
T 
he mystery of aging has undoubtedly been 
studied and debated, but our comparatively 
modern studies of aging take us to Ancient 
Greece, where Hippocrates, the father of 
scientific medicine, developed theories to 

explain health and aging from an empirical prospec-
tive. Hippocrates developed an analytic framework that 
held sway in Europe until the Renaissance, in which he 
posited that the essential condition of the human body 
could be explained in terms of 4 main categories that 
mirrored the outside world: humid, dry, warm, and cold. 
He suggested that when we are young, we are humid and 
warm, and when we age, these 2 factors no longer prevail 
because the body moves into the dry and cold categories, 
which eventually dominate.1 

In Hippocratic terms, more Americans will be 
approaching and moving into the dry and cold category 

as the population of individuals who are older than 65 
in the United States increases. According to the Federal  
Interagency Forum on Aging-Related Statistics, in 2006 
there were an estimated 37 million people who were  
65 years or older in the United States, accounting for 
just over 12% of the total population.2 The population of 
individuals who are older than 65 in 2030 is expected to 
be twice as large as in 2000, growing from 35 million to 
71.5 million and representing nearly 20% of the total US 
population.2 Because of this population increase, it stands 
to reason that the demand and funding for research on 
aging will likewise experience tremendous growth. This 
article will discuss modern theories and scientific discov-
eries on aging, including current thoughts on therapeutic 
modalities, in order to offer a greater understanding of 
where future research on aging will be headed. 

Aging Theories
Aging is currently inescapable, and it is a marker that 
reflects biological changes as well as cultural and social 
conventions.3,4 Looking at human aging as a biological 
phenomenon, we can see its adaptive characteristics, 
such as the wisdom and mature judgment we gain over 
time, but we can also see the detrimental characteris-
tics, such as physical and mental limitations, as well 
as a decline in the function of our senses, organs, and 
immune functions.5-7
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To explain why all of this may occur, approximately 
300 theories have been suggested on aging. These theo-
ries diverge considerably. Many are outdated and are only 
useful in a historical perspective. Others completely 
overlap, and still more have no experimental data to sup-
port or refute them. However, an examination of these 
hypotheses of aging is useful in understanding current 
scientific thought on the subject. The bulk of aging theo-
ries falls into 2 categories: biological and societal. Famous 
biological aging theories include the somatic mutation 
theory of aging, error accumulation theory, cross-linking 
theory, accumulation theory, program theory, theory of 
autoimmunization, and membrane hypothesis/cellular 
theory. Societal theories of aging include hypotheses 
that acknowledge the extrabiological forces that have an 
impact on the process of aging.

Various authors such as Strehler, Platt, Esposito,  
Harrison, and Hayflick have tried to create logical system-
atic overviews.4,8,9 But their theories, for various reasons, 
have been criticized. Esposito9 did, however, create a clas-
sification system in 1983 that has done much to help sort 
and categorize the theories. His classification of aging the-
ories employs analysis that divides theories of aging into  
3 groups: causal, systemic, and evolutionary.8-10 The foun-
dation for causal explanations of aging is the assumption 
that the effects of sporadic, random physicochemical 
changes may accumulate in complex biological systems 
and cause the appearance of aging. Some of the well-
recognized causal theories include the theory of somatic 
mutations, the theory of genetic mutations, the wear-and-
tear theory, the cross-linking theory (ie, glycation), and 
the accumulation theory. The basis for systemic theories 
is that aging is a consequence of interactions between 
various systems (organs) of vital importance to an organ-
ism. A few of the many systemic explanations include 
the program theory of aging, the theory of expired 
programs, the theory of autoimmunization, and organic 
explanations of aging.8,9 Lastly, evolutionary theories 
consider aging as an adaptive process. For the most part, 
these theories favor the idea that pleiotropic genes exist, 
and these genes are thought to determine the specific 
aging rate for each species. Thus far, interpretations are  
highly speculative.4,8

Causal Theories of Aging
Cellular Damage—Regardless of the category into which 
the hypothesis falls, a plausible aging theory and process 
have eluded scientists until now. The most compelling 
current theory is the water principle, which states that 
cells and connective tissue lose their ability to reproduce 
because of accumulated damage and resultant water loss. 
The water principle, which builds on Nagy’s membrane 
hypothesis of aging theory, acknowledges that therapeutic 

modalities must address cell and connective tissue dam-
age through prevention and repair, which will assist in 
maintaining adequate hydration for optimal regenerative 
functions.7

Nagy’s membrane hypothesis of aging theory interprets 
the cellular changes characteristic of senescence as struc-
tural and functional alterations occurring throughout life 
to every cell’s plasma membrane because of free-radical– 
induced cross-linking of proteins and lipids, molecular 
damage, and residual heat formed during each discharge 
of the resting potential (although the system is probably 
more complex than that). Damaged plasma membrane is 
continually renewed through de novo synthesis, but cer-
tain accumulations of residual damage are inevitable. The 
implication is that there are functional changes within the 
cells, such as a gradual decrease in potassium permeability, 
with an increase in intracellular potassium content and a 
consequent colloid condensation. It also implies that there 
is a loss of intracellular water and an increase in dry mass 
content, which inhibits enzyme activity, decreases rates of 
RNA, and decreases the activity of the gene for protein syn-
thesis. In addition, it suggests that there is an accumulation 
of waste products in cells (lipofuscin).8,11,12

Reactive oxygen species (ROS) are one of the factors 
that have been documented to contribute to cellular dam-
age and aging. Microbes, inflammation, and neuropep-
tides may also play a role. As such, addressing ROS is just 
one part of the larger picture. There may be many other 
factors, sometimes overlapping, that cause cell mem-
brane damage, which may lead to intrinsic, extrinsic, and 
hormonal aging. For example, with the aging process, 
the skin develops an ability to create a disproportionate 
immune response, one that goes beyond what is needed 
to repair the environmental insult or stress-induced dam-
age. More specifically, the immune response produces an 
overaccumulation of ROS and matrix metalloproteinases, 
enzymes that degrade the skin matrix and enhance the 
external symptoms of aging.13 Although the scientific 
inclination is to reduce or prevent ROS formation, there 
is still no evidence in human studies that removing ROS 
before they cause too much damage will actually extend 
life. Nonetheless, many experiments have shown that 
curtailing their unruly behavior can slow age-related 
changes, including those on the skin.14,15

Stress and Telomere Shortening—Along the same lines, 
much literature has been devoted to stress and aging 
because studies have shown that stress impairs longev-
ity.16 Internal, external, and emotional triggers age skin 
as they create microinflammatory pathways; additionally, 
cutaneous aging can be linked to systemic stress.17

Reports indicate that many Americans are currently 
experiencing higher levels of stress than at any other 
time in recorded history. Whereas stress is categorized in 
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3 ways (acute stress, episodic acute stress, and chronic 
stress), because of technological advancements, global 
events, and the rapid rate of communication, it has 
become necessary to add another category, termed cul-
tural stress, to accurately reflect the changing events in 
human history.

Cultural stress is a new type of stress that is superim-
posed on the normal stresses of everyday life because of 
digital technology, increased population and affluence, 
and world-changing events such as those that occurred 
on September 11, 2001. Cultural stress is pervasive and 
constant.18 Within the constraints of aging, stress has 
been shown to stimulate the release of hormones and 
neurotransmitters, which can cause systemic inflamma-
tion, and inflammation can lead to connective tissue and 
cellular damage.19 However, further research linking cul-
tural stress and cutaneous aging is needed to definitively 
understand the causative relationship and whether the 
rate of stress-induced aging is increasing.

With regard to the rate of aging, one provocative finding 
has linked stress and telomere shortening and has illumi-
nated a causative relationship that produces aging.17 Telo-
meres form the ends of chromosomes, and, as an organism 
ages, they naturally shorten with each cell division. 
Growing evidence shows that telomere shortening may be 
indicative of increased cellular damage and risk for diseases 
such as cancer.20 In addition, it has been theorized that 
telomere length could be useful as a biomarker of aging.

The Water Hypothesis
In the final analysis, regardless of what causes the damage 
or initiates aging, the common pathway is water loss, not 
only in the cell and plasma membrane, but also in the 
connective tissue.7 By supporting and regulating cellular 
hydration and volume, we maintain optimal cell func-
tions.21 Simply put, when cells are not fully hydrated, 
they cannot function at optimal levels and this leads to 
aging. When cells deteriorate, disorders, diseases, and 
death occur. One study illustrates this process clearly as 
it shows that the elderly, especially if diseased, display 
reduced intracellular water.22

Because water is essential to life, as all metabolic pro-
cesses occur in a water vehicle, life has been described 
as a process during which a highly hydrated state of 
fertilized oocytes, embryos, and newborns is transformed 
into a gradually more and more dehydrated state.8 This 
process is useful until an organism reaches its optimum 
performance, requiring a given amount of enzymes, 
muscle fibers, collagen, and neurofilaments, among oth-
ers. Unfortunately, the tendency for cellular dehydration 
continues with age progression. This dehydration helps 
accumulate intracellular dry mass, which has serious con-
sequences. First, it slows down and stops an organism’s 

growth. Second, further increase in the physical density 
of cell colloids compromises basic cellular functions and 
this increases free-radical efficiency and damage. Lastly, 
the in situ enzyme catalytic rate constants are all strongly 
dependent on the density of their microenvironment.11,12

In sum, reducing and repairing oxidative stress and its 
resultant cellular damage may help stave off cellular aging 
as cells and connective tissue maintain optimal hydra-
tion.14 Additionally, it is plausible that water, life’s most 
natural and valuable element, may offer a solution to 
the aging process as it formulates the basis for the water 
principle, which addresses cellular aging changes both 
topically and internally. 

Therapeutic Modalities	
There are many internal and external catalysts for oxida-
tive stress that lead to aging, including but not limited to 
photodamage, chronic inflammation, microbial invasion, 
emotional or life stress, sleeplessness, hormonal imbal-
ance, neuropeptide imbalance, and matrix metallopro-
teinases. Moreover, oxidative stress is involved in several 
diseases, such as cancer and cardiovascular, Parkinson, 
and Alzheimer diseases. 	

Systematic Modalities
Nature has provided us with antioxidants, which neu-
tralize ROS and even prevent them.23 Antioxidants, 
in general, are well known for their health benefits as 
protectants against the deleterious effects of aging and 
inflammation.24 Internal recommendations, such as sup-
plements, fruits, vegetables, good fats, and minerals, are 
necessary to treat aging and age-associated disease.25,26 
Omega-3 essential fatty acids, in particular eicosapentae-
noic acid (EPA) and docosahexaenoic acid (DHA), have 
been shown to inhibit the production of inflammatory 
mediators that begin the inflammation cascade. Omega-3 
essential fatty acids reduce inflammation caused by 
prostaglandins and by exposure to UV radiation.27,28 
Also, B vitamins have been shown to provide many cell- 
protective benefits, specifically, vitamin B12, which can be 
found in fish, poultry, low-fat and nonfat dairy products, 
fortified soy milk, eggs, and brewer’s yeast, may combat 
age-related brain degeneration.29

Beyond reducing cell damage, certain foods and dietary 
supplements are known to encourage cell membrane 
strengthening. Specifically, foods that contain lecithin 
help rebuild tissues and help build strong cell membrane 
walls.19 Lecithin is composed mainly of phosphatidylcho-
line, which is a major component of cellular membranes. 
Essential fatty acids, in addition to being necessary for 
normal cellular function, have also been indicated to 
assist in promoting cell wall integrity and may slow neu-
rodegenerative brain diseases associated with aging.30
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From an emotional perspective, stress and anxiety can 
trigger cellular water loss through perspiration. In addi-
tion, acne and eczema are known to flare in response 
to elevated stress hormone release, compromising tis-
sues.18,31 Stress has been shown to accelerate the aging 
process because it encourages poor health and immune 
function.32 Stress modulates the rate of cellular aging 
because it is significantly associated with higher oxida-
tive stress, lower telomerase activity, and shorter telomere 
length, which are known determinants of cell senescence 
and longevity.32 Stress is also known to cause sleep dis-
orders, which interrupt the body’s immune response and 
natural restorative processes such as wound healing.18,33 
Hypertension is a side effect of lack of sleep, as well as 
confusion, memory loss, and depression.34-36 The body 
requires sleep to metabolize glucose, and as such, sleep 
loss can lead to diabetes.37

Cutaneous Modalities
To reduce oxidative cell damage topically, photodamage 
must be reduced. Countless studies have addressed cuta-
neous aging, and some of the most important research 
involves the protective properties of antioxidants, not only 
externally but also internally. Moreover, because the skin 
barrier is a crucial part of the immunity response, a topical 
regimen must address cutaneous integrity and mainte-
nance. As structural changes occur in the skin because of 
aging and excessive sun exposure, cutaneous functions, 
such as protection, secretion, absorption, and thermoregu-
lation, are detrimentally affected by as much as 60%.14 

Numerous experiments and vast amounts of research 
have been devoted to topical therapies that strengthen 
and fortify the skin’s barrier function. Although not an 
exhaustive list, the methods include different forms of 
exfoliation, lipid preservation, cosmeceutical use, and 
sun protection. Generally, topical treatment may include 
any combination of synthetic or botanical ingredients, 
such as as a- and b-hydroxy acids, enzymes, retinoids, 
humectants, topical antioxidants like vitamin C, and 
inflammation abators.15

Going further, to explain how some topical aging 
changes may occur, research has explored the mind-
skin-body relationship and has found an elaborate 
interrelationship that has been termed the neuro-immuno-
cutaneous-endocrine network.38 The data show that the 
network involves the central nervous system and the skin 
and reveals specific communication molecules originating 
in both systems that link mind and body in wellness and 
disease. Through the use of this network, certain external 
stress-reduction techniques and treatments, such as mas-
sage and mind/body exercises (eg, tai chi, yoga, qi gong) 
may provide immune system benefits, thus improving 
cutaneous inflammation responses.39

In sum, it may be possible to slow aging through topi-
cal interventions that address cutaneous aging, such as 
photodamage, internal protocols to adjust diet and nutri-
tion, and emotional support programs, which reduce 
stress and minimize its effects on hormones and sleep. 

Conclusion
Various theories have been put forth in an attempt to 
explain the process of aging. Many theories may contain 
some truths and have provided some insights. It is likely 
that aging has a genetic component in addition to other 
components. Science understands some of the mechan-
ics of aging, but the complete process has yet to be 
uncovered. What has been elucidated through scientific 
research is that there are indeed connections between cel-
lular decline and water loss in all systems, and this offers 
more support for the water principle as an all-embracing 
aging theory.

Current scientific discoveries, cellular research, and 
established therapeutic modalities for addressing aging 
have led the field of cosmetic dermatology to look to the 
water principle as a more comprehensive theory on aging 
that addresses both local and systemic symptoms. The 
future lies in the creation/use of a more comprehensive 
approach that addresses water loss and simultaneously 
reduces cell and connective tissue damage, whatever the 
cause. It is possible to accomplish these goals with topical 
care to prevent environmental assaults, internal solutions 
to flood the body with essential nutrients, stress reduc-
tion to keep hormone levels in balance, and programs 
that encourage restorative sleep.

References
  1. 	 Humorism. Wikipedia. http://en.wikipedia.org/wiki/Humorism. 

Accessed October 3, 2008.
  2. 	 Highlights. Federal Interagency Forum on Aging-Related  

Statistics. http://agingstats.gov/agingstatsdotnet/Main_Site 
/Data/2008_Documents/slides/Economics-OA_2008.ppt. Accessed  
September 19, 2008.

  3. 	 Aldwin CM, Gilmer DF. Health, Illness, and Optimal Aging: 
Biological and Psychosocial Perspectives. Thousand Oaks, CA: Sage 
Publications; 2003.

  4. 	 Kirkwood TB. The origins of human ageing. Philos Trans R Soc Lond 
B Biol Sci. 1997;352:1765-1772.

  5. 	 Bittles AH. Human ageing: a cellular phenomenon or evolutionary 
determinant? Int J Antropol. 1986;1:289-295.

  6. 	 Birren JE, Schaie KW, Abeles RP, et al. Handbook of the Psychology of 
Aging. Boston, MA: Academic Press; 2005.

  7. 	 Murad H. Skin immunity–the new anti-aging frontier. Les Nouvelles 
Esthetiques Spa. 2008;7:130-136. 

  8. 	 Zs-Nagy I. The Membrane Hypothesis of Aging. Sark, Great Britain: 
International Antiaging Systems; 2003.

  9. 	 Esposito JL. Conceptual problems in theoretical gerontology.  
Perspect Biol Med. 1983;26:522-546.

10. 	 Kyriazis M. The Cross-linking Theory of Aging. Sark, Great Britain: 
International Antiaging Systems; 2003.

11. 	 Zs-Nagy I. The membrane hypothesis of aging: its relevance to 
recent progress in genetic research. J Mol Med. 1997;75:703-714.

COS DERM 
Do Not Copy

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.



78  Cosmetic Dermatology® • February 2009 • Vol. 22 No. 2

The Process of Aging

12. 	 Zs-Nagy I. Enzyme activities in the light of the membrane hypoth-
esis of aging [An answer to K. Kitani, Mech. Ageing Dev. 107 
(1999), 299-322]. Mech Aging Dev. 2001;122:811-821.   

13. 	 Ferguson MW, O’Kane S. Scar-free healing: from embryonic mech-
anisms to adult therapeutic intervention. Phil Trans R Soc Lond B 
Biol Sci. 2004;359:839-850.

14. 	 Murad H. Sealed for your protection. Dermascope. Sept 2008;33:79-86.
15. 	 Murad H, Tabibian MP. The effect of an oral supplement containing 

glucosamine, amino acids, minerals, and antioxidants on cutane-
ous aging: a preliminary study. J Dermatolog Treat. 2001;12:47-51.

16. 	 Riddle CC, Liu D, Aires DJ. Antiaging: where are the data? Cosmet 
Dermatol. 2007;20:313-320.

17. 	 Sapolsky RM. Organismal stress and telomeric aging: an unexpected 
connection. Proc Natl Acad Sci U S A. 2004;101:17323-17324.

18. 	 Murad H. Look again, what did you miss…? Dermascope. July 
2008;33:87-92.

19. 	 Murad H. The Cellulite Solution: A Doctor’s Program for Losing Lumps, 
Bumps, Dimples, and Stretch Marks. New York, NY: St. Martin’s 
Press; 2005.

20. 	 Jiang H, Ju Z, Rudolph KL. Telomere shortening and ageing.  
Z Gerontol Geriatr. 2007;40:314-324.

21. 	 Lang F, Waldegger S. Regulating cell volume. Am Sci. 1997;85:
456-463.

22. 	 Ritz P, Investigators of the Source Study and of the Human 
Nutrition Research Centre-Auvergne. Chronic cellular dehydra-
tion in the aged patient. J Gerontol A Biol Sci Med Sci. 2001;56:
M349-M352.

23. 	 Frei B. Efficacy of dietary antioxidants to prevent oxidative damage 
and inhibit chronic disease. J Nutr. 2004;134:3196S-3198S.

24. 	 Hu HL, Forsey RJ, Blades TJ, et al. Antioxidants may contribute 
in the fight against ageing: an in vitro model. Mech Ageing Dev. 
2000;121:217-230.

25. 	 Meydani M. Nutrition interventions in aging and age-associated 
disease. Ann N Y Acad Sci. 2001;928:226-235.

26. 	 Cutler RG. Antioxidants and aging. Am J Clin Nutr. 1991;53
(suppl 1):373S-379S.

27. 	 Danno K, Ikai K, Imamura S. Anti-inflammatory effects of eicosa-
pentaenoic acid on experimental skin inflammation models. Arch 
Dermatol Res. 1993;285:432-435.

28.	 Storey A, McArdle F, Friedmann PS, et al. Eicosapentaenoic acid 
and docosahexaenoic acid reduce UVB- and TNF-alpha-induced 
IL-8 secretion in keratinocytes and UVB-induced IL-8 in fibro-
blasts. J Invest Dermatol. 2005;124:248-255.

29. 	 Vogiatzoglou A, Refsum H, Johnston C, et al. Vitamin B12 status 
and rate of brain volume loss in community-dwelling elderly.  
Neurology. 2008;71:826-832.

30. 	Y oudim K, Martin A, Joseph JA. Essential fatty acids and the brain: 
possible health implications. Int J Dev Neurosci. 2000;18:383-399.

31. 	 Lee SW, Tsou AP, Chan H, et al. Glucocorticoids selectively inhibit 
the transcription of the interleukin 1 beta gene and decrease the 
stability of interleukin 1 beta mRNA. Proc Natl Acad Sci U S A. 
1998;85:1204-1208.

32. 	 Epel E, Blackburn EH, Lin J, et al. Accelerated telomere shorten-
ing in response to life stress. Proc Natl Acad Sci U S A. 2004;101:
17312-17315.

33. 	 Redwine L, Hauger RL, Gillin JC, et al. Effects of sleep and sleep 
deprivation on interleukin-6, growth hormone, cortisol, and 
melatonin levels in humans. J Clin Endocrinol Metab. 2000;85:
3597-3603.

34. 	 Egan BM. Sleep and hypertension: burning the candle at both 
ends really is hazardous to your health. Hypertension. 2006;47:
816-817.

35. 	 US Food and Drug Administration. Coping with memory loss. 
http://www.fda.gov/consumer/features/memoryloss0507.html. 
Accessed September 23, 2008.

36. 	 Ullman K. Doctors waking up to benefits of sleep depriva-
tion treatment for depression. http://www.webmd.com 
/news/19991116/benefits-sleep-deprivation-depression. Accessed  
September 23, 2008.

37. 	 Van Cauter E, Knutson K, Leproult R, et al. The impact of sleep 
deprivation on hormones and metabolism. http://www.medscape 
.com/viewarticle/502825. Accessed October 27, 2008.

38. 	O ’Sullivan RL, Lipper G, Lerner EA. The neuro-immune- 
cutaneous-endocrine network: relationship of mind and skin. Arch 
Dermatol. 1998;134:1431-1435.

39. 	 Brazzini B, Ghersetich I, Hercogova J, et al. The neuro-immuno-
cutaneous-endocrine network: relationship between mind and 
skin. Dermatol Ther. 2003;16:123-131. � n

COS DERM 
Do Not Copy

Copyright Cosmetic Dermatology 2010. No part of this publication may be reproduced, stored, or transmitted without the prior written permission of the Publisher.




