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Résumé
Le stress et l’épuisement (burnout) au travail constituent une réponse physique et mentale à
un débordement face à un challenge professionnel. Ses conséquences économiques sont
estimées à 7 milliards d’euros en 2018. L’un des possibles candidats permettant d’alléger une
partie de coût est le L-tryptophane (tryptophane). L’état actuel de la recherche sur le stress
et l’épuisement au travail est néanmoins relativement naissant et encore loin de converger
vers une compréhension complète des bénéfices apportés par le tryptophane. Cet article
examine le rôle du tryptophane dans la synthèse des protéines et d’autres fonctions
métaboliques majeures connues pour affecter directement ou indirectement l’état de santé
de ses utilisateurs, à partir de la littérature scientifique existante. En particulier, une revue
du rôle du tryptophane sur la synthèse de la sérotonine dans le cerveau et d’autres
métabolites tels que la kynurénine et la mélatonine sera fournie. Cette étude de cas
examinera également d’autres connaissances basées sur les dernières recherches et essais
cliniques sur l’utilisation du tryptophane comme complément alimentaire permettant de
répondre à un manque de tryptophane et de produire d’autres métabolites connus pour
avoir un impact significatif sur les niveaux de stress et d’épuisement, la dépression, les
troubles du sommeil tels que l’insomnie et d’autres conditions liées.
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Abstract
Workplace stress and burnout is a physical and mental response to being overwhelmed by a
work-related challenge and the health economic burden of its consequences in France was
more than € 7.0 billion in 2018, including over € 100 million in benzodiazepine drug sales.
However, the current state of research as it relates to work place stress and burnout and its
complexity is far from converging toward a more-certain understanding of the best set of
treatments available to manage the consequences of stress and burnout. One possible
candidate ingredient that may help alleviate some of this burden is L-tryptophan (tryptophan).
This article reviews the role of tryptophan in protein synthesis and other major metabolic
functions from the scientific literature that are known to directly and indirectly impact the
user’s health state. Specifically, a review of the role of tryptophan on the synthesis of beneficial
serotonin in the brain and other metabolites including kynurenine and melatonin will be
provided. Also, insights on the latest research and clinical trials on the use of tryptophan
supplements in order to address to tryptophan depletion and the production of other
metabolites that are known to be related to significant health conditions including stress and
burnout, depression and related conditions, and sleep disorders like insomnia is investigated
in detailed in this case study.
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Introduction
It is becoming increasingly apparent that workplace stress and burnout is becoming a major
health and economic problem in France. In 2014, a survey concluded that 3 million French
workers were close to workplace burnout and another recent study that surveyed 32,137
employees working across 39 companies over a period of four years between 2013 and 2017,
52% of French workers suffer from a high level of anxiety at work that could be putting their
physical and mental health at risk and 16% of workers likely have an anxiety disorder [69,70].
29% have a high depressive level (show symptoms of depression) and 6% "probably have
depression", according to the study. 24% of French workers reported that they are
hyperstressed which is defined as the psychological strain people often feel when they
perceive themselves as being overwhelmed by work [69]. Hyperstress makes a person feel
pushed beyond the limits of what they can handle, whether it's caused by an excessively high
workload, unreasonable deadlines or working too long and too hard. Hyperstress can lead to
a short temper, as well as induced or increased anxiety and/or depression [69].
Workplace stress and burnout is a physical and mental response to being overwhelmed by a
work-related challenge. The perceived challenge causes a worker’s neuroendocrine system
to respond accordingly. The neuroendocrine system is the process by which the brain
regulates the hormonal activity (endocrine system) which in turn (and in combination with
the nervous system) regulates the physiological processes of the human body. A classic
example of this is the flight versus fight response a person experiences when confronted a
scary situation. Workplace stress and burnout has been shown to release cortisol levels in
the body which can provide a short-term burst of energy and focus in order to address the
latest workplace challenge but in the long run, high cortisol levels lead to higher risk physical
and mental disorders including increased risk of CVD, sleeping disorders, immunoallergic
issues, functional colitis and hormonal disorders [69]. Interestingly, while just over half
reported elevated levels of stress at work, the remaining workers did not report being under
stress despite being in similar work environments [69].
The burden of workplace stress and burnout on the French healthcare system is substantial.
Conservative estimates of the total burden of workplace stress and burnout based on a
literature review of the key health burden drivers attributed to workplace stress is € 7.0
billion in 2018 and is expected to grow to € 8.3 billion by 2025. Measuring the economic
burden bore by each individual sufferer of workplace stress and burnout includes a mix of
both direct medical costs and indirect non-medical costs related to supporting the individual
sufferer’s quality of life. A recent set of research exploring the direct and indirect economic
burden of diseases attributed to workplace stress in France found that 8.8 to 10.2% of
coronary heart disease (CHD) morbidity was attributed to workplace stress. 15.2 to 19.8%
and 14.3 and 27.1% of mental disorders (MD) was attributable to job strain for men and
women, respectively [71, 72, 73]. The authors of the aforementioned study consistently
reported that the total costs of CHD and MD attributable to job strain exposure ranged from
1.1 to 1.3 billion euros per year from 2000 to 2007. This is equivalent to 1.9 billion euros in
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2018 euros. Eleven percent of attributable costs were direct medical costs, 13-15% was
attributed to the value of loss life and the remaining three-quarters are attributed to
productivity losses due to sick leave [71, 72, 73].
Figure 1. Cost of Workplace Stress and Burnout in France per Case and by Cost
Type, France, 2018
Direct Medical
Cost,
€ Million

Indirect
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Total Cost,
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Depression
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5,101.2
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Total

1,677.6
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7,013.9
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Source: Godet-Cayré V et al. 2006, Béjean, S. & Sultan-Taïeb, H. 2005., Sultan-Taïeb, H., Chastang, J. F., Mansouri, M.,
& Niedhammer, I. 2013 and Frost & Sullivan analysis

Figure 2. Total Cost of Workplace Stress and Burnout in France by Selected
Morbidities, France, 2018-2040
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& Niedhammer, I. 2013 and Frost & Sullivan analysis

Workplace stress and burnout can also lead to increased incidence of sleeping disorders. In
2018, it is expected that the extra healthcare cost due to insomnia per sufferer in France is €
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611.7 more per individual per year after adjusting for the rate of monetary inflation. Also, it
is expected that the extra indirect cost due to insomnia-associated loss productivity in France
is € 1,937 per patient per year after adjusting for the rate of monetary inflation in 2018 [76].
Consequently, it is expected that the total direct and indirect cost of insomnia in France
attributed to increased healthcare cost, loss productivity and extra costs bore by employers
was valued at € 5,101.0 million in 2018 and based on population growth will surpass € 6,7
billion in economic burden attributed to insomnia-attributed absenteeism and additional
healthcare costs by 2030 [76].
Benzodiazepines are sometimes prescribed to treat anxiety disorders, panic, insomnia, and
agitation caused by hyperstress. Benzodiazepines are a class of psychoactive drugs that affect
the neurotransmitter gamma-aminobutyric acid (GABA), resulting in sedation anti-anxiety
properties [83]. However, the side effects of benzodiazepines use often outweigh the short
term relive these drugs provide. For example, nervous system disorders account for about
23% of serious benzodiazepines anxiolytics and hypnotics with cases of drowsiness, comas,
convulsions and amnesia [10] Psychiatric conditions account for 12% of serious adverse
reactions for benzodiazepines anxiolytics and 17% for hypnotic benzodiazepines [10]. Also,
accidents and falls are also commonly reported with benzodiazepines anxiolytics and
hypnotics and especially in the elderly [10]. Finally, the use of these drugs illegally, whether by
the user, or in order to enable criminal submission (such as in cases of rape, pedophilia or
delictual acts have been reported [10]. Thus, the use of benzodiazepines and related molecules
is seen as an inferior solution for addressing the rising epidemic of hyperstress in the
workplace due to the great social costs these types of psychoactive drugs bear on French
society.
Nonetheless, France ranked second in the consumption of benzodiazepines, behind Spain in
2015 [10]. France is ranked 3rd in the consumption of hypnotics and the 2nd rank of the
consumption of anxiolytics [10]. Total sales of benzodiazepines were 118 million euros (in
manufacturer price excluding taxes) in 2015, or about 0.6% of total medicine sales to
pharmacies. [10]. Sales data in the city indicate that 111.6 million boxes sold in the city and
117 million including the hospital, which represents almost 4% of total drug consumption in
France in 2015 [10]. Consequently, about 13.4% of the French population consumed a
benzodiazepine at least once whatever the indication and the prevalence of use of
benzodiazepines anxiolytic or hypnotic is higher among women (16.6%) than among men
(9.7%) regardless of age [10]. This prevalence increases with age and is highest in women aged
80 and over (38.3%).
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As the above case shows, stress, anxiety, and burnout has a wide array of consequences and
often times the perceived “treatments” leads to additional unintended consequences and
social burden. Thus, there is an unmet need for a smarter approach to helping people manage
stress, anxiety, and burnout. A low-technology, yet smart, approach that could be more
extensively adopted might feature certain nutritional ingredients that have been scientifically
shown to help reduce the direct and indirect burdens of stress, anxiety, and burnout.
Nutritional ingredients that may support in the alleviation of consequences of hyperstress,
anxiety, and burnout include valerian, omega-3, niacin, lemon balm, l-theanine, and magnesium
[2]. But quite possibly the most scientifically reviewed nutritional ingredient is L-tryptophan
(tryptophan). This essential amino acid is instrumental in a range of metabolic functions related
to the neuroendocrine system and thus has been the subject of many research studies and
clinical trials over the last several decades..
Accordingly, this article reviews the role of tryptophan and other major metabolic functions
that are known to directly and indirectly impact the user’s physical and mental health state in
both states of rest and high stress. Specifically, a review of the role of tryptophan on the
synthesis of beneficial serotonin in the brain and other metabolites including kynurenine and
melatonin will be provided. Also, insights on the latest research and clinical trials on the use
of tryptophan supplements and the production of other metabolites that are known to be
related to significant health conditions including stress and burnout, depression and related
conditions, and sleep disorders like insomnia will be explored in detailed in this case study.

The Metabolic Functions of Tryptophan
The main role of the amino acid tryptophan is, as almost every amino acid, that it is an input
in protein synthesis and a wide range of other metabolic functions. Tryptophan is actually less
prevalent in the body when compared to other amino acids despite its major role of protein
synthesis in the brain and most tryptophan must be obtained through the diet, thus making it
an essential nutrient (6,7). Specifically, tryptophan is the antecedent input of two other
important metabolic pathways: kynurenine synthesis and serotonin synthesis. The first level
of the regulation of tryptophan metabolism occurs in the complex ecosystem of the intestine
through the gut microbiota. Indeed, diet including tryptophan supplementation is first digested
in the gut and metabolized by the gut microbiota. Directly or indirectly, the gut microbiota
controls the serotonin, kynurenine and indole derivatives tryptophan metabolism pathways,
therefore suggesting that the quality and composition of the gut microbiota is the first
modulator of the tryptophan metabolism upon diet supplementation.
Apart from host enzymes that metabolize tryptophan, intestinal bacteria can directly
transform tryptophan into several molecules including indole-3-aldehyde (IAld), indole-3-acidacetic (IAA), indole-3-propionic acid (IPA), indole-3-acetaldehyde (IAAId) and indoleacrylic
acid, all these molecules being ligand for aryl hydrocarbon receptor (AhR). AhR pathway is a
crucial modulator of the immune response (77).
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Kynurenine synthesis is the second most prevalent metabolic pathway of tryptophan after
protein synthesis and accounts for approximately 90% of tryptophan metabolism (7,8). Above
all, kynurenine is the precursor of kynurenic and quinolinic acids (7,8). Kynurenic acid is a
glutamate receptor antagonist, meaning it blocks neurotransmitted signals in the brain and
quinolinic acid is a glutamate receptor agonist (9).
Considering the kynurenine pathway, IDO1 (Indoleamine 2,3-Dioxygenase 1) is the key
enzyme whose activity is stimulated by the gut microbiota and that produces kynurenine and
derivatives molecules involved in inflammation, immune response and neurotransmission (77).
Finally, the gut microbiota plays a key role in the production of 5-HT from tryptophan. Indeed,
5-HT is an important gastrointestinal signalling molecule (77). Altered gut microbiota in
inflammatory diseases including inflammatory bowel diseases (IBDs, including Crohn disease,
ulcerative colitis, irritable bowel syndrome and metabolic syndrome) affects Tryptophan
metabolism and is associated with intestinal immunity dysfunction (77). Therefore the gut
microbiota can influence the brain through the tryptophan metabolism and subsequent
derivatives molecules in the three major pathways: kynurerine metabolism, serotonin
metabolism and indoles – Ahr ligands metabolism.
Apart from tryptophan-metabolizing microorganisms that are far from being fully elucidated,
opportunities of using tryptophan metabolism through tryptophan supplementation in diet
may be considered in association with the gut microbiota quality and composition. In
metabolic syndrome and gut dysbiosis, increased vitamin C intakes (100mg/d) restore gut
function, modulate vitamin E levels, reduce endotoxemia, decrease pro-inflammatory
biomarkers and restore antioxidant status to control oxidative stress and in particular reactive
oxygen species (ROS) (78). Thus, it can be suggested that considering that stressed
microorganisms in the gut can interfere with digestion and metabolism, diet supplementation
with tryptophan in addition to bioactive molecules such as vitamin C that will facilitate or help
the gut microbiota activity may be seriously considered for future research
Oxidative stress meaning ROS and probably more largely reactive species has to be
considered. Since 2017, the so-called oxidative stress is strongly debated considering the
novel integrative concept of Reactive Species Interactome (RSI) for ROS, reactive nitrogen
species (RNS), reactive sulphur species (RSS) and reactive carbonyl species (RCS) (79).
Related to kynurerine pathway from tryptophan metabolism, KYNA or kynurenic acid is an
irreversible product from kynurenine and ROS (80). KYNA not only influences the immune
system but also the inflammation and carcinogenesis. Moreover KYNA is an agonist of AhR,
linking indole pathway and kynurenine pathway from tryptophan metabolism to AhR
modulation and subsequent physiological and pathological consequences. Thus, it is suggested
that future research focus not only investigate the role and relationship of ROS with
tryptophan metabolism but the complete RSI (ROS, RNS, RSS, RCS) role and relationship
with tryptophan metabolism. Moreover, considering vitamin C as antioxidant, the
combination of tryptophan and vitamin C in diet may be of interest to maintain antioxidant
status and to modulate RSI status, status that will need to be defined and characterized as
actually it remains unknown.
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Regarding specific diseases and in particular cancer and brain tumors (namelly glioma including
glioblastoma), it has been recently shown that the grade of the tumor is associated with the
AhR activation and with altered tryptophan metabolism (82). AhR antagonism efficiently
reduced tumor cell viability in vitro in the same cited paper. In addition, tryptophan metabolism
and more specifically L-tryptophan metabolism is of great interest in ageing and against at least
cancer, neurodegenerative diseases, neuropsychiatric diseases, autoimmune diseases and
through the gut microbiota, the liver, the immune system and the brain (81).
In addition to kynurenine, tryptophan also plays an important role in serotonin synthesis (11).
Serotonin is a specific neurotransmitter that relays signals to nerve cells and is mostly known
for its role as a major provider of feelings of well-being and happiness, yet serotonin’s actual
biological function is highly complex and multifaceted making it difficult to monitor in clinical
research). Serotonin is expected to have a major metabolic role in modulating cognition,
reward, learning, memory, and numerous physiological processes. Furthermore, serotonin
deficiency in the brain can result in states of ‘emotional dysfunction’ such as anxiety,
depression and insomnia which in turn can lead to fibromyalgia, chronic headaches and weight
gain, among other physical consequences (12).
Overall, only 3% of tryptophan obtained from the diet is used in serotonin synthesis
throughout the entire body and only 1% tryptophan obtained from the diet is used for
serotonin synthesis in the brain and furthermore, it is estimated that only 5% of serotonin
found in body resides in the brain (13). However, despite the relatively low concentration of
brain serotonin compared to that in the rest of the body, it has a wide-ranging role as a
neurotransmitter and neuromodulator (12,13).
Serotonin synthesis is a two-step process. First, the tryptophan hydroxylase enzyme
biologically-catalyzes tryptophan in the brain in order to make 5-HTP. Then, the resultant 5HTP is again catalyzed with the aromatic amino acid decarboxylase enzyme to make serotonin
(2). Some research does suggest that direct supplementation with 5-HTP could be beneficial
for serotonin production, but observed clinical outcomes highly varies owing to a number of
uncontrollable environmental factors such as genetics, the subject’s typical stress and activity
levels, and their diets which are difficult to control for in a research setting (2). See Figure 3
for a visual representation of the tryptophan-serotonin-melatonin pathway and links to the
burden of health problems.
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Figure 3. The Tryptophan-Serotonin-Melatonin Pathway and Links to the Burden
of Health Problems

Melatonin is a key hormone that is produced in the tryptophan-serotonin pathway (14,15).
Melatonin regulates diurnal rhythms of the body and is expected to influence the reproductive
system, the immune system and digestive and gastrointestinal processes (14). Melatonin
production is regulated by the blue light spectrum in either natural (sun) or artificial light and
it is actively secreted at night (in darkness) from the pineal gland in order to induce hormonal
and neural impacts including the regulation of behavioural circadian rhythms and sleep
patterns (16).
Besides kynurenine, serotonin and melatonin, other metabolic functions are induced by
tryptophan, which complicates the ability to zero-in on a useful mechanism of action from
tryptophan supplementation. One of these active compounds is tryptamine. Tryptamine is an
active compound that is an important neuromodulator of serotonin (17). Specifically, a
number of animal studies have shown that tryptamine may act as an emotional balancing
control between the excitation and inhibition functions of serotonin (17) Tryptamine has also
shown to act as a neurotransmitter with specific receptors that are independent of the
function of serotonin (17). More human-based clinical research is required to understand the
role of tryptamine in cognitive health.
In addition, tryptophan acts as a substrate for coenzyme nicotinamide adenine dinucleotide
(NAD) synthesis and NAD phosphate (NADP) synthesis. Specifically, NAD and NADP are
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essential for redox reactions or electron transfer reactions in all living cells. These enzymes
can be synthesized from ingested tryptophan or from ingested niacin (vitamin B3) (7,18,19).
And complicating the matter, niacin can be directly synthesized from tryptophan through the
kynurenine/quinolinic acid pathway though this is a less efficient use of tryptophan since
approximately 60 mg of tryptophan are necessary to generate a single milligram of niacin. This
is especially true since the median intake of niacin from food in France is sufficient to fill
nutritional needs making the need for additional niacin from tryptophan synthesis low.
Finally, tryptophan also affects other neurotransmitters and nervous system compounds. For
example, dopamine, norepinephrine, and beta-endorphin have all been shown to increase
following oral dosing of tryptophan (11,20-23). Cortisol is also shown to be directly
modulated from tryptophan ingestion through serotonin synthesis, though the exact meaning
of this effect is still up for debate based on the mixed results from the clinical literature (5059).

Review of Tryptophan’s Mechanisms of Action
The mechanism of act of tryptophan and how this will directly or indirectly manifest itself as
a health benefit is still an active question of inquiry within the scientific community. However,
and despite over four decades of active research into this topic, there is still a high degree of
heterogeneity of research designs, tested hypotheses, and protocols when it comes to
understanding tryptophan’s mechanism of action. What is known is that tryptophan is the
single precursor of serotonin produced in the brain. Also, tryptophan is distributed in the
body in the circulatory system. More specifically, tryptophan is that is available for passage
across the blood-brain barrier, especially the non-albumin bound free tryptophan, though
most blood-circulating tryptophan found in the blood is bound to albumin (6,7,24-27).
Tryptophan does have a higher affinity for the blood-brain barrier transporter compared to
albumin, meaning that up to three-quarters of albumin-bound tryptophan may be available to
cross the blood-brain barrier (28).
Tryptophan contends with other amino acids such as histidine, isoleucine, leucine, methionine,
phenylalanine, threonine, tyrosine, and valine for the blood-brain barrier transporter and
researchers have found that tryptophan’s bioavailability for transport across the blood-brain
barrier can be described as a ratio of tryptophan to the sum of its competing amino acids
(25,29-31). Consequently, a change in the ratio of tryptophan compared to the other amino
acids can impact the amount tryptophan available for serotonin synthesis in the brain (32-35).
This means that the bioavailability of tryptophan in the brain can increase by either increasing
the plasma concentration of tryptophan in the blood or by decreasing concentrations of the
other amino acids since either approach will increase tryptophan’s relative availability for
serotonin synthesis. Thus, the tryptophan-competing amino acid ratio and total availability of
tryptophan are the two primary factors most likely to affect serotonin production.

12

This suggests that diet is a major contributing factor in the bioavailability of tryptophan for
serotonin production. Specifically, it is hypothesized that tryptophan availability can increase
by eating more carbohydrate-rich foods and less protein-rich food (7,25,24,36). This is
because protein-rich foods would significantly increase the bioavailability of all types of amino
acids, including tryptophan but at a lesser extent compared to the competing amino acids
(7,25,24,36,37). Thus, the tryptophan-competing amino acid ratio decreases. Furthermore,
eating carbohydrate-rich food increases insulin in the blood which in turn decreases plasma
levels of competing amino acids, thus, the tryptophan-competing amino acid ratio increases.
Time of ingestion is also a factor that impacts the tryptophan-competing amino acid ratio
where earlier in the day the meal is consumed, the greater the observed change in the ratio.
In summary, dietary considers, especially with respect to the ratio of carbohydrate to protein
in meal, is expected to change the bioavailability of tryptophan for synthesis of brain serotonin
which in turn increases the difficulty of quantifying an effective dosage size for tryptophan
unless the diet is strictly controlled for. But despite this, it is expected that controlling the
tryptophan-competing amino acid ratio and the absolute amount of free tryptophan (nonalbumin bound) will most likely to affect serotonin production levels in the brain.

Review of Tryptophan’s Therapeutic
Applications
Tryptophan is required for the production of niacin (vitamin B3) (1,2). It is predominantly
used in animal and human health applications including dietary supplements, animal feed
additives, and in pharmaceutical applications (1,2). With respect to dietary supplements,
tryptophan was originally marketed as a means to support appetite suppression, help to
alleviate the symptoms of menopause, and as a weight loss aid (1). In 1990, the U.S. Food and
Drug Administration (FDA) banned the sales of tryptophan stating that it caused a deadly
disease called Eosinophillia-mylagia Syndrome (EMS) though it was later found to be actually
related to specific batches of tryptophan supplied by a single manufacturer and it was shown
that this batch was actually contaminated by trace impurities (3,4). The ban on the use of
tryptophan in dietary supplements was eventually lifted in 2005. According to the Tryptophan
in Food Regulation (England) 2005, tryptophan can be added to dietary supplements, provided
it met the purity criteria specified in the European Pharmacopoeia (1).
Tryptophan also aids in the digestion of food and regulates appetite in animals, which has
driven its increased use in animal feed formulations (1). It enhances the appetite of young
animals, which in turn helps in improving their growth and meat quality. Corn and corn-soy
diets are low in this amino acid. Tryptophan is therefore used to supplement animal feed,
especially pig and poultry feed, though other amino acids have grown more common in recent
years including valine and thereonine. In addition, the use of tryptophan in animal feed reduces
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the requirement of natural protein sources, which in turn minimizes nitrogen excretion levels
and helps to minimize environmental pollution.
Tryptophan is necessary for the production of a neurotransmitter serotonin, which is a mood
regulator and has found some useful applications in the production of some pharmaceutical
products. Tryptophan is widely used in antidepressant pharmaceutical formulations. AltiTryptophan is an example of one of the drugs containing tryptophan, which is used in
antidepressant therapy (1).
The use of tryptophan supplements has been the focus of numerous clinical research and
homeopathic applications for over four decades, though the therapeutic targets are varied.
Today, tryptophan is commonly used as a natural remedy for managing depression, pain,
insomnia, hyperactivity, and eating disorders though the breadth and depth of clinical research
supporting efficacy is still comparably small (2). However, it has been found that tryptophan
has revealed positive results in the treatment of seasonal affective disorder (SAD) and may be
just as effective as the more common light therapy (55). Also, improvements in sleep latency
time have been supported by the clinical research due to its link to melatonin mechanisms
(38,39). Finally, the use of tryptophan supplements have been found to have positive
therapeutic effects on brain health including the use of tryptophan combined with iproniazid,
a monoamine oxidase inhibitor (MAOI) to manage schizophrenia, the use of tryptophan as
tricyclic antidepressants, and as a regimen to support the nicotine withdrawal symptoms when
one is quitting smoking (40).
While direct consumption of tryptophan supplements has shown promise based on a review
of the clinical research, there has been a noticeable lack of convergence on defining the link
between ingested tryptophan takes serotonin and/or other metabolite production.
Consequently, many researchers have looked for other related ingredients that may help to
better define this link. One of these ingredients is 5-HTP, or 5-Hydroxytryptophan. 5-HTP is
an intermediate metabolite derived from the amino acid tryptophan that is produced during
the melatonin and serotonin production process (2). The idea behind the direct
supplementation and use of 5-HTP instead of tryptophan is that it skips a production step in
the metabolic process and thus may enhance the ability to directly control melatonin and
serotonin production levels and in turn ensure a more effective certain health benefit (2).
Supplementation with 5-HTP has been explored by researchers with regards to possible
therapeutic links to managing anxiety, depression, fibromyalgia, insomnia and even obesity
(41-49). However, the state of the science of 5-HTP supplementation and its link to specific
health benefits is still in nascent stage. In human trials, most of the research on 5-HTP
supplementation involves trials with small sample sizes that yield mixed results (2). A relatively
small number of studies suggest that 5-HTP may reduce anxiety though additional research is
needed to confirm effectiveness and safety (45,48). In summary, more work is needed to
further identify the mechanisms of action and situations under which 5-HTP may impart
positive effects or pose safety concerns when used, especially when used in conjunction with
other medications due to 5-HTP’s modulatory effects on neurotransmitters.
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One area of intense research of the impact on the use of tryptophan and 5-HTP has been on
trying to identify an observable and measureable biomarker as a means to support the link of
supplementation to the aforementioned therapeutic areas. One such biomarker thought to
promising is saliva cortisol levels given the environmental conditions of the user base and each
user’s self-reported wellness.
Researchers began exploring the link between serum cortisol levels given the use of 200 mg
of 5-HTP in the 1980s with explorations of the effect of 5-HTP supplementation on seasonal
affective disorder (SAD) (55). The authors found that an enhanced melatonin secretory
response to 5-HTP in a single hypermelatonemic patient with SAD (55). In 1997, 83 subjects
were administered 5-HTP or a placebo and found that increased plasma cortisol among
medicated and unmedicated patients with major depression or OCD (56). The 5-HTP–
induced cortisol levels were significantly higher in fluoxetine-treated patients compared to
unmedicated major depressed patients. The same group of researchers found similar results
in 1984 (57-59).
In 2002, researchers found that use of 200 mg of 5-HTP among 30 patients show that 5-HTP
stimulated salivary cortisol could be a useful probe of serotonin function in healthy volunteers
as well as panic disorder patients, and they provide some evidence against a serotonin
receptor hypersensitivity in panic disorder (52) Gijsman et al 2002 discovered that an increase
of cortisol after 5-HTP plus carbidopa is comparable with the effect of other drugs used in
challenge tests that were expected to temporarily raise stress levels among participants (53).
The researchers found that a further increase of the dose of 5-HTP might improve the size
of the effect on endpoints as long as the tolerability remains good (53)
Cerit et al 2013 found from a sample of 46 patients that 2.8 grams of tryptophan attenuates
the cortisol response to acute social stress depending on 5-HTTLPR genotype. S’/S’ carriers
may indeed be more reactive to 5-HT manipulations (50). Markus et al 2009 found that 5HTTLPR differentially mediates the effect of tryptophan on mood and performance among a
group of 30 patients tested given use of a 800 mg of tryptophan daily (51). Only in S’/S’
genotypes, tryptophan improved mood and backward counting. This suggests pronounced 5HT vulnerability to tryptophan challenge in healthy S’/S’ as compared with L’/L’ carriers. Effects
of tryptophan administration in S’/S’ genotypes were not influenced by stress exposure,
probably because stress exposure was too mild to be of any relevance. Brain 5-HT
manipulation might still influence mood under stress in S’/S’ when including a more severe
stressful event.
In 2014, Capello et al tested saliva cortisol levels among a group of 118 patients that either
used a 3000 mg of tryptophan or a placebo and it was revealed that tryptophan treatment
caused a clear reduction in stress-induced cortisol levels in S/S-allele carriers exclusively, and
prevented a stress-induced increase in appetite only in S/S-allele carriers with high trait
neuroticism (54). The findings reveal an advantageous effect of sub chronic tryptophan
treatment on stress experience and appetite depending on stress and genetic serotonergic
vulnerability (54).
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In summary, the research suggests that for those individuals that carry the S’/S’ genotype, the
use of tryptophan has an expected reduction in cortisol levels of 50 to 200 µg/dL or 1300 to
5500 nmol/L. These changes in cortisol levels in the response to stress, if frequently occurred
such as in a workplace environment, could lead to reduced CAC progression over time which
in turn can lead to decreased risk of CHD in the future given the use of tryptophan. See Figure
4 for the summary of selected studies that demonstrate the impact of tryptophan use on
salivia cortisol levels under conditions of induced stress.

Figure 4. The Impact of Tryptophan Use on Salivia Cortisol Levels under
Conditions of Induced Stress, Selected Clinical Research

Author

Sample
Size

Genotype

Person Type

Dose Size

Stress?

Cerit H 2013

25

S'/S'

Healthy

2.8 g/d for
6 days

Yes

143.3

(194.7)

Cerit H 2013

21

L'/L'

Healthy

2.8 g/d for
6 days

Yes

166.6

(8.3)

Markus CR
2009

16

S'/S'

Healthy

0.8 g/d

Yes

362.5

(50.0)

Markus CR
2009

14

L'/L'

Healthy

0.8 g/d

Yes

362.5

25.0

Capello
AEM 2014

60

S'/S'

Healthy

3.0 g/d

Yes

184.6

(57.9)

Capello
AEM 2014

58

L'/L'

Healthy

3.0 g/d

Yes

199.7

27.5

1. Change in saliva cortisol levels from baseline after tryptophan intake
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Reported
Effect
Size1,
μg/dl

Baseline
Cortizol
Levels, μg/dl

Description of Change/Result
Significant reduction of
Cortisol Stress and
tryptophan intake
Minor reduction of Cortisol
Stress and tryptophan intake
Significant reduction of
Cortisol Stress and tryptophan
intake
Increase of Cortisol Stress and
tryptophan intake
Significant reduction of
Cortisol Stress and tryptophan
intake
Increase of Cortisol Stress and
tryptophan intake

The Potential Economic Benefits of Tryptophan
Supplementation
In terms of possible economic benefits from the use a tryptophan supplement on relieving the
burden of workplace-related stress in France, the first task is to determine the proportion of
the working age population that carries the S’/S’ genotype. Based on a review of the scientific
literature, this data point is unknown, but it is expected to be approximately 20 to 30% of the
total population, or approximately 11 million French citizens of working age based on a review
of the few studies that explore this relationship [51,52,53] In addition and as shown in Figure
5, those individuals that carry the S'/S' genotype is expected to have an approximate -45%
reduction in the mean size of the change in cortisol levels when user is stressed. This means
that approximately 11 million working age individuals in France could minimize the
accumulation of cortisol by as much as 45% compared to non-users of tryptophan if they were
use a tryptophan supplement prior to being introduced into a stressful environment.
In 2012, researchers assessed the correlation between cortisol responses to laboratoryinduced mental stress and the progression of coronary artery calcification (CAC) [74]. The
researchers found that there was an association between cortisol stress reactivity and CAC
progression (odds ratio = 1.27, 95% CI, 1.02–1.60) all else being equal. Approximately 40% of
the sample responding to the stress tasks had an increase in cortisol levels of at least 1 mmol/l
[74]. CAC progression is defined as an increase >10 Agatston units between baseline and
follow up [74]. CAC levels have been shown to be a statistically significant risk factor for
CHD. One study found that the hazard ratios associated with a 1 standard deviation CAC
increase were 1.40 (95% CI, 1.16-1.69; P < .001) for cardiovascular disease, 1.44 (95% CI,
1.02-2.02; P = .04) for myocardial infarction, 1.39 (95% CI, 1.10-1.76; P = .006) for heart
failure, and 1.19 (95% CI, 0.94-1.51; P = .15) for all-cause mortality [74]. Thus, this suggests
that controlling cortisol reactivity, such as through a nutrition-based regimen may influence
the risk of CHD though more research is needed to test for this expectation.
Thus, the expression of changes in cortisol in the response to stress is a product of the
interaction of nervous system and hormones including kynurenine, melatonin and serotonin.
These changes in cortisol levels in the response to stress, if frequently occurred such as in a
workplace environment, can lead to elevated CAC progression which in turn can lead to
increased risk of CHD in the future. But this is just one of many examples of possible
metabolic functions that are a part of workplace-related stress and burnout and that could be
modified through nutrition-based intervention.
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As stated, CAC levels have been shown to be a statistically significant risk factor for CHD.
One study found that the hazard ratios associated with a 1 standard deviation CAC increase
were 1.40 (95% CI, 1.16-1.69; P < .001) for cardiovascular disease, 1.44 (95% CI, 1.02-2.02;
P = .04) for myocardial infarction, 1.39 (95% CI, 1.10-1.76; P = .006) for heart failure, and 1.19
(95% CI, 0.94-1.51; P = .15) for all-cause mortality [74]. Assuming that the inverse still holds
and that the hazard ratio is broadly equivalent to relative risk of CVD, then the use of
tryptophan to reduce the accumulation of cortisol during stressful events that the user faces
and in turn reduce CAC progression by 1 standard deviation, then the estimated relative risk
reduction of getting cardiovascular disease is 28%, the relative risk reduction of a myocardial
infarction event is 30%, the relative risk reduction of a heart failure event is 28%, and the
relative risk reduction of all-cause mortality event is approximately 18% among users.

Figure 5: Total Population of France by Age Cohort - All Genders, Million People, 20152040
Age Cohort
Number of
Working-age
Individuals in
France that carry
the S'/S'
genotype, Million
Estimated
Number of
Working-age
Individuals in
France that carry
the S'/S'
genotype and
who are likely
"Hyperstressed"
at work, Million*

2018

2019

2020

2021

2022

2023

2024

2025

2030

2035

2040

11.0

11.2

11.3

11.5

11.7

11.9

12.0

12.2

13.2

14.2

15.3

2.6

2.7

2.7

2.8

2.8

2.8

2.9

2.9

3.2

3.4

3.7

* Estimate based on calculating the product of the number of working-age individuals in france that carry the
S'/S' genotype by 24% expected to “hyperstressed”.
Source: Godet-Cayré V et al. 2006, Béjean, S. & Sultan-Taïeb, H. 2005., Sultan-Taïeb, H., Chastang, J. F., Mansouri, M.,
& Niedhammer, I. 2013 and Frost & Sullivan analysis
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Figure 6: Total Population of France by Age Cohort - All Genders, Millions of People,
2015-2040
18,0
16,0

Number of Working-age
Individuals in France that
carry the S'/S' genotype

Million People

14,0

12,0
10,0
8,0
Estimated Number of
Working-age Individuals
in France that carry the
S'/S' genotype and who
are likely
"Hyperstressed" at work

6,0
4,0
2,0
0,0
2018 2019 2020 2021 2022 2023 2024 2025 2030 2035 2040

Source: Godet-Cayré V et al. 2006, Béjean, S. & Sultan-Taïeb, H. 2005., Sultan-Taïeb, H., Chastang, J. F., Mansouri, M.,
& Niedhammer, I. 2013 and Frost & Sullivan analysis
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Figure 7: From Health Benefits to Economic Benefits, Author Calculations, 2015-2040
Measurements

2018

Number of Working-age Individuals in France that carry the
S'/S' genotype, Million People

11.0

Estimated Number of Working-age Individuals in France that
carry the S'/S' genotype and who are likely "Hyperstressed"
at work, Million People

2.6

Risk of CVD in the Working Age Population in France, %

6%

Expected Reduction in Cortisol Accumulation given use of a
Tryptophan Supplement, %

-45%

Reduction in the Odds of CAC progression given the
Reduction in Cortisol Accumulation from Tryptophan
Supplement, %

20%

Estimated Relative Risk due to the Reduction in the Odds of
CAC progression given the Reduction in Cortisol
Accumulation from Tryptophan Supplement, %

72%

Estimated Relative Risk Reduction due to the Reduction in
the Odds of CAC progression given the Reduction in Cortisol
Accumulation from Tryptophan Supplement, %

28%

Estimated Number of Avoidable CVD events given Use
Tryptophan to Realize the Reduction in the Odds of CAC
progression given the Reduction in Cortisol Accumulation
from Tryptophan Supplement, People Cases

42,687

Estimated Cost of Avoidable CVD events given Use
Tryptophan to Realize the Reduction in the Odds of CAC
progression given the Reduction in Cortisol Accumulation
from Tryptophan Supplement, € Million

309.7

Source: Godet-Cayré V et al. 2006, Béjean, S. & Sultan-Taïeb, H. 2005., Sultan-Taïeb, H., Chastang, J. F., Mansouri, M.,
& Niedhammer, I. 2013 and Frost & Sullivan analysis

In 2018, it is estimated that up to 2.6 million working-age people in France are hyperstressed
and carry the S’/S’ genotype. These individuals and are most at risk of developing CVD and
could benefit from using a tryptophan. These individuals that use a tryptophan supplement is
expected to yield 42.7 thousand potential benefactors. See Figures 7 and 8 for detailed results
number needed to use tryptophan to realize a beneficial effect to one individual given the use
of tryptophan at supportive intake levels and total number of possible benefactors in France.
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Figure 8: Estimated Number of Avoidable CVD events given Use Tryptophan to Realize
the Reduction in the Odds of CAC progression given the Reduction in Cortisol
Accumulation from Tryptophan Supplement, 2015-2040
70 000
60 000

43 978

44 637

45 307

45 986

46 676

47 376

51 038

54 982

2018

2019

2020

2021

2022

2023

2024

2025

2030

2035

30 000
20 000

59 231

43 328

40 000

42 687

Million People

50 000

10 000
0
2040

Source: Frost & Sullivan

Figure 9: Estimated Cost of Avoidable CVD events given Use Tryptophan to Realize the
Reduction in the Odds of CAC progression given the Reduction in Cortisol
Accumulation from Tryptophan Supplement, € Million, 2015-2040
500,0
450,0
400,0

319,1

323,9

328,8

333,7

338,7

343,8

370,3

150,0

314,4

200,0

399,0

250,0

2018

2019

2020

2021

2022

2023

2024

2025

2030

429,8

300,0

309,7

€ Million

350,0

100,0
50,0
0,0
2035

2040

Source: Frost & Sullivan
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Regarding total potential economic benefits that are possible, if all adults utilized tryptophan
at supportive intake levels, € 309.7 million in health care system and opportunity cost savings
could have been realized in 2018 given the average cost of a CVD treatment of € 7,114. By
2025, € 344 million in health care system cost savings could be realized and by 2040, up to €
8.4 billion in cumulative cost savings could be obtained. Figure 7 reports the total potential
benefits that could be realized from the use of tryptophan supplements at supportive intake
levels. Of course, achieving 100% utilization among the entire target end user base is a
hypothetical best case and the purchase and utilization of tryptophan supplements is required
to capture the aforementioned healthcare cost savings. For the daily use of a tryptophan
supplement as a means to support the adverse effects (increasing cortisol levels leading to
increased progression of CAC) to be deemed cost effective, then the annual cost of
tryptophan use per capita cannot exceed € 115 per capita.1 See Figure 9 for the estimated
cost of avoidable CVD events given use tryptophan to realize the reduction in the odds of
CAC progression given the reduction in cortisol accumulation from tryptophan supplement.

Concluding Remarks
To increase the utility of tryptophan research for understanding the relationship of serotonin
dysregulation as an underlying mechanism in psychiatric disorders, as well as behavioral,
cognitive, and physical problems, it will be important to understand the factors that have
contributed to the inconsistent results from previous studies. Furthermore to advance the
efficacy and utility of tryptophan for therapeutic purposes, future clinical studies must improve
and standardize research protocols and avoid the methodological mistakes that have occurs
in past research. These protocols include standardizing dosing, research and treatment
methodologies, and improved selection of treatment and control groups being tested.
There is a biomarker to be used in priority to demonstrate the positive relationship between
tryptophan and the couple serotonin and melatonin. This biomarker is the 5-HT, standing for
5-Hydrotryptophan. Its levels could be measured in the human body thanks to conventional
methods of measuring serotonin synthesis and methods using positron emission tomography
(PET) tracers. PET is a non-invasive technique which can trace metabolic processes, like
serotonin synthesis. One tracer developed for this purpose is 5-hydroxy-l-[β-11C]tryptophan
([11C]5-HTP). 5-HTP is difficult to produce, but trapping this compound may represent well
serotonin synthesis. PET with radiolabelled substrates for the serotonergic pathway is the
only direct way to detect changes of serotonin synthesis in the living brain (60). Thus, research
should be oriented towards proving the efficiency of tryptophan and identifying how its
positive effects must be leveraged.

1

To determine the maximum cost of supplementation given that its use is still deemed cost effective, then the
annual cost cannot be greater than the average product of Cost of CVD treatment (€ 7,114 per person case),
the risk of CVD for the target population (5.8%) and the expected relative risk reduction (28%)

22

In addition, a common and well-known deficiency in Vitamin B1 is very often observed in
healthy populations. This issue is particularly predominant in developing geographies such as
Africa or Southern Asia. (62, 63) This can also be problematic amongst alcoholic or obese
populations (64). Vitamin B1 depletion – also called thiamine depletion – is at the root of a
disease called Beriberi leading to tiredness in its weak form, and more generally affects
negatively the nervous and cardiac systems (65). The fact that thiamine depletion is a
widespread problem throughout the world could jeopardize the assessment of Tryptophan
as a good supplement to fight against stress through the pathway activation and the already
described mechanism of action. Indeed, thiamine deficiency has been demonstrated to inhibit
the effect of a Tryptophan increase on the pathway activation (61). Therefore, Tryptophan
would be relevant to be assessed in clinical trials as a stand-alone with the use of two different
groups - one control and one nitrogen-neutral placebo group, that is to say which will not
have received any amino-acids supplementation - as it will ensure the Tryptophan’s effect
would not be erased. When it comes to actual supplementation, an assessment of the local
population Vitamin B1 status might be relevant in order to decide whether the best solution
would be a Tryptophan stand-alone supplementation or a couple Tryptophan / Vitamin B1 to
ensure the targeted effect will not be reduced because of thiamine deficient populations.
Finally, there are some important considerations to for researchers when it comes to the
future of tryptophan supplement research. First, cortisol cannot be used as the only biomarker
to illustrate tryptophan’s efficiency. It is neither the best option nor is it the only option.
Cortisol excretion is a brain response that is modulated by a wide variety of factors including
tryptophan. More specifically, stress is positively correlated to cortisol excretion based on
the review of the scientific literature, but in non-stress situations the opposite was found to
be true. (66). Even the time of the day impacts cortisol levels. Thus, cortisol cannot be used
as the only biomarker showing the positive influence of Tryptophan on stress as Cortisol
levels reduction will be an indirect factor as studied already, a response of the serotonin /
melatonin secretion.
Also, a general consideration needs to be reinforced about Tryptophan. The diet, and more
specifically the amino acids intake, plays a crucial role in the positive or limited effect of
Tryptophan. Indeed, in the case of Arginine for instance, as this amino acid is known for
activating the RNS pathway which stands for the Reactive Nitrogen Species (67). This RNS
pathway has a negative impact on the Tryptophan pathway as it would favor kynurenic acid
creation – this still needs to be demonstrated clinically however (68). As a conclusion,
tryptophan would fully release its benefits as long as no other amino acids are interfering in
the subject’s diet.
In summary, controlling the tryptophan-competing amino acid ratio and the absolute amount
of free tryptophan levels available for synthesis directly affects serotonin production levels in
the brain. Consequently, this should be the future researcher’s priority moving forward.
However, it should be remembered that dietary considers, especially with respect to the ratio
of carbohydrate to protein in the diet, impacts the bioavailability of tryptophan for brain
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serotonin synthesis but this also increases the difficulty of quantifying an effective dose size
for tryptophan.
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