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Abstract
Polly Matzinger’s Danger Theory shifted immunological thinking away from a simple self versus 
non-self model toward contextual signals of tissue damage and danger. Proportional Danger 
Theory extends this idea by proposing that the magnitude and resilience of immune responses 
are constrained by the energetic and physiological capacity of the organism. The theory 
integrates EPK, immunometabolism, stress physiology and aging.1,2,3,4

From Self/Non-Self to Danger
Self versus non-self models cannot alone explain sterile inflammation, tumour tolerance, 
pregnancy, commensal tolerance and autoimmunity. Danger Theory emphasises tissue context 
and damage signals. Proportional Danger Theory adds a second question: even when danger is 
recognised, what energetic capacity does the organism have to mount, regulate and resolve the 
response?1,2

Immunometabolism
Immune activation is metabolically expensive. Activated T cells, macrophages and other immune 
populations can markedly increase glucose uptake and glycolytic flux to support proliferation, 
cytokine production and biosynthesis. This does not mean that sugar intake directly boosts 
immunity. It means that immune behaviour is inseparable from cellular metabolism and 
substrate availability.3,4

Stress-Supported Physiology
During energetic insufficiency, cortisol, catecholamines, glucagon and other counter-regulatory 
systems help preserve circulating fuel. Acute activation is adaptive. Chronic dependence on these 
systems may alter sleep, glucose regulation, inflammation and immune function. The proposed 
mechanism is therefore not that stress hormones literally occupy immune capacity, but that 
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persistent allostatic and energetic demands can reduce adaptive reserve and change immune 
regulation.5,6

Aging and Immunosenescence
Older adults show immune remodeling, poorer vaccine responses, increased infection 
vulnerability and chronic low-grade inflammation. Established immunosenescence cannot be 
reduced to energy deficiency. Proportional Danger Theory instead asks whether declining 
movement, muscle mass, glucose handling, sleep, recovery and chronic stress materially modify 
age-related immune decline. In this model, apparent loss of immune competence may reflect both 
cellular aging and a progressively less resilient energetic environment.1,2,5,6,7,8

The Proportional Danger Hypothesis
The central proposition is that immune responsiveness is proportional not only to the danger 
signal but also to the physiological resources available to respond and recover. A well-powered 
organism may have greater capacity to mount an appropriate response and resolve it; an 
underpowered, chronically stressed organism may be more vulnerable to inadequate, prolonged 
or dysregulated responses. This remains a hypothesis requiring direct experimental testing.

Conclusion
Proportional Danger Theory does not replace antigen recognition, innate sensing or 
immunological memory. It proposes an additional systems-level constraint: immune function 
occurs within an energetic organism. EPK provides a framework for testing whether energy 
availability, stress burden, metabolic flexibility and recovery predict immune resilience across 
the lifespan.9,10,11,12,13,14,15

Editorial note: The reference appendix below preserves the principal sources used across the 
series. Before journal submission, each manuscript should receive a final source-by-source 
citation audit and its own complete AMA-numbered bibliography so every in-text citation maps 
exactly to the cited source.

Working Reference Appendix
1. Keys A, Brozek J, Henschel A, Mickelsen O, Taylor HL. The Biology of Human Starvation. 
University of Minnesota Press; 1950.

2. Rosenbaum M, Leibel RL. Adaptive thermogenesis in humans. Int J Obes (Lond). 
2010;34(S1):S47-S55.16,17,18,19,20

3. Leibel RL, Rosenbaum M, Hirsch J. Changes in energy expenditure resulting from altered body 
weight. N Engl J Med. 1995;332(10):621-628.16,17,18,19,20

4. Sumithran P, Prendergast LA, Delbridge E, et al. Long-term persistence of hormonal 
adaptations to weight loss. N Engl J Med. 2011;365(17):1597-1604.



Proportional Danger Theory: Energy Availability, Stress Physiology, an...

Page 3

5. Pontzer H, Durazo-Arvizu R, Dugas LR, et al. Constrained total energy expenditure and 
metabolic adaptation to physical activity in adult humans. Curr Biol. 2016;26(3):410-
417.16,17,18,21,22,19,20

6. Loucks AB, Kiens B, Wright HH. Energy availability in athletes. J Sports Sci. 2011;29(S1):S7-
S15.9,10,11,12

7. Mountjoy M, Sundgot-Borgen J, Burke L, et al. IOC consensus statement on relative energy 
deficiency in sport (RED-S). Br J Sports Med. 2014;48(7):491-497.9,10,11,12

8. Levine JA. Nonexercise activity thermogenesis (NEAT): environment and biology. Am J Physiol 
Endocrinol Metab. 2004;286(5):E675-E685.23,24

9. Hellerstein MK. De novo lipogenesis in humans: metabolic and regulatory aspects. Eur J Clin 
Nutr. 1999;53(S1):S53-S65.25,26,27

10. Acheson KJ, Schutz Y, Bessard T, et al. Glycogen storage capacity and de novo lipogenesis 
during massive carbohydrate overfeeding in man. Am J Clin Nutr. 1988;48(2):240-247.25,26,27

11. Horton TJ, Drougas H, Brachey A, et al. Fat and carbohydrate overfeeding in humans: different 
effects on energy storage. Am J Clin Nutr. 1995;62(1):19-29.25,26,27

12. Goodpaster BH, Sparks LM. Metabolic flexibility in health and disease. Cell Metab. 
2017;25(5):1027-1036.13,14,15

13. Randle PJ, Garland PB, Hales CN, Newsholme EA. The glucose fatty-acid cycle. Lancet. 
1963;1(7285):785-789.13,14,15

14. Matzinger P. The danger model: a renewed sense of self. Science. 2002;296(5566):301-305.1,2

15. O’Neill LAJ, Kishton RJ, Rathmell J. A guide to immunometabolism for immunologists. Nat Rev 
Immunol. 2016;16(9):553-565.3,4

16. Cunnane SC, Trushina E, Morland C, et al. Brain energy rescue: an emerging therapeutic 
concept for neurodegenerative disorders of ageing. Nat Rev Drug Discov. 2020;19(9):609-633.

References
1. Matzinger P. Tolerance, danger, and the extended family. Annu Rev Immunol. 1994;12:991-
1045. doi:10.1146/annurev.iy.12.040194.005015.

2. Matzinger P. The danger model: a renewed sense of self. Science. 2002;296(5566):301-305. 
doi:10.1126/science.1071059.

3. O'Neill LAJ, Kishton RJ, Rathmell J. A guide to immunometabolism for immunologists. Nat Rev 
Immunol. 2016;16(9):553-565. doi:10.1038/nri.2016.70.

4. Pearce EL, Pearce EJ. Metabolic pathways in immune cell activation and quiescence. Immunity. 
2013;38(4):633-643. doi:10.1016/j.immuni.2013.04.005.

5. McEwen BS. Protective and damaging effects of stress mediators. N Engl J Med. 1998;338(3):171-
179. doi:10.1056/NEJM199801153380307.



Proportional Danger Theory: Energy Availability, Stress Physiology, an...

Page 4

6. Segerstrom SC, Miller GE. Psychological stress and the human immune system: a meta-analytic 
study of 30 years of inquiry. Psychol Bull. 2004;130(4):601-630. doi:10.1037/0033-2909.130.4.601.

7. Nikolich-Žugich J. The twilight of immunity: emerging concepts in aging of the immune system. 
Nat Immunol. 2018;19(1):10-19. doi:10.1038/s41590-017-0006-x.

8. Fulop T, Larbi A, Dupuis G, et al. Immunosenescence and inflamm-aging as two sides of the 
same coin: friends or foes? Front Immunol. 2018;8:1960. doi:10.3389/fimmu.2017.01960.

9. Loucks AB, Kiens B, Wright HH. Energy availability in athletes. J Sports Sci. 2011;29(Suppl 1):S7-
S15. doi:10.1080/02640414.2011.588958.

10. Mountjoy M, Sundgot-Borgen J, Burke L, et al. IOC consensus statement on relative energy 
deficiency in sport (RED-S): 2018 update. Br J Sports Med. 2018;52(11):687-697. 
doi:10.1136/bjsports-2018-099193.

11. Logue DM, Madigan SM, Delahunt E, et al. Low energy availability in athletes: a review of 
prevalence, dietary patterns, physiological health, and sports performance. Sports Med. 
2018;48(1):73-96. doi:10.1007/s40279-017-0790-3.

12. Melin A, Tornberg ÅB, Skouby S, et al. Energy availability and the female athlete triad in elite 
endurance athletes. Scand J Med Sci Sports. 2015;25(5):610-622. doi:10.1111/sms.12261.

13. Goodpaster BH, Sparks LM. Metabolic flexibility in health and disease. Cell Metab. 
2017;25(5):1027-1036. doi:10.1016/j.cmet.2017.04.015.

14. Randle PJ, Garland PB, Hales CN, Newsholme EA. The glucose fatty-acid cycle: its role in 
insulin sensitivity and the metabolic disturbances of diabetes mellitus. Lancet. 1963;1(7285):785-
789. doi:10.1016/S0140-6736(63)91500-9.

15. Hue L, Taegtmeyer H. The Randle cycle revisited: a new head for an old hat. Am J Physiol 
Endocrinol Metab. 2009;297(3):E578-E591. doi:10.1152/ajpendo.00093.2009.

16. Rosenbaum M, Leibel RL. Adaptive thermogenesis in humans. Int J Obes (Lond). 2010;34(Suppl 
1):S47-S55. doi:10.1038/ijo.2010.184.

17. Müller MJ, Bosy-Westphal A. Adaptive thermogenesis with weight loss in humans. Obesity 
(Silver Spring). 2013;21(2):218-228. doi:10.1002/oby.20027.

18. Leibel RL, Rosenbaum M, Hirsch J. Changes in energy expenditure resulting from altered body 
weight. N Engl J Med. 1995;332(10):621-628. doi:10.1056/NEJM199503093321001.

19. Müller MJ, Enderle J, Bosy-Westphal A. Changes in energy expenditure with weight gain and 
weight loss in humans. Curr Obes Rep. 2016;5(4):413-423.

20. Byrne NM, Wood RE, Schutz Y, Hills AP. Does metabolic compensation explain the majority of 
less-than-expected weight loss in obese adults during a short-term severe diet and exercise 
intervention? Int J Obes (Lond). 2012;36(11):1472-1478. doi:10.1038/ijo.2012.109.

21. Pontzer H, Durazo-Arvizu R, Dugas LR, et al. Constrained total energy expenditure and 
metabolic adaptation to physical activity in adult humans. Curr Biol. 2016;26(3):410-417. 
doi:10.1016/j.cub.2015.12.046.



Proportional Danger Theory: Energy Availability, Stress Physiology, an...

Page 5

22. Pontzer H. Energy constraint as a novel mechanism linking exercise and health. Physiology 
(Bethesda). 2018;33(6):384-393. doi:10.1152/physiol.00027.2018.

23. Levine JA. Non-exercise activity thermogenesis (NEAT): environment and biology. Am J 
Physiol Endocrinol Metab. 2004;286(5):E675-E685. doi:10.1152/ajpendo.00562.2003.

24. Speakman JR, Selman C. Physical activity and resting metabolic rate. Proc Nutr Soc. 
2003;62(3):621-634. doi:10.1079/PNS2003282.

25. Hellerstein MK. De novo lipogenesis in humans: metabolic and regulatory aspects. Eur J Clin 
Nutr. 1999;53(Suppl 1):S53-S65. doi:10.1038/sj.ejcn.1600744.

26. Acheson KJ, Schutz Y, Bessard T, Anantharaman K, Flatt JP, Jéquier E. Glycogen storage 
capacity and de novo lipogenesis during massive carbohydrate overfeeding in man. Am J Clin 
Nutr. 1988;48(2):240-247. doi:10.1093/ajcn/48.2.240.

27. Horton TJ, Drougas H, Brachey A, Reed GW, Peters JC, Hill JO. Fat and carbohydrate 
overfeeding in humans: different effects on energy storage. Am J Clin Nutr. 1995;62(1):19-29. 
doi:10.1093/ajcn/62.1.19.

Publication Note
This manuscript is part of the EPK (Energy Per Kilogram) paper series developed by Billy Craig, 
MSc. The paper should be cited as a working/preprint paper until peer-reviewed publication. 
EPK-specific propositions are presented as hypotheses where they extend beyond the cited 
evidence.
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