adult patients
might choose to inform depressed mothers about the po-
tential benefits of remission for their children. Child clini-
cians may consider recommending treatment for mater-
nal depression as an adjunct to child treatment when
children of depressed mothers seek treatment. Future re-
search should examine the mechanisms underlying the
link between remission of maternal depression and
changes in child outcomes and whether remission of pa-
ternal depression might be associated with similar out-
comes.
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