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A new report from the Buck Institute
connects the dots between your air,
diet, stress, sleep, and the pace of
biological aging.

Y ou’ ve probably noticed: every few months, there’s a new environmental health
story. Microplastics in your tea. PFASin your water. Air quality alerts on your
phone. Each one lands as a separate thing to track, a separate thing to worry about.
But researchers at the Buck Institute for Research on Aging have been studying
something that connects all of it: a concept that changes the way we think about
longevity, health, and what’ s actually within our control.

It's called the exposome. And once you understand it, you' [l never ook at your daily
environment the same way.

“The genome explains what is possible. The exposome determines what is actually
happening, and what comes next,” writes Cavin Ward-Caviness, PhD, Director of
Environmental Science at the Buck Institute, in the Healthspan Horizons report.

What Is the Exposome, and Why
Should You Care?

The exposome is the sum total of every environmental exposure you encounter over
your lifetime:
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The air you breathe

The food you eat

The chemicals in your household products
The quality of your sleep

Your stress levels

The physical characteristics of the place where you live

The term was first coined in 2005 by cancer epidemiologist Christopher Wild to
describe everything that isn't your DNA but still shapes your health. The key insight
isn’t that one exposure determines your health. It’s that thousands of small exposures
accumulate over decades, often converging on the same biological pathways.

Here swhy it matters. most of what determines how well you age isn’t locked in your
genes. A new Healthspan Horizons report from the Buck Institute, drawing on 78
peer-reviewed sources, makes the case that the exposome is the missing layer of
precision health. Genomics explains predisposition. Clinical biomarkers detect
breakdown. But the exposome explains the environmental forces shaping your health
tragjectory right now. Think of your genome as a musical score. It tells you which
notes can be played. But your exposome is the performance: which notes get played
loudest, which get muted, and the tempo at which the whole thing unfolds.

The best part? Unlike your genome, your exposome is modifiable. But the goal isn’t to
eliminate every exposure. It'sto build resilience so your body can better respond to
the exposures that are unavoidable.

8 Biological Mechanisms
Environmental Exposures Disrupt
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If you' ve been following environmental health research, you might have read about
microplastics and inflammation, or air pollution and heart disease, or PFAS and
hormonal disruption. What you probably haven't heard is that these very different
exposures are doing remarkably similar things inside your body.

A landmark 2021 review in the journal Cell identified eight shared biological
mechanisms through which environmental exposures cause damage:

Oxidative stress and inflammation
Genomic alterations

Epigenetic changes

Mitochondrial dysfunction
Endocrine disruption

Altered cellular communication
Microbiome disruption

Impaired nervous system function

Whether it’ s fine particulate matter in the air, forever chemicalsin your water, or
chronic psychosocial stress, many of these exposures converge on the same biological
pathways. That convergence is why looking at one exposure at atime, while useful,
doesn’'t give you the full picture.

Protecting yourself isn’t about tracking every individual toxin. It's about

understanding the shared pathways they affect and building your body’ s capacity to
handle them. In other words, it’s about resilience.

The Signal Before the Symptom
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One of the most striking findings in the Buck report is that environmental damage
doesn’'t wait for symptoms to show up. It leaves a measurable molecular signature in
your DNA methylation patterns, in epigenetic aging markers, in blood metabolites,
years before you' d ever feel sick or receive aclinical diagnosis.

As the Healthspan Horizons report puts it: “ Environmental exposures rarely announce
themselvesfirst as disease. They manifest first as subtle reductionsin resilience,
recovery, energy regulation, cognition, inflammatory balance, and adaptive capacity.”
In other words, the erosion happens in the systems that keep you well, long before
anything shows up on a standard lab panel. And molecular aging biomarkers can
detect that erosion because, as the report notes, “they integrate signals from many
exposures into a single, interpretable measure.”

On the flip side, this means there’' s awindow of opportunity. If environmental
exposures are accelerating aging at the molecular level, and that molecular aging is
detectable and potentially modifiable, then acting early is a strategy with real
biological logic behind it.

A 2021 pilot clinical trial tested this directly. Forty-three healthy men ages 50 to 72
followed an eight-week program combining dietary changes, sleep improvement,
exercise, and stress reduction. At the end of the program, the treatment group showed
a3.23-year reduction in their epigenetic age compared to controls after eight
weeks. Thiswas asmall, short study with limitations (it included only men and used
one specific epigenetic clock), and larger trials are needed before we can offer you a
real roadmap for a healthy exposome. But it suggests that the trajectory of biological
aging is responsive to the same kinds of lifestyle shifts most of us can make.

Can You Measure Your Own
Exposome?
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Not entirely, not yet. The full exposome is a research-grade concept. Measuring it
comprehensively requires metabolomics (which can profile more than 100,000
chemicalsin asingle blood sample), environmental sensors, wearable devices,
biological samples, and the kind of Al integration that many health organizations are
building toward. No single technology captures the whole picture.

But here’ swhat you can measure right now, and it’s more than most people realize.

Molecular aging biomarkers like epigenetic clocks give you a summary readout of
cumulative environmental and biological stress. Companies now offer biological age
testing through saliva or blood samples, and while the science is still maturing, these
clocks provide a meaningful snapshot of how your body is aging at the molecular
level relative to your chronological age. Thisisthe closest thing to a personal
exposome score that currently exists, because it integrates the effects of multiple
exposures into a single, interpretable measure.

Individual exposure inputs are increasingly trackable. Air quality apps show your real-
time AQI. The Environmental Working Group’s Tap Water Database letsyou
check contaminants by zip code. Wearables track your sleep consistency, movement
patterns, and heart rate variability (a proxy for nervous system regulation and stress
recovery). Blood panels can now detect some chemical exposures, including heavy
metals and PFASS, though these are specialized tests your doctor would need to order.

What’s coming: The Buck report describes a future where Al-enabled systems
continuously integrate environmental data with your genomic, molecular, wearable,
and clinical information to map your healthspan trgjectory over time. That
infrastructure is being built, but it isn’t consumer-ready. In the meantime, the six
inputs below are the levers you can act on today.
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Asthe report framesit: “Measuring the exposome resembles assembling a mosaic:
each technology captures part of the picture, but meaningful interpretation emerges
only when those pieces are integrated.” That integration is the problem being solved
now.

Where Your Exposome Shows Up: Six
Inputs

These are the six channels through which your environment writes itself into your
biology. Each one feeds the same convergent pathways. Each one is modifiable. And
changing even one of them shifts the load on all the others.

1) The Particles That Get Past Your Lungs

Fine particulate matter (PM2.5) doesn't just irritate your airways. These particles are
small enough to cross from your lungs into your bloodstream, triggering a systemic
inflammatory response that reaches your cardiovascular system, your brain, your
metabolism, and your molecular aging clock. Both the U.S. EPA and the World
Health Organization recognize PM2.5 asa causal contributor to cardiovascular
disease and mortality. One widely cited estimate found that combustion-related
air pollution was associated with approximately 200,000 early deaths per year in
the United States. And the cumulative effect of lower-grade, everyday exposure
may matter more than the occasional spike: long-term burden, not just acute episodes,
Ismost strongly linked to biological aging and clinical events.

What to do: Check your local air quality before outdoor exercise. On poor-air days,
move your workout indoors. A HEPA air filter in the rooms where you sleep and
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spend the most time reduces your cumulative particulate load. If you run, walk, or
cycle outdoors regularly, knowing the AQI, which changes daily, is the single most
useful thing you can do.

2) The Foods That Amplify (Or Absorb) Exposures

Y our diet acts on your exposome in two directions. Inflammatory dietary patterns
(ultra-processed foods, excess sugar, low nutrient density) accelerate the same
biological pathways that chemical and physical exposures target. But a diverse,
antioxidant-rich diet can measurably counterbalance those stressors. In a
randomized trial, fish oil supplementation (3 grams per day for four weeks) blunted
the lung function damage caused by acute ozone exposure in heathy
adults by 48 to 70%. And a 2023 UK Biobank study found that sustained dietary shifts
toward longevity-associated patterns were linked to up to 10 years of additional
life expectancy.

The mechanism works both ways. what you eat can either amplify or absorb the
impact of what you breathe, drink, and touch.

What to do: Prioritize dietary diversity and antioxidant-rich foods: colorful
vegetables, berries, nuts, fatty fish. Think of it less as a detox and more as ongoing
biological support for the systems that process every other environmental input you
encounter.

3) Movement Quality (75 Minutes a Week Shifts Your
Molecular Aging Trajectory)

Inapooled analysis of more than 654,000 people, even the lowest level of
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leisure-time physical activity, equivalent to about 75 minutes of brisk walking per
week, was associated with nearly two additional years of life expectancy. At higher
activity levels, the gains reached 4.5 years. And a 2025 review of the evidence
suggests that regular exercise doesn’t just extend lifespan. It may slow, or possibly
even reverse, the trgjectory of molecular aging biomarkers, the same biomarkers that
environmental exposures accelerate.

This means movement isn't just healthy behavior. Within the exposome framework,
it'sadirect countermeasure to the molecular aging effects of your air, your water, and
your chemical exposures.

What to do: The threshold for meaningful benefit is lower than most people
think. Seventy-five minutes per week of brisk walking (about 11 minutes a day)
aready shows a statistically significant association with extended life expectancy.
Moreis better, but consistency matters more than intensity.

4) Your Ability to Rest and Repair (And The Window
That Doubles as a Shield)

When you sleep, your body isn't resting. It’s running its most intensive repair,
detoxification, and immune recalibration processes. Circadian disruption interferes
with all of them, accelerating the same inflammatory and metabolic cascades that
chemical exposurestrigger. Disrupt the cycle, and you're not just tired. You're less
biologically equipped to handle whatever your environment delivers tomorrow.

The exposome framework reframes sleep from alifestyle factor to aresilience factor.
Consistent, high-quality sleep doesn’t just restore energy. It maintains the
systems that process and recover from every other input on thislist.
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What to do: Prioritize consistent sleep timing over duration alone. Y our circadian
system responds to regularity, and irregular schedules destabilize the repair processes
that keep your inflammatory and metabolic baselines stable. If you' re tracking one
sleep metric, make it consistent.

5) Your Stress Levels (And The Resilience Practices
That Protect You)

This might be the most important reframe in the exposome model. Most people think
of stress as a psychological state and environmental health as a physical one. The
science says they converge. Chronic psychosocial stress activates the hypothalamic-
pituitary-adrenal (HPA) axis, your body’s central stress response system. When that
system stays persistently engaged, it raises what researchers call allostatic load: the
cumulative wear on your cardiovascular, inflammatory, metabolic, and
neuroendocrine regulatory networks. The Buck report draws a direct line between
elevated allostatic load and the body’ s decreasing capacity to handle additional
environmental exposures without lasting damage.

In other words: chronic stress doesn’t just feel bad. It makes your body worse
at dealing with the air pollution, the chemical exposures, and the heat stress that
everyone encounters.

What to do: Nervous system regulation isn’t aluxury or a self-care trend. Within the
exposome framework, it's abiological strategy. Practices that genuinely calm the
stress response, breathwork, time in nature, relational connection, reducing the pace of
your day, support the same systems that process chemical and physical stressors. If
you can lower your allostatic load, you improve your body’ s capacity to handle
everything else.

6) Your Zip Code
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The exposome makes environmental justice personal and political. Where you live
sets your baseline exposure burden before you make a single choice about diet,
exercise, or sleep. Air quality, water quality, green space access, heat exposure, noise
pollution, proximity to industrial activity, and even the consumer products marketed
to your community all shape your exposome. And these exposures are not distributed
equally. A study published in Nature found significant disparities in air
pollution exposure across U.S. population and income groups, with
communities of color and lower-income areas consistently exposed to higher PM2.5
levels. Separate research has found that consumer-product use drives greater
exposure to toxic chemicals among Black women, with non-Hispanic Black
women nearly twice as likely to use high-hazard hair care products compared to non-
Hispanic White women.

The same biological pathways that respond to your diet and your stress levels are also
shaped by structural factors you didn’t choose.

What to do: Know your local environmental profile. Check your water quality by zip
code (the Environmental Working Group’s Tap Water Database is a good starting
point). Review air quality trends for your area, not just today’s number. If your water
supply has known contaminants, a certified filter is one of the most direct
interventions available. And when possible, spend time in green spaces, where
particulate matter concentrations tend to be measurably lower.

Resilience Is the Point

Here' s the most empowering finding in the Buck report, and the one that separates this
from another list of things to worry about: healthier people are more resilient to the
environmental stressors they can’'t avoid. And that resilience is measurable and
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modifiable.

In 22024 controlled exposure study, young, healthy adults were exposed to ozone
while exercising. Those with lower epigenetic age (measured via biological aging
clocksin lung tissue) showed different subclinical cardiac and inflammatory
responses compared to those with higher epigenetic age, even though all
participants were young and fit. The sample was small (17 participants), and larger
studies are needed. But the direction is consistent with the broader literature: the same
molecular aging biomarkers that environmental exposures accel erate are the ones that,
when kept low, appear to buffer the body against further exposure.

Thisisthe exposome’s most actionable insight. Y ou can’t eliminate every chemical in
your water or every particle in your air. But you can build the biological baseline,
through diet, movement, sleep, stress regulation, and environmental awareness, that
determines how your body responds when those exposures arrive.

The exposomeisn’t alist of threatsto fear. It's amap of where your agency lives.
The Buck report closes with areframe that’ s worth sitting with: “ The goal is not
simply to reduce environmental exposures, but to strengthen the systems that allow
individuals to remain resilient when exposures inevitably occur.” And itsfinal thesis:
“The exposome is a story about agency, not fate. Health is no longer a static snapshot,
but a continuously evolving trajectory that can be measured, understood, and
influenced.”

Try This: The 5-Minute Exposome
Check-In

Y ou can’'t measure your full exposome from your living room. But you can assess the
six inputs that shape it and identify where a single shift would make the biggest
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difference. Walk through these honestly. The goal isn’'t a perfect score. It’ sfinding the
one lever with the most room to move.

Air: Do you know your area’ stypical AQI? Do you have any air filtration at home? Do
you exercise outdoors on poor-air days without checking first?

Diet: How diverse is your weekly intake? Are antioxidant-rich foods (colorful
vegetables, berries, nuts, fatty fish) aregular part of your eating pattern, or an occasional
addition?

Movement: Areyou moving at least 75 minutes per week at a brisk pace? |'s your
movement consistent week to week, or doesit drop off?

Sleep: Isyour slegp timing consistent (within 30 minutes) across the week, including
weekends? Or does your schedule shift significantly?

Stress: When was the last time your nervous system got a genuine recovery signal, not
just the absence of work, but an active downshift? How often does that happen?

Place: Have you checked your local water quality report? Do you know what
contaminants, if any, are in your supply?

Y our move: Pick the one input where you scored yourself lowest (or you have the
most control over). That's where a small change carries the most biological weight.
Start there. One shift, one lever, this week.

This article was adapted from Dr. Cavin Ward-Caviness' s Healthspan Horizons
report and developed in partnership with Healthspan Horizons, an initiative at the
Buck Institute for Research on Aging. Read the full report.

Read This Next:

The information provided in this article is for educational and informational purposes only and is not intended as health,
medical, or financial advice. Do not use this information to diagnose or treat any health condition. Always consult a qualified
healthcare provider regarding any questions you may have about a medical condition or health objectives.Read our
disclaimers.
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