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Introduction

Sustained energy is not simply a function of caloric intake; it reflects the coordinated output of mitochondrial
function, glycemic stability, nervous system regulation, sleep architecture, and environmental exposures acting
together across the day. This paper presents an integrative lifestyle framework for supporting mitochondrial energy
production, drawing on current research in photobiomodulation, circadian light exposure, continuous glucose
monitoring, stress physiology, heart rate variability, nutrient status testing, and amino acid and macronutrient
science. The goal is not to isolate any single intervention as sufficient, but to describe a set of monitorable,
modifiable inputs that together support the cellular machinery responsible for producing usable energy. This paper

was created through human-Al collaboration.

This educational handout provides general information on nutrition and mitochondrial health only. It is not medical
advice, diagnosis, or treatment. Always share and discuss this information with your primary care provider, doctor,
pharmacist, registered dietitian, or other qualified healthcare professional before making any changes to your
health plan.

Important Notice

®  FEducational Use Only: Content is meant to share general knowledge, not to replace professional medical
care.

e  Consult Your Team: Bring these details to your personal medical team for review.

e Individual Care: Your providers know your history best and can adjust guidance for your specific body.
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Evaluating for Mitochondrial Disorder

Clinical evaluation for suspected mitochondrial dysfunction typically integrates several lines of evidence rather than
relying on any single test, given that classic biomarkers such as serum lactate can be normal even in confirmed
mitochondrial disease, particularly at rest. A thorough workup generally considers symptom pattern (exercise
intolerance, post-exertional malaise, multi-system involvement, and delayed rather than immediate fatigue after
exertion), laboratory markers including lactate and pyruvate (often paired and interpreted as a ratio, since the ratio
can reveal electron transport chain dysfunction even when either value alone is within normal limits), creatine kinase
to assess for concurrent muscle involvement, and in some cases muscle biopsy or genetic testing for known
mitochondrial DNA or nuclear-encoded mitochondrial gene variants. Because mitochondrial dysfunction can be
primary (genetic) or secondary (acquired through chronic inflammation, toxic exposure, nutrient deficiency, or
another underlying disease process), a comprehensive evaluation also considers contributing and reversible factors

alongside any search for a primary genetic cause.

Innovative Testing: Micronutrient Status Assessment

Functional intracellular micronutrient testing, most widely offered by SpectraCell Laboratories, differs from
standard serum nutrient panels by assessing how lymphocytes actually utilize a given nutrient rather than only
measuring its circulating blood concentration. In this method, a patient's own lymphocytes are cultured in a
chemically defined growth medium; individual micronutrients are then systematically withheld, and cell growth is
measured to determine whether the cell's own reserves and metabolic function can compensate for that specific
deficiency. Because lymphocytes have a lifespan of approximately four to six months, this functional approach is
proposed to reflect a longer-term, more stable picture of nutrient utilization than a same-day serum draw, which can
be influenced heavily by very recent dietary intake (Blue Cross and Blue Shield of North Carolina, 2024). It is worth
noting, as an independent third-party medical policy review has pointed out, that several of the published studies

supporting this testing methodology were authored by researchers affiliated with SpectraCell Laboratories itself,
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which is a relevant consideration when weighing the independent evidentiary strength of this particular technology
(Blue Cross and Blue Shield of North Carolina, 2024). Nonetheless, the underlying rationale, that functional
intracellular utilization may diverge from serum concentration, particularly for nutrients like vitamin B12 where
intracellular delivery is the clinically relevant variable, remains a reasonable premise worth clinical consideration

alongside conventional serum testing rather than as its replacement.

Glycemic Monitoring, Stress Hormones, and the Hypoglycemia
Connection

Continuous Glucose Monitoring: Value and Limitations

Continuous glucose monitoring (CGM) offers real-time, high-resolution tracking of interstitial glucose and has
meaningfully improved the detection of reactive and postprandial hypoglycemia in individuals both with and
without diagnosed diabetes. In a clinical evaluation of CGM use for detecting reactive hypoglycemia in people
without diabetes, the authors noted a critical limitation of traditional point-in-time glucose testing: during the delay
between the true glucose nadir and the moment a person notices symptoms and checks their blood sugar, glucose
may already be rising again in response to counterregulatory hormone release, meaning the true low can be missed
entirely by spot-check testing (Nguyen et al., 2018). CGM was found to substantially improve detection of these

missed lows compared to standard testing.

However, CGM accuracy itself becomes markedly less reliable at low glucose values and during periods of rapid
glucose change. A 2026 clinical accuracy study comparing CGM readings against point-of-care glucose across
several hypoglycemia scenarios found that CGM accuracy, measured by mean absolute relative difference, was
acceptable in people with diabetes on stable insulin therapy but became substantially less reliable during induced
hypoglycemia with rapid glucose change, with accuracy decreasing significantly as the rate of glucose change
increased (van Baal et al., 2026). The same study found that the proportion of CGM readings carrying a moderate
risk of failing to detect a dangerously low glucose value rose considerably under rapid-change conditions compared

to stable conditions. This is a critical caution for anyone relying on CGM as a sole safety net during rapidly evolving
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hypoglycemic episodes: a CGM reading during a fast drop may lag behind, or fail to reflect, the true nadir,

potentially giving false reassurance at exactly the moment accuracy matters most.

Hypoglycemia and the Stress Hormone Response

Hypoglycemia triggers a well-characterized counterregulatory hormone cascade designed to restore normal glucose
levels. As plasma glucose falls, insulin secretion is first suppressed; if glucose continues to drop, glucagon is
released from the pancreas, followed by epinephrine (adrenaline) release from the adrenal medulla and increased
norepinephrine (noradrenaline) release from sympathetic nerve terminals, with cortisol released from the adrenal
cortex if hypoglycemia persists (Cryer, 2013). Epinephrine and norepinephrine act quickly to stimulate
glycogenolysis (the breakdown of stored glycogen into glucose) and to antagonize insulin's action peripherally,
while cortisol acts over a longer timescale to support glucose production and reduce peripheral insulin sensitivity
during prolonged low glucose states (Cryer, 2013). Critically, this system can also become dysregulated: recurrent
antecedent hypoglycemia has been shown to blunt the epinephrine and sympathetic response to subsequent
hypoglycemic episodes, a phenomenon termed hypoglycemia-associated autonomic failure, which creates a vicious
cycle in which each low blood sugar episode makes the body's warning and defense systems for the next episode
progressively weaker (Cryer, 2013). This has direct clinical relevance: chronic or recurrent hypoglycemia is not
simply a series of isolated events but may progressively erode the very physiological systems designed to prevent it,

underscoring the importance of proactive glycemic stability rather than reactive treatment alone.

Food Logs and Rotation Diets for Identifying Energy-Disrupting
Triggers

Systematic food and symptom tracking, often paired with a rotation or elimination diet protocol, remains a primary
clinical tool for identifying dietary triggers that may disrupt energy production, provoke inflammatory responses, or
destabilize glucose regulation. Clinical guidance on elimination diets emphasizes that an effective food-symptom
diary should record not only the food itself but portion size, preparation method, and confounding variables that

could independently affect symptoms, including sleep adequacy, hydration, movement, menstrual cycle phase, and
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stress level, since these factors can otherwise be misattributed to a food trigger (Health, 2024). The standard
elimination protocol removes suspected trigger foods for a defined period, typically two to six weeks, allowing
symptoms to fully resolve, followed by systematic one-at-a-time reintroduction with close symptom monitoring,
since reintroducing multiple foods simultaneously makes it impossible to isolate which food is responsible for any
resulting reaction. A rotation diet extends this principle as an ongoing practice rather than a time-limited diagnostic
tool, deliberately varying food families across a multi-day cycle so that no single food is eaten frequently enough to
provoke a cumulative sensitivity reaction, which can be particularly relevant for individuals whose energy and
inflammatory symptoms appear to worsen with repeated exposure to the same foods rather than with any single

acute reaction.

Macronutrient Balance and Energy Needs

Adequate and well-balanced macronutrient intake, meaning sufficient total calories appropriately distributed across
protein, carbohydrate, and fat, is a prerequisite for mitochondrial energy production rather than a separate
consideration from it. Carbohydrates provide the most direct substrate for glycolysis and subsequent mitochondrial
oxidative phosphorylation; dietary fat provides beta-oxidation substrate and is required for the synthesis of steroid
hormones and cell membranes, including the mitochondrial membrane itself; and dietary protein, beyond its
structural and enzymatic roles, is broken down into amino acids that serve as both metabolic fuel during energy
deficit and, critically, as the direct precursors for neurotransmitter synthesis, discussed further below. Chronic
under-fueling in any one macronutrient category can constrain mitochondrial output even when the other two are
adequate, since energy metabolism depends on the coordinated availability of all three substrate classes rather than
any one in isolation. Some potential indicators of under fueling or energy deficit include fatigue, sleepiness, food

cravings, and random thoughts about food.
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Amino Acids, Protein, and Mental Health: The Julia Ross Framework

Beyond their structural and energetic roles, amino acids derived from dietary protein serve as the direct biochemical
precursors for the brain's primary neurotransmitters, and insufficient intake or impaired conversion of specific amino
acids has been proposed as a contributing mechanism in certain mood and craving symptoms. This framework has
been most extensively popularized in clinical practice by psychotherapist Julia Ross, whose amino acid therapy
approach identifies four primary neurotransmitter systems, serotonin, catecholamines (dopamine, epinephrine, and
norepinephrine), gamma-aminobutyric acid (GABA), and endorphins, each fueled by specific amino acid precursors
obtained through diet (Ross, 2004). In this model, serotonin is synthesized from the amino acid tryptophan (via 5-
HTP), catecholamines from tyrosine and phenylalanine, GABA from glutamine, and endorphins from precursors
including DL-phenylalanine, with Ross's clinical framework proposing that when any of these amino acid supplies
runs low relative to demand, a person may experience corresponding symptoms of low mood, anxiety, poor stress
tolerance, or food and substance cravings that track with the specific neurotransmitter system affected (Ross, 2004).
While this specific clinical amino-acid-repletion protocol originates from clinical practice rather than randomized
controlled trial evidence, the underlying biochemical premise, that neurotransmitter synthesis is substrate-dependent
on adequate dietary protein and specific amino acid availability, is well established in mainstream neuroscience, and
Ross's framework offers a structured, symptom-based approach for considering whether inadequate or poorly varied

protein intake may be an under-recognized contributor to mood and energy symptoms alongside other causes.

Food Cravings, Thoughts, and Impulses

Falling blood sugar does not only trigger a hormonal defense; it directly shapes what a person thinks about and
wants to eat. The brain depends almost entirely on glucose for fuel, and specialized glucose-sensing neurons located
in the hypothalamus, brainstem, and several other brain regions continuously monitor circulating glucose levels.
When glucose availability drops, a specific population of these neurons, termed glucose-inhibited neurons, becomes
activated and signals for corrective action, including both the hormonal counterregulatory cascade discussed above
and a behavioral drive to seek food (Stanley et al., 2019). This is not a matter of willpower; it is a wired survival
response; the same glucose-sensing circuitry that triggers epinephrine and cortisol release also feeds directly into the

brain's appetite-regulating pathways.
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Ghrelin, often called the body's primary hunger hormone, is part of this response. Originally identified for its role in
stimulating growth hormone release, ghrelin has since been shown to increase food-seeking behavior and subjective
hunger, and to interact directly with the hormones that manage blood sugar during a glucose drop (Deschaine &
Leggio, 2022). This means that a hypoglycemic episode can trigger a hunger signal that feels disproportionately
urgent compared to ordinary appetite, since it is layered on top of the same threat-response system that produces the

adrenaline-driven symptoms of a low.

Importantly, this pattern is not limited to severe or diagnosed hypoglycemia. Research from a large cohort study
following over 1,000 participants through more than 8,600 standardized meals found that the size of the ordinary
glucose dip occurring two to three hours after eating, a normal part of digestion for most people, was a better
predictor of later hunger and subsequent food intake than how high blood sugar rose after the meal. Larger post-
meal dips predicted greater self-reported hunger, a shorter interval before the next eating episode, and measurably
higher calorie intake at the next meal and over the following 24 hours (Wyatt et al., 2021). This suggests that even
modest, everyday fluctuations in blood sugar, not just clinical hypoglycemic events, can meaningfully shape

cravings and eating behavior.

Together, this research indicates that intense thoughts about food, narrowed focus on finding something to eat, and
strong cravings for quick-energy foods such as sugar or refined carbohydrates during or after a blood sugar drop
reflect a coordinated neurological and hormonal response rather than a lack of discipline. Recognizing the pattern,

and its timing relative to meals, exertion, or time of day, is itself a useful piece of clinical information.

If you are experiencing frequent drops in blood sugar or intense food-related cravings, it may be worth noting and

sharing with your provider:

e Whether you have been diagnosed with diabetes or another condition affecting glucose regulation

e When these food thoughts or drops in energy tend to occur (for example, a few hours after eating, during

exertion, or late at night)
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Mitochondrial Support Stack

A foundational "mitochondrial stack" typically targets several points in cellular energy metabolism simultaneously
rather than any single pathway. Coenzyme Q10 (CoQ10) functions as an electron carrier within the mitochondrial
electron transport chain and is required for adenosine triphosphate (ATP) synthesis, while also serving an
antioxidant role protecting mitochondrial membranes from the reactive oxygen species generated as a normal
byproduct of energy production. Pyrroloquinoline quinone (PQQ) operates through a distinct mechanism: rather
than directly fueling the electron transport chain, PQQ activates the SIRT1/PGC-1a signaling pathway, the primary
driver of mitochondrial biogenesis, meaning it stimulates the creation of new mitochondria rather than only
supporting existing ones. This has been demonstrated in cell models and confirmed in a controlled human feeding
study, which found that dietary PQQ supplementation altered inflammatory markers and mitochondria-related
metabolic indicators in healthy adults (Harris et al., 2013; Rucker et al., 2018). L-carnitine serves a transport
function, shuttling long-chain fatty acids into the mitochondrial matrix for beta-oxidation, effectively determining
how much fat-derived fuel can reach the energy-producing machinery at all. Alpha-lipoic acid (ALA) acts as a
cofactor for two rate-limiting mitochondrial enzyme complexes in the Krebs cycle (pyruvate dehydrogenase and
alpha-ketoglutarate dehydrogenase) and regenerates other antioxidants, including glutathione, that protect
mitochondrial DNA and membranes from oxidative damage. B-complex vitamins, particularly riboflavin (B2) and
niacin (B3), are required to synthesize the flavin adenine dinucleotide (FAD) and nicotinamide adenine dinucleotide
(NAD+) cofactors without which the electron transport chain cannot function at all. Because these compounds act at
different points in the same interconnected system, a combined approach is generally considered more

physiologically coherent than isolated megadosing of any single nutrient.

Morning Sunlight Exposure and Circadian Mitochondrial Signaling

Mitochondrial activity itself follows a circadian rhythm, and morning light exposure appears to be a primary
synchronizing signal for that rhythm. In an animal model using a diurnal species naturally exposed to daylight, daily
morning exposure to high-intensity full-spectrum light produced measurably healthier circadian gene expression,
better glucose tolerance, lower body and heart weight, and reduced anxiety- and depression-like behavior compared

to controls without that morning light exposure (Bilu et al., 2020). Human circadian research more broadly supports
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morning light as the primary entraining signal for the suprachiasmatic nucleus, the body's master clock, which
subsequently governs the timing of cortisol release, core body temperature, and downstream metabolic and
mitochondrial signaling throughout the day (Bilu et al., 2020). Because mitochondrial responsiveness itself appears
to follow this same rhythm, some evidence suggests that interventions timed to align with morning mitochondrial
sensitivity, including light-based therapies discussed below, may be more effective when administered earlier in the

day.

Photobiomodulation: Red and Near-Infrared Light Therapy

Photobiomodulation (PBM), also called low-level light therapy, uses red (600—700 nm) and near-infrared (760-950
nm) wavelengths to directly influence mitochondrial function. The principal mechanism involves cytochrome ¢
oxidase (Complex IV of the mitochondrial electron transport chain), which absorbs photons in this wavelength
range. This absorption dissociates inhibitory nitric oxide that has bound to cytochrome c oxidase during states of
cellular stress or hypoxia, restoring normal electron flow, increasing mitochondrial membrane potential, and
elevating ATP output (Hamblin, 2018). A secondary mechanism involves photoactivation of light- and heat-gated
ion channels, which triggers calcium release and downstream activation of transcription factors involved in cell
survival and repair (Hamblin, 2018). In vivo human studies using near-infrared spectroscopy have directly
confirmed increased cytochrome ¢ oxidase concentration and increased oxygenated hemoglobin at treated tissue
sites following near-infrared laser exposure, providing physiological evidence for the proposed mechanism rather
than relying solely on downstream symptom outcomes (Wang et al., 2016). Far-infrared wavelengths, which fall
outside the direct cytochrome c oxidase absorption window, are generally understood to act primarily through
radiant heating and associated vasodilation rather than direct mitochondrial photoacceptance, and should be

considered mechanistically distinct from red and near-infrared PBM even when marketed together.

Orchard Human Services, Inc. - DrDarleen@orchardhumanservices.org - Text: (470) 420-9994 - OrchardHumanServices.org



Mindfulness, Heart Rate Variability, and Autonomic Regulation

Environmental Considerations

Maintaining a clean, low-toxin environment supports mitochondrial function by reducing the cumulative burden of
exogenous compounds that mitochondria must help detoxify or that directly impair electron transport chain function.
Household and personal-care exposures, including certain solvents, heavy metals, mold-associated mycotoxins, and
specific pharmaceutical agents with documented mitochondrial toxicity, add to overall mitochondrial workload in
ways that are cumulative and often underappreciated in routine clinical evaluation. Attending to environmental load,
including air quality, water quality, and product ingredient screening, functions as a foundational rather than
optional component of a comprehensive mitochondrial support strategy, since even an optimized supplement and

lifestyle stack works against a persistent toxic burden rather than alongside a clean baseline.

Sleep, Growth Hormone, and Memory Consolidation

Deep, slow-wave sleep (SWS) serves two distinct but temporally overlapping restorative functions: it is the primary
window for growth hormone (GH) secretion, and it is essential for the consolidation of newly learned information
into stable long-term memory. In adults, the most reproducible pulse of GH secretion occurs shortly after sleep onset
in direct temporal association with the first period of slow-wave sleep, and in men approximately 70% of total GH
secretion coincides specifically with this SWS period, with the amount of GH released correlating directly with the
amount of concurrent slow-wave sleep obtained (Van Cauter et al., 1998). This is clinically significant because GH
plays a central role in tissue repair, protein synthesis, and metabolic regulation, meaning that sleep architecture, and
specifically the amount of deep SWS obtained, rather than total sleep time alone, is a meaningful determinant of

overnight physical restoration.

Independently, slow-wave sleep is also the primary period during which the brain consolidates declarative
memories, transferring newly encoded information from short-term hippocampal storage into more stable long-term
neocortical networks. A recent mini-review of human EEG studies described how this consolidation process
depends on the precisely timed coordination of three distinct neural oscillatory events during SWS, slow

oscillations, sleep spindles, and hippocampal ripples, whose coupled timing facilitates the transfer of memory traces
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from the hippocampus to the neocortex (Keeble et al., 2025). This same review noted that disruptions to slow-wave
sleep, whether from lifestyle factors, aging, neurological conditions, or pharmacological agents, measurably impair
this process and are associated with corresponding memory deficits (Keeble et al., 2025). Taken together, this body
of research indicates that adequate deep sleep is not a passive recovery period but an active, biologically necessary
window in which the body performs its primary hormonal repair function and the brain performs its primary
memory-consolidation function simultaneously, making protection of sleep architecture, not simply sleep duration, a

foundational component of any energy and cognitive support strategy.

Integrative Summary

Cellular energy production does not occur in isolation from the rest of the body's regulatory systems. Mitochondrial
nutrient support, circadian-timed light exposure, and photobiomodulation act directly on the electron transport chain
and mitochondrial biogenesis pathways; glycemic monitoring and stress-hormone awareness address the acute
metabolic demands and counterregulatory cascades that place immediate strain on cellular energy reserves; food
tracking and rotation protocols identify chronic, cumulative dietary stressors; nutrient status testing and adequate
macronutrient and amino acid intake ensure the raw materials for both energy metabolism and neurotransmitter
synthesis are available; and mindfulness, HRV-supportive practices, movement, environmental attention, and
protected deep sleep together regulate the autonomic and hormonal context in which all of the above either succeed
or are undermined. No single intervention in this framework functions as a substitute for the others; the evidence

instead supports a coordinated, individually monitored approach across all of these domains simultaneously.
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