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Abstract 

Daily calorie restriction and alternate-day fasting boost healthspan and lifespan in rodents and other 
species, by chronically or episodically lowering blood level of insulin, free IGF-I, and glucose.  However, 
these strategies are too draconian and stressful for most people to persist in voluntarily.  For this reason, 
there is considerable interest in defining alternative lifestyle strategies that can provide a measure of the 
same metabolic benefit, but that are more feasible for people to stick with.  Modified episodic fasting 
regimens, in which a modest calorie intake is allowed on “fasting” days, appear to be less stressful to 
implement than strict fasting approaches, and are achieving a measure of popularity.  Alternatively, 
strategies which modify the timing or composition of meals in each day, such that insulin, free IGF-I, and 
glucose are kept relatively low for a number of consecutive hours in each 24 hour period, are also 
feasible.  One simple approach is to eat one large meal daily; this however requires more fortitude than 
most people can muster.  The carbohydrate concentration strategy requires that the bulk of the day’s 
carbohydrate be ingested in one meal daily, and allows subsidiary meals providing protein/fat-rich foods 
and low-carb vegetables; this has the considerable merit of allowing people to eat their traditional foods 
dispersed in 3 meals a day.  The efficacy of this strategy might be reinforced by segregating protein-rich 
foods from the carbohydrate-rich meal, as protein can notably boost the insulin response to co-ingested 
carbohydrate; choosing lower-glycemic index carbohydrate foods can also moderate postprandial insulin 
levels.  Restricting high-quality protein – choosing plant-based foods of moderate protein content – can 
amplify the benefits of any of these strategies by down-regulating hepatic production of IGF-I.  A 
carbohydrate concentration regimen that also segregates protein-rich foods to low-carb meals could be 
expected to promote leanness and metabolic benefits, and has the potential to be popular with the general 
public; formal clinical evaluation of this strategy is called for.  

 

Calorie Restriction and Alternate-Day Fasting Boost Healthspan  

Diets and lifestyles which minimize diurnal levels of insulin, free IGF-I, and glucose have potential for 
boosting lifespan and healthspan by promoting “cell cleaning” autophagy, cancer-preventive apoptosis, 
and antioxidant defenses.  (For the technically inclined – these benefits appear to be achieved, in part, by 
down-regulation of cellular activities of mTORC1 and Akt, and up-regulation of those of AMPK, Sirt1, 
and FOXO factors.)1, 2 These strategies also help to preserve the functional integrity of the brain, and of 
course tend to promote leanness.  In rodent studies, these benefits are most effectively achieved with 
chronic daily calorie restriction, or with alternate-day fasting.  However, aside from a few people who are 
exceptionally motivated, few humans are likely to voluntarily stick with such lifestyle strategies.  Hence, 
more practical – if presumably somewhat less effective – strategies for repeatedly achieving prolonged 
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periods of low insulin, free IGF-I, and glucose, conceived of as modifications of the alternate-day fasting 
paradigm, have been proposed and, to some minor degree, studied clinically.   

Episodic Modified Fasting  

The Modified Alternate-Day Fasting protocol of Johnson and Laub allows a small number of calories – in 
the range of 400 kcals, or 20% of usual daily calorie intake - to be ingesting on “fasting”days.3, 4  In their 
experience, this is more feasible for most people than total fasting on the fast days.  They have 
demonstrated that this approach has important anti-inflammatory benefit, and in particular can help 
overweight asthma patients markedly improve their symptoms.5  Health journalist Michael Mosley has 
recently proposed a protocol in which very low levels of calories are ingested for two consecutive days 
per week; a number of people claim to have used this program with good benefit.6  Dr. Benjamin Horne 
has published epidemiology suggesting that the traditional Mormon custom of fasting one day per month 
is associated with a significant reduction in risk for cardiovascular disease and diabetes.7-9   

Modifying Daily Eating Patterns – Meal Skipping and Carbohydrate Concentration 

A different category of “longevity” strategies seeks to configure food consumption within each day so 
that insulin, free IGF-I, and glucose levels remain relatively low for extended periods.  One way to 
achieve this is to restrict oneself to one large meal a day; Drs. Mark Mattson and Bert Herring have 
suggested this approach.10-12 A clinical effort to compare this strategy to standard 3-meal-a-day eating did 
not have a very impressive outcome, presumably largely because the volunteers in the one-meal-a-day 
arm were required to consume as many calories in their one meal as the control group did in three; 
subjects given a free choice would most likely have consumed less, at least until they became 
exceptionally lean.13, 14 

Most people are used to consuming three or at least two meals daily, and for this reason it is hard to see a 
one-meal-a-day plan becoming widely popular, although some individuals can manage it.  Carbohydrate 
concentration diets – initially proposed by Drs. Richard and Rachel Heller in their best-sellling 
“Carbohydrate Addict’s Diet” – require that the large majority of the day’s carbohydrate ingestion be 
confined to one daily “reward meal”.1, 15-17  Other meals or snacks must be comprised of foods high in 
protein and/or fat, along with some low calorie vegetables.  Anecdotally, this strategy often tends to 
promote weight loss and ancillary metabolic benefits, especially if saturated fat intake is kept relatively 
low.  A study by Sofer and colleagues has recently demonstrated that, within the context of moderate 
daily calorie restriction, subjects who confine their main carbohydrate intake to one meal a day achieve 
greater weight loss and metabolic benefit than those eating an identical number of calories per day, but 
dispersing their carbohydrate intake across several meals.18  Carbohydrate concentrated diets can be 
expected to keep insulin, free IGF-I, and glucose levels relatively low for about 19 consecutive hours 
during each 24 hour period – albeit these reductions will not be so intense as those achieved during 
alternate-day fasting.  The Catalytic Longevity website has posted an extensive essay marshaling 
suggestive evidence that the carbohydrate concentration strategy may be a more practical way to achieve, 
at least in some measure, the metabolic benefits associated with daily calorie restriction or episodic 
fasting.1  A key merit of this approach, from the standpoint of practicality and compliance, is that it 
allows people to eat their traditional foods in three daily meals – they only need to alter the distribution of 
these foods; it is a new way of eating, rather than a new “diet”. 
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The Impact of Protein Consumption – Decreasing IGF-I 

Nature and timing of protein intake may also be an important consideration in these respects.  In humans, 
keeping the daily intake of total protein, and most particularly, “high-quality” animal protein, relatively 
low is associated with a marked decrease in plasma IGF-I levels.  Surprisingly, moderate daily calorie 
restriction, while it tends to lower systemic IGF-I levels in rodents, fails to do so in humans – unless 
accompanied by protein restriction.19  This is a key consideration, since systemic IGF-I activity is 
generally considered to be the chief pace-setter of the aging process, in species ranging from roundworms 
to rodents and possibly primates.20  Protein restriction regimens likely lower circulating IGF-I because a 
relative paucity of essential amino acids sensed by the liver down-regulates the liver’s production and 
secretion of IGF-I.21, 22  It is however important to note that, to the degree that various “longevity” 
regimens keep insulin levels low for an extended time, they can be expected to decrease systemic IGF-I 
bioactivity, owing to the fact that the liver secretes a higher amount of the IGF-I antagonist IGFBP-1 
when insulin is low.23, 24  Nonetheless, if this phenomenon is complemented by a reduction in the absolute 
plasma level of IGF-I, owing to food  choices that minimize intake of animal proteins and feature 
moderate amounts of plant protein,  it is evident that a very substantial reduction of systemic IGF-I 
activity should be achievable.   

In this regard, plant-based diets practiced at the Pritikin Clinics have been shown to markedly decrease 
absolute and free IGF-I levels in heart patients.25, 26  Although such diets do not entail episodic fasting or 
carbohydrate concentration, diurnal insulin levels tend to be relatively low because the low ratio of 
saturated to unsaturated fat in such diets tends to improve muscle insulin sensitivity, leading to a down- 
regulation of fasting insulin.27  Emphasis on lower-glycemic-index carb sources also contributes to this 
benefit – and another phenomenon which we will now discuss also may keep post-prandial insulin levels 
somewhat lower.   

Protein Potentiates the Insulin Response to Carbohydrate  

Although pure dietary protein is a relatively weak stimulant to insulin release, a considerable research 
literature indicates that protein ingestion can quite markedly potentiate the insulin response to co-ingested 
carbohydrate.28-31  For example, in a study by Spiller and colleagues, adding about 15 g or more of protein 
to a meal containing 58 g of carbohydrate was found to approximately double the post-prandial insulin 
response.29 This phenomenon is likely to be minimized by vegan meals, unless they include ample 
amounts of plant-protein concentrates or soy products.  Fortunately, beans tend to yield a relatively low 
“insulin index”, likely because both their starch and their protein content are digested and absorbed 
gradually.32, 33  Hence, the relatively low quantity of protein in most vegan meals may moderate the post-
prandial insulin responses of vegans, not unlikely contributing to their characteristic leanness  and 
favorable  risk factor profile.34  

Remer and colleagues conducted a cross-over study comparing two diets identical in calories.35   One was 
essentially vegan, providing 50 g of protein and 282 g of carbohydrate daily.  The second diet differed 
only in that 32 g of egg protein was added, replacing 14 g of fat.  The amount of C-peptide in 24 hour 
urine was used to estimate diurnal insulin secretion (one molecule of C-peptide is produced for each 
molecule of insulin secreted, and most of this C-peptide is excreted in the urine).  Daily C-peptide 
excretion was found to be 60% greater when the subjects were consuming egg protein.  This provides 
rather cogent evidence that moderating total protein intake can decrease daily insulin secretion.   
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Protein Segregation Strategies  

However, it is not necessary to become vegan – which many people would be loath to do – to take 
advantage of this phenomenon.  If high-protein foods are segregated into meals relatively low in 
carbohydrates – featuring low-carbohydrate vegetables and salads, for example – and carbohydrate-rich 
foods are ingested in quasi-vegan meals relatively low in protein, the phenomenon of protein-potentiated 
insulin release should be minimized, helping to moderate diurnal insulin.34  Surprisingly, this strategy is a 
standard tenet of traditional “food combining” diets, and is a feature of the “Fit for Life” diet program 
promoted by Marilyn and Harvey Diamond.36  The rationales offered in support of this strategy make no 
sense from the standpoint of modern physiology – for which reason such diets are often stigmatized as 
quackish – but in practice this strategy may indeed be useful.  

A clinical study published by Dr. Marthinette Slabber and colleagues suggests that the strategy of 
segregating high-protein foods into low-carbohydrate meals may in fact have merit.37  These researchers 
compared two diets of essentially identical, moderately restricted calorie content, ingested over 12 weeks.  
One diet was a typical mixed diet; the other diet, although similar not only in calorie content, but also the 
relative proportion of carbohydrate, protein, and fat, was configured to be “low insulin response”.  This 
was achieved by recommending lower-glycemic-index starchy foods – and by also banning the co-
ingestion of high-protein and high-carbohydrate foods.  The carbohydrates were consumed in two quasi-
vegan meals daily, and one meal featured a goodly intake of animal protein often accompanied by low-
carbohydrate vegetables.  (One way to think of this is that “Pritikin” and “Atkins” meals were alternated!)  
During the twelve weeks, subjects on the low-insulin-response diet lost significantly more weight (9.4 kg 
vs 7.4 kg, respectively) and achieved greater metabolic benefit; notably, fasting insulin levels dropped by 
nearly half on the low-insulin-response diet, as opposed to only a 12% drop on the control diet.  Yet 
analysis of food records indicated that the two groups had been eating similar levels of calories.  After 
this initial study, 16 of the subjects, after a washout period, agreed to be crossed over to the other diet for 
12 weeks.  The results confirmed that the low-insulin-response diet was associated with greater reductions 
in body weight and fasting insulin.  This ground-breaking study appears to have received minimal 
attention in academic circles or in the popular media.   

To provide more conclusive confirmation for the utility of the protein segregation strategy, it would be 
good to repeat the Slabber study while keeping the glycemic index of the two diets the same. It would 
also be good to measure body composition rather than just weight, to confirm a greater impact on fat loss.   

Hybrid Approaches May Optimize Benefits 

It evidently should be feasible to combine some of these principles in hybrid strategies.  For example, 
protein segregation could be practiced on a carbohydrate concentration diet – the high-carb “reward meal” 
could be quasi-vegan and modest in protein content, to minimize the post-prandial insulin response to this 
meal. This would however differ from the regimen studied by Slabber in that one rather than two meals 
daily would highlight carbohydrate.  It would also be feasible to configure a carbohydrate concentration 
diet such that it is vegan or quasi-vegan, and hence down-regulates plasma IGF-I levels.  Jenkins and 
colleagues have described an “eco-Atkins” eating strategy that is relatively low in carbohydrate, but 
features plant-derived foods – nuts, seeds, soy products, olives, avocadoes, and low-carb vegetables; the 
metabolic response to such a diet was highly favorable.38  Such foods could be employed for the low-carb 
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meals of a carbohydrate concentration diet, such that the diet was vegan or quasi-vegan.   And there is no 
reason why vegan diets couldn’t incorporate episodic modified fasting or calorie restriction.   

From the standpoint of the American public, a carbohydrate concentrated diet that was also 
protein segregated – in which the carb-rich meal was quasi-vegan, but animal products could be 
consumed in the alternate meals, if desired - might have a chance to achieve reasonable compliance 
and popularity, since people would be allowed to eat most of the same foods they typically eat, 
dispersed in up to 3 meals daily – only the pattern of food consumption would change.  And yet a 
marked reduction in diurnal insulin secretion, with extended periods in which insulin, free IGF-I, 
and glucose were relatively low, could be anticipated with such a diet.  A formal clinical evaluation 
examining the impact of such a regimen on body composition and risk factors, and assessing its 
feasibility for motivated people, could prove very worthwhile.  

Although purists may be inclined to scoff at strategies which they consider “half-way measures” for 
healthspan promotion, an analysis of the recent results reported in studies of long-term calorie restriction 
in rhesus monkeys suggests that, for primates, a relatively modest degree of calorie restriction may 
achieve near-optimal benefit.39  Hence, whereas rodents may be markedly benefited by calorie restriction 
in the 30-40% range, a 10% restriction, analogous to what Okinawans achieved in the mid-twentieth 
century,40 may provide about as much benefit as primates – presumably including humans - are likely to 
receive.  If that is the case, then the less draconian, more practical strategies surveyed here may be not too 
far from the mark with respect to optimizing healthspan in humans.  

  

   

 

References 

 

 (1)  McCarty MF. Could carbohydrate-concentrated diets mimic calorie restriction in slowing the 
aging process?  2012. Available online: http://catalyticlongevity.org/could-carbohydrate-
concentrated-diets-mimic-calorie-restriction-in-slowing-the-aging-process/   

 
 (2)  Barzilai N, Huffman DM, Muzumdar RH, Bartke A. The critical role of metabolic pathways in 

aging. Diabetes 2012 June;61(6):1315-22. 

 (3)  Johnson JB, Laub DR, John S. The effect on health of alternate day calorie restriction: eating less 
and more than needed on alternate days prolongs life. Med Hypotheses 2006;67(2):209-11. 

 (4)  Johnson JB, Laub DR. The alternate day diet. New York: Perigee; 2008. 

 (5)  Johnson JB, Summer W, Cutler RG et al. Alternate day calorie restriction improves clinical 
findings and reduces markers of oxidative stress and inflammation in overweight adults with 
moderate asthma. Free Radic Biol Med 2007 March 1;42(5):665-74. 



6 
 

 (6)  Mosley M. The FastDiet: Lose weight, stay healthy, and live longer with the simple secret of 
intermittent fasting. New York: Atria Books; 2013. 

 (7)  Horne BD, May HT, Anderson JL et al. Usefulness of routine periodic fasting to lower risk of 
coronary artery disease in patients undergoing coronary angiography. Am J Cardiol 2008 October 
1;102(7):814-9. 

 (8)  Horne BD. Is periodic fasting really good for reducing cardiovascular risk and improving heart 
health? Future Cardiol 2011 November;7(6):721-4. 

 (9)  Horne BD, Muhlestein JB, May HT et al. Relation of routine, periodic fasting to risk of diabetes 
mellitus, and coronary artery disease in patients undergoing coronary angiography. Am J Cardiol 
2012 June 1;109(11):1558-62. 

 (10)  Mattson MP. The need for controlled studies of the effects of meal frequency on health. Lancet 
2005 June 4;365(9475):1978-80. 

 (11)  Mattson MP. Energy intake, meal frequency, and health: a neurobiological perspective. Annu Rev 
Nutr 2005;25:237-60. 

 (12)  Herring BW. The Fast-5 Diet and the Fast-5 Lifestyle. Jacksonville, FLA: Fast-5 LLC; 2005. 

 (13)  Stote KS, Baer DJ, Spears K et al. A controlled trial of reduced meal frequency without caloric 
restriction in healthy, normal-weight, middle-aged adults. Am J Clin Nutr 2007 April;85(4):981-
8. 

 (14)  Carlson O, Martin B, Stote KS et al. Impact of reduced meal frequency without caloric restriction 
on glucose regulation in healthy, normal-weight middle-aged men and women. Metabolism 2007 
December;56(12):1729-34. 

 (15)  Heller RF, Heller RF. Hyperinsulinemic obesity and carbohydrate addiction: the missing link is 
the carbohydrate frequency factor. Med Hypotheses 1994 May;42(5):307-12. 

 (16)  Heller RF, Heller RF. Profactor-H (elevated circulating insulin): the link to health risk factors and 
diseases of civilization. Med Hypotheses 1995 October;45(4):325-30. 

 (17)  Heller RF, Heller RF. The Carbohydrate Addict's Diet. New York: Signet; 1993. 

 (18)  Sofer S, Eliraz A, Kaplan S et al. Greater weight loss and hormonal changes after 6 months diet 
with carbohydrates eaten mostly at dinner. Obesity (Silver Spring) 2011 October;19(10):2006-14. 

 (19)  Fontana L, Weiss EP, Villareal DT, Klein S, Holloszy JO. Long-term effects of calorie or protein 
restriction on serum IGF-1 and IGFBP-3 concentration in humans. Aging Cell 2008 
October;7(5):681-7. 

 (20)  Bartke A, Chandrashekar V, Dominici F et al. Insulin-like growth factor 1 (IGF-1) and aging: 
controversies and new insights. Biogerontology 2003;4(1):1-8. 

 (21)  Harp JB, Goldstein S, Phillips LS. Nutrition and somatomedin. XXIII. Molecular regulation of 
IGF-I by amino acid availability in cultured hepatocytes. Diabetes 1991 January;40(1):95-101. 



7 
 

 (22)  Pao CI, Farmer PK, Begovic S et al. Regulation of insulin-like growth factor-I (IGF-I) and IGF-
binding protein 1 gene transcription by hormones and provision of amino acids in rat hepatocytes. 
Mol Endocrinol 1993 December;7(12):1561-8. 

 (23)  Villafuerte BC, Goldstein S, Robertson DG, Pao CI, Murphy LJ, Phillips LS. Nutrition and 
somatomedin XXIX. Molecular regulation of IGFBP-1 in hepatocyte primary culture. Diabetes 
1992 July;41(7):835-42. 

 (24)  Frystyk J, Hussain M, Skjaerbaek C et al. Serum free IGF-I during a hyperinsulinemic clamp 
following 3 days of administration of IGF-I vs. saline. Am J Physiol 1997 September;273(3 Pt 
1):E507-E513. 

 (25)  Ngo TH, Barnard RJ, Tymchuk CN, Cohen P, Aronson WJ. Effect of diet and exercise on serum 
insulin, IGF-I, and IGFBP-1 levels and growth of LNCaP cells in vitro (United States). Cancer 
Causes Control 2002 December;13(10):929-35. 

 (26)  Ngo TH, Barnard RJ, Leung PS, Cohen P, Aronson WJ. Insulin-like growth factor I (IGF-I) and 
IGF binding protein-1 modulate prostate cancer cell growth and apoptosis: possible mediators for 
the effects of diet and exercise on cancer cell survival. Endocrinology 2003 June;144(6):2319-24. 

 (27)  McCarty MF. Dietary saturate/unsaturate ratio as a determinant of adiposity. Med Hypotheses 
2010 July;75(1):14-6. 

 (28)  Rabinowitz D, Merimee TJ, Maffezzoli R, Burgess JA. Patterns of hormonal release after 
glucose, protein, and glucose plus protein. Lancet 1966 August 27;2(7461):454-6. 

 (29)  Spiller GA, Jensen CD, Pattison TS, Chuck CS, Whittam JH, Scala J. Effect of protein dose on 
serum glucose and insulin response to sugars. Am J Clin Nutr 1987 September;46(3):474-80. 

 (30)  Pallotta JA, Kennedy PJ. Response of plasma insulin and growth hormone to carbohydrate and 
protein feeding. Metabolism 1968 October;17(10):901-8. 

 (31)  Nuttall FQ, Mooradian AD, Gannon MC, Billington C, Krezowski P. Effect of protein ingestion 
on the glucose and insulin response to a standardized oral glucose load. Diabetes Care 1984 
September;7(5):465-70. 

 (32)  Golay A, Coulston AM, Hollenbeck CB, Kaiser LL, Wursch P, Reaven GM. Comparison of 
metabolic effects of white beans processed into two different physical forms. Diabetes Care 1986 
May;9(3):260-6. 

 (33)  Granfeldt Y, Bjorck I, Drews A, Tovar J. An in vitro procedure based on chewing to predict 
metabolic response to starch in cereal and legume products. Eur J Clin Nutr 1992 
September;46(9):649-60. 

 (34)  McCarty MF. The origins of western obesity: a role for animal protein? Med Hypotheses 2000 
March;54(3):488-94. 

 (35)  Remer T, Pietrzik K, Manz F. A moderate increase in daily protein intake causing an enhanced 
endogenous insulin secretion does not alter circulating levels or urinary excretion of 
dehydroepiandrosterone sulfate. Metabolism 1996 December;45(12):1483-6. 



8 
 

 (36)  Diamond H, Diamond M. Fit for Life. New York: Warner Books; 1985. 

 (37)  Slabber M, Barnard HC, Kuyl JM, Dannhauser A, Schall R. Effects of a low-insulin-response, 
energy-restricted diet on weight loss and plasma insulin concentrations in hyperinsulinemic obese 
females. Am J Clin Nutr 1994 July;60(1):48-53. 

 (38)  Jenkins DJ, Wong JM, Kendall CW et al. The effect of a plant-based low-carbohydrate ("Eco-
Atkins") diet on body weight and blood lipid concentrations in hyperlipidemic subjects. Arch 
Intern Med 2009 June 8;169(11):1046-54. 

 (39)  McCarty MF. The NIA and WIsconsin rhesus calorie restriction studies - some comments.  2013. 
Available online: http://catalyticlongevity.org/prepub_archive/rhesusstudies.pdf 

 
 (40)  Willcox BJ, Willcox DC, Todoriki H et al. Caloric restriction, the traditional Okinawan diet, and 

healthy aging: the diet of the world's longest-lived people and its potential impact on morbidity 
and life span. Ann N Y Acad Sci 2007 October;1114:434-55. 

 
 


