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A
ging is a complex physical, social, economic, and psycho-

logical process with major medical, legal, economic, and 

public health policy challenges. The US Department of 

Health and Human Services Administration on Aging estimates 

that more than 1 in every 8 Americans is now over age 65. As of 

2006, this age group represented 12.4% of the population, but by 

2030 this number will increase to 20%.1 As the US population 

comes closer to this mark, issues related to aging are becoming 

more and more prevalent in public political debates and health-

care policy discussions—a positive note since the issues require 

immediate attention if we are to adequately care for our ever-

growing elderly population.

Two important medical concerns for clinicians to consider 

are how to help people age healthfully to maximize vitality into 

old age and how to determine possibilities for restoring vitality 

in the elderly. One way to approach this question is to examine 

organ-specific declines in function and address how to improve 

their functions. 

Organs are thought to have a certain capacity to withstand 

perturbations and return to homeostasis, a concept that has 

been termed “organ reserve.” This reserve declines with age and 

may explain some functional deterioration in the elderly, such as 

decreases in strength, balance, and cognition. In fact, it has been 

estimated that reserve capacity in a healthy young adult is 7 to 11 

times greater than the average demand, but, by age 85, organ 

reserve has been reduced to 50% of its original capacity.2 

Originally, this notion was based primarily on observa-

tional data that attempted to explain the underlying mecha-

nisms behind what is called Gompertz’s Law. This theory was 

postulated in 1825 by Benjamin Gompertz, a British actuary 

who analyzed mortality data and concluded that the rate of 

mortality doubles every 7 years beyond age 30.3 In 1960, 

Bernard Strehler and Albert Mildvan, 2 researchers who at that 

time were on the staff of the National Institutes of Health’s 

Gerontology Branch, created their General Theory of Mortality 

and Aging, a rather impressive mathematical formula that 

attempts to quantify the relationship between age and death 

rate.4 Their work centered on explaining the observation that, 

beyond age 30, physiological function declines at a rather consis-

tent and linear rate of 0.5% to 1.3% annually.4 

A central postulate in the General Theory of Mortality and 

Aging is, “An organism contains a number of subsystems, each 

of which has a certain maximum ability to restore initial condi-

tions after a challenge (that is, a change in condition due to 

internal or external energy fluctuations). Death occurs when the 

rate at which an organism does work to restore the original state 

is less than that demanded to overcome the effects of a given 

challenge.” These combined observations by Gompertz, Strehler, 

and Mildvan are frequently cited in published geriatrics research, 

and the concept of organ reserve is found in both popular5-7 and 

medical8-10 books. 

Physicians observe in patients that physiological stressful 

situations (eg, disease, surgery, medications) strain reserve 

capacity and hinder the ability to compensate for increased 

metabolic demand, resulting in compromised function.11 

However, studies demonstrating this phenomenon are lacking. 

More commonly, observational data demonstrating changes in 

organ mass or function are cited as evidence for organ reserve. 

Clinical Evidence
While a large body of observational data exists to support 

the concept of organ reserve, there is very little evidence from 

clinical trials that verifies this notion. One clinical trial that 

attempted to evaluate the question of organ reserve was con-

ducted in 2003 by EM Ghezzi and JA Ship, from University of 

Michigan School of Dentistry and New York University College 

of Dentistry, respectively. This team studied changes in the 

reserve capacity of salivary glands with age.12 In a randomized, 

double-blind, placebo-controlled, crossover design, they com-

pared the ability of salivary glands to recover after administra-

tion of 4.0 μg/kg intravenous glycopyrrolate, a muscarinic 

receptor antagonist that inhibits salivation, in 18 young (20-38 

years old) and 18 elderly (60-77 years old) healthy adults. The 

researchers measured salivary flow rates from the parotid and 

submandibular-sublingual glands. The mean time for parotid 

gland salivary flow rates to return to baseline in the young age 

group was 189.4 ± 119.3 minutes and in the elderly group was 

318.5 ± 75.7 minutes. This difference was highly statistically 

significant (P=.002). 

For the submandibular-sublingual glands, the mean time 

to recovery was 187.5 ± 103.8 minutes vs 275.8 ± 93.9 minutes 

for the young and elderly groups, respectively (P=.01). The total 

duration of suppression was also significantly greater in the 

elderly group compared with the young subjects. The mean total 

duration of suppression for the parotid gland was 156.7 ± 127.6 

minutes vs 289.7 ± 102.6 minutes for the young and elderly 

groups, respectively (P=.002), and 164.2 ± 105.0 minutes versus 

263.6 ± 98.1 for the submandibular-sublingual glands in young 

compared with elderly subjects, respectively (P=.01). 

According to Ghezzi and Ship, “many older adults com-

plain of dry mouth and experience deleterious consequences of 

this condition, which can include sore throat, dysphonia, dys-

phagia, periodontal disease, oral candidiasis, dysgeusia, glosso-

dynia, increased need to drink water, cheilitis, inflammation or 

ulcers of the tongue and buccal mucosa, halitosis, and salivary 

gland infections.”12 While prospective and longitudinal studies 

of healthy adults have shown that salivary gland function is age-

stable in this population,13,14 medications, systemic disease, 

Organ Reserve and Healthy Aging
John Neustadt, ND, and Steve Pieczenik, MD, PhD

SPECIAL SECTION: HEALTHY AGING



Integrative Medicine • Vol. 7, No. 3 • Jun/Jul 2008 51Neustadt and Pieczenik—Healthy Aging

chemotherapy, and head and neck radiation treatment can all 

decrease saliva production.15 

Although not discussed by Ghezzi and Ship in their study, 

the possibility that decreased saliva production may be caused by 

decreased drug clearance—a well-known cause for age-related, 

medication-induced toxicities—cannot be ruled out.16 This may, 

in fact, explain the increased recovery time for salivary glands in 

the elderly volunteers given glycopyrrolate in the study.

Despite the fact that many articles in peer-reviewed medi-

cal journals discuss organ reserve,17-20 what they actually 

describe is not a decrease in the ability of an organ to recover 

from trauma; rather, they are referring simply to a general 

decline in organ mass or function. Technically, however, a simple 

decrease in organ mass or function does not prove the decline of 

organ reserve, which, strictly defined, is “to restore homeostasis 

[after a perturbation] and maintain it within narrow confines 

necessary for preservation of life.”2 Admittedly, this is a very 

difficult concept to test and does not lend itself readily to the 

double-blind, placebo-controlled clinical trial—the gold stan-

dard of today’s research paradigm. While there is a paucity of 

data supporting the concept of organ reserve, a lack of clinical 

trials does not disprove the concept. Organ reserve may, in fact, 

be a verifiable phenomenon and may explain why the elderly are 

more susceptible to death from surgery, sepsis, falls, medication 

side effects, and disease. 

In any given person, different organs, tissues, and cell types 

are affected by aging in unique ways controlled by complex 

interactions among genetics, nutritional status, medications, 

and stressors (environmental, physical, and emotional). 

Decreases in organ mass, tissue anatomy, and physiological 

function with age have been demonstrated in the human heart,20 

brain,21 liver,22 kidney,23 salivary glands,12 stomach,24 and 

muscle tissue.25

For example, research shows that people with chronic 

cortisol elevations have a nearly 20% destruction of their hip-

pocampus as well as destruction of the frontal lobe.26 As 

another example, the greatest storage reservoir of protein in the 

body is muscle; however, with age, muscle mass and strength 

tend to be lost. By age 70, voluntary muscle contractile strength 

decreases by 20% to 40% in both men and women.27 Starting in 

the fourth decade of life, knee extension strength tends to 

decline by 8% to 10% per decade in both men and women.28 By 

the time men and women are in their 7th or 8th decade of life, 

on average they have lost 20% to 40% of the contractile strength 

of voluntary muscles, and 50% by the 9th decade.27 

The brain shows a decrease of viable cells with age, amount-

ing in some areas to a 25% to 30% decrease, and a decrease in 

brain tissue of 9% to 17%.21 This may, indeed, explain functional 

decline in mental status, and may, in fact, result in a decreased 

ability to recover from a perturbation (organ reserve), but data 

appear nonexistent to confirm or refute this idea.

Similarly, renal mass tends to decrease with advancing age. 

From birth to young adulthood, renal mass increases from about 

50 g to 400 g, then decreases to 300 g in the 9th decade.23 

However, multiple studies evaluating the health of elderly volun-

teers  enrolled as kidney donors showed that glomerular filtration 

rate did not decline with age.23 

Even if organ reserve is a real phenomenon, the level of 

maximal organ reserve does not necessarily correlate with 

chronological age because both the onset and the progression of 

decline show profound individual variations.4 A 1955 study by 

Martin Brandfonbrener, Milton Landowne, and Nathan W. 

Shock published in the journal Circulation demonstrated this 

concept.29 They measured cardiac output in 67 male volunteers 

aged 19 to 86 years (average 52.5 years) with no diagnosed circu-

latory disorders. In regression analysis, cardiac output showed a 

significant average decline of approximately 1% per year after the 

third decade of life (P<.001), but the standard deviation was 

21.8%. This large standard deviation means that many partici-

pants had much lower or higher rates of decline.

Conclusion
Since Gompertz first plotted mortality with age, the concept 

of declining organ reserve has come to be commonly accepted as 

the underlying cause of this trend. While this may be the case, it 

has never been demonstrated definitively. Research does support 

the notion of decreased organ mass and function with age, but the 

rate and severity of decline varies between individuals and even 

between specific organs within individuals and does not always 

correlate with age. In fact, clinical trials have shown that declines 

in organ mass and function are reversible in some tissues, such as 

muscle and brain.30, 31 This fact points to the crucial role nutrition 

plays in aging, which should be a major focus of geriatric research. 

In a future article we will review how specific nutrients, botanicals, 

hormone replacement therapy, or dietary and lifestyle interven-

tions may slow or even reverse the aging process. In some ways, 

whether or not organ reserve is real is more a philosophical ques-

tion. No matter what the reason, given the rapid increase of our 

elderly population, our national research agenda and clinical man-

date should be the aggressive pursuit of ways to improve func-

tional capacity in the elderly.
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