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Generational Starvation:

The Link Between Ancestral Diets and Modern Disease

“Love! What s love
if not knotted in garlic? Child, we move through
graves like eels, delicious with our heads first,
our mouths agape.”
—An excerpt from “After Preparing the Alter, the
Ghosts Feast Feverishly” by Jane Wong."

In the age of modernity, and in a nation
with a sizable food surplus, how many of
us can claim to have enjoyed the consistent
feeling of satiety, or fullness, for more than a
few generations into the past?? Whether the
cause is ammonia production, which feeds
roughly 40% of the global population through
one extremely viable fertilizer, or the Green
Revolution, represented by a huge uptick in
high-yield grain crops, the human diet has
clearly shifted.>* Health staples such as fruits
and vegetables overflow from grocery store
shelves, and unlike our prehistoric ancestors,
many of us don’t need to wait for an abundant
season to have our fill of them. And yet,
metabolic diseases related to obesity and
poor nutrition are commonplace in the United
States.>® As people eat more, for better and
worse, important metabolic questions arise
regarding the effect of our changing diets on
human biological machinery. Famines are
not infrequent occurrences, and they often
leave in their wake a visceral memory of
hunger.” What does a legacy of starvation do
to modern, food-rich generations, especially

when the mechanisms of the body are
designed for consumption? It is this question
of “metabolic programming” that many
researchers seek to understand, as studies
suggest that our bodies can fight stressors like
famine across generations, even after they
have long since disappeared.?

INTERGENERATIONALVS.
TRANSGENERATIONAL

The first key terms to distinguish here
are intergenerational and transgenerational
effects, both of which reference different
conditions in metabolic studies.
Intergenerational effects are those conveyed
in response to stress exposure through the
germline, the direct parental generation.
Transgenerational effects are conveyed in
response to triggers not directly present in
the parental generation or the environment;
rather, these effects are inherited stress
responses, written into ancestral metabolic
chemistry. As indicated in Figure 1, the
phenotype of yellow fur, for example, is
represented differently between modes of
inheritance in offspring, depending on their
distance from the original trigger.®

Evidence of the intergenerational
inheritance of stress responses, specifically the
metabolic response to nutrient deprivation,
is well-observed in retrospective studies.®
Tragedies such as the “Dutch Hunger Winter”
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Figure 1: Characteristics of Intergenerational
and Transgenerational Inheritance Patterns.
The triggering event that leads to yellow
fur (shown here as the “representative
phenotype”) occurs in the PO (parental)
generation, illustrated by the red indicators.
Inheritance of characteristics to offspring
is represented by yellow mice the F1-F2
generations. Brown mice indicate a lack of
inheritance.’
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Figure 2: Model of C. Elegans Starvation Paradigm and Results. Starvation-induced changes in
oxidative stress resistance and exploration is linked to transgenerational metabolic programming

of IIS in somatic tissues.

offer clear insights into the cause-and-effect
relationship between parental stress and
physiological illness in offspring. In a 1976
study, the children of pregnant women who
experienced the Dutch famine (1944-1945)
under German occupation were traced 50
years into the future, into a period of postwar
prosperity. Fetal malnutrition was already
known to lower birth weight, infant length,
head circumference, and other important
indicators of health. However, in a key
discovery, scientists observed an association
between “exposure to famine during any
period of gestation” and “reduced glucose
tolerance and an increased risk of type 2
diabetes”** More recent studies have clarified
this finding, suggesting that metabolic
pathways are especially sensitive to maternal
malnutrition during peak periods of cell
division, specifically during the development
of the endocrine pancreas in the womb, whose
B cells secrete the glucose regulator insulin.'®
' Descendants of famine can experience can
thereby experience metabolic abnormalities
indicative of a stress response, such as
increased risk of Type 2 Diabetes—despite
their lack of direct exposure to famine. These
individuals are often cited as an early, poignant
discovery in the field of human development."?

While there is varying evidence of
transgenerational effects in this case, it is this
discovery that opens the door to more focused

research on the generational impact of food
deprivation."

With regard to transgenerational effects,
the difficulty often lies in separating cultural
and social factors from that of metabolic or
epigenetic factors.” Starvation can, and often
does, have huge interpersonal ramifications
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that can be mistaken for casual links to
nutrient deprivation. To mitigate this cultural
influence, and to demonstrate the mechanistic
pathways of metabolic programming, animal
models provide excellent “proof-of-concept”
insights into the effects of starvation on future
generations.®

METABOLIC CHANGES OF C.
ELEGANS

The animal Caenorhabditis elegans (C.
elegans) is a roundworm particularly well-
suited for generational studies of metabolic
programming. A 2023 paper revealed a clear
mechanistic basis attributed to increases in
metabolic abnormalities observed in the
offspring of starved C. elegans. This discovery
illuminated specific molecular pathways
responsible for changes in phenotypes. The
study used what was referred to as a “starvation
paradigm,” in which L1-stage animals, or early
juvenile larvae, were hatched in the absence of
food for six days—a practice that arrests their
development—Dbefore being fed and allowed
to develop normally. To maximize exposure
of early-life starvation, this was repeated
for five consecutive generations, labelled as
POLIstarved (the parental generation) to
F4L1starved (the fifth generation). The next
two generations were well-fed (F4L1starved
+ 1fed and F4L1starved + 2fed), and the
following generation (F4L1starved + 3fed) was
analyzed in separate groups under well-fed or
starvation conditions (Figure 2).8

One of the mechanisms studied in these
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Figure 3: Three Retrospective Data Models that Demonstrate Transgenerational Inheritance. The
Swedish Overkalix cohort (famine 1867-1869), the Dutch cohort (famine 1944-1945), and the

Chinese Suihua cohort (famine 1959-1961).
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generationally-starved roundworms was
insulin/IGF signaling (IIS) activity, which
is responsible for key metabolic pathways
related to aging, development, behavior, and,
importantly, fat accumulation.® '* Proteins
that bind to specific DNA sequences, thereby
regulating gene expression, are referred to as
transcription factors. The main transcription
factor that results from IIS is DAF-16/
FOXO. Acute starvation in L1 is shown to
increase the presence of DAF-16/FOXO in
somatic tissues, heightening DAF-16/FOXO
activity through adulthood. This results in
a decreased resistance to oxidative stress,
leading to physiological changes in future
generations (Figure 2). Notably, if the parental
generation had depleted levels of neuronal
DAF-16/FOXO, the F4L1starved + 1fed and
F4L1starved + 3fed animals had improved
oxidative stress resistance.® Oxidative stress
plays a role in a wide range of diseases, from
atherosclerosis and Alzheimer disease to
cancer, and this transgenerational effect on
stress resistance is critical to understanding
the impact of metabolic programming on
disease susceptibility."

THE COMPLEXITY OF HUMAN
DISEASE

Questions related to the transgenerational
effect of obesity among food-rich generations,
especially those that rely on retrospective data
models, provide clear guidelines for the future
of metabolic research. Studies have already
noted a sex-linked basis for starvation-induced
metabolic programming in humans, related
both to the sex of the parents exposed to the
stressor and the sex of the offspring in the
following generations (Figure 3).” In addition,
there is evidence across various animal models
of similar “metabolic, cardiovascular, and even
neurological impairments” in the offspring of
undernourished and overnourished mothers,
suggesting that metabolic programming
follows predictable and conserved pathways.8
However, the complexity of inheritance in
these studies is not fully understood on a
molecular level. In order to clarify the specific
epigenetic connection between our metabolic
past and present, more research needs to be
done on the mechanisms responsible for these
changes. Animal models, like C. elegans, are
excellent for this research and have already
provided incredible insights into known
disease patterns in humans. Considering the
impact these findings can have on our health
and longevity, it is critical that we continue
to explore the role of our ancestors in our
modern relationship with food and take steps
to mitigate their effect on future generations.
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