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ABSTRACT

The hunger and sex hormones like many other hormones in human body work in coordinated way to complete the assigned
physiological task. Some of the primary functions they do independently e.g. Leptin plays a crucial role in regulating energy
balance and appetite but it directly or indirectly coordinates with estrogen to participate in reproductive functions. Experimental
studies provided enough evidence unequivocally that the circulating estrogen may be responsible for the elevated levels of leptin
in blood circulation. In addition to this coordination, estrogen is also capable of stimulating in the leptin levels in the serum
which peak at mid-cycle synchronising with luteinizing hormone pulses. Gonadotropins and growth factors are responsible
for promoting ovarian granulosa and theca cells functions and oocyte maturation if the normal range of serum leptin levels is
maintained. Estradiol, primarily inhibits appetite and promotes satiety, leading to reduced food intake though in some cases,
like after fasting or low blood sugar, it may actually promote re-feeding. This is thought to be due to the way estradiol influences
meal size and onset of satiety. Based on the nutritional status, estradiol, a potent form of estrogen, induces bidirectional actions
on feeding.
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1. Introduction Leptin is a signalling molecule to communicate between fat
stores of the body and the brain there by influencing hunger,
metabolism and other physiological processes. Leptin also
impacts neuroendocrine function, immune responses and
other metabolic processes’. A number of endocrine glands

respiration, sensory perception, sleep, excretion, lactation, stress  ciease hormones when stimulated by hormones released by
induction, growth and development, movement, reproduction other endocrine glands. There is a relat10n§h1p betweeg leptin
and mood manipulations, in other words most of the important ~21d estrogen'’, though they are produced in the two different
physiological functions. They exhibit a significant role to play ~©rgans performing entirely different functions and belonging to
everything from sleep and stress to food cravings and weight different body systems.

loss'?. Hunger and sex are also controlled by co-ordination of
different sets of hormones**.

Hormones are signalling molecules produced by endocrine
glands placed at different sites in the body. These hormones
have a pivot role in regulating physiological processes as well as
behavioural activities in humans such as digestion, metabolism,

Leptin also affects ovarian function, since studies suggest
that it may directly influence granulosa cells to reduce estradiol
Leptin, a hormone primarily produced by adipocytes that production indirectly playlng a role in reproductive health.
plays a crucial role in regulating energy balance and appetite’.  Estrogen can interact with other hormones that influence appetite,
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such as leptin and ghrelin, which regulate hunger and satiety. For
instance, estrogen can help regulate leptin levels, which signal
satiety'!. The developing ovarian follicles (granulosa cells)
contributes to an increase in estrogen levels during follicular
phase in turn there is an increase in circulating leptin.

Evidence from studies provides a clue that leptin can also
directly influence the ovarian function, potentially by acting
on granulosa cells to regulate estradiol production as well in
addition to its influence on the development and maturation
of ovarian follicles. This conclusion is possible because
higher leptin levels have been observed during controlled
ovarian hyperstimulation. The role of estrogen in elevating the
circulating leptin concentration in humans and rats'>"* as well
as the reduction in leptin expression in ovariectomized rats can
be reversed by estrogen administration confirms the relationship
between leptin and estrogen'+'¢.

Estradiol, a form of estrogen, though inhibits and promotes
satiety, its effects depend on the nutritional status of the
host'"!®. Estradiol also promotes bidirectional actions on
feeding primarily inhibits appetite and promotes satiety, leading
to reduced food intake, but in some cases, like after fasting or
low blood sugar, it may actually promote re-feeding. This is
thought to be due to the way estradiol influences meal size and
onset of satiety. Santollo J, et al, suggested that that estradiol
(E2) inhibit food intake through estrogen receptor alpha (ERa)
transcriptional activity (t-a) via hypothalamus'.

During mid cycle estrogen stimulates an increase in the titre
of serum leptin, thereby synchronizing with nocturnal luteinizing
hormone pulses. Serum leptin levels (normal range (10-20 ng/
mL) promote ovarian granulosa and theca cell functions and
oocyte maturation in combination with gonadotropins and
growth factors'’.

Estrogen, though a sex hormone is also capable of regulating
appetite and food intake because it can suppress food intake and
meal size; influencing the body processes of generating energy
from food®. The other sex hormones like progesterone and
testosterone also have an influence on the hunger regulation other
than reproductive function. The mechanism of regulating hunger
by estrogen is a complex mechanism, including actions on the
estrogen receptors in the brain particularly in the amygdala and
its impact on energy expenditure, which is involved in hunger-
enhanced memory for food stimuli. Estrogen can also influence
how the body uses energy, by inducing ketabolism as well as the
distribution of body fat?'.

New research indicates that neuroestrogens help suppress
appetite since in aromatase knocked out mice that cannot
synthesize estrogens in a systemic manner. As a result, in these
mice increased food intake and body weight compared with their
aromatase-expressing counterparts. When aromatase expression
was restored the action of neuroestrogens influencing appetite
was observed®.

1.1. Evolution of sex and hunger

Sex and hunger are two distinct physiological functions
yet interconnected. While hunger is a fundamental drive for
survival, sexual motivation is primarily meant for reproduction
and the continuance of species. Evolutionary pressures have
shaped both hunger and reproduction**, with sex often
influencing behaviour in ways that may not directly maximize
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individual survival, but enhance the reproductive success of the
species. Here are some points to be considered a more detailed
look:

1.1.1. Evolution of hunger:

* Survival: Hunger drives individuals to seek food,
indispensable for energy and survival. The brain regulates
hunger through various hormones and neurotransmitters,
influencing appetite and satiety™.

e Adaptation: The ability to detect food sources and regulate
hunger based on available resources has been a key factor
in the survival and evolution of species. This way both the
purposes are served very well.

1.1.2. Evolution of sex:

¢ Reproduction: in biological sense sex is fundamentally
about the mixing of genetic material to produce offspring
with new combinations of genes. In other words, propagation
of species, but variation because of combinations. This
increases genetic diversity, which can be beneficial in
adapting to changing environments?’.

¢ Beyond reproduction: Beyond reproduction, sex can also
have a vital involvement in social bonding, mate selection
and even the development of complex social structures it’s a
fact that sex plays an important role in human relationships,
emotional well-being and overall health. It facilitates
intimacy, strengthens bonds and can provide pleasure,
relaxation and a sense of connection. Sex can also have
a positive impact on physical health, including lowering
blood pressure and improving sleep”’**.

e Sexual selection: Evolutionary pressure exerted on
individuals is responsible to select traits that enhance the
ability to find a mate, as well as directly benefit survival
value in sexual selection. This can lead to the development
of elaborate displays or competitions. Sexual selection is a
mechanism operated in nature where members of one sex
choose mates of the other sex to mate with (intersexual
selection), resulting in completion among the members of
the same sex to get the mate of the opposite sex (intrasexual
selection).

1.1.3. The interconnection:

*  Resource Availability: In some species, resource availability
can influence the timing and frequency of sexual activity
predominantly because, individuals normally reproduce
when enough resource are at their disposal for the young
once especially. Intersexual activity in many species is
observed to get reduced due to resource scarcity”.

*  Human Behaviour: In humans, the relationship between
hunger and sex is complex. Both hunger and sexual drive
are fundamental human motivations, but they are also linked
in various ways, including through brain regions, hormones
and even behavioural changes. Hunger, as a physiological
drive, can impact sexual behaviour, potentially reducing
libido when energy stores are low. Conversely, sex can have
appetite-suppressing effects due to the release of hormones
like oxytocin. Emotional factors come in to such situation
linking psychological well-being™.

*  While some studies suggest a correlation between high
hunger and increased libido, particularly in males, other
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research indicates that severe calorie restriction can suppress
sexual desire.

1.2. Sex vs. food

Scientific data suggests that during resource scarcity such as
food couples show eagerness to socializing with members of the
opposite sex. Depending on situation hunger proves to increase
sexual desire. There is a complex interplay between hunger,
appetite, socialization and sex drive. However, so far it is not
well defined whether higher libido can result due to hunger or
appetite suppression. Leptin receptor neurons when activated
in mice, social interaction was given priority despite hunger or
thirst. Liu Z, et al, suggested from the preliminary study that
overeating or rebound eating after calorie-restricted dieting is a
better practice’’.

1.3. Leptin influences libido

Neuroscientists observed that both types of neurons one
which carry receptors for leptin and the other which produce
neurotensin, are involved in hunger and thirst in addition
in sexual behaviour®?. On activating the neurons with leptin
receptors, Martin, et al, observed changed behaviour in the mice
in all the three experimental conditions such as well-fed, hungry
after fasting overnight and chronically hungry (after spending
five days on a restricted diet)*’; and were surprised in activating
the leptin neuron did nothing in mice from well fed and fasting.
Animals those who had plenty to eat displayed, a priority to find
sexual partners, as usual, but the starved mice were indifferent to
sex and went for search for food first.

1.3.1. Sex and hunger relationship:

The following conclusions were drawn in the laboratory
experiments with mice

* In the mice who had plenty to eat and drink activating the
leptin neuron did nothing., as well as in,

e Chronically hungry mice also behaved as mice who had
plenty to eat and drink.

*  The well-fed mice prioritized finding sexual partners,
*  The very hungry mice said no to sex and went for the food.

*  Moderately hungry mice shifted their priorities from eating
and drinking to sexual desire under the influence of activated
the leptin neurons, but in the same group on, activating
the leptin neuron shifted their priorities from eating and
drinking to sexual desire. They were able to ignore minor
hunger or thirst in order to find a sexual partner and have
sex.

1.4. Hunger increases sexual desire

Scientific studies established that there is a complex
interplay between hunger, appetite, socialization and sex drive.
However, the link between hunger and elevated libido is yet to
be established. The study also provides a clue that hunger curbs
libido but minor hunger easier to ignore when sex becomes
priority*. Leptin is not capable of inducing libido. But calorie
restriction can improve sex drive, unlike negative impact on sex
drive during extreme calorie restriction’. This must be the reason
for not able to reduce food intake for a longer period though
dieting is possible for a short duration™®.
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1.5. Obesity linked low sex drive

Obesity has a negative impact on libido and sexual desire.
Link between body mass index (BMI) with physical limits on
sexual activity and reduced sexual life score, sexual desire,
frequency of sexual activity and satisfaction with sex has been
established.

Obesity has a profound role to play in sexual dysfunction,
though weight loss through medication or surgery may help
restore sexual function. Scientific research is wanting to have a
better understanding®®. Excessive leptin production in response
to overeating or in states of leptin resistance lead to decreased
reproductive function in obese men’**’.

1.6. Improve libido by manipulating hunger

Libido is influences by many factors such as body image
and self-esteem and so sexual arousal is easy to manipulate.
Regulating hunger and maintaining a moderate bodyweight can
indirectly improve libido. A healthy, balanced diet, rich in lean
proteins and vegetables, can help prevent disorders that affect sex
drive, while also boosting overall energy levels. Additionally,
a stable body weight can positively impact both physical and
psychological factors related to libido.

Diet and hunger regulation can impact libido directly by

¢ Hormonal balance: A balanced diet rich in nutrients like
zine, found in foods like oysters and pumpkin seeds, can
help boost testosterone levels, which are important for
sexual function in both sex.

e Blood flow: Foods like watermelon, which contain
citrulline, can help improve blood flow, which is crucial for
sexual arousal and performance.

* Energy levels: A healthy diet provides the energy needed
for sexual activity and overall well-being.

e Stress reduction: A balanced diet can help reduce stress,
which is known factor in low libido.

*  Weight management: Maintaining a moderate weight can
improve physical and psychological factors related to libido.

Gaining Sex Drive by losing weight is possible since obesity
is the one of the causes of low sex drive and with the best
nutrition both issues can be solved.

The proper selection of nutrient may help to solve both the
problem of sex life and weight control.

*  Pomegranate: Pomegranate helps in improving sex life, by
regulating blood flow

e Vitamin D: vitamin D helps in strengthening immunity and
enhance calcium uptake for strong bones, it also supports
testosterone levels which plays a crucial role in male sexual
function. Men who suffer with sexual performance also
suffer with a vitamin D deficiency.

*  Lemon verbena: Polyphenols rich lemon verbena promotes
weight loss without the unwanted side effects of medication.

*  Whole grain rye: Weight loss is more pronounced when
whole-grain rye is consumed rather than refined wheat
bread. Rye bread is rich in magnesium, to maintain healthy
blood pressure. healthy blood flow helps during sex, as well
as overall heart health.

*  Probiotics: To maintain overall good health keeping gut
microbiome healthy by supplementing probiotics.
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Reduced sugar intake is good since sugar creates havoc in
our gut.

2. References

1. Soares CN. Mood disorders in midlife women: understanding
the critical window and its clinical implications, Menopause,
2014;21: 198-206.

2. Gupta PD, Tiwari N. Mood Changes during Premenstrual
Syndrome J Cell and Tissue Res, 2024;24: 7481-7485

3. Gupta PD, Pushkala K. Women and Mood Swing. Open J
Gyneocol, 2024;9: 00028

4. Austin J, Marks D. Hormonal regulators of appetite. Int J Pediatr
Endocrinol, 141753.

5. Jennings KJ, de Lecea L. Neural and Hormonal Control of
Sexual Behavior. Endocrinology, 2020;161: 150

6. Tremblay A, Bellisle F. Nutrients, satiety and control of energy
intake. Appl Physiol Nutr Metab, 2015;40: 971-979.

7. Friedman JM. Leptin and the endocrine control of energy
balance Nat. Metab, 2019;1: 754-764.

8. Leptin helps hungry mice choose sex over food & quot. Cell
Press Science News, 2023.

9. Xie K. Intermittent fasting boosts sexual behavior by limiting the
central availability of tryptophan and serotonin Cell Metabolism,
2025.

10. Gao Q, Horvath TL. Cross-talk between estrogen and leptin
signaling in the hypothalamus. Am J Physiol Endocrinol Metab,
2008;294: 817-826.

11. Lindheim SR, Sauer MV, Carmina E, et al. Circulating leptin
levels during ovulation induction: relation to adiposity and
ovarian morphology. Fertility, Sterility, 2000;73: 493-498.

12. Tanaka M, Nayaka S, Kumai T, et al. Effects of estrogen on
serum leptin levels and leptin mMRNA expression in adipose
tissue in rats. Horm Res, 2001;56: 98-104.

13. Shimizu H, Shimomura Y, Nakanishi Y, et al. Estrogen increases
in vivo leptin production in rats and human subjects. J Endocrinol,
1997;154: 285-292.

14. Yoneda N, Saito S, Kimura M, et al. The influence of ovariectomy
on ob gene expression in rats. Horm Metab Res, 1998;30:
263-265.

15. Henson MC, Castracane VD. Leptin in pregnancy: an update.
Biol Reprod, 2006;74: 218-229.

16. Fungfuang W, Terada M, Komatsu N, et al. Effects of estrogen on
food intake, serum leptin levels and leptin mRNA expression in
adipose tissue of female rats. Lab Anim Res, 2013;29: 168-173.

17. Hirschberg AL. Sex hormones, appetite and eating behavior in
women. Maturitas, 2012;71: 248-256.

18. Dragano N, Milbank E, Lopez M. Estradiol and appetite: To eat
or not to eat. Mol Metab, 2020;42: 101061.

19. Santollo J, Edwards AA, Howell JA, et al. Bidirectional effects
of estradiol on the control of water intake in female rats. Horm
Behav, 2021;133: 104996.

20. Dornbush S, Aeddula NR. Physiology, Leptin. In: Stat Pearls.
Treasure Island (FL). Stat Pearls Publishing, 2025.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Arch Wom Health | Vol: 1 & Iss: 1

Mauvais-Jarvis F, Clegg DJ, Hevener AL. The role of estrogens
in control of energy balance and glucose homeostasis. Endocr
Rev, 2013;34: 309-338.

Hayashi T, Kumamoto K, KobayashiT, etal. Estrogen synthesized
in the central nervous system enhances MC4Rexpression and
reduces food intake. The FEBS Journal, 2025.

Kaplan HS, Lancaster JB. An Evolutionary and Ecological
Analysis of Human Fertility, Mating Patterns and Parental
Investment. In: National Research Council (US) Panel for
the Workshop on the Biodemography of Fertility and Family
Behavior; Wachter KW, Bulatao RA, editors. Offspring: Human
Fertility Behavior in Biodemographic Perspective. Washington
(DC): National Academies Press (US), 2003.

Benton M, Abraham A, LaBella AL, et al. The influence of
evolutionary history on human health and disease. Nat Rev
Genet, 2021;22: 269-283.

Ritchie H, Rosado P, Roser M. Hunger and Undernourishment,
Published online at OurWorldinData.org, 2023.

Janssens C, Havlik P, Krisztin T, et al. Global hunger and climate
change adaptation through international trade. Nat Clim Chang,
2020;10: 829-835.

Otto SP, Lenormand T. Resolving the paradox of sex and
recombination. Nature Reviews Genetics, 2002;3: 252-261.

Starkweather KE, Hames R. A survey of non-classical polyandry.
Human Nature, 2012;23: 149-172.

Hamant O, Bhat R, Nanjundiah V, et al. Does resource availability
help determine the evolutionary route to multicellularity? Evol
Dev, 2019;21: 115-119.

Parigi AD, Chen K, Gautier JF, et al. Sex differences in the
human brain’s response to hunger andsatiation, The American
Journal of Clinical Nutrition, 2002;75: 1017-1022.

Liu Z, Xiao T, Liu H. Leptin signaling and its central role in energy
homeostasis. Front Neurosci, 2023;17

Schroeder LE, Leinninger GM. Role of central neurotensin
in regulating feeding: Implications for the development and
treatment of body weight disorders. Biochim Biophys Acta Mol
Basis Dis, 2018;1864: 900-916.

Martin C, Bhapkar M, Pittas AG, et al. Effect of Calorie Restriction
on Mood, Quality of Life, Sleep and Sexual Function in Healthy
Nonobese Adults & quot. JAMA Intern Med, 2016;176: 743-752.

Tan HL, Yin L, Tan 'Y, et al. Leptin-activated hypothalamic BNC2
neurons acutely suppress food intake. Nature, 2024;636:
198-205.

Lizcano F. Roles of estrogens, estrogen-like compounds
and endocrine disruptors in adipocytes. Front Endocrinol
(Lausanne), 2022;13: 921504.

Halaas JL, Gajiwala KS, Maffei M. Weight-reducing effects of the
plasma protein encoded by the obese gene Science, 1995;269:
543-546.

Bates J, Pastuszak AW, Khera M. Effect of Body Weight on
Sexual Function in Men and Women. Curr Sex Health Rep,
2019;11: 52-59.

Tremblay A, Bellisle F. Nutrients, satiety and control of energy
intake. Appl Physiol Nutr Metab, 2015;40: 971-979.


https://pubmed.ncbi.nlm.nih.gov/24448106/
https://pubmed.ncbi.nlm.nih.gov/24448106/
https://pubmed.ncbi.nlm.nih.gov/24448106/
https://tcrjournals.com/uploads/530092.Gupta_and_Tewari.pdf
https://tcrjournals.com/uploads/530092.Gupta_and_Tewari.pdf
https://medwinpublishers.com/OAJG/women-and-mood-swing.pdf
https://medwinpublishers.com/OAJG/women-and-mood-swing.pdf
https://pubmed.ncbi.nlm.nih.gov/19946401/
https://pubmed.ncbi.nlm.nih.gov/19946401/
https://pubmed.ncbi.nlm.nih.gov/32845294/
https://pubmed.ncbi.nlm.nih.gov/32845294/
https://pubmed.ncbi.nlm.nih.gov/26394262/
https://pubmed.ncbi.nlm.nih.gov/26394262/
https://pubmed.ncbi.nlm.nih.gov/32694767/
https://pubmed.ncbi.nlm.nih.gov/32694767/
https://www.sciencedaily.com/releases/2023/02/230223132230.htm
https://www.sciencedaily.com/releases/2023/02/230223132230.htm
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(25)00104-4
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(25)00104-4
https://www.cell.com/cell-metabolism/fulltext/S1550-4131(25)00104-4
https://pubmed.ncbi.nlm.nih.gov/18334610/
https://pubmed.ncbi.nlm.nih.gov/18334610/
https://pubmed.ncbi.nlm.nih.gov/18334610/
https://pubmed.ncbi.nlm.nih.gov/10689001/
https://pubmed.ncbi.nlm.nih.gov/10689001/
https://pubmed.ncbi.nlm.nih.gov/10689001/
https://pubmed.ncbi.nlm.nih.gov/11847470/
https://pubmed.ncbi.nlm.nih.gov/11847470/
https://pubmed.ncbi.nlm.nih.gov/11847470/
https://pubmed.ncbi.nlm.nih.gov/9291839/
https://pubmed.ncbi.nlm.nih.gov/9291839/
https://pubmed.ncbi.nlm.nih.gov/9291839/
https://pubmed.ncbi.nlm.nih.gov/9660086/
https://pubmed.ncbi.nlm.nih.gov/9660086/
https://pubmed.ncbi.nlm.nih.gov/9660086/
https://academic.oup.com/biolreprod/article-abstract/74/2/218/2666763?redirectedFrom=fulltext
https://academic.oup.com/biolreprod/article-abstract/74/2/218/2666763?redirectedFrom=fulltext
https://pmc.ncbi.nlm.nih.gov/articles/PMC3791351/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3791351/
https://pmc.ncbi.nlm.nih.gov/articles/PMC3791351/
https://pubmed.ncbi.nlm.nih.gov/22281161/
https://pubmed.ncbi.nlm.nih.gov/22281161/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7484542/
https://pmc.ncbi.nlm.nih.gov/articles/PMC7484542/
https://pubmed.ncbi.nlm.nih.gov/34020111/
https://pubmed.ncbi.nlm.nih.gov/34020111/
https://pubmed.ncbi.nlm.nih.gov/34020111/
https://www.ncbi.nlm.nih.gov/books/NBK537038/
https://www.ncbi.nlm.nih.gov/books/NBK537038/
https://pubmed.ncbi.nlm.nih.gov/23460719/
https://pubmed.ncbi.nlm.nih.gov/23460719/
https://pubmed.ncbi.nlm.nih.gov/23460719/
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.17426
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.17426
https://febs.onlinelibrary.wiley.com/doi/10.1111/febs.17426
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.ncbi.nlm.nih.gov/books/NBK97292/
https://www.nature.com/articles/s41576-020-00305-9
https://www.nature.com/articles/s41576-020-00305-9
https://www.nature.com/articles/s41576-020-00305-9
https://ourworldindata.org/hunger-and-undernourishment
https://ourworldindata.org/hunger-and-undernourishment
https://www.nature.com/articles/s41558-020-0847-4
https://www.nature.com/articles/s41558-020-0847-4
https://www.nature.com/articles/s41558-020-0847-4
https://www.zoology.ubc.ca/~otto/Reprints/OttoLenormand2002.pdf
https://www.zoology.ubc.ca/~otto/Reprints/OttoLenormand2002.pdf
https://pubmed.ncbi.nlm.nih.gov/22688804/
https://pubmed.ncbi.nlm.nih.gov/22688804/
https://pubmed.ncbi.nlm.nih.gov/30912270/
https://pubmed.ncbi.nlm.nih.gov/30912270/
https://pubmed.ncbi.nlm.nih.gov/30912270/
https://pubmed.ncbi.nlm.nih.gov/12036808/
https://pubmed.ncbi.nlm.nih.gov/12036808/
https://pubmed.ncbi.nlm.nih.gov/12036808/
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2023.1238528/full
https://www.frontiersin.org/journals/neuroscience/articles/10.3389/fnins.2023.1238528/full
https://pubmed.ncbi.nlm.nih.gov/29288794/
https://pubmed.ncbi.nlm.nih.gov/29288794/
https://pubmed.ncbi.nlm.nih.gov/29288794/
https://pubmed.ncbi.nlm.nih.gov/29288794/
https://pubmed.ncbi.nlm.nih.gov/27136347/
https://pubmed.ncbi.nlm.nih.gov/27136347/
https://pubmed.ncbi.nlm.nih.gov/27136347/
https://www.nature.com/articles/s41586-024-08108-2
https://www.nature.com/articles/s41586-024-08108-2
https://www.nature.com/articles/s41586-024-08108-2
https://pubmed.ncbi.nlm.nih.gov/36213285/
https://pubmed.ncbi.nlm.nih.gov/36213285/
https://pubmed.ncbi.nlm.nih.gov/36213285/
https://pubmed.ncbi.nlm.nih.gov/7624777/
https://pubmed.ncbi.nlm.nih.gov/7624777/
https://pubmed.ncbi.nlm.nih.gov/7624777/
https://pubmed.ncbi.nlm.nih.gov/31576197/
https://pubmed.ncbi.nlm.nih.gov/31576197/
https://pubmed.ncbi.nlm.nih.gov/31576197/
https://pubmed.ncbi.nlm.nih.gov/26394262/
https://pubmed.ncbi.nlm.nih.gov/26394262/

