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OVERVIEW

Most women think about bone loss only when someone
mentions osteoporosis, a DEXA scan, or maybe a calcium
supplement.

But bone health is not just about calcium.

And it's definitely not something that suddenly becomes
relevant at 65.

Because your bones are not static....They're living tissue.
And they're constantly changing.

At any given moment, your body is doing two things:

e building new bone
e breaking down old bone

When those two processes stay in balance, your bones stay
strong.
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THE GUT-BONE AXIS

But when bone breakdown starts outpacing rebuilding—something that
often happens with age and especially during menopause—bone density
can decline quietly, gradually, and without symptoms until a fracture
happens.

And now, researchers are uncovering something surprisingly important in
that process:

Your gut...

..More specifically, the trillions of microbes living inside it.

Scientists call this connection the gut-bone axis, and it's reshaping how we
understand bone loss, inflammation, and what women can actually do to
support their bones long before a problem shows up on a scan.
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BONE LOSS STARTS EARLIER

THAN MOST WOMEN REALIZE

Bone density follows a pattern throughout life.

Most of our bone mass is built during adolescence and peaks in early
adulthood. After that, bone density gradually declines over time.

For women, that decline often speeds up during and after the menopause
transition.

In fact, women can lose as much as 10% of their bone mass in
the decade surrounding their final menstrual period.

That's not a small shift. And the consequences are very real.

Hip fractures, in particular, carry a 5- to 8-times
increased risk of death in the first three months
after the fractureand can significantly reduce
quality of life and independence in survivors.

Women over 50 have an estimated 46%
lifetime risk of a fracture related to low
bone mass.

And yet...
Routine bone density screening usually doesn’t begin until age 65. Which
means many women are losing bone for years before anyone is even

measuring it.

That's why understanding the drivers of bone loss matters so much.
Because the more we understand what's influencing bone remodeling, the
more proactive we can be about protecting it.

And one of the biggest drivers? Inflammation.
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THE INFLAMMATION PIECE MOST
WOMEN NEVER HEAR ABOUT

Bone remodeling is closely connected to the immune system. That means
inflammation plays a much bigger role in bone health than most people realize.

In women, estrogen normally helps keep certain inflammatory pathways in
check. So when estrogen levels drop during menopause, the immune landscape
shifts too.

The body begins producing more inflammatory signals that stimulate osteoclasts
—the cells responsible for breaking down bone. In other words:

Less estrogen often means more inflammatory
signaling... and more bone breakdown

This link is so strong that some osteoporosis medications work by blocking these
inflammatory pathways directly (unfortunately, these meds come with significant
side effects.) But hormone changes aren’t the only source of inflammation...

Body fat—especially visceral fat, the deep fat surrounding
our organs—can also increase these same inflammatory
signals. That chronic, low-grade inflammation may
quietly contribute to bone loss over time.

For example, people with low muscle mass and high body fat have been shown to
have a higher risk of developing osteoporosis.

So now we have a more complete picture:

Bone health is not just about minerals. It's also about the inflammatory
environment your body is living in.

And one of the biggest regulators of that environment

is...the microbiome.



THE GUT-BONE AXIS: WHY YOUR

MICROBIOME MATTERS

The gut microbiome is the vast community of microorganisms living in
your digestive tract. And while it might not seem obvious at first, it has a
surprisingly powerful influence on bone health.

Why?

Because your microbiome helps regulate:
* inflammation
e immune activity
e gut barrier integrity
e and nutrient signaling throughout the body

All of which affect bone remodeling.

Some of the most compelling early evidence came from animal studies.

Researchers studied female mice raised in completely sterile environments—

meaning they had no microbiome at all. Normally, when female mice lose estrogen,
they lose bone.

That finding changed the conversation. Because it suggests that
postmenopausal bone loss may not be driven by estrogen loss alone...

but by estrogen loss in the presence of a microbiome that amplifies
inflammation.

That's a very different model than the one most women have been taught.



WHAT HUMAN STUDIES ARE STARTING
TO SHOW

Animal studies are helpful—but of course, the bigger question is whether
this applies to humans too.

And so far, the answer appears to be:

yes, very likely.

Researchers have analyzed gut microbiome data alongside high-resolution
bone imaging in two large human clinical studies. They looked at whether
specific gut bacteria were associated with:

e bone density
 internal bone structure
e and bone strength

And they found some consistent patterns. For example:

» Greater abundance of Akkermansia was associated with lower bone
density in this study

» Higher levels of Faecalibacterium were associated with greater bone
density

Researchers also found that it's not just which bacteria are present...
it's also what they're doing. Certain bacterial metabolic functions—such as
pathways involved in producing:

e histidine (an amino acid)
e purines
e pyrimidines (important for DNA processes)

were associated with greater bone area in the tibia.
Now, to be clear: These human studies show association, not yet definitive

causation. We still need more clinical intervention trials. But taken together
with the animal research, the evidence is becoming harder to ignore.
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HOW THE GUT ACTUALLY INFLUENCES
BONE

The gut microbiome doesn't affect bone directly. Its influence happens
through a few major pathways—maost of which come back to
inflammation.

Here are the three most important:

The Gut Barrier

Your intestinal lining acts like a selective filter. Its job is to let nutrients
through while keeping bacteria and inflammatory compounds out of the
bloodstream.

That barrier is held together by structures called tight junctions. When those
tight junctions are healthy, your body stays protected.

But when the gut barrier becomes more permeable—what many people
refer to as a “leaky gut”—bacterial fragments and inflammatory molecules
can slip through and trigger immune activity. And research shows that
estrogen loss can weaken these tight junction proteins, increasing gut
permeability.

That matters for bone because immune cells involved in inflammatory,
bone-resorbing signals sit just beneath the gut lining.

So a leakier gut can mean more systemic inflammation... and more pressure on
bone.




HOW THE GUT ACTUALLY INFLUENCES
BONE

Immune Cell Signaling

Your gut is home to the largest concentration of immune cells in the body.
And your microbiome helps shape how those immune cells behave.

Two important immune players in bone health are:

e Th17 cells, which promote inflammation
o Regulatory T cells (Tregs), which help calm it down

Depending on the balance of bacteria in your gut, the microbiome can
influence which of these immune pathways becomes more dominant.
And that affects whether your body leans more toward:

Building Bone - or- Breaking it Down




HOW THE GUT ACTUALLY INFLUENCES
BONE

Short-Chain Fatty Acids (SCFASs)

This is one of the most practical and important mechanisms to understand.
When gut bacteria ferment dietary fiber, they produce compounds called
short-chain fatty acids (SCFAs).

These compounds are incredibly helpful because they:
o support the gut barrier
e reduce inflammation
e promote more balanced immune signaling

 and may directly reduce osteoclast activity (bone breakdown)

In other words:

fiber doesn’t just support digestion...it may help
support your bones too.

But when the microbiome is depleted of SCFA-producing bacteria...as often
happens with a low-fiber, highly processed diet...that protective effect
WEELGHER

And the balance can start tipping in the wrong direction.




WHAT THIS MEANS FOR YOU

This is where the research becomes useful.
If the microbiome helps regulate the inflammatory pathways that influence
bone remodeling...then supporting your gut becomes one meaningful way

to support your bones.

Not the only way.
But a very real one.

Here are the biggest levers worth paying attention to:

1. Prioritize Fiber + Microbiome Diversity

Fiber-rich foods feed the bacteria that produce anti-inflammatory
compounds and help maintain a healthy gut lining.

That means making room for foods like:

e vegetables
e legumes

e nuts

e seeds

e fruit

e and whole-food carbohydrates that work well for your body

A high-fiber diet is associated with greater microbiome diversity,
which can help support a more balanced immune environment.

A low-fiber, highly processed diet tends to do the opposite.



WHAT THIS MEANS FOR YOU

2. Reduce Chronic Inflammation Through
Body Composition

This isn't about chasing a smaller body.

It's about reducing one of the body's biggest inflammatory drivers.
Higher levels of visceral fat are associated with greater inflammatory
signaling.

So strategies that support body composition can also support bone health.
That includes:

adequate protein
adequate fiber
lower sugar intake
blood sugar stability
e and regular movement, especially
weight-bearing or resistance exercise

metabolic health

That combination supports:

& A less inflammatory
internal environment

All of which matter for bone.



WHAT THIS MEANS FOR YOU

3. Consider Targeted Probiotics

Not all probiotics are the same.

And this is where a lot of people waste money. Research on the gut-bone
axis suggests that certain probiotic strains may help support bone health

by:

e strengthening the gut barrier
e reducing inflammatory signaling
e and shifting immune activity in a more favorable direction

For example, certain Lactobacillus strains have been shown in animal
studies to help prevent menopause-related bone loss by decreasing

inflammation.

That doesn’t mean every probiotic on a store shelf will do this.

But it does suggest that targeted,
evidence-backed strains may become
a meaningful part of a bone-support
plan.

l'

__[ Probiotics




THE BOTTOM LINE

The gut-bone axis is one of the most important emerging areas in
bone research right now.

And the evidence—from animal models to human clinical studies—is
pointing in the same direction:

Your gut microbiome helps regulate the
inflammatory pathways that influence bone
remodeling.

Which means bone health is more complex—and more modifiable—than
most women have been told.

Yes, the basics still matter: But so do:
e resistance training e your gut health
e adequate protein e your inflammatory load
e calcium e your microbiome diversity
e vitamin D e and the quality of your daily
e and appropriate screening food choices

That's good news!

Because your microbiome is not fixed.
It responds to how you eat, how you live, and how well your body is
supported over time.

And that means this is not just fascinating science...It's useful information.
Especially for women who want to protect their health before the fracture,
before the diagnosis, and before someone finally decides it's time to
measure what's been quietly changing for years.



FINAL NOTE

Your bones are not separate from the
rest of you.

They are listening.

To your hormones.

To your inflammation.
To your gut.

To your daily patterns.

And the more clearly we understand
that...

\"’ il the more power we have to support
them well.
Not with panic.
Not with perfection.
9

Just with better information—while it
still has the power to matter.
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I’'M HERE TO HELP

PV Do

% this kind of science-backed, real-life wellness guidance Q i ;jr |
makes your brain exhale a little... you'll love my community 3 —
and my course. They are where we take information like "wv Myl
this and make it practical, simple, and actually usable in #%%  Gluten-Free
everyday life. More info below... \%/ Community

| Stopped Cooking Separate Meals for My Family...
And started making meals the whole family enjoys together!

The Lazy Girls Guide to Gluten-Free Comfort Food course makes
Gluten-Free eating feel simple, satisfying and realistic - without
cooking 2 different dinners.

Binge it in a weekend and learn how to make simple meals
everyone actually enjoys —

no overwhelm, no overthinking.

Get the Course Here:

Stop standing in the grocery store wondering, “Will anyone eat
this?”
That's exactly why the Gluten-Free Made Easy™ Community exists.

Because this doesn't just magically get easier.
Without clarity...
without support...
you just keep guessing, buying, and hoping it works.

Join Here: https://community.highwindshealth.com/community
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