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How did you get interested in researching the rela-
tionship between early stress and subsequent psychi-
atric disorder?

I became interested in stress sensitivity before I went to medi-
cal school while I was working in the pharmaceutical industry. 
At that time, we were culturing rat pituitary cells to use for 
dopamine receptor studies. I had the unpleasant job of picking 
up and handling the adult rats the day before the study. We 
thought that this handling would reduce their stress responses 
on the study day. Petting the adult rats probably did very little to 
reduce their stress response. Years later, Meaney and colleagues1 
showed that it is the vigorous licking of a rat pup by its mother 
after a brief separation, and not the human handling, that lowers 

its stress response. Maternal licking during critical early periods 
can reprogram the genes in the hippocampal-hypothalamic-
pituitary-adrenal axis to permanently lower stress reactivity and 
reduce glucocorticoid responses to stressors. 

Nonetheless, I became interested in how experiences could 
lead to later changes in stress sensitivity. I was able to incorporate 
that interest into schizophrenia research by probing the common 
idea that schizophrenia results from an interaction between a 
genetic diathesis and a “stressor.” My approach to schizophrenia 
is that it is not one single disease, but rather that it is a group of 
different disorders, and that one pathway to schizophrenia may 
involve a sensitivity to stress. For a number of years my group has 
studied the hypothesis that early life events and stress sensitiza-
tion could trigger the illness in some individuals.
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Does stress explain why identical twins do not have 
the same rates of schizophrenia?

Identical twins share their entire DNA, but if one twin 
develops schizophrenia, the other is only 50% likely to develop 
the disease. This data shows that epigenetic and environmental 
events also contribute to the risk for schizophrenia. The predis-
posing events may be considered to be the stressors. They prob-
ably include pregnancy adversities, obstetric complications, and 
certain events in childhood and adolescence. These exposures 
may change the way that genes are expressed, which may be a 
risk factor for the disease. 

Can prenatal stress lead to the development of 
schizophrenia?

Severe prenatal adversity could cause schizophrenia, even 
though the disease does not present until late adolescence or 
early adulthood. Perhaps the best known evidence for this 
is the much higher risk for schizophrenia among the Dutch 
population who were exposed to severe nutritional depriva-
tion in early pregnancy during the Dutch Famine Winter of 
1944–1945, compared to those who were not exposed to the 
famine.2 During the Nazi blockade of Holland, the geneti-
cally homogeneous Dutch population was divided because 
part of Holland was under Allied control and was well-fed, 
while the other side was starved. A very limited period of 
severe famine resulted in a doubling or even tripling of the 
risk for schizophrenia for individuals who were prenatally 
exposed. This was one of the first direct demonstrations that 
an environmental stressor occurring during early gestation 
could increase the risk for schizophrenia.

Famine is one kind of adversity, but many other fetal 
exposures are also linked to schizophrenia. These include 
maternal infections, medical conditions, maternal obesity, 
and maternal malnutrition. Pregnant women who are obese, 
starved, or have severe prenatal stress exposure all have an 
elevation of their glucocorticoids. It may be that elevated 
stress hormones are a final common pathway for schizo-
phrenia from an array of different prenatal problems. The 
stress hormones of the mother in early pregnancy can deter-
mine gestation length. If it is an adverse time for a mother 
to be pregnant, it benefits the fetus and the mother if the 
birth occurs sooner. In an effort to have the baby develop 
as quickly as possible, fewer cells may be generated in the 
fetus, resulting in perhaps fewer neurons.

The stress also can program fetal gene expression in the 
hypothalamic pituitary adrenal axis to increase life-long stress 
sensitivity. Another view of these events is that the develop-
ing fetus receives a signal from the mother that the world 

into which it will be born is likely to be adverse, and it adapts 
accordingly. For humans, having a high stress response is not 
particularly beneficial in our world where most stress is psycho-
social and it never ends. But in other mammals, and perhaps at 
other times in human evolution, if an offspring was born into a 
dangerous world, increased stress sensitivity might enhance its 
ability to survive. For contemporary humans, that stress sensi-
tivity also increases the risk for cardiovascular disease, diabetes, 
hypertension, and abdominal obesity. While we see these as 
signs of disease risk, those same physiologic adaptations may 
have helped early humans survive a time of famine, adversity, 
predation, or other hardships.

What are the effects of chronic stress exposure on 
a fetus?

This is an important question. Sadly, there are high levels of 
chronic stress in many parts of the world, yet we know little 
about which offspring are susceptible to stress effects or how 
to protect them. My colleagues and I have been studying the 
effects of the 1967 Six Day War in Israel. We are examining 
data collected on 100,000 pregnancies in Jerusalem between 
1966–1974. At that time, Israel was a young nation trying 
to understand its health needs. Information was collected in 
early pregnancy and ratings were done of each baby’s health 
at delivery and during the first few years of life.3 Many years 
later, without revealing any individual identifying information, 
researchers in the Ministry of Health linked the birth cohort to 
the psychiatric registry. The results for the Six Day War showed 
a very strong risk for schizophrenia for offspring who were 
exposed to the war stress in the first trimester. The risk was up 
to four times as high for female babies, and was dramatically 
increased for babies of mothers who lived in the areas that 
received direct shelling.4

The Six Day War data is so interesting because there was 
no accompanying malnutrition or illness, so the stress was 
predominantly psychosocial. It was also time limited, so that 
we could look at the effects based on gestational age. It is 
important to note that the first trimester of pregnancy is a time 
when most women are not even aware that they are pregnant. 
One important health question is to determine the implica-
tions of lesser amounts of stress on the health of offspring. 
Schizophrenia may be one extreme end. However, what prob-
ably happens far more commonly is the effects of prenatal stress 
on those who do not have schizophrenia vulnerability genes. 
The prenatal stress exposure increases one’s sensitivity to stress 
and that may or may not lead to the development of a psychi-
atric disease, depending upon the environment that someone 
is exposed to during his or her lifetime.
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Were studies conducted on rates of schizophrenia among 
children who were in utero during September 2001?

It is far too soon to answer this question, since the disease 
does not have its onset until late adolescence or early adulthood. 
However, there are ongoing studies. It has already been found 
that pregnant women who lived near the World Trade Center 
in the month after September 11 were more likely to have low 
birth weight babies and to have had shorter pregnancies.5 Some 
of the hallmarks of fetal adversity are a slightly smaller birth 
weight and being a few weeks early—that is, a pre-term birth, 
not babies that are commonly considered to be premature. The 
study is important, especially at this time in history when there 
is exposure to so much news of trauma. It may be that the world 
is more chaotic and dangerous now, but also because of news and 
communication we do not have periods of time where a culture 
may have many decades of apparent stability.

Previously, populations may have had at least a few genera-
tions that were uninterrupted by natural disasters or war. The 
stress effects on a developing fetus probably occur through 
epigenetic mechanisms like methylation, which change gene 
expression without changing their sequences. Methylation 
patterns set during fetal development can last for the life of 
the human, but some epigenetic changes that arise because of 
an adverse pregnancy can also persist for a few generations. 
Thus, the grandchild of someone who had been exposed to 
severe prenatal stress can have a low birth weight, even if their 
intrauterine environment was favorable.

Were there any false starts in your research? 
In light of the fact that schizophrenia often follows a 

stressor, my colleague Cheryl Corcoran, MD, and I hypoth-
esized that an excess of severe life stress might be related to 
symptoms in individuals with prodromal psychosis. These 
patients are 12–25 years of age and have signs of deteriora-
tion in function and a family history of schizophrenia, or they 
have transient positive symptoms and impaired functioning. 
We did not find that the patients had more stresses than 
other teenagers, but rather that they had an increase in their 
sensitivity to the stresses.6 Even mundane things can cause a 
problem in someone who copes poorly. So it may not be the 
amount of stressors for some people, but rather their sensitiv-
ity to that stress that affects their neural functioning. 

What is the most irrefutable finding that you and your 
colleagues have made?

The most irrefutable finding is our demonstration that a 
father’s age is a major risk factor for schizophrenia. We were 
the first group to show that schizophrenia is linearly related to 

paternal age and that the risk is tripled for the offspring of the 
oldest groups of fathers.7 This finding has been born out in every 
single cohort study that has looked at paternal age and the risk for 
schizophrenia. The only other finding that has been as consistent-
ly replicated in schizophrenia research is that there is an increased 
risk associated with a family history of schizophrenia. Since only 
10% to 15% of schizophrenia cases have a family history, family 
history does not explain much of the population risk for schizo-
phrenia. However, we think that approximately one third or one 
quarter of all schizophrenia cases may be attributable to paternal 
age. Paternal age is the major source of de novo genetic diseases in 
the human population, which was first described by Penrose8 in 
the 1950s. He hypothesized that this was due to copy errors that 
arose in the male germ line over the many cycles of sperm cell rep-
lications. These mutations accumulate as paternal age advances. 
After the Penrose report, medical researchers identified scores of 
sporadic diseases in the offspring of older fathers, suggesting that 
these could occur from gene mutations. Particular attention was 
paid to conditions in last-born children. In the 1960s, an excess of 
schizophrenia in last-born children was also reported. However, 
rather than entertaining the main medical hypothesis being 
explored at that time, the finding of more schizophrenia in later-
born children nourished the idea that schizophrenia could be 
caused by an unavailable mother, soon to be called a schizopheni-
genic mother, rather than showing its genetic nature. This percep-
tion was a result of the unfortunate idea that psychiatric disorders 
did not have the same types of biologic underpinnings as other 
chronic diseases prevalent in the United States from the 1940s 
through the 1970s. Another rationale for those ideas, which I do 
not fault, was that if schizophrenia was caused by dysfunctional 
families, perhaps it could be cured with good treatment. Genetic 
conditions were seen as being too hopeless and off limits in the 
years following the Nazi genocide. 

What kinds of intervention are useful? 
It appears that biologically intervening early and effectively 

might improve the course and long-term outcome of schizophre-
nia. This approach is common in the treatment of cardiovascular 
diseases, where intervening to lower lipids; treat hypertension; 
and modify weight, smoking, and lifestyle behaviors is clearly 
linked to a better outcome. Perhaps depression and schizophre-
nia need to be considered similarly, with an understanding that 
with thorough treatment and early interventions we may really 
improve people’s long-term outcomes.

In my opinion, the field has not demonstrated that using 
antipsychotic medications in people who are not yet psychotic 
improves their outcome. However, it is clearly a good idea to 
thoroughly treat psychosis with medication when it is present. 
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My colleagues and I are also looking at cannabis as a trigger 
of psychosis. Hopefully we can better understand what moves 
someone from simply being vulnerable to actually having psy-
chosis. Then we might be able to offer some lifestyle changes 
and other interventions that can benefit individuals at risk for 
psychosis, rather than using potent antipsychotic medications.

Aside from adversity, is there evidence that changes 
in the status quo can cause stress?

There are physical and psychologic sequelae, costs, or reper-
cussions involved in the adaptation to significant stress, which 
McEwen9 called the allostatic load of stress. However, changes 
in the status quo are not necessarily damaging to us. Healthy 
humans seek out novelty and challenges. Perhaps we need to 
distinguish between the usual stress of change and stimulation in 
our lives, and stimuli that is perceived to be threatening.

For a while, there was a diminished interest in the role of stress 
in human psychiatric diseases, since stress was considered to be 
too ubiquitous to explain these conditions. Now, we understand 
that the programming of the stress response system and expo-

sures to stressors can interact with other disease risk factors. I 
recall a grant critique not that many years ago that commented 
to me that looking at a role for stress in explaining some of the 
deterioration of schizophrenia was old fashioned. We had lost 
our way for a while by thinking that stress is so common that it 
could not possibly be linked to human psychiatric disorders. PP
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