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Abstract

The process of designing and implementing individualized health-promoting interventions, nutritional or otherwise, is
fraught with great difficulty owing to the heterogeneity inherent in factors that influence healthy longevity. This article
proposes that careful attention to three principles—life course perspective, U-shaped thinking, and whole organism
thinking—creates an attitudinal framework that can be used to reframe biological heterogeneity into the clinically relevant

question: Who will benefit? The search for tools to cope with the complexity of this heterogeneity has been dominated by
technological advances, including state-of-the-art “-omics” approaches and machine-based handling of “big data.” Here, it
is proposed that language precision and nuanced category usage could provide critical tools for coping with heterogeneity,
thereby enabling interventionalists to design and implement strategies to promote healthy longevity with greater precision.
The lack of a clear understanding of “Who will benefit?” stands as a major obstacle to the design and implementation of
nutritional strategies to optimize healthy longevity. This article opens a new dialogue situating the principles of life course
perspective, U-shaped thinking, and whole organism thinking, along with cultivating an attitude of language precision at

the very core of accelerating creative discovery and refining practical advance in the field of nutrition science.
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Introduction

More than 60 years ago, the professor of linguistics Wayland
Mazxfield Parrish wrote that in speechmaking (as in life) it is not
failure, but low aim, that is the crime (1971). The same can be
said for any scholarly discourse. In the assemblage of the papers
from this symposium, our aim should be high. The aim of this
article is to attempt an integration of some ideas—principles if

you will—that relate to the goal of achieving healthy longevity.
If this attempt is successful, the reader will experience these
ideas afresh, owing to an original integration not considered
before.

Figure 1 provides the road map for this intended integration.
When we engage in the design of interventions—nutritional
or otherwise—we are immediately faced with concerns.
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Three major concerns are: “the when,” “the how much,” and
“trade-offs.” Concern for “the when” can be assuaged by the
principle of life course perspective—early life events influence adult
health outcomes. Life course perspective teaches us to look for
critical windows—time periods during the life of the organism
when particular interventions will exert the most potent
effect. Concern for “the how much” leads us to the principle of
U-shaped thinking—the notion that more of “good things” is not
necessarily better. In concert with Aristotle’s golden mean, in
many situations when it comes to optimizing dose, more is not
always better. Concern for “trade-offs” is gainfully addressed by
the principle of whole organism thinking, a way of thinking that is
increasingly difficult in this age of specialization. If one is offered
a pill that can reduce breast cancer or prostate cancer risk in
half but doubles the risk for dementia, and one decides the pill
is an undesirable option, one has engaged in whole organism
thinking—seeking and examining critical trade-offs. In some
instances, embracing the principle of whole organism thinking
can even spark consideration of trade-offs that extend beyond
the individual organism, to include societies and environments.

These three principles converge on a distinctive vantage
point—seeing all interventions not as “good” or “bad,” but as
both good and bad. Context determines meaning, and no single
intervention will be expected to benefit everyone. Prompted
by these principles, the central question for interventionalists
becomes: Who will benefit? Biology spells heterogeneity.
What is needed are tools for coping with, making sense of,
this enormous heterogeneity. Two of our most powerful
tools for coping with heterogeneity are category usage and
language precision. Most scientists and health professionals,
however, never receive training in language precision. If we
could ramp up our precision with language, we could avoid
sloppy category usage, what I have termed naive substitution
(Waters, 2017a). In this way, language precision could provide
a deeper discriminating power to identify subtypes of disease
and subcategories of treatment response needed to advance
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Figure 1. The biology of healthy longevity: principles and practice. Attention
to three principles—life course perspective, U-shaped thinking, and whole
organism thinking—creates an attitudinal framework that reframes biological
heterogeneity into the clinically relevant question: Who will benefit? Language
precision and nuanced category usage provide critical tools for coping with
heterogeneity enabling interventionalists to design and implement nutritional
strategies with greater precision.

informed practice. And if we are courageous enough to
develop new words—the process of neologism—to describe
our difficulties, our solutions, this could deliver a further
refinement of principles. In the sections that follow, a further
illustration of these principles is offered in order to show more
clearly that, by applying an attitude of language precision, we
might cope more effectively with the challenge presented by
heterogeneity. This article will intentionally blur the lines
between pets and people, drawing several examples from the
fields of nutrition, aging, and health promotion in humans,
emphasizing cross-species parallels wherever pertinent.
It is hoped that with sufficient attention fixed on these
principles, we will find ourselves moving away from one-size-
fits-all thinking, readied and more disciplined to design and
implement nutritional interventions with greater precision,
framed in the context of “Who will benefit?”

The When: Life Course Perspective

The pursuit of important questions pertaining to the
healthy longevity of pets will benefit from the assemblage of
highly cooperative multidisciplinary teams, harnessing the
complementary talents of investigators in the fields of animal
nutrition and veterinary science. In 2014, I wrote a perspective
article published in The Veterinary Journal titled “Longevity in
pet dogs: Understanding what’s missing” (Waters, 2014). In
the article, which targeted veterinary health professionals,
two critical questions were put forward. First, who are we as
investigators? No veterinarians receive training in the biology
of aging as part of their DVM curriculum, leaving members of
the veterinary profession ill-equipped to constructively team up
with nutritionists and other scientists to conduct or interpret
studies pertaining to the biology of aging. Second, what conceptual
framework is guiding us when we are thinking about healthy longevity?
This question is an important one because our practice and
discovery will rely upon achieving the best conceptual starting
points. In the article, I introduced the veterinary profession
to the idea of applying a life course perspective to the study of
healthy longevity (Waters, 2014). Life course perspective teaches
that early life events influence adult health outcomes including
longevity (Waters and Kariuki, 2013). The concept of early
origins of adult disease, a concept well-known to nutritionists
and animal scientists, fits snugly within the notion of life course
perspective (Calkins and Devaskar, 2011; Ganu et al., 2012).

Important evidence in support of life course perspective
and healthy longevity comes from Vincent Felliti's work in
humans, the ACE study. Felliti studied the health outcomes of
a large cohort of adults in the Kaiser Permanente database and
collected information on adverse childhood experiences (ACE),
such as death of a parent, a brother incarcerated in prison,
drug or sexual abuse in the household. Results showed poorer
health outcomes and shorter longevity as ACE score increased
(Brown et al., 2009). Felliti's group also showed that adverse
childhood experiences were associated with an increased risk
of lung cancer (Brown et al., 2010). On the surface, there appears
to be a straightforward explanation for this second association.
Individuals with adverse childhood experiences are more likely
to smoke cigarettes as a coping mechanism and hence the
observed increase in the incidence of lung cancer might be
considered an expected result. However, the researchers found
that the association between adverse childhood experiences and
lung cancer held strong even after controlling for differences in
smoking exposure. Seemingly, early life events can reset the
system in unforeseen ways.



An ovary story

The principle of applying life course perspective to the study
of healthy longevity, so impressively supported by the ACE
study in humans, raises the question: What early life events
influence healthy longevity in pet dogs? Scientists study
100 year-old people—so-called centenarians—to capture clues
to healthy longevity. My research group is testing a new idea:
The secrets to the biology of healthy longevity can be found by studying
the oldest-old dogs. Under my direction, the Gerald P. Murphy
Cancer Foundation’s Center for Exceptional Longevity Studies
is conducting the first systematic study of the oldest-living
dogs in North America. The research has created a database of
more than 350 of these exceptional dogs—Rottweilers who have
reached 13 years of age, which represents living 30% longer than
breed average (equivalent to 100-year-old people). The database
contains a rich collection of data obtained from questionnaire
on diet, vaccination and medical history, along with biochemical
data and a biorepository of plasma, serum, DNA, and necropsy
tissues.

For decades, scientists have documented a female longevity
advantage in humans—women are four times more likely than
men to live to be 100 years old (Terry et al., 2008; Waters, 2011).
But scientists do not clearly understand why. We asked the
question: Is healthy longevity influenced by ovaries? We believed
the answer to this question was within our grasp because in
pet dogs, unlike humans, ovaries are frequently and electively
removed early in life. Like in women, our studies showed there
was a female longevity advantage in Rottweilers—females were
twice as likely to reach exceptional longevity as males (Waters
etal.,2009). However, this female longevity advantage was completely
erased if ovaries were removed during the first 4 years of life. Four
months prior to the acceptance of our publication, a physician Dr
William Parker published a paper titled “Ovarian Conservation
at the Time of Hysterectomy and Long-term Health Outcomes in
the Nurses’ Health Study” (Parker et al., 2009). In this study, more
than 29,000 women underwent hysterectomy—approximately
half of the women retained their ovaries, half of the women had
their ovaries removed at the time of uterus removal. Parker’s
findings suggested that women who undergo hysterectomy
before age 50 should try to retain their ovaries, because retaining
ovaries longer was associated with decreased overall mortality,
decreased cardiovascular mortality, even a lower risk for lung
cancer (Parker et al., 2009). Within 3 months of our published
study in dogs, another pertinent study was published (Mason
et al., 2009). This was a mouse transplantation study in which
young mouse ovaries (harvested from 2-month-old mice) were
transplanted into old female mice. Results showed that the
transplantation of young mouse ovaries could increase longevity
by 13%. Thus, a compelling convergence was witnessed—three
different teams of investigators, three different species, with
the results pointing to the same conclusion: Ovaries are part of a
system that promotes longevity.

At the time, this new idea appeared to fly countercurrent
to prevailing wisdom within obstetrics-gynecology circles and
contemporary veterinary practice. But is the idea a far-fetched
one? Only if one is trapped in a conceptual framework that
sees ovaries as reproductive units, not endocrine organs. But
ovaries are endocrine organs, and as such, removal of these
organs is expected to provoke system-wide consequences. In
order to advance the training of the next generation of health
professionals, we might contemplate a shift in conceptual
framework—ovaries joining the ranks of endocrine organs, such
as the thyroid glands, adrenal glands, and insulin-producing
pancreas that are judiciously preserved, rather than electively
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excised. Life course perspective informs us that a priority should
be placed on early, intelligent interventions to promote healthy
longevity. Early ovariohysterectomy—or any other elective
endocrinological disruption—is a doubtful example.

The search for biomarkers

One of the big challenges in the field of aging research has been
finding validated biomarkers that can predict successful aging.
This effort has been quite frustrating, fraught with difficulty
(Blirkle et al., 2015; van Ginneken, 2017; Nelson et al., 2019). Could
paying closer attention to life course perspective fit together
some of the pieces of the biomarker puzzle? I believe it might
be so because of what I refer to as the “flip-flop of physiology”
during the life course. Let us consider two illustrative examples.
In Scandinavia, Kivipelto and colleagues have conducted
important research in people on identifying factors at age 50
that are predictive of the development of Alzheimer’s disease at
age 70. Their results indicate that high serum cholesterol at age
50 is strongly associated with an increased risk for Alzheimer’s
disease 20 years later (Kivipelto et al., 2001). But, in people who
are 70 years old, high cholesterol appears to be protective against
Alzheimer’s disease (van Vliet et al., 2009; Zuliani et al., 2010). So
is high cholesterol “good” or “bad”? It depends on “the when.”

A second instructive example hinges on the question:
Is obesity a predictor of poor survival? Substantial medical
evidence indicates that, in persons who are 30, 40, 50, or
even 60 years old, obesity is associated with shortened life
expectancy (Fontaine et al., 2003; Lung et al., 2019). But growing
evidence indicates that with increasing age, fatness loses its
sting as a harbinger of death. There are now data to suggest that
in advanced age (beyond 80 years in humans), favorable survival
may be more closely linked to greater adiposity than to muscle
mass (Auyeung et al., 2010). Perhaps it would be instructive to
consider why this might be so. Perhaps when grandmother
falls at the mailbox, greater adiposity would cushion her fall,
reducing her risk of sustaining a hip fracture. Alternatively,
after grandmother suffers her fracture and is hospitalized and
develops a nosocomial infection, it will be her fat stores that
enable her to survive sepsis and return to living independently.

The How Much: U-Shaped Thinking

Why is it so difficult to find “good things” that promote health?
Perhaps it is because the public holds an oversimplified view of
health promotion. This stance is epitomized by the statement,
“Just show me the good things and I will consume as much of
them as I can.” But is more really better? Whether you are a
disciple of Aristotle and his golden mean or Goldilocks and her
affinity for baby bear’s porridge, the message is the same: More
is not always better. The anthropologist Gregory Bateson wrote
40 years ago in his thought-provoking book Mind and Nature:
A Necessary Unity: “There are no monotone values in biology”
(Bateson, 1979). Bateson goes on to develop the idea: “Desired
substances, things, patterns, or sequences of experiences that
are in some sense ‘good’ for the organism ... are never such
that more of the something is always better than less of the
something. Rather, for all objects and experiences, there is a
quantity that has optimum value” (Bateson, 1979).

My research group embraces the wisdom of Bateson'’s
prescription regarding “the how much” (Waters and Chiang,
2010). In our work, we have articulated the need for what we
have termed U-shaped thinking (Waters and Chiang, 2018). The
utility of U-shaped thinking can be illustrated by considering a
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decade of scientific effort attempting to define the optimal dose
of the trace mineral selenium for human prostate cancer risk
reduction (Waters and Chiang, 2019a).

In 2001, the U.S. National Cancer Institute launched the
largest ever prostate cancer prevention trial called SELECT.
More than 32,000 men were randomized to receive either
selenium, vitamin E, both vitamin E and selenium, or placebo.
The expected completion of the trial was in 2012. The primary
endpoint was to determine whether daily oral supplementation
with these nutrients could decrease prostate cancer incidence.
When SELECT was launched, several important questions
about selenium and cancer prevention remained unanswered.
What is the anticancer mechanism of selenium? What is the
most effective dose? My research group viewed this as an
exceptional research opportunity because dogs and humans
are the only species that develop spontaneous prostate cancer
with appreciable frequency, and we had substantial expertise
in studying the naturally occurring prostate cancers of pet dogs
(Waters et al., 1996, 1998; Waters and Bostwick, 1997; Cornell
et al., 2000). We reasoned that the aging dog prostate provided a
unique opportunity to study the effect of selenium on prostate
cells in an appropriate context. In the aging prostate, this context
consists of epithelial cell-stromal cell interactions, oxidative
stress, inflammation, declining androgen levels, and stromal
senescence. It is unlikely that this complex milieu could be
easily recapitulated in a petri dish in the laboratory.

When scientists seek to determine an optimal dose, they
analyze dose-response relationships. In Figure 2A, with risk
of disease on the vertical axis and dose of intervention on
the horizontal axis, the continuous downward slope indicates
a linear dose-response, that is, the risk of disease drops
continuously with increasing dose of intervention. In 1981, an
investigator named Walter Mertz, who was working at the U.S.
Department of Agriculture, put forth an idea. Mertz predicted
that the biological response between an essential nutrient
and a physiologic process is not linear, but instead U-shaped,
progressing through regions of deficiency, low suboptimal,
and optimal, followed by high suboptimal, and toxicity (Mertz,
1981; Figure 2B). It is not clear that Mertz had very much dose-
response data on the association between micronutrients and
cancer risk. What he had was an idea—he had a starting point.

In a randomized feeding trial in dogs published in the Journal
of the National Cancer Institute, we showed that daily selenium
supplementation significantly decreased DNA damage in the
prostate (Waters et al., 2003). Next, we set out to investigate
dose-response by probing the relationship between selenium
status and DNA damage within the aging prostate. We studied 49
elderly, sexually intact male beagle dogs and assessed selenium
status by measuring toenail selenium concentration (conducted
by Dr Steven Morris, University of Missouri). DNA damage
in the prostate was measured using alkaline comet assay.
Our results revealed a U-shaped dose-response relationship
between selenium status and prostatic DNA damage in elderly
dogs physiologically equivalent to 65-year-old men (Waters
et al., 2005; Figure 3). For the first time, our data demonstrated
that, for a nutrient and genetic damage in the prostate, Mertz
was correct. The implication seemed clear: More selenium is not
necessarily better.

But are the results of these animal studies relevant to the
relationship between selenium status and human prostate
cancer risk? Our studies were of dogs not men, and used DNA
damage rather than cancer as the endpoint. These findings
suggested additional selenium could potentially benefit only the
subgroup of the population with low selenium levels and that
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Figure 2. (A) Finding the optimal dose for disease risk reduction. A hypothetical
linear relationship is shown between the risk of a particular disease and the dose
of a disease preventive agent, consistent with the notion that “more is better”.
(B) Dose-response model adapted from Mertz (1981). The U-curve predicts that
the biological response to an essential nutrient is characterized by an optimal
middle range, consistent with the notion that “more is not necessarily better”
(Waters et al., 2005; with permission).
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Figure 3. The dog U-curve. The dog U-curve was discovered by studying the
dose-response relationship between selenium status and prostatic DNA damage
in elderly dogs over a range of selenium concentration achievable in human
populations (Waters et al., 2005) (with permission). Each data point represents
the result from one dog.
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Figure 4. The dog U-curve: a map to interpret the disappointing results of the selenium and vitamin E cancer prevention trial (SELECT). (A) The dog U-curve predicts
that the selenium status of the average man in SELECT prior to selenium supplementation (“You Are Here”) is already in the optimal range for minimizing prostate
cancer. (B) The dog U-curve predicts that the selenium status of the average man in SELECT after selenium supplementation (“You Are Here”) clearly exceeds the
optimal range for minimizing prostate cancer risk. Adapted from Waters and Chiang (2018).

it would not reduce disease in subjects with moderate to high
selenium levels. I believe this statement provides a reasonable
interpretation of the dog data. But these are not my words. This
statement was made by Harvard epidemiologist Walter Willett
more than 35 years ago when he published the first cohort study
of selenium and cancer risk in humans (Willett et al., 1983).

Is a U-shaped dose-response peculiar to selenium and
prostate cancer prevention? If one looks carefully, one can find
many examples of U-shaped dose-responses in human biology.
For example, consider the relationship between sleep duration
and mortality in 82,000 nurses. It is U-shaped—it is undesirable
to sleep too little or too much (Patel et al., 2004). Consider the
relationship between blood glucose at the time of heart attack
and likelihood of survival. The relationship is U-shaped—it is
disadvantageous to have too low or too high blood glucose (Pinto
et al.,, 2005). The public is quite familiar with the downside of
high cholesterol, but few persons realize that the relationship
between serum cholesterol and mortality in men is U-shaped,
indicating that low cholesterol as well as high cholesterol is
associated with higher mortality (Smith et al., 1992).

Let us return to the SELECT trial. Fast forward 8 years after
its inception to 2008 when a press release informed the public:
“Prostate cancer prevention study halted. Vitamin E, selenium
no help in preventing prostate cancer” (WebMD, 2008). The
SELECT trial had been stopped early. In an interim analysis,
investigators found no beneficial effect of the supplements
on prostate cancer risk and a possible detrimental effect of
selenium supplementation on increasing the risk for type 2
diabetes mellitus (Lippman et al., 2009). The disappointing null
result of SELECT—the absence of prostate cancer protection—
was widely disseminated by the press. “Vitamins can’t fight big
killers. Vitamins get an F in cancer prevention” (USA Today, 2009).
People were left asking: What happened?

When it comes to interpreting the unexpected results of
SELECT, is there a chance we are just lost? When you are lost,
you look for a map of the territory (Waters and Chiang, 2018).
If you are lost in a shopping mall, you look for a map and
when you find on the map “You Are Here” you are no longer
lost. Figure 4A shows that if you are the average man in SELECT
before supplementation “You Are Here,” already in the trough of
the U-curve, residing in the optimal range of selenium status.
And if you are the average man in SELECT after selenium
supplementation “You Are Here”—at 1.69 ppm toenail selenium
concentration, which is equivalent to more than 250 pg/L plasma

selenium (Figure 4B). You have been over-supplemented into a
potentially dangerous location.

In a 2008 letter sent to all SELECT study participants, the
SELECT findings were summarized as follows: “We now know
that selenium and vitamin E do not prevent prostate cancer”
(Southwest Oncology Group, 2008). Is that what we really know?
Here is what I believe we know: There are no monotone values
in biology. And the task of carefully defining population-based
dose-response curves—keeping a keen eye out for spotting
U-shaped and other non-linear relationships—is a critical step
toward achieving the goal of precision nutrition.

My research group is now beginning to investigate diet
and dietary supplement usage in pet dogs with exceptional
longevity. Unpublished preliminary findings indicate that the
relationship between plasma selenium concentration and age-
and frailty-adjusted mortality risk in canine centenarians may
be U-shaped. To test the extent to which this relationship might
be affected by early life events, we will evaluate the impact that
age at ovary removal has on the relationship between selenium
status and mortality risk. U-shaped thinking teaches us that
monolithic, blanket statements about the impact of a particular
nutrient on health should be made with great caution. In our
everyday verbal exchanges, context determines meaning. Likewise,
the optimal dose of an intervention may be quite different
depending upon physiological context, which includes the body’s
exposure memory to challenges experienced earlier in life
(Jones, 2015).

Trade-Offs: Whole Organism Thinking

More than 50 years ago the Swiss physician Paul Tournier framed
one of the shortcomings of modern clinical practice: “The need
to specialize accords priority to the organ over the organism”
(Tournier, 1957).The provocative concept of whole organism thinking
helps to steer investigators away from their preoccupation
with a favorite organ or favorite disease to consider something
more fundamental—trade-offs. Because longevity integrates the
incidence and mortality of all diseases, as well as the rate of
organismal aging, whole organism thinking urges us to question
whether significantly reducing the incidence of a single disease
(e.g., a late-onset disease with variable mortality, such as canine
mammary cancer) should merit serious consideration as a core
principle of any wellness program developed to achieve the goal of
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overall healthy longevity (Waters et al., 2017). Also, by embracing
whole organism thinking, we experience a seismic shift in how
we envision interventions—one no longer sees any intervention
or life choice, such as taking antioxidant supplements, as “good”
or “bad”. Instead, whole organism thinking teaches us to see all
interventions as both good and bad (Waters, 2012, 2014).

Though underutilized by nutrition scientists, the concept of
trade-offs should be a critical principle when one is considering
interventions that can extend healthy life span. Human twin
studies (Herskind et al., 1996) suggest that the heritability of
longevity is relatively modest, approximately 25-30%, indicating
that life choices and environmental exposures including diet
may contribute significantly to longevity. Biogerontologists refer
to this as the plasticity of longevity. It means that interventions
have the potential to positively or negatively influence longevity.

Along with this plasticity, we can expect trade-offs. A study
of cancer-suppressing strategies conducted in mice provides
a powerful illustration. Tyner et al. (2002) developed a mutant
mouse model with exaggerated function of the tumor suppressor
p53. The investigators predicted that, in these p53 stuck-in-
the-on-position mice, strong tumor suppressive activity would
significantly reduce the development of cancers. Since cancer
was a major cause of death in wild-type members of this mouse
strain, the logical consequence of such cancer suppression
would be an extended survival time. What Tyner and colleagues
found was remarkable: Profound cancer suppression in these mice
came at a cost—accelerated aging. Apparently augmenting the
system’s proclivity to purge DNA-damaged cells achieved
complete (100%) tumor protection, but also led to an accelerated
drop out of cells in critical organs, including bone marrow, liver,
and spleen. This was accompanied by signs of accelerated aging;
median life span was shortened by 22% (Tyner et al., 2002). There
is a lesson here for interventionalists. In biological systems,
trade-offs abound, which may lead to unexpected adverse
consequences in response to “good things”. Few would have
predicted an intervention that could successfully eliminate
a major cause of death would also accelerate senescence,
considerably shortening overall longevity.

Coping with the Challenge of Biological
Heterogeneity

Too often science has been taught as a subject matter—a
collection of facts—rather than a method of inquiry we use to
make sense of the world. This predicament was addressed more
than 100 years ago by John Dewey in a speech delivered to the
American Association for the Advancement of Science: “I mean
that science has been taught too much as an accumulation
of ready-made material with which students are to be made
familiar, not enough as a method of thinking, an attitude of mind,
after the pattern of which mental habits are to be transformed”
(1910; emphasis mine). To Dewey, it is the illumination of
method, rather than the claim of a superior significance of facts,
that should be instilled in students.

Today, we are concerned about those obstacles that confront
nutrition scientists as they attempt to cope with the challenges
presented by biological heterogeneity. Perhaps Dewey'’s call for
seeing science as a method does not go far enough to free us from
difficulty. The call that should be sounded today is that science is
a method limited by language. The scientific method is a method of
perception, and language limits what we can perceive. “We see
through our categories”, wrote the general semanticist Wendell
Johnson (1956). Words are our starting points—for present
practice and future inquiry. This notion is illustrated in Figure 5.

Reproductive Units
or Endocrine Organs

Figure 5. Categories are starting points for present practice and future inquiry
(see text for explanation).

According to your categories, is the world flat or round? Are ovaries
reproductive units or endocrine organs? Is leukemia a single
disease or 15 different diseases? If one sees leukemia as a single
disease, it is unlikely that one is very well-equipped to discover
another form of leukemia. But if your categories enable you to see
leukemia as 15 different diseases, why not discover a 16th?

Clearly, our categories limit what we can discover.Yet, students
and faculty in the health sciences are not trained in precision
with language and category usage. Instead, training in language
precision seems to be reserved for those who will become poets or
historians, not scientists or health professionals. Cultivating an
attitude of language precision could elevate creative performance
in the health sciences, providing a necessary counterbalance
to the prevailing technocentric view of medical ascendancy. To
make progress, we need what I have termed linguistic readiness—
developing an attitude of language precision together with an
aptitude for listening with the intent of real change (Waters,
2017a). Our ambitions for rapid advance increasingly point to the
need for a new educational prescription—one in which creative
excellence in scientific discovery and education is informed and
catalyzed by the humanities. Elsewhere, I have written about this
bold idea as part of a recent creativity project with colleagues
from Australia (Waters, 2017a).

I want to stress here that the power of language extends
beyond communication. Consider how language developed.
Man needed a word for “moon” so he could think about this
object when it was not in his direct sight, for instance, during
the daytime. Only later did he need the word for “moon” to tell
his colleagues about it. Thus—and this is an important point—
language is first a thinking tool, later a means of communication
(Langer, 1960). It is quite curious then that we rely upon
somebody else’s language—words from our training, words we
have borrowed—to describe the experiences we encounter.
Clearly, this makes little sense if we are truly trailblazing.

The Art of Sufficient Particularity: Acquiring
Tools for Coping with Heterogeneity

The future is pointing toward the implementation of refined
nutritional approaches, so-called precision nutrition (Waters et al.,
2008; de Toro-Martin et al., 2017; Frohlich et al., 2018.). Achieving
the necessary particularity to identify and exploit interventional
targets and to identify new subtypes of disease will demand
precision with language. Two aspects of language precision that
may deliver the deeper discriminating power that is critical to
this aim —the practices of utilizing neologism and avoiding naive
substitution—are explored in the following two sections (Figure 6).
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Figure 6. The art of sufficient particularity: two important aspects of language
precision. The practices of using neologism and avoiding naive substitution are
critical for developing the deeper discriminating power to deliver benefits as one
navigates biological heterogeneity (see text for explanation).

Neologism

If we train ourselves in unique ways and engage ourselves in
pursuing never-before-pursued questions, then an altogether
fitting follow-through would be to exploit the power of
neologism—the formulation of new words. New words become
new tools. The necessity of creating new words has been
articulated this way: “The new circumstances under which we
are placed call for new words, new phrases, and for the transfer
of old words to new objects ... necessity obliges us to neologize.”
This statement was written more than 200 years ago by Thomas
Jefferson (1884; emphasis mine), the person credited with the
first use of the term “neologize”.

The practice of neologism canlead to refinement of principles,
provoking critical advances achievable only through changes
in terminology (Waters, 2017b). Part of the power of neologism
is that it reflects ownership—it signals that the worker has
thought deeply about the issue at hand. My research group has
thought deeply about the role selenium might play as a cancer
prevention agent. Conventional wisdom holds that selenium
protects cells against genetic damage because it is a component
of the enzyme glutathione peroxidase, one of the body’s most
powerful antioxidant defenses. But after looking carefully at
the data published by experts in this field, it was clear that
selenium’s role in cellular protection could not entirely explain
its cancer-fighting properties. Based upon studies in dogs and
in cell culture, our research posited a new mechanism of how
selenium works: Selenium allows the body to selectively sweep away
the most damaged cells through apoptosis. A new mechanism had
been discovered, new words were needed. Our neologism was
homeostatic housecleaning—the ability to selectively sweep away
the most damaged cells (Chiang et al., 2009) . And in the spirit
of Thomas Jefferson, we introduced homeostatic housecleaning
into the scientific literature, prominently displaying the term
in the title of a manuscript published in the journal Biofactors
(Chiang et al., 2013).

In addition to the strenuous creation of new words, to
make surer progress, each of us should consider which words
in our domain need to be removed from the prevailing lexicon.
Extending the commonsense method asserted by Thomas
Jefferson, I have suggested: “Necessity obliges us to decidologize”—
to cut out words [decidere (Latin) = to cut off] (Waters, 2017a).
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If language is indeed the gateway to discovery, it is no surprise
that both the art of neologism and the art of decidologism belong
in the toolbox of the creative. For example, at the top of my
decidologism list is the word “know” because the word provides
a false sense of certainty. More importantly, the word “know”
serves as a stop sign for further inquiry. It can shift emphasis
away from areas that could benefit from further exploration. In
its place, my colleagues and I have been quite satisfied with our
use of the phraseology “we believe that...” or “we understand
that....” Language influences the quality of reflective thinking.
And to decidologize is to make a commitment to enhance one’s
everyday clarity and performance.

Naive substitution

In 2015, my colleagues and I published a scientific paper
on nutrition and cancer prevention, and in the concluding
paragraph we stated:

As scientists and health professionals continue to
collectively re-think the role of selenium and other
nutrients in cancer prevention, investigators must work
to carefully document the form-dependent effects of
nutrients. By avoiding a mindset of naive substitution—
seeing one form of nutrient as equivalent to another—
we make surer progress toward understanding the
implications of our laboratory findings and side-stepping
errant assumptions. (Chiang et al., 2015)

As discoverers, each of us needs to avoid the trap that we have
termed naive substitution, the product of insufficient exactitude
with language. One might ask: Just how well are scientists
staying out of this trap? A consideration here of three examples
taken from the human biomedical literature offers an eye-
opening perspective (Waters, 2017a).

First, consider the relationship between estrogen and
cognitive function. There is a large body of scientific evidence
indicating that estrogens promote cognitive function (Tang
et al., 1996; Luine, 2014). But when the Women'’s Health Initiative
conducted a large, randomized clinical trial, estrogen did not
delay the onset of dementia (Shumaker et al., 2003). Was this
disappointing outcome an unexpected result? Perhaps not, if
one considers that the trial did not test estrogen by itself, but
instead tested an estrogen-progestogen combination. This is
naive substitution.

Consider the relationship between cognitive function and
vitamin E. A 2002 study published in JAMA showed that vitamin
E from food was associated with protection against dementia in
older persons, but total vitamin E from food and supplements
did not seem to be protective (Morris et al., 2002). Perhaps these
puzzling-on-the-surface results might be explained by the fact
that the major form of vitamin E in food is gamma-tocopherol,
whereas the major form of vitamin E found in supplements
is alpha-tocopherol. Could these two forms of vitamin E be
nonequivalent when it comes to neuroprotection? Yes. In fact,
research published 13 years later by the same research group
showed that the circulating blood levels of these two forms
of vitamin E have drastically different associations with the
severity of Alzheimer’s disease pathology in the brain (Morris
et al., 2015). Another case of naive substitution.

Finally, let us consider the relationship between body fat
and adverse health consequences. A 2004 study published
in the New England Journal of Medicine explored whether
women who underwent liposuction—the removal of 9-14 kg
of subcutaneous belly fat—would show improvement in risk
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factors for cardiovascular disease, indicated by changes in blood
pressure, inflammation, and lipid profile (Klein et al., 2004).
Liposuction was not associated with improvement in any of
the risk factors. Perhaps it was because visceral fat—the fat that
surrounds abdominal organs—is the most metabolically active
fat, far more sinister than subcutaneous fat. Earlier rodent studies
had shown that the surgical removal of visceral fat significantly
improved health parameters, whereas removal of an equivalent
amount of subcutaneous fat had no effect on these parameters
(Gabriely et al., 2002). In other words, all fat is not created equal.

What I am proposing here is that an attitude of precision
with language can catalyze creative discovery, guide the
interpretation of new information, and inform clinical practice.
Our understanding of nutrition, health, and aging could benefit
from a more nuanced category usage. Naive substitution is the
product of language laxity—leading to unsophisticated, even
misleading, categories. The aforementioned liposuction study in
women was not a study of the health consequences of body fat.
It was a study of the impact of subcutaneous fat. On the surface,
reports of disappointing research results like these might appear
to have nothing to do with language. Are not these examples
just the consequence of loose thinking, improper attention to
detail in study design? Here is the point: Loose thinking is loose use
of language. This is because our use of words is foundational to
the quality of our thinking, not just our ability to communicate
those thoughts. The implications of the problem exposed here
are non-trivial. Regrettably, the examples provided indicate that
language laxity-associated loose thinking can be spotted within
the world’s most prestigious medical science journals, the
contents of which are relied upon to set the direction of future
scientific and medical progress.

Summary and Conclusions

The lack of a clear understanding of “Who will benefit?”
stands as a major obstacle to the design and implementation
of nutritional strategies to optimize healthy longevity. This
article has proposed that a more thoughtful integration of three
principles—life course perspective, U-shaped thinking, whole
organism thinking—can lead to a richer conceptualization that
all interventions should be considered as both good and bad,
depending upon physiological context.

What possible insights emerge from adopting this attitudinal
framework? First, it reminds us that research is a process, not a
thing. Our understandings will always be in a perpetual state
of unfinishedness, subject to further refinement. Second, we
can expect there to be more questions than answers. And it will be
the quality of those questions by which our progress will be
benchmarked. Third, we come to realize that in our research
studies we never see the whole picture. Our investigations, even
the most prized among them, provide us with only glimpses
of Nature—not much proof, but instead clues that enable us to
more confidently put forth a new set of questions.

My colleagues and I are testing a new idea. We are studying
extreme natural biology—Rottweiler dogs with exceptional
longevity who live 30% longer than expected—to get clues to the
biology of healthy longevity (Buffenstein et al., 2014). Studying
these canine centenarians in their homes represents the essential
fieldwork needed to advance our understanding of “dog”, no
different than heading into the jungle to better understand
what it means to be “gorilla”.

Future progress will hinge upon the sharpening of our
method. And this sharpening will depend upon the quality of

our questions. Questions such as “Is oxidative stress good or
bad?” become worthless as one more carefully considers the
complexity of adaptive ROS signaling and redox homeostasis
(Waters and Chiang,2019b). Statements such as “Selenium is good
for you” can be cast aside as meaningless oversimplifications.
Instead, we need to find the courage to confront a new set
of questions—questions that might challenge our previous
training, our preconceived notions of healthy longevity in pet
dogs. “Are ovaries part of a system that promotes longevity?” is
one such example. Indeed, a more complete understanding of
the relationship between ovaries and longevity might accelerate
the discovery of new, tailored nutritional interventions.

Unexpectedly perhaps, this article has proposed that the
ability to cope with the challenge of biological heterogeneity—a
force that drives the difficulty in finding who will benefit
from any prospective intervention—may be contingent upon
our capacity for language precision and nuanced category
usage. Clearly, emphasis should be placed on training young
scientists and health professionals in precision with language.
We need “tech readiness”—the ability to apply state-of-the-art
technologies, such as “-omics” and the machine-based handling
of “big data”. But we also need linguistic readiness (Waters,
2017a). Elsewhere, I have written about this need and about
how generational progress in science might be jumpstarted
by procuring a deeper appreciation of the limits of perception,
thought, and language (Waters, 2017b).

As investigators, we use our principles to carve up Nature
into understandable bits. If we are carving up the relationship
between nutrition and healthy aging into the when, the how
much, and trade-offs, and if we are being agile with new words
to express our new difficulties and our attempted solutions, then
we will experience our best shot at transforming an integrated
understanding of nutrition science into informed practice.
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