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Your cells keep a record
of every workout you’ve
ever done - and those
gains persist even after a

break from exercise
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ave you ever taken months
H off training - maybe due to

an injury, a new baby or
crushing work deadlines - and come

back convinced you were starting
from zero?

Research from our team has some
good news: At the cellular level, you
probably weren't.

We found that muscle and liver cells
store memories from every training
session in ways that may help
improve endurance, control blood
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sugar levels and even slow weight
regain after inactivity.

Use it or lose it? Maybe not

For most of the past century, long
before fad diets and fancy workout
trends took off, exercise was
considered one of the most
effective lifestyle changes to lower
the risk of heart disease, Type 2
diabetes, several cancers and early
death for people of all ages. But
people typically understood
exercise as something whose
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Your cells keep a record of every workout you’ve ever done -
and those gains persist even after a break from exercise / %

beneficial effects fade away over
time: You use it or lose it.

When you stop training, your
maximum oxygen uptake, muscle
gains and insulin sensitivity drift
back to where they started , often
within weeks. Physical activity
guidelines are built on this fact,
which is why they emphasize
consistency above all else.

Consistency, however, is a luxury
that roughly 3 in 4 American adults
aren’t able to enjoy . People can
experience injuries, illness,
pregnancy or jobs that limit their
time for or ability to exercise. If
adaptation really resets, every time
you step into the gym would be as if
you’ve never been there before. But
that scenario doesn’t match what
coaches and returning athletes
typically describe: In practice,
people who have trained before can
get fit again faster than those who
haven’t undergone similar training.

In recent years, however, scientists
have started challenging the
concept of “use it or lose it.” New
research hints that your cells might
keep a record of your training
history so all of your gains are not
completely lost.

More than muscle

We are exercise physiologists who
study how cells remember exercise.
Our lab and others have shown that
the body is able to store a form of
exercise memory across different
organs.

To study how this exercise memory
works, our team of researchers use
an ON-OFF-ON exercise training
protocol in mice, which involves an
initial four- to eight-week training
period, followed by detraining - a
period of no exercise - and a second
training bout. This method allows us
to examine how cells form a
memory of exercise, maintain a
record of exercise through
detraining, and recall memories of
prior training when exposed again
to exercise.

Using this strategy, our team found
that skeletal muscle memory
accelerates muscle growth .
Compared to mice with no training
history, mice who retrained grew
bigger muscles, and the individual
muscle fibers inside those muscles
grew too. Larger muscle fibers
meant that the working cells were
themselves getting bigger, rather
than the surrounding tissue.

Looking more closely at these
muscle cells, we found that
retrained muscle is better at
matching energy production to
demand - meaning, the muscles
were better at drawing from energy
stores when it's needed most - and
this ability persists without further
exercise. This memory held even
when the mice ate a high-fat diet,
suggesting that prior training can
still offer benefits even when diet is
working against those gains.

Muscle isn’t the only body part that
learns from exercise. Working
muscle needs fuel, and the liver
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supplies it during and after training provide a fitness advantage across
sessions. generations. hypothesized*
My colleagues and | found that liver  Every cell remembers v B
cells also store exercise memor
. y Biology has traditionally granted
and uses it to feed muscle more .
. . memory to a short list of cells.
efficiently. In both mice and people , ) .
Neurons store memory in the insulin

who trained, stopped, then trained
again, their livers released higher
levels of a family of enzymes called
carboxylesterases . These enzymes
chop up lipids circulating in the
blood, delivering fat in a form that
muscle can take up and burn as it
grows.

A record that outlives you

Recorded cellular memories of
exercise may even be passed down
to future generations.

In mice, we found that three to four
weeks of maternal and paternal
endurance exercise can have a
lasting effect on their offspring .
Compared to offspring born to
sedentary parents, parental
exercise granted protection against
poor blood sugar levels and excess
weight gain for an entire year after
birth.

Researchers have hypothesized
numerous ways that prenatal
exercise may affect offspring. For
example, maternal exercise might
allow offspring to spend more time
developing in the womb or lead
parents to producer higher quality
milk .

But there remains much to be
discovered on how parents
influence the health of their children
and whether their lifestyle could

connections between them.
Immune cells store memory so they
can recognize pathogens faster and
more strongly the next time they
encounter them.

Researchers previously considered
all other cells to be memoryless ; a
cell responds to a signal, then
returns to baseline without keeping
a record of that interaction. But that
assumption is now coming apart.

Skin stem cells can keep a record of
inflammation, allowing them to heal
a new wound faster months later.
Human fat cells keep a record of
obesity that persists even after
substantial weight loss, which may
account for why you gain weight
faster when switching back to a
high-calorie diet - the so-called
yo-yo effect .

We propose that every cell in the
body remembers exercise,
regardless of how little or how much
someone trains. The question is
how long these records are stored
and whether researchers could
prolong or expand each cell’s
storage capacity. Better
understanding of how cells learn
and remember exercise, where they
store memories and how those
memories are preserved could help
improve exercise guidelines for
those who cannot exercise for
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prolonged or consistent periods of
time.

To be clear, none of these findings
are evidence for skipping the gym;
nothing in our data suggests the
effects of past training can
substitute for present training. But
there is hope that the work you put
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into getting in shape isn’t
completely lost over time.
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Somewhere, deep in your cells,
there is a record waiting to be
replayed the next time you lace up
your running shoes, pick up a pair
of dumbbells or want to fulfill a New
Year's resolution.
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