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Executive Summary 

Sudden cardiac events remain responsible for a substantial number of on-duty 
fatalities in the United States Fire Service.  These events occur primarily in individuals 
with a preexisting biologic substrate of underlying coronary heart disease.  While 
strenuous duties, such as fire suppression, often trigger these events, the root cause is 
a comorbid clustering of metabolic risk factors that frequently resembles metabolic 
syndrome.  Research identifies a significant inverse relationship between 
cardiorespiratory fitness and these metabolic abnormalities, where every 1-unit increase 
in metabolic equivalents (METS) reduces the odds of having metabolic syndrome by 
31%.  Despite these modifiable lifestyle risks, current studies show that there is an 
alarmingly high prevalence of metabolic syndrome (28.3%) and obesity (35.6%) among 
US firefighters.  This indicates that current medical screening standards may not be 
sufficiently capturing early signs of physiological decline in these firefighters. 

​ 

The firefighter’s occupational environment can promote a systemic feedback loop 
of metabolic and hormonal dysfunction, if allowed to.  Factors such as chronic sleep 
fragmentation and shift work inevitably decrease the body’s insulin sensitivity and 
increase cortisol.  This directly inhibits the hypothalamic-pituitary-gonadal axis, 
suppressing the body’s natural testosterone production.  Furthermore, research reveals 
that nearly 40% of career firefighters exhibit evidence of fatty liver, a condition that 
increases the odds of presenting with low testosterone by fourfold.  As visceral fat 
accumulates, available testosterone is increasingly converted into estrogen, while liver 
stress drives elevations in Sex Hormone Binding Globulin (SHBG).  This rise in SHBG 
“locks up” the usable free testosterone.  Consequently, the firefighter’s physical decline 
is often a secondary symptom of these processes, which makes the need for common 
screening for markers such as fasting insulin, free testosterone, and liver health an 
essential part for maintaining optimal and operational safety and professional and 
retirement longevity.   
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More Than Just Total Testosterone 

​ Looking at total testosterone numbers alone provides an incomplete picture of a 
firefighter’s physiological status because it does not distinguish between the portion of 
the hormone that is “locked up” and the portion of the hormone that is biologically 
active.  In the vascular system, the majority of testosterone is tightly bound to SHBG or 
loosely bound to albumin, leaving only about 1-3% as free testosterone.  While the 
portion that is bound to albumin is considered bioavailable because it can easily 
dissociate and enter the tissues when needed, the portion that is bound to SHBG is 
virtually unusable for immediate physiological needs such as muscle repair or metabolic 
regulation.  Consequently, the firefighter may present with a “normal” level of total 
testosterone while simultaneously suffering from clinical symptoms of testosterone 
deficiency.  This is due to high levels of SHBG having reduced their free and 
bioavailable testosterone fractions.   
 
​ The balance between these carriers (SHBG and Albumin) is heavily influenced 
by specific occupational stressors and modifiable lifestyle factors that seem to be 
inherent to the fire service.  Chronic sleep fragmentation and chronic systemic 
inflammation can drive elevations in SHBG, effectively widening this anabolic gap and 
reducing the amount of hormone that is available to support cardiorespiratory fitness.  
Furthermore, liver health plays a central role in this process, as the liver is the primary 
site for the synthesis of both albumin and SHBG.  Research indicates that the high 
prevalence of fatty liver among firefighters, nearly 40% in researched cohorts, is 
strongly associated with low testosterone (Ranadive et al., 2021).   
 

Therefore, assessing free and bioavailable testosterone alongside SHBG is 
essential for identifying the true biochemical failure that often precedes the noted 
decline in professional efficacy and aerobic capacity. 

 
 

Testosterone and Metabolic Syndrome 
​ Testosterone and Insulin exist in a feedback loop.  Research indicates that low 
serum testosterone is independently associated with an unfavorable cardiometabolic 
profile in firefighters (Ranadive et al., 2021). 

●​ Insulin as a Suppressor: High fasting insulin and an elevated HbA1c (>5.6%) are 
strong predictors of low testosterone.  Those firefighters with an elevated A1c are 
2.7x more likely to have low testosterone as a direct result (Ranadive et al., 
2021). 

●​ The Aromatase Effect: Excess visceral fat (a classic sign of metabolic syndrome) 
contains the aromatase enzyme in high quantities.  This leads to an exponential 
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conversion rate of Testosterone into Estrogen, further driving insulin resistance 
and fat storage.  This creates a self-perpetuating cycle of metabolic decline and 
low testosterone. 

 
Evidence suggests that low serum total testosterone is a critical, independent 

marker of an unfavorable cardiometabolic profile within the fire service, often serving as 
a precursor to more visible metabolic abnormalities.  Research indicates that firefighters 
with elevated metabolic risk factors, such as high triglycerides or increased HbA1c, are 
significantly more likely to present with testosterone deficiencies.  Consequently, when 
these hormonal shifts occur, they are strongly associated with increased arterial 
stiffness, poor lipid profiles, and diminished cardiorespiratory fitness.  This highlights 
that the clustering of metabolic risk factors is inextricably linked to the underlying 
collapse of the androgenic axis (Beckett et al., 2023; Porto et al., 2024). 

 
Prioritizing the assessment of fasting insulin blood labs and visceral fat levels is 

imperative, as these markers identify early-stage insulin resistance and inflammatory 
aromatase activity that drives hormonal decline and cardiovascular risk levels. 
 

The Fatty Liver Connection 
​ The presence of Non-Alcoholic Fatty Liver Disease (NAFLD) has emerged as a 
critical independent indicator of cardiometabolic risk within the fire service, and serves 
as a primary link between metabolic syndrome and hormonal decline.  Research 
involving US male firefighters indicates that approximately 40% of the workforce exhibits 
evidence of fatty liver on ultrasound.  This percentage far exceeds general population 
norms (Ranadive et al., 2021).  This condition is not merely a marker of poor nutrition, 
but is a significant predictor of endocrine system failure.  Research shows that 78.1% of 
firefighters with low testosterone also show fatty liver on ultrasound studies (Ranadive 
et al., 2021). 
 
​ The relationship between hepatic health and systemic hormones is largely driven 
by the liver’s role in metabolic regulation and carrier protein synthesis.  When the liver is 
burdened by visceral adiposity (belly fat) and chronic insulin resistance, it disrupts the 
balance of SHBG and the clearance of estrogen via the liver detox pathways.  
Firefighters with high triglycerides or an elevated HbA1c show drastically higher odds of 
presenting with low testosterone, which is almost always present alongside fatty liver as 
well.   
 
​ Implementing hepatic screening (such as abdominal ultrasound) is essential for 
uncovering underlying fatty liver disease.  This fatty liver disease is directly linked to 
increased SHBG and low testosterone, while increasing cardiovascular risks. 
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​ Cardiovascular Health and Testosterone 

​ ​ Cardiovascular health in the fire service is inextricably linked to the 
androgenic axis, as testosterone serves as a key regulator of vascular tone and cardiac 
muscle integrity.  Research indicates that low total testosterone is independently 
associated with an unfavorable cardiometabolic profile, including increased arterial 
stiffness and a higher prevalence of metabolic syndrome (Ranadive et al., 2021).  
Firefighters in the borderline-low testosterone range (264-399 ng/dL) have been shown 
to possess lower left ventricular wall thickness as compared to those with higher 
testosterone levels.  This suggests that hormonal deficiency may compromise the 
heart’s structural capacity to handle the extreme physiological strain of firefighting 
(Porto et al., 2024). 
 
​ While this seems to be a “chicken or the egg” scenario when it comes to who is 
the primary driver of cardiovascular disease (Metabolic Syndrome or Low Testosterone), 
research suggests that it is a bi-directional and self-perpetuating cycle rather than 
merely a single starting point.  Both metabolic syndrome and low testosterone act as 
distinct, yet overlapping drivers of cardiovascular disease. 
 
​ Fitness is often viewed as a matter of effort, but the data show that 
cardiorespiratory fitness (CRF) is actually a primary predictor of metabolic and hormonal 
stability.  There is a highly significant inverse relationship between fitness levels and the 
clustering of metabolic risk factors; specifically that for every 1-unit increase in 
metabolic equivalents (METS), it is associated that there is a 31% reduction in the odds 
of having metabolic syndrome (Bauer et al., 2012).  Although firefighters with low 
testosterone often demonstrate lower muscular endurance and shorter cardiorespiratory 
assessment durations, these performance deficits are frequently mediated by the higher 
body fat percentages and metabolic dysfunction that accompany low hormone utility 
(Porto et al., 2024).   
 

This confirms that a firefighter’s aerobic capacity is not only a metric of training, 
but a direct correlation of a healthy, functioning endocrine-cardiovascular axis. 
​  

 Nutrition and Testosterone 
The nutritional landscape of the fire service often lives within a realm of chronic 

hyperinsulinemia, which serves as a primary driver of the anabolic gap in firefighters 
(meaning that total testosterone may appear within normal limits, but its ability to be 
utilized is very low).  Because the job involves long periods of sedentary time coupled 
with times of extreme physiological stressors, dietary habits often shift toward 
high-glycemic carbohydrates and convenience foods that provide a temporary 
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dopamine surge.  These food products, however, also result in persistent insulin and 
glucose spikes.  Research indicates that this metabolic environment is toxic to 
testosterone production.  Those firefighters with an elevated HbA1c (>5.6%) are 2.7 
times more likely to present with low testosterone (Ranadive et al., 2021).  When insulin 
is chronically high, it acts as a signal to the brain to downregulate the production of 
luteinizing hormone (LH), which is the primary messenger that tells the testes to 
produce testosterone. 

 
The nutritional quality of a firefighter’s diet also directly impacts the aromatization 

of their hormones.  Diets that are high in processed seed oils and refined sugars 
promote the accumulation of visceral adipose tissue.  This tissue is an active endocrine 
organ, containing high concentrations of the aromatase enzyme, which converts 
circulating testosterone into estrogen.  This however, creates a cyclical cycle of low 
testosterone, explained here: Low testosterone makes it much harder to maintain lean 
muscle mass.  This in turn reduces the body’s metabolic rate and promotes further fat 
storage, leading to higher levels of aromatase enzyme, converting more testosterone 
into estrogen, leading to even lower levels of testosterone.  Firefighters with high 
triglyceride levels (a common marker of poor nutritional density and high carbohydrate 
intake) are 6.6 times more likely to have low testosterone (Ranadive et al., 2021). 

 
Nutritional education and intervention for the fire service must move 

beyond calorie counting and focus on stabilizing the insulin-testosterone axis 
through low-glycemic, anti-inflammatory, and nutrient-dense food intake. 

 
Mental Health and Hormones 

​ Testosterone serves as a critical modulator of resilience and cognitive health.  
While firefighting requires high levels of power and capability, the chronic exposure to 
high-stress environments, traumatic calls, lack of consistent sleep, and over-caffeination 
can easily lead to a sympathetic overdrive that eventually exhausts the hormonal 
system.  Research indicates that testosterone levels are negatively associated with 
professional efficacy.  The androgenic axis fails under occupational strain, and 
firefighters experience a significant decline in their sense of accomplishment and 
competence.  This hormonal decline is a primary risk factor of occupational burnout, 
creating a state where the physiological capacity to handle stress no longer matches the 
demands of the job (Vinnikov et al., 2021).   
​  
​ This relationship is also bi-directional, meaning that as mental health symptoms 
surface, such as anxiety and depression, they can further suppress the 
hypothalamic-pituitary-gonadal axis.  Chronic stress elevates cortisol, which directly 
competes with testosterone and promotes the accumulation of visceral fat.  As we 
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discussed in the metabolic context portion of this white paper, this visceral fat increases 
aromatase activity, converting testosterone to estrogen at a faster rate than someone 
with lower levels of visceral adiposity.  This increase of estrogen in a male firefighter is 
clinically linked to increased irritability, fatigue, and brain fog.  Data suggest that 
firefighters with a “biochemical bottleneck” involving low testosterone and metabolic 
syndrome are more vulnerable to burnout because they lack the anabolic recovery 
signals that are needed to restore mental and physical homeostasis after shift 
(Ranadive et al., 2021; Vinnikov et al., 2021).   
 
​ Supporting firefighter mental health is proven to require a dual approach that 
addresses both psychological coping mechanisms while also assessing and supporting 
the underlying hormonal utility that is necessary for mental health stability and 
professional longevity. 

 
Women’s Hormones 

​ While the majority of the fire service research has historically focused on male 
cohorts, the interaction between occupational stress and the female endocrine system 
is equally critical for operational safety.  For female firefighters, the sympathetic 
overdrive of operational shifts can lead to a state of hypogonadotropic hypogonadism.  
This is where chronic high cortisol levels suppress the production of Follicle-Stimulating 
Hormone (FSH) and Luteinizing Hormone (LH).  This disruption can result in irregular 
menstrual cycles and sub-optimal levels of progesterone and estradiol, both of which 
are essential for bone density and cardiovascular protection.  Just as with male 
firefighters, this hormonal suppression is often tied to the metabolic axis.  Chronic sleep 
fragmentation and high levels of cortisol-producing shifts tend to drive insulin resistance, 
which in women can lead to an increase in adrenal androgens.  This further complicates 
the metabolic profile and increases the risk for high testosterone and metabolic 
syndrome in women. 
 
​ The metabolic-hormonal feedback loop in female firefighters often manifests 
through alterations in SHBG and glucose management.  Because estrogen is a key 
regulator of insulin sensitivity and lipid metabolism, its suppression by occupational 
stressors and lifestyle management can accelerate the accumulation of visceral fat and 
the development of fatty liver disease.   
 
​ When it comes to progesterone and estrogen, a single blood draw is insufficient 
to capture the dynamic nature of the endocrine system.  A month-long assessment of 
these hormones is necessary to identify luteal phase deficiencies that are most often 
caused by chronic shift-work stressors, lifestyle factors, and chronic cortisol-driven 
hormonal suppression.  Adequate testosterone levels are equally vital for women in the 
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fire service, as this hormone provides the essential foundation for lean muscle mass, 
bone density, and metabolic insulin sensitivity that is required for heavy-load operations.  
When hormones are sub-optimal or imbalance across the cycle, women face a higher 
risk of systemic inflammation, visceral fat accumulation, and a decline in mental 
resilience and professional efficacy that is necessary for long-term operational and 
professional success (Vinnikov et al., 2021; Beckett et al., 2023). 

 
 

Toxin Burden and Hormones 
​ The fire service environment exposes personnel to a complex list of chemicals 
that act as a potent driver of both metabolic syndrome and hormonal collapse.  
Firefighters are frequently exposed to endocrine-disrupting chemicals (EDCs), including 
polycyclic aromatic hydrocarbons (PAHs), flame retardants, and per- and poly- 
fluoroalkyl substances (PFAS), which are absorbed through the skin and inhaled during 
and after fire suppression.  These toxins are lipophilic (fat-loving), meaning they 
preferentially store in visceral fat and the liver, where their job is to interfere with cellular 
signaling.  Specifically, many of these toxic chemicals are termed “obesogens” that 
disrupt insulin signaling and promote fatty liver.  Other chemicals are termed 
“xenoestrogens” which are known for mimicking estrogen in the body.  This toxic burden 
creates a biochemical issue by increasing SHBG and competing for receptor sites, while 
effectively lowering bioavailable testosterone and progesterone even when the total 
testosterone levels appear to be normal (Beckett et al., 2023). 
 
​ Since it’s the liver’s job to detoxify these toxic substances, the build-up of toxin 
burden directly competes with the liver’s role in metabolic regulation.  When the liver is 
burdened by the high toxic load, its capacity to manage glucose and synthesize 
essential hormone-carrying proteins proves to become compromised.  This results in a 
substantially higher significance of NAFLD observed in the fire service workforce.  The 
liver becomes a site of chronic inflammation rather than a regulator for health.  This 
toxic-metabolic synergy helps to explain a probable cause why firefighters often present 
with risk factors, such as high triglycerides and low testosterone, at younger ages than 
the general population.  
 
​ Addressing toxin burden by keeping detox pathways open (pee, poop, perspire… 
aka hydration, quality fiber intake, and sauna/fitness), utilizing and following 
decontamination protocols, and supporting hepatic detox pathways is as critical to 
hormonal restoration as nutrition and fitness. 
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The Cancer and Hormone Connection 

The relationship between hormones and cancer in the fire service hasn’t always 
been discussed, yet it is a critical frontier for occupational safety.  The endocrine system 
often serves as the signaling floor where environmental toxins trigger malignant 
transformations of cells.  Firefighters face an elevated risk for several hormone-driven 
cancers, including prostate, testicular, ovarian, and breast cancer, largely due to chronic 
exposure to EDCs like PFAS and PAHs that are found in smoke and firefighting-related 
exposures.  These substances act as xenoestrogens or androgen antagonists, which 
confuse cellular receptors and disrupt the natural apoptosis (programmed cell death) 
that normally prevents cancer growth. 

 
​ The anabolic gap that was previously mentioned, plays a direct role here as well.  
When testosterone or progesterone levels are chronically suppressed by occupational 
and lifestyle stressors, the body loses a layer of metabolic and immunological 
protection.  This allows these toxin-driven cells to proliferate and spread.  The high 
prevalence of fatty liver and insulin resistance creates a pro-inflammatory and 
high-insulin environment that is essentially jet-fuel for tumor growth.   
 
​ The nutritional profile of a firefighter acts as a primary modulator of cancer risk as 
well, since hyperinsulinemia and the consumption of pro-inflammatory foods provide the 
fuel that is necessary for tumor initiation and progression.  High-glycemic diets that drive 
persistent elevations in fasting insulin and IGF-1 (Insulin-like Growth Factor 1) create a 
potent mitogenic environment, effectively signaling those cells to proliferate rather than 
undergoing natural repair or apoptosis.  This is particularly dangerous when it is coupled 
with the high toxin burden that firefighters are exposed to.  While environmental 
carcinogens cause the initial DNA damage (loads the gun), but a diet that is high in 
refined sugars and processed seed oils serves to foster the systemic inflammation and 
visceral adiposity that allows those damaged cells to thrive and multiply (pulls the 
trigger).   
 
​ Furthermore, the presence of NAFLD, which is found in approximately 40% of 
firefighters (Ranadive et al., 2021), severely compromises the body’s primary 
detoxification pathway.  This ensures that both the endogenous hormones and the 
exogenous toxins circulate longer, which increases the likelihood of malignant 
transformations in hormone-sensitive tissues (Beckett et al., 2023). 
 
By monitoring bioavailable hormone levels and metabolic markers, fire departments can 
identify early, the physiological state of vulnerability that potentially precedes a 
firefighter’s cancer diagnosis.   
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Sleep and Hormones 

​ For firefighters, sleep is not merely a period of rest, but a primary window for 
endocrine restoration.  This makes sleep fragmentation of this particular occupation a 
direct catalyst for hormonal collapse.  The majority of pulsatile testosterone secretion 
occurs during REM and deep sleep.  Consequently, research indicates that even 
short-term sleep restriction can result in a 10-15% reduction in testosterone levels, 
which is a decline that mimics nearly a decade of biological aging.  In the fire service, 
this sleep debt is compounded by a disruption of the circadian rhythm, which elevates 
nocturnal cortisol, while simultaneously suppressing the production of growth hormone 
and melatonin.  This hormonal shift creates a state of metabolic chaos in which the 
body is unable to effectively clear glucose, which leads to the high insulin and visceral 
fat accumulation that characterizes metabolic syndrome. 
 
​ The lack of restorative sleep isn’t just the loss of “beauty sleep”, but instead it 
also is a cause of widening the anabolic gap by significantly increasing SHBG and 
reducing the bioavailability of the hormones that are produced.  When a firefighter is 
locked into their sympathetic system (aka fight or flight) due to frequent nighttime 
wakings, the persistent elevation in stress hormones inhibits the 
hypothalamic-pituitary-gonadal axis (which produces your sex hormones), and instead 
ramps up the activation of the hypothalamic-pituitary-adrenal (HPA) axis.  The activation 
of the HPA axis leads to increased secretion of cortisol, while simultaneously leading to 
clinical symptoms of hormonal deficiency, such as brain fog, fatigue, and decreased 
professional efficacy (Vinnikov et al., 2021).   
 

Because poor sleep quality is a primary driver of fatty liver disease and insulin 
resistance that is found in so many firefighters, prioritizing sleep hygiene and recovery 
protocols is a non-negotiable requirement for reversing the cycle of metabolic syndrome 
and cardiovascular risk. 

 
 

Testosterone and Cardiorespiratory Fitness 
​ The relationship between cardiorespiratory fitness (CRF) and hormonal health in 
the fire service is not merely a matter of athletic performance, but instead is a 
fundamental indicator of a firefighter’s physiological reserve and efficiency.  Research 
has found that firefighters with sub-optimal testosterone levels demonstrated lower 
muscular endurance and a shorter sustainability duration of testing that assesses their 
CRF.  While this performance deficit is partly due to the higher body fat percentages that 
are associated with low testosterone, the hormonal deficiency itself directly 
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compromises the heart’s structural integrity, with borderline-low testosterone firefighters 
showing significantly thicker lower left ventricular walls (Porto et al., 2024). 
 
​ Maintaining high levels of fitness acts as a protective buffer against the anabolic 
collapse that can be caused by the cumulative stressors of the job and the class 
firefighter’s lifestyle.  Data suggests that when the androgenic axis is supported 
alongside fitness protocols, firefighters see improved recovery and cardiovascular 
resilience, confirming that VO2 max should be viewed as an external reflection of 
internal endocrine health. 
 
​ Beyond the direct structural changes to the heart, testosterone serves as a 
critical regulator of oxygen delivery and utilization, which are the two primary 
components of CRF.  Testosterone naturally stimulates the production of erythropoietin 
(EPO) in the kidneys, which in turn increases red blood cell mass and hemoglobin 
levels.  For a firefighter that is operating in high-heat and low-oxygen environments, this 
androgenic boost to the blood’s oxygen carrying capacity is vital for maintaining a 
sufficient aerobic output during prolonged fire suppression and overhaul activities.  
When a firefighter enters into this anabolic gap, they essentially lose this natural 
performance advantage, which leads to an earlier onset of anaerobic metabolism, rapid 
fatigue, and a higher heart rate for the same amount of work performed.  This is where 
efficiency comes into play. 
 
​ Testosterone also influences CRF through its impact on mitochondrial biogenesis 
and vascular reactivity.  It promotes the density and efficiency of mitochondria within the 
skeletal and cardiac muscle, allowing for more efficient adenosine triphosphate (ATP) 
production during high-intensity tasks.  On a vascular level, testosterone acts as a 
calcium-channel modulator that is able to help maintain the elasticity of the large 
arteries.  Without adequate hormone utility, firefighters will experience increased arterial 
stiffness, which raises afterload and forces the heart to pump against greater 
resistance.  This physiological drag explains why firefighters with low testosterone often 
fail to meet VO2 or MET standards on their annual physical assessment tests.  Their 
struggle is not merely a lack of willpower or training, but a much deeper seated systemic 
failure of hormones and oxygen-delivery that defines cardiorespiratory health.   
 
 
 
 

Testosterone Replacement Therapy 
​ Testosterone Replacement Therapy (TRT) serves as a potent clinical intervention 
to bridge the anabolic gap in the fire service, which tends to offer significant 
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improvements in cardiovascular resilience, metabolic health, decreased fatigue, 
muscular body composition, and operational readiness.  By restoring serum levels to a 
physiological range, TRT can enhance insulin sensitivity and reduce the visceral 
adiposity that drives the aromatase-led conversion of testosterone to estrogen.  This 
metabolic shift is crucial for reversing NAFLD (Ranadive et al., 2021).  TRT also 
provides the androgenic signals that are necessary to maintain the left ventricular wall 
flexibility and red blood cell production, which directly improves the oxygen-carrying 
capacity and heart muscle integrity required to handle the physical strains of the fire 
service occupation. 
 
​ Despite these benefits, TRT is not necessarily a “magic bullet”.  All pros tend to 
have some cons associated with them.  TRT carries specific risks that must be 
managed in firefighters as well.  The primary medical concern is erythrocytosis, which is 
an excessive increase in red blood cell mass that can thicken the blood and increase 
the risk of clotting or stroke if not monitored through regular hematocrit labs.  
Additionally, exogenous testosterone can suppress the body’s natural production of 
testosterone and potentially impact fertility if proper co-therapies are not utilized.  There 
is also the risk of over-aromatization, which is where the underlying metabolic syndrome 
and fatty liver are not addressed through lifestyle management and the supplemental 
testosterone simply continues to be converted into estrogen, worsening the very 
inflammatory state that the TRT was intended to fix.  While TRT can improve the blood’s 
oxygen-carrying capacity, it should be noted that unmanaged secondary erythrocytosis 
can paradoxically lower VO2 max by increasing blood viscosity to the point of creating a 
mechanical bottleneck in the cardiovascular system.  When hematocrit levels rise too 
high, the blood becomes increasingly viscous and thick.  This in turn raises systemic 
vascular resistance and forces the heart to work harder to move a smaller volume of 
blood, effectively reducing cardiac output.  According to the Fick Equation, any 
significant drop in blood flow that is caused by this increased viscosity can outweigh the 
benefits of the higher oxygen content, which ultimately leads to a net decrease in 
aerobic power and earlier onset of fatigue.  For firefighters, this risk is amplified by 
dehydration and heat stressors that occur on the fireground, which only further 
concentrate the blood and place a dangerous level of strain on the left ventricle.  This 
can then trigger a sudden cardiac event. 
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Root Cause Analysis (aka TL;DR) 
The systemic physiological failure of the hormonal system, and subsequent 

associated topics, that are being observed in the fire service today is primarily driven by 
a sympathetic-endocrine mismatch that stems from poor modification of lifestyle factors 
as they associate with occupational stressors.  Chronic sleep fragmentation and 
deprivation force the body into a state of sympathetic overdrive, where persistent 
cortisol elevation suppresses the HPG axis, and increases the HPA axis activation.  This 
suppression of the HPG axis creates an anabolic gap, which is characterized by a 
clinical decline in free and bioavailable testosterone.  Without these essential anabolic 
signals, the firefighter loses the ability to repair cardiac muscle and maintain the lean 
tissue that is required for heavy-load operations on the fireground.  This can also lead to 
structural heart changes, such as reduced left ventricular wall thickness, which is a 
condition that precedes catastrophic cardiac events, leading to LODDs. 

 
This hormonal decline is further exacerbated by the metabolic-hepatic bottleneck, 

which is where the liver becomes congested by visceral fat and environmental toxin 
accumulation.  This state of NAFLD triggers a reactive spike in SHBG, effectively 
locking up circulating hormones and rendering them biologically inactive.  At the  

same time, the aromatase enzyme that is staged within visceral fat is able to 
more rapidly convert the remaining testosterone into estrogen, fueling a cycle of insulin 
resistance and systemic inflammation.  This unified failure of the metabolic and 
androgenic axis explains why traditional conventional screenings, which often overlook 
fasting insulin, SHBG, free testosterone, and hepatic ultrasounds, fail to identify the 
vulnerable state that these firefighters are in, until it manifests as burnout, 
cardiovascular failure, cancer, or forced retirement. 

 
 
 

In Closing 
Ultimately, the objective of modern firefighter health programs must be prepared 

to move beyond reactive data and address these interconnected biological failures 
before they result in a line of duty death.  By recognizing the fire service environment as 
a primary driver of hormonal and metabolic dysfunction, fire departments can implement 
screening protocols that identify the vulnerability state through markers like fasting 
insulin, SHBG, liver ultrasounds, etc.  Bridging the anabolic gap is not merely about 
individual fitness output, but is a critical organizational requirement for maintaining the 
structural cardiac integrity and mental resilience that is necessary for a long and healthy 
career and retirement with their families. 
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“An ounce of information is worth a pound of data. 

An ounce of knowledge is worth a pound of information. 
An ounce of understanding is worth a pound of knowledge. 
An ounce of wisdom is worth a pound of understanding.” 

 
-Russell L. Ackoff, “From Data to Wisdom” (1989) 
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