
Despite advances in health care, the CDC 
reports over 60% of US population has at least 
one chronic disease, and this statistic is trend-
ing upward. While scientific literature sup-
ports the role of poor breathing and sleeping 
habits as a causal factor in almost all chronic 
illnesses, we are just beginning to appreciate 
that maintaining healthy cellular function is at 
the core of healthy tissues and organ systems. 
So how does one go about attaining good 
cellular function? Current research shows the 
underlying mechanism by which SRBD cause 
problems with every one of our body’s sys-
tems is by disrupting the normal function of 
our mitochondria. The necessary balancing 
act between pro-oxidative productions and 
a concomitant antioxidant defense systems 
is referred to as redox homeostasis and is a 
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Educational Aims
This self-instructional course for dentists aims to show that mito-
chondria are more than just ATP factories. They are now considered 
central hubs in regulating calcium homeostasis, orchestrating apop-
tosis, creating chronic inflammation, and regulating innate immu-
nity. Hypoxia and fragmented sleep associated with sleep related 
breathing disorders promote dysfunctional mitochondria alterations 
that increase reactive oxygen species which lead to inflammatory 
processes which contribute to aging and cellular health. This article 
connects the dots between SRBD and non-communicable diseases, 
and mitochondrial dysfunction is exposed as the smoking gun. As 
mitochondria represent the future of medicine, there will always be 
a seat at that table for SRBD management.

Expected Outcomes
Dental Sleep Practice subscribers can answer the CE questions online 
at https://dentalsleeppractice.com/continuing-education/ to earn 2 
hours of CE from reading the article. Correctly answering the questions 
will demonstrate the reader can:

1. Review the components of the eukaryote cell.
2. Review the structure and function of mitochondria.
3. Learn where and how ROS are formed.
4. Understand why triglycerides are increased in SRBD.
5. Examine how sleep loss really affects brain function.
6. Learn the components of the microbiota-gut-brain-axis.
7. Discover how SRBD leads to mitochondrial dysfunction.
8. Learn how mitochondrial dysfunction leads to disease.

Mitochondrial Dysfunction Acquired 
from Sleep Related Breathing Disorders 
is the Cause of Most Non-Communicable 
Diseases by Dr. Steve Lamberg

Wouldn’t you love a deeper understanding of the underlying patho-
physiology of sleep related breathing disorders “SRBD” and how they 
cause so many medical conditions? I certainly would. After “peeling 

this onion” to connect the dots, it’s clear that one’s level of health and wellness 
is a result of mitochondrial function. A growing body of research reveals that 
mitochondrial dysfunction is very common and is associated with most chronic 
disease and early aging. Several recent studies show the intermittent breathing 
disruptions that characterize obstructive sleep apnea stress mitochondria. The 

research supports that the free radi-
cal production from hypoxic events 
along with sleep fragmentation are 
both underlying contributors to mi-
tochondrial dysfunction. The signif-
icance of this mitochondrial-SRBD 
relationship cannot be overstated and 
should earn it a place in any sleep 
and airway educational curriculum. 
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crucial determinant of physiologic processes 
to maintain optimal health.1 Although mito-
chondrial dysfunction can be acquired from 
aging, trauma, poor diet, and drugs, hypox-
ia and sleep fragmentation associated with 
SRBD has recently stolen the limelight. As 
SRBD is associated with cyclic alterations of 
arterial oxygen saturation and desaturation 
as well as sleep fragmentation, these hypoxic 
and fragmenting events trigger pro-inflam-
matory processes and interfere with healthy 
mitochondrial function2 which interferes with 
healthy cellular function. 

A quick review of the composition of a 
cell (Figure 1), the structure of the mitochon-
dria (Figure 2), the general energy producing 
operations (Figure 3), and a more detailed 
view of the metabolic pathways of energy 
production (Figure 4) is necessary to appreci-
ate the mitochondrial-SRBD connection. 

Mitochondria are double membrane cell 
organelles (Figure 2) which have their own 
DNA “mDNA” and are primarily tasked with 
cellular respiration and regulating the met-
abolic activity of the cell. Evidence shows 
they evolved from primitive bacteria and 
each cell has thousands of them. They pro-
duce the majority of ATP through the process 
of oxidative phosphorylation (2 ATP from the 
Krebs Cycle (also known as the Citric Acid 
Cycle or the TCA cycle) and 34 ATP from the 
electron transport chain “ETC”). They can 
promote cell growth as well as programmed 

cell death (apoptosis). Additionally mito-
chondria regulate calcium homeostasis and 
detoxify ammonia in the liver cells.

Reactive oxygen species “ROS” are pro-
duced in all cell types as byproducts of the 
mitochondrial election transport chain (ETC) 
during ATP synthesis (the sequential passage 
of electrons from high (NADH or FADH2) to 
low (molecular oxygen), or formed by NA-
DPH oxidase (NOS) in a controlled manner 
for targeted purposes such as the respirato-
ry burst in macrophages and neutrophils to 
defend against microbial invasion.4 Sleep 
fragmentation is inflammatory as well and 
increases ROS (oxidative stress).

Dr. Steve Lamberg has been practicing comprehensive re-
storative dentistry in Northport, NY for 40 years. Always 
passionate about sleep and wellness, he became a Dip-
lomate of the American Board of Dental Sleep Medicine 
in 2011 and has served on their board review faculty. He 
holds several patents, and is the inventor of the Lamberg 
SleepWell Appliance, which is FDA-cleared for the treat-
ment of OSA. Dr. Lamberg also launched and serves as the 

director of the Pediatric and Adult Airway Network of New York (PAANNY), 
to provide a local platform where dentists, physicians, orofacial myologists, 
and other related professionals learn and collaborate on treatment patients 
of all ages.  Additionally, Dr. Lamberg serves as a Scientific Advisor at the 
Kois Center in Seattle. His recently published book for the general public, 
“Treat the Cause…Treat the Airway” correlates many common medical con-
ditions to airway and sleep and is available on Amazon.

Figure 1: The components of the eukaryote cell. In addition to the nucleus, eukaryotic 
cells contain several other types of organelles including: mitochondria, endoplasmic retic-
ulum, the Golgi apparatus, and lysosomes.

Figure 2: The components of a mitochondrion. The mitochondria has 
its own DNA which is arranged in a circular chromosome and contains 
genes for redox proteins such as those in the respiratory chain.
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As oxidative stress from the ROS injures 
the mitochondria, it affects changes in mito-
chondrial metabolism which trigger systemic 

inflammation, accelerated aging and apop-
tosis. Blocking the electron transport chain 
and fumbling of electrons in the mitochon-
dria result in more oxidation which leads to: 
accumulation of free radicals, DNA dam-
age accumulation (deletions and mutations) 
leading to chronic inflammation, damage to 
lipids, damage to proteins, and increase in 
mitochondrial membrane permeability. Mi-
tochondria DNA “mDNA” deletions cause 
major disruption of metabolism and can re-
sult in severe cellular impairment or death.5

ROS has another important job as it is 
linked to the hypoxia-inducible factor 1 
“HIF-1” system and it allows anticipating 
multiple layers of reciprocal interaction to 
help the mitochondria adapt to hypoxia. The 
HIF-1 system regulates mitophagy - the re-
duction of mitochondrial mass by removal of 
damaged mitochondria.6

In SRBD, mitochondrial dysfunction as a 
result of redox imbalance can prevent pyru-
vate, a byproduct of glycolysis, from even en-

Figure 4: A more detailed view of the energy producing metabolic pathways and where they take place in the cell. Note that glycolysis produces pyruvate. Under 
aerobic conditions, pyruvate can diffuse into mitochondria where it enters the citric acid cycle and generates reducing equivalents in the form of NADH and FADH2. 
During the ischemia from intermittent hypoxia “IH” the inefficient electron transfer in the ETC (Shown above titled OSPHOS) which is due to the insufficient amount of 
the recipient O2, causes an accumulation in Reactive Oxygen Species “ROS” (free radicals) which include: superoxide anion, hydrogen peroxide, and hydroxyl radical.   
These free radicals inflict damage to adjacent structures. The increase of ROS is also referred to as oxidative stress.3 

Figure 3: The general energy producing operations including glycolysis outside the mitochondria, the 
Kreb’s cycle and Oxidative phosphorylation (ETC) inside the mitochondria.
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tering the mitochondria and leads instead to 
the pyruvate being converted into the fatty acid 
palmitic acid (“de novo lipogenesis”), which 
in turn is exported from the liver and increas-
es triglyceride levels.7 This has a tendency to 
hinder glucose uptake into the cells which can 
lead to insulin resistance and T2DM.

Sleep and wakefulness can affect changes 
in mitochondrial gene expression, oxidative 
phosphorylation activity, and morphology in 
the brain.8 Sleep loss affects brain function 
in numerous ways including disrupting both 
short and long-term memory, attention, de-
cision making, and has even been proposed 
as a trigger for manic episodes in bipolar 
disorder in humans. Morphological changes 
to neuronal mitochondria have been report-
ed after prolonged sleep deprivation “SD”. 
Morphological changes relate to SD-driven 
changes in mitochondrial cristae functions 
such as cytochrome c storage or ETC activi-
ty.  Taken together the reported effects of SD 
on mitochondrial morphology suggest a ma-
jor impact on neuronal energy production, 
and potentially also on neuronal viability. 
In fact, available data suggest that sleep loss 
disrupts such fundamental cellular process-
es as transcription, translation, intracellular 
transport, and metabolism.9

The regulation of hypoxia has recently 
emerged as having a central role in mito-
chondrial function and dysfunction in vari-
ous diseases, including the major disorders 
worldwide: CVD and cancer. Accumulating 
evidence demonstrates that mitochondria are 
the major target of hypoxic injury, the most 
common source of ROS during hypoxia, and 
are the key elements for inflammation regu-
lation during the development of both CVDs 
and cancer. Taken together, observations pro-
pose that hypoxia, mitochondrial abnormal-
ity, oxidative stress, inflammation in CVDs, 
and cancer are closely linked.10

Oxidative stress and mitochondrial dam-
age have also been implicated in pathogen-
esis of several neurodegenerative diseases, 
including Alzheimer’s disease, Parkinson’s 
disease, and amyotrophic lateral sclerosis.11

Abnormalities in mitochondrial metabo-
lism have also been shown to contribute to 
hypoxia-induced placental oxidative stress.  
Intermittent hypoxia resulted in reductions 
in mitochondrial content, decreased abun-
dance of key molecules involved in the elec-
tron transport chain and increased expression 

and activity of glycolytic enzymes. Expres-
sion levels of key regulators of mitochondrial 
biogenesis were decreased while the abun-
dance of constituents of mitophagy, autopha-
gy and mitochondrial fission machinery was 
increased in response to hypoxia. Placental 
hypoxia was associated with mitochondri-
al-generated ROS, increased oxidative stress, 
alterations in molecular pathways controlling 
mitochondrial content and function, inflam-
mation, and apoptosis.12

The microbiota-gut-brain axis is 
a complex multidirectional cross-
talk system between the gut micro-
biota, the enteric nervous system, 
and the brain. It acts as an adaptive 
interface with the environment. A 
strong interplay also exists with the 
neuroendocrine-immune network 
and therefore, the functional integri-
ty of this axis is required for the ho-
meostasis of several systems.13 Mito-
chondria emerged from bacterial ancestors 
during endosymbiosis. Mitochondria and 
bacteria had analogous genomic charac-
teristics, similar bioactive compounds, and 
comparable energy metabolism pathways. 
The interactions of intestinal microbiota with 
neural mitochondria have become an area of 
investigation. Recent studies have identified 
neural mitochondrial dysfunction as a critical 
pathogenic factor for the onset and progress 
of multiple neurological disorders, in which 
the role of altered gut flora composition was 
increasingly noticed. It has been proposed 
that the communicating channel from gut to 
brain involves the interaction between intes-
tinal microbiota and neural mitochondria.14 
As mitochondria supply the necessary energy 
and messaging capacity to maintain this com-
plex neuronal network, any mitochondrial 
dysfunction that results from oxidative stress 
in SRBD will have a negative impact on the 
overall health of this system. Emerging evi-
dence suggests that gut microbiota also com-
municate with the mitochondria of mucosal 
cells, including epithelial cells and immune 
cells. Gut microbiota signaling to mitochon-
dria has been shown to alter mitochondrial 
metabolism, activate immune cells, induce 
inflammasome signaling, and even alter epi-
thelial barrier function. Both dysbiosis of the 
gut microbiota and mitochondrial dysfunc-
tion are associated with inflammatory bowel 
disease “IBD” and colorectal cancer.15

The CDC reports over 

of the US population has at least 
one chronic disease, and this 
statistic is trending upward.

60% 
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Another area of interest is the role of mi-
tochondria in skeletal muscle tissue in obesi-
ty. Recent studies reveal that disorder in the 
balance between mitochondrial fission and 
fusion is implicated in mitochondrial dam-
age and dysfunction in skeletal muscle in 
obesity. Genioglossus injury in obese mice 
that were fed a high fat diet was mediated by 
mitochondrial disturbance.16

A short list of pro-mitochondrial health 
suggestions include: 

1. Eat a balanced diet which includes 
healthy fats such as omega-3s and 
avoid processed foods and refined 
carbohydrates which interfere with 
mitochondrial molecular pathways.  
Restrict calories and try to eat within a 
10-hour window.

2. Maintain a daily exercise routine that 
includes high intensity interval train-
ing that includes aerobic activities like 
swimming biking and hiking.

3. Prioritize getting 7 hours of quality 
sleep. Sleep related breathing disor-
ders cause hypoxia and sleep fragmen-
tation, both of which compromise mi-
tochondrial health by increasing ROS 
which leads to chronic inflammation.

4. Supplementation can reduce oxida-
tive stress and stimulate mitochondri-
al health. Melatonin and αlpha-lipoic 
acid are strong mitochondrial antiox-
idants. Resveratrol is another antioxi-
dant which is found in red wine and 
dark chocolate, however you would 

get rather drunk and fat getting your 
therapeutic dosing this way. Stick to 
the inexpensive pill. Caffeine increas-
es mitochondrial function.

5. Heat therapy from a sauna or steam 
bath has been shown to increase the 
efficiency of mitochondria. Be vigilant 
about electromagnetic fields “EMFs” 
which are prevalent in some far infra-
red saunas. EMFs have been shown to 
cause mitochondrial stress and dys-
function which will easily outweigh 
any benefits.  

6. Practice relaxation techniques like 
meditation and massage to reduce 
stress hormones such as cortisol 
which negatively effects immune, ner-
vous, and endocrine systems. Simply 
hiking in nature has been shown to 
decrease amygdala activity.

This “mitochondriac journey” is not just 
for your patients, it’s for you too! Look at 
your own concept of wellness and illness.  
Reboot your own mitochondria to prevent 
chronic degenerative disease before it be-
comes irreversible! Where there are healthy 
mitochondria there is absence of disease.

Understanding the mechanisms by which 
SRBD cause mitochondrial dysfunction, and 
eventually disease, will hopefully provide 
health care providers with therapeutic targets 
as solutions to optimize mitochondrial health 
and therefore total body health. “Great things 
are done by a series of small things brought 
together.” – Vincent Van Gogh
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