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Abstract

Background
Rates of prenatal and postpartum stress and depression in pregnant individuals have increased during
the COVID-19 pandemic. Perinatal maternal mental health has been linked to worse motor development
in offspring, with motor de�cits appearing in infancy and early childhood. We aimed to evaluate the
relationship between prenatal and postpartum stress and depression and motor outcome in infants born
during the COVID-19 pandemic.

Methods
One hundred and seventeen participants completed an online prospective survey study at two timepoints:
during pregnancy and within 2 months postpartum. Depression was self-reported using the Edinburgh
Perinatal/Postpartum Depression Scale (EPDS), and stress via the Perceived Stress Scale (PSS). Mothers
reported total infant motor ability (�ne and gross) using the interRAI 0–3 Developmental Domains
questionnaire.

Results
Prenatal (B=-0.035, 95%CI=-0.062 to -0.007, p = .014) and postpartum maternal depression outcome
(B=-0.037, 95%CI= -0.066 to -0.008, p = 0.012) were signi�cant negative predictors of total infant motor
ability (�ne and gross). Neither pregnancy nor postpartum perceived stress predicted infant motor
function. A cluster analysis revealed that preterm and low birth weight infants belonging to mothers who
reported elevated depressive symptoms during pregnancy and in the postpartum period had the poorest
motor outcome.

Conclusions
Prenatal and postpartum depression, but not stress, predicted infant motor ability during the �rst 2
months of life. Preterm and low-birth weight infants of mothers who report elevated depressive
symptoms are the most at-risk of experiencing poor motor outcome.

Background
Maternal mental health is an important predictor of infant and child development, as well as future health
and educational outcomes (Burger et al., 2020; Ovetunji & Chandra, 2020). Studies conducted over the
past year suggest that the COVID-19 pandemic has had a tremendous adverse impact on the mental
health of pregnant and postpartum individuals worldwide (Lebel et al., 2020; Stepowicz et al., 2020;
Suárez-Rico et al., 2021; Wu et al., 2020; Zanardo et al., 2020; Zilver et al., 2020). Compared to before the
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pandemic, this work suggests that pregnant and postpartum individuals throughout the world are
experiencing elevated levels of depression (Lebel et al., 2020; Wu et al., 2020; Zanardo et al., 2020). Stress
levels have also increased, with many experiencing moderate to high levels of perceived stress
(Stepowicz et al., 2020; Suárez-Rico et al., 2021; Zilver et al., 2021). Given the impact of perinatal stress
and depression on offspring outcomes, the COVID-19 pandemic has signi�cant potential to adversely
affect the infants born as a result of a pregnancy affected by the COVID-19 pandemic.

Previous studies conducted during signi�cant stressful events, such as natural disasters, maternal
mental health and stress in particular was associated with worse motor functioning in infancy and
childhood (Cao et al., 2014; Simcock et al., 2016). These de�cits appear to begin early in infancy and can
last into childhood (Cao et al., 2014; Simcock et al., 2016). Project Ice Storm which investigated prenatal
maternal stress during the 1998 Quebec Ice Storm, showed that higher maternal perceived stress during
pregnancy was associated with poorer motor outcome in 5.5-year-old children, particularly bilateral motor
coordination (Cao et al., 2014). In the 2011 Queensland Flood Study, researchers reported a statistically
signi�cant association between maternal perceived stress and motor abilities at 2-, 6-, and 16-months of
age (Simcock et al., 2016). However, the relationship between maternal perceived stress and motor
abilities differed depending on age at assessment. At 2 months of age, higher maternal perceived stress
was associated with better motor development, while at 6- and 16-months, stress was linked with poorer
motor abilities (Simcock et al., 2016). Studies of maternal stress and motor outcome outside of disasters
have reported similar results. In one study of 2-year-old children, researchers found that perceived work-
related stress at the time of delivery was negatively associated with motor ability (Chuang et al., 2011).
Racine and colleagues (2018) found that �ne motor abilities were poorer in 4-month-old infants whose
mothers reported high levels of perceived stress and low social support during both pregnancy and the
postpartum period.

Maternal depression is also an important predictor of offspring motor outcome during infancy and
childhood (Abrams et al., 1995; Chuang et al., 2011; Cornish et al., 2005; Diego, Field & Hernandez-Reif,
2005; Field et al., 2004; O’Leary et al., 2019; Pinheiro et al., 2014; Racine et al., 2018). Maternal depression
during pregnancy is associated with poorer motor abilities in newborns (Abrams, 1995; Field et al., 2004)
and at 6 months of age (O’Leary et al., 2019). Postpartum depression has also been linked to decreased
motor abilities (Slomian et al., 2019) at 6–8 months (Nasreen, Kabir, Forsell & Edhborg, 2013) and 12–18
month of age (Ali, Mahmud, Khan & Ali, 2013; Cornish et al., 2005; Koutra et al., 2013). Researchers have
suggested that the combination of depression during both pregnancy and the postpartum period put
infants at even higher risk of decreased motor abilities relative to either period alone. Diego, Field &
Hernandez-Reif (2005) showed that at 2 weeks, infants born to mothers depressed both during and after
pregnancy displayed worse motor abilities than infants of non-depressed mothers. The infants of
mothers depressed during both pregnancy and postpartum periods also had lower scores than infants of
mothers who were depressed only at the prenatal or postpartum period, however this difference was not
statistically signi�cant.
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In the current study we examined the association between prenatal and postpartum maternal stress and
depression and neonatal motor outcome in the �rst two months after birth. This is the �rst study, to our
knowledge, to assess neonatal outcome related to maternal mental health during the COVID-19
pandemic. Compared to other disasters that have been studied in relation to maternal mental health and
infant development, including the 1998 Quebec Ice Storm and the 2011 Queensland Flood, the COVID-19
pandemic has been the longest enduring disaster, with no current or de�nitive end in sight. Gaining a
further understanding in the ways that the COVID-19 pandemic is in�uencing mothers and infants can
help us know when to intervene to help mitigate the long-term deleterious effects that the COVID-19
pandemic is having on mothers and infants alike. We addressed two main research questions: 1) Does
prenatal maternal stress or depression predict neonatal motor outcome? 2) Does postpartum maternal
stress or depression predict neonatal motor outcome? We hypothesized that prenatal and postpartum
stress and depression would negatively predict neonatal motor functioning.

Methods

Participants
Participants in this online prospective survey study were pregnant persons with singleton or multiple
pregnancies who were 18–55 years old. Individuals any stage of pregnancy were invited to participate.
Participants had to be able to read and write in English and have an internet connection to participate,
otherwise no other exclusionary criteria were applied. Participants were recruited through Proli�c, Amazon
Mechanical Turk, and through social media advertisements. Data were collected between May 2020 –
March 2021. All participants provided their written informed consent online. All procedures involving
human subjects were approved by the Research Ethics Board at Western University (REB #115810) and
this study was conducted in accordance with the Helsinki Declaration of 1975, as revised in 2008.

Procedures
The online survey data was collected via Qualtrics (Qualtrics, Provo, UT) at two timepoints: the �rst was
at any time during pregnancy, and the second was within 2 months of giving birth. At time 1, information
about the participant’s gender, age, ethnicity, city and country of residence, education, occupation,
gestational age, pregnancy complications, physical health, mental health, and stress, was obtained. At
time 2, maternal mental health and stress was assessed, and we obtained information on neonatal
characteristics, such as birth weight and gestational age, and neonatal motor outcome.

Demographic Measures
The Barratt Simpli�ed Measure of Social Status (BSMSS) was used as a measure of socioeconomic
status (Barratt, 2006) at the �rst timepoint. Based on the BSMSS scoring system, participants were given
a score between 8–66 based on their occupation and education level, with a higher score indicative of a
higher SES.

Maternal Depression and Stress and Infant Motor Function
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At both timepoints, maternal stress was assessed using the Perceived Stress Scale (PSS), a 10-item self-
report measure where participants rate each item on a scale of 0–4 points (Cohen, Kamarck &
Mermelstein., 1983). The 10-item version of the PSS has demonstrated very good reliability and validity
(Mitchell et al., 2008). When completing the questionnaire, participants are asked to consider their stress
during the last month. The PSS consists of 6 negatively stated items (i.e., “how often have you found that
you could not cope with all the things that you had to do?”) and 4 positively stated items (i.e., “how often
have you felt con�dent about your ability to handle your personal problems?”). The negatively stated
items are scored as 0 = never, 1 = almost never, 2 = sometimes, 3 = fairly often, and 4 = very often, and
scoring is reversed for the positively stated items. The total score for the PSS is the sum of the raw score
from all 10 of the items. A higher score on the PSS is indicative of more perceived stress. Scores 13 and
under are considered low perceived stress, scores 14–26 are considered moderate perceived stress, and
scores 27 and above are considered high perceived stress.

Maternal depression was assessed using the Edinburgh Perinatal/Postpartum Depression Scale (EPDS)
at both timepoints (Cox, Holden & Sagovsky, 1987). The EPDS is a self-report questionnaire that consists
of 10 items rated on a scale from 0–3 points. When �lling out the EPDS, participants are asked to
consider their symptoms of depression and their frequency over the past 7 days. The total score for the
EPDS is the sum of the raw score from each of the 10 items. Total scores of 14 or higher are considered
as probable clinical antenatal depression (Murray et al., 1990; Adewuya et al., 2006; Felice et al., 2006).

Total Neonatal Motor Outcome
To assess neonatal motor outcome, we used the Gross and Fine Motor Scales from the interRAI 0–3
Developmental Domains questionnaire (Stewart et al., 2017). Only the questions that corresponded to
infants between 0–2 months of age were used as all infants in the study were between the ages of 0–2
months. The Gross Motor Scale for infants between 0–2 months consists of 4 questions that assess the
startle reaction, trunk and extremity movement, side-to-side head movement, and head lifting. The Fine
Motor Scale for infants between 0–2 months consists of 2 questions that asses resting hand position
and palmer grasp. Participants were asked to consider their baby’s highest level of performance and to
rate each item as yes if they had observed their baby perform the movement within the last 3 days, and
as no if they had not observed the behaviour in the last 3 days. Each item in the Gross Motor and Fine
Motor Scales were designated a score of 0 or 1. A score of 1 indicates that the parent observed this
behaviour in their infant and a score of 0 indicates that the parent has not observed the behaviour. The
Gross and Fine Motor Scales were combined to arrive at a Total Neonatal Motor Outcome score, that was
calculated as a sum of the raw score from both the Gross and Fine Motor Scales. The highest achievable
score was 6, and a higher score was indicative of better motor abilities in the infant. The Gross and Fine
Motor Scales were combined due to the small number of questions in each scale.

Statistical Analysis
Statistical analyses were completed the IBM SPSS Statistics software package (version 27, Statistical
Package for the Social Sciences, IBM, Armonk, NY).
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Our �rst aim was to examine if pregnancy depression or stress predicted Total Neonatal Motor Outcome.
In two general linear regression models, we examined Total Neonatal Motor Outcome (dependent
variable) in relation to prenatal perceived stress and prenatal depression (independent variables) in
separate models. All models were adjusted for maternal age, SES (using the BSMSS), country of
residence, trimester of pregnancy, and month of survey completion according to our previous methods
(Papadopoulos et al., 2021). The models were corrected for multiple comparisons.

Our second aim was to examine if postpartum mental health is associated with Total Neonatal Motor
Outcome. Using linear regression models, we examined Total Neonatal Motor Outcome (dependent
variable) in relation to postpartum perceived stress and postpartum depression (independent variables) in
separate models. In both models maternal age, SES (using the BSMSS), country of residence, and month
of survey completion, gestational age at birth (Papadopoulos et al., 2021). The models were corrected for
multiple comparisons. Post hoc power calculation was performed using G*Power to determine the effect
size.

Results

Participant Characteristics
A total of 1185 pregnant participants were enrolled in the study, and 869 (73%) completed the full survey
at time 1 during pregnancy. Partial datasets from both time points were available in 117 (13%)
participants. The majority of the 117 participants who completed time 1 (median age = 31.0 years,
interquartile range [IQR] = 29.0–34.7 years) and time 2 (median age = 31.0 years, IQR = 29.0–35.0 years)
were in the third trimester of pregnancy (n = 79, 67.5%) when they completed timepoint 1. Participants
resided in Canada, United States, United Kingdom, India, and other countries in Europe, South America,
and Asia. Detailed participant characteristics from times 1 and 2 can be found in Table 1.

Prenatal Stress
With a Wilcoxon Signed Ranked Test, we determined that that both levels of perceived stress (Z=-4.32, p < 
0.001) and depression (Z=-4.21, p < 0.001) decreased in time 2 compared to timepoint 1 in our sample.

Pregnancy Depression, Stress & Neonatal Motor Function
In our �rst aim, we examined whether prenatal perceived stress and prenatal depression could predict
neonatal motor abilities at 0–2 months of age. A total of 104 participants were included in the analysis.
We found that prenatal depression was a statistically signi�cant negative predictor of Total Neonatal
Motor Outcome (B=-0.035, 95%CI=-0.062 to -0.007, p = .014); however, prenatal perceived stress was not
signi�cantly associated with Total Neonatal Motor Outcomes (B=-0.017, 95%CI=-0.038 to 0.004, p = 
0.116).

Postpartum Depression, Stress & Total Neonatal Motor
Outcome
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In our second aim, we examined whether postpartum perceived stress and postpartum depression could
predict Total Neonatal Motor Outcome at 0–2 months of age. A total of 95 participants were included in
the analysis. We found that postpartum depression was a signi�cant negative predictor of neonatal
motor outcome (B=-0.037, 95%CI= -0.066 to -0.008, p = 0.012); however postpartum perceived stress was
not associated with Total Neonatal Motor Outcome (B=-0.007, 95%CI= -0.029 to 0.16, p = 0.560).

Post-Hoc Cluster Analysis
As part of an exploratory analysis, a K-means cluster analysis, a data-driven approach, with 107
participants was conducted to identify the characteristics of participants who are most at risk of
impairments in motor outcome. The analysis was run with Z-scored variables, including prenatal
depression (p < 0.001), postpartum depression (p < 0.001), Total Neonatal Motor Outcome (p < 0.001),
birth weight (kgs) (p < 0.001), and gestational age at birth (p < 0.001) and consisted of four clusters. Refer
to Fig. 1 for a diagram of the clusters and to Table 2 for the demographic information of participants
within each cluster.

Cluster 1 included 17 participants. Participants in this cluster were characterized by low-average levels of
pre- and post-natal depression (i.e., Z-score < 0)., average Total Neonatal Motor Outcome (i.e., Z-score at
approximately 0), lower birth weight and lower gestational age at birth. Approximately 70.6% of the
participants in cluster 1 had lower than average prenatal depression scores, and 82.4% had lower than
average postpartum depression scores. Only 1 participant from this group had motor outcome scores
below average. All but one participant in cluster 1 had a birthweight that was below average, and all
participants were born earlier than the average gestational age at birth.

Cluster 2 included 49 participants. Participants in this cluster were characterized by very low levels of pre-
and post-natal depression, average Total Neonatal Motor Outcome, average birth weights and average
gestational ages at birth. 79.6% and 83.7% of the participants in Cluster 2 had prenatal and postpartum
depression scores that were lower than the average, respectively. In this group, 42 participants had
average motor outcome scores. While 7 participants in cluster 2 were below average on motor outcome
scores they were all less than 1 standard deviation (SD) below average. The birth weights of participants
in cluster 2 ranged from 2.2 SD above average to approximately 1 SD below average and gestational age
and 69.4% had a gestational age that was at least average at birth.

Cluster 3 included 27 participants. Participants in this cluster were characterized by high levels of both
pre- and post-natal depression (i.e., Z-score of more than 0), average motor outcome scores, average birth
weight and average gestational age at birth. All but 3 participants had higher than average prenatal
depression scores, with 33.3% scoring at least 1 SD higher than the average. In addition, all but 2
participants had higher than average postpartum depression scores, with 59.3% scoring at least 1 SD
higher than average. Only 4 participants in this cluster had motor outcome scores lower than the average.
40.7% of participants in cluster 3 had birth weights that were above average, and 77.8% of participants in
this cluster had average gestational ages at birth.
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Cluster 4 included 14 participants. Participants in this cluster were characterized by high levels of both
pre- and post-natal depression scores, impaired motor outcome scores, low birth weight, and low-average
gestational age at birth. Prenatal depression scores were higher than average in 71.4% of participants in
cluster 4, and postpartum depression scores were higher than average in 42.9% of the participants in this
cluster. All participants in this cluster had motor outcome scores below the average, with 8 participants
being at least 1.8 SD below the average, and 4 of these participants being more than 3 SD below average.
71.4% of cluster 4 participants had lower than average birth weights, and 50% of the sample was born at
an earlier gestational age than the average.

A one-way ANOVA revealed signi�cant differences between the clusters on all the variables included in
the analysis: EPDS prenatal score (F(3,103) = 29.09, p < 0.001), EPDS postpartum score (F(3,103) = 27.84,
p < 0.001), motor outcome score (F(3,103) = 62.36, p < 0.001), birth weight (F(3,103) = 15.46, p < 0.001),
and gestational age at birth (F(3,013) = 27.68, p < 0.001). Post-hoc multiple comparisons using Bonferroni
correction revealed signi�cant differences between the clusters. Signi�cant differences were found
between Clusters 1 and 2 on birth weight and gestational age at birth (both p < 0.001), whereby the
infants in Cluster 1 had signi�cantly lower birthweights and lower gestational ages at birth.

Clusters 1 and 3 signi�cantly differed on EPDS prenatal depression scores, EPDS postpartum depression
scores, birth weight, and gestational age at birth (all p < 0.001), whereby the participants in Cluster 1 had
lower EPDS scores (prenatal and postpartum), but their infants had lower birthweights and lower
gestational ages.

Clusters 1 and 4 signi�cantly differed on EPDS postpartum depression score (p = 0.034), motor outcome
score (p < 0.001), and gestational age at birth (p < 0.001). Participants in Cluster 4 had higher postpartum
depression scores and their infants had lower motor scores and were born signi�cantly later than babies
in Cluster 1.

Clusters 2 and 3 signi�cantly differed on EPDS prenatal depression score and EPDS postpartum
depression score (both p < 0.001). Participants in Cluster 3 had signi�cantly higher EPDS (pre and
postpartum) scores compared to participants in Cluster 2.

Clusters 2 and 4 signi�cantly differed on EPDS prenatal depression score and EPDS postpartum
depression score, motor outcome score, birth weight (all p < 0.001), and gestational age at birth (p = 
0.037). Participants in Cluster 2 had lower EPDS (pre-, postnatal) scores and their infants had higher
motor outcome scores, higher birthweights and older gestational ages compared to the participants in
Cluster 4.

Clusters 3 and 4 only signi�cantly differed on motor outcome score (p < 0.001), whereby infants in Cluster
4 had signi�cantly lower motor scores.

Discussion
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We conducted a prospective cohort study with pregnant women during the COVID-19 pandemic to better
understand maternal distress during this period and the association with neonatal outcomes. In a subset
of the cohort whereby longitudinal data were available, higher levels of maternal prenatal and postpartum
depression were associated with worse infant motor outcomes within the �rst 2 months of life. However,
maternal prenatal and postpartum perceived stress were not signi�cant predictors of infant motor
outcome in the 2 months after birth. Finally, we identi�ed a group of infants that were at a higher risk of
atypical motor development. These infants were born at an early gestational age, had low birth weights,
and had mothers with elevated levels of depressive symptoms both prenatally and in the postpartum
period.

Prenatal and Postpartum Maternal Depression
As hypothesized, both prenatal and postpartum maternal depression negatively predicted neonatal motor
functioning. This is consistent with previous research which has demonstrated a negative correlation
between both prenatal (Abrams et al., 1995; Field et al., 2004; O’Leary et al., 2019) and postpartum
maternal depression (Ali, Mahmud, Khan & Ali, 2013; Cornish et al., 2005; Diego, Field & Hernandez-Reif,
2005; Koutra et al., 2013; Nasreen, Kabir, Forsell & Edhborg, 2013) and infant and child motor outcome.
These results add to the literature on the effects of maternal depression on early motor outcome in
neonates. Future research should assess the motor outcome of these participants as they further age and
develop.

Our cluster analysis revealed that the neonates most at-risk for adverse motor outcome were those who
were born at earlier gestational ages with lower birth weights and whose mothers were depressed both
prenatally and at postpartum, which was observed in cluster 4. Neonates with low birth weight and who
were born early but did not have mothers who were experiencing elevated depressive symptoms either
prenatally or during postpartum, as in cluster 1, did not show impaired motor outcomes. Neonates in
cluster 3 who were born to mothers with high depressive symptoms both prenatally and postpartum but
were born at a normal birthweight and at term also did not show impairments on motor outcome. This
suggests that the combination of birth factors (i.e., low birth weight and early delivery) and maternal
depression might put neonates at an elevated risk for abnormal development and should be further
examined.

Research suggests that depressed mothers are less responsive to their infants, which could result in an
insecure attachment between infant and mother (Nasreen, Kabir, Forsell & Edhborg, 2013; Sacchi et al.,
2018). This insecure attachment could result in infants who are less comfortable and less encouraged to
engage in motor-exploration. For the infants in cluster 3, the combination of potential decreased motor
exploration compounded by being physically smaller and weaker, due to low birth weight and early
delivery, could have led to the results found in the present study. Research also suggests infant
temperament interacts with symptoms of maternal depression to predict infant motor ability (Sacchi et
al., 2018). These data were not available in the current study; however, this is an important area for
follow-up research.
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Prenatal and Postpartum Maternal Perceived Stress
Research suggests that high levels of maternal perceived stress, which are often accompanied by
elevated cortisol levels, can have a negative impact on infant and child motor development via atypical
maturation of the cerebellum (Chuang et al., 2011; Cao et al., 2014; King et al., 2012; Racine et al., 2018;
Simcock et al., 2016). In the present study, higher prenatal and postpartum perceived stress scores were
negatively associated with Total Neonatal Motor Outcome, however, neither of these associations
reached statistical signi�cance.

The effects of maternal perceived stress on motor outcome may depend on the timing of the stress
during pregnancy, with stress later in gestation leading to poorer motor ability (Cao et al., 2014). In our
analyses, trimester was not a signi�cant covariate in the model with motor outcome and prenatal
maternal perceived stress. However, the timing of our assessment of perceived stress during gestation
was not precise and the participants were not followed long-term to monitor changes throughout
pregnancy. Therefore, it is possible that we did not capture high levels of perceived stress later in
gestation that were related to motor outcome.

In addition, research suggests that prenatal maternal perceived stress differentially in�uences motor
outcome depending on the age that the infant or child is assessed (Simcock et al., 2016; King et al.,
2012). In a study by Simcock and colleagues that examined perceived stress and motor outcome in
infants born during the Queensland �ood, higher maternal perceived stress during pregnancy was related
to better motor outcome at 2-months of age. However, by 6- and 16- months of age, the relationship
changed, and stress was associated with poorer motor abilities. In our study the neonates were assessed
from birth up to 2 months of age. It is possible that it was too early to detect the effects of stress on
motor outcome at this point in development and is possible that the relationship between maternal
perceived stress and motor outcome in these neonates may change as they age. More time might also be
needed to examine the effects of postpartum perceived maternal stress on the motor abilities of these
neonates as they further develop.

Limitations
There are a number of limitations that must be taken into account. First, we had a high rate of attrition. Of
the 1185 participants enrolled in the study at time point 1, only 117 participants returned to complete time
point 2 measures. Second, while the inteRAI provides both �ne and gross motor scales, we combined
these scales in order to provide an overall measure of motor ability in our neonates. Third, although the
interRAI scale is a validated tool used to measure neonatal outcomes, it relies on parent-report. Fourth, we
assessed both female and male neonates together to preserve the statistical power of our analyses,
however sex differences can in�uence the relationship between maternal mental health and motor
outcome (Cao et al., 2014; Moss et al., 2017). Fifth, the use of antidepressants amongst the participants
in our study was unknown and represents a potential confound. Finally, this was an online survey study
and only participants with access to a computer and our participants are re�ective of a higher
socioeconomic status group, the BSMSS was used as a covariate to mitigate this limitation.
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Conclusion
As the present study demonstrates, adverse maternal mental health conditions during the COVID-19
pandemic not only affects mothers themselves but can also have negative downstream effects on
developing infants. As the COVID-19 pandemic continues, it is important to develop an understanding of
the many different ways the pandemic is negatively in�uencing mothers and their children so that we can
�nd helpful and effective ways to intervene and support healthy long-term outcomes.
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Table 1. Characteristics of participants at time point 1 and time point 2. 
  Time 1

n= 117
Time 2
n = 117

Country, % (No.)
            Canada
            USA
            UK
            India
            Other
            Unknown

 
30.8 (36)
32.5 (38)
23.1 (27)
2.6 (3)

10.2 (12)
0.85 (1)

 
 

Trimester, % (No.)
            1st

            2nd

            3rd

Education Level, %, (No.)
            Junior High/Middle School
            High School 
            University/College 
            Graduate Degree 
            Unknown 
 

 
0.9 (1)

31.6 (37)
67.5 (79) 

 
0.9 (1)
6.0 (7)

56.4 (66)
35.9 (42)
0.9 (1)

 
 

Pandemic Month, % (No.)
            May – August 2020
            September - December 2020            January –
March 2021

 
100 (117)

0 (0)
0 (0)

 

 
0 (0)

32.6 (38)
67.6 (79)

Age, years, Median [IQR]
 

31.0 [29.0 –
34.75]

 

31.0 [29.0
-35.0]

BSMSS, Median [IQR]
 

53.0 [43.0 –
56.0]

53.0 [48.0 –
58.0]

PSS Total Score, Median [IQR]
 

20.0 [14.5 –
24.0]

15.0 [9.8
-22.0]

EPDS Total Score, Median [IQR]
 
NEONATAL OUTCOMES
 
Gestational Age, Weeks, Median [IQR]
 
Infant Birth Weight, Kgs, Median [IQR] 
 
Motor Outcome Total Score, Median [IQR]

10.0 [6.0 –
14.0]

 
 
 
 
 
 
 
 

7.0 [4.0 –
12.0]

 
 

 
40 [38.9 –

40.7]
 

3.4 [3.1 -3.7]
 

6.0 [5.0 – 6.0]
     

IQR, interquartile range; “Other” Countries: Austria, Chile, Germany, Greece, Hungary, Italy,
Spain, Philippines, Portugal, Poland, Netherlands BSMSS; Barratt Simplified Measure of Social
Status; PSS, perceived stress scale; EPDS, Edinburgh Postpartum Depression Scale. 
 
Table 2. Four-cluster model participant demographics. 
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  Cluster 1
n= 17

Cluster 2
n= 49

Cluster 3
n= 27

Cluster 4
n = 14

P
value 

 
EPDS Prenatal Score,

Median [IQR]
 

EPDS Postpartum
Score,

Median [IQR]
 

Motor Outcome,
Median [IQR]

 
Birth Weight (Kgs),

Median [IQR]
 

Gestational Age (Days),
Median [IQR]

 

 
8.0

[6.0 – 13.0]
 
 

6.0
[3.0 – 7.0]

 
 

6.0
[6.0 – 6.0]

 
2.8

[2.5 – 3.05]
 

37.6
[35.71 –

38.9]

 
6.0

[3.0 – 9.0]
 
 

5.0
[3.0 – 7.0]

 
 

6.0
[6.0 – 6.0]

 
3.6

[3.4 – 3.9]
 

40.3
[39.4 –
41.0]

 

 
15.0

[12.0 –
18.0]

 
 

13.0
[11.0 –
15.0]

 
 

6.0
[6.0 – 6.0]

 
3.4

[3.2 – 3.6]
 

40.1
[39.7 –
41.0]

 

 
12.5

[10.5 –
15.5]

 
 

8.0
[5.0 – 16.5]

 
 

4.0
[3.0 – 5.0]

 
3.3

[2.8 – 3.4]
 

39.4
[38.2 –
40.1]

 
<0.001

 
 

 
<0.001

 
 
 

<0.001
 
 

<0.001
 
 

<0.001
 

IQR, interquartile range; EPDS, Edinburgh Postpartum Depression Scale. Cluster 1: low-
average levels of pre- and post-natal depression, average Total Neonatal Motor Outcome, lower
birth weight and lower gestational age at birth. Cluster 2: very low levels of pre- and post-natal
depression, average Total Neonatal Motor Outcome, average birth weights and average
gestational ages at birth. Cluster 3: high levels of both pre- and post-natal depression, average
total motor outcome scores, average birth weight and average gestational age at birth. Cluster
4: high levels of both pre- and post-natal depression scores, impaired Total Neonatal Motor
Outcome scores, low birth weight, and low-average gestational age at birth. 
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Figures
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Figure 1

K-means clustering based on pre- and post-natal depression, Total Neonatal Motor Outcome, birth weight,
and gestational age at birth. 

The four-cluster model is depicted above. Cluster 1 is characterized by low-average levels of pre- and
post-natal depression, average Total Neonatal Motor Outcome, a low birth weight and a low gestational
age at birth. Cluster 2 is characterized by very low levels of pre- and post-natal depression, average Total
Neonatal Motor Outcome, average birth weights and average gestational ages at birth. Cluster 3 is
characterized by high levels of both pre- and post-natal depression, average Total Neonatal Motor
Outcome scores, average birth weight and average gestational age at birth. Cluster 4 is characterized by
high levels of both pre- and post- natal depression scores, impaired Total Neonatal Motor Outcome
scores, low birth weight, and low-average gestational age at birth.  


