
The use of caloric restriction to slow the aging process, lengthen life and prevent medical problems.

Part II: Caloric Restriction

Every one desires to live long, but no one would be old.
- Jonathan Swift (1667-1745), Thoughts on Various Subjects, Moral and Diverting 1

To lengthen thy life, lessen thy meals.
- Benjamin Franklin, Poor Richard's Almanack, June 1733 2

Calories are a primary cause of aging, and the limiting factor in lifespan.
Key insight: cutting calories slows the aging process and prolongs life. 

Aging is due to a combination of years of age and total calories eaten in your lifetime.3 
The road to aging is paved with calories.

The simplest way to reduce calories is to reduce portion size: use a small plate!

By my calculations, every calorie above the absolute minimum ages your body and your mind and hastens death by about 31 
seconds (+/- 10). This means that you age one day (and lose one day of life span) for every 2800 calories you eat - above a 
starvation diet with good nutrition (adequate protein, fats, vitamins and minerals). Carrying an extra pound of weight for one 
year costs 2 days of life span. In dollar terms, a candy bar might cost $20 in potential lost wages. (See “Effect of CR.XLS” for 
calculation details). A 40-year-old man can live 8 years longer by eating 25% less; a 15-year-old can live 16 years longer by 
eating 25% less. Slowing aging means MORE YOUTH, not more old age.

Turn this around: it is VERY expensive – in terms of money, aging, disability and early death – to keep your weight up! 
Can you afford to stay plump?
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See the photo at http://sciencenews.org/20020511/fob2.asp

Figure 5: Calorie restricted dogs live longer and better

These Labrador Retriever dogs are littermates in a study sponsored by Purina.7 The 25% caloric restricted 
dog is on the left. The CR dogs had a much lower rate of osteoarthritis. To see a video of elderly rats, where 
the few living AL rats move slowly, while the CR rats romp around, go to 
http://www.biomarkerinc.com/html/press.htm.

I collect these notes for myself, to keep references for various facts or speculations that are health-
related. This is NOT medical advice. Some of these things are likely to prove useless or even harmful with 
time. 

http://64.4.20.250:80/cgi-bin/linkrd?_lang=EN&lah=a67a01eeb5581674455d0e98e5d696d3&lat=1061127207&hm___action=http%3A%2F%2Fwww.biomarkerinc.com%2Fhtml%2Fpress.htm
http://sciencenews.org/20020511/fob2.asp


The following spreadsheet allows you to calculate the effect of CR for yourself. You must have Microsoft Excel installed to modify it (double 
click on the sheet):

"y intercept" 1.8321

% of Ad 
Lib  
Intake

Age at 
Death

% of CR 
(start at 
weaning)

Age 
at 
Death

Age at 
late start 
of CR

% of CR 
(late 
start)

Age at 
Death

"Slope" -0.008 40 116 -50 45 40 -50 62
Ad lib death age (yr) 77 50 109 -40 52 -40 65
Age at starting CR (yr) 40 60 103 -30 58 -30 68
Percentage of CR 25 70 96 -20 64 -20 71
Starting weight 155 80 90 -10 71 -10 74

90 84 0 77 0 77
100 77 10 84 10 80

Weight on CR 116 110 71 20 90 20 83
Expected life span (yr) 85 120 64 30 96 30 86
Percent of life span increase 10% 130 58 40 103 40 89

140 52 50 109 50 92
150 45 60 116

70 122
Based on the study Int J Biochem Cell Biol 2002 Nov;34(11):1340-54 PMID: 12200030 The y-intercept and slope are from Fig 1 from this study.
Instructions: fill in your age (B4) and the expected lifespan for a person of your characteristics (sex, etc.) (B3) and percentage of CR (B5)
The resulting life expectancy is automatically calculated and shown
So, how much does a calorie cost, in terms of life span lost??
Take the example of a 40 year old with an ad lib life span of 78 yr and an ad lib caloric intake of 2296 calories/day (typical)
If he goes on a 30% CR diet (1607 cal/day) his weight decreases from 158 to 110 lbs; his expected life span goes up from 78 yr to 88 yr. 
If he were then to INCREASE his food intake back to ad lib levels, he would "lose" 10 yr of life span 
    by eating an additional (2296-1607 = ) 689 cal/day for his remaining 38 yr of life.
This is a total of 689 cal/day * 365 days/yr * 38 yr of life = 10,080,070 "extra" calories
For these calories he "pays" 10 yr * 365 days/yr * 24 hr/day * 60 min/hr * 60 sec/min = 315,360,000 seconds of life
Thus the "Cost per Calorie" = 315,360,000 seconds / 10,080,070 "extra" calories = 31 seconds per calorie. 
Here is another way of thinking of it: you lose 2 hours of life for the pleasure of eating an EXTRA 240 calorie candy bar.
Here is another way of thinking of it: you lose 1 day for each 2787 calories you eat.

Another way: How much money does each calorie cost? If you make $60,000/year, then
sec/day 86400
calories/day lost 2160



The use of caloric restriction to slow the aging process, lengthen life and prevent medical problems.

First statement: everyone should clearly understand that caloric restriction (CR) is the most 
important way to reduce or delay the incidence of virtually ALL of the problems of aging, from mental 
decline to heart disease to cancer and even to death itself. For prevention, CR works far better than 
medicine, far better than fruit and vegetables, far better than reducing cholesterol (which CR itself does 
better than any medicine that I know of) – in short the effects of CR are amazing. Severe CR is not yet 
proven to prolong maximum life-span in humans to the dramatic amounts seen in all lab animals; however it 
dramatically reduces both disease rates and risk factors and has been proven repeatedly to be remarkably 
effective in prolonging life span for animals of all types. In short, CR is the only intervention proven to slow 
the aging process itself. If you do nothing else for your health, practice CR to some extent. 

Caveat: moderate CR (tends to lead to a BMI of about 17) or substantial CR (tends to lead to a BMI 
of about 15) is potentially dangerous for some and should be taken on slowly, carefully, and with optimal 
nutrition. The effects of CR on young children, pregnant women, and those with specific medical conditions 
are not known to me; I do NOT recommend moderate or severe CR for these people. Even so, there is good 
evidence that the opposite (being overweight or obese) is outright harmful for these groups.

Caloric restriction has been demonstrated to have the following benefits (some from animal studies, 
some from evidence in humans), all documented.

1. Substantially longer lifespan
2. Lesser incidence and later onset of certain diseases (in essence, all the diseases of aging). [Note: in 

the italicized relative risks quoted below, this number is from a particular study of select groups of 
people. The value of this number can be misleading; MUCH better would be an all-cause mortality 
and morbidity life span study; this however is difficult, expensive and time-consuming.]

a. Vascular:
i.Cardiovascular disease
ii.Hypertension – 5.5 times more common in obese people4

iii.Stroke – 5 times more common in people with (obesity-related) metabolic syndrome5

b. Cancer (most)
i.Prostate
ii.Colon
iii.Breast
iv.Uterus
v.Endometrium
vi.Kidney
vii.Esophagus
viii.Pancreas
ix.Gallbladder 
x.Liver
xi.Stomach (top section)

c. Diabetes (adult onset, type II) – 8 to 12 times more common in obese people4

d. Neurologic & sensory:
i.Alzheimer’s disease - For every unit increase in BMI at age 70 years, [Alzheimer’s 
Disease] risk increased by 36%.6 

ii.Stroke – Twice as common in obese people7

iii.Loss of brain tissue with age – ~13% per unit increase in BMI8

iv.Multiple sclerosis – an increased risk of 5% for each unit increase in BMI9

v.Cataract
vi.Macula degeneration
vii.Loss of retina ganglion cells
viii.Hearing loss

e. Degenerative
i.Arthritis (osteoarthritis and rheumatoid arthritis)
ii.Hip fracture



iii.Muscle degeneration of aging (sarcopenia)
iv.Knee replacement – 6 to 11 times more common in obese people4

f. Atopic dermatitis
g. Asthma
h. Benign prostate hypertrophy 
i. Endometriosis & polycystic ovary syndrome
j. Preeclampsia – 6 times more common at a pre-pregnancy BMI of 30 than BMI of 1710

k. Gallstones
l. Pancreatitis – 1.9 times more common in obese people4

m. Kidney damage
n. Skin aging
o. Heartburn – directly related to BMI, and up to 4 times more common in obese women11

p. Accidents
i.injury in auto accidents
ii.dying from injuries
iii.breaking bones in children12

q. Chronic fatigue – 3.6 times more common in obese people4

r. Insomnia – 3.5 times more common in obese people4

s. Psychiatric diseases, including major depression, panic disorder and bipolar disorder – 21-
47%  more common in obese people13

3. Preservation of mental function
4. Preservation of ovarian function
5. Less hot flashes in menopausal women – twice as many in obese women than in those of normal 

BMI14

6. Better markers of aging, including lab values (HDL/LDL, cholesterol, triglycerides, lipids, HgA1C, and CRP), 
DNA damage, AGE formation and accumulation

7. Less disability, even in the last years of life (and when it occurs, it does so later than in obese 
people!)

8. Less inflammation, less atopy – 3 times more specific IgE in obese people15

9. Fewer operating room errors when doing surgery on thin people
10. Better immune function
11. Greater attractiveness (thin people look better, are more active and appear younger; see graph below)

The evidence that CR works comes from many sources: animal and human, both direct and indirect 
evidence. The tables below summarize this evidence. There are a few studies that find problems or no 
benefit to CR in certain parameters; most studies find a strong benefit to CR. Note: I have sometimes 
excluded studies that purport to show a positive or negative effect of CR purely based on a lab finding 
(DNA, blood cell count, etc.) that I think is not good evidence one way or another.

1. Animal studies  
2. Human studies  
3. Miscellany  
4. BMI table  

Animal studies: evidence for and benefits of caloric restriction
Category Animal Finding R

ef
Fig

Lifespan Rodents The first study to show that CR prolongs life 16

“Because diet restriction is so effective as an anti-ageing intervention, a 
reputable study should include a way to detect and prevent inadvertent 
diet restriction by the animal subjects"

17

It is not thinness but reduced food intake that slows aging in rodents.
“Calories, calories, calories”.

18

Dogs 25% CR => 15% longer life “Median life span …was 11.2 years for the 
control group versus 13 years for the lean-fed dogs.”

19  
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Lower rate and much later onset of osteoarthritis
Small dogs live longer than large dogs: Papillons (3.0 kg) live 14 yr; 
Great Danes (63 kg) live 8.5 yr on average. By my calculations (using the 
“Effect of CR.XLS” spreadsheet) this can be ENTIRELY explained by 
differences in calorie intake. Ditto for Labrador Retrievers (30 kg, 12 yr)

20

Cows 21

Rhesus 
monkeys

National Institutes on Aging studies. Current death rates in the CR groups 
are about ½ that in the ad lib diet group

22

Johns Hopkins study of “117 laboratory-maintained rhesus monkeys 
studied over approximately 25 years (8 dietary-restricted [DR] and 109 
ad libitum-fed [AL] monkeys)…There was significant organ pathology in 
the AL at death. The age at median survival in the AL was approximately 
25 years compared with 32 years in the DR…These results suggest that 
dietary restriction leads to an increased average age of death in 
primates, associated with the prevention of hyperinsulinemia and the 
mitigation of age-related disease.”

23

Mice CR works even when started in middle age: “The [26% reduced calorie 
diet] lowered body weight by 26% and increased maximum life span by 
~15%.”

24

“CR initiated in 19-month-old mice begins within 2 months to increase 
the mean time to death by 42% and increase mean and maximum 
lifespans by 4.7 (P = 0.000017) and 6.0 months (P = 0.000056), 
respectively.”

25

Small strains of mice live 30 days longer than large strains; the small 
ones eat less (presumably) making this study a proxy for CR.

26

“The [middle-age onset CR] mice on the restricted diet averaged 10 to 20 
percent increases in mean and maximum survival times compared to the 
control mice. Spontaneous lymphoma was inhibited by the food 
restriction”

27

From Science News , May 1 2004, p. 277.
Yoda, a mouse that carried a mutation that disables production of three 
hormones required for normal growth, died at age 4 yr and 12 days. 
Normal lifespan for the non-mutated mice of this strain is 2 to 2.5 yr, and 
the normal weight is 30-35 gm. Yoda's diet was ad lib, and his weight 
varied between 10 and 15 gm.

Now, assuming that his metabolic rate was unchanged by the mutation, 
then he would have eaten 38% of the amount of food as his non-mutant 
cohorts. This is analogous to 62% "caloric restriction". This amount of 
caloric restriction - by calculations I did based on the Merry et al graph - 
should extend his expected lifespan to 3.4 yr. Thus most of his extended 
life span could be explained by the smaller amount of food he ate to 
support his smaller body; I suspect that much of the additional 7 months 
is from the natural variance in lifespan.

Rats CR works best when done all of your life, but is equally effective at 
prolonging lifespan when started either in childhood or adulthood.
Rats restricted from 30 days of age and switched to AL at 12 months and 
rats fed AL until 12 months of age and then switched to CR   had similar 
mean and maximum lifespans. Their mean and maximum lifespans were 
shorter than those of the always restricted rats but longer than those of the 
AL group. Here are the exact numbers (from Table 5, p. 17):
Group Mean LS (weeks) Maximum LS* (weeks)
Ad libitum 133.1 +/- 4.1 169.4 +/- 1.9
Restricted 163.4 +/- 3.9 200.1 +/- 3.1
Ad lib/restricted 150.0 +/- 4.6 178.6 +/- 1.5
Restricted/ad lib 149.2 +/- 3.6 182.6 +/- 2.1
*Mean survival time for the longest lived 10% of each population.

Maximum LS (estimated from survival curves, p. 16):
AL 180 weeks
R 220 weeks
AL/R 190 weeks

28



R/AL 190 weeks
“The reductions in [body weight] appeared to account for approximately 
11% of the effect of CR. CONCLUSION: CR and [body weight] have 
independent effects on [morality rate] in Wistar rats. [body weight] may 
mediate a small part of the CR effects on [morality rate].”

29

Mollusks "Fischer-Piette (1939) reported that when food is abundant, the mollusc, 
Patella vulgata only lives 2.5 years, whereas in waters poor in organic 
material its survival may reach 16 years."

30

Fruit flies For Drosophila, “caloric intake is reduced on all diets that extend life 
span.”

31

Grasshoppers “grasshoppers… on CR (60 or 70% of ad libitum) or late-onset CR had at 
least 60% greater longevity than ad libitum individuals.”

32

Various CR works on nearly all studied animals

Heart disease Rats33 “These results clearly indicate that even low [CR] levels were effective in preventing or slowing the progression of these [heart 

and kidney] diseases.” 

In table form: 

Diet

Ad lib 

10% CR

CR 25%

CR 40%

Incidence heart trouble  

95%

75%

45%

15%

Incidence kidney trouble 

55%

20%

15%

0%

CR prevents the usual age-related decrease in cardiac & skeletal 
mitochondria function. 
“In skeletal muscles and heart in vitro complex IV activity is lower in 
young adult caloric restricted (CR) animals despite normal aerobic 
function in situ and in vivo. On the other hand, whereas markers of 
oxidative capacity decline 25% to 46% between 8 and 10 months and 35 
months in ad libitum fed (AL) animals, in most muscles there is no 
decline in CR across the same absolute age (35 mo old) or relative age 
(35% survival rate) span and PGC-1alpha gene expression in 
gastrocnemius muscle declines more slowly with aging. The present 
results show that CR largely prevents the age-associated decline in 
mitochondrial function in heart and skeletal muscles, and suggest that this 
is secondary to a better-maintained drive on mitochondrial biogenesis.”

34

Cancer Mice “Relative to the AL group, CR significantly delayed (P = 0.001) the 
onset of tumors in adult mice” “CR … suppressed carcinogenesis-even 
when started late in life in mice predestined to develop tumors”

35

“Our observations are consistent with the hypothesis that energy 
restriction reduces prostate tumor growth by inhibiting tumor 
angiogenesis. Furthermore, dietary fat concentration does not influence 
prostate tumor growth when energy intake is reduced.”

36

In a large, careful analysis showed that CR protects against breast cancer: 
“…energy-restricted animal groups developed 55% less mammary 
tumors than the control groups. …energy restriction in itself consistently 
protects against the development of mammary tumor in mice, irrespective 
of the type of restricted nutrient or other study characteristics.”

37

Rats “Caloric restriction (although with concomitant intake of more fat) led to 
complete inhibition of tumor formation. These results indicate that both 
high-fat and high-calorie diets exhibit [co-carcinogenic], not merely 

38
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promotional, properties. Caloric intake may be a greater determinant than 
dietary fat of a tumor-enhancing regimen. Finally, restriction of caloric 
intake during promotion markedly suppresses tumor formation, despite 
the increased fat content of the restricted diet”

Advanced 
glycation 
endproducts 
(AGEs)

Rats The most important factor to prevent damage to the body’s proteins 
from glucose is caloric restriction. “…age-related accumulation of AGE 
is more closely related to caloric intake.”

39

Monkeys CR reduced AGEs 40

Diabetes Rhesus 
monkeys

An on-going NIH-sponsored study of CR in monkeys, the markers of 
aging all point to the same thing happening in primates. This study has 
been going on since 1987, and has already demonstrated that CR 
completely prevents diabetes type II in these animals.

41

Dogs “Glucose disposal efficiency and insulin response were associated with 
increased quality and length of life in diet-restricted dogs.” (Labrador 
retrievers) 

42

DNA damage Reduced with 
CR

Reduced DNA damage (both mitochondrial and nuclear), (Proceeds of 
the National Academy of Science, 2002-10-28 Prolla and Weindrich state 
that their DNA study of calorie-restricted mice “provides compelling 
evidence that -- even starting in middle age -- cutting calories can 
confer significant health benefits for the heart and extend its working 
life.”)

43

CR reduces both mitochondria DNA damage and nuclear DNA damage. 44

Inflammation Reduced with 
CR

“Based on available finding and our recent supporting evidence, … It 
was further proposed that CR's major force of the regulation of redox-
sensitive inflammation may well be its life-prolonging action.”

45

Mental and 
brain function

“Life-long food restriction led to small but significant improvements in 
performance in the water maze in aged rats.”

46

Rats “Food-restricted rats learned the food maze more quickly than did 
free-feeding rats. … Food-restricted rats also learned the water maze 
more quickly than the food maze and learned both mazes faster than free-
feeding rats.”

47

“in aged rats, not only was learning slowed down, but memory utilization 
was also impaired. These cognitive deficiencies were absent in rats fed 
the hypocaloric diet.” 

48

“It has recently been shown that reduced calorie intake can increase the 
resistance of neurons in the brain to dysfunction and death in 
experimental models of Alzheimer’s disease, Parkinson’s disease, 
Huntington’s disease and stroke.” and “…there is now irrefutable 
evidence for the central role of mitochondria in both normal 
(physiological) aging and neurodegenerative diseases [including the 'big 
three' - Alzheimer's, Parkinson's and Huntington's diseases].” 

49

A video showing very active CR rats contrasted with slow, old-appearing 
AL rats on the Intranet

50

CR protects rats’ brains from chemical damage. See the
web
site

“The results suggest that life-long food restriction retards 
motoneuronal cell death occurring with advancing age.”

51

“…calorie restriction preserves nervous-system functions…” 52

“…in different experimental models neurodegeneration can be 
differentially rescued by dietary restriction.”

53

"CR substantially decreased the accumulation of Amyloid beta-plaques in 
both lines: by 40% in [one mutation] (CR, 6 weeks), and by 55% in A[the 
other] (CR, 14 weeks)… CR also decreased astrocytic activation (GFAP 
immunoreactivity) [an inflammatory response again associated with -- 
and again widely believed to play a pathological role in AD]… These 
influences of CR on AD-transgenic mice are consistent with 
epidemiological reports that show that high caloric diets associate with 

54



the risk of AD [Alzheimer’s Disease], and suggest that dietary 
interventions in adult life might slow disease progression."

Mice “…the risk of [Alzheimer disease] and [Parkinson disease] may be 
increased in individuals with high-calorie diets and in those with 
increased homocysteine levels. Dietary restriction and supplementation 
with folic acid can reduce neuronal damage and improve behavioral 
outcome in mouse models of [Alzheimer disease] and [Parkinson 
disease].”

55

Mid-life reduction in calories by about 40% => “increased longevity and 
preserved strength, coordination, and spontaneous alternation behavior”

56

“CR substantially decreased the accumulation of Amyloid beta-plaques in 
both lines: by 40% in [one mutation] (CR, 6 weeks), and by 55% in A[the 
other] (CR, 14 weeks)…CR also decreased astrocytic activation (GFAP 
immunoreactivity)… an inflammatory response again associated with … 
and again widely believed to play a pathological role in … AD… These 
influences of CR on AD-transgenic mice are consistent with 
epidemiological reports that show that high caloric diets associate with 
the risk of AD, and suggest that dietary interventions in adult life might 
slow disease progression."

57

“We report that a CR dietary regimen prevents Abeta peptides generation 
and neuritic plaque deposition in the brain of a mouse model of AD 
neuropathology … support existing epidemiological evidence indicating 
that caloric intake may influence risk for AD [Alzheimer’s Disease] 
and raises the possibility that CR may be used in preventative 
measures aimed at delaying the onset of AD amyloid neuropathology.”

58

Monkeys “the anti-Parkinson's disease effect of the low-calorie diet.” 59

Red squirrels “Recent studies from our laboratories and others suggest that calorie 
restriction (CR) may benefit Alzheimer's disease (AD) by preventing 
amyloid-beta (Abeta) neuropathology in the mouse models of AD….We 
found that 30% CR resulted in reduced contents of Abeta_{1-40} and 
Abeta_{1-42} peptides in the temporal cortex of Squirrel monkeys, 
relative to control (CON) fed monkeys.”

60

Hearing Rats “Results indicated that the 30%-caloric-restricted group maintained the 
most acute auditory sensitivities, the lowest quantity of mtDNA 
deletions, and the least amount of outer hair cell loss.”

61

Rhesus 
monkeys

So far, in the Wisconsin CR study, there is no benefit. “We found no 
significant effects of CR on any auditory parameters examined.”

62

Mammals “Calorie restriction…has been shown to attenuate [age-related hearing 
loss] and age-related cochlear degeneration and to lower quantity of 
mtDNA deletions in the cochlea of mammals.”

63

Toxin Rats “AL rats experienced 90% mortality while all of the DR rats, with the 
same amount of initial bioactivation-mediated liver injury, survived.”

64

Aging Mice "On one side, the calorie-restricted mice are jumping, and running 
around, and looking young," says Stephen Spindler, a biochemist who 
does such experiments at the University of California-Riverside. "On the 
other side, the litter mates look old. They're gray, and they have more 
balding. They move less. It makes me want to go on a diet."

65

Lens Mice “A significantly reduced proliferative capacity of LE cells is associated 
with increased age of mice and is delayed by long-term caloric restriction 
as measured in vitro and in vivo.”

66

Muscle Rhesus 
monkeys

Sarcopenia (degenerative muscle loss caused by aging processes) is 
greatly reduced by CR. “…caloric restriction (CR) retards several age-
dependent physiological and biochemical changes in skeletal muscle, 
including increased steady-state levels of oxidative damage to lipids, 
DNA, and proteins… Caloric restriction of rhesus monkeys lowers 
oxidative damage in skeletal muscle.” 

67

Rats “CR begun in late middle age can retard age-associated fiber loss and 
fiber-type changes as well as lower the number of skeletal muscle fibers 
exhibiting mitochondrial enzyme abnormalities. CR can also decrease the 
accumulation of deleted mitochondrial genomes.”

68

“…this study shows a loss of muscle function with age, and suggests that 69
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long-term calorie restriction is an effective intervention against the loss of 
muscle function with age.”
“Calorie restriction prevented [muscle] fiber loss with age” 70

CR => less decline in muscle with age 71

“The effect of mild lifelong dietary restriction (DR) on age-related 
changes was investigated in rats... DR-fed rats retained motor activity 
even in old age compared with ad libitum-fed rats. The [histological 
study] results suggest that even mild calorie restriction is enough to 
attenuate oxidative stress and age-related morphological changes in 
skeletal muscle.”

72

“We evaluated the hypothesis that long-term caloric restriction and 
exercise would have beneficial effects on muscle bioenergetics and 
performance in the rat. By themselves, each of these interventions is 
known to increase longevity…The combination of caloric restriction and 
exercise resulted in a significant attenuation in the decline in developed 
force during the second period of stimulation (P < 0.05)…Our 
experiments thus demonstrated a synergistic effect of long-term caloric 
restriction and free exercise on muscle bioenergetics during electrical 
stimulation.”

73

Heart Various An editorial summarizing the evidence states that “Caloric restriction has 
specific effects on the heart; it decreases the occurrence and severity of 
spontaneous age-related cardiomyopathy in rats, it improves diastolic 
function in old mice, it modifies the pattern of gene expression in the 
mouse heart, and it increases IGF-1 receptor density in the rat heart.”

74

Eye Rats Retina ganglion cells tend to die off with age. Moderate CR prevents 
about 25% of this loss.

75

“Caloric restriction in old animals is neuroprotective against damage in 
the retina following ischemia”

76

“Dietary caloric restriction (CR) is the only experimental intervention 
that can reliably retard the development of cataract in a normal 
animal model… These data are the first to suggest that CR may retard 
the age-related degeneration of the lens by attenuating the oxidative stress 
in the lens. Since oxidative stress is likely a main cause of human 
cataract, CR intervention may be relevant to humans as well.”

77

Immune 
system

“Overall, the immunological status of rodents fed a restricted diet is 
superior to the immunological status of the non-restricted animals.”

78

Reproductive 
System

Monkeys Preservation of ovarian function
Reduced incidence of endometriosis

79

Skin aging Rats In short, CR reduces aging of the skin. CR will make you LOOK 
younger, as well as feel younger and live longer. “Histomorphological 
changes resulting from intrinsic aging affected some of the studied 
variables in the rat skin, and these changes were delayed or prevented by 
CR.”

80

Human studies: evidence for and benefits of caloric restriction
Category Summary Finding R

ef
Fig

Lifespan Small people 
live longer

“Shorter stature and smaller body weight appear to promote better health 
and longevity in the absence of malnutrition and infectious diseases”

81 Figure 5

“Various studies indicate a loss of 0.47 year of longevity for each cm 
increment of height.”

82

“Men of height 175.3 cm or less lived an average of 4.95 years longer 
than those of height over 175.3 cm, while men of height 170.2 cm or less 
lived 7.46 years longer than those of at least 182.9 cm. An analysis by 
weight difference revealed a 7.72-year greater longevity for men of 
weight 63.6 kg or less compared with those of 90.9 kg or more.”

83

Small (both in height and weight) people live longer than large people - 
this may be why women live longer than men.

84

“The authors urge medical and scientific professionals to consider the 
many advantages of shorter stature in terms of health, social and 

85



environmental benefits.”
A nice, free summary of the data that smaller people live longer than 
taller people, and (within species) that smaller animals live longer too.

86

A meta-analysis of human studies. “Findings show absolute body size is 
negatively related to longevity and life expectancy and positively to 
mortality. Trend lines show an average age at death versus weight 
slope of -0.4 years/kg.” 
“…both excess lean body mass and fat mass may promote chronic 
disease.” 
1. My calculations: the results of this study are consistent with a “cost 
per calorie” of about 20 seconds. This is less than the ~40 seconds per 
calorie predicted by mouse studies, but the human studies are not 
controlled. My guess based on calculations: 31 seconds per calorie for 
humans
2. n.b. this effect seemed to be body SIZE dependent, so that a tall person 
who was thin (at say 180#) would have a lower life expectancy than a 
short medium-build (150#) person. But whether this is based on actual 
weight or on calorie intake was not clearly differentiated IMO. For the 
individual (you and me) the lesson is clear: we cannot grow shorter, so 
lose weight.

87

“Severe dietary restriction delays the physical development of rodents 
and leads to adult animals of reduced body size but significantly 
increased life expectancy…We calculated the mean height of young men 
liable to the military service around 1860 and determined their longevity 
retrospectively using posterior census data. This was done separately for 
all the Spanish provinces. The linear regression between both parameters 
manifests a statistically highly significant relationship: the smaller the 
mean height at age 18 in a province, the higher the chance for people 
living there to reach high chronological ages.”

88

Eating less => 
longer life

Okinawans typically eat 10-40% less calories for a given body frame than 
Americans because of a cultural practice called “hara hachi bu”, or eating 
until 80% full. They have a longer lifespan (81 yr vs. 77 yr for 
Americans) 
In 1990, the number of centenarians per 100,000 population: 
US = 15
Japan = 22
Okinawa = 134 
(Okinawans typically ate 1% less than other Japanese)

89

90

“… The most important conclusion is that a person can get a better 
appreciation of the importance of avoiding excess caloric intake if human 
age is measured in terms of lifetime caloric intake.”
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“For those who have the desire and self-discipline to adhere to such a 
lifestyle [caloric restriction, low fat, vegan-type diet], the prospects for 
staying lean, smart, spry, and healthy into a very ripe old age may be 
better than most would suspect."
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“Comparisons of diets and disease rates between Adventists and non-
Adventists, and prospective cohort studies among Adventists, have 
contributed greatly to our general understanding of nutrition and health. 
The most fundamental conclusion drawn from the Adventist Health 
Studies has been that maintaining a lean body weight throughout life 
is central for optimal health.”

“Commonly observed combinations of diet, exercise, body mass index, 
past smoking habits… can account for differences of up to 10 years of 
life expectancy among Adventists.”
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A study supposedly debunking CR points out that an average Japanese 
man has a lifespan of 77 yr; an average sumo wrestler has a lifespan of 56 
yr. They quote an estimated food intake of 2300 and 5500 calories/day, 
respectively. If this is a lifetime intake average, and if they are correct, 
then CR does not work as well in men as the animal models suggest – but 
it does work!
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Lower BMI A study of middle age women: mortality is lowest in those with BMI < 
19. “Lean women did not have excess mortality. The lowest mortality 
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=> low 
mortality

rate was observed among women who weighed at least 15 percent less 
than the U.S. average for women of similar age”

“The relative risks among the heaviest individuals for overall death, death 
caused by coronary heart disease (CHD), and death caused by 
cardiovascular disease (CVD) are 1.22, 1.57, and 1.48, respectively, 
when compared with the those within the lowest BMI category.”
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“Current evidence supports the notion that the body mass index 
associated with the lowest mortality falls within the range of 18.5 to 24.9 
in men and women between the ages of 30 and 74.”
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A study of Adventist men that controlled for confounding factors showed 
that “a positive, linear relation between BMI and all-cause mortality,” 
(i.e., the fat people died faster).
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A 5-year study of 85,078 physician men found that “among men who 
never smoked a linear relation [greater BMI=> increased mortality] was 
observed with no increase in mortality among leaner men (P for trend, 
<0.001). Among never smokers, in multivariate analyses adjusted for age, 
alcohol intake, and physical activity, the relative risks of all-cause 
mortality increased in a stepwise fashion with increasing BMI. 
Excluding the first 2 years of follow-up further strengthened the 
association (multivariate relative risks, from BMI<20 to 30 kg/m(2), were 
0.93, 1.00, 1.00, 1.16, 1.45, and 1.71 [P for trend, <0.001]). In all age 
strata (40-54, 55-69, and 70-84 years), never smokers with BMIs of 30 or 
greater had approximately a 70% increased risk of death compared with 
the referent group (BMI 22.5-24.9). Higher levels of BMI were also 
strongly related to increased risk of cardiovascular mortality, regardless 
of physical activity level (P for trend, <0.01). CONCLUSIONS: All-
cause and cardiovascular mortality was directly related to BMI among 
middle-aged and elderly men. Advancing age did not attenuate the 
increased risk of death associated with obesity. Lean men (BMI<20) did 
not have excess mortality, regardless of age.”
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Being overweight (BMI > 25 and < 30) or obese (BMI > 30) in middle 
age have recently been demonstrated to have an independent adverse 
effect on life span in the very large and long-term Framingham study. 
“Forty-year-old female nonsmokers lost 3.3 years and 40-year-old male 
nonsmokers lost 3.1 years of life expectancy because of overweight. 
Forty-year-old female nonsmokers lost 7.1 years and 40-year-old male 
nonsmokers lost 5.8 years because of obesity.” 
This decrement in lifespan is actually less than that predicted from 
induction from the caloric restriction studies in rodents. By my own 
calculations from the rodent model (40 seconds per calorie), being 
overweight starting at age 40 should result in a decrement of 6 yr of life, 
while being obese starting at age 40 should result in a decrement of 15 yr 
(approximately).
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A chart of weight percentiles vs. age is interesting to me: the 95th 

percentile drops dramatically after age 50 yr.: I think this is because 
obese people die young.
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“Participants were 17,643 men and women aged 31 through 64 years, 
recruited from Chicago-area companies or organizations and free of 
coronary heart disease (CHD), diabetes, or major electrocardiographic 
abnormalities at baseline. MAIN OUTCOME MEASURES: 
Hospitalization and mortality from CHD, cardiovascular disease, or 
diabetes, beginning at age 65 years. RESULTS: In multivariable 
analyses that included adjustment for systolic blood pressure and total 
cholesterol level, the odds ratio (95% confidence interval) for CHD 
death for obese participants compared with those of normal weight in 
the same risk category was 1.43 (0.33-6.25) for low risk and 2.07 (1.29-
3.31) for moderate risk; for CHD hospitalization, the corresponding 
results were 4.25 (1.57-11.5) for low risk and 2.04 (1.29-3.24) for 
moderate risk. Results were similar for other risk groups and for 
cardiovascular disease, but stronger for diabetes (eg, low risk: 11.0 
[2.21-54.5] for mortality and 7.84 [3.95-15.6] for hospitalization). 
CONCLUSION: For individuals with no cardiovascular risk factors as 
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well as for those with 1 or more risk factors, those who are obese in 
middle age have a higher risk of hospitalization and mortality from CHD, 
cardiovascular disease, and diabetes in older age than those who are 
normal weight.”
Even adolescents and young adults should be thin. Being overweight 
raises your risk of premature death by 66%; obesity nearly triples 
your risk: “OBJECTIVE: To examine the relation between adiposity in 
adolescence and premature death in women. DESIGN: Prospective 
cohort study… PARTICIPANTS: 102,400 women from the Nurses' 
Health Study II who were 24 to 44 years of age... MEASUREMENTS: In 
1989, current weight and height and recalled weight at age 18 years were 
assessed by using validated questionnaires, and body mass index (BMI) 
was calculated. Hazard ratios for death and 95% CIs were adjusted for 
potential confounders, including cigarette smoking, alcohol use, and 
physical activity during adolescence. RESULTS: During 12 years of 
follow-up, 710 participants died. Compared with a BMI of 18.5 to 21.9 
kg/m2 at age 18 years, the hazard ratio for premature death was … 1.18 
… for a BMI of 22.0 to 24.9 kg/m2, 1.66 …for a BMI of 25.0 to 29.9 
kg/m2, and 2.79 … for a BMI of 30 kg/m2 or greater. Among 
participants who never smoked, a BMI of 22.0 to 24.9 kg/m2 at age 18 
years was also associated with increased premature death (hazard ratio, 
1.50 …CONCLUSION: Moderately higher adiposity at age 18 years is 
associated with increased premature death in younger and middle-
aged U.S. women.”
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“Prospective cohort study within the Honolulu Heart Program/Honolulu 
Asia Aging Study. A total of 5820 Japanese American middle-aged men 
(mean age, 54 [range, 45-68] years) free of morbidity and functional 
impairments were followed for up to 40 years (1965-2005) to assess 
overall and exceptional survival. Exceptional survival was defined as 
survival to a specified age (75, 80, 85, or 90 years) without incidence of 6 
major chronic diseases and without physical and cognitive impairment. 
MAIN OUTCOME MEASURE: Overall survival and exceptional 
survival. RESULTS: Of 5820 original participants, 2451 participants 
(42%) survived to age 85 years and 655 participants (11%) met the 
criteria for exceptional survival to age 85 years. High grip strength and 
avoidance of overweight, hyperglycemia, hypertension, smoking, and 
excessive alcohol consumption were associated with both overall and 
exceptional survival. In addition, high education and avoidance of 
hypertriglyceridemia were associated with exceptional survival, and lack 
of a marital partner was associated with mortality before age 85 years. 
Risk factor models based on cumulative risk factors (survival risk score) 
suggest that the probability of survival to oldest age is as high as 69% 
with no risk factors and as low as 22% with 6 or more risk factors. The 
probability of exceptional survival to age 85 years was 55% with no 
risk factors but decreased to 9% with 6 or more risk factors.”
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Weight loss 
by adults => 
lesser 
mortality risk

“6391 overweight and obese persons (body mass index > or = 25 kg/m2) 
who were at least 35 years of age… followed for 9 years. Hazard rate 
ratios (HRRs) were adjusted for age, sex, ethnicity, education, smoking, 
health status, health care utilization, and initial body mass index. … those 
reporting intentional weight loss had a 24% lower mortality rate (HRR, 
0.76 [95% CI, 0.60 to 0.97]).” (note: just trying to lose weight, even if 
unsuccessful, also led to a somewhat lower mortality rate).
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Lower weight 
at age 21 => 
longevity

“a higher weight at age 21 was associated with increased odds of dying 
before age 90 (OR=1.04 per 5 lb increase, p < 0.0001)… Low weight 
during early adulthood as well as physical exercise well into adulthood 
are related to an increased chance of survival to age 90.”
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Ageing 
accelerated in 
the obese

“This report will focus on the potential cause-effect relationship between 
increased fat mass and accelerated ageing. In humans, increased fat mass 
(obesity), and in particular increases in abdominal obesity as a result of 
deposition of visceral fat, are associated with the metabolic syndrome of 
ageing.”
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Can people be 
too thin?

Down to a 
very low BMI, 

If you simply look at a table of life expectancy vs. obesity, it appears that 
there is a decrease for both obesity and excessive thinness. This has led to 
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No! the false thought that it is harmful to be "too thin". In fact, the thin people 
included in these charts are often smokers or those with chronic disease.

From a 1987 careful literature methods review in JAMA, “Conflicting 
results have been reported concerning the association between body 
weight and longevity. The shape of the curve relating weight to all-cause 
mortality has been variously described as linear, J-shaped, and even U-
shaped. To assess the validity of the evidence for optimal weight 
recommendations, we examined the 25 major prospective studies on the 
subject. Each study had at least one of three major biases: failure to 
control for cigarette smoking, inappropriate control of biologic effects of 
obesity, such as hypertension and hyperglycemia, and failure to control 
for weight loss due to subclinical disease. The presence of these biases 
leads to a systematic underestimate of the impact of obesity on premature 
mortality. Although these biases preclude a valid assessment of optimal 
weight from existing data, available evidence suggests that minimum 
mortality occurs at relative weights at least 10% below the US average.” 
[Note: this was 10% below the 1987 average, which was significantly 
below the current average BMI]
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Available well-researched and well-analyzed epidemiology shows that 
mortality (among nonsmokers without preexisting medical conditions) 
is lowest in people with the lowest BMI.
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A large, 5 year FU study found: “We analyzed the association between 
body mass index (BMI) and both all-cause and cause-specific mortality 
among 85,078 men aged 40 to 84 years from the Physicians' Health Study 
enrollment cohort. … Among never smokers, in multivariate analyses 
adjusted for age, alcohol intake, and physical activity, the relative risks of 
all-cause mortality increased in a stepwise fashion with increasing 
BMI… Higher levels of BMI were also strongly related to increased risk 
of cardiovascular mortality, regardless of physical activity level (P for 
trend, <0.01). CONCLUSIONS: All-cause and cardiovascular mortality 
was directly related to BMI among middle-aged and elderly men. 
Advancing age did not attenuate the increased risk of death associated 
with obesity. Lean men (BMI<20) did not have excess mortality, 
regardless of age.”

113

“Average-adulthood BMI appears to be an appropriate predictor of 
mortality risk…. Among non-elderly persons, being leaner meant a 
lower mortality risk, down to the lowest category of leanness in the 
study-<20 kg/m”
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“The re-analysis confirms the findings of a positive, linear relation 
between BMI and all-cause mortality, reported in the original study.”
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“In a 12-year prospective study, the authors examined the relation 
between body mass index (BMI) and mortality among the 20,346 middle-
aged (25-54 years) and older (55-84 years) non-Hispanic white cohort 
members of the Adventist Health Study (California, 1976-1988) who had 
never smoked cigarettes and had no history of coronary heart disease, 
cancer, or stroke. … the authors found a direct positive relation between 
BMI and all-cause mortality among middle-aged men (minimum risk 
at BMI (kg/m2) 15-22.3, older men (minimum risk at BMI 13.5-22.3), 
middle-aged women (minimum risk at BMI 13.9-20.6), and older 
women who had undergone postmenopausal hormone replacement 
(minimum risk at BMI 13.4-20.6). Among older women who had not 
undergone postmenopausal hormone replacement, the authors found a J-
shaped relation (minimum risk at BMI 20.7-27.4) in which BMI <20.7 
was associated with a twofold increase in mortality risk (hazard ratio 
(HR) = 2.2, 95% confidence interval (CI) 1.3, 3.5) that was primarily due 
to cardiovascular and respiratory disease. These findings not only identify 
adiposity as a risk factor among adults, but also raise the possibility that 
very lean older women can experience an increased mortality risk that 
may be due to their lower levels of adipose tissue-derived estrogen.”
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A huge study of anorectics found that “Long-term survival of Rochester 
patients with anorexia nervosa did not differ from that expected. This 
finding suggests that overall mortality was not increased among the 
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spectrum of cases representative of the community.” A close look at the 
data shows that the death rate was only 71% of the expected rate, and of 
these deaths nearly half were from alcohol or suicide: I infer that this 
supports the life-extending effects of CR, although presumably these 
patients did not get optimal nutrition and were anorectic for cosmetic 
reasons.
A 20-year, national prospective study found that “Average-adulthood 
BMI appears to be an appropriate predictor of mortality risk, provided 
baseline BMI is used as a covariate. Among non-elderly persons, being 
leaner meant a lower mortality risk, down to the lowest category of 
leanness in the study: [BMI < 20].”
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From a study of “115,195 U.S. women enrolled in the prospective Nurses' 
Health Study”: “the relative risks of death from all causes for increasing 
categories of body-mass index were as follows: body-mass index < 19.0 
(the reference category), relative risk = 1.0; 19.0 to 21.9, relative risk = 
1.2; 22.0 to 24.9, relative risk = 1.2; 25.0 to 26.9, relative risk = 1.3; 27.0 
to 28.9, relative risk = 1.6; 29.0 to 31.9, relative risk = 2.1; and > or = 
32.0, relative risk = 2.2 (P for trend < 0.001). Among women with a 
body-mass index of 32.0 or higher who had never smoked, the relative 
risk of death from cardiovascular disease was 4.1 (95 percent 
confidence interval, 2.1 to 7.7), and that of death from cancer was 2.1 (95 
percent confidence interval, 1.4 to 3.2), as compared with the risk among 
women with a body-mass index below 19.0. A weight gain of 10 kg (22 
lb) or more since the age of 18 was associated with increased mortality in 
middle adulthood. CONCLUSIONS. Body weight and mortality from all 
causes were directly related among these middle-aged women. Lean 
women did not have excess mortality. The lowest mortality rate was 
observed among women who weighed at least 15 percent less than the 
U.S. average for women of similar age and among those whose weight 
had been stable since early adulthood.”
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Data from the most powerful epidemiology in the world today, based on 
cohort size, uniformity of socioeconomic status, funding, duration, 
quantity & quality of data collection, the “Ten-year follow-up (1986-
1996) of middle-aged women in the Nurses' Health Study and men in the 
Health Professionals Follow-up Study” showed that “The risk of 
developing diabetes, gallstones, hypertension, heart disease, and stroke 
increased with severity of overweight among both women and men… the 
dose-response relationship between BMI and the risk of developing 
chronic diseases was evident even among adults in the upper half of the 
healthy weight range (ie, BMI of 22.0-24.9), suggesting that adults 
should try to maintain a BMI between 18.5 and 21.9 to minimize their 
risk of disease.”

120

“To establish a practical weight management program for mariners in the 
Japan Maritime Self-Defense Force (JMSDF) Fleet Escort Force, the 
relationship between morbidity and body mass index (BMI) was studied. 
To estimate morbidity, 10 medical problems were used as indices 
(hyperlipidemia, hyperuricemia, diabetes mellitus, lung disease, heart 
disease, upper gastrointestinal tract disease, hypertension, renal disease, 
liver disease, and anemia). A curvilinear relationship was found 
between morbidity and BMI, in which a BMI of 17.5 was associated 
with the lowest morbidity…aiming for a BMI of 17.5 will help in the 
design and implementation of a practical management program for 
health promotion in the JMSDF.”
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Mental 
function

Alzheimer’s 
prevention

“… it would seem prudent (based on existing data) to recommend DR 
as widely applicable preventative approach for age-related disorders 
including neurodegenerative disorders.” (DR = diet restriction)
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“Higher intake of calories and fats may be associated with higher risk 
of AD in individuals carrying the apolipoprotein E epsilon4 allele.” (AD 
= Alzheimer’s disease; Hazard ratio for highest quartile = 2.3)
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A large, population/country-based review considering many 
factors finds that “The primary findings are that fat and total 
caloric supply have the highest correlations with Alzheimer’s 
disease prevalence rates (r2 = 0.932 and 0.880, respectively).”
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Alzheimer’s disease: Greatly reduced risk with low BMI. “During the 
18-year follow-up …, 93 participants were diagnosed as having dementia. 
Women who developed dementia between ages 79 and 88 years were 
overweight, with a higher average BMI at age 70 years (27.7 vs 25.7; P 
=.007), 75 years (27.9 vs 25.0; P<.001), and 79 years (26.9 vs 25.1; P 
=.02) compared with nondemented women. … For every 1.0 increase in 
BMI at age 70 years, [Alzheimer’s Disease] risk increased by 36%.”
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“SETTING: Kaiser Permanente Northern California ... PARTICIPANTS: 
10,276 men and women who underwent detailed health evaluations from 
1964 to 1973 when they were aged 40-45 and who were still members of 
the health plan in 1994. MAIN OUTCOME MEASURES: Diagnosis of 
dementia from January 1994 to April 2003. Time to diagnosis was 
analysed with Cox proportional hazard models adjusted for age, sex, race, 
education, smoking, alcohol use, marital status, diabetes, hypertension, 
hyperlipidaemia, stroke, and ischaemic heart disease. RESULTS: 
Dementia was diagnosed in 713 (6.9%) participants. Obese people (body 
mass index > or = 30) had a 74% increased risk of dementia (hazard 
ratio 1.74, 95% confidence interval 1.34 to 2.26), while overweight 
people (body mass index 25.0-29.9) had a 35% greater risk of 
dementia (1.35, 1.14 to 1.60) compared with those of normal weight 
(body mass index 18.6-24.9). Compared with those in the lowest fifth, 
men and women in the highest fifth of the distribution of subscapular or 
tricep skinfold thickness had a 72% and 59% greater risk of dementia, 
respectively (1.72, 1.36 to 2.18, and 1.59, 1.24 to 2.04). 
CONCLUSIONS: Obesity in middle age increases the risk of future 
dementia independently of comorbid conditions.”
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Reduced risk 
of Alzheimer 
and Parkinson 
disease

“Epidemiologic findings suggest that high-calorie diets and folic acid 
deficiency increase the risk for Alzheimer disease and Parkinson disease”
"The emerging epidemiologic and experimental data described earlier, 
together with the fact that dietary restriction consistently increases life 
span in all mammals studied to date, provide a strong rationale for future 
studies in humans to determine whether dietary restriction will reduce the 
risk for age-related neurodegenerative disorders. Dietary restriction may 
not only benefit obese persons (body mass index > 25 kg/m2); it may also 
reduce the risk for disease in persons whose body weights are within the 
"normal" range (body mass index between 20 and 25 kg/m2)."
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Report of a study of 1449 patients by  M. Kivipelto: obesity, HTN and 
high cholesterol (when tested at age 50) each double the risk of AD 
occurring 21 years later.
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Reduced loss 
of brain tissue

Eat more, lose your brain. “Multivariate analyses showed that age and 
BMI were the only significant predictors of temporal [lobe] atrophy. Risk 
of temporal atrophy increased 13 to 16% per 1.0-kg/m(2) increase in BMI 
(p < 0.05).”
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Eat more, lose your brain. “7402 apparently healthy men aged 47 to 55 
at baseline were followed-up over a 28-year period…A total of 873 first 
strokes were recorded, including 495 ischemic, 144 hemorrhagic, and 234 
unspecified strokes. Compared with men with low normal weight (BMI, 
20.0 to 22.49 kg/m(2)), men with BMI >30.0 kg/m(2) had a multiple 
adjusted hazard ratio of 1.93 (95% CI, 1.44 to 2.58) for total stroke, 1.78 
(95% CI, 1.22 to 2.60) for ischemic stroke, and 3.91 (95% CI, 2.10 to 
7.27) for unspecified stroke… The result supports the role of mid-life 
BMI as a risk factor for stroke later in life and suggests a differentiated 
effect on stroke subtypes.”
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Reduced 
cognitive 
decline

“… subjects with a BMI greater or equal than 23 kg/m(2) had 3.6 times 
lower chance of presenting a decline in the subsequent 5 y … BMI 
ranging between 23 and 27 was associated with a significantly decreased 
risk of [instrumental activities of daily living] disability [compared to 
BMI > 27] (OR=0.31, 95% CI 0.10-0.93) in multivariate analyses. 
CONCLUSION: In apparently healthy elderly people a BMI ranging 
between 23 and 27 is associated with lower risks of functional and 
cognitive declines in the subsequent 5 y.”
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“In this prospective cohort study, we analyzed data from 2,223 healthy 
workers aged 32 to 62 years at baseline. Medical, psychosocial, and 
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environmental data were collected in 1996 and in 2001. We tested 
cognitive functions at baseline and at follow-up with word-list learning 
(four recalls), a Digit-Symbol Substitution Test, and a selective attention 
test. RESULTS: Cross-sectionally, a higher BMI was associated with 
lower cognitive scores after adjustment for age, sex, educational level, 
blood pressure, diabetes, and other psychosocial covariables. A higher 
BMI at baseline was also associated with a higher cognitive decline at 
follow-up, after adjustment for the above-cited confounding factors. 
This association was significant for word-list learning. For the changes in 
scores at word-list learning (delayed recall), regression coefficients were 
-0.008 +/- 0.13, -0.09 +/- 0.13, -0.17 +/- 0.14, and -0.35 +/- 0.14 (p for 
trend < 0.001) for the second, third, fourth, and fifth quintiles of BMI at 
baseline when compared with the first quintile.”
(Framingham study) “The adverse effects of obesity and hypertension 
in men are independent and cumulative with respect to cognitive 
deficit.”
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(Review) “Dietary restriction (reduced calorie intake with nutritional 
maintenance) can extend lifespan and may increase the resistance of 
the nervous system to age-related diseases including 
neurodegenerative disorders.”
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Reduced risk 
of multiple 
sclerosis

“The relation between nutritional factors and MS was studied among 197 
incident cases and 202 frequency matched controls in metropolitan 
Montreal during 1992-1995. … An inverse association was observed 
between high body mass index (BMI) and the risk of MS, with an odds 
ratio (OR) of 0.76 (95% confidence interval [CI]: 0.61-0.95), per 5-unit 
increase in BMI, both sexes combined. … The study generally supports a 
protective role for components commonly found in plants 
(fruit/vegetables and grains) and an increased risk with high energy and 
animal food intake.”
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Reduced risk 
of Parkinson 
Disease

“…rates of [Parkinson Disease] were lowest in the bottom quartile of 
BMI”
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Reduced risk 
of stroke

“There was a positive association across the whole range of BMI and 
ischemic stroke, with a confounder-adjusted hazard of 11% … for 1 
kg/m2 higher BMI.” In other words, your risk of stroke goes up 11% for 
each unit higher BMI!
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“This prospective study explored risk factors for stroke in subjects with 
normal BP. METHODS: A total of 11,228 men and 17,174 women, 45 to 
73 years old, were examined in a population-based cohort study… Cox-
regression analysis, age (per 1 year; relative risk [RR], 1.12), current 
smoking (RR, 3.21), BMI (per SD; RR, 1.39), high-normal diastolic BP 
(RR, 2.35), history of CHD (RR, 4.92), and gastric ulcer (RR, 2.21) 
remained significantly associated with incidence of stroke.”
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“During 10.4 years of follow-up, 132 persons developed [ischemic 
stroke]. Hazard ratios of subjects with 1 to 2 and > or =3 [metabolic 
syndrome] component disorders were … 3.16 and 5.15, respectively, 
under the 2005 definition [of metabolic syndrome] (all P values <0.05).”
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Reduced risk 
of disease 
with low BMI

Arthritis, diabetes, hypertension, and other diseases have reduced risk in 
men and women with lower BMIs. Figure 

8 

“Overall, 37 of 41 conditions examined for women and 29 of 41 
conditions examined for men were associated with increased levels of 
BMI (trend p <0.05 for all models). For women and men, respectively, 
the highest ORs comparing obese II/III to normal weight were 
diabetes (OR=12.5 and 8.3), knee replacement (OR=11.7 and 6.1), and 
hypertension (OR=5.4 and 5.6). Obesity also increased the odds of 
several rare diseases such as pancreatitis (OR=1.9 and 1.5) and health 
complaints such as chronic fatigue (OR=3.7 and 3.5) and insomnia 
(OR=3.5 and 3.1).”
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A 10-year study of men and women suggested “that adults should try to 
maintain a BMI between 18.5 and 21.9 to minimize their risk of 
disease.”
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Diabetes Reduced risk of diabetes: “91% of type 2 diabetes is attributable to 
lifestyle, primarily to being overweight”

142

Low waist circumference also reduces risk. I think of it this way: if your 
higher BMI is due to muscle, you are less likely to get DM than someone 
with a high BMI from fat. “Age-adjusted relative risks (RRs) across 
quintiles of WC were 1.0, 2.0, 2.7, 5.0, and 12.0; … those of BMI were 
1.0, 1.1, 1.8, 2.9, and 7.9”
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Atopic 
dermatitis

Atopic dermatitis: “The change in the inflammatory intensity score and 
the change in BMI caused by energy restriction showed a significant 
positive correlation. The change in oxidative DNA damage levels and the 
change in BMI showed a positive correlation. These results clarify the 
relationship between weight loss and the improvement of [atopic 
dermatitis]. It may be hypothesized that this low-energy diet which 
included several additional nutrients has a possibility to reduce 
inflammatory symptoms of patients with [atopic dermatitis].”
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Atopy 
markers

“The frequency of specific IgE in the obese group was almost 3 times that 
in the nonobese group (P = 0.008).”
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Macula 
degeneration

Reduced risk of macula degeneration (AMD), perhaps the most common 
cause of blindness in old people This study also found that hypertension 
and smoking are associated with AMD.
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Cataract Reduced rate of cataract: “Obesity increases the risk of developing 
cataract overall, and of PSC cataract in particular” [relative risk for PSC 
cataract = 1.68]
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High 
intraocular 
pressure

“Two thousand nine hundred eighty-seven Japanese male aircraft crew 
members underwent IOP measurement by Goldmann apparatus and 
received physical and complete ophthalmologic examinations every year 
for 10 years… The trend of IOP was significantly positively associated 
with the trends of systemic factors: body mass index (BMI) (B = 
0.117/0.119), blood pressure (systolic) (B = 0.020/0.020), and hematocrit 
(B = 0.057/0.045)...”
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Renal damage Reduced age-related kidney damage 150

Cancer Reduction in cancer incidence, directly proportional to weight, including 
at least the following cancers: prostate,151 colon, breast, endometrium, 
kidney, esophagus152
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A LARGE long-term study reported in the NEJM showed that “In both 
men and women, body-mass index was also significantly associated with 
higher rates of death due to cancer of the esophagus, colon and rectum, 
liver, gallbladder, pancreas, and kidney; the same was true for death due 
to non-Hodgkin's lymphoma and multiple myeloma. Significant trends of 
increasing risk with higher body-mass-index values were observed for 
death from cancers of the stomach and prostate in men and for death from 
cancers of the breast, uterus, cervix, and ovary in women. On the basis of 
associations observed in this study, we estimate that current patterns of 
overweight and obesity in the United States could account for 14 percent 
of all deaths from cancer in men and 20 percent of those in women.”

154

“In women, after adjustment for potential confounders, the RR of all 
cancers associated with different BMI, relative to a BMI of 18.5-24.9, 
were 1.04 (95% CI = 0.85-1.27) for BMI = 25.0-27.4, 1.29 (1.00-1.68) 
for BMI = 27.5-29.9 and 1.47 (1.06-2.05) for BMI >/=30.0 (p for trend = 
0.007).” n.b., there was not so great an effect in men.

155

“…a low body weight and high level of physical activity, has been more 
convincingly related to lower cancer rates.”

156

“The effect of body mass index (BMI, kg/m2) on overall cancer risk and 
on risk of developing several common cancer types was examined in a 
population-based cohort study. .. 35,362 women and 33,424 men 
recruited in the Northern Sweden Health and Disease Cohort between 
1985 and 2003. .. Women with BMI > 27.1 (top quartile) had a 29% 
higher risk of developing any malignancy compared to women with 
BMI of 18.5-22.2 (lowest quartile), which increased to 47% in analysis 
limited to nonsmokers. ..obese women (BMI 30) had a 36% higher 
risk of cancer than women with BMI in the normal range (18.5-25). 
Individual cancer sites most strongly related to obesity were 
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endometrium (risk for top quartile = 3.53, 95% confidence interval 1.86-
7.43), ovary (2.09, 1.13-4.13) and colon (2.05, 1.04-4.41). BMI was 
inversely related to breast cancer occurring before age 49 (0.58, 0.29-
1.11, ptrend < 0.04). In men, there was no association of BMI with overall 
cancer risk. Obese men (BMI 30), however, were at increased risk of 
developing kidney cancer (3.63, 1.23-10.7) and, after exclusion of cases 
diagnosed within 1 year of recruitment, colon cancer (1.77, 1.04-2.95). 
Our study provides further evidence that BMI is positively associated 
with cancer risk.”

Kidney cancer “We examined the health records of 363,992 Swedish men who 
underwent at least one physical examination from 1971 to 1992 and were 
followed until death or the end of 1995… RESULTS: As compared with 
men in the lowest three eighths of the cohort for body-mass index, men in 
the middle three eighths had a 30 to 60 percent greater risk of renal-cell 
cancer, and men in the highest two eighths had nearly double the risk (P 
for trend, <0.001). There was also a direct association between higher 
blood pressures and a higher risk of renal-cell cancer (P for trend, <0.001 
for diastolic pressure; P for trend, 0.007 for systolic pressure).”
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“The authors conducted a population-based case-control study of 810 
cases with histologically confirmed incident kidney cancer and 3,106 
controls to assess the effect of obesity, energy intake, and recreational 
physical activity on renal cell and non-renal cell cancer risk in Canada 
from 1994 to 1997. Compared with normal body mass index (BMI; 
18.5 to <25.0 kg/m(2)), obesity (BMI, >/=30.0 kg/m(2)) was associated 
with multivariable-adjusted odds ratios (OR) and 95% confidence 
intervals (95% CI) of 2.57 … for renal cell cancer and 2.79 … for non-
renal cell cancer.” N.b., physical activity had no effect.

159

Prostate 
cancer

“…observations suggest that obesity may be a risk factor for prostate 
cancer… studies have more conclusively shown that obesity is associated 
with prostate cancer mortality… studies have found that in men who 
underwent radical prostatectomy for localized prostate cancer, a higher 
BMI was associated with higher-grade tumors [12,13] and nonorgan-
confined disease [14]. These studies suggest that although obesity may 
not make it more likely for one to develop prostate cancer, it may 
make it more likely that one develops a higher-grade, more lethal 
prostate cancer.”

160

“We examined body mass index (BMI) and weight change in relation to 
incident prostate cancer by disease stage and grade at diagnosis among 
69,991 men in the Cancer Prevention Study II Nutrition Cohort. 
Participants provided information on height and weight in 1982, and 
again at enrollment in 1992. During follow-up through June 30, 2003 
(excluding the first 2 years of follow-up), we documented 5,252 incident 
prostate cancers... BMI was inversely associated with risk of 
nonmetastatic low-grade prostate cancer (RR, 0.84; 95% CI, 0.66-1.06), 
but BMI was positively associated with risk of nonmetastatic high-
grade prostate cancer (RR, 1.22; 95% CI, 0.96-1.55) and risk of 
metastatic or fatal prostate cancer (RR, 1.54; 95% CI, 1.06-2.23). 
Compared with weight maintenance, men who lost >11 pounds between 
1982 and 1992 were at a decreased risk of nonmetastatic high-grade 
prostate cancer (RR, 0.58; 95% CI, 0.42-0.79).CONCLUSION: Obesity 
increases the risk of more aggressive prostate cancer and may decrease 
either the occurrence or the likelihood of diagnosis of less-aggressive 
tumors. Men who lose weight may reduce their risk of prostate cancer.”
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Indirect evidence: tall men get more prostate cancer. Since tall people 
tend to weigh more and eat more, this could be interpreted as a weak 
proxy for “increased calories => increased prostate cancer”.
“29,119 Finnish male smokers 50 to 69 years old had height and weight 
measured by trained personnel, provided information on demographic, 
smoking, medical, and other characteristics, and completed an extensive 
diet history questionnaire. A total of 1,346 incident prostate cancer cases 
were identified during a follow-up period of up to 17.4 years (median, 
14.1 years). In age-adjusted Cox proportional hazards models, the hazard 
ratios and 95% confidence intervals for prostate cancer according to 
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increasing quintiles of height [<or=168, 169-171, 172-175, 176-178, and 
>178 cm] were 1.00 (reference), 1.11 (0.93-1.32), 1.11 (0.95-1.31), 1.30 
(1.01-1.55), and 1.14 (0.96-1.35); P(trend) = 0.04. In analyses stratified 
by disease stage (available for 916 cases), a strong dose-response 
relationship was observed between greater height and advanced, but 
not earlier-stage, disease [tumor-node-metastasis stage III-IV, hazard 
ratio and 95% confidence interval for increasing quintiles of height: 
1.77 (1.18-2.65), 1.82 (1.25-2.65), 1.93 (1.29-2.90), and 2.02 (1.37-2.97); 
P(trend) = 0.0008, P(interaction) = 0.002]. Our study provides additional 
evidence that increased height is a risk factor for prostate cancer and 
suggests that taller men are particularly susceptible to advanced disease.”

Pancreas 
cancer

A very large case-control study found a 2-fold increase in pancreas 
cancer in those in the top quartile of BMI vs. those in the bottom quartile.

163

Breast cancer An epidemiologic study of anorectic women found that “Compared with 
the Swedish general population, women hospitalized for anorexia nervosa 
prior to age 40 years had a 53% … lower incidence of breast cancer; … 
Severe caloric restriction in humans may confer protection from 
invasive breast cancer.”

164

Colon cancer “Body mass index (BMI) at baseline and 20 y of age (B-BMI and 20-
BMI, respectively) were calculated… Women with B-BMI >/=28 … had 
a relative risk (RR) of 3.41 … compared with those with BMI of 20-
<22… 20-BMI also presented the same trend of increasing risk as B-
BMI. Women with 20-BMI of <22 and B-BMI of >26…, that is, 
excessive BMI gain, had a high RR of 3.41 … compared with those with 
20-BMI of <22 and B-BMI of <22”

165

“A BMI >/=30 led to a 50% increased risk… of colon cancer among 
middle-aged (30-54 y) and a 2.4-fold increased risk … among older (55-
79 y) adults.”

166

“Large prospective studies show a significant association with obesity for 
several cancers, and the International Agency for Research on Cancer has 
classified the evidence of a causal link as 'sufficient' for cancers of the 
colon, female breast (postmenopausal), endometrium, kidney (renal cell), 
and esophagus (adenocarcinoma). These data, and the rising worldwide 
trend in obesity, suggest that overeating may be the largest avoidable 
cause of cancer in nonsmokers… we estimate that overweight and obesity 
now account for one in seven of cancer deaths in men and one in five in 
women in the US.”

167

Reduced risk of uterine & breast cancer. This large study of Swedish 
twins found that low BMI was associated with less of these two cancers; 
low BMI did not appear to help prevent prostate cancer.

168

Reduced risk of rectal cancer. “Men and women with lifetime maximum 
[BMI > 30] had [an odds ratio] of 1.70 … Our study provides evidence 
that physical inactivity, high energy intake and obesity are associated 
with the risk of rectal cancer, and there is a probable synergic effect 
among the 3 risk factors.” 
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In essence, the more you eat the higher your risk. The relative risk in 
men “of colon cancer per unit increase in BMI was 1.04” (4% increase 
per unit BMI). “The risk of colon cancer increased with increasing BMI 
in men, and the risk of gallbladder cancer increased with increasing BMI 
in women. In both sexes, the risk of colon cancer increased with 
increasing height.”

170

“We used multivariable adjusted Cox proportional hazards models to 
examine the association between anthropometric measures and risks of 
colon and rectal cancer among 368 277 men and women who were free of 
cancer at baseline from nine countries of the European Prospective 
Investigation Into Cancer and Nutrition. All statistical tests were two-
sided. RESULTS: During 6.1 years of follow-up, we identified 984 and 
586 patients with colon and rectal cancer…Waist circumference and 
[waist-to-hip ratio], indicators of abdominal obesity, were strongly 
associated with colon cancer risk in men and women in this population.”

171

Non-Hodgkin 
lymphoma

“In a multivariable model to predict risk of diffuse NHL, BMI (OR = 
2.15 for 35+ versus <25 kg/m2; 95% CI 1.09-4.25) and height (OR = 
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1.63 for 71+ versus <65 inches; 95% CI 0.75-3.57) were positively 
associated with risk”

Stroke “This was a prospective cohort study among 39 053 women participating 
in the Women's Health Study… BMI was a strong risk factor for total and 
ischemic stroke but not for hemorrhagic stroke. The association was 
highly mediated by hypertension, diabetes, and elevated cholesterol.”

173

Heart disease Low BMI in childhood => reduced risk of heart disease in subsequent 
adult life. “All-cause and cardiovascular mortality were associated with 
higher childhood BMIs. Compared with those with BMIs between the 
25th and 49th centiles, the hazard ratio (95% CI) for all-cause mortality 
in those above the 75th BMI centile for their age and sex was 1.5 (1.1, 
2.2) and for ischemic heart disease it was 2.0 (1.0, 3.9).”

174

“High BMI contributed independently and significantly to incident 
[coronary heart disease]”

175

Obesity and overweight increase risk of death, even above and beyond 
their effects on known cardiac risk factors (cholesterol & HTN). In a 
2006 JAMA study, “17,643 men and women aged 31 through 64 years… 
free of coronary heart disease (CHD), diabetes, or major 
electrocardiographic abnormalities at baseline. MAIN OUTCOME 
MEASURES: Hospitalization and mortality from CHD, cardiovascular 
disease, or diabetes, beginning at age 65 years. RESULTS: In 
multivariable analyses that included adjustment for systolic blood 
pressure and total cholesterol level, the odds ratio (95% confidence 
interval) for CHD death for obese participants compared with those of 
normal weight in the same risk category was 1.43 (0.33-6.25) for low risk 
and 2.07 (1.29-3.31) for moderate risk; for CHD hospitalization, the 
corresponding results were 4.25 (1.57-11.5) for low risk and 2.04 (1.29-
3.24) for moderate risk. Results were similar for other risk groups and for 
cardiovascular disease, but stronger for diabetes (eg, low risk: 11.0 [2.21-
54.5] for mortality and 7.84 [3.95-15.6] for hospitalization). 
CONCLUSION: For individuals with no cardiovascular risk factors as 
well as for those with 1 or more risk factors, those who are obese in 
middle age have a higher risk of hospitalization and mortality from 
CHD, cardiovascular disease, and diabetes in older age than those who 
are normal weight.”

176
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“Doppler echocardiography has established the pattern of aging-
associated DF [Diastolic Function] impairment, whereas little change is 
observed in systolic function (SF). METHODS: Diastolic function was 
assessed in 25 subjects (age 53 +/- 12 years) practicing CR for 6.5 +/- 4.6 
years and 25 age- and gender-matched control subjects consuming 
Western diets. Diastolic function was quantified by transmitral flow, 
Doppler tissue imaging, and model-based image processing (MBIP) of E 
waves. C-reactive protein (CRP), tumor necrosis factor-alpha (TNF-
alpha), and transforming growth factor-beta(1) (TGF-beta(1)) were also 
measured. RESULTS: No difference in SF was observed between groups; 
however, standard transmitral Doppler flow DF indexes of the CR 
group were similar to those of younger individuals, and MBIP-based, 
flow-derived DF indexes, reflecting chamber viscoelasticity and stiffness, 
were significantly lower than in control subjects. Blood pressure, serum 
CRP, TNF-alpha, and TGF-beta(1) levels were significantly lower in the 
CR group (102 +/- 10/61 +/- 7 mm Hg, 0.3 +/- 0.3 mg/l, 0.8 +/- 0.5 
pg/ml, 29.4 +/- 6.9 ng/ml, respectively) compared with the Western diet 
group (131 +/- 11/83 +/- 6 mm Hg, 1.9 +/- 2.8 mg/l, 1.5 +/- 1.0 pg/ml, 
35.4 +/- 7.1 ng/ml, respectively). CONCLUSIONS: Caloric restriction 
has cardiac-specific effects that ameliorate aging-associated changes in 
DF.”

178

Even in healthy middle-age people, being overweight increases 
progression of coronary artery calcification (CAC). “Among 329 
participants (74.3%) in the lower-risk group, waist circumference 
(P=0.024), waist-to-hip ratio (P<0.001), body mass index (P=0.036), and 
being overweight compared with being underweight or of normal weight 
(P=0.008) were each significantly positively associated with progression 
of CAC.”
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A large waist combined with elevated triglycerides => 3.2-fold increase 
in fatal cardiovascular events.

180

“Body fatness is a better predictor of CVD risk factor profile than aerobic 
fitness in healthy men.”

181

“New-onset postoperative atrial fibrillation (AF) is a common 
complication of cardiac surgery that has substantial effects on outcomes. 
In the general (nonsurgical) adult population, AF has been linked to 
increasing obesity, which correlates with left atrial enlargement. …
Covariate-adjusted ORs for AF were systematically greater for larger 
patients than for patients in the normal group (adjusted OR [95% 
CI]=1.18 [1.00 to 1.40], 1.36 [1.14 to 1.63], 1.69 [1.35 to 2.11], and 2.39 
[1.81 to 3.17] for overweight, obese I, obese II, and obese III, 
respectively)... CONCLUSIONS: Obesity is an important determinant of 
new-onset AF after cardiac surgery.”

182

An increase in BMI of 3 in middle age => increase in heart disease risk 
score. 
“The purpose of the study is to examine the association between 
longitudinal change in body mass index (BMI) and change in coronary 
heart disease (CHD) risk score by using the Framingham risk score 
equation. …We observed a significant association between BMI change 
and risk score change in all baseline age groups. … A BMI increase of 3 
kg/m(2) in subjects aged 40 to 49 years was associated with risk score 
increases of 0.45 points (95% confidence interval [CI], 0.29-0.62) in 
men and 0.66 points (95% CI, 0.52-0.80) in women.”

A Framingham risk score calculator is available on the web at this site:

183
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WAIST SIZE MATTERS TOO. What determines waist size within a 
given BMI? Probably where the mass is: if it is in fat, it will settle in your 
abdomen; if in muscle, it will be on your limbs. Thus, in this study, waist 
size may simply be a surrogate for lack of exercise. “The authors 
conducted a cohort study among 101,765 adult members of Kaiser 
Permanente of Northern California who underwent multiphasic health 
checkups between 1965 and 1970. After a median of 12 years and 
adjustment for age, race, body mass index (BMI), educational level, 
smoking, alcohol consumption, and hormone replacement therapy (in 
women), the upper quartile of standing sagittal abdominal diameter, 
relative to the lowest quartile, was associated with a 1.42-fold 
increased hazard of CHD in men (95% confidence interval: 1.30, 1.55) 
and a 1.44-fold increased hazard of CHD in women (95% confidence 
interval: 1.30, 1.59). Further adjustment for metabolic mediators 
attenuated the association minimally. Standing sagittal abdominal 
diameter was a consistent predictor of CHD across racial groups but was 
more strongly associated with CHD in the younger age group. Joint 
consideration of BMI/standing sagittal abdominal diameter categories 
better discriminated risk of CHD compared with use of BMI alone. In 
conclusion, standing sagittal abdominal diameter was a strong predictor 
of CHD independently of BMI and added incremental CHD risk 
prediction at each level of BMI.”

185

Disability Reduced disability with lower levels of fat “…in 2714 women and 2095 
men aged 65-100 y…A positive association was observed between fat 
mass and disability. The odds ratio for disability in the highest quintile 
of fat mass was 3.04 (95% CI: 2.18, 4.25) for women and 2.77 (95% CI: 
1.82, 4.23) for men compared with those in the lowest quintile…The 
results showed that high body fatness is an independent predictor of 
mobility-related disability in older men and women.”

186

“Both higher Body Mass Index (BMI) and shorter time spent walking 
were significantly associated with an increased risk of long-term 
disability (more than 6 months). The odds ratios of long-term disability 
were 1.3 in those with BMI 20-25 and 2.1 in those with BMI >25, 
compared with BMI <20. The odds ratios of long-term disability were 1.3 
in those walking for 0.5-0.9 h/day and 1.7 in those walking for <0.5 
h/day, compared with those walking for >1.0 h/day.”

187

Asthma “Compared with persons with a body mass index … of less than 25, 188



overweight…men and women had relative risks of asthma of 1.27 … and 
1.30…, respectively, while obese … men and women had relative risks of 
1.78 … and 1.99 ..., respectively…The risk of asthma increased steadily 
with body mass index, from a body mass index of 20 in men and of 22 in 
women. In men, the risk of asthma increased by 10% with each unit of 
increased body mass index between 25 and 30. The similar value for 
women was 7%.”

Gout “Compared with men with a body mass index (BMI) of 21 to 22.9, the 
multivariate relative risks (RRs) of gout were 1.95 (95% confidence 
interval [CI], 1.44-2.65) for men with a BMI of 25 to 29.9, 2.33 (95% CI, 
1.62-3.36) for men with a BMI of 30 to 34.9, and 2.97 (95% CI, 1.73-
5.10) for men with a BMI of 35 or greater (P for trend <.001)… In our 
cohort, 41% of the incident gout cases were attributable to a BMI of 23 or 
greater…Higher adiposity and weight gain are strong risk factors for gout 
in men, while weight loss is protective.”

189

Arthritis Reduction in rheumatoid arthritis 190

Reduced rheumatoid arthritis and the AGE (pentosidine) associated with 
RA activity.

191

Greatly reduced hip osteoarthritis “Higher body mass index was 
associated with an increased risk of hip replacement due to osteoarthritis 
(P for trend = 0.0001).”

192

Reduced atherosclerosis and heart disease 193

>3-fold reduced risk. “Arthritis was based on self-report of doctor 
diagnosis or chronic joint symptoms… Overall, 31.7% of respondents 
had self-reported arthritis. There was a strong relationship between body 
weight and arthritis. Specifically, the prevalence of arthritis was 25.9% 
among normal weight (18.5 to 24.9 body mass index [BMI]) adults; 
32.1% among overweight (25 to 29.9 BMI) adults; and 43.5% among 
obese (>30 BMI) adults. This association persisted after adjusting for 
other factors (adjusted odds ratio [AOR] for having arthritis among obese 
individuals compared with healthy weight individuals, 3.6”

194

Inflammation “Chronic systemic inflammation, as evidenced by higher than normal 
cytokines (interleukin-6, tumor necrosis factor alpha; IL-6, TNF[alpha]) 
and the acute-phase reactant C-reactive protein (CRP), is an independent 
predictor of several chronic diseases, including coronary heart disease, 
stroke, and diabetes. As an endocrine organ, adipose tissue produces and 
secretes a number of inflammatory cytokines. There is strong evidence 
that high concentrations of inflammatory markers are associated with 
total, and especially abdominal, adiposity. Lifestyle modifications, such 
as weight loss and exercise, have been advocated for the treatment of 
obesity and the metabolic syndrome. Several studies now show that 
weight loss via caloric restriction reduces concentrations of inflammatory 
markers in obese individuals. While it is well established that strenuous 
exercise acutely increases levels of circulating cytokines and CRP, recent 
evidence indicates that long-term exercise training may reduce chronic 
inflammation. In observational studies, lower levels of several 
inflammatory markers, are found in individuals who are the most 
physically active and the most physically fit. Moreover, some 
intervention studies show that chronic exercise training reduces 
circulating concentrations of cytokines or their soluble receptors. 
Addition of exercise training to caloric restriction is more effective than 
weight loss alone in reducing chronic inflammation in obese individuals. 
In addition, modification of chronic inflammation is associated with 
changes in abdominal, but not gluteal, adipose tissue lipolysis in response 
to weight loss and exercise, suggesting that regional fat metabolism may 
also be related to chronic inflammation in obese individuals.”

195

Depression Increased risk of depression in obese people (and therefore reduced risk 
in thin people) 

196

BMI > 30 => 75% increased rate of major depression; BMI > 40 => 
500% increased rate of major depression.

197

Heartburn From the Nurses' Health Study. “After categorizing women according to 
BMI as measured in 1998, we used logistic-regression models to study 
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the association between BMI and symptoms of gastroesophageal reflux 
disease. RESULTS: Of 10,545 women who completed the questionnaire 
(response rate, 86 percent), 2310 (22 percent) reported having symptoms 
at least once a week, and 3419 (55 percent of those who had any 
symptoms) described their symptoms as moderate in severity. We 
observed a dose-dependent relationship between increasing BMI and 
frequent reflux symptoms (multivariate P for trend <0.001). As 
compared with women who had a BMI of 20.0 to 22.4, the multivariate 
odds ratios for frequent symptoms were 0.67 (95 percent confidence 
interval, 0.48 to 0.93) for a BMI of less than 20.0, 1.38 (95 percent 
confidence interval, 1.13 to 1.67) for a BMI of 22.5 to 24.9, 2.20 (95 
percent confidence interval, 1.81 to 2.66) for a BMI of 25.0 to 27.4, 2.43 
(95 percent confidence interval, 1.96 to 3.01) for a BMI of 27.5 to 29.9, 
2.92 (95 percent confidence interval, 2.35 to 3.62) for a BMI of 30.0 to 
34.9, and 2.93 (95 percent confidence interval, 2.24 to 3.85) for a BMI of 
35.0 or more. Even in women with a normal baseline BMI, an increase in 
BMI of more than 3.5, as compared with no weight changes, was 
associated with an increased risk of frequent symptoms of reflux (odds 
ratio, 2.80; 95 percent confidence interval, 1.63 to 4.82)... Even moderate 
weight gain among persons of normal weight may cause or exacerbate 
symptoms of reflux.”

Hypertension Hypertension “We prospectively followed 8302 Finnish men and 9139 
women aged 25 to 64 years without a history of antihypertensive drug 
use, coronary heart disease, stroke, and heart failure at baseline… 
Multivariate-adjusted hazards ratios of hypertension associated with light, 
moderate, and high physical activity were 1.00, 0.63, and 0.59 in men 
(Ptrend<0.001), and 1.00, 0.82, and 0.71 in women (Ptrend=0.005), 
respectively. This association persisted both in subjects who were 
overweight and in those who were not. Multivariate-adjusted hazards 
ratios of hypertension based at different levels of body mass index 
(<25, 25 to 29.9, and >/=30) were 1.00, 1.18, and 1.66 for men 
(Ptrend<0.001), and 1.00, 1.24, and 1.32 for women (Ptrend=0.007), 
respectively.”

199

Reduced high blood pressure: “a decrease in body weight by 1 kg 
resulted in a reduction of systolic and diastolic pressure by 1.2 and 1.0 
mmHg, respectively.”

200

A recent, large meta-analysis of “Twenty-five randomized, controlled 
trials (comprising 34 strata) published between 1966 and 2002 with a 
total of 4874 participants” showed that a decrease in body weight by 1 
kg resulted in a reduction of systolic and diastolic pressure by 1.05 and 
0.92 mmHg, respectively.

201

High BMI, large waist and weight gain all lead to arterial stiffness. 
“These data show strong associations between weight gain and arterial 
stiffness progression, as well as between weight loss and arterial stiffness 
regression.”

202

A systematic review of the long-term pressure effects of weight loss 
showed “that for 10 kg weight loss, decreases of 4.6 mm Hg and 6.0 mm 
Hg in diastolic and systolic blood pressure, respectively, may be 
expected, about half of that predicted from the short-term trials.”

203

“Our result supports an independent effect of change in BMI on change 
in SBP and DBP in both women and men, and that people who increase 
their BMI are at increased risk for hypertension.”

204

Obesity in 
adolescence 
=> obesity 
and early 
death in adult 
life

“In Norwegian health surveys during 1963-1999, height and weight were 
measured for 128,121 persons in a standardized way both in adolescence 
(age 14-19 years) and 10 or more years later… The odds ratio of obesity 
(BMI >/=30) in adulthood increased steadily with BMI in adolescence, 
from 0.2 for low BMI up to 16 for very high BMI. Very high adolescent 
BMI was associated with 30-40% higher adult mortality compared 
with medium BMI… Obesity in adolescence tends to persist into 
adulthood… High BMI in adolescence seems to be predictive of both 
adult obesity and mortality.”

205

Pre-eclampsia “We studied 1179 primiparous women who enrolled at < 16 weeks' 
gestation into a prospective cohort study of the pathogenesis of 
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preeclampsia. Multivariable logistic regression was used to quantify the 
independent effect of prepregnancy BMI on the risk of preeclampsia after 
adjusting for race and smoking status... Compared with women with a 
BMI of 21, the adjusted risk of preeclampsia doubled at a BMI of 26 
(odds ratio 2.1 [95% confidence interval, 1.4, 3.4]), and nearly tripled 
at a BMI of 30 (2.9 [1.6, 5.3]). Women with a BMI of 17 had a 57% 
reduction in preeclampsia risk compared with women with a BMI of 21 
(0.43 [0.25, 0.76]), and a BMI of 19 was associated with a 33% reduction 
in risk (0.66 [0.50, 0.87]).”

Reduced risk 
with low 
calorie diet

The following is data from the Okinawa Centenarian Study presented at 
the American Geriatrics Society annual meeting, 2001: "Compared with 
Americans, Okinawan elders 
* are 75% more likely to stay mentally sharp into old age
* get 80% less breast and prostate cancers
* get 50% less ovarian and colon cancers
* have 50% fewer hip fractures
* have 80% fewer heart attacks
* have cholesterol levels comparable to Boston Marathoners"
Of note is that Okinawans also eat different things than Americans (more 
fish, for example). But they also live longer than their peers on the 
Japanese mainland, while eating much the same types of food.

64

Reduced Alzheimer’s disease. "The relative risk for development of 
Alzheimer disease (AD) was 0.4 among individuals in the lowest caloric 
intake quartile (p = 0.004)"

207

Prostate cancer risk is directly correlated with calorie intake: “Total 
energy intake was positively associated with prostate cancer. Compared 
with the lowest quintile of energy intake, the odds ratio for the highest 
quintile was 3.79 (95% confidence interval 1.52 to 9.48, P TREND = 
0.002).”

208

Benign prostate hypertrophy (BPH) risk rises with caloric intake (and less 
so with protein and EPA/DHA/AA intake). A retrospective study showed 
“[Odds ratios] rose with increasing total energy intake in a comparison of 
the highest and lowest quintiles for total BPH (OR: 1.29; 95% CI: 1.14, 
1.45) and symptoms of BPH (1.43; 1.23, 1.66).”
Another showed that “The prostate gland volume correlated positively 
with … obesity (r(s)=0.34; P<0.0001)”

209
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In a careful, case-control study of colon cancer, the main two significant 
factors were calories and fiber. Calories alone could explain much of the 
predilection for colon cancer in African-Americans.

211

Eating less in childhood => reduced risk of cancer in subsequent adult 
life. “Significant associations between childhood energy intake and 
cancer mortality were seen when the confounding effects of social 
variables were taken into account in proportional hazards models (relative 
hazard for all cancer mortality 1.15 (95% confidence interval 1.06 to 
1.24), P = 0.001, for every MJ increase in adult equivalent daily intake in 
fully adjusted models)”

212

The “biomarkers” (lab values above etc.) are better in humans on CR, and 
these are significant: they may predict longevity in humans.

213

Reduced by 
reducing 
weight

Hypertension: 
Losing 20 lbs 
should lower 
your blood 
pressure by 
about 15 mm 
Hg

“Cross-sectional and longitudinal population studies, and intervention 
studies in individual subjects, suggest that hypertension can be 
prevented by avoiding excessive weight. Children and adolescents 
should particularly avoid becoming overweight as this is strongly 
associated with hypertension in adult life. In contrast, the hypothesis that 
hypertension might be reduced by restricting sodium intake is less 
convincing.”
“Stopping excessive alcohol consumption (>30 mL ethanol per day) and 
restriction of caloric intake are by far the most effective lifestyle 
measures that consistently reduce blood pressure. In an overview of 
intervention studies, a 1 kg loss of weight entailed an average blood 
pressure decrease by 1.6 mm Hg systolic and 1.3 mm Hg diastolic.”

214
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A US Government NIH summary of “Prevention of Primary 
Hypertension” is available as a PDF file. It states that “A sustained 
weight loss of 9.7 lb (4.4kg) or more can reduce systolic and diastolic 
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blood pressure by 5.0 and 7.0 mmHg, respectively.” and “…findings 
suggest that weight loss interventions produce benefits that persist long 
after the cessation of the active intervention.”

To reduce risk 
of diabetes, 
CR works 
even when 
started in old 
age 

“Diabetes incidence rates did not differ by age in the placebo group, but 
[intensive lifestyle intervention, with a goal of at least 150 min/wk of 
activity and loss of at least 7% of body weight] was more effective with 
increasing age (6.3, 4.9, and 3.3 cases per 100 person-years, in the 25-44, 
45-59, and 60-85 year age groups, respectively; p(trend) =.007)… results 
of [this study] demonstrate that an intensive lifestyle modification 
program is exceptionally effective in preventing diabetes in older 
individuals with [impaired glucose tolerance].”

217

Risk factors Better on lab 
studies

HDL/LDL, cholesterol, triglycerides, lipids, blood pressure, HgA1C, and 
CRP all more favorable in thin people; in particular those on CR

218

From the CALERIE study: “Randomized controlled trial of healthy, 
sedentary men and women (N = 48) conducted between March 2002 and 
August 2004 at a research center in Baton Rouge, La. INTERVENTION: 
Participants were randomized to 1 of 4 groups for 6 months: control 
(weight maintenance diet); calorie restriction (25% calorie restriction of 
baseline energy requirements); calorie restriction with exercise (12.5% 
calorie restriction plus 12.5% increase in energy expenditure by 
structured exercise); very low-calorie diet (890 kcal/d until 15% weight 
reduction, followed by a weight maintenance diet). … DNA damage was 
also reduced from baseline in all intervention groups (P <.005). 
CONCLUSIONS: Our findings suggest that 2 biomarkers of longevity 
(fasting insulin level and body temperature) are decreased by prolonged 
calorie restriction in humans and support the theory that metabolic rate is 
reduced beyond the level expected from reduced metabolic body mass. 
Studies of longer duration are required to determine if calorie restriction 
attenuates the aging process in humans.”

219

Biosphere 2:
(i) weight, 74 to 62 kg (men) and 61 to 54 kg (women); 
(ii) mean systolic/diastolic blood pressure (eight subjects), 109/74 to 
89/58 mmHg; 
(iii) total serum cholesterol, from 191 +/- 11 to 123 +/- 9 mg/dl (mean +/- 
SD; 36% mean reduction), and high density lipoprotein, from 62 +/- 8 to 
38 +/- 5 (risk ratio unchanged); 
(iv) triglyceride, 139 to 96 mg/dl (men) and 78 to 114 mg/dl (women); 
(v) fasting glucose, 92 to 74 mg/dl; 
(vi) leukocyte count, 6.7 to 4.7 x 10(9) cells per liter.

220

Those on CR have low WBC (white blood cell) counts. Interestingly, this 
finding is independently associated with a lower risk for cerebrovascular 
disease (stroke): “The adjusted relative risk of [stroke] mortality 
comparing those with WBC>8200 to those with WBC<5700 was 1.5 … 
among men and 2.7 … among women.”

221

Reduction of C-reactive protein levels (CRP; more strongly correlated 
with cardiovascular disease than even LDL cholesterol, and CRP levels 
are not dependent on cholesterol222 ).

223

Low BMI and waist circumference (WC) lead to better CRP and oxidized 
LDL (ox-LDL) levels. “cross-sectional study…Multivariate logistic 
regression analysis adjusted for lifestyle, educational level, and dietary 
confounders showed a direct association of WC (quartile distribution) and 
BMI categories with ox-LDL (P for linear trend = 0.002) and CRP (P for 
linear trend = 0.004). Subjects in the top quartile of WC and with a BMI 
> 29.9 were at high risk of elevated circulating concentrations of ox-LDL 
and CRP. Further adjustment for cardiovascular disease risk factors did 
not substantially modify these associations…High WC was associated 
with high concentrations of ox-LDL independently of BMI in the study 
population.”

224

A study of 18 members of the Caloric Restriction Society (of which I am 
a member) found a that CR appears to reduce risk factors for 
atherosclerosis better than any medicine. The main caveat is that the 
subjects are "health nuts" - they not only reduce calorie intake but also eat 
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lots of veggies, nuts, vitamins; they exercise moderately and cut down on 
meat, etc. 

Longer period 
of obesity => 
worse HTN & 
metabolic 
problems

“The duration of overweight has a significant effect on obesity-related 
comorbidities in men and women.”

226

Miscellany Fewer OR 
mistakes on 
thin people

"Patients with retained foreign bodies also had a higher mean body-mass 
index ... In multivariate analysis, factors associated with a significantly 
increased risk of retention of a foreign body were ... body-mass index 
(risk ratio for each one-unit increment, 1.1)." 

227

Reduced risk 
in auto 
accidents

“Increased body weight was associated with increased risk of mortality 
and increased risk of severe injury. The odds ratio for death was 1.013 
(95% CI: 1.007, 1.018) for each kilogram increase in body weight.”

228

Reduced risk 
of death after 
serious injury

“Two hundred forty-two consecutive patients admitted to the intensive 
care unit following blunt trauma. Patients were divided into 2 groups by 
body mass index. The obese group was defined as having a body mass 
index of 30 kg/m2 or higher, and the nonobese group was defined as 
having a body mass index lower than 30 kg/m2…Obesity was an 
independent predictor of mortality with an adjusted odds ratio of 5.7”

229

Increased 
fertility in 
men and 
women

“Overweight men have reduced fertility due to increased fragmentation of 
DNA in their sperm… Men with high BMI … have lower sperm motility, 
which may compound fertility problems…Obesity has also been shown 
to have a negative effect on women's fertility. A high BMI gives a greater 
risk of polycystic ovary syndrome and insulin resistance, both linked to 
poor IVF outcomes.”

230

Preservation 
of immune 
function

“The results of this study provide support for the hypothesis that 
moderate caloric restriction in humans may have a beneficial effect on 
cell-mediated immunity…”

231

Works in 
concert with 
exercise, but 
CR is more 
important than 
exercise!

“We examined the associations of the body-mass index and physical 
activity with death among 116,564 women who, in 1976, were 30 to 55 
years of age and free of known cardiovascular disease and cancer. 
RESULTS: During 24 years of follow-up, 10,282 deaths occurred--2370 
from cardiovascular disease, 5223 from cancer, and 2689 from other 
causes. Mortality rates increased monotonically with higher body-
mass-index values among women who had never smoked (P for trend 
<0.001). In combined analyses of all participants, adiposity predicted a 
higher risk of death regardless of the level of physical activity… Even 
modest weight gain during adulthood, independent of physical activity, 
was associated with a higher risk of death. We estimate that excess 
weight (defined as a body-mass index of 25 or higher) and physical 
inactivity (less than 3.5 hours of exercise per week) together could 
account for 31 percent of all premature deaths, 59 percent of deaths 
from cardiovascular disease, and 21 percent of deaths from cancer 
among nonsmoking women.”

232

Miscellany
Category R

ef
Fig

Review of CR CR works Thorough review of human and animal data, free full text 233

Large review of CR, free full text. One interesting point: exercise may 
not increase life span.

234

Other reviews of CR 235

PubMed CR 
search

On 2006-08-30 I found 4116 references to “calori* restrict*”
A search on Google for caloric restriction yields about 2 million results

236

Books on CR Extensive reviews and summaries of CR. Because they are books they 
have the advantage of being synoptic but the disadvantage of always 
being a few years out of date.

237 

238

Web articles Research 239
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on CR
Christiaan Leeuwenburgh, PhD is a researcher in aging at the University 
of Florida. These links are to beautifully illustrated lecture slides in PDF 
format, including lots on the biology of aging, caloric restriction, etc.

240

CR benefits Heat tolerance

From a CR Society message by Khurram Hashami (2004-06-13): 
- Fewer colds/flus
- Fewer headaches
- Fewer aches/pains, in general
- Fewer hemorrhoids
- Improved complexion 
- An hour or two gained due to req. of less sleep
- Mental clarity + focus 
- Sensory-input resolution improvements: auditory, olfactory, etc 
- Improved mental health (less emotional swings, noise, clutter)
- Greater energy and stamina

241

Side effects Cold intolerance, decreased libido, cosmetic (people ask why you look 
thin), possible osteoporosis, possible low blood count

242

CR Society The web site of the Calorie Restriction Society, of which I have been a 
member for about five years.

243

FAQ A list of FAQs on the net 244

Popular press 
articles on CR

http://www.palmbeachpost.com/accent/content/auto/epaper/editions/satur
day/accent_0480a33bc0c8109f10c1.html 

http://signonsandiego.printthis.clickability.com/pt/cpt?action=cpt&title=S
ignOnSanDiego.com+%3E+News+%3E+Science+--
+Live+and+let+diet&expire=&urlID=12387562&fb=Y&url=http%3A%
2F%2Fwww.signonsandiego.com%2Fnews%2Fscience%2F20041124-
9999-lz1c24cr.html&partnerID=621 

AOR article 
on CRON

An outstanding 35+ page PDF summary, from AOR (Advanced 
Orthomolecular Research), a Canadian supplement company where 
Michael Rae (the likely author) works. Here are some GREAT quotes, all 
based on data:

“The road to aging is paved with calories.”

“The added years [from CRON] are healthy ones.”

“CRON animals maintain more youthful strength and agility”

“CRON clearly preserves the brain itself with age”, with “more youthful 
mental function”

“For every proposed mechanism of aging, there is evidence that CRON 
steps in to check the process in question.” [with experimental data 
references showing that CRON results in reduction of free radicals, 
AGEs, DNA errors, DNA methylation problems, hormone feedback 
loops]

“A well-designed CRON program, like a carefully tailored drug 
prescription, finds the lowest possible dose (calories) of the drug (food) 
required to maximize its benefits (nutrients) whiled minimizing its side-
effects (aging caused by the metabolism of calories).” 

http://www.aor.ca/mags/Truth-to-the-fountain-of-youth-2003_Spring.pdf

245

Discovery 
Channel on 
CR

An 8-minute video about CR from 2004-01, fairly accurate if limited: 
http://www.exn.ca/news/video/exn2004/01/27/exn20040127-calories.asx

Video from 
CRIII

David Stern describes his experience with CR. It led him to lose weight, 
get off blood pressure and cholesterol medications, but with better BP 
and cholesterol than every before, etc.

246

http://64.4.26.250:80/cgi-bin/linkrd?_lang=EN&lah=3fd1b3107f486b4217300cfd93c39c2c&lat=1075646359&hm___action=http%3A%2F%2Fwww.exn.ca%2Fnews%2Fvideo%2Fexn2004%2F01%2F27%2Fexn20040127-calories.asx
http://www.aor.ca/mags/Truth-to-the-fountain-of-youth-2003_Spring.pdf
http://signonsandiego.printthis.clickability.com/pt/cpt?action=cpt&title=SignOnSanDiego.com+>+News+>+Science+--+Live+and+let+diet&expire=&urlID=12387562&fb=Y&url=http%3A%2F%2Fwww.signonsandiego.com%2Fnews%2Fscience%2F20041124-9999-lz1c24cr.html&partnerID=621
http://signonsandiego.printthis.clickability.com/pt/cpt?action=cpt&title=SignOnSanDiego.com+>+News+>+Science+--+Live+and+let+diet&expire=&urlID=12387562&fb=Y&url=http%3A%2F%2Fwww.signonsandiego.com%2Fnews%2Fscience%2F20041124-9999-lz1c24cr.html&partnerID=621
http://signonsandiego.printthis.clickability.com/pt/cpt?action=cpt&title=SignOnSanDiego.com+>+News+>+Science+--+Live+and+let+diet&expire=&urlID=12387562&fb=Y&url=http%3A%2F%2Fwww.signonsandiego.com%2Fnews%2Fscience%2F20041124-9999-lz1c24cr.html&partnerID=621
http://64.4.26.250:80/cgi-bin/linkrd?_lang=EN&lah=6e931dac2a2ca63d5f11529fb5bd7c4b&lat=1074516696&hm___action=http%3A%2F%2Fwww.palmbeachpost.com%2Faccent%2Fcontent%2Fauto%2Fepaper%2Feditions%2Fsaturday%2Faccent_0480a33bc0c8109f10c1.html
http://64.4.26.250:80/cgi-bin/linkrd?_lang=EN&lah=6e931dac2a2ca63d5f11529fb5bd7c4b&lat=1074516696&hm___action=http%3A%2F%2Fwww.palmbeachpost.com%2Faccent%2Fcontent%2Fauto%2Fepaper%2Feditions%2Fsaturday%2Faccent_0480a33bc0c8109f10c1.html


This is, in fact, a pretty universal response to CR.
Optimal 
nutrition

Protein etc Studies show longer life span in rodents given relatively high protein 
diets

247

How to do CR My summary CR is simply eating less, with good nutrition. This is quite simple, but our 
desires and lack of self-control get in the way. Therefore, almost 
everyone needs to learn habits and use psychological helps to avoid 
overeating. The ones I know of that have been demonstrated to work are 
listed below. 

Take smaller 
portions

“Subjects consumed 30% more energy (676 kJ) when offered the 
largest portion than when offered the smallest portion.”

248

“We investigated whether environmental cues such as packaging and 
container size are so powerful that they can increase our intake of foods 
that are less palatable. DESIGN, SETTING, AND PARTICIPANTS: In a 
2 x 2 between-subjects design, 158 moviegoers in Philadelphia (57.6% 
male; 28.7 years) were randomly given a medium (120 g) or a large (240 
g) container of free popcorn that was either fresh or stale (14 days old). 
Following the movie, consumption measures were taken, along with 
measures of perceived taste. OUTCOME MEASURES AND RESULTS: 
Moviegoers who were given fresh popcorn ate 45.3% more popcorn 
when it was given to them in large containers. This container-size 
influence is so powerful that even when the popcorn was disliked, 
people still ate 33.6% more popcorn when eating from a large 
container than from a medium-size container. CONCLUSIONS AND 
IMPLICATIONS: Even when foods are not palatable, large packages and 
containers can lead to overeating. The silver lining of these findings may 
be that portion size can also be used to increase the consumption of less 
preferred healthful foods, such as raw vegetables.”

249
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“Doubling an age-appropriate portion of an entree increased entree and 
total energy intakes at lunch by 25% and 15%, respectively. Changes 
were attributable to increases in the average size of the children's bites of 
the entree without compensatory decreases in the intake of other foods 
served at the meal. These increases were seen even though observational 
data indicated that the children were largely unaware of changes in 
portion size. Greater responsiveness to portion size was associated with 
higher levels of overeating. The children consumed 25% less of the 
entree when allowed to serve themselves than when served a large entree 
portion. CONCLUSIONS: Large entree portions may constitute an 
"obesigenic" environmental influence for preschool-aged children by 
producing excessive intake at meals.”
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“Increases in portion size and energy density led to independent and 
additive increases in energy intake (P <0.0001). Subjects consumed 56% 
more energy (925 kJ) when served the largest portion of the higher 
energy-dense entree than when served the smallest portion of the lower 
energy-dense entree.”

252

“Increasing portion size, eating away from home, and consuming a 
variety of high-energy dense foods appear to increase energy intake.” … 
“Reducing saturated fat, simple sugars, and other refined and processed 
foods without replacement of calories should lead to decreased energy 
intake. Including generous amounts of low-energy-dense vegetables and 
fruits (not juice or dried fruit), and moderate amounts of whole-grain, 
low-glycemic-index carbohydrates should also help to reduce total energy 
intake. In fact, a healthy dietary pattern such as this is associated with 
lower weight gain”

253

“BACKGROUND: When the portion size and energy density (in kcal/g) 
of a food are varied simultaneously in a single meal, each influences 
energy intake independently. ... DESIGN: In a crossover design, 24 
young women were provided with meals and snacks for 2 consecutive 
days per week for 4 wk; all foods were consumed ad libitum. Across the 
4 sessions, the subjects were served the same 2 daily menus, but all foods 
were varied in portion size and energy density between a standard level 
(100%) and a reduced level (75%). RESULTS: Reducing the portion size 
and energy density of all foods led to significant and independent 
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decreases in energy intake over 2 d (P < 0.0001). A 25% decrease in 
portion size led to a 10% decrease in energy intake (231 kcal/d), and a 
25% decrease in energy density led to a 24% decrease in energy intake 
(575 kcal/d). The effects on energy intake were additive and were 
sustained from meal to meal. Despite the large variation in energy 
intake, there were no significant differences in the ratings of hunger 
and fullness”

Use small 
plates, bowls 
and utensils

“The 2 x 2 between-subjects design involved 85 nutrition experts who 
were attending an ice cream social to celebrate the success of a colleague 
in 2002. They were randomly given either a smaller (17 oz) or a larger 
(34 oz) bowl and either a smaller (2 oz) or larger (3 oz) ice cream scoop. 
After serving themselves, they completed a brief survey as their ice 
cream was weighed. The analysis was conducted in 2003. RESULTS: 
Even when nutrition experts were given a larger bowl, they served 
themselves 31.0% more (6.25 vs 4.77 oz…) without being aware of it. 
Their servings increased by 14.5% when they were given a larger 
serving spoon (5.77 vs 5.04 oz, F(1, 80)=2.70, p =0.10). 
CONCLUSIONS: People could try using the size of their bowls and 
possibly serving spoons to help them better control how much they 
consume. Those interested in losing weight should use smaller bowls 
and spoons”

255

Do not snack Snacks do NOT help fill you up or reduce the amount eaten at 
subsequent meals.

256

Avoid tasty 
foods

In an animal model of caloric restriction in rats, “Just a morsel of 
palatable food could precipitate binge eating of a food that is otherwise 
not overeaten.” Based on my own experience I think this is true in 
humans too.

257

Avoid a wide 
variety of 
foods at meals

“…one study found that greater variety in almost every food category 
leads to increased calorie consumption. The only exception is vegetables. 
More variety of this food lowers calorie intake.”

258

Eat breakfast, 
avoid heavy 
suppers, eat 
low energy 
density food

“The proportion of intake in the morning was negatively correlated with 
overall intake (r = -0.13, P < 0.01), whereas the proportion ingested late 
in the evening was positively correlated with overall intake (r = 0.14, P < 
0.01). The energy densities of intake during all periods of the day were 
positively related to overall intake (range, r = 0.13-0.23, P < 0.01). The 
results suggest that low energy density intake during any portion of the 
day can reduce overall intake, that intake in the morning is particularly 
satiating and can reduce the total amount ingested for the day, and 
that intake in the late night lacks satiating value and can result in 
greater overall daily intake.”
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“In a randomized crossover trial, …[omitting breakfast] impairs fasting 
lipids and postprandial insulin sensitivity and could lead to weight gain if 
the observed higher energy intake was sustained. “

260

High protein 
diet

“An increase in dietary protein from 15% to 30% of energy at a constant 
carbohydrate intake produces a sustained decrease in ad libitum caloric 
intake”

261

Other I have found several simple things that help me personally:
- Over-eating is a “crime of opportunity” 
     - Keep tasty foods inaccessible 
- Avoid eating after supper
- Brush your teeth as soon as the meal is done, to help remind you not to 
eat again
- Avoid the temptation to eat more just because that food is good for you 
(e.g., nuts) - Avoid salty foods & carbohydrates: these increase appetite
 - Exercise daily
- Wait for 20 minutes after eating a little before eating more.
Maintaining weight loss becomes easier over time. 262

Add fiber Fiber was shown in a randomized controlled study to reduce hunger and 
constipation in those given a very low calorie diet.

263

An 8-year, prospective study of 27082 middle-aged men showed that 
both whole-grain foods and bran tended to reduce weight gain, by 0.49 kg 
per 40 g/day whole grains, and by 0.36 kg per 20 g/day bran intake.

264



Increase 
calcium from 
dairy sources

… but maybe 
NOT

“…low calcium diets impede body fat loss, while high calcium diets 
markedly accelerate fat loss in transgenic mice subjected to caloric 
restriction. These findings are further supported by clinical and 
epidemiological data demonstrating a profound reduction in the odds of 
being obese associated with increasing dietary calcium intake. Notably, 
dairy sources of calcium exert a significantly greater anti-obesity effect 
than supplemental sources in each of these studies”

“The purpose of this study was to compare weight and body fat loss on a 
calorie-restricted, low-dairy (CR) vs. high-dairy (CR+D) diet. … a high-
dairy calcium diet does not substantially improve weight loss beyond 
what can be achieved in a behavioral intervention.”

265
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(For women): 
Eat a low-
Glycemic 
Index diet

“A prospective cohort study was conducted in a subsample of men and 
women from the Danish arm of the Monitoring Trends and Determinants 
in Cardiovascular Disease study. The subsample comprised 185 men and 
191 women born in 1922, 1932, 1942, or 1952. A baseline health 
examination and a dietary history interview were carried out in 1987 and 
1988; a follow-up health examination was performed in 1993 and 1994. 
RESULTS: Positive associations between GI and changes in body weight 
(DeltaBW), percentage body fat (Delta%BF), and waist circumference 
(DeltaWC) were observed in women after adjustment for covariates. 
Significant GI x sex x physical activity interactions for DeltaBW, 
Delta%BF, and DeltaWC were observed, and the associations in the 
sedentary women were particularly positive. No significant associations 
with GI were observed in men, and no significant associations with GL 
were observed in either sex. CONCLUSIONS: High-GI diets may lead to 
increases in BW, body fat mass, and WC in women, especially in 
sedentary women, which suggests that physical activity may protect 
against diet-induced weight gain. No associations with GI were observed 
in men, which suggests sex differences in the association between GI and 
obesity development.”
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Mediterranean 
diet

May help people avoid gaining too much weight. “High [Mediterranean 
diet] adherence was associated with significantly lower likelihood of 
becoming obese among overweight subjects, with stronger associations 
after adjusting for underreporting of dietary data. Associations (odds 
ratios with 95% CI) were similar in women (0.69, 0.54–0.89) and men 
(0.68, 0.53–0.89).”

268

Eat low-
energy-density 
foods (veggies 
etc.)

“The present study examined the relation of energy density to dietary 
intake and body size in 371 male and 581 female adults. The subjects 
were free-living … High energy density was associated with greater (P < 
0.001) total intake, especially of fat”. In other words, those who ate rich 
foods ended up eating more.

269

Eat a low-carb 
diet with 
MUFAs

“Weight loss was significantly greater in the [protein and 
monounsaturated fat low-carbohydrate group] (13.6 lb) than in the 
[replacement of saturated fat with carbohydrates] group (7.5 lb), a 
difference of 6.1 lb”
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“A randomized parallel-design study of 39 overweight or obese young 
adults aged 18 to 40 years who received an energy-restricted diet, either 
low-glycemic load or low-fat…Participants receiving the low-glycemic 
load diet reported less hunger than those receiving the low-fat diet (P = 
.04). Insulin resistance (P = .01), serum triglycerides (P = .01), C-reactive 
protein (P = .03), and blood pressure (P = .07 for both systolic and 
diastolic) improved more with the low-glycemic load diet.”

271

Diet types This is a reference to a well-thought-out summary of three popular diet 
types by the USDA, with good references and documentation: 
1. Atkins
2. Food pyramid, DASH, Weight Watchers
3. Ornish, Pritikin
Please note, I do NOT advocate the Atkins diet: I think it advocates far 
too much consumption of meat and animal fat. You may lose weight but 
at the expense of cardiovascular disease and cancer.

272

Take green tea 
extract 

“After a 2-wk diet run-in period, healthy Japanese men were divided into 
2 groups with similar BMI and waist circumference distributions. A 12-
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supplements wk double-blind study was performed in which the subjects ingested 1 
bottle oolong tea/d containing 690 mg catechins (green tea extract group; 
n = 17) or 1 bottle oolong tea/d containing 22 mg catechins (control 
group; n = 18). Results: Body weight, BMI, waist circumference, body 
fat mass, and subcutaneous fat area were significantly lower in the green 
tea extract group than in the control group.”

Children and 
pregnant 
women should 
be relatively 
thin.

“The incidence rose with increasing body size at birth. From birth the 
mean weight and BMI of people who later became obese exceeded the 
average and remained above average at a statistically significant level at 
all ages from 6 months to 12 y. Childhood BMI was a stronger predictor 
of adult obesity than body size at birth. A higher maternal BMI in 
pregnancy was associated with a more rapid childhood growth and an 
increased risk of becoming obese in adult life.”

274

Eat raw food “In a cross-sectional study 216 men and 297 women consuming long-
term raw food diets (3.7 years; SE 0.25) of different intensities completed 
a specially developed questionnaire. Participants were divided into 5 
groups according to the amount of raw food in their diet (70-79, 80-89, 
90-94, 95-99 and 100%). A multiple linear regression model (n = 513) 
was used to evaluate the relationship between body weight and the 
amount of raw food consumed. Odds of underweight were determined by 
a multinomial logit model. RESULTS: From the beginning of the dietary 
regimen an average weight loss of 9.9 kg (SE 0.4) for men and 12 kg (SE 
0.6) for women was observed. Body mass index (BMI) was below the 
normal weight range (<18.5 kg/m(2)) in 14.7% of male and 25.0% of 
female subjects and was negatively related to the amount of raw food 
consumed and the duration of the raw food diet.”

275

Vegan diet “Adoption of a low-fat, vegan diet was associated with significant weight 
loss in overweight postmenopausal women, despite the absence of 
prescribed limits on portion size or energy intake.”
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Eat foods that 
are not too 
tasty

“All reviewed studies have shown increased intake as palatability 
increased… Studies have shown that increasing the food variety can 
increase food and energy intake and in the short to medium term alter 
energy balance.”
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Weigh 
yourself each 
day

This randomized study of people showed that those who were in the 
group that weighed themselves regularly and checked in weekly with a 
counselor kept weight off better than other groups that did not do so.

278

“We randomly assigned 314 participants who had lost a mean of 19.3 kg 
of body weight in the previous 2 years to one of three groups: a control 
group, which received quarterly newsletters (105 participants), a group 
that received face-to-face intervention (105), and a group that received 
Internet-based intervention (104). The content of the programs in the two 
intervention groups was the same, emphasizing daily self-weighing and 
self-regulation, as was the frequency of contact with the groups. The 
primary outcome was weight gain over a period of 18 months. 
RESULTS: The mean (+/-SD) weight gain was 2.5+/-6.7 kg in the face-
to-face group, 4.7+/-8.6 kg in the Internet group, and 4.9+/-6.5 kg in the 
control group… Daily self-weighing increased in both intervention 
groups and was associated with a decreased risk of regaining 2.3 kg or 
more (P<0.001).”
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Keep high 
personal 
standards

“Forty-one healthy women were randomly assigned either to a high 
personal standards condition (n=18) or to a low personal standards 
condition for 24h (n=23)… participants in the high personal standards 
condition ate fewer high calorie foods, made more attempts to restrict the 
overall amount of food eaten, and had significantly more regret after 
eating than those in the low personal standards condition.”
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Problems with 
CR: binge 
eating

Dieting itself tends to have some fairly consistent psychological effects 
such as binge eating. This is not a response to dieting, but rather happens 
on the knowledge that dieting is to come!  This kind of thing occurs even 
in lab rats. N.b., Although I do not know much about it, I understand that 
people with anorexia nervosa diet for cosmetic reasons, and that the 
health problems are from malnutrition and from the metabolic imbalance 
due to bulimia (binge eating followed by self-induced vomiting and/or 
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laxative use).
Genetics Affects 

obesity 
tendency

"Based on studies of twins, scientists estimate that 40 to 60 percent of 
susceptibility to obesity is attributable to genes."
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Quotes Luigi Cornaro 
(1464-1566)

Luigi Cornaro (see Wikipedia) lived for perhaps 102 years, after starting 
a CR diet at age 40. “…as the natural force and heat lessen as a man 
grows in years, he should diminish the quantity of his food and drink, as 
nature at that period is content with little”
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Socrates He said that most people live to eat but that he ate to live 284

Jonathan 
Swift 

“Every one desires to live long, but no one would be old.” (1667-1745) 
Thoughts on Various Subjects, Moral and Diverting

1

Benjamin 
Franklin 

“To lengthen thy life, lessen thy meals.” Poor Richard's Almanack, June 
1733
"I guess I don't so much mind being old, as I mind being fat and old."

2
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Disney’s 
“Mickey and 
the Beanstalk”

There is one inadvertently relevant song in that says “… I’m gonna eat 
and eat and eat and eat and eat until I die.” Unfortunately, this is true for 
human nature.

Tom Stoppard “I think age is a very high price to pay for maturity.” 286

Woody Allen "Some people want to achieve immortality through their works or their 
descendants. I prefer to achieve immortality by not dying."

Summary of 
the anti-aging 
effects of CR

The (US) 
President’s 
Council on 
Bioethics

“What is clear, however, from numerous studies in both invertebrates 
and vertebrates (including mammals), is that a reduction of food 
intake to about 60 percent of normal has a significant impact not only 
on lifespan, but on the rate of decline of the animal’s neurological 
activity, muscle functions, immune response and nearly every other 
measurable marker of aging. … studies in mice and rats suggest that 
caloric restriction appears to result in significantly increased rates of 
spontaneous activity, including the ability to run greater distances and 
to maintain a “youthful” level of activity at an age well beyond that of 
non-restricted animals of the same species.”
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BMI Calculation Calculator & tables. Note: a BMI of 18.5 is the lower end of normal on 
this US Government web site.
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289
Table
2

Tables of 
standard 
weights

Life insurance Based on sex, height, and frame. 290

Standards for 
children, by 
age

Charts for each sex, from the US Federal Government’s Centers for 
Disease Control and Prevention (CDC)

291

BMI 
correlates with 
attractiveness

In a “40 male undergraduate men rated color images of 50 women in 
frontal view. Statistical analysis was done. RESULTS: BMI was much 
more significant than Waist to Hip ratio, for determining attractiveness.” 
– see the graph. The peak attractiveness was a BMI of about 17-20. See 
the graph. [Another study recently confirmed this finding.]
This makes sense: fashion models typically have a BMI of about 17.

Figure 
6

Bibliography An interesting list of references to significant BMI articles is at 
http://www.halls.md/bmi/bibliography.htm.

Calorie 
requirements

Harris 
Benedict 
formula

Based on the Harris-Benedict formula for a man of my height (5' 9.5") 
and age (43 yr), I calculated that my “basal energy expenditure” at 158 lb 
would be 2296 calories/day (BMI = 23). If I cut back on calories by 25% 
to 1722 calories/day, my resulting stable weight by this formula would be 
117 lb (BMI = 17), a drop in weight of 26%. In other words, this formula 
predicts that for practical purposes weight and caloric intake are 
directly proportional, at least for men in this age and weight range. 
(Based on other calculations, I think this amount of CR gives a likely 
extension of life span from 78 yr to between 82 and 85 yr.)
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CR side effect Lower body 
temperature

Demonstrated in lab animals. In people on CR, body temperature seems 
to be about 0.5 degree C lower on average. People on CR (including me) 
report lower tolerance to cold and much greater heat tolerance.
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Decreased But remember, there is no libido in the grave.

http://www.halls.md/bmi/bibliography.htm


The use of caloric restriction to slow the aging process, lengthen life and prevent medical problems.

libido
Social, 
political and 
environmental 
effects if there 
were 
widespread 
adoption of 
25% CR by all 
people at 
adolescence

My own 
estimates, 
based 
extrapolation 
from available 
research

Later onset of mental impairment (6 yr = 11% of useful years): Much 
longer useful & productive years of work, tremendous increase in the 
value of wisdom that comes with age and experience (it would not be 
countered by mental decline!).
Later onset of disease (by about 7 yr): Prolonged useful years of work, 
prolonged happy years, later age at retirement, increase in the fractional 
proportion of life spent in productive work (instead of time spent in 
education and retirement).
Lesser incidence of disease: (However, I am not sure if this is a separate 
effect from later onset of disease as noted above.) Lesser need for 
medical care (doctors and other health care personnel, hospitals, drugs, 
medical-related training, research), less disability
Lower body temperature and greater heat tolerance: Lesser need for 
air conditioning (think lower bills and less energy used), increased need 
for heat in the winter and/or warm clothing.
Tremendous positive environmental effects (perhaps by 20%) From all 
of these things: including lesser effects from war and defense spending, 
less pollution from farms, less fuel spent on transportation.
Decreased body weight and width (by 25%): Fuel efficiency, smaller 
clothing, narrower seats, profound changes in transportation design, less 
wear and tear on cars and roadways, lesser injuries from accidents, 
smaller military ships and planes.
       Interestingly, this effect was found in a US government study: 
“Through the 1990s, the average weight of Americans increased by 10 
pounds, according to the Centers for Disease Control and Prevention. The 
extra weight caused airlines to spend $275 million to burn 350 million 
more gallons of fuel in 2000 just to carry the additional weight of 
Americans, the federal agency estimated in a recent issue of the 
American Journal of Preventive Medicine.”
Smaller meals (by 25%): Smaller refrigerators, smaller pantries, smaller 
kitchens and kitchen pots, shorter time spent at restaurants with resulting 
efficiencies.
Less food eaten (by 25%): More food and farm resources available to 
feed a hungry world, smaller grocery stores, less environmental effects.
Lower levels of testosterone in men: Less aggression – perhaps less war 
and fewer crimes, increased rate of bone problems in older age 
(exacerbated by the small body habitus), perhaps fewer children, perhaps 
a lower rate of divorce.
Longer life (by 10 yr = 13%): An initial increase in world population, 
but studies of developing countries demonstrate that families feel less 
need to have many children when the rate of death is less (thus the 
population decline in Europe)
Greater productivity from less time wasted on eating food: Simply 
think of the time saved by skipping lunch.

I think that the total benefits to society of CR would be somewhat 
multiplicative, not just additive. The few negatives (perhaps more bone 
fractures in old age) would be completely overwhelmed by the many 
positives. There would be much more productivity (generated money) 
that would not be wasted on medical care and super-sized food and 
clothing. The sum total might be incredible, perhaps doubling or tripling 
the world productivity. I think the prolonged mental astuteness is perhaps 
the most profound of all of these effects: think of the results of increased 
creativeness and inventiveness!

CR should be thought of as a major weapon system by the military. 
CR should be a high priority of government. 
CR should be major emphasis of health care organizations.
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High BMI => 
more gasoline 
used in US!

“This article quantifies the amount of additional fuel consumed 
(annually) in the United States by automobiles that is attributable to 
higher average passenger (driver and non-driver) weights, during the 
period from 1960 to 2002. The analysis uses existing driving data in 
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conjunction with historical weight data. The results indicate that, since 
1988, no less than 272 million additional gallons of fuel are consumed 
annually due to average passenger weight increases. This number grows 
to approximately 938 million gallons of fuel when measured from 1960, 
which corresponds to approximately 0.7% of the nation's annual fuel 
consumption, or almost three days of fuel consumption by automobiles. 
Moreover, more than 39 million gallons of fuel are estimated to be used 
annually for each additional pound of average passenger weight.”

The cost of 
obesity

The higher 
your BMI, the 
higher your 
medical costs

“Obese patients had more hospitalizations (P<.001), prescription drugs 
(P<.001), professional claims (P<.001), and outpatient visits (P = .005). 
Obese patients used more cardiovascular, intranasal allergic rhinitis, 
asthma, ulcer, diabetes, thyroid, and analgesic drugs. Total costs between 
groups [obese vs. nonobese] were different (median of $585.44 for obese 
and $333.24 for nonobese patients; P<.001). Cost differences were 
primarily due to medications (P<.001). Predictors of total costs were age, 
sex, BMI, and [chronic disease score]. For each unit BMI increase, costs 
increased 2.3% (P<.001).”
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US weight 
trends

Increasing rate 
of obesity

According to the CDC surveys conducted in 1977-1978 and 1994-1996, 
reported daily caloric intakes increased from 2239 to 2455 in men and 
from 1534 to 1646 in women.  A BMI of 25-30 is considered 
“overweight”, and >30 is “obese”. By these criteria, in 2000 65% of 
Americans were overweight and 31% were obese, an increase of about 
20% from a survey in 1988-1994; even the rate of obesity in children has 
increased by 50% in the last 20 years. This correlates well with my own 
observations of people. In fact this is a world-wide trend, probably part of 
human nature.
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Summary NIH lecture 
video

By Dr Lane: http://videocast.nih.gov/ram/gls071301.ram 

Radio 
broadcast on 
the Net

KQED is the National Public Radio (NPR) affiliate in San Francisco. On 
Tue, September 16, 2003, the program “Forum” did a segment on Aging 
Research, with Cynthia Kenyon, David Sinclair, Dale Bredesen, and a 
journalist named Philip Cohen. The audio stream can be found here:
http://www.kqed.org/programs/program-
archive.jsp?progID=RD19&ResultStart=1&ResultCount=10&type=radio 

AOR 
summary

A very good, 35+ page PDF summary of the beneficial effects of CR, 
along with current research in anti-aging medicine, with lots of 
references. From the Canadian supplement company, Advanced 
Orthomolecular Research (where Michael Rae works).
http://www.aor.ca/mags/Truth-to-the-fountain-of-youth-2003_Spring.pdf 

Mechanism Progressive 
mitochondria 
DNA defects

A study in Nature (May 27, 2004) found a CAUSATIVE link between 
progressively increasing mitochondria DNA defects and aging. The 
authors engineered a mouse with a defective mitochondria DNA 
polymerase. Over time, the mitochondria in the mice had increasing 
defects:  “This increase in somatic mtDNA mutations is associated with 
reduced lifespan and premature onset of ageing-related phenotypes such 
as weight loss, reduced subcutaneous fat, alopecia (hair loss), kyphosis 
(curvature of the spine), osteoporosis, anaemia, reduced fertility and heart 
enlargement. Our results thus provide a causative link between mtDNA 
mutations and ageing phenotypes in mammals.” These same progressive 
mitochondria defects occur with age in normal mice and men, and are 
directly related to caloric intake. As I understand it, the calories are 
“burned” in the mitochondria => free radical damage to the mitochondria 
inner membrane & mtDNA. Common antioxidants such as vitamin E do 
not affect this process.
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 Mitochondria 
DNA defects 
from ROS

“It is suggested that a low rate of mitochondrial ROS generation extends 
lifespan both in long-lived and in caloric-restricted animals by 
determining the rate of oxidative attack and accumulation of somatic 
mutations in mitochondrial DNA.”
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Mediated 
through the 
effects of 
insulin?

“caloric restriction decreases the mitochondrial proton motive force by 
increasing the mitochondrial proton leak and that this leak is dependent, 
at least in part, on plasma insulin levels.”
“It was hypothesized that [the effects of CR] may be due to upstream 
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changes in hormonal status, since certain hormones (such as insulin) are 
stimulatory for ROS production, effect fatty acid composition, and are 
lowered by CR. To investigate this hypothesis, young male Brown-
Norway rats on 55% CR (4 months duration) were subjected to insulin 
replacement by use of mini-osmotic pumps. ROS and free radical-
induced malondialdehdye production were significantly lower in 
mitochondria from CR animals compared to those from fully fed, and 
these effects were reversed by insulin. It is concluded that the beneficial 
changes induced by CR, as seen at the mitochondrion, may in part be 
downstream effects of alterations in hormonal signalling.”
“Therefore, decreasing the food intake may, from a toxicological point of 
view, mean a reduction of the cumulative exposure to many toxic 
compounds present in our diet and produced from it. It may decrease the 
energy expenditure for the detoxification processes allowing for its 
allocation in other vital processes. This effect can make also a significant 
contribution to the beneficial effects of CR.”

302

Make sure 
your nutrition 
is adequate

CR mice live 
longer with 
optimal diet 

Six groups of mice were studied with variations in diet quality (standard 
diet vs. enriched for protein, vitamins and minerals) and % CR. The CR 
mice survived longer than the ad lib mice; the CR + optimal diet survived 
longest of all and were healthiest.
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Rats CR => lower 
organ mass304

38% CR results in the following organ mass change in rats:

Organ

Percent reduction

Total body weight

42

Brain

0

Testes

6

Prostate

25

Heart

29

Liver

34

Kidney

33

Spleen

50

Muscle

40

Body fat

70



  Average life span in years versus height for 19th century deceased French men. ( PlaceNameWashington   PlaceTypeAcademy  of Sciences,  City placeWashington ,  StateDC  .)

[By my calculation, 20 cm (8 inches) height increase = 13 yr life decrease]

Reduction of baseball players' average life span with increasing height. ( PlaceNameWashington   PlaceTypeAcademy  of Sciences,  City placeWashington ,  StateDC  .)

[By my calculation, 20 cm (8 inches) height increase = 9 yr life decrease]

Figure 5: Short people live longer64

By my calculations based on basal energy expenditure, a man with a height of 64" and a BMI of 23 would eat approx 1938 
calories (at age 40) to keep up his weight. A man 20 cm (8") taller would eat 2467 calories. The smaller man is “effectively 
21% calorie restricted.” From the rodent model, a 21% life-long calorie restriction would result in 13 yr of life extension. The 
height vs. lifespan graphs above support the hypothesis that increased calorie intake alone is the cause of a smaller lifespan 
for tall men.
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BMI 
=> 14 16 17 18 19 20 21 23 25 28 30 35 40

Height
(inche

s)
Weight (lb.)

58 67 77 81 86 91 96 100 110 120 134 144 167 191
59 69 79 84 89 94 99 104 114 124 139 149 173 198
60 72 82 87 92 97 102 108 118 128 143 154 179 205
61 74 85 90 95 101 106 111 122 132 148 159 185 212
62 77 87 93 98 104 109 115 126 137 153 164 191 219
63 79 90 96 102 107 113 119 130 141 158 169 198 226
64 82 93 99 105 111 117 122 134 146 163 175 204 233
65 84 96 102 108 114 120 126 138 150 168 180 210 240
66 87 99 105 112 118 124 130 143 155 173 186 217 248
67 89 102 109 115 121 128 134 147 160 179 192 223 255
68 92 105 112 118 125 132 138 151 164 184 197 230 263
69 95 108 115 122 129 135 142 156 169 190 203 237 271
70 98 112 118 125 132 139 146 160 174 195 209 244 279
71 100 115 122 129 136 143 151 165 179 201 215 251 287
72 103 118 125 133 140 147 155 170 184 206 221 258 295
73 106 121 129 136 144 152 159 174 189 212 227 265 303
74 109 125 132 140 148 156 164 179 195 218 234 273 312
75 112 128 136 144 152 160 168 184 200 224 240 280 320
76 115 131 140 148 156 164 173 189 205 230 246 288 329
77 118 135 143 152 160 169 177 194 211 236 253 295 337
78 121 138 147 156 164 173 182 199 216 242 260 303 346

Table 2: BMI

BMI < 13 Higher risk of death in severe anorexia nervosa (10% in 9 yr)305

BMI = 14-16 Typical for people with moderate anorexia nervosa or maximum caloric restriction
BMI = 16-18 Typical for people on long-term, moderate caloric restriction.306

BMI = 18.5-24.9 “Normal” according to the US Government307

BMI = 22-24.9 Higher risk for chronic disease, even though officially in “healthy weight range” 308

BMI > 25 Overweight: high risk for disease, increased risk of premature death
BMI > 30 Obese: extreme risk for disease, high risk of premature death

Animal Diet Lifespan Lifespan increase 
with CR

Delphia longispina Normal feeding 46 days
Restricted diet 60 days 30%

Rotifers At-will feeding 34 days
(note: an abstract says there is a 14% 
increase with CR) 309

Moderate restriction 45.3 days 31%

Severe restriction 54.7 days 60%

Bowl and doily spider 310 About 8 flies per week 30 days
5 flies per week 99 days 230%
1-3 flies per week 139 days 363%

Guppy Normal 33 mo.
CR 46 mo. 39%



"Fig. 2. A positive linear relationship is observed between the duration of CR feeding and the maximum life-span recorded in rodent species. The data is taken from 36 studies that had a range of 40–50% calorie restriction. The data is more variable than observed in  because two different experimental designs where employed in these studies, i.e. control feeding followed by CR feeding, or CR feeding with a return to control feeding. Life-span increase is normalised as for  to control for differences between studies relating to animals, husbandry conditions and experimental design.""Fig. 1. A negative linear relationship can be demonstrated between the intensity of calorie-restricted feeding and the increase in maximum life-span recorded, within the limits tolerated by the species. The data is taken from 24 published studies using the CR model of retarded ageing in rodent species. In each study, increase in maximum life-span is normalised to that of the non-restricted animals in order to control for differences in husbandry practices, health status of animals, species, strain of rodent and feeding regime employed. An index of 1.0 represents survival in the control, non-restricted animals (100% energy intake)."

Laboratory rats (Wistar strain) At-will feeding 133.1 days
Restricted diet 163.4 days 23%

Dogs (Purina study) 7 Ad lib diet 11.2 yr.
  (Labrador retrievers) 25% restricted diet 13.0 yr. 16%

Table 2: Caloric restriction lengthens lifespan in a wide variety of animals

Controlled studies show restricting food intake in several species actually increases lifespan. This table summarizes the results 
of several separate studies311, 312 (plus the Purina study data).

Figure 5: High BMI => high rates of disease

One standard way to calculate how fat or thin you are is Body Mass Index (BMI). Here are two 
charts of BMI vs. disease risk; I think the charts speak for themselves.313

Figure 5

The two graphs below (deleted because of copyright issues) are from a rodent CR meta-analysis (a 
compilation of many studies). The graphs show that two CR factors are linearly related to lifespan: length of 
CR and degree of CR.314 I extended the results of this analysis to people: it works out to about 40 seconds 
per calorie. For every bowl of ice cream you eat, you are effectively two hours closer to death. N. b., this is a 
useful paradigm only, not a working theory; nonetheless, it is approximately correct in many of its 
implications. Most the effects of “aging” are probably due to a combination of time and calories.
The same graphs from http://www045.heronetwork.com/modules.php?name=Sections&op=viewarticle&artid=12 (link now out of date): 

It is about the best evidence available to demonstrate the tremendous benefits possible with CR. 

See the web site

Figure 5: Caloric restriction helps to preserve the part of the brain involved with memory.

“In Alzheimer’s disease, molecular reactions are thought to kill cells in the hippocampus, a brain area important for memory. 
The images above show what happens when researchers inject a toxin into the hippocampus of rats that stirs up similar deadly 
reactions. They found that cells in rats that ate a regular diet degenerated while cells in rats that ate a calorie-restricted diet 
resisted the toxin. Notice the difference in the amount of cells near the yellow arrow toward the right of each image. 
Furthermore, the researchers found that the unrestricted eaters suffered from severe learning and memory deficits similar to 
Alzheimer’s patients, but the restricted rats showed little or no deficits. This work and other studies in animals suggest that 
caloric restriction may be able to protect the brain from some aspects of brain disease.
Images from Mark Mattson, PhD, National Institute on Aging, Baltimore, MD.”315

Figure 6: Attractiveness by BMI
When rated by young men, the optimal BMI in young women is very thin, peaking at 17-20, consistent with 
mild CR.316 The attractiveness declines on both sides of this peak, reaching half its maximum at BMIs of 15 

http://www045.heronetwork.com/modules.php?name=Sections&op=viewarticle&artid=12
http://www.consumer.gov/weightloss/bmi.htm
http://www.purina.com/institute/news.asp?article=421
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on the low end and 27 on the high end.

Parameter CR Control P value
Total cholesterol, mg/dl 158 205 0.001
LDL-C, mg/dl 86 127 0.001
HDL-C, mg/dl 63 48 0.006
Total cholesterol/HDL-C ratio 2.6 4.5 0.001
TG/HDL-C ratio 0.8 3.5 0.001
TG, mg/dl 48 147 0.001
Systolic BP, mm Hg 99 129 0.001
Diastolic BP, mm Hg 61 79 0.001
Fasting glucose, mg/dl 81 95 0.001
Fasting insulin, mIU/ml 1.4 5.1 0.001
Hs-CRP, μg/ml 0.3 1.6 0.001
Figure 7: reduction in risk factors for atherosclerosis in a study of humans on caloric restriction.146

TG = triglycerides; BP = blood pressure; mm Hg = millimeters of mercury (pressure); CRP = C-reactive protein. 

Relative Risk
BMI 30-34.9 BMI > 40

Medical condition Men Women Men Women
Diabetes type 2 10 7 11 20
Coronary heart disease 16 13 14 1

9
High blood pressure 49 48 65 63
Osteoarthritis 5 10 10 17
Breast cancer 1.6 1.7
Colon cancer 1.5 1.3 1.8 1.4
Prostate cancer 1.2 1.3

Figure 8. Relative risk of developing these problems w.r.t. a person with a normal BMI (18.5-24.9). 
Relative Risk (RR) is a multiplier: for example, men with a BMI of 30-34.9 have a RR of 10 for diabetes 
type 2, meaning a ten-fold increased risk compared to those of normal BMI.
Adapted from a Reuters report on http://www.msnbc.msn.com/id/5005175/ 2004-05-18.

“Rats!”317

A whole series of diet-related comics (and other) is at http://www.glasbergen.com/fit.html
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