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Ta-Nehisi Coates, in his Atlantic article “The Case for 
Reparations,”1 describes the systematic persecution of 

blacks in the US not only by white racists, but also through 
ensconced governmental law. He makes the case for the 
necessity of passing HR 40 to begin discussion of reparations 
and the moral and legal deprivations that white America has 
foisted on blacks for several centuries and that continue to 
this day.

What Coates does not deal with are the underlying 
neurobiological consequences of these stressful experiences. 
New data indicate that environmentally based stressful life 
events can induce the placement of chemical groups on one’s 
genetic material that have lifelong effects and that can even 
be transferred across generations. The changes are called 
epigenetic because they do not affect the DNA sequences 
that encode genes conveying genetic inheritance of traits, 
but only affect how easily genes are turned on or off during 
development and throughout one’s life. Life stressors cause 
the chemical groups (most often a methyl or acetyl group) 
to be placed on one’s DNA and histones (around which 
DNA is wrapped) and change micro-RNA (mediating DNA 
messages to alter protein synthesis).2–5

Environmentally induced biochemical and behavioral 
alterations based on epigenetic changes are revealed in 
animal studies by those induced by early life adversity6–8 and 
in the defeat-stress paradigm.7–9 If a small adult mouse is 
repeatedly (for 10 days) threatened by a larger mouse that is 
defending his home cage, the little intruder mouse develops 
depressive-like behaviors. These changes are associated with 
decreases in brain-derived neurotrophic factor (BDNF) in 
the hippocampus and increases in BDNF in the reward area 
of brain called the nucleus accumbens.9,10 Prevention of 
these epigenetic changes ameliorates or prevents the stress-
induced behaviors.

The behavioral changes associated with defeat stress are 
also influenced by the secretion of the inflammatory cytokine 
interleukin 6 (IL-6) by monocytes in the bone marrow and 
subsequently tumor necrosis factor α (TNF-α) and IL-1β 

in brain.11 Of note, the inflammatory markers IL-1β, IL-6, 
and TNF-α are often elevated in the blood of depressed and/
or traumatized patients. Remarkably, if the IL-6 effects are 
blocked, the defeated animals do not show the depressive-
like behavior. It is also noteworthy that other animals merely 
witnessing an animal undergoing the stressful experiences 
will also manifest defeat stress depressive-like behavior.12 
These preclinical observations in rodents are congruent with 
data in people indicating that witnessing traumatic events 
happening to others can be sufficient to induce posttraumatic 
stress disorder (PTSD).

Recently, it has been shown that some epigenetic effects 
based on adult experiences can be transferred across 
generations even in the absence of behavioral contact with 
the offspring.13–17 This occurs because some epigenetic 
marks on DNA, histones, and micro-RNA can be preserved 
and passed to the next generation via the germline (sperm 
and probably also oocytes).

For example, the offspring of Holocaust survivors have 
altered biochemistry and behavior.18 The offspring of women 
exposed to the Dutch famine of 1944–1945 were smaller 
at birth and were more susceptible to diabetes, obesity, 
cardiovascular disease, and other health problems later in 
life.19 The grandchildren in the next generation were also 
unusually smaller at birth or more prone to diabetes and 
obesity. Remarkably, 6 decades later, scientists found persistent 
epigenetic changes (less DNA methylation) increasing the 
production of insulin-like growth factor 2 (IGF-2) from 
lineages exposed compared to those nonexposed to the 
Dutch famine.18 IGF-2 is associated with obesity and could 
be a mechanism of the persistent vulnerability to obesity in 
the hunger-exposed lineages. Similarly, a mother’s history of 
maltreatment in her own childhood is also associated with 
increases in obesity in her offspring, although in this instance 
it is likely based on changes in utero.20

Taken together, these data in animals and humans 
suggest that the stressors and violence toward the fathers, 
mothers, and children of black families, experienced 
directly or witnessed, can leave epigenetic marks on one’s 
genetic material and affect stress reactivity, biochemistry, 
and behavior, in some instances extending across multiple 
generations.5,21 The experience of a woman raped or a man 
tortured can biochemically and psychically scar not only that 
person and family, but future generations as well.

These epigenetic effects potentially recurring across 
generations are not immutable and can be influenced 
further by other environmental manipulations. For example, 
if a stressed animal (conditioned to a smell and a shock) 
is later given a favorable (therapeutic) environmental 
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experience—that is, living in an enriched environment—
the offspring no longer show the increased reactivity to that 
smell.15,22 The message is that epigenetic marks can be long 
lasting, but are not necessarily permanent or immutable.

The effects of early stress in humans can be remarkably 
broad. Adults seen in a general medical practice who have 
experienced adversity in childhood are prone to develop a 
vast array of medical and psychiatric illnesses.23 The medical 
ones include diabetes, asthma, autoimmune diseases, obesity, 
and cardiovascular diseases (stroke and heart attacks). The 
psychiatric ones include depression and suicide, among 
many others. In studies in an international bipolar network, 
we found that patients with bipolar disorder in the US had 
more stressors (verbal/emotional, physical, and sexual 
abuse) in childhood than those in the Netherlands and 
Germany.24,25 The history of stressors in childhood was 
associated with an earlier onset to their bipolar disorder 
and a more adverse course of illness, as well as a higher 
incidence of more than 11 medical conditions.24,26 Not 
only were the adult patients from the US sicker and had 
more psychiatric disorders and comorbidities,25 so did their 
offspring.27 Most noteworthy is that the adult patients in the 
US who had experienced only verbal/emotional abuse (and 
not physical or sexual abuse) still had an early onset and 
more severe course of illness.28 These data are consistent 
with a large literature showing that even bullying and other 
forms of verbal abuse can have profound effects not only on 
behavior but also on brain function and structure. Acts of 
discrimination would fall under this rubric as well. Thus, not 
only socioeconomic status, but also the experience of taunts, 
threats, and discrimination itself can have profound effects 
on behavior and brain development and structure.

Along with our findings that patients with bipolar 
disorder from the US experience more stress than those 
from Europe and have more medical comorbidities related to 
these stressors, Banks et al29 reported that older white males 
(equated for socioeconomic status [SES], health care access, 
smoking, weight, and other factors) from the US had more 
medical illnesses of almost every sort than those from Great 
Britain. Banks et al29 concluded that white “Americans were 
sicker than the British.” Blacks are even more disadvantaged 
and are even more prone to an array of medical illnesses than 
white Americans.30

Blacks in the US have almost every medical-
related disadvantage that one could imagine. They are 
overrepresented in the categories of low SES; living in 
areas at risk for direct or indirect exposure to violence and 
environmental contaminants; and having high rates of 
hypertension, diabetes, obesity, heart disease, and asthma, 
which put them at increased risk of early demise not only 
from these illnesses but also now from COVID-19. The 
higher incidence of all of these illnesses is compounded by 
the poorer treatment of blacks compared to whites.30 Four 
centuries of discrimination against black individuals have 
not only deprived them of economic and social well-being 
but also fostered an interlocking set of medical factors that 
affect their risk of illness and their life expectancy. People 

who have experienced adversity in childhood have been 
found to have more epigenetic marks in their brain studied 
on autopsy and also on the DNA in their white cells, and 
one would postulate that blacks (matched for SES and other 
factors) would have even more of these epigenetic marks 
than whites.18,31–34

These same adversities of stress and depression can also 
affect the length of telomeres (which are the ends of each 
strand of DNA). Their shortening with each cell replication 
is associated with an increased risk of numerous medical 
and psychiatric illnesses and is a general index of aging.35 
Stressors and episodes of depression are associated with 
premature shortening of telomeres, while good life choices 
such as a good diet, exercise, meditation, and mindfulness 
are associated with maintenance of longer telomeres.36 
In multiple studies, shorter telomeres have been seen in 
blacks suffering racial discrimination,37 and this set of 
environmentally induced epigenetic changes in telomere 
length is quite likely another cause of the increased 
vulnerability to the multiple medical and psychiatric illnesses 
from which blacks suffer.

At the moment, we do not know how to reverse these 
epigenetic marks derived from adverse environmental 
experiences, but preventing them in the first place is within 
our grasp. Positive environmental experiences, akin to living 
in an enriched environment in the laboratory studies, have the 
possibility of removing or preventing the transgenerational 
transmission of some of the adverse epigenetic marks.22 
Later treatment of defeat-stressed animals with the anti-
inflammatory antibiotic minocycline may reverse some 
stress-induced behaviors,38 and this remains to be studied 
in humans. The widely used anticonvulsant valproate, which 
has epigenetic effects as a histone deacetylase inhibitor, can 
reopen critical periods of synaptic plasticity, rendering the 
possibility of allowing new input in adulthood to reverse 
some effects of earlier experience.39–41 A host of drugs 
that have direct effects on epigenetic alterations on DNA 
and histones are currently being used in cancer therapies 
in humans,42 and one can hope that some of these drugs 
and others will be able to be applied to reversing some of 
the effects of environmental adversity on neuropsychiatric 
illnesses in the future. On the level of modifying the effects 
of traumatic memories in PTSD, neuropsychological 
interventions alone, such as extinction therapy in the 
re-consolidation window (which opens up to 1 hour after the 
active recall of emotional memories), also have been shown 
to revise traumatic memories and their neural engrams in 
brain.43

We do not know whether the calls by Ta-Nehisi Coates 
and many others for reparations for the past discrimination 
against blacks will bear fruit. However, we think knowledge 
about the neurobiological and behavioral catastrophe 
emanating from and through the history of the black 
experience in the US may add emphasis to the discussion. 
The disparities and the excesses in COVID-19 infections, 
hospitalizations, and deaths in blacks compared to whites 
in the US further crystallize and reveal the magnitude and 
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complexity of the problem. Reparations will not be sufficient 
to reverse epigenetic marks persisting across generations 
and the associated wide range of medical illnesses and 
psychological disadvantages, but the recognition of the 
interacting and persisting epigenetic assaults to the brain 
and body wrecked by the history of systematic violence 
and injustice may place a new light on the justification for 
reparative action.

In the meantime, some progress could be achieved by 
ensuring universal access to good medical and psychiatric 
care so that the profound disparities in health could begin 
to be addressed in a comprehensive fashion. The multiple 
and interlocking medical problems of an excess of diabetes, 
hypertension, obesity, kidney, lung, and cardiovascular 
disease yielding heart attacks and strokes and a premature 

loss of life expectancy in blacks will require special attention 
and new programs that can begin to treat and ultimately 
prevent this environmentally induced medical disadvantage. 
Addressing and breaking the transgenerational cycle of 
medical illnesses needs to involve both adults and children 
in the current generation.44

While the needed medical and public health interventions 
may not occur in the near future, personal actions can be 
taken and encouraged.35,36 It is remarkable that merely 
adopting positive lifestyle practices is associated with 
increases in the length of one’s telomeres. Treating and 
preventing depression, minimizing stressors, and engaging 
in exercise, good diet, meditation, mindfulness, and the 
practice of loving kindness also may have advantages for 
all of us.

Published online: April 20, 2021.
Potential conflicts of interest: None.
Funding/support: There was no external funding 
for this work.

REFERENCES

 1. Coates T-N. The case for reparations. Atlantic. 
June 2014. https://www.theatlantic.com/
magazine/archive/2014/06/
the-case-for-reparations/361631/

 2. Franklin TB, Russig H, Weiss IC, et al. Epigenetic 
transmission of the impact of early stress 
across generations. Biol Psychiatry. 
2010;68(5):408–415. PubMed CrossRef

 3. Dietz DM, Laplant Q, Watts EL, et al. Paternal 
transmission of stress-induced pathologies. 
Biol Psychiatry. 2011;70(5):408–414. PubMed CrossRef

 4. McGowan PO, Roth TL. Epigenetic pathways 
through which experiences become linked 
with biology. Dev Psychopathol. 
2015;27(2):637–648. PubMed CrossRef

 5. Post RM. Epigenetic basis of sensitization to 
stress, affective episodes, and stimulants: 
implications for illness progression and 
prevention. Bipolar Disord. 2016;18(4):315–324. PubMed CrossRef

 6. Roth TL, Lubin FD, Funk AJ, et al. Lasting 
epigenetic influence of early-life adversity on 
the BDNF gene. Biol Psychiatry. 
2009;65(9):760–769. PubMed CrossRef

 7. Meaney MJ. Mother nurture and the social 
definition of neurodevelopment. Proc Natl 
Acad Sci U S A. 2016;113(22):6094–6096. PubMed CrossRef

 8. McGowan PO, Suderman M, Sasaki A, et al. 
Broad epigenetic signature of maternal care in 
the brain of adult rats. PLoS One. 
2011;6(2):e14739. PubMed CrossRef

 9. Tsankova NM, Berton O, Renthal W, et al. 
Sustained hippocampal chromatin regulation 
in a mouse model of depression and 
antidepressant action. Nat Neurosci. 
2006;9(4):519–525. PubMed CrossRef

10. Berton O, McClung CA, Dileone RJ, et al. 
Essential role of BDNF in the mesolimbic 
dopamine pathway in social defeat stress. 
Science. 2006;311(5762):864–868. PubMed CrossRef

11. Hodes GE, Ménard C, Russo SJ. Integrating 
interleukin-6 into depression diagnosis and 
treatment. Neurobiol Stress. 2016;29(4):15–22. PubMed CrossRef

12. Sial OK, Warren BL, Alcantara LF, et al. Vicarious 
social defeat stress: bridging the gap between 
physical and emotional stress. J Neurosci 
Methods. 2016;258:94–103. PubMed CrossRef

13. Bale TL. Lifetime stress experience: 
transgenerational epigenetics and germ cell 
programming. Dialogues Clin Neurosci. 

2014;16(3):297–305. PubMed CrossRef
14. Bale TL. Epigenetic and transgenerational 

reprogramming of brain development. Nat Rev 
Neurosci. 2015;16(6):332–344. PubMed CrossRef

15. Dias BG, Ressler KJ. Parental olfactory 
experience influences behavior and neural 
structure in subsequent generations. Nat 
Neurosci. 2014;17(1):89–96. PubMed CrossRef

16. Szutorisz H, DiNieri JA, Sweet E, et al. Parental 
THC exposure leads to compulsive heroin-
seeking and altered striatal synaptic plasticity 
in the subsequent generation. 
Neuropsychopharmacology. 
2014;39(6):1315–1323. PubMed CrossRef

17. Byrnes JJ, Johnson NL, Schenk ME, et al. 
Cannabinoid exposure in adolescent female 
rats induces transgenerational effects on 
morphine conditioned place preference in 
male offspring. J Psychopharmacol. 
2012;26(10):1348–1354. PubMed CrossRef

18. Yehuda R, Daskalakis NP, Lehrner A, et al. 
Influences of maternal and paternal PTSD on 
epigenetic regulation of the glucocorticoid 
receptor gene in Holocaust survivor offspring. 
Am J Psychiatry. 2014;171(8):872–880. PubMed CrossRef

19. Heijmans BT, Tobi EW, Stein AD, et al. Persistent 
epigenetic differences associated with 
prenatal exposure to famine in humans. Proc 
Natl Acad Sci U S A. 2008;105(44):17046–17049. PubMed CrossRef

20. Leonard SA, Petito LC, Rehkopf DH, et al. 
Maternal history of child abuse and obesity risk 
in offspring: mediation by weight in 
pregnancy. Child Obes. 2017;13(4):259–266. PubMed CrossRef

21. Post RM. The neurochemistry and epigenetics 
of PTSD: implications for therapeutics. In: 
Stoddard FJ, Benedek DM, Mohammed RM, et 
al, eds. Trauma and Stressor-Related Disorders. 
New York, NY: Oxford University Press; 
2018:161–176.

22. Gapp K, Bohacek J, Grossmann J, et al. Potential 
of environmental enrichment to prevent 
transgenerational effects of paternal trauma. 
Neuropsychopharmacology. 
2016;41(11):2749–2758. PubMed CrossRef

23. Shonkoff JP, Garner AS; Committee on 
Psychosocial Aspects of Child and Family 
Health; Committee on Early Childhood, 
Adoption, and Dependent Care; Section on 
Developmental and Behavioral Pediatrics. The 
lifelong effects of early childhood adversity 
and toxic stress. Pediatrics. 2012;129(1):e232–
e246. PubMed CrossRef

24. Post RM, Altshuler LL, Leverich GS, et al. Role of 
childhood adversity in the development of 
medical co-morbidities associated with bipolar 
disorder. J Affect Disord. 2013;147(1-3):288–294. PubMed CrossRef

25. Post RM, Altshuler LL, Kupka R, et al. More 

childhood onset bipolar disorder in the United 
States than Canada or Europe: implications for 
treatment and prevention. Neurosci Biobehav 
Rev. 2017;74(Pt A):204–213. PubMed CrossRef

26. Post RM, Altshuler LL, Leverich GS, et al. More 
medical comorbidities in patients with bipolar 
disorder from the United States than from the 
Netherlands and Germany. J Nerv Ment Dis. 
2014;202(4):265–270. PubMed CrossRef

27. Post RM, Altshuler LL, Kupka R, et al. More 
illness in offspring of bipolar patients from the 
US compared to Europe. J Affect Disord. 
2016;191:180–186. PubMed CrossRef

28. Post RM, Altshuler LL, Kupka R, et al. Verbal 
abuse, like physical and sexual abuse, in 
childhood is associated with an earlier onset 
and more difficult course of bipolar disorder. 
Bipolar Disord. 2015;17(3):323–330. PubMed CrossRef

29. Banks J, Marmot M, Oldfield Z, et al. Disease 
and disadvantage in the United States and in 
England. JAMA. 2006;295(17):2037–2045. PubMed CrossRef

30. Geiger JH. Racial and ethnic disparities in 
diagnosis and treatment: a review of the 
evidence and a consideration of causes. In: 
Unequal Treatment: Confronting Racial and 
Ethnic Disparities in Health Care. Washington, 
DC: The National Academies Press; 2003.

31. McGowan PO, Sasaki A, D’Alessio AC, et al. 
Epigenetic regulation of the glucocorticoid 
receptor in human brain associates with 
childhood abuse. Nat Neurosci. 
2009;12(3):342–348. PubMed CrossRef

32. Suderman M, McGowan PO, Sasaki A, et al. 
Conserved epigenetic sensitivity to early life 
experience in the rat and human 
hippocampus. Proc Natl Acad Sci U S A. 
2012;109(suppl 2):17266–17272. PubMed CrossRef

33. Labonté B, Suderman M, Maussion G, et al. 
Genome-wide methylation changes in the 
brains of suicide completers. Am J Psychiatry. 
2013;170(5):511–520. PubMed CrossRef

34. Mehta D, Klengel T, Conneely KN, et al. 
Childhood maltreatment is associated with 
distinct genomic and epigenetic profiles in 
posttraumatic stress disorder. Proc Natl Acad 
Sci U S A. 2013;110(20):8302–8307. PubMed CrossRef

35. Epel ES, Blackburn EH, Lin J, et al. Accelerated 
telomere shortening in response to life stress. 
Proc Natl Acad Sci U S A. 
2004;101(49):17312–17315. PubMed CrossRef

36. Blackburn E, Epel E. The Telomere Effect: A 
Revolutionary Approach to Living Younger, 
Healthier, Longer. New York, NY: Grand Central 
Publishing; 2017.

37. Chae DH, Wang Y, Martz CD, et al. Racial 
discrimination and telomere shortening 
among African Americans: the Coronary Artery 

https://www.theatlantic.com/magazine/archive/2014/06/the-case-for-reparations/361631/
https://www.theatlantic.com/magazine/archive/2014/06/the-case-for-reparations/361631/
https://www.theatlantic.com/magazine/archive/2014/06/the-case-for-reparations/361631/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20673872&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2010.05.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21679926&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2011.05.005
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25997776&dopt=Abstract
https://doi.org/10.1017/S0954579415000206
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27346321&dopt=Abstract
https://doi.org/10.1111/bdi.12401
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19150054&dopt=Abstract
https://doi.org/10.1016/j.biopsych.2008.11.028
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27217578&dopt=Abstract
https://doi.org/10.1073/pnas.1605859113
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21386994&dopt=Abstract
https://doi.org/10.1371/journal.pone.0014739
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16501568&dopt=Abstract
https://doi.org/10.1038/nn1659
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16469931&dopt=Abstract
https://doi.org/10.1126/science.1120972
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27981186&dopt=Abstract
https://doi.org/10.1016/j.ynstr.2016.03.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26545443&dopt=Abstract
https://doi.org/10.1016/j.jneumeth.2015.10.012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25364281&dopt=Abstract
https://doi.org/10.31887/DCNS.2014.16.3/tbale
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25921815&dopt=Abstract
https://doi.org/10.1038/nrn3818
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24292232&dopt=Abstract
https://doi.org/10.1038/nn.3594
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24385132&dopt=Abstract
https://doi.org/10.1038/npp.2013.352
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22516667&dopt=Abstract
https://doi.org/10.1177/0269881112443745
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24832930&dopt=Abstract
https://doi.org/10.1176/appi.ajp.2014.13121571
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18955703&dopt=Abstract
https://doi.org/10.1073/pnas.0806560105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28440693&dopt=Abstract
https://doi.org/10.1089/chi.2017.0019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27277118&dopt=Abstract
https://doi.org/10.1038/npp.2016.87
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22201156&dopt=Abstract
https://doi.org/10.1542/peds.2011-2663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23337654&dopt=Abstract
https://doi.org/10.1016/j.jad.2012.11.020
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28119069&dopt=Abstract
https://doi.org/10.1016/j.neubiorev.2017.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24647213&dopt=Abstract
https://doi.org/10.1097/NMD.0000000000000116
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26655863&dopt=Abstract
https://doi.org/10.1016/j.jad.2015.11.038
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25307301&dopt=Abstract
https://doi.org/10.1111/bdi.12268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16670412&dopt=Abstract
https://doi.org/10.1001/jama.295.17.2037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19234457&dopt=Abstract
https://doi.org/10.1038/nn.2270
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23045659&dopt=Abstract
https://doi.org/10.1073/pnas.1121260109
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23511308&dopt=Abstract
https://doi.org/10.1176/appi.ajp.2012.12050627
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23630272&dopt=Abstract
https://doi.org/10.1073/pnas.1217750110
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15574496&dopt=Abstract
https://doi.org/10.1073/pnas.0407162101


Yo
u 

ar
e 

pr
oh

ib
it

ed
 fr

om
 m

ak
in

g 
th

is
 P

D
F 

pu
bl

ic
ly

 a
va

ila
bl

e.

For reprints or permissions, contact permissions@psychiatrist.com. ♦ © 2021 Copyright Physicians Postgraduate Press, Inc.

It is illegal to post this copyrighted PDF on any website.

e4     J Clin Psychiatry 82:3, May/June 2021

Robert M. Post 

Risk Development in Young Adults (CARDIA) 
Study. Health Psychol. 2020;39(3):209–219. PubMed CrossRef

38. Wang W, Wang R, Xu J, et al. Minocycline 
attenuates stress-induced behavioral changes 
via its anti-inflammatory effects in an animal 
model of post-traumatic stress disorder. Front 
Psychiatry. 2018;9:558. PubMed CrossRef

39. Hensch TK, Bilimoria PM. Re-opening windows: 
manipulating critical periods for brain 
development. Cerebrum. 2012;2012:11. PubMed

40. Gomes FV, Zhu X, Grace AA. The 
pathophysiological impact of stress on the 
dopamine system is dependent on the state of 
the critical period of vulnerability. Mol 
Psychiatry. 2020;25(12):3278–3291. PubMed CrossRef

41. Gomes FV, Zhu X, Grace AA. Stress during 
critical periods of development and risk for 
schizophrenia. Schizophr Res. 2019;213:107–113. PubMed CrossRef

42. Song S-H, Han S-W, Bang Y-J. Epigenetic-based 
therapies in cancer: progress to date. Drugs. 

2011;71(18):2391–2403. PubMed CrossRef
43. Post RM, Kegan R. Prevention of recurrent 

affective episodes using extinction training in 
the reconsolidation window: a testable 
psychotherapeutic strategy. Psychiatry Res. 
2017;249:327–336. PubMed CrossRef

44. Post RM, Goldstein BI, Birmaher B, et al. Toward 
prevention of bipolar disorder in at-risk 
children: potential strategies ahead of the 
data. J Affect Disord. 2020;272:508–520. PubMed CrossRef

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31928029&dopt=Abstract
https://doi.org/10.1037/hea0000832
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30459654&dopt=Abstract
https://doi.org/10.3389/fpsyt.2018.00558
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23447797&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31488866&dopt=Abstract
https://doi.org/10.1038/s41380-019-0514-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30711313&dopt=Abstract
https://doi.org/10.1016/j.schres.2019.01.030
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22141383&dopt=Abstract
https://doi.org/10.2165/11596690-000000000-00000
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28152467&dopt=Abstract
https://doi.org/10.1016/j.psychres.2017.01.034
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32553395&dopt=Abstract
https://doi.org/10.1016/j.jad.2020.03.025

