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ABSTRACT

Aims: To determine whether maternal affective and anxiety disorders are associated
with cognitive inhibitory deficits in four-year-old children utilizing a chimeric animal stroop
task, a childhood adaptation of the traditional stroop task.

Study Design: Blinded Cross-Sectional Study.

Place and Duration of Study: Department of Psychiatry, University of Colorado School
of Medicine, data collected from June 2009 to October 2010.

Methodology: Four-year-olds of mothers with (n=29) and without (n=31) a history of
affective or anxiety disorders completed a chimeric animal version of the stroop task.
Incongruent, neutral, and congruent stimuli were presented over three trial blocks. Mean
reaction time and response accuracy were the primary dependent measures.

Results: The increase in the number of incorrect responses to incongruent versus
congruent or neutral stimuli was larger for offspring of a mother with a history of an
affective or anxiety disorder than without (t=2.4, P=.02); there was no significant main
effect of maternal psychiatric illness (F(1, 58)=0.9, P=.34) or a stimulus type by maternal
illness (F(1, 58)=1.1, P=.30) interaction on reaction time.
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Conclusion: The association between maternal affective and anxiety disorders and
cognitive inhibitory deficit is already identifiable by four years of age.

Keywords: Preschool; executive function; depression; anxiety; attention; stroop.
1. INTRODUCTION

Primary prevention and early identification and treatment remain high priority, long-term
goals of psychiatric research, and at least two major current trends impact research efforts
towards these goals. First, as many symptom clusters in psychiatric disease are common in
two or more illnesses and appear related to overlapping etiological factors, there is an
increased effort to focus on the symptom cluster, irrespective of disease [1]. Second, as
symptoms are often the result of neurodevelopmental processes which begin very early in
life, efforts aimed at clarifying when the symptoms develop have increased, with the hope of
identifying the developmental window(s) where interventions are likely to have the greatest
benefit [2]. In line with these research goals, this study explores whether a specific symptom,
cognitive inhibitory dysfunction, is present and identifiable in certain children by four years of
age.

In adults and older children, the Stroop Color-Word Test [3] is a standard measure of
cognitive inhibitory control. In this task, a participant is presented with the word of a color
name written in a different color ink, for example, the word “green” written in red ink. For
literate adults, reading is so practiced that when presented with any written word, reading is
an easy, seemingly automatic task — a prepotent response. However, when a participant is
instructed to not read but to attend to a different portion of the stimulus and provide an
alternative response, the task becomes much more difficult. For example, to name the ink of
the word’s color, saying “red” instead of reading the word, “green,” the participant must
inhibit the automatic or prepotent response and focus elsewhere. When asked to do this,
increased response time and errors are noted, illustrating increased difficulty of cognitive
inhibition. However, in preschool children under the age of six, decreased literacy and
varying degrees of reading fluency alter what would typically be prepotent, decreasing the
validity of this task in this population.

Recognition of this developmental difference and the desire to understand the
developmental trajectory of cognitive inhibition has spawned multiple preschool adaptations
of the stroop task [4-7]. Research utilizing these tasks with typically developing children has
yielded similar developmental trends with the results indicating that cognitive inhibitory
capacity improves with age in general [4,6,8], but results have been mixed regarding
potential cognitive inhibitory deficits while studying preschool-aged populations at risk of
attention deficit-hyperactivity disorder [9,10].

The chimeric animal stroop task [5] is one adaptation of the standard stroop task that
appears useful for studying inhibitory control in young children. This task takes advantage of
a child’s tendency to preferentially identify animals by looking at the head and asks him or
her to instead focus on and name the body. By presenting pictures with mismatched animal
heads and bodies and asking a child to name the body instead of the head, the inhibitory
process is tested in that the participant must give preference to an atypical portion of the
stimulus, mirroring the requirements of the color-word stroop [3]. When an image is
presented and the head and body are of the same animal, pictures can be easily named.
However, when stimuli are incongruent, increased response times and increased errors are
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seen, again illustrating increased difficulty of cognitive inhibition and reflecting the trends of
the color-word stroop in adults [3]. Importantly for developmental research involving
preschoolers, this task was found to be most sensitive for children under the age of seven

[5].

School-age children (ages seven years and above) of parents with mood, anxiety, and
psychotic disorders have increased rates of cognitive inhibitory deficits and general attention
problems [11-20]. The mechanisms mediating this relationship are not completely
understood; however, both prenatal maternal physiology and maternal caregiving may
contribute in a dynamic way to this observed correlation. [21-23]. However, utilizing previous
test batteries, inhibitory dysfunction was not prominent in preschoolers and manifested for
many children suddenly at school age [24]. Currently, it is unclear if the lack of
symptomatology in preschool studies is secondary to a delay in manifestation of symptoms
until school age, or if previous tests lacked sensitivity that more recent childhood testing
adaptations may be capable of detecting.

The primary objective of this study was to determine if differences could be detected in four-
year-olds at risk of cognitive inhibitory deficits secondary to maternal affective or anxiety
disorders utilizing the chimeric animal stroop [5], a preschool adaptation of the traditional
color-word stroop task [3]. To the authors’ knowledge, this is the first comparative
examination of preschool age children of mothers with and without psychiatric disorders
utilizing this task.

2. METHODOLOGY
2.1 Participants

The Colorado Infant Development Project is a longitudinal study focusing on the relationship
between parental mental illness and early cognitive development. Infants and their parents
are recruited through the Colorado State Department of Vital Statistics from the Denver
metropolitan region. Structured maternal psychiatric assessments of parents are completed
within a few months of the child’s birth. From this initial sample, children were re-recruited
around four years of age to undergo neurocognitive testing. Recruitment was limited to those
families for whom English was their primary language. This report covers children born
between June 2005 and October 2006; 60 of 95 (63%) children recruited at infancy
completed the neurocognitive test battery at four years of age. A total of sixty four year olds
of mothers with (N=29) and without (N=31) a history of affective or anxiety disorders were
examined. No children were taking psychoactive medications at the time of testing.

2.2 Study Design

2.2.1 Maternal psychiatric illness

Mothers were interviewed while the child was a young infant (generally under three months
of age) utilizing a structured diagnostic instrument, the Structured Clinical Interview for DSM-
IV [25]. An experienced clinician (MSW or MD) completed all interviews. Diagnoses were
best estimate diagnoses. A positive history of an affective or anxiety disorder was defined as
an Axis | depressive (Major Depressive Disorder or Depression NOS; n=21) or anxiety
disorder (PTSD, OCD, GAD, or Panic Disorder; n=15). Three mothers also had a comorbid
history of mania (n=2) or psychosis (n=1). Analyses were completed both including and
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excluding mothers with a comorbid history of bipolar or psychotic illness and produced
similar results. Analyses including these mothers are reported here. Focal anxiety disorders,
such as specific and social phobias, were not considered as a positive history.

2.2.2 Neurocognitive testing

The neurocognitive test battery was administered across two sessions. On the initial testing
visit, children were administered a Wechsler Preschool and Primary Scale of Intelligence
[26]. This visit occurred at 4 years of age (mean +S.D of 48.9+ 0.7 months; range 47.9 - 51.2
months) and was followed by a second visit for completion of other neurocognitive tasks at
an average of 14.9 days (SD = 11.6 days, range 0-49 days) after the initial visit. In addition
to the chimeric animal stroop, the experimental protocol initially included the kiddie
continuous performance test (KCPT) [27] and the flexible item selection task (FIST) [28].
Many children were unable to complete the KCPT task and performance on the FIST task
was at ceiling with all children performing well. Part way through data collection, the FIST
was replaced with the dimensional change card sort (DCCS) task [29], the number of
children who had completed this task was too low to provide sufficient power to justify
analysis. As such, analysis was limited to the chimeric animal stroop task.

2.2.3 Chimeric animal stroop

As a pre-test, all children were shown laminated paper pictures of, and asked to name, each
of the four utilized matching stimuli (a sheep, a cow, a duck, and a pig). Their responses in
this pre-test were utilized to determine later correct and incorrect responses. For example,
some children used “lamb” instead of “sheep,” and one child utilized animal sounds instead
of names (“baa,” “moo,” “quack” and “oink”). A portable laptop computer utilizing software
provided by Ingram Wright [5] presented stimuli for the task. On a separate computer
monitor placed in front of the child, stimuli measuring 7cm by 9 cm were presented in one of
two orientations, i.e., head facing to the left or right of the screen.

In order to orient participants to the computer monitor and encourage vocal responses, a
series of 6 pictures of common objects were presented, i.e., a car, train, bus, race car, and
boat. Following this familiarization phase, a chimeric animal with a cat head and horse body
was presented on the monitor. The examiner explained that the child would be shown
pictures of “funny animals where the head and body don't match,” and the child was
instructed to “name just the body” of each animal. The testing session consisted of three
blocks of stimuli: the first and third blocks each contained 24 pseudo-randomly presented
incongruent (mismatched animal head and body) and neutral (cartoon face with animal
body) stimuli. The second block contained 24 matching (congruent) stimuli. Fig. 1 provides
examples of presented images.

Each trial began with a fixation point in the center of the screen for 500 ms and was followed
by presentation of a chimeric animal image for three seconds or until 500 ms after the
examiner utilized a key press marking the child’s first animal syllabic response. Following a
one second inter-stimulus interval, a new trial began with presentation of the fixation point.
Videotapes were reviewed, and each child’s responses were categorized as correct,
incorrect, or no-response by an examiner blinded to each child’s maternal history.
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Congruent Incongruent Neutral

Fig. 1. Examples of stimuli used by type
2.3 Setting

For stroop testing, children were videotaped while being tested in a quiet research room in
the presence of their accompanying parent. Maternal diagnostic testing and Wechsler
Preschool and Primary Scale of Intelligence testing occurred in the same facility prior to
stroop testing as noted above.

2.4 Variables

Reaction time was recorded by the examiner’s key press with each child’s first initial syllabic
response. Responses were later viewed by an examiner blinded to each child’s group and
were scored as “incorrect” if the child responded with a name other than that of the body.
Each child’s initial syllabic response was given preference, for example, “sh...duck” for a
sheep-duck chimera with a duck body was counted as an incorrect response. Trials where
the child failed to respond at all or responded outside of the three-second window were
counted as no-response (errors of omission) and were not included in further analyses. The
analysis focused on errors of commission, defining performance as the percentage of correct
responses: number of correct responses / (number of correct + number of incorrect
responses).
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2.5 Data sources/Measurement

Reaction time (via examiner’s key press) was recorded utilizing software provided by Ingram
Wright [5]. An independent blinded examiner coded responses as correct, incorrect, or no-
response as above.

2.6 Bias

All examiners (reviewing data and preforming testing) were blinded as to each child’s
allocated group (maternal affective or anxiety disorder or no maternal psychiatric history).

2.7 Quantitative Variables

Maternal affective or anxiety disorder vs no maternal psychiatric history were determined as
noted in study design above. Upon review, it was noted that many children had a large
variation in participation across blocks with some children appearing to initially not
understand the task and others losing interest and ceasing participation. To account for this
variability, the block where each child had the best participation rate (least percentage of no
response answers) was utilized for analysis. Blocks where a child did not respond to at least
80% of stimuli (three blocks in two children without a maternal psychiatric illness and one
with) were eliminated from further analyses. Reaction time was calculated as an average
across each grouping.

2.8 Statistical Methods

SPSS [30] was utilized to complete repeated measure ANOVAs with maternal psychiatric
history (yes versus no for Axis | disorders) as a between-subjects factor and stimulus type
(congruent, neutral, and incongruent) as a within-subjects factor. While gestational age at
birth was not statistically different between groups, this is potentially an important factor.
Thus, analyses were run both with and without gestational age as a covariate, and the
results were similar. Results without gestational age as a covariate are reported here.

3. RESULTS AND DISCUSSION

Twenty-nine (48%) of the participants had a mother who had a positive history of an affective
or anxiety disorder prior to or during the child’s early infancy. No statistically significant
differences were found between infants with and without a positive maternal history in
gender, gestational age, birth-weight, race / ethnicity, social environment, intelligence
scores, maternal age, history of pregnancy complications, parental education, paternal
history of Axis | diagnosis, or maternal smoking exposure (Table 1), and all mothers denied
a history of substance or alcohol abuse during pregnancy.
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Table 1. Demographic representation of participant s

Characteristic

No Maternal Psychiatric lllness
(n=31)

Maternal Psychiatric lllness (n=29)

t or X° Value

Male Gender (%)

Age at Stroop
testing (months)
Pregnancy
Complications (%)
Gestational Age at
Birth (days)

Birth Weight
(grams)

Race / Ethnicity
(%)

Parental Social
Environment (%)
Maternal Age at
Child’s Birth
(years)

Maternal
Education (years)
Paternal
Education

(years)

Maternal
socioeconomic
status*

Paternal

Males: 13 (41.9)

M = 48.7
SD = 0.6
Yes: 8 (25.8)

M= 276

SD= 10

M = 3189.8

SD =513.2

Caucasian / Non-Hispanic:
27 (87.1)

Other: 4 (12.9)

Lives with Biological Parents: 31
(100)

M =32

SD=5

M =16
SD=2
M =16
SD=2

M =53
SD =22

M =61

Males: 14 (48.2)

M= 49.0
Sb=10
Yes: 10 (34.5)

M= 270

SD= 19

M = 3201.7

SD =669.3

Caucasian / Non-Hispanic:
22 (75.9)

Other: 7 (24.1)

Lives with Biological Parents: 28 (96.6)
M =33
Sh=5

M=17
SD=2
M=16
SD=3

M =55
SD =23

M=61

X*(1, n = 60) = 0.05,
P=.82

t(58) = 1.5,

P=.22
X*(1,n=60)=0.2,
P=.65

t(58) =21,

P=.15

t(58) = 0.0,

P=.94
X*(1,n=60) = 0.62,
P=.43

X*(1, n = 60) = 0.0,
P=1.0

t(58) = 0.6,
P=.44

t(58) = 0.1,
P=.73
t (58) = 0.4,
P =56

t (58) = 0.1,
P=.74

t(58) = 0.0,
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socioeconomic SD =18 SD =25 P=.96
status* )
Maternal Smoking Yes: 2 (6.5) Yes: 4 (13.8) X? (1, n=60) = 0.27,
Exposure (%) P=.60
WPPSI Intelligence  Verbal Composite M = Verbal Composite M = t(58) = 1.0,
Score (SD) 111 (15) 108 (9) P=.31
Performance Composite M =107 Performance Composite M = 105 (12) t (58) = 0.7,
(12) P=.41
Processing Speed Composite M = 94
Processing Speed Composite M (10) t(58) = 1.8,
= 97 (9) P=.19
Full Composite M =
Full Composite M = 106 (11) t(58) = 1.5,
109 (10) P=.22
Maternal Axis | No: 31 (100) No: 0 (0)
Diagnosis (%) Yes: 0 (0) Yes: 29 (100)

Major Depression: 19
Depression NOS: 2
PTSD: 5
Obsessive-Compulsive: 3
Generalized Anxiety: 8
Panic Disorder: 5

Paternal Axis | Yes: 6 (19.4) Yes: 8 (27.6) X2 (1, n=60) =0.62;
Diagnosis (%) No: 22 (71.0) No: 18 (62.1) pP=.73
Unknown: 3 (9.7) Unknown: 3 (10.3)

* Socioeconomic status is based on is based on The Socioeconomic Index of Occupations [31]. 503 occupations are included and are scored in a
potential range of 0-100. Managerial and professional occupations generally have scores above 60; technical, sales, and administrative support
occupations generally score between 35 and 60; service, agricultural, and labor occupations generally have scores below 35. Scores are based on
the highest occupation value achieved across an individual’s life.
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3.1 Reaction Times

Reaction times were analyzed using a 2 x 3 (Group [no maternal psychiatric history, positive
maternal psychiatric history] x Stimulus Type [congruent, neutral, incongruent]) repeated
measures ANOVA. Fig. 2 demonstrates a strong main effect for trial type, F(2, 116) = 26.3,
P<.001, where mean reaction times for congruent stimuli were faster than for neutral or
incongruent stimuli, P<.001; however there was no significant difference in mean reaction
times between the neutral and incongruent stimuli, P=.82. There was also no significant
main effect for maternal psychiatric history, F(1, 58)=0.9, P=.34, or maternal psychiatric
history by trial type interaction, F(1 , 58)=1.1, P=.30.

2400 -

2300 A

2200 -

2100 -

2000 -

1900 -

Reaction time (ms+s.e.m)

—@— Maternal Psychiatric History

1800 - —N/— No Maternal Psychiatric History

1700 T . T
congruent neutral incongruent

Stimulus Type

Fig. 2. Mean reaction times (ms) + _ standard error of the mean (s.e.m.) by stimulus
type. Reaction times for congruent stimuli are fas  ter than for either neutral or
incongruent stimuli (P <.001), but not signficantly different between neu  tral and
incongruent stimuli. There was no significant diffe rence between offspring with (n=27)
and without (n=31) maternal psychiatric history or a stimulus type by psychiatric
history interaction.

3.2 Response Accuracy

Responses were analyzed using a 2 x 3 (Group [no maternal psychiatric history, positive
maternal psychiatric history] x Stimulus Type [congruent, neutral, incongruent]) repeated
measures ANOVA. The percentage of correct responses was defined as the number of
correct responses / (number of correct + number of incorrect responses).

There was a significant main effect of stimulus type, F(2, 116) = 83.4; P < .001. The number
of correct responses was lower for the incongruent condition than either the congruent,
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P<.001, or neutral conditions, P<.001, and there were also fewer correct responses in the
neutral than the congruent condition, P=.02. There was a trend for a main effect of group,
F(1, 58) = 3.4, P=. 07, and a significant stimulus-type by group interaction, F(1, 58)=5.85;
P=.02. There was no effect of group on percentage of correct responses when the stimuli
were congruent, t=0.0, P=1.0, or neutral, t=0.1, P=.94. While both groups had a lower
correct response percentage in response to incongruent stimuli, the effect was larger for the
group with a positive maternal psychiatric history such that the children of mothers with
positive psychiatric histories performed significantly poorer than the negative maternal
psychiatric history group, t = 2.4, P=.02, (Fig. 3).
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Fig. 3. Percentage of correct responses + _ standard error of the mean (s.e.m.) by
stimulus type. Percentages did not significantly di ffer by maternal psychiatric history
for congruent or neutral stimuli ( P’s =.79 - .93); however offspring with a motherwit ha
positive psychiatric history (n=29) had lower corre ct response rates to incongruent
stimuli than did offspring with a mother with a neg ative psychiatric history (n=31;
P=.02)

We did not have enough power in this data set to examine affective and anxious maternal
psychiatric diagnoses individually. However, a preliminary analysis demonstrated that there
was a significant trial type by maternal psychiatric history interaction wherein, compared to
offspring of a mother with a negative psychiatric history, significantly poorer performance
was observed both in children of a mother with a history of an anxiety disorder (Generalized
Anxiety Disorder, Obsessive Compulsive Disorder, Post-Traumatic Stress Disorder, and/or
Panic Disorder (n=15)), F (2, 88) =4.8, P=.03, and in children of a mother with a depressive
disorder (Major Depressive Disorder and/or Depression Not Otherwise Specified (n=21)),
F(2, 100)=4.4, P=.04.

The purpose of this study was to assess the relationship between a positive maternal
psychiatric history of affective or anxiety disorders and a measure of cognitive inhibitory
dysfunction in preschool-aged offspring. Our results indicate that specific inhibitory deficits

10
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are identifiable by four years of age. As expected, when the animal head and body matched
(congruent trials), mean reaction times were the fastest and most children approached 100%
accuracy. When the head of the stimulus was a neutral face-like drawing (neutral trials),
there was a slowing of reaction time with a slight decrease in accuracy. During incongruent
trials, when the animal head and animal body were mismatched, accuracy dropped off, with
a greater drop for offspring of mothers with a positive psychiatric history. This indicates more
difficulty for children of mothers with an affective or anxiety disorder to inhibit their prepotent
response, and this difficulty is profound enough to be seen at a time in which all children
have a developmentally limited capacity to do so.

In this sample, there was no difference between groups in exposing their fetuses to toxins
(substance abuse and smoking); however, mothers with a history of psychiatric illness are
generally at higher risk for tobacco and other substance use. Subtle differences between
groups in maternal substance use cannot be entirely ruled out as contributors to offspring
differences. In addition, maternal mental illness and child offspring inhibitory deficits may
also share genetic risk factors. It is also possible that specifically anxiety or depression may
have a larger effect on cognitive inhibition in offspring. Though we did not have enough
power in our study to examine specific diagnoses, preliminary analysis did show an effect of
both depressive and anxiety disorders wherein children of mothers with these diagnoses,
compared to children whose mothers did not have a psychiatric disorder, illustrated a greater
deficit in cognitive inhibitory control. More research with a larger population is needed to
determine if deficits seen are disorder specific, genetically predisposed, or if the effect on
children is secondary to a more general factor, such as stress, which may change the
mother’'s in-utero environment and/or contribute to difficulty with early attachment to
offspring. It is also unknown whether there is a critical window, minimum duration, or severity
of symptoms for maternal illness to effect the offspring.

The mechanism by which maternal illness is related to child inhibitory performance is
unknown. Child psychopathology, whether because of shared genetic risk factors or
because of maternal illness driven changes in the child’s environment, is one possibility. In
this study, children were not themselves screened for psychopathology, and thus this
possibility cannot be investigated here. Future efforts should include assessment of child
psychopathology.

Performance on the chimeric animal stroop task was as expected; children responded most
rapidly and with high accuracy to congruent trials, took longer to respond to neutral trials with
a slight decrease in accuracy, and then had accuracy significantly diminish with incongruent
trials. This pattern is indicative of the difficulty and higher cognitive function associated with
inhibiting an increasingly prepotent response. However, as children could choose not to
respond, and no response answers were not analyzed, it is difficult to know what their
reaction times would have been if a response was required. For example, it is possible that
some children might have needed longer than three seconds to process incongruent stimuli,
and certainly upon video review, responses given after the three second cut-off were seen.
If this were the case, differences between groups may be larger than identified. Additionally,
some children may also simply give up and not respond to more difficult tasks, potentially
skewing the data to misrepresent children with less inhibitory deficit or those trials that are
simply easier to inhibit.

As the previously published chimeric animal stroop was created to assess the development

of cognitive inhibition with age, it is also possible that further modification of the paradigm will
produce more robust detection of cognitive inhibitory deficit when comparing similarly aged

11
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children. By changing to a forced-response model and providing additional time for children
to respond, further deficits and differences between categories may become apparent.
Additionally, from a developmental perspective, inhibitory capacity has been shown to
improve with age in the chimeric animal stroop [5,32], and it would be interesting to see if the
observed inhibitory deficits remain constant, diminish or increase over time in the identified
cohort and how their development compares to that of controls.

Regardless of potential maternal and child cognitive etiologies, early identification of children
with cognitive inhibitory deficit has important lasting implications. For example, adult
psychotic, depressive, anxious, and bipolar symptomatology is often preceded by attentional
deficits as a child [33;34], and difficulties in inhibitory capacity in childhood have also been
seen in child and adolescent psychiatric illnesses including depression, attention deficit /
hyperactivity disorder, bipolar disorder, generalized anxiety disorder, adjustment disorder,
conduct and oppositional defiant disorder, and post-traumatic stress disorder [35-42].
Identification of at risk groups at an earlier age may provide the opportunity for enhanced
monitoring and earlier diagnosis and treatment. Even if children identified do not eventually
develop psychiatric illness, inhibitory deficits have also been associated with decreased
social competence, non-cooperative behavior, and conduct problems [39,43,44], as well as
educational difficulties that negatively impact lives. Some attempts to increase inhibitory
control and cognitive flexibility in children have been successful (with greatest gains being
seen in those with the poorest skills at baseline) [45]. With earlier identification, particularly
at a time of high synaptic plasticity and prior to school initiation, the opportunity becomes
available to intervene when even small modifications may have the potential to induce long-
term change.

4. CONCLUSION

The association between maternal affective and anxiety disorders and cognitive inhibitory
deficit is already identifiable by four years of age. More research is needed to determine the
mechanism explaining the relationship between maternal affective and anxiety disorders and
offspring inhibitory deficits. Further adaptation of the chimeric animal stroop may produce
even more robust detection of cognitive inhibitory deficit. As cognitive inhibitory deficit is a
risk factor for later psychiatric illness and is associated with decreased social functioning,
early identification provides the opportunity to intervene when small modifications may
induce great long-term change.
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