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Introduction

Psychosocial stress during pregnancy has been linked to adverse developmental outcomes
in children, including low birthweight and shorter gestation duration, reduced neonatal
attention and habituation to stimuli, and increased risk for Attention Deficit Hyperactivity
Disorder, schizophrenia, speech impairments and social abnormalities.'® Primate studies
conducted under controlled laboratory conditions have provided an inferential link
between rodent studies and human epidemiological studies.

Subject

Increased stress and violence in everyday life has resulted in a growing concern about the
effects of maternal stress on child outcomes. This is particularly true in the economically
underprivileged sector of our society, where individuals are more likely to be subjected to
uncontrollable daily pressures and more serious stressors such as relocation and
unemployment. Because women under stress are more likely to smoke cigarettes,
consume alcohol, and engage in other stress-related behaviours, there is often a clustering
of negative events, which can compound the adverse effects on the developmental
outcome of their children.

Problems

It is difficult to establish causal links between prenatal stress and developmental
outcomes in human studies due to selection bias and possible confounding variables.
Even with statistical corrections, it is impossible to ascertain whether major confounders
have been eliminated or whether the method of adjustment has effectively removed
confounders. In primate studies, one can use randomized experiments, inferring causal
connections between prenatal stress on one hand, and offspring behaviour and
development on the other. Nonhuman primate studies make an excellent model for
studying prenatal stress because of the similarity in brain structure and biological
processes of stress reactions to humans between nonhuman primates and humans. Other
factors include the richness of nonhuman primate social organization and their complex
cognitive capabilities, the opportunity to isolate prenatal stress from other factors and to
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employ a standard stress treatment, and the ability to investigate possible biological
underpinnings.”” The disadvantages of nonhuman primate studies are that it is necessary
to use small sample sizes, cost is high compared to rodent studies, and one must still
generalize from animals to humans, albeit this inferential leap is smaller with nonhuman
primates than it is with rodents.

Research Context

Stressful events stimulate the release of stress hormones, which can cross the primate
placenta (at least in small amounts), and can influence fetal development. Studies with
rodents and with nonhuman primates have demonstrated that when dams were injected
with a stress hormone (corticotrophin-releasing hormone) (CRH), or when pregnant
rhesus monkeys were injected with adrenocorticotrophic hormone (ACTH), their
offspring showed effects similar to those observed in prenatally stressed offspring.'*!!

Key Research Questions
Our research used daily exposure to three short bursts of noise (115 dB sound at 1 m,
1300 Hz) as a prenatal stressor to answer the following questions:

a) Does unpredictable daily psychological stress during pregnancy have an adverse
effect on birthweight, gestation duration, neonatal neurobehaviour and/or stress
reactivity?

b) Is there a sensitive period or time of enhanced vulnerability for prenatal stress
effects?

c) Are maternal stress hormones an important part of the mechanism for the prenatal
stress effects on the offspring?

d) Does prenatal stress interact with other potential negative events, such as fetal
alcohol exposure?

e) Is there continuity between effects observed during infancy and later cognitive
functions?

f) Does prenatal stress have long-term effects on dopamine system function as
assessed with positron emission tomography (PET) imaging?

Recent Research Results

a) Prenatal stress significantly reduced birthweight, but did not shorten gestation
durations, although all birthweights were within the range of what is considered
normal for rhesus monkeys.'” Prenatal stress was also associated with a
neurobehavioural profile that included reduced neonatal attention, motor maturity
and motor activity."”">' When exposed to stressful events, prenatally stressed
monkeys showed more disturbance behaviour and higher levels of stress
hormones, compared to controls.'®'!?

b) The effects of prenatal stress on birthweight and early neurobehaviour appear to
peak during early gestation and taper off during mid-to-late gestation."

¢) Maternal endocrine activation was shown to be one of the underlying mechanisms
for the effect, since administering ACTH to pregnant females resulted in effects
similar to those observed in prenatally stressed monkeys. '’

d) When prenatal stress was combined with fetal alcohol exposure, the most adverse
effects on birthweight and behaviour were observed, compared to controls.'**!
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e) There was a significant association between reduced neonatal attention and
learning deficits during adolescence in nonmatch-to-sample, showing some
continuity between early deficits and later outcomes.*

f) Prenatally-stressed and prenatal stress + prenatal alcohol-exposed monkeys
showed two differences in dopamine function compared to monkeys that were not
exposed to prenatal stress: 1) higher ratio of dopamine D2 receptor binding to
dopamine (DA) synthesis in the striatum.** Less dopamine is synthesized and the
receptors increase or up-regulate to compensate, and 2) higher dopamine
transporter binding which regulates extracellular levels of dopamine in the
striatum.

Conclusions

Nonhuman primate studies, conducted under carefully-controlled laboratory conditions,
are an important link between rodent research and human studies. Primate studies
indicate that prenatal stress induced lower birthweights, reduced early attention and
motor maturity, slower learning, impaired emotion regulation and induced long-term
changes in dopaminergic function in the striatum. It is interesting to note that adolescents
and adults with ADHD show a 40-50% increase in dopamine transporter binding in the
striatum, however not all studies have found this effect. Early gestation appears to be a
period of enhanced vulnerability for some of these effects, although effects are also
observed from chronic stress during mid-to-late gestation. More research is needed to
study the severity of stress, chronicity versus single episodes of stress, timing of stressful
events, and the effects of clustering of negative events. In people, coping strategies are
very important in ameliorating the impact of stress, and such strategies cannot be studied
in animals. Research to date supports a tentative conclusion that there is a causal
connection between prenatal stress and developmental outcomes in humans and
nonhuman primates.

Implications

Because development is shaped by a highly complex process involving the interplay of
biological and environmental factors,” it is reasonable to add prenatal stress to the list of
risk factors that may adversely affect development, especially when combined with other
risk factors. Relevant public policy issues in this area of research include the
identification and reduction of existing risk factors and the enhancement of available
protective factors in pregnant women. The public needs to be educated about risk factors
during pregnancy, including prenatal stress, and the clustering of negative events.
Professional training for service providers should include information relevant to risk
factors, including stress, and the possible effects on offspring.

To learn more on this topic, consult the following sections of the Encyclopedia:

e Stress (prenatal and perinatal)
e According to experts

Encyclopedia on Early Childhood Development 3
©2003-2011 Centre of Excellence for Early Childhood Development
Schneider ML, Moore CF


http://www.child-encyclopedia.com/Pages/PDF/Glossary_Brain_DD2R.pdf
http://www.child-encyclopedia.com/Pages/PDF/Glossary_Brain_Striatum-2.pdf
http://www.child-encyclopedia.com/en-ca/stress-prenatal-perinatal/how-important-is-it.html
http://www.child-encyclopedia.com/en-ca/stress-prenatal-perinatal/according-to-experts.html

STRESS (PRENATAL AND PERINATAL)

REFERENCES

l.

2.

10.

11.

12.

13.

14.

Huttunen MO, Niskanen P. Prenatal loss of father and psychiatric disorders.
Archives of General Psychiatry 1978;35(4):429-431.

Lobel M. Conceptualizations, measurement, and effects of prenatal maternal
stress on birth outcomes. Journal of Behavioral Medicine 1994;17(3):225-272.
McIntosh DE, Mulkins RS, Dean RS. Utilization of maternal perinatal risk
indicators in the differential diagnosis of ADHD and UADD children.
International Journal of Neuroscience 1995;81(1-2):35-46.

Meijer A. Child psychiatric sequelae of maternal war stress. Acta Psychiatrica
Scandinavica 1985;72(6):505-511.

Oyemade UJ, Cole OJ, Johnson AA, Knight EM, Westney OE, Laryea H, Hill G,
Cannon E, Formufod A, Westney LS, Jones S, Edwards CH. Prenatal predictors
of performance on the Brazelton Neonatal Behavioral Assessment Scale. Journal
of Nutrition 1994;124(suppl 6):1000S-1005S.

Wadhwa PD. Prenatal stress and life-span development. In: Friedman HS, ed.
Encyclopedia of Mental Health. Vol. 3. San Diego, CA: Academic Press;
1998:265-280.

Goldman-Rakic PS, Brown RM. Postnatal development of monoamine content
and synthesis in the cerebral cortex of rhesus monkeys. Developmental Brain
Research 1982;4(3):339-349.

Newell-Morris L, Fahrenbruch CE. Practical and evolutionary considerations for
use of the nonhuman primate model in prenatal research. In: Watts ES, ed.
Nonhuman primate models for human growth and development. New York, NY:
A.R. Liss; 1985:9-40.

Suomi SJ, Higley JD. Rationale and methodologies for developing nonhuman
primate models of prenatal drug exposure. In: Kilby MM, Ashgar K, eds.
Methodological issues in controlled studies on effects of prenatal exposure to
drug abuse. Rockville, Md: National Instituteof Drug Abuse; 1991:291-302.
NIDA Research Monograph;, vol. 114.

Schneider ML, Coe CL, Lubach GR. Endocrine activation mimics the adverse
effects of prenatal stress on the neuromotor development of the infant primate.
Developmental Psychobiology 1992;25(6):427-439.

Williams MT, Hennessy MB, Davis HN. CRF administered to pregnant rats alters
offspring behavior and morphology. Pharmacology, Biochemistry & Behavior
1995;52(1):161-167.

Schneider ML, Moore CF. Effect of prenatal stress on development: A nonhuman
primate model. In: Nelson CA, ed. Minnesota Symposium on Child Psychology.
Vol. 31: Effects of early adversity on neurobehavioral development. Mahwah, NJ:
Lawrence Erlbaum Associates Inc; 2000:201-244.

Schneider ML. The effect of mild stress during pregnancy on birthweight and
neuromotor maturation in rhesus monkey infants (Macaca mulatta). Infant
Behavior and Development 1992;15(4):389-403.

Schneider ML, Roughton EC, Koehler AJ, Lubach GR. Growth and development
following prenatal stress exposure in primates: An examination of ontogenetic
vulnerability. Child Development 1999;70(2):263-274.

Encyclopedia on Early Childhood Development 4
©2003-2011 Centre of Excellence for Early Childhood Development
Schneider ML, Moore CF



15.

16.

17.

18.

19.

20.

21.

22.

23.

STRESS (PRENATAL AND PERINATAL)

Schneider ML, Coe CL. Repeated social stress during pregnancy impairs
neuromotor development of the primate infant. Journal of Developmental and
Behavioral Pediatrics 1993;14(2):81-87.

Clarke AS, Schneider ML. Prenatal stress has long-term effects on behavioral
responses to stress in juvenile rhesus monkeys. Developmental Psychobiology
1993;26(5):293-304.

Clarke AS, Schneider ML. Effects of prenatal stress on behavior in adolescent
rhesus monkeys. Annals of the New York Academy of Sciences 1997;807:490-491.
Schneider ML. Prenatal stress exposure alters postnatal behavioral expression
under conditions of novelty challenge in rhesus monkey infants. Developmental
Psychobiology 1992;25(7):529-540.

Schneider ML, Roughton EC, Lubach GR. Moderate alcohol consumption and
psychological stress during pregnancy induce attention and neuromotor
impairments in primate infants. Child Development 1997;68(5):747-759.
Schneider ML, Moore CF, Kraemer GW. Moderate alcohol during pregnancy:
Learning and behavior in adolescent rhesus monkeys. Alcoholism: Clinical and
Experimental Research 2001;25(9):1383-1392.

Roberts AD, De Jesus OT, Schneider ML, Schueller MJ, Shelton SE, Nickles RJ.
Dopamine system characterization of rhesus monkeys exposed to moderate dose
alcohol in utero. Society of Nuclear Medicine 46th annual Meeting, Los Angeles,
CA. Journal of Nuclear Medicine 1999;40(5):108.

Roberts AD, Moore CF, DelJesus OT, Barnhart TE, Larson JA, Mukherjee J,
Schneider ML. Prenatal stress, moderate fetal alcohol, and dopamine system
function in rhesus monkeys. Neurotoxicology and Teratology 2004;26:169-178.
Sameroff AJ. Developmental systems and psychopathology. Development and
Psychopathology 2000;12(3):297-312.

To cite this document:

Schneider ML, Moore CF. Prenatal stress and offspring development in nonhuman primates. Rev ed.
Glover V, topic ed. In: Tremblay RE, Boivin M, Peters RDeV, eds. Encyclopedia on Early Childhood
Development [online]. Montreal, Quebec: Centre of Excellence for Early Childhood Development;
2011:1-5. Available at: http://www.child-encyclopedia.com/documents/Schneider-Moore ANGxp2.pdf.
Accessed [insert date].

Copyright © 2003-2011

Encyclopedia on Early Childhood Development 5
©2003-2011 Centre of Excellence for Early Childhood Development
Schneider ML, Moore CF



http://www.child-encyclopedia.com/documents/Schneider-MooreANGxp2.pdf

	Prenatal Stress and Offspring Development in Nonhuman Primates

