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Abstract The Developmental Origins of Health and

Disease and the related science of epigenetics redefines the

meaning of what constitutes upstream approaches to sig-

nificant social and public health problems. An increasingly

frequent concept being expressed is ‘‘When it comes to

your health, your zip code may be more important than

your genetic code’’. Epigenetics explains how the envi-

ronment—our zip code—literally gets under our skin,

creates biological changes that increase our vulnerability

for disease, and even children’s prospects for social suc-

cess, over their life course and into future generations. This

science requires us to rethink where disease comes from

and the best way to promote health. It identifies the most

fundamental social equity issue in our society: that initial

social and biological disadvantage, established even prior

to birth, and linked to the social experience of prior gen-

erations, is made worse by adverse environments

throughout the life course. But at the same time, it provides

hope because it tells us that a concerted focus on using

public policy to improve our social, physical, and eco-

nomic environments can ultimately change our biology and

the trajectory of health and social success into future

generations.
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Significance

What is already known? Vulnerability for chronic and other

diseases, physical and mental, is ‘‘programmed’’ into

human biology much earlier than we thought–preconcep-

tion through the first 1000 days to about age two. Nutrition

is critical, and we now know that impacts of intergenera-

tional disease-generating ‘‘toxic’’ stress caused by inter-

locking systems of oppression that lead to institutional

racism, financial deprivation, and lack of opportunity and

limited access to resources resulting in disadvantaged

position in society must also be addressed.

What this study adds? This paper provides a framework

for starting to translate the science into public health pro-

gram and policy.

The field of public health is rooted in a powerful upstream–

downstream metaphor. The story is that public health

workers are so busy downstream trying to pull increasing

numbers of drowning people out of the river that they do

not have time to go upstream and see what is causing so

many people to fall in [1]. Downstream activities will help

some but will never be sufficient to significantly reduce the

problem as more and more people will continue to fall in
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upstream. The mission of public health is prevention and

this means working upstream ‘‘to fulfill society’s interest in

assuring conditions in which people can be healthy [2].’’

Newly emerging research on the developmental origins of

health disease (DOHaD) and the related epigenetic process

highlights the urgency of going upstream and challenges us

to rethink the very nature of what we mean by upstream

thinking. The idea of ‘‘assuring conditions’’ is a radical

concept that requires an equity lens that can incorporate a

fairness or social justice approach to public health [3–5].

The purpose of this commentary is to stimulate thinking

about how DOHaD, epigenetics, and equity might be

integrated as a basis for a renewed commitment to move

upstream to better confront root causes of vexing public

health and social problems.

Here are some general definitions to begin to move the

discussion.

Developmental origins of health and disease is a body of

research that has shown that the risk of chronic diseases

such as type 2 diabetes, stroke, heart disease and even some

cancers is determined by environmental conditions before

pregnancy through the first 1000 days following concep-

tion up to about age two [6–16]. Risk for compromised

cognitive function and significant mental health issues is

also established in that time period [17–21].

Second, epigenetics is the process by which our genes

respond to environmental cues [22–27]. These responses

can influence how our genes are programmed to regulate

biological functions. ‘Epi’ refers to being above the usual

regulation of the genes. The genetic code does not change in

response to the environment, but the biological switches

that turn those genes on and off do. These altered regulatory

commands can be passed from parent to child so that altered

gene expression patterns that affect one’s health all the way

into adulthood can be passed generation to generation.

Third, health equity seeks to reduce group differences in

health outcomes that are unjust, predictable, and pre-

ventable [28, 29]. Developmental origins is the ultimate

social and health equity lens because it helps us understand

how life history, sociology and biology combine to create

lifelong prospects for health and social success at the ear-

liest stages [30, 31].

The public health field is grounded in an ethical frame-

work of social justice [3]—the idea that social inequality

follows from the adverse impact of privilege, power, and

exclusion that are powerfully linked to health inequity. The

collective policy decisions we make as a community deter-

mine the distribution of risks and benefits, obstacles and

opportunities, disease and health among our members. And,

the public policies we debate and implement today will

determine the public health problems we face tomorrow.

Robert Wood Johnson Foundation senior vice president

James Marks, commenting on the publication of the

Foundation’s Commission to Build a Healthier America

concluded ‘‘When it comes to your health, your zip code

may be more important than your genetic code [32].’’

Epigenetics helps explain how the environment, our zip

code, literally gets under our skin, creates biological

changes that increase our vulnerability for disease, and

even our children’s prospects for social success over their

life course and into future generations. This science

requires us to rethink where disease comes from and the

best way to promote health. It identifies the most funda-

mental social equity issue in our society: that initial social

and biological disadvantage, established prior to birth, and

even linked to the social experience of previous genera-

tions, is made worse by adverse environments throughout

the life course [17]. But at the same time, it provides hope

because it tells us that a concerted focus on improving our

environments can ultimately change our biology and the

trajectory of disease into future generations.

The idea of developmental origins was generated in the

late 1980s by David Barker, an English physician and

epidemiologist, who published the hypothesis that the risk

for heart disease and other chronic diseases originated in

the earliest developmental stages and not later in life [6–8,

33]. Barker’s data, and subsequent additional data from

around the world, found that chronic diseases such as

diabetes, hypertension, stroke, and heart disease were

programmed into our systems as a result of social stress

and nutritional deficiency during the critical developmental

period of pre pregnancy up to about age two. Poor nutri-

tion, associated with disadvantaged living conditions, slo-

wed fetal growth and forced developmental tradeoffs that

harmed longer-term health. Low birth weight alone pre-

dicted a substantial increased risk of chronic diseases like

type two diabetes and heart disease later in life.

The Barker Hypothesis inspired substantial new scien-

tific investigation on the origins of disease. As a result of

this and related research we now understand [9, 11, 14, 34,

35]:

• The First Thousand Days from conception to about age

two is the most critical and sensitive time for devel-

opment. During this period of time, more than any

other, the body is highly sensitive to the levels of

nutrition and stress. The risk for chronic diseases is

programmed into the function of key organs, settings in

metabolism and hormonal feedback are altered, and an

increased vulnerability to adverse environments later in

life is embedded into a person for life;

• Our genes are not a deterministic blueprint for our

health but a collection of infinite possibilities that are

switched on-or-off depending on the conditions our

mothers experienced prior to and during pregnancy, and

on the nutrition and social environment we have as
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infants. This research suggests that people mostly get

chronic diseases not because of the genes they inherit

but because of how those genes act in response to

environmental stresses. This epigenetic process of gene

regulation is where nature and nurture come together.

• The pregnant woman is the environment of the

developing fetus, but importantly the community is

the environment of the mother. The two main factors in

the community environment that impact healthy devel-

opment are availability of appropriate nutrition and the

level of social stress experienced prior to and during

pregnancy. These are a developmental recipe for

vulnerability at birth, poor school performance and

social skills early in life, and poor health over the life

course.

One way to think about this is as a ‘‘double hit [36–39].’’

The first hit is the biological embedding and vulnerability

that is created from the experience of previous generations

through the first 1000 days post conception and may create

an increased sensitivity to adverse family and community

environments encountered later in life. Then, the second hit

comes from hostile environments marked by racial and

other discrimination, inequality, and social disadvantage

that creates constant wear and tear on human systems and

increases the likelihood that the original vulnerability will

transform into later disease [40]. Because some of these

changes can be transmitted across generations, the ‘‘second

hit’’ of one generation can become the ‘‘first hit’’ of the next.

So how does this process work? As we all know, each of

us comes from an egg that developed through embryonic

and fetal stages before we were born. The developing egg,

embryo, and fetus read signals from the mother about the

environment it will be entering [41]—is there a scarcity or

abundance of nutrients; is the environment safe or threat-

ening [35, 42]? These signals are translated into changes in

genetic function that provides instructions to the cells on

how to grow and function—these are epigenetic changes.

These epigenetic changes in the womb are made in response

to the environment and may be passed on for up to two

generations and may in some cases be reversible [17, 43].

When the developing fetus gets a signal that the bio-

logical environment has limited nutrients, for example, this

represents a forecast and it begins to program its systems

accordingly. This requires making tradeoffs in terms of

which organs get the energy for optimal growth and

development. This means that some organs such as the

kidney may be built ‘‘on the cheap’’ with limited capacity

for life. Other metabolic and biological systems are like-

wise programmed with a strategy for making the most of a

nutrient poor environment. These systems are then set for

the life of the person; damage done early is carried forth

throughout the lifespan [8–11, 17, 19, 21–25, 35].

The fetus also gets a second forecast regarding how safe

or threatening the environment is. If a pregnant woman

lives in a highly stressful environment that might be

marked by poverty, racial discrimination, lack of oppor-

tunity, personal insecurity and other aspects of social dis-

advantage—a level of toxic stress—then high levels of

cortisol are passed to the developing fetus [17–19]. Cortisol

is the body’s primary stress hormone that normally alters

our immune system to ensure that biological resources are

available to fight whatever threat is before us.

However, high continuous levels of cortisol in the fetus

create two problems. The first is that when chronic stress is

present the stress response systems in the brain are per-

manently wired to remain on a ‘‘short fuse and high alert

status [17, p. 2257].’’ This takes a heavy toll on the

immune system. The second problem is that the higher

levels of cortisol in the fetus inhibit growth of fetal organs

and create the biological changes that cause increased risk

for chronic diseases. Thus, poor nutrition and toxic social

stress are equal culprits that must be addressed

simultaneously.

Further, higher levels of cortisol in the womb are

associated with cognitive problems including poor self-

regulation and impulse control, memory problems, lower

language skills, and limited reasoning, planning and judg-

ment. Of course, these are the very skills that children need

to be successful in school and beyond.

The pre natal exposure to high stress and low nutrition

represent the first hit. This initial vulnerability or risk is

amplified by continuing difficult social and economic

conditions and poor environments [19, 40, 44–46]—the

less desirable zip codes. This is the second hit. Multiply

these effects by large populations living in conditions that

create and sustain high levels of stress, limited access to

nutritious food, poor housing, and limited educational and

employment opportunity and you can see how chronic

disease clusters and social problems emerge.

Frederick Douglas the great African American aboli-

tionist said, ‘‘It is easier to build strong children than repair

broken men.’’ We all want to do this. We have a moment

before us where our best science, our most compassionate

values, and our desire to act with conviction to make a

difference can all converge. This is a place where the

science of the laboratory and the wisdom of the community

point to places where we can make an important differ-

ence—‘‘Thus, the current revolution in biology offers

compelling investment opportunities in the prenatal and

early childhood period for policy makers whose responsi-

bilities lie in the realms of population health… [47,

p. 17305].’’ We may not be able to change genes, but we

can change the environments that influence how our genes

are expressed. We can change the racism, discrimination,
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inequality and continued disadvantage that get under our

individual and collective skin [28, 30, 31, 46].

Here are some steps we can take:

First, we need to better recognize the monumental sig-

nificance of the social, economic, and nutritional environ-

ments of pregnant women and those about to enter child-

bearing age. Using an equity lens to assess policy and

resource allocation we can commit to build more just and

supportive environments that can increase the chance for

both good health and social success.

Second, new knowledge on related areas of develop-

mental origins of health and disease, adverse childhood

experiences [48], life course [49] and early childhood

education is rapidly increasing [50]. The basic science on

the possible epigenetic mechanisms underlying the early

stage of the life course is enormously promising. To realize

the opportunities, build on this research, and translate this

knowledge into public health benefit we need to develop an

overall conceptual model and organizing framework to

guide the integration of multidisciplinary research, policy

development and community practice. An interesting

starting point would be further elaboration of the first hit-

second hit concept [36–40].

Third, we need to better build on existing effort and

successes of the good work happening now in our com-

munities on maternal and child health issues, as well as on

broader social determinants such as housing, racial justice,

food systems and economic development. We need to

connect these efforts, build and expand that work, and

further accelerate progress in our communities.

Fourth, we need to link and leverage efforts in some key

areas. For example, places around the country are making

substantial investments in early childhood education to

address the very problems that the science of develop-

mental origins identifies. Early childhood education pro-

grams need to link with pre pregnancy and pregnancy

programs. They need to focus on prevention because there

will never be enough funding to provide the kind of early

childhood education services that increasing numbers of

children will need. We need to take a new look at early

childhood education with a science of developmental ori-

gins lens.

Fifth, there are policies that we can support to improve

the pre natal and post natal situation for families. One

example is paid parental leave. Currently the US has few

examples of the impact of this policy but the ones that do

exist, in combination with the vast experience of OECD

countries, tell us that parental leave impacts current and

future generations and has strong equity effects [51–54].

This category of policy is a fundamental ‘‘upstream’’

strategy that can be a catalyst for increased understanding

of, and attention to, the urgency of family support and the

potential benefits.

These are starting points and building blocks. But at the

same time we will require bigger ideas and greater efforts

to make necessary progress. Expanded and enhanced social

services are necessary but not sufficient. It will take real

social change focused on the underlying, interconnected

social conditions that are at the root of health inequity. This

magnitude of change will require the kind of political will

that can only be found within the energy of a powerful

social movement that shifts the very way we think about

these issues and we need to think in terms of what a social

movement might look like [55–57].

There is a wonderful quote from Thomas Pynchon’s

book Gravity’s Rainbow, ‘‘If they can get you asking the

wrong questions, the answers don’t matter.’’ Here are some

‘‘right questions’’ that we need to be asking and that help

create an upstream vision:

• If any particular geographic area or region were to

become the healthiest place in the world to be pregnant

and have a child, what would it look like?

• How would it be different than it is now, what would

need to change?

• What kinds of policies would be required to move

toward that vision?

• How can we create a social movement built on this

collective vision to force the necessary political will to

demand change?

• How can existing partnerships be expanded?

• How can we develop new partnerships with new allies

to move ahead?

• What political barriers must we overcome?

Can we ‘‘get there from here?’’ We have to. We need to

find points of leverage that can move us from the level of

change on which we are now engaged to a much more

expansive level. Crisis is a good motivator for change, and

obesity and diabetes may be the prompt we need. What will

our health care and social systems do in in the year 2050when

roughly one in three adults in the U.S. is projected to have

diabetes [58]?What will economic opportunity look like with

increasing income inequality and large pockets of educational

failure that lock populations out of social mobility? We can

use the science of developmental origins and focus on social

policy and prevention to make a difference.

There is a Chinese symbol that represents the Carp

Dragon and is the story of a carp fish that swims upstream

until it reaches a waterfall that blocks its journey. Despite

great struggle the carp cannot get over this waterfall. At the

point of maximum exertion and almost fatal fatigue the

carp transforms into a dragon and flies over the waterfall.

What will it take for us to transcend our waterfall? We

are aware enough to appreciate the urgency of our current

health crisis including the adverse social circumstances that

increasing numbers of people face, we are smart enough to
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figure this out, but we need to be wise enough to under-

stand that we can’t succeed simply by doing more of what

we have been doing. We need to work on this as if our

collective future depends on it, because it does.

The emerging science of DOHaD provides an opportu-

nity for policy makers with various interests in health,

education, and social well-being to focus on the common

roots of problems that minimize human potential. These

roots, we now know, occur very early in the developmental

stages and need to be understood as the interaction of the

biological and social. To take advantage of this opportunity

policy makers will need to overcome traditional siloed

thinking, rethink narrow problem definition, and embrace

more visionary, and perhaps risky, comprehensive

approaches to prevention. These approaches will need to be

considered across the entire life course but must be rooted

in that critical period of the first 1000 days when the epi-

genetic impact of adverse environments is greatest, par-

ticularly on the most disadvantaged populations. The ever-

present scarcity of resources to apply to problems will

always necessitate the placing of bets seeking to maximize

the greatest impact. We can increase our odds of success by

using science to reduce uncertainty in policy development

and hopefully overcome the usual politics.
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