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Introduction: Cannabis is one of the most commonly used substances during
pregnancy and has the potential to negatively impact parent-infant relationships.
The prefrontal cortex (PFC) response to infant cues during pregnancy has
been associated with subsequent positive parenting behaviors. However, PFC
activation is altered in individuals who use cannabis. As the potency of cannabis
has changed over the years, little is known about the specific role of cannabis use
on gestational parent brain responses to infant cues.

Materials and methods: Using functional Near-Infrared Spectroscopy (fNIRS) in
the second trimester of pregnancy, we measured hemodynamic responses to an
infant cry task and an infant faces task among individuals who were using cannabis
(N =14) and compared them with those who were not using cannabis (N =45).
For the infant cry task, pregnant individuals listened to cry sounds and matched
white noise. For the infant faces task, they viewed happy, sad, and neutral faces.

Results: There was no significant difference between the two groups after
adjusting for multiple comparisons. Without adjusting for multiple comparisons,
we found preliminary evidence for the differences in the dorsomedial PFC
associated with heightened response to infant cry among individuals who use
cannabis. The groups were also different in the dorsolateral PFC associated with
decreased response to infant sad faces among individuals who use cannabis.

Discussion: Our preliminary data suggests that cannabis use during pregnancy
was associated with brain activation in the regions involved in the emotional
regulation and information processes. However, the results did not survive after
adjustment for multiple comparisons, thus future research with larger sample sizes
is needed to confirm potential differences in brain function among cannabis-
using pregnant individuals.

cannabis, pregnancy, fNIRS (functional near infrared spectroscopy), parenting,
psychology
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Introduction

Cannabis is the most commonly used substance during pregnancy,
with prevalence of use estimates ranging from 5-20% among pregnant
individuals in the United States (1-4). In a report from the Colorado
State Pregnancy Risk Assessment Monitoring System, 8.2% of people
reported using cannabis during pregnancy from 2014-2018, a higher
rate than cigarette and electronic cigarette use in Colorado (4). With
increasing legalization of cannabis across the United States, it is
imperative to further investigate the implications of cannabis use
during pregnancy.

Pregnancy is a sensitive window for expecting birthing parents to
develop neural and emotional bonds with the fetus. The structural and
functional brain changes that occur during pregnancy translates to
early infant bonding (5-9). During the initial postpartum period there
are increases in grey matter volume in sections of the prefrontal cortex
(10-14). Another study looking at the long-term effects of pregnancy
found reductions in grey matter in areas revolved around social
cognition including the superior temporal sulcus, medial and inferior
frontal cortex, and bilateral prefrontal cortex associated with enhanced
parent—child attachment (6). In a recent review combing both animal
and human literature, Duarte-Guterman found overall decreases in
volume, neurogenesis, dendritic morphology, and number of
microglia; and increases in dendritic spine density in the hippocampus
and prefrontal cortex during the postpartum period due to pregnancy
(15). Newer research in animal models has shown that many of these
modifications during pregnancy occur during the gestation and
lactation period and that these changes predict maternal caregiving
behaviors postpartum (16). The vast complexity of these structural
changes shows the wide network arrangements that begins during
pregnancy to prepare mothers for their infant and the importance of
the prefrontal cortex in these changes.

In addition to structural changes in the gestational parent brain,
studies focused on parental brain function suggest that neural
responses to infant cues during pregnancy are important to support
more positive parent-infant relationships postpartum (5, 17). Infant
cues such as cry sounds or emotional facial expressions are
important not only for communication, but also promote care
between a parent and child (18). This sensitivity to infant cues
within parental reward and motivation networks is thought to
be related to increases in oxytocin and dopamine networks during
late pregnancy and the first months of the postpartum period that
are associated with birthing parent behavior (19-23). Activation of
brain networks for both looking at your infant, and responding to
cries involve several brain regions including the prefrontal cortex
regions (24-26). Literature has attempted to assess differences of
emotional valence of infant faces, and found variability in responses
can be predictive of parenting behavior postpartum (27, 28). Studies
have shown that own smiling, compared to other smiling infant
faces elicit social information and reward/motivation regions of the
cerebrum, midbrain, orbitofrontal cortex tracks, including
substantia nigra and amygdala (12, 29-31) When comparing
nulliparous individuals to birthing parents, nulliparous individuals
show slight activation in regions of the medial prefrontal cortex and
posterior cingulate cortex in the context of goal oriented tasks,
highlighting a potential sensitivity among birthing parents (32).The
medial PFC regions are important for perception and evaluating the
meaning of the infant’s emotional cues while the lateral PFC regions
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are important for regulating a birthing parents’ own emotional
reactions (24, 26, 33-35).

Disruptions to these functional changes in the PFC during
pregnancy to help gestational parents regulate emotions, such as
depression and substance use, has been associated with disruptions in
parent-infant attachment (36). While often there is an increase in
activation toward infant cues in parenting neural networks associated
with positive behavioral outcomes, contrarily heightened activation in
the PFC can be associated with dysregulated responses. In a review on
plasticity during pregnancy;, it was found that stress exposure—in the
form of childhood maltreatment, environmental stress, and parenting
stress—can cause dysregulated levels of activation in the PFC in
response to infant cues in regions of gestational parent motivation,
emotion regulation and empathy (37). Both heightened and dampened
responses in parental networks from stress exposure impacted neural
responses and behavioral outcomes, highlighting the complex nature
of an appropriate attenuated response to infant cues.

Cannabis exposure during pregnancy has been difficult to
characterize due to decrease and variability of exposure as pregnancy
progresses with the highest prevalence during the first trimester, and
dropping by half in the third trimester (38-43). Current literature
states that many pregnant individuals report cannabis use and perceive
that cannabis use is safe (43-45). Limited research on prenatal
cannabis exposure focuses on infant outcomes. Cannabis exposure
during pregnancy is associated with decreased birth weight, reduced
length of infant, smaller head circumference, and higher risk of
preterm birth (38, 39, 46). Since human data is limited, animal models
have shown that cannabis exposure during pregnancy is associated
with diminished pup rearing behaviors in open field (47, 48). Cannabis
use Disorder, known as CUD, has been shown to be associated with
lower positive parenting through decreased monitoring, support and
consistency in adolescents (48). Gestational parents who co-used
tobacco and cannabis during pregnancy showed lower sensitive
parenting behaviors with their infants at 9months (47). Previous
studies have also examined the effects of polysubstance use on
postpartum parental brain function. Postpartum participants who
used substances exhibited a decrease in activation in the hypothalamus,
ventral striatum, and ventral lateral PFC to happy infant faces
compared with healthy controls (11, 12, 17, 49). When investigating
own versus other infant images, gestational parents who use
substances showed reduced activation to happy and sad faces in their
own infants compared with individuals who do not use substances in
regions of the dorsolateral PFC and ventral medial PEC (50). When
investigating infant cry, some research has found no difference
between those who do and do not use substances, while others have
found overall reduced activation in the PFC (27, 50). However, to date,
there is limited evidence focusing on cannabis use (38). Based on the
variability of cannabis exposure during pregnancy and conflicting
findings among substance exposure, this study encompassed any
individual who self-reported or had a positive toxicology report
during the second trimester.

Functional Near-Infrared Spectroscopy (fNIRS) and EEG studies
are the primary resources for evaluating changes in the brain during
pregnancy. Recently, fNIRS has increased in use and provided the
tools to measure hemodynamic responses during pregnancy, a
technique more comparable to MRI and has better spatial resolution
than EEG (51-53). Two key advantages of fNIRS are the ability to
account for motion, and the ability to measure during pregnancy, a
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time where MRI is more limited in its use (52, 54). Previous research

TABLE 1 Characteristics of participants.

10.3389/fpsyt.2023.1180947

using NIRS has documented changes related to infant stimuli during Control Cannabis
pregnancy (52, 54). Length and bias of attention to infant cues assessed n=45 exposed
in the third trimester is associated with sensitivity postpartum (55). n=14
However, PFC activation measured by fNIRS was most pronounced Mean +/— Mean +/—
in the second trimester, compared to other trimesters in response to Standard Standard
emotional cues (i.e., adult fearful faces) (52). Thus, the brain responses deviation deviation
to infant cues earlier during pregnancy, such as in the second (Range)
trimester, may also be important for predicting postpartum brain Nulliparous 11 7 -
function. With the advantages of {NIRS, there are limitations to its use Gestation Weeks 2320 +/— 1.59 2329 +/— 1.73 _
as fNIRS can only measure the hemodynamic response of cortical (20-28) (21-28)
surface activity. )
. . L . Education (years) 15.27 +/—2.615 13.64 +/—2.31 0.042
This study examined the associations between cannabis use and (12-20) (12-20)
hemodynamic responses to infant cues measured by fNIRS in the
second trimester. We hypothesized that there would be less Age at 1" Trimester 3031 +/=471 28.43+/=-6.16 -
hemodynamic activation in regions of the PFC to infant faces, in (18-41) (21-37)
particular to happy and sad faces based on the study investigating CESD 11.60 +/—7.58 13.93 +/— 5.12 -
substance exposure in PFC regions, and a reduction of activation to (1-33) (3-24)
infant cry in regions of the PFC measured by the hemodynamic STAI 28.40 +/— 7.65 28.50 +/— 6.27 _
response as fNIRS can only measure cortical surface activity (27, 50). (20-48) (22-46)
EPDS 5.07 +/— 4.63 6.07 +/= 3.10 -
Materials and methods 19 R
Hispanic 14 2 -
Participants Race <0.001
American indian 2 0
Participants were pregnant individuals recruited up to 14 weeks’
. . Asian 2 0
gestation from the Department of Obstetrics and Gynecology at
Denver Health medical center, through the University of Colorado Black 3 9
Anschutz Medical Campus, and through flyers and brochures as part White 29 4
of a larger study investigating the effects of income during the Other 9 1
pregnar}cy period. A sub.set of t.hls .study 1n'vest1ga'Ee(.1 'Eh'e effe?ts (')f Cannabis drug screen
cannabis exposure during this time-period. Eligibility criteria
included: age 18-45years, singleton pregnancy, and fluency in 1" trimester drug 0 10 <0.001
English. Exclusion criteria included: use of current psychotropic screen positive
medications; lifetime diagnosis of other psychiatric/neurological 2nd trimester drug 0 8 <0.001
illness other than depression, anxiety, or post-traumatic stress screen positive®
disorder; positive urine drug screen for non-cannabis illicit TLEB
substances; or self-reported heavy nicotine or alcohol use. )
. X i Pre-conception 0 297.93 +/—789.09 -
Participants for these analyses were grouped as using or not using . (0-3005.00)
units —. 8
cannabis based on a second trimester urine toxicology test for
cannabis or self-report as cannabis use during this time has been 1¥ Trimester units 0 190.29 +/- 486.78 -
shown to be more sporadic among pregnant individuals. Participants (0-1840.00)
completed mood measures, income interviews, urine toxicology and 2™ Trimester units 0 231.43 +/— 501.97 -
self-report cannabis exposure, and fNIRS tasks in their home. (0-1820.00)
Participants were compensated 75$ for the visit. Tobacco use at 1 5 4 0.027
Of the 74 participants that had completed fNIRS imaging prior to Trimester
March 5, 2020, 14 participants tested positive for or reported cannabis use
. . . . Medicare 19 11 0.018
in the second trimester and were assigned to the cannabis group. For the
comparison group, there were 60 participants eligible for analysis who had Total yearly income 88,890.76 +/— 42,806.07 +/~ 0.032
completed fNIRS imaging. Of these 60 eligible participants for the control at 1" Trimester 75,565.38 34,669.67
group, 15 were excluded for the following reasons: (n=10) reported (1,500-504,000.00) (4,000~
cannabis use from conception to their first trimester visit or tested positive 140,000.00)

at their first trimester visit but did not continue use in the second *p values for less than 0.05 are shown when groups are significantly different form each
other; °Missing drugscreen at second trimester visit (control 7 =22; cannabis exposed 1 =4);
CESD is the Center for Epidemiological Studies-Depression; STATE is the State—Trait
Anxiety Inventory-state; EPDS is the Edinburg Postnatal Depression Scale; TLFB is the

Timeline Follow Back Scale.

trimester, (n=4) missing yearly income data, and (n=1) for completing
the second trimester visit in their third trimester. The demographic
breakdown of each group is listed in Table 1.
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Procedures

Participants were initially contacted by phone or in the prenatal
clinic at Denver Health Hospital (Denver, Colorado) to assess their
eligibility for the study. If they were eligible, a home visit was
conducted during each trimester. During the first and second home
visit, participants were consented and completed measures of mood,
income, demographics, a urine drug screen, timeline follow back data,
and the fNIRS tasks. fNIRS tasks included infant cry, infant faces, and
adult faces tasks. Only data from the infant cry and infant picture tasks
will be examined in this paper.

Measurements
Cannabis use

1. Urine Testing/Nicotine Testing. After consent, participants
provided a urine sample for a Nic-Alert test to evaluate for
nicotine metabolite and a CLIA-waived 5-panel drug
immunoassay at their first trimester study visit. If participants
tested positive for any other substances besides cannabis and
nicotine, they were ineligible for the study. Participants who
tested positive for cannabis were used for the present analysis.
Because urine drug testing at the second trimester study visit
was added later in the study, not all participants have a urine
drug screen for this visit (n=33 total missing tests in the
second trimester).

2. Timeline Followback/Self-Report Drug Use Scale (TLFB). Since
cannabis use can be infrequent, and urine can be negative
despite recent use, all participants also underwent a detailed
interview by a trained researcher who asked about any cannabis
use prior to the visit. This interview methodology has been
shown to be an accurate reflection of self-reported cannabis use
(56-58). Participants who self-reported cannabis in the second
trimester but did not complete the TLFB during their second
trimester were also put into the cannabis group.

Mood measures

Participants completed three mood measures: Edinburg Postnatal
Depression Scale (CESD), and State-Trait Anxiety Inventory (STAI)-
state. Participants completed the EPDS asking about their feelings in
the past 7 days (59-61). Participants completed the CESD, a 20-item
questionnaire asking them about how often in the past week they
experienced symptoms associated with depression (62-64).
Participants completed the STAI, a 20-item questionnaire about how
they are feeling right now at this moment (65, 66).

fNIRS (functional near-infrared
spectroscopy)

Choosing a region of interest approach, we used fNIRS Optodes’
Location Decider (fOLD) to choose a prefrontal montage that would
highlight the dorsolateral PFC and dorsomedial PFC (67, 68) (see
Supplementary Figure S1 for regions covered by a prefrontal montage).
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Two key advantages of fNIRS are the ability to account for motion,
and the ability to measure during pregnancy (51-53). The infant cry
and infant face paradigms have been evaluated in research to show
enhancement of hemodynamic activation associated with parenting
across multiple studies (8, 10, 11, 36). In addition, these tasks have
been validated among individuals with substance use disorders (27,
49, 50).

Infant cry paradigm

All participants listened to the same infant cry sound and matched
white noise to that cry using Cool Edit Pro 2.0 sound editing software
(69). Samples of natural infant cries in a previous project in the lab
were collected during a diaper change and validated for average
emotional intensity (70). All participants listened to the same infant
cry sound. Participants listened to the task through headphones all on
the same volume of 22. The paradigm was organized in E-Prime 2.0
by two 105 blocks, cry and matched white noise, with a 10-s rest with
a crosshair design of silence between each sound (71). In each block
there were 10 cry sounds, and 10 matched noise sounds randomly
presented to the participants. Overall, there was a total of 20 trials
lasting 8.3 min. Participants were asked to listen and pay attention to
the sounds and let themselves experience the thoughts and feelings
they were having naturally. After each sound block, they are asked to
rate each sound on a Likert scale from 1-very negative, 3-neutral, to
5-very positive.

Infant faces paradigm

Participants were given a task during which they viewed either
White or Black infant faces matched to the race of the expected child.
For races other than Black or White, participants viewed White infant
faces. There were male and female infant faces (12). The paradigm was
organized in E-Prime 2.0 by three 8-s blocks: happy faces, neutral
faces, and sad faces (71). In each block, 4 faces of the same emotion
were shown for 2 s each, for a total of 8s. In between the blocks there
was a 10s rest with a crosshair design. Overall, there was a total of 30
trials lasting 9.3 min. Participants were asked to pay attention to the
images and let themselves experience the thoughts and feelings they
were having naturally.

Data acquisition and processing

Cortical activation was measured using the NIRx NIRSCOUT
fNIRS System. Using the prefrontal montage designed by NIRx
consisting of 15 optodes (8 sources and 7 detectors) with an average
3 cm distance between each optode were placed over the PFC using a
NIRSCap for a total of 20 predetermined channels (see
Supplementary Figure S1). The NIRS method uses infrared light sent
through fiber optic cables of the 8 source optodes using 760 nm to
measure oxygenated hemoglobin (HbO) and 850 nm for deoxygenated
(HbR) hemoglobin. Light passes through the cortical layer of the
cortex and the reflection to the detectors represents the change in
oxygenated and deoxygenated hemoglobin concentrations using
Beer’s Lambert Law (72, 73). At the start of the paradigm, participants’
caps were placed one inch above the eyebrow and a calibration check
was performed to confirm probes were getting optimal signal. Once
calibrated, and all possible additional light was blocked form the
probes using a blacked-out shower cap, participants began the fNIRS
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paradigm seated at a table with a laptop in front of them. Light was
emitted continuously through the tasks.

Analysis

{NIRS data analysis was conducted through MATLAB 2019b using
NIRS Toolbox version 837 and SPSS using all 20 channels (74-76). Data
were first pre-processed on the individual level. Data were quality
checked, resampled from 10Hz to 4Hz, and deoxygenated and
oxygenated hemoglobin was converted using a modified Beer-Lambert
Law (77). Signal preprocessing was completed using a PCA filter. Next,
a general linear model was run on the first level of analysis using
AR-IRLS, this model has been previously validated and was created with
the NIRx team (75). The beta values of each condition (infant cry and
white noise; happy, sad, and neutral) from the first-level analysis were
extracted and second level analysis was completed in SPSS. Beta values
3 standard deviations above the mean were identified as outliers and
excluded from analysis (78, 79). This paper will present oxygenated
results; for deoxygenated results, please see Supplementary material.

Overall averages of behavioral responses were compared between
groups using a repeated measures ANOVA. Group differences for
demographic variables were also tested. For the hemodynamic data, a
repeated measures ANOVA model was run between groups (cannabis
use and non-use), while covarying for self-reported yearly income in
SPSS. Identified channels were used in an independent means #-test to
identify directionality between conditions.

The current study included a relatively small sample of the cannabis
exposed pregnant individuals due to the difficulties in recruitment. The
goal of the study is to provide pilot findings for future studies with a
larger sample size. Thus, the results were reported without adjusting for
multiple comparisons. However, for completeness of the analysis,
Benjamini-Hochberg test was performed on the significant channels
that reached the threshold after adjusting for multiple comparisons.

Results
Characteristics of participants

Overall, 59 pregnant participants were included. There were no
between-group differences in weeks of gestation, parity, or mood
measures (see Table 1). There were between group differences in
education level (¢ (57)=2.083, p=0.042) and yearly income (¢
(57)=2.20, p=0.032), with the cannabis exposed group having lower
overall education and income as measured at the first trimester. As
education and income were correlated (r (59) =0.262, p=0.049), only
income was selected as a covariate due to a more highly significant

10.3389/fpsyt.2023.1180947

difference between groups. There was no association between cannabis
use frequency and mood measures. Participants were asked to report
on a scale of 1-5, “How the sound made you feel?” with 1 being Very
Negative, 2 Negative, 3 Neutral, 4 Positive, and 5 Very Positive. All but
one participant in the control group made behavioral responses, and
all participants in the cannabis exposed group made behavioral
responses. There was a trending difference between ratings for the
infant cry or matched white noise between groups (F (1,56) =3.692,
p=0.06). The cannabis group reported the infant cry sound less
negative (more neutral, 2.83+/—1.06) compared to the control group
(2.14 +/-0.71), t (56) =—2.78, p=0.007. There were no differences in
responses to white nise between groups, t (56) =—0.72, n.s.

fNIRS analysis of the association between
cannabis use and brain activation to infant cry

The two-way interaction between sound (infant cry and matched
white noise) x group (with and without cannabis use) covarying for
income at their first trimester visit was found across 3 oxygenated
channels in the right and middle dorsomedial PFC and right
dorsolateral PFC (Table 2; Figures 1, 2A-C). As shown in Figure 1, in

hbo : infantCry:whiteNoise

=0

FIGURE 1

Infant Cry HbO activation. Oxygenated hemoglobin (HbO) levels of
activation measured by F state size between groups in relation to
location on the prefrontal montage for infant cry and white noise.

TABLE 2 Infant cry task group*Condition covarying forincome ANOVA Results.

Source: Channel Region BA Hemoglobin F p value
Detector

4:4 36 DMPFC 9 HbO 5.935 0.018
5:6 47 DMPEC 10, 11 HbO 4.219 0.045
7:5 34 DLPFC 46 HbO 5573 0.022

<0.05, uncorrected; BA, Broadman area; HbO, oxygenated hemoglobin, DLPFC, dorsolateral prefrontal cortex; DMPFC, dorsolateral prefrontal cortex.
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A
Infant Cry Task: HbO S4D4 Cannabis Expsoure*Condition
15.00 Group
W Control
B Cannabis
10.00

5.00

Average Beta Values
8

-5.00

-10.00

-15.00
Infant Cry White Noise

Sound

Infant Cry Task: HbOS5D6 Cannabis Exposure*Condition
Group

W Control
10.00 M Cannabis

15.00

5.00

00

-5.00

Average Beta Values

-10.00

-15.00
Infant Cry White Noise

Sound

Infant Cry Task: HbO S7D5 Cannabis Exposure*Condition

Group

W Control
10.00 M Cannabis

15.00

5.00

-5.00

Average Beta Values

-15.00 . :
Infant Cry White Noise

Sound

FIGURE 2

(A-C): Infant Cry HbO Activation Group*Condition covarying for income ANOVA Bar Graph Results. (A) Average Oxygenated hemoglobin (HbO) levels
between groups for infant cry and white noise for S4D4, regions of the dorsomedial PFC. (B) Average Oxygenated hemoglobin (HbO) levels between
groups for infant cry and white noise for S5D6, regions of the dorsomedial PFC. (C): Average Oxygenated hemoglobin (HbO) levels between groups for
infant cry and white noise for S7D5, regions of the dorsolateral PFC.
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the dorsomedial PFC channels, individuals in the cannabis group
exhibited increased activation to the infant cry compared with the
control group (channels 36 and 47), and increased activation to white
noise compared with the control group in the dorsolateral PFC
(channel 34). However, the results did not survive after adjusting for
multiple comparisons.

fNIRS analysis of the association between
cannabis use and brain activation to infant
faces

The two-way interaction between emotion (happy, sad, and
neutral) x group (with and without cannabis use) covarying for
income was found across 1 oxygenated channel in the dorsolateral
PEC (Table 3; Figures 3, 4). As shown in Figure 3, in the dorsolateral
PFC channel, individuals in the cannabis group exhibited deactivation
to sad faces compared with the control group (channel 34). However,
the results did not survive after adjusting for multiple comparisons.

Discussion

Understanding potential implications for cannabis use during
pregnancy is important to help inform pregnant individuals about
risks and enable them to make informed choices about use. Our study
aimed to provide preliminary evidence for an association between

10.3389/fpsyt.2023.1180947

cannabis exposure during pregnancy, and differential hemodynamic
responses to infant cues. Cannabis exposure is associated with an
increase response in regions of the dorsomedial PFC, and a decrease
response in the dorsolateral PFC in response to infant cry. In
conjunction with previous literature, we found decreased response to
sad faces among individuals exposed to cannabis (27, 49). While our
preliminary results were not significant after multiple comparisons
correction, these data are hypothesis-generating and are intended to
help inform future studies with a larger cannabis exposed sample size.

In the infant cry task, individuals in the cannabis group exhibited
increased brain responses in the dorsomedial PFC (Channels 36 and
47) to the infant cry sounds vs. white noise sound compared with the
control group. This finding contradicts previous literature on
dampened or no response to infant cry in the postpartum period (27,
50). The observed increase in response among individuals who use
cannabis may reflect more efforts for emotional information
processing based on trending reports of rating the cries more neutrally.
On the other hand, in the dorsolateral PFC (Channel 34) we saw
increased activation to white noise in the dorsolateral PFC in
oxygenated hemoglobin. Increased activation to white noise in the
dorsolateral PFC may suggest that cannabis use is associated with
heightened brain sensitivity to negative auditory cues. It will
be important for future research to investigate how increased brain
sensitivity to white noise in the dorsolateral PFC and heightened brain
response to the infant cry in the dorsomedial PFC among pregnant
individuals who use cannabis might be associated with later changes
in parenting behaviors.

TABLE 3 Infant picture group*Condition covarying for income ANOVA Results.

Source: Channel Hemoglobin
Detector
7:5 34 DLPFC 46 HbO 3.092 0.049
p<0.05, uncorrected; BA, Broadman area; HbO, oxygenated hemoglobin; DLPFC, dorsolateral prefrontal cortex.
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FIGURE 3

Infant Picture HbO activation. Oxygenated hemoglobin (HbO) levels of activation measured by F state size between groups in relation to location on

the prefrontal montage for happy, neutral, and sad faces.
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FIGURE 4
Infant Face HbO Activation Group*Condition covarying for income ANOVA Bar Graph Results. Average Oxygenated hemoglobin (HbO) levels between
groups for happy, neutral, and sad infant faces for S7D5, regions of the dorsolateral PFC.

In the infant faces task, individuals in the cannabis group
exhibited decreased brain response in the dorsolateral PFC (Channel
34) to sad faces compared with the control group. These findings are
similar to postpartum findings for decreased response to sad faces in
those with substance use disorder (27, 49). Decreased activation to sad
faces among individuals who use cannabis could be related to less
effective regulation of emotional responses (27, 49, 80).

This study had several limitations. Due to the nature of cannabis
exposure during pregnancy, a simple dichotomous variable was used
for cannabis so we were unable to examine whether the amount of
cannabis affects our outcomes. In addition, some participants did not
have a urine drug test at their second visit (n=26). Future studies
should use serial biospecimens to estimate total cannabis exposure
across pregnancy.

A longitudinal study is needed to examine the effects of cannabis
use on brain responses to infant cues during the third trimester of
pregnancy and the postpartum period. In addition, a longitudinal
study could help to determine whether the differences in neural
response to infant cues during pregnancy associated with cannabis use
led to future differences in parent—child interactions. Future studies
should also investigate participant self-reported effects of cannabis
safety and efficacy.

This study provides preliminary evidence demonstrating an
association between cannabis use and hemodynamic response to
infant stimuli. Appropriate hemodynamic activation in the
dorsomedial PFC, as well as the dorsolateral PFC is necessary during
pregnancy to help prepare the pregnant individual to attend to infant
stimuli, but also important for understanding infant cues (19-23).
However, it is important to note that the result of this study were
exploratory and did not survive the corrections for multiple
comparisons. The lack of observed differences in depression, anxiety,
and parity in our sample is a strength of the study, but could also
be the reason we do not see observed differences between groups.
Previous studies of larger population level sample sizes have shown

Frontiers in Psychiatry

differences in mood distributions between cannabis exposure (81). In
addition, participants did not use any other illicit substances and had
relatively low exposure to tobacco. This is not representative of larger
samples as co-substance use is very common, but our study design
helped to minimize the impact of other drugs and substances on the
brain. As our groups were well matched, the results suggest a potential
weak difference that might be uniquely related to cannabis use, but not
encompass these other factors. Our result provides the initial evidence
for the potentially weak differences in parental brain responses to
infant cues due to cannabis exposure. It would be important to
replicate in larger samples and account for other variables that are
correlated with cannabis use, such as depression and anxiety.
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