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Abstract
Modern Western biomedical research and clinical practice are primarily focused on disease. This disease-centric approach 
has yielded an impressive amount of knowledge around what goes wrong in illness. However, in comparison, researchers 
and physicians know little about health. What is health? How do we quantify it? And how do we improve it? We currently 
do not have good answers to these questions. Our lack of fundamental knowledge about health is partly driven by three main 
factors: (i) a lack of understanding of the dynamic processes that cause variations in health/disease states over time, (ii) an 
excessive focus on genes, and (iii) a pervasive psychological bias towards additive solutions. Here I briefly discuss potential 
reasons why scientists and funders have generally adopted a gene- and disease-centric framework, how medicine has ended 
up practicing “diseasecare” rather than healthcare, and present cursory evidence that points towards an alternative energetic 
view of health. Understanding the basis of human health with a similar degree of precision that has been deployed towards 
mapping disease processes could bring us to a point where we can actively support and promote human health across the 
lifespan, before disease shows up on a scan or in bloodwork.
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Healthcare or Diseasecare?

Across modern cultures, what we call healthcare should, 
to be strictly accurate, probably be called diseasecare. The 
fabric of modern Western healthcare—a reactive and pallia-
tive approach of symptoms management guided by the diag-
nosis of known disease states—is woven out of three main 
things: (i) a fundamental lack of understanding of health, (ii) 
genomic evidence from rare medical disorders generalized to 
common diseases, and (iii) an unconscious bias that pushes 
us to fix problems by adding rather than removing (Fig. 1).

The typical healthcare scenario is as follows: a worrisome 
symptom brings Patient SH, a 52-year-old women, to notice 

that something is “off” in her body. She consults her health-
care specialist (who actually specializes in disease, more on 
this later), who performs a careful medical examination and 
orders the indicated blood tests and a scan. The goal of these 
tests is to identify or rule out a few suspected differential 
diagnoses that partially match SH’s clinical picture. Thank-
fully, in this case, the result is quite clear. A set of disease 
biomarkers unambiguously identify the suspected diagnosis. 
In this case also, the prescribed solution is simple and effec-
tively implemented within days: a minor surgical procedure 
and a couple prescription drugs to be taken until her follow 
up appointment in three months. Secondary medication is 
also prescribed to counteract the frequent side effects of the 
primary treatment. The stated goal of this type of care is 
clear: to get rid of the diagnosed disease. In addition, the 
success of the treatment is evaluated by the disappearance 
of the disease biomarkers. This, is modern diseasecare at its 
best. When it works, it alleviates suffering and significantly 
prolongs life. Often, however, this form of care produces 
mitigated results and is unsustainably expensive (Box 1).
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Box 1

Diseasecare is expensive. As one example, in the 
United States alone, every year, diseasecare costs ∼ 4 
trillion US dollars—that is 4,000,000 million. Barring 
any change, this number is expected to grow another 
50% by 2028 (National Health Expenditure Data 
2020). The majority of this unprecedented budget goes 
to either detecting diseases (diagnostic tests), treating 
diseases (surgery and medication), and managing symp-
toms (medication) caused by diseases and iatrogenic 
interventions. A negligible fraction of this budget goes 
towards supporting and promoting health, that is, to 
prevent disease before it manifests in the first place. The 
result of this massive spending is not glorious. Despite 
the unparalleled resources devoted to diseasecare, the 
US is one of the only developed countries that has seen 
the lifespan of its people decline over the past 5 years 
(Venkataramani et al. 2021).

What is Health?

We do not do much to promote health, because we do not 
know what health actually  is. By now, we know a fair 
amount about the molecular features of specific disease 
states. We have biomarkers with good specificity and sen-
sitivity characteristics for dozens of diseases and disorders. 
The bulk of the major national and international funder’s 

research portfolio, which largely guides the research focus, 
is devoted to diseases. This sustained investment aims to 
produce new knowledge about what goes wrong in com-
mon disease states, with the assumption that if we know 
what goes wrong, we can prevent or reverse it.

But understanding what goes wrong in each disease 
brings little if any insight into what could be done to prevent 
the disease in the first place. Examining disease networks 
has identified target nodes representing shared molecular 
pathways and vulnerabilities, particularly shared metabolic 
etiologies (Menche et al. 2015). However, whether and how 
this information can be practically implemented to promote 
health before the appearance of disease remains to be estab-
lished. Perseverating down the same disease-focused path, 
the newly defined priority items for precision medicine laid 
out by the NIH leadership emphasize the need to identify 
additional biomarkers and genetic risk factors for diseases 
(Denny and Collins 2021). Agenda-setting initiatives rooted 
in a deep focus on disease.

Our prevailing biomedical paradigm and our science 
drive the focus of the research agenda. Without a clear sci-
entific model of what health is, and how to study it, it is hard 
for the academic workforce to research health, let alone for 
funders to support it.

If not the absence of disease, then what is health? In a 
recent insightful book, Peter Sterling defines health as the 
ability to optimally adapt to challenges (Sterling 2020). Sim-
ply put, health is the ability to respond to daily situations in 
the most optimal or efficient way, with the least amount of 
strain or damage. These challenges are simple things, such 
as waking up in the morning, climbing stairs, engaging in 

Fig. 1   Three structural factors that contribute to the prevailing 
disease-centric biomedical model. (Left) The scarcity of dynamic 
information about important molecular, cellular, physiological, and 
behavioral factors over short and long time scales occlude our abil-
ity to perceive and understand health as a dynamic phenomenon. 
(Center) The discovery of disease-causing genes for rare disorders 
provided compelling demonstrations that genetic defects can cause 
diseases. Generalizing this principle to all common chronic diseases 
provided the rationale for the hypothesis that genetic differences are 
at the origin of disparities in disease risk and longevity  in the gen-

eral population. The hypothesis that genomics will explain the  
source of individual variation in disease risk, longevity, and other 
health-related outcomes is only partially or not well-supported. In 
contrast, the alternative hypothesis that risk of disease and longevity 
are mainly determined by non-genetic, modifiable factors is strongly 
supported (see text for discussion). (Right) Illustration of the human 
implicit bias towards additive solutions (Adams et  al. 2021). This 
psychological bias explains why individuals tend to approach and 
solve problems—including health problems—with additive strategies, 
rather than with equally effective subtractive strategies
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mental activity and planning ahead, dealing with inter-per-
sonal conflict, eating a different kind of food than usual, or 
running a couple miles. Health is a property of the person 
that emerges not just from our biological heritage, but also 
from a number of interrelated behavioral and psychosocial 
factors that shapes our biology and mind as we develop and 
age (Greene and Loscalzo 2017). Growing evidence that 
personal-history characteristics, psychosocial, and behav-
ioral factors shape health outcomes (Schroeder 2007) and 
aging trajectories (Elliott et al. 2021) will need to be inte-
grated with genomics to successfully and explicitly refocus 
our biomedical models towards human health.

A Gene‑Based Disease Focus

Where does our excessive focus on disease come from? In 
part, this is fueled by an excessive focus on genes. Early 
advances in sequencing technology elucidated the genetic 
cause of some rare monogenic diseases: inherited disorders 
that can be traced to a single faulty gene. Clinically, discov-
ering that the cause of suffering in a debilitated patient is in 
fact written in the simple 4-letter genetic code is a deeply 
satisfying scientific experience. For decades, finding faulty 
genes explaining disease became the mechanistic holy grail 
for physician–scientists; and also provided much-awaited 
answers for many desperate patients. There was a time when 
finding a new mutation and cloning a gene also could make 
a scientist’s career. As a result, the appeal of the ultimate 
mechanistic/genetic explanation of rare diseases was gradu-
ally stretched, generalized, and applied to all domains of 
biomedicine, unconsciously pushing our general scientific 
endeavor to improve human health towards mass genomics. 
The hot question became: what if all human diseases were 
caused by defective genes? Could all common illnesses, 
including that which brought Patient SH to consult, be baked 
into her genome?

This simple hypothesis—that genomics would provide 
answers to all diseases—initially culminated in 2003 when 
the human genome project was completed (International 
Human Genome Sequencing Consortium 2004). Since then, 
fueled by ever-cheaper next generation DNA sequencing 
(NGS) costs, and the hope to discover simple answers for 
all complex diseases, other large-scale efforts to sequence 
as many genomes as possible have been initiated and com-
pleted (UK-Consortium et al. 2015). Although these projects 
have yielded phenomenal resources for biomedical research, 
they have largely not yielded the expected answers about the 
causes of human diseases (Moraes and Goes 2016).

Hundreds of risk alleles have been identified. However, 
mostly, we have learnt that the majority of common ill-
nesses that plague the modern industrialized world are 
primarily not of genetic origin. Even for some rare disease 

groups, such as amyotrophic lateral sclerosis (ALS) and 
multiple sclerosis, > 80% of patients have no identifiable 
genetic cause (Gregory et al. 2020). In other words, across 
many areas of medicine, the gene-centric hypothesis has 
not been well supported. Nevertheless, increasingly larger 
genome-wide association studies (GWAS) continue to 
unearth genetic variants of increasingly small effect sizes, 
accounting for fractions of percentages of added disease 
risk (Vujkovic et al. 2020). GWAS studies involve increas-
ingly large populations, routinely > 100,000 individuals, 
which allows to identify more variants with smaller effects 
sizes.

To provide one example, a study combining genotyping 
data with neuroimaging in > 30,000 healthy adults published 
in the journal Nature reported that “common genetic variants 
influence human subcortical brain structures” (Hibar et al. 
2015). In this case, the proportion of explained variance in 
brain volume for the strongest hit was 0.52%. Given that 
naturally occurring volumetric differences in brain regions 
between individuals are large, and that brain volume is not 
a direct driver of behavior or neuropsychiatric symptoms, 
the physiological significance of a half percent of explained 
variance is rather uncertain. Nevertheless, these types of 
findings appeal to our implicit desire to explain health and 
disease disparities through genes. They are a good illustra-
tion of confirmation bias: we gravitate towards data that 
support our internal hypotheses. Such findings also are fre-
quently published with acclaim in high-impact journals and, 
therefore, leave lasting psychological marks—often incom-
mensurate with the effect size of the actual findings—on the 
scientific community, as well as the lay public.

Following the relatively disappointing GWAS era came 
genome-wide polygenic risk scores (PRS)—weighted sums 
of multiple risk alleles in the germline genome that an indi-
vidual carries. The refined hypothesis is that combining 
multiple genes/variants together will explain why people 
get sick. The story is unsurprisingly slightly more compel-
ling. Compared to single-variant approaches, polygenic risk 
scores account for significantly more variance in the risk 
of cancer (Mavaddat et al. 2019), depression (Wray et al. 
2018), and other common diseases (Khera et al. 2018). How-
ever, clinically, there remains gaps in best practices, accurate 
risk communication, and regulatory frameworks that make 
it unclear how useful PRS will be to enhance human health 
(Polygenic Risk Score Task Force of the International Com-
mon Disease 2021). Some have argued that the clinical util-
ity of PRS has been overestimated (Curtis 2019) and mas-
sively overstated (Sud et al. 2021). With PRS, individuals 
(predominantly those of European ancestry) can be statisti-
cally stratified on their potential risk of developing a disease 
relative to the average population. But the bottom line is 
that we still do not know why specific individuals, such as 
Patient SH, get sick when they do. And why others with the 
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same statistical risk profile manage to remain disease-free 
for decades? The answer(s) may not be found in the genome.

Why are Genes so Appealing?

Beyond the seductive hypothesis that all human disease 
may simply be written in the genome and our confirmation 
bias, there is at least one another reason why genes are so 
scientifically and economically appealing. If the basis of a 
specific disease happens to be in a gene, it implies that the 
resulting protein is at fault. If a protein is at fault, then it 
has the potential to be druggable (Lindsay 2003). In other 
words, identifying a disease-causing gene means that a 
drug with some level of specificity for that faulty protein 
can be developed, sold, and prescribed to suppress the 
symptoms of the disease.

This simple pipeline where molecular defects are phar-
macologically targeted works strikingly well in the context 
of some cancers (Vaux 2011), and in some rare mono-
genic disorders. For example, a gene-targeted drug treat-
ment (costing ∼ 750,000 - 2,125,000 US dollars (Darrow 
et al. 2020)) can alters abnormal splicing of the SMN1 
gene and practically cure spinal muscular atrophy, a debili-
tating pediatric neuromuscular disorder (Mullard 2017). 
However, for most common diseases not primarily written 
in genes, there has not been a successful pharmacological 
path to cure. For example, in the case of depression, which 
stands as one of the most debilitating condition world-
wide (Lim et al. 2018), the evidence for genetic etiology 
is controversial and in most people, antidepressants work 
similarly well as placebos (Troeung et al. 2013). The same 
is true for obesity, for which there is still no curative drug, 
despite decades of investment in the gene–protein–drug 
pipeline. The financial and public appeal of drugging dis-
eases remains a positive feedback process that reinforces 
our search for disease-causing genes.

Health is Not Written in Genes

In a recent call to action to realize the promise of person-
alized medicine, two leading investigators who have been 
at the helm of large-scale genomic sequencing efforts put 
it simply: “To provide individual care and prevent dis-
ease, we need to go beyond genetics in risk scores and 
include metrics that follow a person’s changing environ-
ment and health” (McCarthy and Birney 2021). These met-
rics include behaviors (e.g., physical activity, nutrition, 
sleep), psychosocial factors, and environmental exposures. 
These factors also interact as complex networks with our 
biology to shape our health and the disorders that bring 

us to the clinic (Greene and Loscalzo 2017). Combined, 
modifiable factors account for the majority of disease risk 
for chronic, non-communicable conditions that threaten 
people’s health in developed countries (Schroeder 2007).

The common complex human diseases and longevity 
are not simply written in genes. For obesity, all genetic 
risk alleles combined explain no more than 20% of disease 
risk (each gene explains on average much less than 1% of 
someone’s risk) (Locke et al. 2015). Among individuals 
with the worse 10% polygenic risk score for obesity, ~ 60% 
of individuals are neither obese nor severely obese (Khera 
et al. 2019). In the war against cancer, several risk variants 
were also discovered—genes that when mutated, increase 
the risk of getting cancer. However, genes do not confer 
absolute risk: many people with the feared risk variant 
never actually develop the illness (Mavaddat et al. 2019), 
and many cancers exhibit no mutations (Versteeg 2014).

And let us consider aging and longevity. The best esti-
mate, from a study of 50 million individuals, taking into 
account important potential confounds including assortative 
mating, showed that less than ~ 7% of how long humans live 
is genetically inherited (Ruby et al. 2018). The outstand-
ing ~ 93% is influenced by other factors, such as social cir-
cumstances, what we eat, our behaviors, psychobiological 
processes, and access to medical care (Schroeder 2007). 
Therefore, the evidence is quite convincing: although some 
highly penetrant genetic mutations undoubtedly cause dev-
astating diseases, genes do not play a dominant role in com-
mon disease risk and longevity.

Humans are Biased Towards Additive 
Solutions

Why do we persist in the search for disease-causing genes 
and drugs despite repeatedly failed attempts to identify 
definitive genetic drivers of common human diseases? 
Beyond confirmation bias discussed above, our scientific 
stubbornness may be at least driven by another recently iden-
tified fundamental human psychological bias that makes it 
hard to see alternative solutions.

Humans are biased towards additive solutions. When we 
face a problem, we can either remove potential causative or 
irritating factors (subtractive solution), or add something 
in an attempt to mend or palliate the issue (additive solu-
tion) (see Fig. 1, right). Across a number of contexts, peo-
ple systematically overlook subtractive solutions (Adams 
et al. 2021). Instead, we gravitate towards additive solutions 
even when they are equivalent or even inferior. This perva-
sive human bias towards additive solutions is undoubtedly 
reflected in how we think about disease: “What can I take to 
make it go away?”. It also aligns with how doctors practice 
medicine: “Confirm diagnosis X, add/prescribe drugs Y and 
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Z to the treatment”. The alternative substractive approach—
which will almost certainly seem odd to most reader—would 
consist in asking something like: “What can I remove or stop 
doing to make the disease go away?”. The outcome of sub-
tractive approaches could be equally effective as the additive 
approach, yet we naturally disregard them.

Because this additive bias is unconscious (Adams et al. 
2021), it is transmitted (i.e., inherited) in biomedicine down 
the academic and medical lineages. Thus, like other implicit 
biases, scientists and doctors biased towards additive solu-
tion seamlessly transmit their disregard for subtractive 
solutions as they train new doctors how to think about dis-
eases, genes, and drugs. Subtractive solutions also cannot 
be prescribed, placing them at a disadvantage against the 
additive solution for which orders can be written. Patients 
alike, biased towards additive solutions to their symptoms 
and diseases, demand in no uncertain terms drugs to be pre-
scribed to them, reinforcing the search for genes, and the 
focus on disease.

Who Actually Cares About Health?

So if your doctor and the healthcare industry care primarily 
about disease rather than health, who actually cares about 
health? The good news is that a growing portion of the 
scientific community has begun to recognize that we have 
largely failed to understand and care for health (see for a 
few examples: McCarthy and Birney 2021; Yurkovich et al. 
2020; Fried et al. 2021; Picard and Sandi 2021). Making 
explicit this transition from a disease-centric to a health-
centric model for research and clinical care has three major 
implications.

First, knowing that your healthcare professional is actu-
ally a diseasecare expert makes them absolutely the best 
person to consult when something is clearly wrong—no con-
fusion here. However, what about before one gets sick? How 
do we assess someone’s health?

It turns out that asking people how healthy they feel—
called “self-rated health” or SRH—is the single best pre-
dictor of how well someone will do and how long they will 
live over the next 20–30 years (Idler and Benyamini 1997; 
Picard et al. 2013). Somehow, people are relatively good 
at knowing how healthy they are—at least better than their 
doctor and other objective medical assessments (Jylha 
2009). SRH correlates with dozens of blood chemistry 
markers (Kananen et al. 2021). However, when controlling 
for these markers, SRH remains a significant predictor of 
mortality, suggesting that the self-assessment of health 
may be based in biology, but also transcend purely bio-
logical processes to involve subjective, or personal factors 
(Kananen et al. 2021). Even among terminal metastatic 
cancer patients with similarly poor prognoses, people who 

subjectively rate their health as excellent (motivated by 
a new outlook on life, connectedness with family, etc.) 
outlive their counterparts with a similar  diagnosis and 
prognosis by more than an order of magnitude (Shadbolt 
et al. 2002). There is a tremendous research opportunity 
to understand the nature and value of subjective health 
experiences, and what this might actually tell us about 
health states and their underlying biology.

Second, turning our attention to health makes us realize 
that it is dynamic in a way that genes are not. Health states, 
including our ability to function and adapt in the world, 
change over time and are shaped by our responses to envi-
ronmental exposures, socioeconomic status, developmen-
tal stages, psychosocial factors, and behaviors (Mutz et al. 
2021). For instance, healthy physiology undergoes remark-
able dynamic diurnal changes in temperature, alertness and 
mood, metabolism, behavior, and even in the size of vital 
organs (Liu et al. 2021) every 24 hours (Bass and Lazar 
2016). Other markers, such as glycemic control (Schussler-
Fiorenza Rose et al. 2019), and perhaps also mitochondrial 
energy production capacity in immune cells (Picard et al. 
2018, Rausser et al. 2021), can worsen or improve from day-
to-day, week-to-week, and month-to-month. Aging trajec-
tories indexed by epigenetic methylation of nuclear genes 
(Waziry et al. 2021) or hair greying (Rosenberg et al. 2021) 
also are modifiable and even reversible. Health and aging are 
malleable and dynamic.

In comparison, our maternally and paternally inherited 
germline variants are set at the time of conception, subse-
quently layered with the accumulation of somatic nuclear 
and mitochondrial gene mutations. It is widely believed that 
de novo mutations may contribute to some cancers (Vaux 
2011), but gene mutations may otherwise have limited 
specific biological effects (Robinson et al. 2021; Versteeg 
2014) and even have anti-neoplastic effects in some contexts 
(Colom et al. 2021). Therefore, our genes change little over 
time, and mostly in one direction (accumulating mutations 
of uncertain significance), yet our health is highly change-
able—capable of declining and improving over short and 
long periods of time.

A direct implication of the dynamic nature of health is 
that our methods to measure health will have to capture these 
dynamic states. In the same way that the contractile action 
of the heart (ECG, electrocardiogram) and neural activity of 
the brain (EEG, electroencephalogram) are captured as time 
series of dynamic electrical activity, we need to begin think-
ing about health as something that can change year-to-year, 
month-to-month, day-to-day, and maybe even over shorter 
time frames. Capturing longitudinal information through 
intensive, repeated, multi-omics measures (Schussler-
Fiorenza Rose et al. 2019; Liang et al. 2020) offers excit-
ing possibilities to prospectively capture deviations from an 
individual’s optimal state of health, before the appearance of 
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disease. This idea aligns closely with the P4 concept of pre-
cision medicine, which aims to transform healthcare through 
prediction, prevention, personalization of care, and patient 
participation (Hood and Friend 2011). Deciphering how we 
can dynamically capture health at the whole organism level 
is a serious challenge for current and future generations of 
biomedical scientists.

Third, from a mechanistic perspective, if genes are not 
the primary basis of health, then what is? The definition 
of health as the ability to optimally respond to challenges 
points to two key properties of living organisms: energy 
and communication. The flow of energy is the quintessential 
property of life and of our ability to respond to challenges 
(Picard et al. 2018). Energy is largely derived from sub-
cellular respiration in mitochondria and likely enabled the 
evolution of multicellular life forms (Lane and Martin 2010). 
Energy brings our genes to life (literally), pushes blood 
through every capillary, and sustains all forms of mental 
and physical activities, including consciousness (Shulman 
et al. 2009). However, energy must be precisely regulated 
and directed through communication.

Communication is the exchange of information that ena-
ble cells and organs in a healthy body and mind to operate in 
a coordinated and cooperative manner. In the human body, 
information exchange occurs through the regulated release 
of hormones, cytokines, neurotransmitters, and other com-
munication mechanisms. For example, metabolites needed 
by some vital organs are only produced by other organs, 
and shared across the organ network through the blood 
(Jang et al. 2019), illustrating the metabolic interdepend-
ency of organs. Similarly in the brain, neurons depend on a 
metabolic partnership with astrocytes (Magistretti and Alla-
man 2015), without which they die. In addition, allostatic 
responses to daily stressors are supported by systemic sign-
aling via steroid hormones produced within mitochondria of 
endocrine glands (Selvaraj et al. 2018), which travel systemi-
cally to influence mitochondria in other cell types, such as 
the brain, creating an interconnected network of communi-
cating mitochondria (Picard and Sandi 2021). Thus, health 
depends on the dynamic exchange not only of energy, but 
also the exchange of information between different parts of 
the organism.

Because life itself depends on the flow of energy and its 
organization by communication processes, energy and com-
munication must be central pillars of health. Developing new 
technologies to capture biometrics that reflect the state of 
these pillars in people—before they get sick—is a promising 
avenue to move beyond genomics. To realize the promise 
of preventative and personalized medicine, we must adopt 
more holistic mindsets (McCarthy and Birney 2021) and 
work towards mapping individualized health patterns with 
sufficient specificity and sensitivity (Yurkovich et al. 2020).

Finally, an energetic view of health suggests that support-
ing the energetic state of the organism and optimizing bio-
logical communication may be viable strategies to promote 
health. This could explain the health benefits of the most 
widely recognized health-promoting intervention: exercise. 
Exercise forces the organism to transform more energy, 
enhancing the number and function of mitochondria through 
a process called mitochondrial biogenesis (Neufer et al. 
2015); and exercise also promotes adaptive communication 
across the organ network (Murphy et al. 2020). Exercise is a 
temporary challenge that triggers a coordinated, whole-body 
response across multiple targets (receptors, cells, organs). 
Exercise training even optimizes energy efficiency and com-
munication across the body and brain, such that after exercise 
training, life can be sustained at a lower metabolic cost—
more efficiently (Careau et al. 2021). Because energy and 
communication are the fundamental pillars of health, and 
because exercise reinforces both of these processes, perhaps 
we need to look no further to understand why exercise makes 
people feel better and why it decreases the risk of practi-
cally every known common disease and age-related disorder. 
Although the beneficial effects of exercise have been known 
for centuries, perhaps a new science of health can use exer-
cise as a successful case study, and extract useful principles 
to help us tackle the future of healthcare.

The Future of Healthcare

Recent developments are rather cheering. As mentioned 
above, there are now a growing number of scientists and 
stakeholders who have started to care about health: explic-
itly identifying the limitations of genomics (McCarthy and 
Birney 2021), and carving out cogent plans to move forward 
towards a holistic, personalized approach to research and 
healthcare (Yurkovich et al. 2020). As this trend continues 
to evolve, more resources will be allocated to understand the 
basis of human health.

Naturally, this new health focus should also re-tune the 
disempowering public discourse on the primacy of genes in 
people’s health. The new discourse should instead reflect the 
state of scientific evidence around the large proportions of 
variance in disease risk (60–90%, depending on the disease) 
and aging (> 90%) that are attributable to modifiable behav-
ioral, psychosocial, and environmental factors, rather than 
genetics. Moreover, instead of normalizing and monetizing 
palliative drug consumption (i.e., once the disease is there, 
add drug Y to get rid of symptoms), a health-centered model 
of care should empower individuals and, importantly, pro-
vide tangible tools to proactively care for our health.

With forthcoming knowledge about the mechanistic 
basis of health, we can also envision a new generation of 
interventions and diagnostic tools that would have a strong 
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foothold in bioenergetics and communication. Although 
much work remains to operationalize and realize these ideas, 
the resulting approaches should be useful both to monitor 
and optimize health. It is stimulating to consider how novel 
interventions could be developed to stimulate organismal 
communication and energy transformation with the primary 
outcome of such interventions/trials being an improvement 
in organismal adaptive capacity (Fig. 2).

Conclusion

In summary, the dominant gene and disease-centered bio-
medical model has informed the research landscape, policy 
making, medical training and practice, as well as the public 
discourse around diseasecare. This dominant focus on dis-
ease has arisen from at least three main factors: (i) a funda-
mental lack of dynamic understanding of health processes, 
(ii) an excessive focus on genes, driven by the generalization 
of discoveries around rare monogenic disorders to common 
illnesses, and (iii) a pervasive bias towards additive solu-
tions that perpetuates the emphasis on genes and pharma-
cotherapy. Given that the genetic origin hypothesis for most 
common human diseases has not been well supported, and 
the rise of new technologies, the time appears ripe to con-
sider a different model focused on health.

A health-centered model of healthcare that incorporates 
principles of bioenergetics and communication has the poten-
tial to have major effects at multiple levels of the research 
and clinical continuum. Much work remains to operationalize 
health and to develop approaches to quantify, longitudinally 

monitor, and intervene upon valid health metrics. Progress in 
this direction should end up reducing the risk of diseases, and 
perhaps even produce a sizeable increase in lifespan. Mak-
ing even small progress in this direction also would free up 
a substantial portion of the diseasecare budget, to instead be 
invested in promoting health and optimizing human develop-
ment across the lifespan.

Acknowledgements  I am grateful to Mary Elizabeth Sutherland for 
editorial assistance, to Judyann McNamara for discussions, and to 
Matthew Harms and Dan Belsky for pointing me to useful literatures.

Author Contributions  MP wrote the paper.

Funding  M.P. is supported by NIH grants R01MH119336, 
R01MH122706, R01AG066828, R21MH123927 and the Wharton 
Fund.

 Code Availability  Not applicable.

Declarations 

Conflict of Interest  The author declares no competing financial inter-
ests.

Ethics Approval  Not applicable.

Consent to Participate  Not applicable.

Consent to Publication  Not applicable.

Fig. 2   Summary of the disease-centric and health-centric models of 
care. The pillars of health are energy and communication, two funda-
mental principles of living organisms that interact with genes to pro-
duce dynamic health states that vary across the lifespan. (Left) The 
focus on genomics sustains a disease-centered framework that influ-
ences how resources are allocated and how research is conducted. 
This scientific landscape in turn influences how medicine is taught 
and practiced, and shapes the public discourse around the malleabil-
ity of health and individual empowerment about one’s ability to effect 
change in one’s health through behaviors. In modern Western cul-
tures, these and other factors discussed in the text contribute to sus-

tain diseasecare, a system of care delivery that relies on the diagnosis 
of disease states, deploys disease-specific pharmacological and surgi-
cal treatments, and determines therapeutic success based on disease 
indicators. (Right) An idealized health-centered model of care calls 
for research investment focused on understanding the basis of human 
health and its dynamic variation over time (e.g., (Yurkovich et  al. 
2020)). Realizing this model will require the development of new 
methods to monitor health states before the onset of symptoms, and 
has the potential to empower individuals to effect positive change in 
their health through behavioral changes



152	 M. Picard 

1 3

References

Adams GS, Converse BA, Hales AH, Klotz LE (2021) People system-
atically overlook subtractive changes. Nature 592(7853):258–261. 
https://​doi.​org/​10.​1038/​s41586-​021-​03380-y

Bass J, Lazar MA (2016) Circadian time signatures of fitness and dis-
ease. Science 354(6315):994–999. https://​doi.​org/​10.​1126/​scien​
ce.​aah49​65

Careau V, Halsey LG, Pontzer H, Ainslie PN, Andersen LF, Anderson 
LJ, Arab L, Baddou I, Bedu-Addo K, Blaak EE, Blanc S, Bonomi 
AG, Bouten CVC, Buchowski MS, Butte NF, Camps S, Close GL, 
Cooper JA, Das SK, Cooper R, Dugas LR, Eaton SD, Ekelund 
U, Entringer S, Forrester T, Fudge BW, Goris AH, Gurven M, 
Hambly C, El Hamdouchi A, Hoos MB, Hu S, Joonas N, Joosen 
AM, Katzmarzyk P, Kempen KP, Kimura M, Kraus WE, Kushner 
RF, Lambert EV, Leonard WR, Lessan N, Martin CK, Medin 
AC, Meijer EP, Morehen JC, Morton JP, Neuhouser ML, Nicklas 
TA, Ojiambo RM, Pietilainen KH, Pitsiladis YP, Plange-Rhule 
J, Plasqui G, Prentice RL, Rabinovich RA, Racette SB, Raichlen 
DA, Ravussin E, Reilly JJ, Reynolds RM, Roberts SB, Schuit AJ, 
Sjodin AM, Stice E, Urlacher SS, Valenti G, Van Etten LM, Van 
Mil EA, Wells JCK, Wilson G, Wood BM, Yanovski J, Yoshida 
T, Zhang X, Murphy-Alford AJ, Loechl CU, Luke AH, Rood J, 
Sagayama H, Schoeller DA, Wong WW, Yamada Y, Speakman JR, 
group IDd (2021) Energy compensation and adiposity in humans. 
Curr Biol. https://​doi.​org/​10.​1016/j.​cub.​2021.​08.​016

Colom B, Herms A, Hall MWJ, Dentro SC, King C, Sood RK, Alcolea 
MP, Piedrafita G, Fernandez-Antoran D, Ong SH, Fowler JC, 
Mahbubani KT, Saeb-Parsy K, Gerstung M, Hall BA, Jones PH 
(2021) Mutant clones in normal epithelium outcompete and elimi-
nate emerging tumours. Nature 598(7881):510–514. https://​doi.​
org/​10.​1038/​s41586-​021-​03965-7

Curtis D (2019) Clinical relevance of genome-wide polygenic score 
may be less than claimed. Ann Hum Genet 83(4):274–277. https://​
doi.​org/​10.​1111/​ahg.​12302

Darrow JJ, Sharma M, Shroff M, Wagner AK (2020) Efficacy and 
costs of spinal muscular atrophy drugs. Sci Transl Med 12 (569).  
https://​doi.​org/​10.​1126/​scitr​anslm​ed.​aay96​48

Denny JC, Collins FS (2021) Precision medicine in 2030-seven ways 
to transform healthcare. Cell 184(6):1415–1419. https://​doi.​org/​
10.​1016/j.​cell.​2021.​01.​015

Elliott ML, Caspi A, Houts RM, Ambler A, Broadbent JM, Hancox RJ, 
Harrington H, Hogan S, Keenan R, Knodt A, Leung JH, Melzer 
TR, Purdy SC, Ramrakha S, Richmond-Rakerd LS, Righarts A, 
Sugden K, Thomson WM, Thorne PR, Williams BS, Wilson G, 
Hariri AR, Poulton R, Moffitt TE (2021) Disparities in the pace of 
biological aging among midlife adults of the same chronological 
age have implications for future frailty risk and policy. Nat Aging 
1(3):295–308. https://​doi.​org/​10.​1038/​s43587-​021-​00044-4

Fried LP, Cohen AA, Xue QL, Walston J, Bandeen-Roche K, Varad-
han R (2021) The physical frailty syndrome as a transition from 
homeostatic symphony to cacophony. Nat Aging 1(1):36–46. 
https://​doi.​org/​10.​1038/​s43587-​020-​00017-z

Greene JA, Loscalzo J (2017) Putting the patient back together—social 
medicine, network medicine, and the limits of reductionism. N 
Engl J Med 377(25):2493–2499. https://​doi.​org/​10.​1056/​NEJMm​
s1706​744

Gregory JM, Fagegaltier D, Phatnani H, Harms MB (2020) Genetics of 
amyotrophic lateral sclerosis. Curr Genet Med Rep 8(4):121–131. 
https://​doi.​org/​10.​1007/​s40142-​020-​00194-8

Hibar DP, Stein JL, Renteria ME, Arias-Vasquez A, Desrivieres S, 
Jahanshad N, Toro R, Wittfeld K, Abramovic L, Andersson M, 
Aribisala BS, Armstrong NJ, Bernard M, Bohlken MM, Boks MP, 
Bralten J, Brown AA, Chakravarty MM, Chen Q, Ching CR, Cuel-
lar-Partida G, den Braber A, Giddaluru S, Goldman AL, Grimm 

O, Guadalupe T, Hass J, Woldehawariat G, Holmes AJ, Hoogman 
M, Janowitz D, Jia T, Kim S, Klein M, Kraemer B, Lee PH, Olde 
Loohuis LM, Luciano M, Macare C, Mather KA, Mattheisen M, 
Milaneschi Y, Nho K, Papmeyer M, Ramasamy A, Risacher SL, 
Roiz-Santianez R, Rose EJ, Salami A, Samann PG, Schmaal L, 
Schork AJ, Shin J, Strike LT, Teumer A, van Donkelaar MM, van 
Eijk KR, Walters RK, Westlye LT, Whelan CD, Winkler AM, 
Zwiers MP, Alhusaini S, Athanasiu L, Ehrlich S, Hakobjan MM, 
Hartberg CB, Haukvik UK, Heister AJ, Hoehn D, Kasperaviciute 
D, Liewald DC, Lopez LM, Makkinje RR, Matarin M, Naber MA, 
McKay DR, Needham M, Nugent AC, Putz B, Royle NA, Shen L, 
Sprooten E, Trabzuni D, van der Marel SS, van Hulzen KJ, Walton 
E, Wolf C, Almasy L, Ames D, Arepalli S, Assareh AA, Bastin 
ME, Brodaty H, Bulayeva KB, Carless MA, Cichon S, Corvin 
A, Curran JE, Czisch M, de Zubicaray GI, Dillman A, Duggirala 
R, Dyer TD, Erk S, Fedko IO, Ferrucci L, Foroud TM, Fox PT, 
Fukunaga M, Gibbs JR, Goring HH, Green RC, Guelfi S, Han-
sell NK, Hartman CA, Hegenscheid K, Heinz A, Hernandez DG, 
Heslenfeld DJ, Hoekstra PJ, Holsboer F, Homuth G, Hottenga JJ, 
Ikeda M, Jack CR Jr, Jenkinson M, Johnson R, Kanai R, Keil M, 
Kent JW Jr, Kochunov P, Kwok JB, Lawrie SM, Liu X, Longo DL, 
McMahon KL, Meisenzahl E, Melle I, Mohnke S, Montgomery 
GW, Mostert JC, Muhleisen TW, Nalls MA, Nichols TE, Nilsson 
LG, Nothen MM, Ohi K, Olvera RL, Perez-Iglesias R, Pike GB, 
Potkin SG, Reinvang I, Reppermund S, Rietschel M, Romanczuk-
Seiferth N, Rosen GD, Rujescu D, Schnell K, Schofield PR, Smith 
C, Steen VM, Sussmann JE, Thalamuthu A, Toga AW, Traynor 
BJ, Troncoso J, Turner JA, Valdes Hernandez MC, van’t Ent D, 
van der Brug M, van der Wee NJ, van Tol MJ, Veltman DJ, Was-
sink TH, Westman E, Zielke RH, Zonderman AB, Ashbrook DG, 
Hager R, Lu L, McMahon FJ, Morris DW, Williams RW, Brunner 
HG, Buckner RL, Buitelaar JK, Cahn W, Calhoun VD, Cavalleri 
GL, Crespo-Facorro B, Dale AM, Davies GE, Delanty N, Depondt 
C, Djurovic S, Drevets WC, Espeseth T, Gollub RL, Ho BC, Hoff-
mann W, Hosten N, Kahn RS, Le Hellard S, Meyer-Lindenberg 
A, Muller-Myhsok B, Nauck M, Nyberg L, Pandolfo M, Penninx 
BW, Roffman JL, Sisodiya SM, Smoller JW, van Bokhoven H, 
van Haren NE, Volzke H, Walter H, Weiner MW, Wen W, White 
T, Agartz I, Andreassen OA, Blangero J, Boomsma DI, Brouwer 
RM, Cannon DM, Cookson MR, de Geus EJ, Deary IJ, Donohoe 
G, Fernandez G, Fisher SE, Francks C, Glahn DC, Grabe HJ, 
Gruber O, Hardy J, Hashimoto R, Hulshoff Pol HE, Jonsson EG, 
Kloszewska I, Lovestone S, Mattay VS, Mecocci P, McDonald C, 
McIntosh AM, Ophoff RA, Paus T, Pausova Z, Ryten M, Sachdev 
PS, Saykin AJ, Simmons A, Singleton A, Soininen H, Wardlaw 
JM, Weale ME, Weinberger DR, Adams HH, Launer LJ, Seiler 
S, Schmidt R, Chauhan G, Satizabal CL, Becker JT, Yanek L, 
van der Lee SJ, Ebling M, Fischl B, Longstreth WT Jr, Greve D, 
Schmidt H, Nyquist P, Vinke LN, van Duijn CM, Xue L, Mazoyer 
B, Bis JC, Gudnason V, Seshadri S, Ikram MA, Alzheimer’s Dis-
ease Neuroimaging I, Consortium C, Epigen, Imagen, Sys, Martin 
NG, Wright MJ, Schumann G, Franke B, Thompson PM, Medland 
SE (2015) Common genetic variants influence human subcortical 
brain structures. Nature 520(7546):224–229. https://​doi.​org/​10.​
1038/​natur​e14101

Hood L, Friend SH (2011) Predictive, personalized, preventive, partici-
patory (P4) cancer medicine. Nat Rev Clin Oncol 8(3):184–187. 
https://​doi.​org/​10.​1038/​nrcli​nonc.​2010.​227

Idler EL, Benyamini Y (1997) Self-rated health and mortality: a 
review of twenty-seven community studies. J Health Soc Behav 
38(1):21–37

International Human Genome Sequencing Consortium (2004) Fin-
ishing the euchromatic sequence of the human genome. Nature 
431(7011):931–945. https://​doi.​org/​10.​1038/​natur​e03001

Jang C, Hui S, Zeng X, Cowan AJ, Wang L, Chen L, Morscher RJ, 
Reyes J, Frezza C, Hwang HY, Imai A, Saito Y, Okamoto K, 

https://doi.org/10.1038/s41586-021-03380-y
https://doi.org/10.1126/science.aah4965
https://doi.org/10.1126/science.aah4965
https://doi.org/10.1016/j.cub.2021.08.016
https://doi.org/10.1038/s41586-021-03965-7
https://doi.org/10.1038/s41586-021-03965-7
https://doi.org/10.1111/ahg.12302
https://doi.org/10.1111/ahg.12302
https://doi.org/10.1126/scitranslmed.aay9648
https://doi.org/10.1016/j.cell.2021.01.015
https://doi.org/10.1016/j.cell.2021.01.015
https://doi.org/10.1038/s43587-021-00044-4
https://doi.org/10.1038/s43587-020-00017-z
https://doi.org/10.1056/NEJMms1706744
https://doi.org/10.1056/NEJMms1706744
https://doi.org/10.1007/s40142-020-00194-8
https://doi.org/10.1038/nature14101
https://doi.org/10.1038/nature14101
https://doi.org/10.1038/nrclinonc.2010.227
https://doi.org/10.1038/nature03001


153Why Do We Care More About Disease than Health?﻿	

1 3

Vaspoli C, Kasprenski L, Zsido GA 2nd, Gorman JH 3rd, Gorman 
RC, Rabinowitz JD (2019) Metabolite exchange between mam-
malian organs quantified in pigs. Cell Metab 30(3):594-606.e593. 
https://​doi.​org/​10.​1016/j.​cmet.​2019.​06.​002

Jylha M (2009) What is self-rated health and why does it predict mor-
tality? Towards a unified conceptual model. Soc Sci Med. https://​
doi.​org/​10.​1016/j.​socsc​imed.​2009.​05.​013

Kananen L, Enroth L, Raitanen J, Jylhava J, Burkle A, Moreno-Vil-
lanueva M, Bernhardt J, Toussaint O, Grubeck-Loebenstein B, 
Malavolta M, Basso A, Piacenza F, Collino S, Gonos ES, Sikora 
E, Gradinaru D, Jansen E, Dolle MET, Salmon M, Stuetz W, 
Weber D, Grune T, Breusing N, Simm A, Capri M, Franceschi C, 
Slagboom PE, Talbot DCS, Libert C, Koskinen S, Bruunsgaard 
H, Hansen AM, Lund R, Hurme M, Jylha M (2021) Self-rated 
health in individuals with and without disease is associated with 
multiple biomarkers representing multiple biological domains. 
Sci Rep 11(1):6139. https://​doi.​org/​10.​1038/​s41598-​021-​85668-7

Khera AV, Chaffin M, Aragam KG, Haas ME, Roselli C, Choi SH, 
Natarajan P, Lander ES, Lubitz SA, Ellinor PT, Kathiresan S 
(2018) Genome-wide polygenic scores for common diseases 
identify individuals with risk equivalent to monogenic muta-
tions. Nat Genet 50(9):1219–1224. https://​doi.​org/​10.​1038/​
s41588-​018-​0183-z

Khera AV, Chaffin M, Wade KH, Zahid S, Brancale J, Xia R, Distefano 
M, Senol-Cosar O, Haas ME, Bick A, Aragam KG, Lander ES, 
Smith GD, Mason-Suares H, Fornage M, Lebo M, Timpson NJ, 
Kaplan LM, Kathiresan S (2019) Polygenic prediction of weight 
and obesity trajectories from birth to adulthood. Cell 177(3):587-
596.e589. https://​doi.​org/​10.​1016/j.​cell.​2019.​03.​028

Lane N, Martin W (2010) The energetics of genome complexity. Nature 
467(7318):929–934. https://​doi.​org/​10.​1038/​natur​e09486

Liang L, Rasmussen MH, Piening B, Shen X, Chen S, Rost H, Snyder 
JK, Tibshirani R, Skotte L, Lee NC, Contrepois K, Feenstra B, 
Zackriah H, Snyder M, Melbye M (2020) Metabolic dynamics 
and prediction of gestational age and time to delivery in pregnant 
women. Cell 181(7):1680-1692.e1615. https://​doi.​org/​10.​1016/j.​
cell.​2020.​05.​002

Lim GY, Tam WW, Lu Y, Ho CS, Zhang MW, Ho RC (2018) Preva-
lence of depression in the community from 30 countries between 
1994 and 2014. Sci Rep 8(1):2861. https://​doi.​org/​10.​1038/​
s41598-​018-​21243-x

Lindsay MA (2003) Target discovery. Nat Rev Drug Discov 2(10):831–
838. https://​doi.​org/​10.​1038/​nrd12​02

Liu Y, Basty N, Whitcher B, Bell JD, Sorokin EP, van Bruggen N, 
Thomas EL, Cule M (2021) Genetic architecture of 11 organ traits 
derived from abdominal MRI using deep learning. Elife. https://​
doi.​org/​10.​7554/​eLife.​65554

Locke AE, Kahali B, Berndt SI, Justice AE, Pers TH, Day FR, Pow-
ell C, Vedantam S, Buchkovich ML, Yang J, Croteau-Chonka 
DC, Esko T, Fall T, Ferreira T, Gustafsson S, Kutalik Z, Luan 
J, Magi R, Randall JC, Winkler TW, Wood AR, Workalemahu 
T, Faul JD, Smith JA, Zhao JH, Zhao W, Chen J, Fehrmann 
R, Hedman AK, Karjalainen J, Schmidt EM, Absher D, Amin 
N, Anderson D, Beekman M, Bolton JL, Bragg-Gresham JL, 
Buyske S, Demirkan A, Deng G, Ehret GB, Feenstra B, Feitosa 
MF, Fischer K, Goel A, Gong J, Jackson AU, Kanoni S, Kleber 
ME, Kristiansson K, Lim U, Lotay V, Mangino M, Leach IM, 
Medina-Gomez C, Medland SE, Nalls MA, Palmer CD, Pasko 
D, Pechlivanis S, Peters MJ, Prokopenko I, Shungin D, Stanca-
kova A, Strawbridge RJ, Sung YJ, Tanaka T, Teumer A, Trom-
pet S, van der Laan SW, van Setten J, Van Vliet-Ostaptchouk 
JV, Wang Z, Yengo L, Zhang W, Isaacs A, Albrecht E, Arnlov 
J, Arscott GM, Attwood AP, Bandinelli S, Barrett A, Bas IN, 
Bellis C, Bennett AJ, Berne C, Blagieva R, Bluher M, Bohringer 
S, Bonnycastle LL, Bottcher Y, Boyd HA, Bruinenberg M, 
Caspersen IH, Chen YI, Clarke R, Daw EW, de Craen AJM, 

Delgado G, Dimitriou M, Doney ASF, Eklund N, Estrada K, 
Eury E, Folkersen L, Fraser RM, Garcia ME, Geller F, Gie-
draitis V, Gigante B, Go AS, Golay A, Goodall AH, Gordon 
SD, Gorski M, Grabe HJ, Grallert H, Grammer TB, Grassler 
J, Gronberg H, Groves CJ, Gusto G, Haessler J, Hall P, Haller 
T, Hallmans G, Hartman CA, Hassinen M, Hayward C, Heard-
Costa NL, Helmer Q, Hengstenberg C, Holmen O, Hottenga 
JJ, James AL, Jeff JM, Johansson A, Jolley J, Juliusdottir T, 
Kinnunen L, Koenig W, Koskenvuo M, Kratzer W, Laitinen 
J, Lamina C, Leander K, Lee NR, Lichtner P, Lind L, Lind-
strom J, Lo KS, Lobbens S, Lorbeer R, Lu Y, Mach F, Mag-
nusson PKE, Mahajan A, McArdle WL, McLachlan S, Menni 
C, Merger S, Mihailov E, Milani L, Moayyeri A, Monda KL, 
Morken MA, Mulas A, Muller G, Muller-Nurasyid M, Musk 
AW, Nagaraja R, Nothen MM, Nolte IM, Pilz S, Rayner NW, 
Renstrom F, Rettig R, Ried JS, Ripke S, Robertson NR, Rose 
LM, Sanna S, Scharnagl H, Scholtens S, Schumacher FR, Scott 
WR, Seufferlein T, Shi J, Smith AV, Smolonska J, Stanton AV, 
Steinthorsdottir V, Stirrups K, Stringham HM, Sundstrom J, 
Swertz MA, Swift AJ, Syvanen AC, Tan ST, Tayo BO, Thorand 
B, Thorleifsson G, Tyrer JP, Uh HW, Vandenput L, Verhulst 
FC, Vermeulen SH, Verweij N, Vonk JM, Waite LL, Warren 
HR, Waterworth D, Weedon MN, Wilkens LR, Willenborg C, 
Wilsgaard T, Wojczynski MK, Wong A, Wright AF, Zhang Q, 
LifeLines Cohort S, Brennan EP, Choi M, Dastani Z, Drong 
AW, Eriksson P, Franco-Cereceda A, Gadin JR, Gharavi AG, 
Goddard ME, Handsaker RE, Huang J, Karpe F, Kathiresan S, 
Keildson S, Kiryluk K, Kubo M, Lee JY, Liang L, Lifton RP, 
Ma B, McCarroll SA, McKnight AJ, Min JL, Moffatt MF, Mont-
gomery GW, Murabito JM, Nicholson G, Nyholt DR, Okada 
Y, Perry JRB, Dorajoo R, Reinmaa E, Salem RM, Sandholm 
N, Scott RA, Stolk L, Takahashi A, Tanaka T, van 't Hooft 
FM, Vinkhuyzen AAE, Westra HJ, Zheng W, Zondervan KT, 
Consortium AD, Group A-BW, Consortium CAD, Consortium 
CK, Glgc, Icbp, Investigators M, Mu TC, Consortium MI, Con-
sortium P, ReproGen C, Consortium G, International Endogene 
C, Heath AC, Arveiler D, Bakker SJL, Beilby J, Bergman RN, 
Blangero J, Bovet P, Campbell H, Caulfield MJ, Cesana G, 
Chakravarti A, Chasman DI, Chines PS, Collins FS, Crawford 
DC, Cupples LA, Cusi D, Danesh J, de Faire U, den Ruijter HM, 
Dominiczak AF, Erbel R, Erdmann J, Eriksson JG, Farrall M, 
Felix SB, Ferrannini E, Ferrieres J, Ford I, Forouhi NG, For-
rester T, Franco OH, Gansevoort RT, Gejman PV, Gieger C, 
Gottesman O, Gudnason V, Gyllensten U, Hall AS, Harris TB, 
Hattersley AT, Hicks AA, Hindorff LA, Hingorani AD, Hofman 
A, Homuth G, Hovingh GK, Humphries SE, Hunt SC, Hyp-
ponen E, Illig T, Jacobs KB, Jarvelin MR, Jockel KH, Johansen 
B, Jousilahti P, Jukema JW, Jula AM, Kaprio J, Kastelein JJP, 
Keinanen-Kiukaanniemi SM, Kiemeney LA, Knekt P, Kooner 
JS, Kooperberg C, Kovacs P, Kraja AT, Kumari M, Kuusisto 
J, Lakka TA, Langenberg C, Marchand LL, Lehtimaki T, Lys-
senko V, Mannisto S, Marette A, Matise TC, McKenzie CA, 
McKnight B, Moll FL, Morris AD, Morris AP, Murray JC, 
Nelis M, Ohlsson C, Oldehinkel AJ, Ong KK, Madden PAF, 
Pasterkamp G, Peden JF, Peters A, Postma DS, Pramstaller 
PP, Price JF, Qi L, Raitakari OT, Rankinen T, Rao DC, Rice 
TK, Ridker PM, Rioux JD, Ritchie MD, Rudan I, Salomaa V, 
Samani NJ, Saramies J, Sarzynski MA, Schunkert H, Schwarz 
PEH, Sever P, Shuldiner AR, Sinisalo J, Stolk RP, Strauch K, 
Tonjes A, Tregouet DA, Tremblay A, Tremoli E, Virtamo J, 
Vohl MC, Volker U, Waeber G, Willemsen G, Witteman JC, 
Zillikens MC, Adair LS, Amouyel P, Asselbergs FW, Assimes 
TL, Bochud M, Boehm BO, Boerwinkle E, Bornstein SR, Bot-
tinger EP, Bouchard C, Cauchi S, Chambers JC, Chanock SJ, 
Cooper RS, de Bakker PIW, Dedoussis G, Ferrucci L, Franks 
PW, Froguel P, Groop LC, Haiman CA, Hamsten A, Hui J, 

https://doi.org/10.1016/j.cmet.2019.06.002
https://doi.org/10.1016/j.socscimed.2009.05.013
https://doi.org/10.1016/j.socscimed.2009.05.013
https://doi.org/10.1038/s41598-021-85668-7
https://doi.org/10.1038/s41588-018-0183-z
https://doi.org/10.1038/s41588-018-0183-z
https://doi.org/10.1016/j.cell.2019.03.028
https://doi.org/10.1038/nature09486
https://doi.org/10.1016/j.cell.2020.05.002
https://doi.org/10.1016/j.cell.2020.05.002
https://doi.org/10.1038/s41598-018-21243-x
https://doi.org/10.1038/s41598-018-21243-x
https://doi.org/10.1038/nrd1202
https://doi.org/10.7554/eLife.65554
https://doi.org/10.7554/eLife.65554


154	 M. Picard 

1 3

Hunter DJ, Hveem K, Kaplan RC, Kivimaki M, Kuh D, Laakso 
M, Liu Y, Martin NG, Marz W, Melbye M, Metspalu A, Moebus 
S, Munroe PB, Njolstad I, Oostra BA, Palmer CNA, Pedersen 
NL, Perola M, Perusse L, Peters U, Power C, Quertermous T, 
Rauramaa R, Rivadeneira F, Saaristo TE, Saleheen D, Sattar N, 
Schadt EE, Schlessinger D, Slagboom PE, Snieder H, Spector 
TD, Thorsteinsdottir U, Stumvoll M, Tuomilehto J, Uitterlinden 
AG, Uusitupa M, van der Harst P, Walker M, Wallaschofski H, 
Wareham NJ, Watkins H, Weir DR, Wichmann HE, Wilson JF, 
Zanen P, Borecki IB, Deloukas P, Fox CS, Heid IM, O'Connell 
JR, Strachan DP, Stefansson K, van Duijn CM, Abecasis GR, 
Franke L, Frayling TM, McCarthy MI, Visscher PM, Scherag A, 
Willer CJ, Boehnke M, Mohlke KL, Lindgren CM, Beckmann 
JS, Barroso I, North KE, Ingelsson E, Hirschhorn JN, Loos RJF, 
Speliotes EK (2015) Genetic studies of body mass index yield 
new insights for obesity biology. Nature 518 (7538):197-206. 
https://​doi.​org/​10.​1038/​natur​e14177

Magistretti PJ, Allaman I (2015) A cellular perspective on brain 
energy metabolism and functional imaging. Neuron 86(4):883–
901. https://​doi.​org/​10.​1016/j.​neuron.​2015.​03.​035

Mavaddat N, Michailidou K, Dennis J, Lush M, Fachal L, Lee A, 
Tyrer JP, Chen TH, Wang Q, Bolla MK, Yang X, Adank MA, 
Ahearn T, Aittomaki K, Allen J, Andrulis IL, Anton-Culver H, 
Antonenkova NN, Arndt V, Aronson KJ, Auer PL, Auvinen P, 
Barrdahl M, Beane Freeman LE, Beckmann MW, Behrens S, 
Benitez J, Bermisheva M, Bernstein L, Blomqvist C, Bogdanova 
NV, Bojesen SE, Bonanni B, Borresen-Dale AL, Brauch H, 
Bremer M, Brenner H, Brentnall A, Brock IW, Brooks-Wilson 
A, Brucker SY, Bruning T, Burwinkel B, Campa D, Carter BD, 
Castelao JE, Chanock SJ, Chlebowski R, Christiansen H, Clarke 
CL, Collee JM, Cordina-Duverger E, Cornelissen S, Couch FJ, 
Cox A, Cross SS, Czene K, Daly MB, Devilee P, Dork T, Dos-
Santos-Silva I, Dumont M, Durcan L, Dwek M, Eccles DM, 
Ekici AB, Eliassen AH, Ellberg C, Engel C, Eriksson M, Evans 
DG, Fasching PA, Figueroa J, Fletcher O, Flyger H, Forsti A, 
Fritschi L, Gabrielson M, Gago-Dominguez M, Gapstur SM, 
Garcia-Saenz JA, Gaudet MM, Georgoulias V, Giles GG, Gilya-
zova IR, Glendon G, Goldberg MS, Goldgar DE, Gonzalez-
Neira A, Grenaker Alnaes GI, Grip M, Gronwald J, Grundy A, 
Guenel P, Haeberle L, Hahnen E, Haiman CA, Hakansson N, 
Hamann U, Hankinson SE, Harkness EF, Hart SN, He W, Hein 
A, Heyworth J, Hillemanns P, Hollestelle A, Hooning MJ, Hoo-
ver RN, Hopper JL, Howell A, Huang G, Humphreys K, Hunter 
DJ, Jakimovska M, Jakubowska A, Janni W, John EM, Johnson 
N, Jones ME, Jukkola-Vuorinen A, Jung A, Kaaks R, Kacz-
marek K, Kataja V, Keeman R, Kerin MJ, Khusnutdinova E, 
Kiiski JI, Knight JA, Ko YD, Kosma VM, Koutros S, Kristensen 
VN, Kruger U, Kuhl T, Lambrechts D, Le Marchand L, Lee E, 
Lejbkowicz F, Lilyquist J, Lindblom A, Lindstrom S, Lissowska 
J, Lo WY, Loibl S, Long J, Lubinski J, Lux MP, MacInnis RJ, 
Maishman T, Makalic E, Maleva Kostovska I, Mannermaa A, 
Manoukian S, Margolin S, Martens JWM, Martinez ME, Mav-
roudis D, McLean C, Meindl A, Menon U, Middha P, Miller N, 
Moreno F, Mulligan AM, Mulot C, Munoz-Garzon VM, Neu-
hausen SL, Nevanlinna H, Neven P, Newman WG, Nielsen SF, 
Nordestgaard BG, Norman A, Offit K, Olson JE, Olsson H, Orr 
N, Pankratz VS, Park-Simon TW, Perez JIA, Perez-Barrios C, 
Peterlongo P, Peto J, Pinchev M, Plaseska-Karanfilska D, Pol-
ley EC, Prentice R, Presneau N, Prokofyeva D, Purrington K, 
Pylkas K, Rack B, Radice P, Rau-Murthy R, Rennert G, Rennert 
HS, Rhenius V, Robson M, Romero A, Ruddy KJ, Ruebner M, 
Saloustros E, Sandler DP, Sawyer EJ, Schmidt DF, Schmutzler 
RK, Schneeweiss A, Schoemaker MJ, Schumacher F, Schur-
mann P, Schwentner L, Scott C, Scott RJ, Seynaeve C, Shah 
M, Sherman ME, Shrubsole MJ, Shu XO, Slager S, Smeets A, 
Sohn C, Soucy P, Southey MC, Spinelli JJ, Stegmaier C, Stone 

J, Swerdlow AJ, Tamimi RM, Tapper WJ, Taylor JA, Terry MB, 
Thone K, Tollenaar R, Tomlinson I, Truong T, Tzardi M, Ulmer 
HU, Untch M, Vachon CM, van Veen EM, Vijai J, Weinberg 
CR, Wendt C, Whittemore AS, Wildiers H, Willett W, Winqvist 
R, Wolk A, Yang XR, Yannoukakos D, Zhang Y, Zheng W, 
Ziogas A, Investigators A, kConFab AI, Collaborators N, Dun-
ning AM, Thompson DJ, Chenevix-Trench G, Chang-Claude J, 
Schmidt MK, Hall P, Milne RL, Pharoah PDP, Antoniou AC, 
Chatterjee N, Kraft P, Garcia-Closas M, Simard J, Easton DF 
(2019) Polygenic risk scores for prediction of breast cancer and 
breast cancer subtypes. Am J Hum Genet 104(1):21–34. https://​
doi.​org/​10.​1016/j.​ajhg.​2018.​11.​002

McCarthy M, Birney E (2021) Personalized profiles for disease risk 
must capture all facets of health. Nature 597(7875):175–177. 
https://​doi.​org/​10.​1038/​d41586-​021-​02401-0

Menche J, Sharma A, Kitsak M, Ghiassian SD, Vidal M, Loscalzo 
J, Barabasi AL (2015) Disease networks. Uncovering disease-
disease relationships through the incomplete interactome. Science 
347(6224):1257601. https://​doi.​org/​10.​1126/​scien​ce.​12576​01

Moraes F, Goes A (2016) A decade of human genome project conclu-
sion: scientific diffusion about our genome knowledge. Biochem 
Mol Biol Educ 44(3):215–223. https://​doi.​org/​10.​1002/​bmb.​20952

Mullard A (2017) FDA approves splice-modulating drug. Nat Rev 
Drug Discov 16(2):77. https://​doi.​org/​10.​1038/​nrd.​2017.​18

Murphy RM, Watt MJ, Febbraio MA (2020) Metabolic communication 
during exercise. Nat Metab 2(9):805–816. https://​doi.​org/​10.​1038/​
s42255-​020-​0258-x

Mutz J, Roscoe CJ, Lewis CM (2021) Exploring health in the UK 
Biobank: associations with sociodemographic characteristics, psy-
chosocial factors, lifestyle and environmental exposures. BMC 
Med 19(1):240. https://​doi.​org/​10.​1186/​s12916-​021-​02097-z

National Health Expenditure Data (2020). Center for Medicare and 
Medicaid Services. https://​www.​cms.​gov/​Resea​rch-​Stati​stics-​
Data-​and-​Syste​ms/​Stati​stics-​Trends-​and-​Repor​ts/​Natio​nalHe​althE​
xpend​Data/​NHE-​Fact-​Sheet. Accessed May 27 2021

Neufer PD, Bamman MM, Muoio DM, Bouchard C, Cooper DM, 
Goodpaster BH, Booth FW, Kohrt WM, Gerszten RE, Mattson 
MP, Hepple RT, Kraus WE, Reid MB, Bodine SC, Jakicic JM, 
Fleg JL, Williams JP, Joseph L, Evans M, Maruvada P, Rodg-
ers M, Roary M, Boyce AT, Drugan JK, Koenig JI, Ingraham 
RH, Krotoski D, Garcia-Cazarin M, McGowan JA, Laughlin MR 
(2015) Understanding the cellular and molecular mechanisms of 
physical activity-induced health benefits. Cell Metab 22(1):4–11. 
https://​doi.​org/​10.​1016/j.​cmet.​2015.​05.​011

Picard M, Sandi C (2021) The social nature of mitochondria: Implica-
tions for human health. Neurosci Biobehav Rev 120:595–610. 
https://​doi.​org/​10.​1016/j.​neubi​orev.​2020.​04.​017

Picard M, Juster RP, Sabiston CM (2013) Is the whole greater than 
the sum of the parts? Self-Rated Health and Transdisciplinarity. 
Health 5(12):24–30

Picard M, McEwen BS, Epel ES, Sandi C (2018) An energetic view of 
stress: focus on mitochondria. Front Neuroendocrinol 49:72–85. 
https://​doi.​org/​10.​1016/j.​yfrne.​2018.​01.​001

Picard M, Prather AA, Puterman E, Cuillerier A, Coccia M, Asch-
bacher K, Burelle Y, Epel ES (2018) A mitochondrial health index 
sensitive to mood and caregiving stress. Biol Psychiatry 84(1):9-
17. https://​doi.​org/​10.​1016/j.​biops​ych.​2018.​01.​012

Polygenic Risk Score Task Force of the International Common Disease 
A (2021) Responsible use of polygenic risk scores in the clinic: 
potential benefits, risks and gaps. Nat Med 27(11):1876–1884. 
https://​doi.​org/​10.​1038/​s41591-​021-​01549-6

Rausser S, Trumpff C, McGill MA, Junker A, Wang W, Ho SH, Mitch-
ell A, Karan KR, Monk CE, Segerstrom SC, Reed RG, Picard M 
(2021) Mitochondrial phenotypes in purified human immune cell 
subtypes and cell mixtures. Elife. https://​doi.​org/​10.​7554/​eLife.​
70899

https://doi.org/10.1038/nature14177
https://doi.org/10.1016/j.neuron.2015.03.035
https://doi.org/10.1016/j.ajhg.2018.11.002
https://doi.org/10.1016/j.ajhg.2018.11.002
https://doi.org/10.1038/d41586-021-02401-0
https://doi.org/10.1126/science.1257601
https://doi.org/10.1002/bmb.20952
https://doi.org/10.1038/nrd.2017.18
https://doi.org/10.1038/s42255-020-0258-x
https://doi.org/10.1038/s42255-020-0258-x
https://doi.org/10.1186/s12916-021-02097-z
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://www.cms.gov/Research-Statistics-Data-and-Systems/Statistics-Trends-and-Reports/NationalHealthExpendData/NHE-Fact-Sheet
https://doi.org/10.1016/j.cmet.2015.05.011
https://doi.org/10.1016/j.neubiorev.2020.04.017
https://doi.org/10.1016/j.yfrne.2018.01.001
https://doi.org/10.1016/j.biopsych.2018.01.012
https://doi.org/10.1038/s41591-021-01549-6
https://doi.org/10.7554/eLife.70899
https://doi.org/10.7554/eLife.70899


155Why Do We Care More About Disease than Health?﻿	

1 3

Robinson PS, Coorens THH, Palles C, Mitchell E, Abascal F, Olafs-
son S, Lee BCH, Lawson ARJ, Lee-Six H, Moore L, Sanders 
MA, Hewinson J, Martin L, Pinna CMA, Galavotti S, Rahbari R, 
Campbell PJ, Martincorena I, Tomlinson I, Stratton MR (2021) 
Increased somatic mutation burdens in normal human cells due 
to defective DNA polymerases. Nat Genet 53(10):1434–1442. 
https://​doi.​org/​10.​1038/​s41588-​021-​00930-y

Rosenberg AM, Rausser S, Ren JT, Mosharov EV, Sturm G, Ogden 
RT, Patel P, Soni RK, Lacefield C, Tobin DJ, Paus R, Picard M 
(2021) Quantitative mapping of human hair greying and reversal 
in relation to life stress. Elife. https://​doi.​org/​10.​7554/​eLife.​67437

Ruby JG, Wright KM, Rand KA, Kermany A, Noto K, Curtis D, Var-
ner N, Garrigan D, Slinkov D, Dorfman I, Granka JM, Byrnes J, 
Myres N, Ball C (2018) Estimates of the heritability of human 
longevity are substantially inflated due to assortative mating. 
Genetics 210(3):1109–1124. https://​doi.​org/​10.​1534/​genet​ics.​
118.​301613

Schroeder SA (2007) Shattuck Lecture. We can do better—improving 
the health of the American people. N Engl J Med 357(12):1221–
1228. https://​doi.​org/​10.​1056/​NEJMs​a0733​50

Schussler-Fiorenza Rose SM, Contrepois K, Moneghetti KJ, Zhou W, 
Mishra T, Mataraso S, Dagan-Rosenfeld O, Ganz AB, Dunn J, 
Hornburg D, Rego S, Perelman D, Ahadi S, Sailani MR, Zhou 
Y, Leopold SR, Chen J, Ashland M, Christle JW, Avina M, Lim-
caoco P, Ruiz C, Tan M, Butte AJ, Weinstock GM, Slavich GM, 
Sodergren E, McLaughlin TL, Haddad F, Snyder MP (2019) A 
longitudinal big data approach for precision health. Nat Med 
25(5):792–804. https://​doi.​org/​10.​1038/​s41591-​019-​0414-6

Selvaraj V, Stocco DM, Clark BJ (2018) Current knowledge on the 
acute regulation of steroidogenesis. Biol Reprod 99(1):13–26. 
https://​doi.​org/​10.​1093/​biolre/​ioy102

Shadbolt B, Barresi J, Craft P (2002) Self-rated health as a predictor 
of survival among patients with advanced cancer. J Clin Oncol 
20(10):2514–2519

Shulman RG, Hyder F, Rothman DL (2009) Baseline brain energy 
supports the state of consciousness. Proc Natl Acad Sci USA 
106(27):11096–11101. https://​doi.​org/​10.​1073/​pnas.​09039​41106

Sterling P (2020) What is health? Allostasis and the evolution of human 
origins. MIT Press, Boston, MA

Sud A, Turnbull C, Houlston R (2021) Will polygenic risk scores for 
cancer ever be clinically useful? NPJ Precis Oncol 5(1):40. https://​
doi.​org/​10.​1038/​s41698-​021-​00176-1

Troeung L, Egan SJ, Gasson N (2013) A meta-analysis of randomised 
placebo-controlled treatment trials for depression and anxiety in 
Parkinson’s disease. PLoS One 8(11):e79510. https://​doi.​org/​10.​
1371/​journ​al.​pone.​00795​10

UK-Consortium K, Walter K, Min JL, Huang J, Crooks L, Memari Y, 
McCarthy S, Perry JR, Xu C, Futema M, Lawson D, Iotchkova 
V, Schiffels S, Hendricks AE, Danecek P, Li R, Floyd J, Wain 
LV, Barroso I, Humphries SE, Hurles ME, Zeggini E, Barrett JC, 
Plagnol V, Richards JB, Greenwood CM, Timpson NJ, Durbin R, 
Soranzo N (2015) The UK10K project identifies rare variants in 
health and disease. Nature 526(7571):82–90. https://​doi.​org/​10.​
1038/​natur​e14962

Vaux DL (2011) In defense of the somatic mutation theory of cancer. 
BioEssays 33(5):341–343. https://​doi.​org/​10.​1002/​bies.​20110​
0022

Venkataramani AS, O’Brien R, Tsai AC (2021) Declining life expec-
tancy in the United States: the need for social policy as health policy. 
JAMA 325(7):621–622. https://​doi.​org/​10.​1001/​jama.​2020.​26339

Versteeg R (2014) Cancer: tumours outside the mutation box. Nature 
506(7489):438–439. https://​doi.​org/​10.​1038/​natur​e13061

Vujkovic M, Keaton JM, Lynch JA, Miller DR, Zhou J, Tcheandjieu 
C, Huffman JE, Assimes TL, Lorenz K, Zhu X, Hilliard AT, Judy 
RL, Huang J, Lee KM, Klarin D, Pyarajan S, Danesh J, Melander 
O, Rasheed A, Mallick NH, Hameed S, Qureshi IH, Afzal MN, 

Malik U, Jalal A, Abbas S, Sheng X, Gao L, Kaestner KH, Susz-
tak K, Sun YV, DuVall SL, Cho K, Lee JS, Gaziano JM, Phillips 
LS, Meigs JB, Reaven PD, Wilson PW, Edwards TL, Rader DJ, 
Damrauer SM, O’Donnell CJ, Tsao PS, Consortium H, Regeneron 
Genetics C, Program VAMV, Chang KM, Voight BF, Saleheen 
D (2020) Discovery of 318 new risk loci for type 2 diabetes and 
related vascular outcomes among 1.4 million participants in a 
multi-ancestry meta-analysis. Nat Genet 52(7):680–691. https://​
doi.​org/​10.​1038/​s41588-​020-​0637-y

Waziry R, Corcoran D, Huffman K, Kobor M, Kothari M, Kraus V, 
Kraus W, Lin D, Pieper C, Ramaker M, Bhapkar M, Das S, Fer-
rucci L, Hastings W, Kebbe M, Parker D, Racette S, Shalev I, 
Schilling B, Belsky D (2021) Effect of long-term caloric restric-
tion on DNA methylation measures of biological aging in healthy 
adults: CALERIE™ trial analysis. medRxiv. https://​doi.​org/​10.​
1101/​2021.​09.​21.​21263​912

Wray NR, Ripke S, Mattheisen M, Trzaskowski M, Byrne EM, Abdel-
laoui A, Adams MJ, Agerbo E, Air TM, Andlauer TMF, Bacanu 
SA, Baekvad-Hansen M, Beekman AFT, Bigdeli TB, Binder EB, 
Blackwood DRH, Bryois J, Buttenschon HN, Bybjerg-Grauholm 
J, Cai N, Castelao E, Christensen JH, Clarke TK, Coleman JIR, 
Colodro-Conde L, Couvy-Duchesne B, Craddock N, Crawford 
GE, Crowley CA, Dashti HS, Davies G, Deary IJ, Degenhardt F, 
Derks EM, Direk N, Dolan CV, Dunn EC, Eley TC, Eriksson N, 
Escott-Price V, Kiadeh FHF, Finucane HK, Forstner AJ, Frank J, 
Gaspar HA, Gill M, Giusti-Rodriguez P, Goes FS, Gordon SD, 
Grove J, Hall LS, Hannon E, Hansen CS, Hansen TF, Herms S, 
Hickie IB, Hoffmann P, Homuth G, Horn C, Hottenga JJ, Hou-
gaard DM, Hu M, Hyde CL, Ising M, Jansen R, Jin F, Jorgenson 
E, Knowles JA, Kohane IS, Kraft J, Kretzschmar WW, Krogh J, 
Kutalik Z, Lane JM, Li Y, Li Y, Lind PA, Liu X, Lu L, MacIntyre 
DJ, MacKinnon DF, Maier RM, Maier W, Marchini J, Mbarek 
H, McGrath P, McGuffin P, Medland SE, Mehta D, Middeldorp 
CM, Mihailov E, Milaneschi Y, Milani L, Mill J, Mondimore 
FM, Montgomery GW, Mostafavi S, Mullins N, Nauck M, Ng B, 
Nivard MG, Nyholt DR, O’Reilly PF, Oskarsson H, Owen MJ, 
Painter JN, Pedersen CB, Pedersen MG, Peterson RE, Petters-
son E, Peyrot WJ, Pistis G, Posthuma D, Purcell SM, Quiroz JA, 
Qvist P, Rice JP, Riley BP, Rivera M, Saeed Mirza S, Saxena R, 
Schoevers R, Schulte EC, Shen L, Shi J, Shyn SI, Sigurdsson E, 
Sinnamon GBC, Smit JH, Smith DJ, Stefansson H, Steinberg S, 
Stockmeier CA, Streit F, Strohmaier J, Tansey KE, Teismann H, 
Teumer A, Thompson W, Thomson PA, Thorgeirsson TE, Tian C, 
Traylor M, Treutlein J, Trubetskoy V, Uitterlinden AG, Umbricht 
D, Van der Auwera S, van Hemert AM, Viktorin A, Visscher PM, 
Wang Y, Webb BT, Weinsheimer SM, Wellmann J, Willemsen 
G, Witt SH, Wu Y, Xi HS, Yang J, Zhang F, eQtlgen, and Me, 
Arolt V, Baune BT, Berger K, Boomsma DI, Cichon S, Dann-
lowski U, de Geus ECJ, DePaulo JR, Domenici E, Domschke K, 
Esko T, Grabe HJ, Hamilton SP, Hayward C, Heath AC, Hinds 
DA, Kendler KS, Kloiber S, Lewis G, Li QS, Lucae S, Mad-
den PFA, Magnusson PK, Martin NG, McIntosh AM, Metspalu 
A, Mors O, Mortensen PB, Muller-Myhsok B, Nordentoft M, 
Nothen MM, O’Donovan MC, Paciga SA, Pedersen NL, Penninx 
B, Perlis RH, Porteous DJ, Potash JB, Preisig M, Rietschel M, 
Schaefer C, Schulze TG, Smoller JW, Stefansson K, Tiemeier H, 
Uher R, Volzke H, Weissman MM, Werge T, Winslow AR, Lewis 
CM, Levinson DF, Breen G, Borglum AD, Sullivan PF, Major 
Depressive Disorder Working Group of the Psychiatric Genomics 
C (2018) Genome-wide association analyses identify 44 risk vari-
ants and refine the genetic architecture of major depression. Nat 
Genet 50(5):668–681. https://​doi.​org/​10.​1038/​s41588-​018-​0090-3

Yurkovich JT, Tian Q, Price ND, Hood L (2020) A systems approach 
to clinical oncology uses deep phenotyping to deliver personalized 
care. Nat Rev Clin Oncol 17(3):183–194. https://​doi.​org/​10.​1038/​
s41571-​019-​0273-6

https://doi.org/10.1038/s41588-021-00930-y
https://doi.org/10.7554/eLife.67437
https://doi.org/10.1534/genetics.118.301613
https://doi.org/10.1534/genetics.118.301613
https://doi.org/10.1056/NEJMsa073350
https://doi.org/10.1038/s41591-019-0414-6
https://doi.org/10.1093/biolre/ioy102
https://doi.org/10.1073/pnas.0903941106
https://doi.org/10.1038/s41698-021-00176-1
https://doi.org/10.1038/s41698-021-00176-1
https://doi.org/10.1371/journal.pone.0079510
https://doi.org/10.1371/journal.pone.0079510
https://doi.org/10.1038/nature14962
https://doi.org/10.1038/nature14962
https://doi.org/10.1002/bies.201100022
https://doi.org/10.1002/bies.201100022
https://doi.org/10.1001/jama.2020.26339
https://doi.org/10.1038/nature13061
https://doi.org/10.1038/s41588-020-0637-y
https://doi.org/10.1038/s41588-020-0637-y
https://doi.org/10.1101/2021.09.21.21263912
https://doi.org/10.1101/2021.09.21.21263912
https://doi.org/10.1038/s41588-018-0090-3
https://doi.org/10.1038/s41571-019-0273-6
https://doi.org/10.1038/s41571-019-0273-6

	Why Do We Care More About Disease than Health?
	Abstract
	Healthcare or Diseasecare?
	Box 1

	What is Health?
	A Gene-Based Disease Focus
	Why are Genes so Appealing?
	Health is Not Written in Genes
	Humans are Biased Towards Additive Solutions
	Who Actually Cares About Health?
	The Future of Healthcare
	Conclusion
	Acknowledgements 
	References




