
Age-Related Changes in the
Effects of Stress in Pregnancy on
Infant Motor Development by
Maternal Report: The
Queensland Flood Study

ABSTRACT: The current study examined the effects of a natural disaster (a
sudden onset flood) as a stressor in pregnancy on infant fine and gross motor
development at 2, 6, and 16 months of age. Whether the timing of the stressor in
pregnancy or sex of the infant moderated the impact of the prenatal maternal
stress on motor development was also explored. Mothers’ objective experiences of
the flood, emotional reactions and distress, and their cognitive appraisal of the
event were assessed retrospectively. Infants’ fine and gross motor skills were
assessed with the Ages and Stages Questionnaire, and results showed age-related
changes in the effects of prenatal maternal stress on these domains. At 2 months,
higher levels of prenatal maternal stress was positively related to infant motor
development, yet at 6 and 16 months of age there was a negative association,
particularly if flood exposure occurred later in pregnancy and if mothers had
negative cognitive appraisals of the event. Results also showed differential effects
of the maternal stress responses to the floods on infants’ fine and gross motor
development at each age and that infant sex did not buffer these effects. � 2016
Wiley Periodicals, Inc. Dev Psychobiol 58:640–659, 2016.
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INTRODUCTION

A healthy fetal environment is recognized as a major

contributing factor to optimal offspring outcomes

(Barker, 1990; DiPietro, Hilton, Hawkins, Costigan, &

Pressman, 2002; Weinstock, 2001) and compromised

conditions in utero, such as high maternal stress, can

have long-lasting negative impacts on child develop-

ment (Graignic-Philippe, Dayan, Chokron, Jacquet, &

Tordjman, 2014; Talge, Neal, & Glover, 2007). For

example, elevated levels of stress in pregnancy caused

by daily hassles, negative life events, or psychological

distress are associated with suboptimal birth outcomes

and children’s general health, physical, cognitive, and

behavioral development (Davis et al., 2007; Field,

2011; Huizink, Robles de Medina, Mulder, Visser, &

Buitelaar, 2002; Van den Bergh, Mulder, Mennes, &

Glover, 2005).

The effects of pregnancy stressors on infant’s motor

development are less well studied. The few studies in

the prenatal maternal stress (PNMS) area generally

show mixed results. Two studies found a negative

association between pregnancy-specific anxiety and

daily life hassles and motor development at 8 months,

but not at 3 months of age (Buitelaar, Huizink, Mulder,

de Medina, & Visser, 2003; Huizink, Robles de

Medina, Mulder, Visser, & Buitelaar, 2003); whereas

Davis and Sandman (2010) found no relationship
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between general stress or pregnancy-specific anxiety

and infant motor development across the first year of

life. In contrast, high work-related stress during preg-

nancy was related to delayed motor functioning at

2 years (Chuang et al., 2011) and more stressful events

during pregnancy was related to delayed neuromuscular

development in late childhood and adolescence (Grace,

Bulsara, Robinson, & Hands, 2015). One further study

found that although high pregnancy-specific negativity

stress was associated with slower motor development,

mildly elevated levels of prenatal distress had a positive

association with motor development at 2 years of age

(DiPietro, Novak, Costigan, Atella, & Reusing, 2006).

However, there are inherent methodological limita-

tions associated with many PNMS studies (King &

Laplante, 2005). For example, genetics may predispose

individuals to mental ill-health and to generate negative

life events or repeated/ongoing hassles; psychopathol-

ogy and life events are not independent experiences

and are known to co-occur (DeLongis, Folkman, &

Lazarus, 1988). Genes for psychological traits may be

inherited by the offspring and could account for

negative developmental outcomes rather than the direct

effects of the prenatal stressor on the intra-uterine

environment per se. Further, maternal distress may be

experienced throughout pregnancy—making it difficult

to determine the effects of gestational timing on infant

development.

Animal studies overcome these methodological

problems and enable the objective nature of the

stressor, and its timing in pregnancy, to be controlled.

This research shows that PNMS has adverse effects on

offspring outcomes in a range of developmental areas

(Clarke & Schneider, 1993; Fride, Dan, Feldon, Halevy,

& Weinstock, 1986; Poltyrev, Keshet, Kay, & Wein-

stock, 1996; Smith, Wills, & Naylor, 1981; Worlein &

Sackett, 1995) including motor development. With

respect to timing effects, chronic stress administered

throughout pregnancy (Schneider & Coe, 1993), or in

early to mid-gestation (Schneider, 1992), results

in compromised neuromotor development in non-

human primate offspring compared to non-stressed

controls. However, in these studies the differential roles

played by the pregnant animal’s subjective or emotional

distress experience, and cognitive appraisal of the

adverse event, with respect to influencing offspring

development cannot be assessed.

Sudden-onset disasters as a pregnancy stressor

overcome some of the limitations inherent in non-

human research, and in human research where psycho-

logical distress or negative life events/hassles

have been used as stressors (King & Laplante, 2015;

Kinney, Miller, Crowley, Huang, & Gerber, 2008;

Yehuda et al., 2005). Disasters potentially enable

recruitment of a large number of pregnant women from

a community sample who were randomly affected by

the same disaster, and who were at varying stages of

gestation when it occurred. Further, study design

can allow investigation into pregnant women’s experi-

ences of objective hardship during the event, subjective

emotional or distress responses to the stressor, and

overall cognitive appraisal of the effects of the disaster.

Project Ice Storm has assessed development pro-

spectively in children whose mothers were pregnant

during a severe ice storm that hit Qu�ebec (Canada) in

January 1998. Surveys completed by mothers soon after

the disaster assessed their experiences of objective

stress (e.g., days without electrical power, days in

emergency shelters) and post-traumatic subjective stress

(e.g., emotional distress responses to the storm).

Assessments showed that children of women who

reported greater objective hardship during the storm

and/or high post-traumatic stress levels had compro-

mised development in a range of areas, including

physical growth (Dancause et al., 2011; Dancause

et al., 2012), health (Turcotte-Tremblay et al., 2014;

Veru, Laplante, Luheshi, & King, 2014), cognition and

language skills (Laplante et al., 2004), and play

abilities (Laplante, Zelazo, Brunet, & King, 2007).

Findings from Project Ice Storm also showed that

more severe PNMS predicted poorer motor develop-

ment in the children at 51/2 years (Cao, Laplante,

Brunet, Ciampi, & King, 2014). In particular, children’s

bilateral coordination and visual motor integration were

adversely affected by high levels of maternal post-

traumatic stress, whereas maternal objective stress

negatively affected motor skills only when post-trau-

matic stress was low. Children’s balance was not

affected by PNMS. These findings suggest that

different domains of motor development are differen-

tially affected by objective and subjective components

of PNMS. Additionally, the child’s sex and timing of

the storm in gestation interacted to effect motor

development. The later the storm occurred in preg-

nancy, the poorer the motor functioning in girls,

whereas timing in pregnancy had no effect on boys.

Although Project Ice Storm has contributed to the

literature on PNMS and infant motor functioning, it

requires extension with assessment of the mother’s

peritraumatic stress response and cognitive appraisal of

the event, assessment of different domains of motor

functioning at multiple time points in infancy, and

using another type of natural disaster during a different

season of the year to rule out a seasonal influence

confounding the in utero timing effects found on motor

development.

The aim of the current research was to explore

the effects of in utero exposure to a sudden onset,
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summertime flood on gross and fine motor development

during infancy. The Australian Queensland Flood Study

(QF2011) was established shortly after floods severely

affected 78% of the State, peaking January 10, 2011.

The floods completely inundated 15,000 homes and

partially inundated a further 18,000, costing the State

of Queensland in excess of $2 billion in insurance

payouts and clean-up activities (Carbone & Hanson,

2012). We obtained retrospective maternal reports on

flood exposure and reactions and based on the results

of Cao et al.’s (2014) study, we hypothesized that

across infancy gross and fine motor functioning

would be negatively affected by high levels of flood-

related objective and/or subjective stress (whether peri-

or post-traumatic stress); yet these measures would

have differential effects on each aspect of motor

development. As well, we predicted that infants

whose mothers had a negative cognitive appraisal of

the floods would have poorer motor skills than infants

of mothers who reported a neutral or positive cognitive

appraisal of the floods. Based on Cao et al.’s (2014)

findings regarding sex effects and gestational timing, it

was also hypothesized that girls would be more

disadvantaged by PNMS than boys and that the effects

would be more pronounced if the floods occurred later

in gestation.

METHOD

Participants and Procedure

Women fluent in English were recruited if they were

18 years of age or older and had been pregnant

with a singleton pregnancy on January 10, 2011, the

peak of the flooding. A detailed description of

recruitment methods and eligibility criteria can be

found in King et al. (2015). At the time of

recruitment (M¼ 5.34 months, SD¼ 1.76, since the

floods) and/or 12 months post-flood (M¼ 11.46

months, SD¼ 0.75, since the floods) 230 women

provided responses to a questionnaire about their

demographics, flood experiences, and mental health.

If women returned two surveys, the score for the

objective stress variable integrated data from both

surveys. From this initial sample 191 women (83%

response rate) also responded to questionnaires about

their mental health and their infants development at one

or more of the following times: 2-, 6-, and 16-months

post-partum: 120 women returned the 2-month question-

naire, 124 returned the 6-month questionnaire, and 148

returned the 16-month questionnaire.

Data from infants at 2 (n¼ 14), 6 (n¼ 8), and 16

(n¼ 17) months were excluded from analyses as the

questionnaires were completed outside of the accepted

age-range of �1 month for the 2 and 6 month

samples and �2 months for the 16 month sample. Data

from three infants were also excluded due to pre-term

birth. The final sample used for all analyses included

data from 106 infants at 2 months of age (range

¼ 1.38–2.97 months), 115 at 6 months (range¼ 5.31–

6.98 months), and 130 at 16 months (range¼ 14.00–

17.81 months). These overlapping subsets of partic-

ipants are described in Table 1. Analyses revealed no

differences in the demographic and psychological

characteristics between the mothers who participated

in each assessment period and those for whom no

infant data were available. Moreover, the participating

and excluded dyads did not differ in terms of sex of

the infants, exposure to the floods, or timing of

flood exposure in pregnancy. The QF2011 study

received ethical approval from the study site Human

Research Ethics Committee (#1844M) on April 1, 2011

and all study participants provided written informed

consent.

Outcome Variables

Infant Development. Infant development was assessed

at 2, 6, and 16 months using the version of the Ages

and Stages Questionnaire-III (ASQ; Bricker, Squires,

& Mounts, 1995) appropriate for the specific age

group. The ASQ is a parent-completed developmental

screening tool encompassing five areas of infant

development; results from the gross and fine motor

scales are reported on in this paper. The six gross

motor items focused on infants’ body, arm, and leg

movements, and the six fine motor items focused on

hand and finger movements. Mothers rated their

infants’ development as “yes,” “sometimes” or “not

yet” for each of the items according to whether the

infant had achieved the described behavior at each

age. Cut-off scores, equivalent to �2 standard devia-

tions below the mean for each scale at each age, have

been previously established with scores falling below

the cut-off indicating that the infant requires specialist

follow-up.

Comparisons of parent responses on the ASQ to

infant classifications on other professionally adminis-

tered assessments such as the Bayley Scales of

Development (Bayley, 1969), the Stanford–Binet Intel-

ligence Scale (Thorndike, Hagen, & Sattler, 1985), and

the McCarthy Scales of Children’s Abilities (McCarthy,

1972) demonstrate the validity of the ASQ: 83%

overall agreement (range¼ 76–91%) (Bricker et al.,

1995). The ASQ has high test–retest reliability (correla-

tion coefficients range¼ 0.75–0.82) and good internal

consistency (Cronbach as range: 0.51–0.87).
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Predictor Variables (see Table 2 for example
items for each of the below questionnaires)

Objective Stress Response. Mother’s objective hardship

was assessed using the Queensland Flood Objective

Stress Scale (QFOSS), a questionnaire tailored specifi-

cally for the unique experience of the Queensland

flood. Items were based on the events that occurred

during the disaster and they assessed four key

dimensions of stress that have been used in previous

Table 1. Descriptive Statistics for the Outcome Variables, Predictor Variables, and Covariates at Each Age

Variables

2 Month Sample

(n¼ 106)

6 Month Sample

(n¼ 115)

16 Month Sample

(n¼ 130)

Outcome variables

Gross motor

QF2011 sample scores M (SD) 49.514 (12.81) 45.28 (11.27) 54.23 (12.54)

ASQ standardized scores M (SD) 55.32 (6.74) 45.64 (11.69) 56.31 (9.20)

ASQ cut-off scores M<�2 SD 41.84 22.25 37.91

Fine motor

QF2011 sample scores M (SD) 42.50 (11.37) 47.17 (11.57) 47.65 (12.94)

ASQ Standardized scores M (SD) 49.80 (9.82) 48.93 (11.90) 51.96 (9.99)

ASQ cut-off scores M<�2 SD 30.16 25.14

Predictor variables 31.98

Objective stress M (SD) 18.29 (13.92) 21.33 (16.77) 20.68 (17.09)

Post-traumatic stressa M (SD) 5.12 (8.99) 7.61 (12.61) 7.14 (12.12)

Peritraumatic distressb M (SD) 11.21 (8.28) 12.43 (9.07) 12.00 (8.918)

Peritraumatic dissociationc M (SD) 5.63 (7.07) 6.42 (7.99) 6.15 (7.66)

Composite subjective stressd M (SD) �.09 (0.91) 0.09 (1.12) 0.04 (1.09)

Cognitive Appraisal: Neg N (%) 37 (35%) 42 (37%) 46 (35%)

Cognitive Appraisal: Neut/Pos N (%) 68 (65%) 72 (63%) 84 (45%)

Timing of exposure (days) M (SD) 84.63 (52.85) 112.56 (74.59) 131.98 (78.61)

Covariates

Child age at assessment M (SD) 1.99 mo (0.42) 6.25 mo (0.33) 16.11 mo (0.77)

Timing of exposure

1st trimester N (%) 58 (55%) 52 (45%) 45 (35%)

2nd trimester N (%) 48 (45%) 44 (38%) 49 (38%)

3rd trimester N (%) 0 (0%) 19 (17%) 36 (28%)

Infant sex (boys) N (%) 57 (54%) 54 (47%) 68 (52%)

Socio-economic index N 106 115 130

M (SD) 1052.29 (56.56) 1051.70 (56.47) 1056.28 (54.98)

Schooling level (years) N 98 104 114

M (SD) 14.43 (1.84) 14.69 (1.69) 14.74 (1.77)

Marital status

Married or DeFacto N (%) 90 (85%) 96 (84%) 108 (83%)

Divorced/Separated/Single N (%) 10 (9%) 8 (7%) 6 (5%)

Concurrent depressione N 90 99 130

M (SD) 5.73 (4.52) 5.76 (4.12) 4.81 (5.80)

Concurrent anxietyf N 105 115 130

M (SD) 33.40 (8.84) 33.50 (9.27) 3.60 (5.33)

Gestational age at birth (week) N 106 115 130

M (SD) 39.31 (1.24) 39.36 (1.18) 39.46 (1.22)

Birthweight (kg) N 106 115 129

M (SD) 3.53 (0.46) 3.55 (0.45) 3.58 (0.46)

Note: Untransformed scores are used for the measures of maternal stress.
aIES-R.
bPDI.
cPDEQ.
dCOSMOSS (IES-R, PDI, PDEQ).
eDepression: 2 and 6 months¼EPDS, 16 months¼DASS Depression Scale.
fAnxiety: 2 and 6 months¼SAI, 16 months¼DASS Anxiety Scale.
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disaster-related PNMS studies such as Project Ice

Storm (Laplante et al., 2007): Threat, Loss, Scope,

and Change. Using a pre-established scoring protocol,

points for each item were attributed according to the

relative severity of flood exposure. Each dimension

had possible scores ranging from 0 (no impact) to 50

(extreme impact), and were summed to provide a total

individual objective hardship score, (range¼ 0–200);

higher scores indicated higher levels of objective

hardship. For more detail regarding QFOSS scoring

scheme refer to King et al. (2015).

Subjective Post-Traumatic Stress Response. Mothers’

post-traumatic subjective stress was assessed using

the 22-item Impact of Event Scale—Revised (IES-R,

Weiss & Marmar, 1997). This commonly used self-

report questionnaire assesses three forms of post-

traumatic stress symptoms during the previous seven

days: intrusive thoughts, avoidance/numbing, and

hyperarousal. Mothers were asked to rate each item

using a 5-point Likert scale: 0 (not at all true) to

4 (extremely true). The IES-R has high internal

consistency (a coefficients range: 0.79–0.94) and good

test-retest reliability (correlation coefficients range:

0.51–0.94; Creamer, Bell, & Failla, 2003; Weiss &

Marmar, 1997).

Subjective Peritraumatic Stress Responses. Mothers’

peritraumatic distress was assessed with the 13-item

Peritraumatic Distress Inventory (PDI-Q; Brunet et al.,

2001) and the 10-item Peritraumatic Dissociation

Experience Questionnaire (PDEQ; Marmar, Weiss, &

Metzler, 1997). Peritraumatic responses include various

reactions people experience during and after a trau-

matic event. The PDI retrospectively assesses the

severity of emotional distress and panic-like physical

reactions, which had been experienced at the time of

the event (PDI-Q; Brunet et al., 2001). The PDEQ

assesses the severity of dissociative-like experiences at

the time of the event (PDEQ; Marmar et al., 1997).

Mothers were asked to complete these self-report

questionnaires using a 5-point Likert scale from 0 (not

at all true) to 4 (extremely true).

Composite Subjective Stress. In order to reduce the

number of regression analyses conducted, a COmposite

Score for MOthers’ Subjective Stress (COSMOSS) was

computed using Principal Component Analysis (PCA) on

IES-R, PDI and PDEQ total scores including all the

participants who provided PNMS data when recruited

into QF2011 (n¼ 230). The PCA resulted in one factor

explaining 76.27% of the overall subjective stress

variance. The PCA-derived algorithm used to create the

Table 2. Sample Items From the Five Measures of Maternal Flood-Related Stress

Composite Subjective Stress (COSMOSS)

Objective Stress (QFOSS) IES-Ra PDI-Qb PDEQc Cognitive Appraisal

How many days did you lose

electricity because of the

flooding? (Scope)

I thought about it

when I didn’t mean

to (Intrusion)

I felt helpless I found that I was on

automatic pilot. I ended

up doing things that I

later realized I hadn’t

actively decided to do

If you think about all of the

consequences of the

2011 Queensland flood

on you and your

household, would you

say the flood has

been. . .?
How many times were you

required to change home

because of the flood?

(Change)

I had trouble falling

asleep

(Hyperarousal)

I felt afraid for my

own safety

I had moments of losing

track of what was going

on. I blanked out or

spaced out or in some

way felt that I was not

part of what was going

on

Did you experience a loss of

personal income because of

the flooding? (Loss)

I tried not to talk

about it

(Avoidance)

I was horrified I felt confused; That is,

there were moments

when I had difficulty

making sense of what

was happening

Were you physically hurt

because the flood? (Threat)

I thought I might die

aImpact of Event Scale-Revised.
bPeritraumatic Distress Inventory Questionnaire.
cPeritraumatic Dissociation Experiences Questionnaire.
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COSMOSS variable for QF2011 was as follows: COS-

MOSSq¼ 0.359� IESRþ 0.396� PDIþ 0.389�PDEQ.

Cognitive Appraisal. Mothers’ cognitive reactions to

the flood were assessed using a single item: “If you

think about all of the consequences of the 2011 Queens-

land flood on you and your household, would you say

the flood has been. . .?” They were asked to rate their

appraisal of the flood experience on a 5-point Likert

scale, from Very Negative (�2) to Very Positive (þ2).

Timing of Flood Exposure. When the Queensland

flood peaked on January 10, 2011, women were at

various stages of pregnancy (0–280 days). The differ-

ence between the peak date of the flood and assumed

conception dates was calculated to determine the age of

gestation at which the fetus was exposed to the flood in

utero.

Covariates

Maternal and Infant Factors. To control for poten-

tially confounding variables other than flood-related

stress responses, we assessed maternal mental health

at 2- and 6-months postpartum using the 20-item

State Anxiety Inventory (SAI; Spielberger, Gorsuch,

Lushene, Vagg, & Jacobs, 1983) and the Edinburgh

Postnatal Depression Scale (EPDS; Cox, Holden, &

Sagovsky, 1987). In addition, maternal mental health

at 16-months postpartum was assessed using the 21-item

Depression, Anxiety and Stress Scale (DASS-21;

Lovibond & Lovibond, 1995). We also controlled for

maternal socioeconomic status and education level. To

control for other factors known to influence infant

development, we gathered birth outcome data (gesta-

tional age and birth weight) from infants’ hospital

medical records.

Statistical Analyses

Descriptive analyses were performed on the outcome

variables, predictor variables, and covariates (see Table 1)

for the samples at each age. Total scores for four of the

maternal stress measures (objective and post-traumatic

stress, and peritraumatic distress and dissociation) were

used in the analyses. The Kolmogorov–Smirnov test of

normality showed these four measures as well as the

composite subjective stress score were all highly posi-

tively skewed, so all scores were log transformed. To

differentiate mothers who were negatively impacted from

those who were not, mothers’ cognitive appraisals of

the flood were dichotomized into Negative appraisal of

the event versus Neutral/Positive appraisal. Pearson

Product-Moment Correlations among the five stress

measures and the composite subjective stress score were

performed (see Table 3). Next, Pearson Product-Moment

correlations examined the relationship between the ASQ

motor scores and the predictor variables and covariates at

each age (see Table 4). All tests used an a level of .05

(two-sided tests).

Hierarchical linear regression analyses examined the

relationship between prenatal maternal stress and infant

gross motor and fine motor development at 2, 6, and

16 months of age. In order to reduce the amount of

predictors in the model the composite score for mothers

subjective stress was used in the regressions analyses

instead of the post-traumatic stress, peritraumatic

distress and peritraumatic dissociation scores. The

model for the regressions was the same for the gross

and fine motor scales: objective stress was entered into

the model first. The composite score for subjective

stress was then entered in the model, followed by

cognitive appraisal. Next, infant sex was entered. For

the 16-month regression analyses, infant age at the time

of the assessment was entered to correct for the wide

age inclusion criteria for this age. The next step

included the timing of flood exposure in relation to

gestation. If there was a significant correlation with

maternal mood and infant motor skill at a particular

age, the next step included depression or anxiety. The

last step included the interaction term between one of

the three PNMS variables entered in the model and

either timing or sex. Because of the relatively small

Table 3. Correlations Between the Measures of Maternal Stress in Response to the Floods

Stress Variable 1 2 3 4 5 6 N M SD

1. Objective stressa — 191 2.73 0.77

2. Post-traumatic stressa 0.585� — 191 1.24 1.20

3. Peritraumatic distressa 0.444� 0.564� — 191 2.27 0.80

4. Peritraumatic dissociationa 0.401� 0.528� 0.672� — 191 1.41 1.04

5. Composite subjective stressa 0.544� 0.788� 0.856� 0.842� — 191 0.59 0.43

6. Cognitive appraisal �0.510� �0.399� �0.300� �0.250� �0.365� — 190 0.66 0.48

aLog transformed scores.
�p< .01.
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sample, the equations were trimmed of any non-

significant variables that were forced into the equation

(excluding objective stress and any variable included in

a significant interaction) and re-run. A summary of the

significant regressions, trimmed of all non-significant

variables, are shown in Tables 5 (gross motor) and 6

(fine motor) by sample age. As three different modera-

tion analyses were done, we corrected the interaction

terms’ p values for multiple testing using the Benja-

mini–Hochberg False Discovery Rate procedure (Ben-

jamini & Hochberg, 1995).

Mixed model analyses were used to investigate

any longitudinal effects of PNMS on the pattern

of fine and gross motor skills from 2 to 16 months. The

models were tested allowing the intercept and the effect

of age to vary across infancy, setting them as both fixed

and random effects. The random effects were removed

if found to be non-significant. All other variables were

entered only as fixed effects, using models similar to

those from the hierarchical multiple linear regressions.

We added an additional step to the models, testing

interactions including infant age, to determine if the

effect of PNMS variables on the outcomes changed the

trajectory of motor development across infancy. If both

random effects were non-significant, there was no need

for the use of mixed models, and as such, the analyses

were run as a regular hierarchical multiple regression

pooling all the time points together, the outcome

becoming the overall motor skills (see Table 7 for

regressions trimmed of non-significant variables). Anal-

yses were conducted using SPSS v22.

RESULTS

Descriptive Statistics

Descriptive statistics for the outcome variables, predic-

tor variables and covariates at each assessment age are

shown in Table 1. Comparisons of the QF2011 gross

and fine motor scores with the ASQ standardized norms

and cut-off scores were conducted. One-sampled t tests

showed that infants’ mean gross motor scores at

2 months were significantly lower than the standardized

ASQ means (t(105)¼�4.67, p< 0.001), but there was

no difference at 6 months (t(114)¼ 0.34, p¼ 0.73) and

at 16 months QF2011 scores were marginally lower

than the ASQ standardized means, t(114)¼ 1.89,

p¼ 0.061. Comparisons with the ASQ cut-off scores

(�2 SD<M) for gross motor show that more 2-month

olds than expected (normally <16%) scored below the

�2 SD cut-off (20%; n¼ 21/106), but the number

scoring below the gross motor cut-off at 6 months

(3.5%; n¼ 4/115) and 16 months (9%; N¼ 12/130)

was within the expected range.

One-sampled t tests showed that infants’ mean

fine motor scores at 2 and 16 months were signifi-

cantly lower than the standardized ASQ means

Table 4. Correlations Between Gross and Fine Motor Scores, Predictor Variables, and Covariates at Each Age

Gross Motor Fine Motor

Variables

2 Months

(n¼ 106)

6 Months

(n¼ 115)

16 Months

(n¼ 130)

2 Months

(n¼ 106)

6 Months

(n¼ 115)

16 Months

(n¼ 130)

Predictor variables

Objective stress .182� �.315�� �.095 .063 �.231��� �.093

Post-traumatic stress �.020 �.288�� �.078 �.043 �.228��� �.042

Peritraumatic dissociation .069 �.305�� �.129 .241��� �.202��� �.023

Peritraumatic distress .292�� �.253�� �.101 .122 �.119 .032

Composite subjective stress .136 �.298�� �.122 .157 �.200��� .037

Cognitive appraisal �.047 .100 .115 �.005 .119 .071

Timing of exposure �.088 �.178 �.191� �.042 .034 �.152

Covariates

School level (years) �.049 �.084 �.027 .006 .090 .101

Socio-economic index .074 �.028 �.065 �.073 �.011 �.126

Concurrent anxiety �.074 �.100 �.272��� �.053 �.074 �.185���

Concurrent depression �.040 �.140 .016 .042 �.198��� .051

Gest age at birth .042 .208��� .041 �.019 .169 .099

Birth weight .185 .063 .055 .011 .114 .058

Sex �.117 �.019 .157 .076 .049 �.011

�p< .1.
��p< .01.
���p< .05.
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(t(104)¼�5.68, p< 0.001; t(129)¼ 4.06, p< 0.001,

respectively), but there was no difference at

6 months, t(114)¼ 1.63, p¼ 0.11. Comparisons with

the ASQ cut-offs for fine motor showed that more

2-month olds infants than expected (normally

<16%) scored below the �2 SD cut-off (24%;

n¼ 25/106) but the numbers of infants scoring below

the fine motor cut-off at 6 (6%; n¼ 7/115) and 16

(14%; n¼ 18/130) months were within the expected

range.

Table 5. Summary of Hierarchical Regression Analyses Trimmed of All Non-Significant Variables for the Gross Motor

Scales at 6 and 16 Months

Predictor Variables b B Std. Error R R2 4R2 F 4F

a) 6 months

Step 1 .312 .097 .097 12.072��� 12.072���

Objective stress �.312��� �4.554��� 1.311

Step 2 .345 .119 .022 7.498��� 2.738

Objective stress �.214� �3.132� 1.559

Composite subjective stress �.177 �4.468 2.700

Step 3 .354 .125 .006 5.257�� .800

Objective stress �.250� �3.654� 1.666

Composite subjective stress �.191^ �4.840^ 2.735

Cognitive appraisal �.092 �2.144 2.397

Step 4 .404 .163 .038 5.311��� 4.913�

Objective stress �.242� �3.528� 1.639

Composite subjective stress �.200^ �5.062^ 2.689

Cognitive appraisal �.078 �1.824 2.360

Timing �.195� �.030� .013

Step 5 .459 .210 .047 5.759��� 6.483�

Objective stress �.248� �3.624� 1.599

Composite subjective stress �.183^ �4.639^ 2.629

Cognitive appraisal �.410� �9.560� 3.812

Timing �.513��� �.078��� .023

Cognitive appraisal�Timing .524� .071� .028

b) 16 months

Step 1 .095 .009 .009 1.164 1.164

Objective stress �.095 �1.556 1.442

Step 2 .123 .015 .006 .968 .773

Objective stress �.048 �.786 1.688

Cognitive appraisal .091 2.365 2.690

Step 3 .225 .051 .036 2.248^ 4.752�

Objective stress �.047 �774 1.663

Cognitive appraisal .095 2.493 2.651

Timing �.189� �.030� .014

Step 4 .339 .115 .064 4.053�� 9.038��

Objective stress �.043 �.703 1.613

Cognitive appraisal .053 1.386 2.597

Timing �.179� �.029� .013

Anxiety (DASS) �.257�� �.605�� .201

Step 5 .402 .162 .047 4.778��� 6.911��

Objective stress �.021 �.343 1.582

Cognitive appraisal �.310^ 8.093^ 4.409

Timing �.491��� �.078��� .023

Anxiety (DASS) �.279�� �.657�� .198

Cognitive appraisal�Timing .537�� .074�� .028

^p< .1.
�p< .05.
��p< .01.
���p< .001.
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Correlations

Correlations Among Maternal Stress Variables. Pear-

son Product-Moment correlations were conducted

among the four maternal stress measures, the composite

score for subjective stress and cognitive appraisal (see

Table 3). There were moderate to strong significant

positive correlations between measures of maternal

objective exposure, subjective stress, peritraumatic

distress and dissociation, and the composite subjective

stress score indicating that all measures were related

yet assessed different aspects of the maternal stress

response. Additionally, maternal cognitive appraisal of

the event was significantly negatively correlated with

all the maternal stress measures showing that a negative

appraisal of the impact of the flood was related to

higher scores on the other stress scales.

Gross Motor Correlation Coefficients. Pearson Product-

Moment correlations conducted to examine the rela-

tionship between infants’ gross motor scores, the

predictor variables and the covariates at each age are

shown in Table 4. At 2 months of age, infant gross

motor skills were correlated with maternal peritrau-

matic distress levels: higher distress scores predicted

better gross motor development in the infant. At

6 months of age, however, the infants’ gross motor

skills were significantly negatively correlated with

maternal objective hardship, post-traumatic stress,

peritraumatic distress, peritraumatic dissociation, and

composite subjective stress levels suggesting that

higher in utero objective and subjective stress levels

predicted poorer gross motor development. At

16 months, there was no relationship between any

PNMS measure and infant gross motor development.

However, there was a negative correlation with

gestational age of the fetus at the time of the flood,

indicating that exposure to the flood later in preg-

nancy predicted worse gross motor skills at 16 months.

Two control variables were significantly associated

with gross motor development: at 6 months, there was

a correlation between gestational age at birth and

Table 6. Summary of Hierarchical Regression Analyses Trimmed of All Non-Significant Variables for the Fine Motor

Scale at 6 and 16 Months

Predictor Variables b B Std. Error R R2 4R2 F 4F

a) 6 months

Step 1 .214 .046 .046 5.385� 5.385�

Objective stress �.214� �3.161� 1.362

Step 2 .215 .046 .000 2.690^ .042

Objective stress �.204^ �3.009^ 1.557

Cognitive appraisal .022 .509 2.489

Step 3 .215 .046 .000 1.758 .022

Objective stress �.204^ �3.013^ 1.565

Cognitive appraisal .021 .484 2.506

Timing .014 .002 .014

Step 4 .251 .063 .016 1.826 1.903

Objective stress �.183^ �2.702^ 1.575

Cognitive appraisal .009 .206 2.504

Timing .005 .001 .014

Depression (EPDS) �.131 �.367 .266

Step 5 .347 .121 .058 2.961� 7.095��

Objective stress �.177^ �2.615^ 1.533

Cognitive appraisal �.364� �8.578� 4.100

Timing �.349� �.054� .025

Depression (EPDS) �.158^ �.442^ .261

Cognitive appraisal x Timing .581�� .080�� .030

b) 16 months

Step 1 .093 .009 .009 1.109 1.109

Objective stress �.093 �1.568 1.489

Step 2 .199 .040 .031 2.619^ 4.101�

Objective stress �.075^ �1.263 1.479

Depression (DASS) �.177� �.430� 0.212

^p< .1.
�p< .05.
��p< .01.
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Table 7. Summary of Hierarchical Regression Analyses for the Gross Motor and Fine Motor Across All Ages

Predictor Variables b B Std. Error R R2 4R2 F 4F

a) Gross Motor

Step 1 .069 .005 .005 1.650 1.650

Objective stress �.069 �1.154 .898

Step 2 .075 .006 .001 .986 .326

Objective stress �.052 �.865 1.032

Cognitive appraisal .035 .934 1.636

Step 3 .138 .019 .013 2.235^ 4.712�

Objective stress �.053 �.894 1.026

Cognitive appraisal .039 1.044 1.628

Timing �.116� �.020� .009

Step 4 .295 .087 .068 8.217��� 25.682���

Objective stress �.072 �1.200 .993

Cognitive appraisal .033 .880 1.574

Timing �.180��� �.032��� .009

Child age .269��� .570��� .112

Step 5 .323 .104 .017 8.001��� 6.603�

Objective stress �.041 �.691 1.005

Cognitive appraisal .028 .743 1.562

Timing �.195��� �.034��� .009

Child age .272��� .575��� .112

Maternal anxiety �.136� �.195� .076

Step 6 .358 .128 .024 8.404��� 9.434��

Objective stress �.036 �.611 .993

Cognitive appraisal �.208� �5.542� 2.563

Timing �.418��� �.073��� .016

Child age .275��� .582��� .110

Maternal anxiety �.111� �.158� .076

Cognitive appraisal x Timing .373�� .059�� .019

b) Fine Motor

Step 1 .076 .006 .006 1.996 1.996

Objective stress �.076 �1.214 .859

Step 2 .081 .006 .001 1.127 .262

Objective stress �.060 �.967 .986

Cognitive appraisal .031 .801 1.565

Step 3 .082 .007 .000 .771 .067

Objective stress �.061 �.971 .987

Cognitive appraisal .032 .815 1.568

Timing �.014 �.002 .009

Step 4 .187 .035 .028 3.117� 10.092��

Objective stress �.073 �1.166 .976

Cognitive appraisal .029 .731 1.548

Timing �.056 �.009 .009

Child age .174�� .352�� .111

Step 5 .252 .064 .029 2.886�� 2.596�

Objective stress �.062 �.999 .971

Cognitive appraisal �.379� �9.638� 4.339

Timing �.363^ �.061^ .032

Child age .078 .157 .342

Cognitive appraisal x .705�� .106�� .039

Cognitive appraisal xAge .328 .627 .422

Timing xAge .206 .002 .003

Cog appraisal x Timing xAge �.550^ �.006^ .003

^p< .1.
�p< .05.
��p< .01.
���p< .001.
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gross motor skills, with longer gestation related to

better motor skills, while at 16 months a negative

correlation between gross motor development and

maternal anxiety (on the DASS) was evident.

Fine Motor Correlation Coefficients. At 2 months of

age, fine motor development was significantly corre-

lated with peritraumatic dissociation scores, which

suggests that higher levels of maternal dissociative

experiences after the flood predicted better fine motor

skills at this age (see Table 4). In contrast, at 6 months

of age, fine motor functioning was negatively correlated

with maternal objective hardship, post-traumatic stress,

peritraumatic dissociation, and the composite subjective

stress score. This suggests that higher levels of objec-

tive and subjective PNMS predicted poorer fine motor

development. At 16 months, there was no correlation

between any of the maternal stress variables and

infants’ fine motor skills. Two control variables corre-

lated with infants’ fine motor skills: at 6 months of age,

fine motor development was negatively correlated with

maternal depression (on the EPDS), while at 16 months

fine motor development was negatively correlated with

anxiety (on the DASS).

Hierarchical Regression

Gross Motor Hierarchical Regression. As the hierar-

chical regression models at 2 months showed no

significant main effects or interactions associated with

the infants’ gross motor skills, only results of the

hierarchical regressions at 6 and 16 months are shown

in Table 5 (parts a and b, respectively).

At 6 months, objective hardship was significantly

associated with infants’ gross motor skills and

explained 9.7% of the variance in step 1: higher

objective hardship predicted lower gross motor skills.

At step 2, the composite subjective stress score was not

significant, but a negative trend was detected with

the addition of cognitive appraisal at step 3, suggesting

that a higher composite subjective stress predicted

lower gross motor skills. However, maternal cognitive

appraisal style did not significantly explain any addi-

tional, unique variance in the infants’ gross motor

skills. In step 4, timing of in utero flood exposure was

significantly related to the infants’ gross motor skills,

explaining an additional 3.8% of the variance: the later

the flood exposure occurred in pregnancy, the lower the

infants’ gross motor skills. Finally, the interaction term

between cognitive appraisal and timing of in utero

flood exposure was significantly related to infants’

gross motor skills, explaining an additional 4.7% of the

variance. As shown in Figure 1, there was a significant

negative association between timing and gross motor

skills (p< .01) for women with a negative appraisal of

the flood, but no association in those with a neutral or

positive appraisal. The vertical line in Figure 1 shows the

region of significance: among infants whose mothers

were exposed to the flood before Day 60 gestation

(8 weeks), those whose mothers appraised the flood

negatively had significantly better gross motor skills than

infants whose mothers had a neutral/positive appraisal

(p< .05). The final model explained 21.0% of the

variance of the infants’ gross motor skills at 6 months.

At 16 months, neither objective hardship levels nor

cognitive appraisal of the flood were associated with

infants’ gross motor skills. A significant effect of

timing of in utero exposure to the flood on gross motor

skills was detected at step 3, explaining an additional

3.6% of the variance in the outcome, such that being

exposed later during pregnancy was associated with

lower skills. At step 4, maternal anxiety was found to

be significantly associated with the outcome, explaining

an additional 6.4% of the outcome’s variance: the

higher the mother’s anxiety, the lower the child’s gross

motor skills. A significant cognitive appraisal by timing

of in utero exposure interaction effect on the gross

motor skills was detected at step 5, explaining an

additional 4.7% of the variance in the outcome. As

shown in Figure 2, for mothers with a negative

appraisal of the flood, being exposed later to the flood

would result in their children having significantly lower

gross motor skills at 16 months of age (p< 0.01).

However, there was no significant association between

timing of exposure and gross motor skills for mothers

with a neutral or positive appraisal of the flood.

Additionally, as represented by the vertical line in

Figure 2, for mothers who were exposed to the flood at

a gestational age of 192 days (27 weeks) or later,

having a negative appraisal of the flood resulted in their

children having significantly lower gross motor skills

than for mothers with a positive appraisal. The final
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FIGURE 1 Significant moderation of timing effects on 6-

month olds’ gross motor skill by maternal cognitive appraisal

of the flood. The vertical green line indicates the region of

significant difference in fine motor scores for negative versus

neutralþ positive maternal appraisal of the floods. ��p< .01.
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model explained 16.2% of the infants’ gross motor

skills at 16 months.

Fine Motor Hierarchical Regressions. Hierarchical
regression models showed there were no significant

PNMS main effects or interactions associated with

the infants’ fine motor skills at 2 or 16 months, but

there was a significant effect of maternal anxiety at

16 months. For that reason, only results of the

hierarchical regression model at 6 and 16 months are

shown in Table 6 (parts a and b, respectively).

At 6 months, objective hardship was significantly

related to the infants’ fine motor skills in step 1 of

the model, explaining 4.6% of the variance: an

increase in objective hardship predicted a decrease in

fine motor skills. In steps 2 and 3, neither main effects

of cognitive appraisal or timing of exposure were

significantly related to the infants’ fine motor skills. In

step 4, maternal depression symptoms were not signifi-

cantly associated with the infants’ fine motor skills, and

a non-significant trend emerged at step 5, such that

more depression symptoms were associated with lower

infants’ skills. In step 5, the interaction term between

cognitive appraisal and timing of exposure was signifi-

cantly related to the infants’ fine motor skills, explain-

ing an additional 5.8% of the variance. As shown in

Figure 3, for infants whose mothers had a negative

flood appraisal, there was a significant (p< .05), nega-

tive association between timing and fine motor skills,

while there was a non-significant positive trend among

the neutral/positive appraisal group. The region of

significance indicates that, among infants whose moth-

ers were exposed to the flood on or after 195 days of

gestation (28 weeks), those who had had a neutral or

positive appraisal of the flood had significantly

(p< .05) better fine motor skills than infants whose

mothers had appraised the flood negatively. That

association is reversed, however, for mothers who were

exposed to the flood prior to 14 days (2 weeks) of

gestation. The final model explained a significant

12.1% of the variance in the infants’ fine motor skills

at 6 months. The composite subjective stress score was

not a significant predictor, suggesting that this type of

maternal response to the flood was not related to

infants’ fine motor skills at 6 months of age when

objective stress was controlled for.

Mixed Models

Gross Motor Mixed Models. The random effects of the

intercept and age of the infant, as well as their

covariance, were not significant in the model for gross

motor skills and age did not enter into any interactions

with PNMS. This suggests that PNMS did not alter

trajectories of gross motor development between 2 and

16 months of age. Hence, they were not included in the

model, and the analyses were run using hierarchical

linear multiple regression. In steps 1 and 2, objective

hardship and cognitive appraisal did not explain a

significant amount of residual variance. In step 3,

timing of exposure explained a significant additional

1.3% of variance in the outcome (p¼ 0.031), such that

being exposed later in pregnancy predicted lower

overall gross motor skills. Age of the child was added

at step 4, explaining an additional 6.8% of the out-

come’s variance (p< 0.001), such that being older was

associated with higher gross motor skills. In step 5,

mother’s anxiety state at recruitment explained 1.7% of

residual variance (p¼ 0.011), such that greater anxiety

was associated with lower overall gross motor score. In

step 6, a significant cognitive appraisal by timing

interaction was also found (p¼ 0.002; Fig. 4): while

timing of exposure to the flood had no significant effect

FIGURE 2 Significant moderation of timing effects on 16-

month olds’ gross motor skill by maternal cognitive appraisal

of the flood. The vertical green lines indicate the regions of

significant difference in motor scores for negative versus

neutralþ positive maternal appraisal of the floods. ��p< .01.

FIGURE 3 Significant moderation of timing effects on 6-

month olds’ fine motor skill by maternal cognitive appraisal

of the flood. The vertical green line indicates the region of

significant difference in fine motor scores for negative versus

neutralþ positive maternal appraisal of the floods. �p< .05.
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on mothers with a neutral or positive view of the flood,

later exposure to the flood for women with a negative

cognitive appraisal was associated with lower overall

gross motor skills (p< 0.001). Additionally, for women

exposed prior to 17 days (2.43 weeks), infants

from mothers with a positive appraisal of the flood had

significantly lower overall gross motor skills than

those from mothers with a negative appraisal. However,

the inverse effect was detected for participants exposed

to the flood after 154 days (22 weeks), such that

the skills for mothers with neutral or positive appraisal

were significantly higher than those with a negative

appraisal.

Fine Motor Mixed Models. The random effects of the

intercept and age of the infant, as well as their

covariance, were not significant in the model for fine

motor skills; and age did not enter into any significant

PNMS interactions. This suggests that PNMS did not

alter trajectories of gross motor development between 2

and 16 months of age. Hence, they were not included

in the model, and the analyses were run using

hierarchical linear multiple regression. In steps 1, 2,

and 3, objective hardship, cognitive appraisal and

timing of exposure to the flood did not explain a

significant amount of residual variance. Age of the

infant was added at step 4, explaining an additional

2.8% of the outcome’s variance (p¼ 0.002), such that

being older was associated with higher fine motor

skills. In step 5, a marginally significant three-way

interaction between cognitive appraisal, timing and age

of the infant was detected, explaining an additional

2.9 % of the outcome’s variance (p¼ 0.062): at 2 and

6 months of age, there is a significant cognitive

appraisal by timing interaction on fine motor skills,

which is no longer present at 16 months. At 2 months

(Fig. 5A), being exposed later in pregnancy for infants

of mothers with a negative cognitive appraisal was

significantly associated with a lower fine motor skill

(p¼ 0.040), while it was associated with higher skills

for mothers with a neutral or positive cognitive

appraisal (p¼ 0.048). Also, if the mother was exposed

before 26 days (3.71 weeks) in pregnancy, having a

neutral or positive cognitive appraisal was associated

with significantly lower fine motor skills, while this

association was reversed for mothers exposed later than

149.5 days (21.36 weeks). At 6 months (Fig. 5B), being

exposed later in pregnancy for infants of mothers with

a negative maternal cognitive appraisal was signifi-

cantly associated with a lower fine motor skill

(p¼ 0.0151), while it there was no significant associa-

tion with a neutral or positive maternal cognitive

appraisal (p¼ 0.1176). Also, if the mother was exposed

before 13.5 days (1.93 weeks) in pregnancy, having a

neutral or positive cognitive appraisal was associated

with significantly lower fine motor skills, while this

association was reversed for mothers exposed later than

FIGURE 4 Significant moderation of timing effects on (all

ages) infants’ gross motor skill by maternal cognitive

appraisal of the flood. The vertical green lines indicate the

regions of significant difference in motor scores for negative

versus neutralþ positive maternal appraisal of the floods.
���p< .001.
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143.5 days (20.5 weeks). At 16 months (Fig. 5C),

neither cognitive appraisal nor timing of exposure had

an effect on fine motor skills.

DISCUSSION

The current study shows that high levels of PNMS

associated with a natural disaster (a flood) had age-

related effects on infants’ motor development; with

positive associations to motor development at 2 months,

but negative associations at 6 and 16 months, particu-

larly if the flood occurred late in gestation and the

mother had a negative appraisal of the event. This

research makes an important contribution to the litera-

ture as it is the first study to assess gross and fine motor

development at multiple time points during infancy, and

to use multiple measures to assess pregnant women’s

disaster-related experiences: objective hardship, post-

traumatic stress, peritraumatic distress and dissociative

experiences, represented by their composite score in

some analyses, as well as their cognitive appraisals of

the event. Using a sudden onset flood as the pregnancy

stressor enabled investigation of the effects of timing of

the disaster on infant motor development; the potential

moderating effect of infant sex was also explored.

Effects of PNMS on Infant Motor Development

The current study supports prior research showing that

adversity during pregnancy affects offspring develop-

ment across a range of developmental domains (Field,

2011; Weinstock, 2001), including some studies that

have found similar negative effects of PNMS on motor

functioning with humans (Buitelaar et al., 2003; Cao

et al., 2014; Grace et al., 2015) and primates

(Schneider, 1992; Schneider & Coe, 1993). However,

not all studies have found that stress impairs early

motor development, and at least one study (DiPietro

et al., 2006) found an increase in 2-year olds motor

skills with pregnancy-related stress. Consistent with

this finding, in the current study higher maternal

peritraumatic distress and dissociation levels were

correlated with better gross and fine motor skills at

2 months of age, respectively; and infants of mothers

flood exposed early in pregnancy with a neutral or

positive appraisal of the floods showed worse motor

skills than infants of mothers with a negative appraisal.

The finding that some stress in pregnancy can be

facilitative on offspring outcomes has also been found

in other developmental domains in animal studies

(Fujioka et al., 2001; Meek, Burda, & Paster, 2000).

Although the literature does not consistently show

negative effects of PNMS on early motor development

(DiPietro et al., 2006; Huizink et al., 2003) significant

effects in these studies may be masked as they used the

Psychomotor Development Index from the Bayley

Scales of Infant Development (Bayley, 1969). This

scale combines gross and fine motor development into

a single measure, whereas in the current study we

examined fine and gross motor development separately.

Although our results for the two kinds of motor

functioning tended to be similar, we explained twice as

much variance in gross motor scores (20.9%) than in

fine motor (9.8%) at 6 months.

Inconsistencies in the literature on PNMS and infant

motor development may also be accounted for by the

variety of ways that pregnancy stress was defined:

including negative life events, daily hassles, and depres-

sion or anxiety, or pregnancy-specific anxiety—that are

related to maternal personality and mental health

characteristics that co-occur and influence infant devel-

opment. However, natural disasters occur randomly and

affect the community and pregnant women independent

of personality traits or mental health. As we used an

objective measure of hardship from the floods associa-

tions between this measure and infant outcomes were

unlikely to be due to a genetic confound between a

mother’s personality, mental health status, or propensity

to experience negative life events and her infant’s

development. Furthermore, because we controlled for

objective stress exposure, and correlated maternal mood

at the time of infant assessment, which is also known to

influence infant development (Slykerman et al., 2005;

Tough, Siever, Benzies, Leew, & Johnston, 2010), when

testing models of maternal subjective stress and cogni-

tive appraisal, we were able to isolate effects of these

measures on infant development from actual hardship

experienced and concurrent mental health.

Age-Related Effects of PNMS

Understanding how PNMS affects development across

infancy is limited due to a lack of published studies

with longitudinal data using a single developmental

assessment tool. In this study, gross and fine motor

developments were assessed at three time points in

infancy. Results showed that stress in pregnancy did

not affect motor development in the same way at all

ages. For example, motor development was positively

associated with PNMS at 2 months of age, but it was

negatively associated at 6 months, and then only

significantly associated at 16 months when the stress

occurred late in gestation with a negative cognitive

maternal appraisal of the event. At 16 months, maternal

anxiety was more predictive of lower motor skills than

was PNMS. This age-related change in the effects of

PNMS on motor development across ages is similar to
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prior findings that pregnancy anxiety predicted poorer

motor development at 8 months but not at 3 months

(Buitelaar et al., 2003; Huizink et al., 2003). Although

there were age-related changes in motor development

associated with stress in pregnancy, there was no

evidence that PNMS altered the trajectory of infant’s

motor development between 2 and 16 months of age.

This differs to one other longitudinal study that docu-

mented that high levels of cortisol exposure in early

pregnancy were related to slower cognitive development

from 3 to 13 months, whereas high cortisol exposure in

late pregnancy were related to accelerated cognitive

development (Davis & Sandman, 2010).

Whether for fine or gross motor development, our

strongest effects of PNMS were for motor development

at 6 months of age; possibly the effects become more

evident at times of major motor transitions, such as the

emergence of independent locomotion that occurs around

this age. Infants enter the “window of locomotor onset”

around 6–8 months of age (Benson, 1993, p. 70) when

they begin creeping and crawling. This provides infants

with new opportunities to actively explore their environ-

ment and is associated with advances in a range of

cognitive and social-emotional domains (Campos et al.,

2000). It is possible that in the current study there was

too little variation in motor skill behavior at 2 months of

age to detect effects of stress in pregnancy and that by

16 months of age the infants most affected by PNMS

had “caught up” to their low-PNMS peers. Alternately,

using a different tool to assess motor development or

assessing different aspects of motor control may enable

detection of associations with PNMS at 16 months.

These age-related changes in the effects of PNMS on

infant motor development could also be due to the

pathway of development known as “silent vulnerability.”

Silent vulnerability is characterized by developmental

deficits that occur in close proximity to an insult that

then disappear for long periods and re-emerge later in

development (Kleven & Bellinger, 2015). The classic

example is Barker’s research showing that infants of

mothers malnourished during pregnancy were born small

for gestational age, yet their growth later “caught up”

with their peers. However, in middle age, they exhibited

higher rates of metabolic diseases than would be

expected in the general population (Barker, 1998).

Animal models investigating Parkinson’s disease using

prenatal insult show a period of silent vulnerability

in relation to later motor control (Barlow, Richfield,

Cory-Slechta, & Thiruchelvam, 2004).

Objective Versus Subjective Stress Effects

Similar to findings by Cao et al. (2014), and as

hypothesized, in our study the two areas of infant

motor skills were differentially affected by mother’s

objective experiences of the flood and their subjective

reactions. Gross motor development at 6 months of age

was negatively affected by both objective hardship and

the composite subjective stress measure; whereas fine

motor skill at 6 months was negatively affected by

objective, but not subjective stress. In Project Ice

Storm, which has a similar methodology to QF2011,

the differential effect of subjective and objective PNMS

on development has also been seen in other areas, such

as infant birth outcomes (Dancause et al., 2011),

fingerprint asymmetry (King et al., 2009), toddler play

behaviors (Laplante et al., 2007), and child cognition

and language (Laplante, Brunet, Schmitz, Ciampi, &

King, 2008). Prior research also shows that prenatal

stressors, such as maternal mental state and experience

of negative life events or hassles, have differential

associations with infant motor development (Buitelaar

et al., 2003; DiPietro et al., 2006); which is similar to

our finding that different aspects of the mother’s

subjective stress response to the floods was differen-

tially associated with gross or fine motor at each age.

Although in the current study there is a moderate-to-

strong correlation between objective and subjective

stress (r¼ .544), the current results, and other natural

disaster research, show that these aspects of maternal

stress exert differential effects on infant development

and therefore may operate relatively independently of

each other. Lazarus et al.’ appraisal theory explains the

processes whereby two individuals who experience the

same event may react very differently to it; also

suggesting that stress exposure and emotional stress

reactions can differ (Folkman & Lazarus, 1988; Smith

& Lazarus, 1990). In the current study, the pregnant

women’s hormonal stress response may have been

triggered by her objective or subjective experience of

the event; so infant motor functioning could be more

strongly associated with one PNMS measure than the

other.

Cognitive Appraisal Effects

The results showed that women’s cognitive appraisal of

the flood played an important role in infant motor

outcomes. For gross motor skills at 6 and 16 months,

and for fine motor skills at 6 months, infants of mothers

who appraised the flood negatively and who were flood

exposed later in pregnancy had lower motor skills than

infants whose mothers reported neutral or positive

appraisals, even when the objective severity of their

flood exposure and mental health was controlled for.

Flood exposure early in pregnancy along with a neutral

or positive appraisal of the event was associated with

worse motor skills than a negative appraisal. This
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pattern of results was consistent for the data pooled

across age for gross motor and for fine motor at 2 and

6 months. Therefore, in this study a neutral or positive

appraisal of the flood buffered infant motor skills

against the negative effects of late in utero exposure to

the flood. Thus, the way in which pregnant women

think about stressful events may influence the impact of

those events on their children’s health and develop-

ment. Recent research has demonstrated that, indepen-

dent of the magnitude of a particular stressor, the more

we believe it to be detrimental, the more likely it will

be detrimental (Keller et al., 2012). Further, appraising

an individual’s stress response as adaptive and func-

tional has physiological and cognitive benefits to that

individual (Jamieson, Nock, & Mendes, 2012).

Sex Effects

Contrary to one of the study hypotheses and findings by

Cao et al. (2014) there were no sex differences in the

effects of PNMS exposure on infant motor skills. Lack

of power based on the sample size could potentially

account for this non-significant finding. Possibly, sex

only moderates the effects of PNMS on motor skills

later in childhood. It should be noted that PNMS

research shows many inconsistencies with regard to sex

effects: some studies have found girls more vulnerable

than boys (Barrett, Redmon, Wang, Sparks, & Swan,

2014; Cao et al., 2014) with other studies reporting boys

as more vulnerable than girls (Kinney, Miller, 2008;

Walder et al., 2014).

Timing Effects

The importance of timing of the stressor in pregnancy

on various areas of infant and child development has

been previously demonstrated (Davis & Sandman,

2010; DiPietro et al., 2006). Other PNMS research

studying psychosocial stressors, or even independent

stressors (such as the death of a relative; Li et al.,

2015) which may have been preceded by a long period

of chronic stress, are unable to test hypotheses about

timing in gestation with as much precision as studies of

a sudden-onset natural disaster. Natural disaster re-

search shows that various domains of development are

affected by PNMS when it occurs at different times

during gestation. In early childhood, for example, early

pregnancy exposure to the Quebec ice storm, was

associated with autistic-like symptoms (Walder et al.,

2014); whereas play behaviors, language, and cognitive

development were adversely affected when the storm

occurred early and mid-gestation (King & Laplante,

2005; Laplante et al., 2004, 2007). In contrast, similar

to the current findings, children’s motor development

appears to be more sensitive to the effects of late-

gestation disaster-related stress than early or mid-

gestation stress than were the other developmental

domains (Cao et al., 2014).

Mechanisms of PNMS and Timing Effects

Although there is debate in the literature, one mecha-

nism proposed to account for the timing effects found in

PNMS studies relates to maternal hormonal changes that

occur under stressful conditions (Davis & Sandman,

2010). When stressed, increased levels of maternal

glucocorticoids, such as cortisol, cross the placental

barrier and may negatively impact the developing fetus;

potentially having enduring effects on infant and child

outcomes (Barker, 1998). Critical periods have been

identified whereby developing fetal structures are likely

to be sensitive to the effects of PNMS (Monk, Spicer, &

Champagne, 2012). Research reviewed above shows that

PNMS at various times in gestation exerts different

effects on aspects of development (Davis & Sandman,

2010; King & Laplante, 2015) with late-gestation PNMS

associated with deficits in motor functioning (Cao et al.,

2014; Grace et al., 2015). We hypothesize that late-

pregnancy PNMS may disrupt optimal development of

the cerebellum, which is implicated in motor control and

coordination (Houk, Buckingham, & Barto, 1996). The

role of the cerebellum in motor development is evident

as structural brain images of children with autism

spectrum disorder, who have atypical motor patterns,

show cerebellum abnormalities associated with impair-

ments in motor learning (Marko et al., 2015).

Season of Birth and Timing Effects

Research shows that season of birth is related to a

range of developmental outcomes (McGrath, Saha,

Lieberman, & Buka, 2006), including achievement of

motor milestones (Atun-Einy, Cohen, Samuel, & Scher,

2013; Bartlett, 1998; Benson, 1993; Hayashi, 1990).

The Queensland, Australia flood occurred in summer

(January 2011) and the Qu�ebec, Canada ice storm

occurred in winter (January 2008); and although the

disasters occurred in different geographical locations

and in opposite seasons, both studies found negative

effects on motor development with late-pregnancy

stress exposure. Thus, the timing effects of in utero

stress on motor development in these studies are due to

the negative effects of the natural disaster occurring

later in fetal development and cannot be confounded

with seasonal effects on motor development.

Importance of Motor Functioning

Understanding factors that adversely affect motor

development in infancy is important for several reasons.
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First, the importance of early motor functioning is

evident as it is related to a number of key developmen-

tal outcomes (Bornstein, Hahn, & Suwalsky, 2013),

including linguistic (Walle & Campos, 2014), cognitive

(Brandone, 2015; Herbert, Gross, & Hayne, 2007; Piek,

Dawson, Smith, & Gasson, 2008) and later motor skills

(Rose-Jacobs, Cabral, Beeghly, Brown, & Frank, 2004;

Siegel, 1983). Comparison of the QF2011 samples

mean gross and fine motor scores with the ASQ

standardized norms showed that this sample fell below

the norms for each scale at 2 and 16 months, but not

6 months, despite the sample being relatively advan-

taged socioeconomically. However, beyond 2 months

the percent of infants falling below the �2 SD cut-off

for gross and fine motor scores was within the expected

range. The scores of infants from mothers who were

stressed in pregnancy may have been reduced overall,

suggesting disadvantaged, but not delayed motor devel-

opment in this sample as a result of PNMS. Whether

this disadvantage extends to later problems with the

above-mentioned developmental domains related to

motor development remains to be seen.

Second, atypical developmental outcomes related to

early delayed and disturbed motor functioning include

developmental disorders and later psychopathology

such as autism spectrum disorder and schizophrenia

(Fish, Marcus, Hans, Auerbach, & Perdue, 1992;

Walker, Savoie, & Davis, 1994). Autism spectrum

disorder, schizophrenia, and psychotic experiences are

also related to high levels of PNMS (Betts, Williams,

Najman, Scott, & Alati, 2014; Dorrington et al., 2014;

Kinney, Munir, Crowley, & Miller, 2008; Walder et al.,

2014). Whether the negative effects of PNMS on early

motor development found in this study will be predic-

tive of later atypical development or psychopathology

will be investigated as the QF2011 study continues.

Study Limitations

One potential limitation in the current research was

reliance on maternal report for infant motor develop-

ment data, which may be prone to biases. However, to

increase maternal accuracy and to reduce reporting

biases on the ASQ, pictures accompanied some assess-

ment items and mothers were instructed to present

items to their infant as “games” rather than relying on

their memory alone to recall instances of past behav-

iors. Additionally, the ASQ has excellent psychometric

properties (see Methods). Furthermore, an advantage of

using the ASQ over researcher-administered tools was

that it overcame the problem that the infant may not

perform a specific behavior during the course of a face-

to-face assessment, whereas the mother has had multi-

ple opportunities to observe her infant’s behavior in a

variety of situations, thus increasing the potential for

more accurate reporting. A related limitation of the

study was that the mothers not only provided data on

their infants’ development; the measures of maternal

stress were also based on maternal self-report (DiPietro

et al., 2006; Monk et al., 2012). Although this design

confound is common to a number of studies of

PNMS and developmental outcomes (Buitelaar et al.,

2003; Davis et al., 2007) the strongest design would

include an independent assessment of motor develop-

ment (Cao et al., 2014; DiPietro et al., 2006; Grace

et al., 2015).

Conclusion

The research presented here is the first to show that in

utero exposure to a natural disaster has age-related

effects on gross and/or fine motor development

across early infancy. Even with the limitations of a

relatively small sample size and a relatively homoge-

nous sample of well-educated, white Australians of

middle to high SES, significant effects were found.

Women’s objective experiences of the flood, subjective

reactions, and cognitive appraisals of the event, were

implicated in aspects of subsequent infant motor

development. Longer term follow-up with the QF2011

cohort will assess whether these effects of PNMS on

infant motor development will persist into childhood.
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