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The female athlete and the 
menstrual cycle

Women’s participation and 
acceptance in sport has 
continued to grow and 

diversify over the decades. However, 
training and care of the female 
athlete can often be overlooked and 
not di�erentiated from their male 
counterparts. In past years, research 
in athletics has been robustly male-
focused, with little emphasis on 
female athletes.1 With this biased 
focus, the female athlete gets lumped 
into training and care that has been 
based in male athlete success.2 The 
female athlete is biologically di�erent 
than the male athlete and, therefore, 
has di�erent needs that should be 
considered in order to reach optimal 
performance.2

Female menstruation and 
�uctuating hormones have always 
been neglected in controlled research 
trials, where the steady pro�le of 
male hormones tends to be favored.3,4

However, recent research has started 
to focus on how to use female 
menstruation as a tool for optimizing 
training and improving female athlete 
performance and success.3 This 
combined with proper nutrition for 
females can optimize success in the 
exercising female.

Nutrient de�ciencies (triad » RED-S)
Relative Energy De�ciency in Sport 

(RED-S), formerly known as the Female 
Athlete Triad, is a term coined by the 
International Olympic Committee 
(IOC) and refers to “impaired 
physiological function including, 
but not limited to, metabolic rate, 
menstrual function, bone health, 
immunity, protein synthesis, 
cardiovascular health caused by 
relative energy de�ciency.”5 In other 
words, there is not enough energy 
available to maintain important 
physiological functions to support 
optimal health and performance. Low 
energy availability extended for long 
periods of time can result in an array of 
health consequences, such as nutrient 
de�ciencies, fatigue, increased risk 
of infection or illness, irregular or 
absent menses for females, increased 
risk of bone fracture, and much 
more.5 Consuming enough food and 
nutrients in the diet in order to match 
daily energy expenditure becomes 
essential to maintaining a healthy 
body and mind.

In 2014, the IOC introduced 
RED-S in replacement of the Female 
Athlete Triad to better describe the 
condition to encompass a broader, 
more comprehensive scope. The 
original Female Athlete Triad, 
described and �rst published in 
a position stand by the American 
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As a member of the Blue Ridge Academy of Nutrition and Dietetics (BRAND), one of the 5 
districts in the Virginia a�liate, I recently attended a presentation given by an RDN. Having 
just written a book, she shared how she naturally developed the best way to work with 

her clients to create successful outcomes. At the very core, she helped clients by getting deeper 
into their thoughts, emotions, and mindset around food choices. By taking into account the rest 
of a person’s humanity, who the person is as an eater, and what goes into the why, what, how, if 

they eat, she was essentially practicing integrative nutrition. She did not call it as such, nor, in fact, had she ever 
heard of the words “integrative” or “functional,” as applied to the language of nutrition or medicine! 

Two speci�c conclusions about this came to mind. First, while naming something is a necessity in language—
to organize, symbolize, and simplify—it can also be limiting. We can potentially close people o� to something 
that they would otherwise embrace. Second, and importantly, this RDN followed their own organic path which 
led to an exploration of mind, body, and spirt. She started taking into consideration who the person is not 
because she is performing as a speci�c practitioner, but because she was looking for what worked. Because, it 
turns out, treating humans like the complex beings that we are, gets results. Imagine that. 

As an exercise, I encourage you to look at these articles and all of what we call integrative and functional 
as advanced nutrition, personalized medicine, biology, biochemistry, anatomy, and physiology. It is the very 
science that everyone loves to follow. It is the work of serving and guiding people in the most humane way 
possible that takes into account who they are, their biology and biography, how they live, and the goals they 
have for their lives. 

Thank you to our newsletter team, writers, leadership board, and you, for continuing to support our e�orts. 
For any feedback or interest in contributing either an article or your time to the newsletter, please email me at 
jenas_mailbox@yahoo.com. Until next time, 

Jena
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College of Sports Medicine (ACSM) 
in 1997,6 focused on the female with 
primary health concerns surrounding 
energy availability, bone health, 
and menstrual function.7 Now, 
RED-S de�nes many more health 
consequences that can arise from this 
condition—taking into account both 
physiological and mental concerns. 
For females, low energy and nutrient 
availability can drive dysregulation 
in menstruation and hormone 
imbalances, leading to a cascade of 
negative health consequences. 

Supporting healthy menstrual 
function and hormone regulation 
through proper energy and 
nutrient availability is essential to 
drive success in performance and 
daily exercise training for females. 
Nutrients to pay speci�c attention to 
in the exercising female are protein, 
iron, zinc, calcium, vitamin D, and B 
vitamins such as thiamin, ribo�avin, 
B6, and folate. Female athletes most 
at risk for low protein intakes and low 
iron intakes resulting in anemia are 
those who are energy restricting and/
or consuming a specialty diet that 
does not contain animal products (an 
important source of heme iron) such 
as a vegan or vegetarian diet.8 There 
is increased iron loss during exercise 
due to mechanical forces and blood 
loss in the urine and gastrointestinal 
tract in exercising individuals, and 
the monthly loss of blood during 
female menstruation adds to the 
increased risk of anemia in female 
athletes.9,10 Nutrients such as calcium 
and vitamin D—both essential 
for bone health—are important 
to support the female athlete.10

Exercising indoors contributes to low 
levels of vitamin D, due to decreased 
sun exposure. Data suggests that 
between 33% and 42% of female 
athletes have insu�cient vitamin D 
levels, and 72% to 90% fall short of 
the adequate intake for calcium.11

This is of particular concern because 
of the related increase in risk of stress 
fracture with vitamin D and calcium 
insu�ciencies.10 B vitamins are also 
important because of the role they 
play in energy metabolism, and these 
pathways are more highly utilized in 
exercising individuals compared to 
sedentary individuals.12

Nutrient levels are further 
impacted by the menstrual cycle, 
and timing of speci�c key nutrients 
throughout the female menstrual 
cycle may also be bene�cial for 

optimizing nutrient absorption and 
managing a healthy cycle to support 
optimal exercise training.

Diet and supplement 
considerations to support the 
exercising female

To support exercising females 
nutritionally, it is essential to consider 
the female menstrual cycle. The 
menstrual cycle is accompanied by 
various �uctuations in hormones that 
impact di�erent biological processes. 
From day one of a woman’s cycle 
to the �rst day of ovulation, the 
follicular phase, estrogen levels are 
low (menstruation) and then begin 
to rise, peaking just before ovulation. 
This phase ends with ovulation, 
when the follicular stimulating 
hormone (FSH) and luteinizing 
hormone (LH) levels peak. During 
the second half of the cycle, the 
luteal phase, progesterone levels 
peak with estrogen levels remaining 
high as well. During the second half 
of the luteal phase (also known as 
the premenstrual phase), levels of 
estrogen and progesterone begin to 
decrease.13,14

Focusing on consuming certain 
nutrients during speci�c phases 
of the menstrual cycle may be 
valuable to optimize female health 
and exercise performance. During 
menstruation, the lining of the 
uterus sheds and is accompanied 
with loss of blood. Throughout this 
time, it may be important to focus 
on consuming foods rich in blood-
forming nutrients, particularly heme 
iron, and others such as zinc, B12, 
and folate. In the follicular phase, 
studies have shown that during 
exercise, carbohydrate utilization 
and oxidation is higher than during 
the luteal phase.15 Consuming more 
carbohydrates during this phase 
may be bene�cial to support energy 
levels.

Contrary to the follicular phase, 
during the luteal phase when 
estrogen levels are high, studies 
have shown that fat utilization and 
oxidation are higher compared to the 
�rst half of the cycle.15 Phospholipid 
content of the endometrium is 
increased 26% compared to the 
follicular phase.16 To support this 
phase, focus on consuming healthy 
unsaturated fats, such as foods 
high in omega-3 fats (ie, salmon 
and sardines).17 During the luteal 
phase, amino acid levels also 

decrease along with increased 
nitrogen utilization.14 The decrease 
in amino acid levels compared to 
other phases of the cycle could be 
related to progesterone’s increase 
during this time.18 The lower amino 
acid levels and higher nitrogen 
utilization suggest increasing protein 
intake during this time may be 
advantageous.14

The luteal phase is also 
associated with a signi�cant 
reduction in serotonin and other 
mood-enhancing neurotransmitter 
precursors such as tryptophan 
and γ-amino-butyric-acid 
(GABA), increasing susceptibility 
to psychological symptoms of 
premenstrual syndrome (PMS).14

Vitamin B6 is involved in the 
conversion of tryptophan to 
serotonin and is a cofactor for GABA 
synthesis, as well as sex hormone 
gene expression.19 Supplementation 
with vitamin B6 has been shown 
to improve symptoms of PMS.20

Further, high dietary intake of 
vitamin D may reduce risk of PMS 
through its involvement in serotonin 
synthesis.21,22 Reduced levels of 
glutathione, an endogenous 
antioxidant, have been observed 
during the luteal phase.14 An 
imbalance in antioxidant levels 
leading to oxidative stress is also 
associated with PMS.23 Consuming 
antioxidant-rich foods can help to 
support endogenous antioxidant 
systems.24

Women have increased energy 
expenditure during the luteal 
phase compared to the follicular 
phase. Consuming higher amounts 
of protein and healthy fats, such 
as omega-3 fatty acids, may be 
bene�cial.17 Assuring su�cient intake 
of vitamin D, vitamin B6, and fruits 
and vegetables rich in antioxidants 
throughout the cycle is important to 
further support a healthy menstrual 
cycle.20,22,23

Optimizing exercise training for 
the female athlete

“If traditional training programmes 
were removed from the male lens and 
applied to the female, based upon her 
menstrual cycle, to take advantage of 
the e�ect of hormone perturbations, 
a new methodology of training might 
emerge.”3

Using the female menstrual 
cycle as a tool to enhance physical 



performance is being increasingly 
recognized and studied.25 Changes 
in sex hormone concentrations 
throughout the cycle in�uence 
physiological changes such as muscle 
activation, substrate metabolism, 
thermoregulation, and body 
composition.25 These changes could 
impact exercise performance, and 
structuring training around these 
phases may be bene�cial.

Estrogen increases excitatory 
neurotransmission, while 
progesterone inhibits it.26 Because 
of these e�ects, during the follicular 
phase when progesterone is 
low and estrogen is increasing 
(especially during late follicular 
phase), there may be a positive e�ect 
on rapid force production from 
increasing estrogen, and therefore 
greater strength and performance 
outcomes.26,27 During the mid-
luteal phase when progesterone is 
elevated, because of inhibition of 
excitatory neurotransmission, force 
production may be lower, negatively 
e�ecting strength outcomes.26,27

Greater strength performance has 
been detected in the follicular 
phase when estrogen is increasing 
in periodization trials of female 
athletes.28 Periodized strength 
training based on the female 
menstrual cycle has been evaluated 
in several studies.29-31 Resistance 
training programs with high loads 
in the follicular phase and low-
frequency training in the luteal phase 
show larger increases in muscle 
strength compared to a controlled 
non-periodized training group29

and compared to luteal phase–
based periodization training (high-
frequency training in luteal phase, 
low frequency in follicular phase).30,31

Thermoregulation also varies 
across phases of the menstrual cycle, 
with higher basal body temperature 
during the luteal phase in response 
to the increase in progesterone.32

This shift may impact performance 
depending on the length of 
the exercise. In long-duration 
exercise, the increase in basal body 
temperature during the luteal 
phase may limit performance due 
to increased thermoregulatory and 
cardiovascular strain.33

The e�ects that hormone 
�uctuations have on body 
composition and substrate 
metabolism during exercise are 

less clear with mixed �ndings from 
studies.25 It is important to take into 
consideration that many di�erent 
factors play into performance 
outcomes in athletes. The research 
cited here gives important insights 
into associations between hormone 
�uctuations and performance 
outcomes to consider when 
developing an exercise training 
program for females to help optimize 
success.

Advances in natural tracking 
methods

There has been much 
advancement in the development of 
natural fertility tracking methods. As 
an alternative to oral contraceptives, 
natural tracking methods are less 
expensive34 and do not have the 
side e�ects that may occur with the 
use of oral contraceptives. The most 
common natural fertility tracking 
method is based on daily basal body 
temperature measurement, with an 
increase in temperature occurring 
after ovulation when progesterone 
starts to increase.35 There are many 
apps that are designed to help make 
tracking and recording of basal body 
temperature easy. Recent advances in 
technology use highly sophisticated 
algorithms to help improve precision 
of this traditional tracking method.36

Novel innovation has also explored 
the development of wearable 
devices to continuously track skin 
temperature (in comparison to well-
established oral measurement of 
basal body temperature).37 Wearable 
skin temperature tracking devices 
are still in their infancy and more 
research is needed to determine if 
these are reliable and accurate.37

Conclusion: syncing training 
and nutrition for optimal female 
athlete health

Understanding the impact 
of female hormone �uctuations 
throughout the menstrual cycle 
on health outcomes and exercise 
performance is a growing area of 
research. Combining nutritional 
and training strategies to sync 
with hormonal �uctuations in 
females may prove to be valuable in 
improving health and performance 
in exercising females. To provide 
optimal care for female athletes, 
acknowledging and embracing the 
female menstrual cycle is key. It is 
important to note, that research in 
this area is still in its infancy and the 

science is continuously evolving 
as the impact of female biology on 
nutrition and exercise training is 
being studied. 
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Normoperception of smell 
(olfaction) and taste (gustation) 
are key factors in food and/

or beverage enjoyment. Both 
chemosenses contribute to an early 
warning detection system for internal 
or external soluble or possible 
volatile chemical assaults on well-
being. Detection of change involving 
chemosensory (CS) perception of 
smell and/or taste due to various 
causes including disease courses [eg, 
viral-caused acute or long COVID-19, 
also known as Post-Acute Sequelae 
of SARS-CoV-2 infection (PASC), or 
assorted chronic diseases, etc] may 
be a potential primary symptom, 
or such change may be linked to a 
secondary process. Because RDNs’ 
work involves the intersection 
of multiple scienti�c disciplines, 
they are poised to uniquely utilize 
their knowledge of how �avor 
perception is subject to alteration/
in�uence/modulation as well as their 
knowledge of other compensatory 
strategies which can be safely 
employed to address chemosensory 
dysfunction.1-4

CS Awareness Raised Early in 
COVID-19 Pandemic

The World Health Organization 
declaration of COVID-19 as a 
worldwide pandemic on March 
11, 2020 raised awareness of 
chemosensory perception.2
Anosmia or hyposmia quantitative 
perception loss, or dysosmia 
qualitative distortion, was identi�ed 
as a primary symptom for all SARS-
CoV-2 identi�ed viral variant causes 

through early 2022 of mild to 
moderate COVID-19. In acute- and/
or post-COVID-19 cases, dysgeusia 
may accompany smell loss or 
distortion. Complaints of food “no 
longer tasting right” associated with 
a CoV-2 infection primarily re�ect 
altered �avor perception, due to 
a loss of or distortion in olfaction, 
rather than speci�cally or solely taste 
dysfunction.3,4 Prior to the pandemic, 
estimates were that 80% to 90% 
of taste disorders were truly smell 
disorders.5,6

Restoration success of any 
pre-COVID level of olfactory 
normoperception will vary. Major 
determinants of potential recovery 
within weeks to six months for ~8 
or 9 out of 10 cases of olfactory 
dysfunction in mild to moderate 
COVID-19 cases include: prior 
olfactory function; current age; 
duration of smell/olfaction loss; 
smoking status; and if there is, 
parosmia. Curiously sometimes those 
with parosmia have a better chance 
of more normal olfactory perception 
recovery since olfactory transmission 
is occurring and hopefully just 
requires some “tuning up.”7

Across a population, individuals 
typically vary widely in their ability 
to perceive �avor due to smell and 
taste anomalies because of factors 
including, but not limited to genetics; 
age; nutritional status; and medical 
history, including certain infections 
and disease incidence, injuries, and 
treatments. Olfactory dysfunction 
can occur as a result of numerous 
di�erent causes, not just due to the 
CoV-2 or other respiratory viruses. 
Causes can be congenital or acquired 
after birth. Typical acquired causes 
of partial or total loss or aberration 
of smell and/or speci�c taste quality 
include, but are not limited to the 
following: 
• aging; 
• blockage of nasal passages due 

to allergy, polyp, chronic sinusitis 
and rhinitis, temporary nasal 
in�ammation, or trauma;

• acute and/or chronic disease 
(varied with some having bacterial, 

fungal, viral, or parasitic infection 
origin) including:

- dental conditions or de�cits
  in oral hygiene; 
- neurodegenerative

      conditions (Alzheimer’s disease,
      Parkinson’s disease, etc);

- multiple sclerosis, cancer, or
      diabetes mellitus; 

- alcoholism; 
- epilepsy; 
- obesity or metabolic syndrome;
  or 
- general or speci�c malnutrition; 

• expressed gene syndrome 
mutation; 

• invasive treatment interventions 
(chemotherapy, radiation, surgery); 

• medication use (certain over the 
counter or prescription single drug 
or polypharmacy intake); 

• particular toxin inhalation or 
ingestion exposure; 

• chronic cigarette or other smoking; 
• trauma such as brain injury or 

tumor; or other face/head injuries/
physical damage impacting the 
lips, mouth, nostrils and nasal 
cavities, paranasal sinus cavities, or 
central nervous system.

Recovery of normoperception 
after structural damage may not 
always be possible. In normal aging, 
there is progressively less olfactory 
receptor cell regeneration resulting 
in some degree of progressive 
smell impairment; as well as altered 
function of taste cell membrane 
ion channels and taste receptors as 
opposed to taste bud loss resulting in 
taste sensory perception decline.3,4

Beyond Loss or Distortion of Smell and Taste
in Chemosensory Dysfunction:
The Search for Flavor Stephanie Brina-Herres, MS, RDN

Receptor regeneration time in 
mild viral illness cases without 
complicating factors usually occurs 
within:

• ~15 days for gustation due to 
taste peripheral receptor epithelial 
cells having a fast turnover rate; 

• ~30 days optimally, but more 
typically 40–60 days for smell due 
to olfactory neuronal receptors 
regenerative origin from surviving 
basal stem cells.8
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Nuances of Flavor Perception
Flavor perception is actually a 

“�avor percept” construct which 
exceeds the sum of its parts (smell 
perception + taste perception + 
chemesthesis + somatosensation).1,3,4

Chemosensory perception can be 
modulated by input from other 
senses including auditory and visual 
perception. Thus a “�avor percept” 
gestalt is actually multi-modal 
encompassing a full range of sensory 
input but is heavily dependent upon 
odorant perceptions.

Olfactory perception of food and 
beverage emanating odors involves 
orthonasal input (“front door” nostril 
inhalation of aromatic odorants—a 
favorite of non-human members 
of the animal kingdom); and/or 
nasopharynx region retronasal 
detection (“back door” input of 
odorant molecules released from 
masticated food and beverage 
products or medications at the back 
of the throat—how humans can 
obtain greater depth and breadth of 
any �avor explosion in the mouth). 
Some taste buds of the tongue may 
contain receptors for both smell 
and taste sensory input.9 Volatile 
chemicals are sensed by the olfactory 
system via olfactory sensory neurons 
in the nasal cavity.10

Taking time to thoroughly 
masticate food—chewing and 
mixing it with saliva as feasible in the 
oral cavity—is critically important for 
humans to fully appreciate optimal 
palatability and �avor perception. 
Besides traveling to the thalamus, 
olfactory input normally winds 
its way through multiple brain 
regions including the orbitofrontal 
cortex, olfactory cortex, either or 
both olfactory bulbs, as well as the 
limbic system (involved in emotion, 
cognition/learning, and memory 
centers), which is why sensory 
perception of odors can trigger and/
or create emotional responses as well 
as memories.3,4,11 In contrast, sensory 
input for other senses are primarily 
delivered straight to the thalamus, 
also described as the big switchboard 
of the brain.11

The remaining three of the �ve 
human senses3,4 also play a role in 
�avor perception:
• vision—humans with vision do �rst 

“dine with their eyes”; visual stimuli 
input can impact our ability to

transmit and process odorants and 
vice-versa;

• hearing—those who can hear �nd 
auditory input can impact visual 
stimuli perception processing; 

• touch—those with intact tactile 
and oral sensation better recognize 
food temperature and texture.

The trigeminal chemosensory 
system involves mouth recognition 
of texture, temperature, and 
spice sensation.3,4 Thus scientists 
currently think sensory perception 
is intertwined, but the details of 
exact mechanisms are still being 
sorted out. How olfactory perception 
mingles and mixes with other 
sensory perception can sometimes 
occur in unexpected ways. 
Individuals process odors di�erently, 
in part depending upon their 
perception of those other sensory 
inputs they might receive and any 
stored memories of same.11

“Our previous experience has 
a very strong impact on how 
we experience odors.”11 One can 
in�uence extremely positive to 
extremely negative (or vice versa) 
perception of odorant detection 
sometimes by simply changing 
context and any label associated 
with perception of an odor, because 
expectations frame responses. 
Someone fond of the aroma of 
parmesan cheese might eagerly 
anticipate entering a dining room; 
while conversely might step back 
if told of a vomiting incident there 
(perceiving such an aroma memory 
as unpleasant).

Human olfaction involves di�erent 
but related olfactory receptor (OR) 
types tied to a gene superfamily. The 
human genome database contains 
339 intact OR genes and 297 OR 
pseudogenes. OR cells are found 
not only in the neuroepithelium, but 
also throughout the human body 
including, but not limited to carotid 
body; erythrocytes; female placenta; 
GI system/gut; kidney; leucocytes; 
nervous system; and male testis and 
sperm.6 More recently they have 
been discovered expressed in taste 
cells.9 Any speci�c odorant detection 
involves a unique combination of 
a particular grouping of multiple 
receptor types, thus why some 
individuals are better or less able 
to be discerning when it comes to 
any particular odorant. Humans 
are estimated to have ~50 million 

olfactory receptor cells similar to 
sheep, in contrast to some other 
mammalian species such as large 
canines with ~100 million to 300 
million.

Taste perception/detection 
of taste qualities of bitter, salty, 
sour, sweet, umami also known as 
savory (glutamic acid/monosodium 
glutamate/MSG), and also some 
propose fat, requires taste receptors 
found in the three gustatory 
taste papillae clusters of the 
tongue (circumvallate, foliate, and 
fungiform). Filiform are a fourth 
type that does not participate in 
gustation; those papillae shed 
their outermost layer resulting in a 
tongue’s whitish appearance. Taste 
receptors are also found elsewhere 
in the oral cavity including the soft 
palate/roof of the mouth, pharynx 
wall, epiglottis, larynx, lining of the 
cheeks, and even the lips and in other 
body sites such as the intestinal tract, 
lungs, nose, pancreas, and stomach. 
Frequently those individuals who 
have more taste receptors are also 
more sensitive to odor detection 
threshold and recognition.12 They 
may reliably detect something versus 
nothing at a lower threshold level, or 
may be more exacting in recognition 
or experience of an odor quality. 

Any concurrent infection or 
diminished food and beverage intake 
while the body is �ghting CoV-2 
or trying to recover from it could 
have an impact on the status of the 
oral cavity (particularly the tongue, 
lips, and oral mucosa) or other 
locations of taste receptors. CoV-2 is 
considered likely to activate dormant 
herpes simplex 1 (the cause of cold 
sores/fever blisters on the lips or oral 
mucosa). Such oral tissue impacts 
could potentially result in changes in 
one’s overall taste, smell, and �avor 
perceptions.13

Chemesthesis is any perceived 
nerve activation sensation from any 
chemical substance innervating 
sensory receptor mechanisms. It 
can evoke thermal or even pain 
perception in the eye, mouth, nose 
and throat, eg, tingling/stinging by 
e�ervescent carbonation bubbles, 
cooling freshness by menthol, or 
intense heat by hot chili peppers or 
wasabi or similar pungent �avoring 
agents or herbs or spices.3 Those 
accustomed to chemesthesis may 
have an a�nity for and prefer same, 
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�nding it contributes to �avor appeal 
and dining satisfaction. Others 
without such previous experience 
may have an opposite reaction 
vehemently disliking such input 
preferring food items that would 
seem bland to someone accustomed 
to chemesthesis innervation.

In smell impairment, altered 
milder odor compound perception 
of irritation may be experienced 
via chemesthesis involving the 
trigeminal nerve, which detects 
chemical irritants but without the 
typical associated stronger burning 
or stinging sensations. As with all 
chemosensory perception, individual 
acuity chemesthesis perception can 
vary widely depending upon current 
health status, including between 
genetically linked family members.3

Somatosensation (in the context 
of �avor perception) can be 
described as including the body’s 
sensory recognition of both food 
temperature and texture, eg, the 
soothing, warm, pleasant mouthfeel 
of a favorite hot soup’s melding 
of �avor components; or the silky 
smooth creaminess and toasty 
warmth of a macaroni and cheese 
dish (be it dairy or plant-based) 
which allows appreciation of the 
cheese mellowness or sharpness and 
any chosen condiments blended 
together creating a pleasing year-
round comfort food. Were one to 
consume either of these same items 
at a cooler temperature, despite 
their being otherwise identical to 
a warmer version, perception of 
palatability and �avor satisfaction 
might be vastly di�erent.3

Some Concerns for Well-Being in 
Cases of CS Dysfunction

Flavor perception is a primary 
in�uencer of dining satisfaction. 
Perceived palatability of meals and 
snacks often drives individual food 
consumption choices. Commercial 
product promotion of ultra-
processed food (UPF) items with 
gustatory hedonic elements of high 
fat, salt, and sugar (HFSS) as well 
as texture characteristics that can 
appeal to those with CS dysfunction 
can result in increased consumption 
as noted during the peak of the 
COVID-19 pandemic. UPF HFSS food 
and beverage choices have sensory 
appeal since they are crafted to be 
hyper-palatable, but from a health 
standpoint they lack critical nutrient 
aspects of whole food options which 

humans require for proper health 
maintenance and repair.1,4,14

Negative changes in chemo-
sensory perception can be vast in 
their repercussions. Less varied diet 
consumption from more undesirable 
choices can result in potential 
pendulum swings of insu�cient 
or super�uous intake compared to 
needs.1 Such intake is of concern for 
all, especially for any older adults 
who may be highly susceptible to 
infection and disease processes.1

Interruption of optimal 
chemosensory functioning can 
occur in circumstances involving 
hyper-in�ammatory presence. CoV-2 
is known to cause in�ammation 
when it successfully binds to 
receptor sites on various types of 
cells capable of expressing ACE2. 
Medical management of CoV-2 
infections can include general 
systemic or site-speci�c targeted 
anti-in�ammatory strategies which 
may include dietary components as 
well as speci�c non-pharmaceutical 
and/or pharmaceutical agent 
approaches. Such anti-in�ammatory 
approaches to quell any identi�ed 
dietary responsive localized or 
systemic hyper-in�ammation may 
vary in e�ectiveness based upon 
timing, dosing, other homeopathic 
or allopathic medicinal product or 
approach use, and other host-speci�c 
factors.13

Daily imprudent variety and 
volume intake choices can lead 
to insu�cient or excessive intake 
levels of calorie-contributing 
macronutrients increasing risk for 
malnutrition. Intake choices such 
as those rich in bioactives, prebiotic 
�bers, omega-3 fatty acids, adequate 
potable water-based �uids, etc, 
also need to be considered for 
overall health and immune support. 
Injudicious dietary food and 
supplement intake can potentially 
lead to de�ciency or excess levels of 
various key micronutrients, which 
in turn can contribute to existing 
smell and taste perception issues 
or can lead to the development 
of new sensory perception issues. 
An example is a zinc de�ciency 
which can impair proper gustation; 
however, at the other end of the 
spectrum, an excess intake of zinc 
can negatively impact copper 
absorption potentially leading to 
a blood anomaly. Prudence in a 

balance of intake continues to be of 
great importance, including during a 
viral pandemic.

There has been less agreement 
on inclusion of various dietary 
supplements in terms of any 
potential strategies to deal with such 
viral assaults and consequences 
as from CoV-2. Brainstorming, 
discussion, and research is ongoing 
into a range of possible avenues of 
supplementation including single 
nutrients, nutraceuticals, botanicals, 
etc. “Do no harm” continues to be a 
caveat.

As found in nature, the 
overarching concept that nutrients 
typically work most e�ectively in 
concert with one another continues 
to be applicable. The overall quality 
of a whole food dietary intake 
pattern matters. Some nutrients, 
such as fat-soluble vitamins, have 
synergistic relationships and should 
be viewed in total rather than solely 
in isolation. Assuring su�cient 
nutrient availability and utilization 
targeted for supportive endothelial 
tissue repair including non-neuronal 
or glial cells, more rapid sensory 
receptor cell regeneration, and in 
some instances longer term olfactory 
epithelium neurogenesis is prudent. 

In an e�ort to help limit health 
vulnerability and support optimal 
smell and taste functioning, food 
and nutrition professionals as well 
as medical and scienti�c research 
professionals point to an adequacy 
of, but avoidance of supraphysiologic 
intake of various micronutrients 
including key minerals such as 
copper, magnesium and zinc; as well 
as of various key vitamins including 
A, B1, B3, B6, B12, C, D, E, K and K2.13-20

Potential Strategies to Address 
CS Dysfunction Impacting Flavor 
Perception

Various neural connections 
between the brain, gut, nose, and 
oral cavity give rise to chemosensory 
perception involving the interplay 
of chemesthesis, digestion, 
somatosensation, and the senses 
of smell and taste.1 Optimizing 
involved body systems for positive 
sensory interplay (remembering 
that senses need to be regularly 
stimulated/innervated to function 
more optimally) including involving 
limbic pathways may have 
potential to improve chemosensory 
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RDN’s Potential Role:
• Utilize personalized culinary medicine and targeted approaches to reduce diet-responsive in�ammation; include 

strategies to support gut-brain axis function for sensory perception, eg, utilize various sources of prebiotic �ber in 
meals and snacks.

• Evaluate for and address any oral issues uncovered; utilize texture, consistency, and/or content modi�cation 
as applicable to support safer oral manipulation and swallowing of the broadest range of various nutrient-
containing food sources. 

• Discourage excessive consumption of ultra-processed foods (UPF) and other food items high in hedonic elements 
of fat, salt and sugar (HFSS foods) negatively associated with health-risk status (consumption has been on the rise 
prior to/during the viral pandemic);

• Suggest other compensatory culinary strategies since �avor perception can be altered/modulated/in�uenced; 
include details of food and beverage item somatosensation, eg, texture, mouth feel/consistency, and temperature 
since cold diminishes taste perception; explain how fewer aromatic components are released during cold, 
solid, and liquid preparation and dining which impact orthonasal as well as retronasal �avor perception; review 
how chewiness, creaminess, crispiness, crunchiness, etc, may be helpful in accessing positive stored memories 
while providing some sensory pleasure; provide practical food preparation/cooking/service strategies going 
beyond food safety to capitalize on the chemical nature of an item and how certain preparation approaches can 
potentially change item perception in terms of taste and �avor.

• Capitalize on the plasticity of chemosensory systems using one taste component in low to moderate amounts 
to intensify or diminish an opposing, less desirable taste component predominance, eg, a few grains of sodium 
chloride can block any perception of bitterness by bitter taste receptors while not changing any taste receptor 
perception of sweetness; while adding a pinch of sugar to brewed co�ee can mask/decrease/temper perceptions 
of bitterness or sourness of an item—the bitterness or sour aspect is still there, but it is less noticeable. Gradual 
rather than abrupt change in taste component intake is generally advisable subject to current medical status, etc. 
If tolerated, consider whether to include piquant elements which may “wake up” taste perception (spicy to tangy); 
sour lemon may be more universally perceived.3

• Encourage prudent use of extracts, herbs, and spices.

• Explain how to positively manipulate other sensory components that contribute to the ambiance of dining 
especially those which tap into limbic system positive memory associations.

• Consider if it makes sense to pursue use of “chemesthesis” input for the individual to increase overall positive 
sensory perception of certain items.

•  Be alert to the possibility of new food sensitivities cropping up and address them if they do.

• Suggest olfactory training (beyond the various typical improved breathing techniques/practices/exercises 
including during ADLs approaches which improve air �ow into the olfactory area when not dining); being able 
to shower with exposure to warm water vapor before dining helps some individuals with acquired viral-caused 
olfactory dysfunction to experience a temporary, rapid, recurrent improvement in olfaction. 

• Explain adequate potable water intake importance including for palate cleansing, overall health including 
production of adequate saliva (involved in enabling taste perception), as well as production of thin mucus 
(involved in enabling olfactory perception).

• Reinforce the importance of food safety resources use (�ghtbac.org) and life safety precautions (smoke & carbon 
monoxide detectors, and natural gas detectors for auditory and visual alerts) for anyone with olfactory impairment.

The RDN Can Collaborate With/Consider Referral to Colleagues:
• Primary physician referral to an ENT/otolaryngologist/rhinologist. Beyond patient self-administered “scratch-

and-sni�” scent card screening smell tests, encourage individuals to ask a primary physician for specialist 
referral for quantitative and qualitative olfactory testing and evaluation. Specialized equipment can be used to 
more objectively evaluate for smell and taste dysfunction. Objective testing is twice as likely to detect actual 
dysfunction as compared to subjective self-reporting of olfactory dysfunction.

• Other quali�ed professionals for encouragement of improved breathing techniques/practices/exercises and 
allowed activities-of-daily-living exercises which improve air �ow into the olfactory area when not dining.

• Quali�ed physical or massage therapists who specialize in lymphatic massage which can improve lymphatic 
drainage as some viruses such as SARS-CoV-2 disturb lymphatic drainage which can impair chemosensory 
functioning.23,24
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dysfunction depending upon root 
cause. The body needs to work at 
olfaction regularly just as any other 
sensory system involved in sensory 
perception requires such regular 
interaction with the environment. 
The idea is “use it or lose it” and 
“sooner rather than later.”

The most well publicized 
strategies at this time for potential 
olfactory perception recovery focus 
on previous odorant perceptions 
stored as memories. Prudent use of 
essential oils and other concentrated 
odorants in an attempt to tap into 
previous sensory experiences comes 
from the published work of Thomas 
Hummel and colleagues in Germany 
dating back over a decade for 
olfactory/smell training to potentially 
improve olfactory dysfunction.21,22

Olfactory training is based upon 
the concept of neuroplasticity 
with regard for neuroregeneration. 
Throughout our lives, our olfactory 
neurons are located in one of the 
few regions of the brain which 
can experience regrowth and 
reorganization.

To promote optimal functioning, 
it has been shown that olfactory 
training in some cases will amplify 
recovery time of the ability to smell 
post-viral infection to be within 
months or in other cases may take 
some two years. Smell training 
sensitizes body tissue that has 
been a�ected in conjunction with 
olfactory cell regeneration and re-
establishment of proper activation of 
neural pathways. Such training has 
been publicized in both the medical 
and the popular press. Unfortunately, 
not everyone will bene�t from such 
olfactory training.

It should be noted that olfactory 
training usually accompanies e�orts 
for improved breathing techniques 
being used in concert. Improved 
breathing in and of itself could 
support any central-mediated 
mechanism of action of improved 
status. Although neuroregeneration 
may possibly be correlated with 
essential oil use in olfactory 
training, it may not be the reason 
for improvement in some cases of 
olfactory dysregulation symptoms.13

RDN’s Potential Role to Help Those 
With CS Dysfunction Increase 
Flavor Perception

Beyond typical dietary review 
for nutritional adequacy and e�orts 
to address issues of concern, there 
are various approaches an RDN 
can consider taking as noted in the 
text boxes, including options for 

referrals. Ultimately, the RDN needs 
to be supportive of the client. Any 
sensory dysfunction can leave a 
client feeling not only frustrated, but 
also isolated and depressed. Positive 
interactions with a knowledgeable 
professional who demonstrates an 
understanding of their problem(s) 
and o�ers constructive solutions as 
well as positive concern for their well-
being can go a long way towards 
maintaining rapport over whatever 
length of time their journey to their 
new normal takes.

Note: most physical exams 
typically do not contain any objective 
chemosensory testing [an exception 
being an option in a National Health 
and Nutrition Examination Survey 
(NHANES)]; and health histories may 
lack a section for reporting such 
potential concerns. Such oversights 
warrant correction.1
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Saliva is well known in the �eld 
of nutrition, speci�cally for 
its role in digestive function. 

However, it presents a bit of mystery 
as to its full scope of importance 
in health, diagnostic prowess, and 
even its role in well-being due to its 
connection to the parasympathetic 
nervous system (PNS). Saliva has 
had a rich history of intrigue for 
centuries. Pliny the Elder, Roman 
naturalist and military leader, praises 
the therapeutic powers of human 
saliva in his Natural History published 
in 1469. Ayurveda, the traditional 
Indian medicine, and traditional 
Chinese medicine—considered two 
of the most ancient health/medical 
systems—have utilized saliva both in 
diagnostic fashion as well as robust 
focus on this key �uid for well-
being. In fact, they often referred 
to saliva and blood as “brothers.” In 
current medical research, this �uid is 
increasingly recognized as a “mirror” 
or a “window of the state of the body,” 
whose optimal production is seen as 
holding promise for ensuring vitality 
and wellness. 

As nutrition professionals, one of 
the �rst learnings is the importance 
of the mouth and oral cavity. The 
mouth is the gateway and entrance 
of food and microorganisms into 
the body. The oral cavity is bathed 
by saliva, which is thus the �rst 
�uid encountered by food and 
microorganisms upon entering. As 
a result, saliva has various functions: 
lubrication, pre-digestion, protection, 
detoxi�cation, and even transport of 
taste compounds to chemoreceptors 
located in the taste buds.1

In addition to the role saliva 
plays in both digestive and immune 
function, it is integral in the pleasure 
and sensory appreciation of foods. 
The daily saliva production is 
between 1-2 liters on average, 
with estimates of up to 1 liter, that 
is recycled daily.2 Saliva is mostly 
recycled, rather than produced, 
as it is constantly swallowed 
and reabsorbed. The �ow rate is 
approximately 30 ml of saliva an hour 
—a bit higher when eating, a bit less 
when sleeping. This is the equivalent 
of a wine bottle full daily, or 20,000 
liters in a lifetime.

Salivary gland function and 
saliva production are both under 
the in�uence of the autonomic 
nervous system (ANS), speci�cally 
parasympathetic activation. 

Saliva is an integral part of the 
defense against bacteria in your 
mouth. It washes away bacteria and 
neutralizes the pH balance in the 
oral cavity/mouth and can �ght o� 
infections within wounds. There is 
a reason for the saying “lick your 
wounds,” for saliva contains infection-
�ghting white blood cells known as 
neutrophils. When saliva is applied 
to a wound, it provides a layer of 
protection.3

It may come as a surprise, but 
there are �ve di�erent types of 
saliva—or what is commonly called 
“spit.” This is primarily because saliva 
has �ve di�erent phases:4

• Cephalic – This type of saliva is 
created when food is seen or 
smelled.

• Buccal – This is the body’s natural 
response to eating and aids in 
swallowing.

• Esophageal – The salivary glands 
get stimulated as food moves 
through the esophagus.

• Gastric – This type of saliva occurs 
when something is not tolerated 
in the stomach and is, in part, 
responsible for feeling nauseous. 

• Intestinal – Lastly, this occurs 
with vomiting when food passes 
through your upper intestine. 

Emerging science is connecting 
the quality of saliva production to 
a variety of key indicators of health 

conditions.5 Given the vast and 
emerging area of scienti�c intrigue 
that saliva holds, the scope of this 
article will focus on two aspects: 
(1) the connection to athletic 
performance, especially for recovery 
and ANS balance; and (2) the impact 
of air travel on saliva production, 
which may result in as much as a 
30% to 50% reduction in normal 
production. 

Other aspects of saliva worthy 
of further investigation may be its 
composition and unique biological 
activity, not only with regard to its 
enzymatic properties, but its pre- 
and probiotic content. Because 
it is a highly versatile biological 
�uid and easy to gather in a non-
invasive manner, research has grown 
tremendously in the last few years.6
Study into saliva as a biomarker 
for clinical and histopathological 
changes in the diagnosis of various 
disease states is underway, as well as 
its contribution to the integrity of the 
oral microbiome.7

Reduction of Saliva Production—
Dry Mouth and Athletes

Dry mouth is not unusual for 
elite athletes, whatever the sport. 
Physiologically, there can be a 
decrease or even interruption of 
saliva secretion in the oral cavity 
during athletic e�ort. This is linked 
to stress, thermogenesis (heat 
formation), and buccal respiration. 
Until recently, the concern mostly 
was due to the heightened risk for 
speci�c oral consequences including 
tooth caries, periodontal disease, and 
opportunistic infections.8 However, 
now salivary studies are identifying 
the link between saliva dysfunction/
dry mouth as a symptom of poor 
ANS balance and the lack of recovery 
or PNS oscillation (vagus nerve tone 
reduction), which is key for athletic 
recovery and resilience.9 The vagus 
nerve represents the main component 
of the PNS, which oversees a vast array 
of crucial bodily functions, including 
control of mood, immune response, 
digestion, and heart rate. It establishes 
one of the connections between the 
brain and the gastrointestinal tract 
and sends information about the state 
of the inner organs to the brain via 
a�erent �bers.

Saliva & Its Impact on Human Performance
Resilience Patti Milligan, PhD, RD, CNS
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There is a classic equilibrium 
between the sympathetic and 
parasympathetic nervous systems 
which is responsible for the 
maintenance of homeostasis. 
Leading sport scientists/trainers also 
are well entrenched in supporting 
athletes’ recovery plans via engaging 
PNS. They recognize the “rest/
relaxation” PNS system has a large 
impact on our ability to recover, 
relax, and process the physiological 
disturbances which occur during 
training. Indeed, it is only during 
“active recovery” time that we 
respond to the physiological repair 
cycle to counteract the breakdowns 
resulting from training bouts.10

Parasympathetic stimulation favors 
optimal saliva quantity and quality. 
The vagus nerve interacts with all 
the organs supplying acetylcholine. 
Research has found that the 
neurotransmitter acetylcholine acts as 
a brake on in�ammation in the body. 
Vagus nerve stimulation systemically 
releases acetylcholine, which 
facilitates the relaxation response and 
blunts the in�ammatory cascade. 9

Research has linked the vagus 
nerve engagement to optimal 
recovery and resilience, especially 
for athletes with improved 
neurogenesis (creation of new brain 
or neuronal cells), and increased 
brain-derived neurotrophic factor 
(BDNF). Stimulating adequate saliva 
production is emerging as key to 
the recovery and resilience phase of 
athletic performance.10 Breathing, 
meditation, and mindfulness are 
traditional practices to assist with 
vagus nerve tone, but nutritional 
sialagogue (saliva producing) food 
protocols may be another route 
worthy of exploration. 

First, raising athletes’ awareness 
as to their “state” of saliva level and/
or dry mouth may emerge as a 
powerful tool to identify the need to 
utilize saliva �ow for optimal nervous 
system balance. Helping athletes 
focus on foods and beverages 
which are considered sialagogue 
as pre- and post-workout feedings 
may facilitate parasympathetic 
shift and provide a component of 
the recovery strategy as well as 
achieving �ow state.10 Suggesting 
an athlete consider citrus-infused 
water, snacks of dried tart cherries 
and/or goji berries, or even enjoy 
teas such as ginger or chai which 

contain cinnamon and/or cardamon 
during training may be bene�cial. 
Raising awareness to athletes about 
the connection of saliva production/
adequacy may have favorable 
outcomes in their sport recovery 
plan. 

Air Travel and Drop in Saliva
As previously stated, an estimated 

1-2 liters of saliva are produced 
daily. Producing enough saliva is 
part of the ANS “relax and digest” 
function. When we are stressed 
or neurologically challenged, 
saliva production is hijacked and 
dramatically reduced.5

Traveling by airplane exposes 
people to decreased air pressure and 
lower than normal oxygen levels. 
The humidity level is lower than it 
is at sea level because about 50% 
of the air circulating in the cabin is 
pulled from the outside, and at high 
altitudes the air is almost completely 
devoid of moisture. All of these 
conditions are considered to be 
physiological stressors and a�ect 
normal bodily functions.12 Research 
also indicates the engine sound 
is distracting enough to impact 
meal enjoyment and the overall 
eating experience. The distractive 
engine noise reduces the sensation 
of taste. In fact, researchers refer 
to the “distraction of your sensory 
capacity” as part of a larger insult 
on the neurological system in the 
body.12 These changes diminish saliva 
production, digestive function and 
disrupt the absorption of nutrients.13

Having poor parasympathetic tone or 
ANS balance (rest and digest mode) 
has been show to impact not only 
how we digest and assimilate foods 
but disrupts the optimal physiologic 
state for proper eating.14 Although 
not well studied, the neurological 
stress of travel and the reduction of 
saliva during travel may impact the 
way the body physiologically handles 
air travel and in fact diminish travel 
resilience and recovery. 

Saliva production is greatly 
a�ected when we are dehydrated or 
neurologically challenged (stressed) 
as in maintaining the hyperarousal 
of the sympathetic nervous system 
or “�ght or �ight” mode.15 Saliva 
is needed to keep the mucous 
membranes in our mouth moist 
and is the immune system’s the �rst 
line of defense. Reduction in saliva 
reduces the antibacterial activity, 

which guards against infections 
and nourishes gums and teeth. 
Saliva plays a key role during travel 
to defend and render inactive the 
host of new and di�erent microbes 
that come with air travel. Functional 
medicine doctors David LeMay, 
faculty at Institute of Human and 
Machine Cognition, and Rafael 
Pelayo, sleep and ANS specialist at 
Stanford Center for Sleep Sciences, 
are studying aspects of the reduction 
of saliva during travel. Dr Pelayo’s 
preliminary research shows how 
quickly saliva production is reduced 
when the ANS system is challenged 
during �ight. Also indicated was 
that the drop in saliva could be a 
signal to the digestive system to take 
a pause in functioning. When our 
neurological system is challenged, 
as in �ying, the amount and 
composition of saliva changes. We 
produce thicker, more mucousy saliva 
when our ANS neurological system 
feels threatened or when perception 
of fear, stress, or anger is aroused.

A focused approach with foods/
beverages and lozenges to enhance 
saliva production during travel may 
have bene�t not only to the nervous 
system but also to digestive and 
immune functions of the body during 
travel. Current explorations using 
multisensory techniques to minimize 
the drop in saliva and stabilize the 
“rest and digest” function of the ANS 
are underway. This writer is involved 
in trials studying the mitigation 
of saliva reduction in travelers 
by adding sialagogue foods and 
beverages to their travel protocols. 
By focusing on physiologically 
preserving saliva production 
with these foods/beverages and 
lozenges, data has shown air travelers 
reporting less fatigue, less stress, and 
better nervous system balance.

Foods A�ecting Saliva Production
Foods that decrease saliva production

There are many foods/beverages 
that can reduce saliva production. 
Consuming alcoholic beverages—
especially tannin-rich red wine, or 
drinking too much co�ee, tea, or 
�zzy sodas are examples. Eating dry 
and salty food, such as salted nuts, 
rolls, crackers, or popcorn, decreases 
salivary gland function. Sugary foods 
and desserts as well as using alcohol-
containing mouthwash reduce saliva 
production. To the seasoned traveler, 
the above is a common pattern



airlines unknowingly facilitate which 
may create a saliva de�cit during 
�ight.

Foods known to support saliva 
production

Sialagogue foods, as mentioned 
above, stimulate salivary glands 
and as a result, increase saliva 
production.16 These include foods 
such as apples, lemon or tomato juice, 
and high-water content vegetables 
such as celery and carrots. Spices such 
as ginger, cardamom, and cayenne 
pepper along with dried goji and tart 
cherries are a few of the notables. For 
a complete listing, see Appendix A.

Xerostomia—Worthy to Mention
Reduced saliva production is 

also seen as a growing medical 
issue worldwide. Dry mouth, or 
xerostomia, refers to a condition in 
which there is not enough saliva to 
keep the mouth wet.16 According to 
functional medical expert, Dr David 
LeMay, “Dry mouth is becoming 
one of the major issues both from a 
functional, psychological, and social 

impact issue as people age and 
undergo a variety of treatments for 
health conditions; ie, cancer. It’s of 
great concern as it clearly changes 
the desire and enjoyment of foods. 
Once someone is impacted in this 
way, we see changes in their health 
and most importantly, their quality of 
life.”16

Not having enough saliva can 
cause a host of chronic health issues. 
Increased plaque, tooth decay, 
gum disease, mouth sores, yeast 
infection (thrush), cracked lips and 
even poor nutrition often resulting in 
problems chewing and swallowing. 
However, the goal of treatment is 

always to increase or preserve saliva 
production.16

Conclusion
“The systematic integration of 
salivary analytes into research and 
diagnostics has the potential to make 
an important di�erence in people’s 
lives.” 

-Douglas A Granger, PhD 

Integrative and functional RDNs 
could play a profound role with 
patients identi�ed with drop in 
saliva production and aid those 
su�ering from xerostomia and other 
conditions that cause loss of saliva. 
Further, RDNs can potentially raise 
awareness as to the importance of 
saliva and educate other healthcare 
professionals about its integral 
role in well-being. Wouldn’t it be 
wonderful to facilitate an impact on 
an individuals’ personal resilience and 
recovery which likely would lead to 
higher quality of life and retain their 
pleasures in daily eating? Further 
study is needed to add our clinical 
lens to what our ancient health 
wisdom leaders observed with their 
documentation of spit/spittle as it 
was called. Spit Rules. 
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News You Can Use
Nutritional Genomics Research 
Publications – April 15, 2022

Courtesy of the International 
Society of Nutrigenetics and 
Nutrigenomics (ISNN) at www.
NutritionAndGenetics.org, and of 
www.Nutrigenetics.net.

Personalized dietary 
recommendations based on 
lipid-related genetic variants: 
A systematic review. Front Nutr.
2022 Mar 21;9:830283. doi:10.3389/
fnut.2022.830283 (PubMed ID: 
35387194)

This systematic review lists 
gene-diet interactions for lipids in 
Table 1, gene-diet interactions for 
carbohydrates and �ber in Table 
2, gene-variant interactions and 
nutraceutical/dietary supplements in 
Table 3, and gene-variant interactions 
with dietary protein in Table 4.

New associations of serum 
β-carotene, lycopene, and 
zeaxanthin concentrations with 
NR1H3, APOB, RDH12, AND 
CYP genes. Food Sci Nutr. 2022 
Jan 8;10(3):763-771. doi:10.1002/
fsn3.2705 (PubMed ID: 35282004)

The authors found evidence which 
suggests that serum levels of lycopene, 
zeaxanthin, and beta-carotene may 
depend on variants in the following 
genes: APOB, CYP2C18, CYP2C19, 
CYP2C9, NRH13, and RDH12.

FADS1 and FADS2 gene 
polymorphisms modulate the 
relationship of omega-3 and 
omega-6 fatty acid plasma 
concentrations in gestational 
weight gain: A NISAMI Cohort 
Study. Nutrients. 2022 Mar 
2;14(5):1056. doi:10.3390/
nu14051056 (PubMed ID: 35268031)

The variant rs174561 in FADS1 
and the variants rs174575 and 
rs3834458 in FADS2 were found to 
be associated with plasma levels of 
omega-3 and omega-6 fatty acids in 
connection with gestational weight 
gain.

Genetic variation interacts with 
selenium exposure regarding 
breast cancer risk: Assessing 
dietary intake, serum levels 
and genetically elevated 
selenium levels. Nutrients. 2022 
Feb 16;14(4):826. doi:10.3390/
nu14040826 (PubMed ID: 35215475)

Breast cancer risk among 
the Swedish women tested was 
found to be lower among those 
who carried two copies of the 
rs1050450 variant of the GPX4 
gene, and dietary selenium was 
associated with a protective e�ect 
among those women. (Note that 
rs71304, as shown in the abstract, 
should appear as rs713041, as 
correctly shown in the body of the 
manuscript.)

Pre-infection 25-hydroxyvitamin 
D3 levels and association with 
severity of COVID-19 illness. PLoS 
One. 2022 Feb 3;17(2):e0263069. 
doi:10.1371/journal.pone.0263069 
(PubMed ID: 35113901)

Vitamin D de�ciency was 
associated with increased severity 
and mortality of COVID-19 among 
Israeli patients. The authors suggest 
that vitamin D de�ciency is a risk 
factor for severe COVID-19 infections 
and that further study is warranted.

Lifestyle genetics-based reports 
in the treatment of obesity. Arch 
Razi Inst. 2021 Oct 31;76(4):707-719. 
doi:10.22092/ari.2021.356057.1768 
(PubMed ID: 35096307)

The authors discuss a variety of 
genetic variants in relation to obesity, 
as shown in Table 1, which includes 
variants in LEP, LEPR, HTR2A, GHRL, 
FTO, ADIPOQ, PEMT, and PLIN, among 
other genes.

Copyright 2022 Nutrigenetics 
Unlimited, Inc. Inquiries about above 
references? Contact Ron L Martin, MS, 
at ron@nutrigenetics.net or at www.
linkedin.com/in/ronlmartin. Free 
database access on weekends when 
using the login shown at https://
nutrigenetics.net/Login.aspx.
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TITLE:
Time to Reignite the Spark: 
Dietitians in Integrative 
and Functional Medicine 
Member Event

DATE:
Sunday, October 9th, 2022, 
5:30-7:30pm, Hyatt Regency 
Orlando - Plaza E

RSVP:
Check email and website for 
link coming soon. 

SUMMARY:
Join the Dietitians in 
Integrative and Functional 
Medicine (DIFM) for a 
night of reconnection and 
reigniting the spark!

Guests will enjoy, food, 
fun, and friends. Join us!

https://sm.eatright.org/FNCEreg#eatrightPRO

Click Here or Go To: tinyurl.com/mind-body-RD-survey.

Click Here or Go To: tinyurl.com/mind-body-RD-survey.
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Resource Review Reviewed by Staci Belcher, MS, RDN, LDN, RYT

Fierce Self-Compassion 
by Kristin Ne�, PhD

It is all too common for women 
to struggle with their self worth, 
negative self-talk, and self doubt. 

At times, these can hinder personal 
growth and have a deleterious 
impact on well-being. Fierce Self- 
Compassion by Kristin Ne�, PhD, is an 
excellent resource which examines 
the cultural drivers and systemic 
implications of these drivers on the 
lives of women in America, and also 
provides tools and strategies to cope.

For those unfamiliar with Dr Ne�’s 
decades long research related to 
self-compassion, this book starts 
with a thorough review of the 
fundamentals of self-compassion. 
Readers can begin with a brief 
version of the Self-Compassion Scale 
used in self-compassion research as 
well as thorough explanations of the 
three elements of self-compassion: 
Mindfulness, Common Humanity, 
and Kindness.

Throughout the book, Dr Ne� 
integrates current events into her 
explanations and analysis, citing 
the #MeToo movement, the Make 
Women Great Again conference, 
and the Senate Judiciary Committee 
hearings to analyze the culture 
women in America are steeped in. 
Through these lenses, she explores 
male versus female anger, the 
prioritization of men’s opinions 
about women, sexual mistreatment 
of women, and equality in the 
workplace. She explains how self-
compassion can be used as a tool 
to empower women to stand up for 
their beliefs and as a strong force for 
change and to avoid complacency, 

and how challenging that can feel in 
the cultural climate today.

She dedicates numerous chapters 
to speci�c tools the reader can apply 
within their own life to foster their 
own self-compassion. From feeling 
di�cult emotions to coping with 
pain, her insights o�er a new lens 
to examine experiences everyone 
will experience. Each chapter also 
includes short exercises, re�ections, 
or meditations to connect the 
teaching directly to the reader’s 
experience. For readers familiar with 
her work, the personal anecdotes 
Dr Ne� weaves throughout the 
text which exemplify her own 
journey with self-compassion 
o�er interesting perspectives and 
teachings with real life applications. 

With an entire chapter dedicated 
to “Meeting Our Needs”, Dr Ne� 
describes speci�c arenas of 
development to integrate self-
compassion: balance, authenticity, 
ful�llment, developing potential, and 
more. In this chapter, she also speaks 
to some areas where resistance 
to self-compassion may arise. She 
outlines the di�erences between 
self-compassion and self-indulgence 
and self-care versus sel�shness—she 
never falters with the message that 
the self must be tended to and cared 
for with mindfulness and intention. 
She identi�es that “the desire to 
alleviate our su�ering drives us 
forward to attain what we want in life 
not out of a sense of insu�ciency or 
inadequacy, but out of love.” 

In Fierce Self-Compassion, Dr. Ne� 
allows readers to peek into her life 
as the “student”—she expresses 
how she learned from her own life 
experiences to foster self-compassion, 
but readers also bene�t from the 
expertise she has developed in the 
area of self-compassion research. The 
braiding of anecdote, current events, 
and research engages the reader in 
varying ways as well as aids in the 
integration of the message. Fierce Self-
Compassion is an excellent resource to 
have on the bookshelves for women 
looking to understand how culture 
impacts their self-compassion and 
those seeking tools to strengthen 
their self-compassion and kindness 
towards themselves.

Staci Belcher is a registered 
dietitian nutritionist and 
owner of Georgia-based 
private practice Nutrition 
Made Well. Staci guides 
clients to learn from their 
unique experiences with 
food, reconnect to their 

bodies, and help them create a health-promot-
ing road map to reach their goals. She serves as 
the CPE Editor of the DIFM newsletter.
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