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REVIEW

A review of the carbohydrate–insulin model of obesity
KD Hall
The carbohydrate–insulin model of obesity theorizes that diets high in carbohydrate are particularly fattening due to their
propensity to elevate insulin secretion. Insulin directs the partitioning of energy toward storage as fat in adipose tissue and away
from oxidation by metabolically active tissues and purportedly results in a perceived state of cellular internal starvation. In response,
hunger and appetite increases and metabolism is suppressed, thereby promoting the positive energy balance associated with the
development of obesity. Several logical consequences of this carbohydrate–insulin model of obesity were recently investigated in a
pair of carefully controlled inpatient feeding studies whose results failed to support key model predictions. Therefore, important
aspects of carbohydrate–insulin model have been experimentally falsiﬁed suggesting that the model is too simplistic. This review
describes the current state of the carbohydrate–insulin model and the implications of its recent experimental tests.
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INTRODUCTION
Obesity is deﬁned as an excess accumulation of body fat, and
understanding obesity at the most basic level requires knowledge
of how adipose tissue fat storage and mobilization are regulated.
Insulin has a major role in modulating the activity of several
enzymes whose net effect is to promote the uptake, retention and
net storage of fat in adipose tissue.1 These basic facts of adipose
tissue physiology, along with the observation that dietary
carbohydrates are the primary driver of insulin secretion, have
led to the hypothesis that high carbohydrate diets are particularly
fattening.
In particular, the ‘carbohydrate–insulin model’ of obesity posits
that diets with a high proportion of carbohydrate elevate insulin
secretion and thereby suppress the release of fatty acids from
adipose tissue into the circulation and direct circulating fat toward
adipose storage and away from oxidation by metabolically active
tissues such as heart, muscle and liver.2–5 This altered fuel
availability is theorized to lead to a state of cellular ‘internal
starvation’ leading to adaptive decreases in energy expenditure
and increased hunger.2,5–7 Therefore, the positive energy balance
associated with development of obesity is purported to be a
consequence of the insulin-driven shift in fat partitioning toward
storage in adipocytes, which decreases energy expenditure and
increases food intake in an attempt to remediate the cellular
internal starvation of metabolically active tissues. Rather than
being a passive accumulator of fat as a result of overeating, the
carbohydrate–insulin model suggests that endocrine dysregulation of adipose tissue is the primary driver of positive energy
balance.
The carbohydrate–insulin model provides a plausible explanation of why insulin therapy tends to cause weight gain in people
with diabetes8 and why outpatient diet trials comparing low
carbohydrate diets to others tend to show greater short-term
weight loss despite low carbohydrate diets being unrestricted in
calories.9–11 Several popular books have promoted the carbohydrate–insulin model to the public as the reason why they have

gained excess weight in the past and why they should follow a
low carbohydrate, high fat diet for weight loss.12–14 However,
despite the apparent explanatory power of the carbohydrate–
insulin model, its scientiﬁc basis is questionable and recent studies
have challenged key predictions of the model.
SCIENTIFIC MODELS AND THE PRINCIPLE OF EXPERIMENTAL
FALSIFICATION
Scientiﬁc models seek to integrate a variety of data and explain a
set of observations about a system within an overarching
theoretical and mechanistic framework. Experimental conﬁrmation of a model’s predictions provides support for the validity of
the model and repeated conﬁrmations may eventually lead to
widespread acceptance of the model as the scientiﬁc standard.
However, scientiﬁc models cannot be proven to be true. Rather,
models represent provisional representations of our understanding, and countering evidence may require substantial model
corrections or possibly outright rejection of the model. Importantly, scientiﬁc models go beyond providing putative explanations and make experimentally testable predictions that are
capable of falsifying the models.15
As model falsiﬁcation is relatively rare in the ﬁeld of nutrition,
I will use a well-known example from physics to illustrate the
process.16 In the late nineteenth century, physicists postulated
that light propagated as a wave through a medium called the
‘luminiferous ether’. Like the carbohydrate–insulin model, the
ether model seemed highly plausible as the wave-like nature of
light was well-known and all other waves propagated through a
medium. It was difﬁcult to conceive how a wave could propagate
through a vacuum without a medium and scientists readily
accumulated evidence in favor of the ether model. (For example,
comet tails were thought to be caused by ‘ether drag’ as they
moved through the medium.) The ether model explained a lot and
it made sense. Unfortunately, it was also wrong.
As with all scientiﬁc models that attempt to explain certain
phenomena, the ether model made predictions that were
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experimentally testable. More speciﬁcally, experiments can be
designed that are capable of falsifying the model meaning that
failure of any necessary model prediction requires that the model
be abandoned as either too simple or simply incorrect. It does not
matter how many model predictions are successfully conﬁrmed by
the experiment, failure of any single prediction means that the
model is falsiﬁed.
For the ether model of light propagation, falsiﬁcation came with
the classic Michelson–Morley experiment in 1887 that failed to
detect a signiﬁcant difference in the speed of light moving in
different directions through the hypothesized ether. Since then,
several more deﬁnitive experiments were conducted that
conﬁrmed these results. The experimental falsiﬁcations of the
ether model did not imply that light does not have wave-like
properties, but the simple ether model of light propagation was
untenable.
EXPERIMENTAL FALSIFICATION OF THE CARBOHYDRATE–
INSULIN MODEL
Whereas some models of obesity are so complex that it is difﬁcult
to know where to begin when assessing their validity,17 the
carbohydrate–insulin model provides clear experimentally testable predictions. For example, the carbohydrate–insulin model
predicts that diets with decreased proportion of carbohydrate to
fat, but identical protein and calories, will reduce insulin secretion,
increase fat mobilization from adipose tissue and elevate fat
oxidation. The altered metabolic and hormonal milieu associated
with reduced dietary carbohydrate will therefore relieve the state
of cellular internal starvation resulting in decreased hunger,
increased body fat loss and increased energy expenditure
compared with an isocaloric diet with higher carbohydrates and
higher insulin secretion.2 If any of these predictions fail, then the
carbohydrate–insulin model is falsiﬁed and a more commensurate
model must be sought.
Testing the model predictions requires inpatient feeding studies
as diet adherence cannot be guaranteed in outpatient studies.18
Recently, two metabolic ward studies directly tested the logical
consequences of the carbohydrate–insulin model in humans.19,20
Both studies were conducted while subjects were continuously
residing in metabolic wards where they consumed carefully
controlled diets. Both studies found the expected rapid and
sustained decrease in insulin secretion when dietary carbohydrates were restricted. Therefore, the experimental conditions
required to test the predictions of the carbohydrate–insulin model
were fully satisﬁed.
In concordance with the model predictions, carbohydrate
restriction led to increased fat oxidation reaching a maximum
within a few days and remaining constant thereafter. However,
neither study found the predicted augmentation of body fat loss
with carbohydrate restriction. Rather, despite the reduction in
insulin secretion, both studies found slightly less body fat loss
during the carbohydrate restricted diets compared with isocaloric
higher carbohydrate diets with identical protein.13,14 19, 20
In one study, the reduced carbohydrate diet led to a signiﬁcant
decrease in energy expenditure, both during sleep and throughout the day, a result counter to the carbohydrate-insulin model.19
In the other study, a very low carbohydrate ketogenic diet led to
increased daily energy expenditure of only 57 kcal/day, and the
effect waned over time.20 Although this small energy expenditure
increase during the ketogenic diet was in the direction predicted
by the carbohydrate–insulin model, it was quantitatively much
less than what was expected. Speciﬁcally, the effect size of the
pre-speciﬁed primary energy expenditure outcome was substantially smaller than the 150 kcal/day threshold determined in
advance to be the smallest change that would be considered
physiologically important. Furthermore, the observed energy
expenditure effect was several-fold lower than the 400–600 kcal/
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day effect previously estimated to be the ‘sizable metabolic
advantage’ of a very low carbohydrate diet21 and incompatible
with the popular claim of Dr Robert Atkins that such diets increase
energy expenditure to an extent that they offer a ‘high calorie way
to stay thin forever’.12
CONCORDANCE WITH PREVIOUS INPATIENT FEEDING STUDIES
Despite achieving the desired differences in insulin secretion via
isocaloric manipulation of dietary carbohydrate and fat, the recent
studies19,20 clearly demonstrated that the energy expenditure and
body fat predictions of the carbohydrate–insulin model failed
experimental interrogation. These results are in accord with
previous inpatient controlled feeding studies that have either
found small decreases in energy expenditure with lower
carbohydrate diets22–25 or reported no statistically signiﬁcant
differences26–35 when comparing diets with equal calories and
protein, but varying carbohydrates from 20 to 75% of total
calories. Furthermore, the small effects on body fat loss were
similar to those of previous inpatient feeding studies ﬁnding no
signiﬁcant differences in body fat resulting from isocaloric
variations in carbohydrate and fat.30,36–39
There has never been an inpatient controlled feeding study
testing the effects of isocaloric diets with equal protein that has
reported signiﬁcantly increased energy expenditure or greater loss
of body fat with lower carbohydrate diets. However, a recent
outpatient study reported that during a weight loss maintenance
period, the total energy expenditure was signiﬁcantly increased by
325 kcal/day during a 28-day very low carbohydrate diet
compared with an isocaloric low fat diet with 50% less
protein.40 Although these results have been offered in support
of the carbohydrate–insulin model,2 such an interpretation is
confounded by the differences in dietary protein which is known
to be thermogenic.41,42 Furthermore, there are serious concerns
about diet adherence and the accuracy of the energy expenditure
measurements as these data were inconsistent with the lack of
signiﬁcant changes in body weight or composition over the
3-month test period despite total energy expenditure being
~ 200–500 kcal/day greater than the reported energy intake.43
Another recent outpatient controlled feeding study examined
the effect of dietary carbohydrate and glycemic index on body
weight and composition during periods of sequential overfeeding,
underfeeding and refeeding with isocaloric diets containing equal
protein.44 Although there were no statistically signiﬁcant differences in body fat changes between the diet groups, the highest
carbohydrate and glycemic index diet exhibited a trend toward
greater body fat regain during refeeding that amounted to an
increased rate of energy storage of ~ 400–500 kcal/day.
This pair of marginally supportive outpatient controlled feeding
studies40,44 suggests that perhaps the weight-reduced state is
required to unveil the effects of lower carbohydrate or reduced
glycemic index diets to improve energy expenditure and body fat.
This possibility deserves further investigation.
AD HOC MODIFICATIONS OF THE CARBOHYDRATE–INSULIN
MODEL
Although it is always possible to propose various ad hoc
modiﬁcations of a model to subvert apparent experimental
falsiﬁcation, at some point a decision needs to be made to reject
the model and formulate an alternative that is more commensurate with the data. Ad hoc complexiﬁcations of the
luminiferous ether model were proposed, going so far as
suggesting that the length of measurement devices shrank in
the direction of motion through the ether—the so-called
Lorenz–Fitzgerald length contraction.16 Shrinking the experimental apparatus by just the right tiny amount could save the
ether model, but this proposal seemed highly contrived. In 1905,
© 2017 Macmillan Publishers Limited, part of Springer Nature.
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Einstein explained the Lorentz–Fitzgerald contraction as being a
natural consequence of his special theory of relativity that did
not require a medium for light propagation. The ether model
was ﬁnally dead and buried.
Ad hoc modiﬁcations of the carbohydrate–insulin model
include the possibility that the downstream effects of reduced
insulin secretion take more time to come to fruition, and the
experiments were not long enough to observe these effects. For
example, perhaps fat oxidation further increases over more
prolonged periods of carbohydrate restriction, thereby leading
to an acceleration of body fat loss. However, daily fat oxidation
was observed to plateau within the ﬁrst week of the reduced
carbohydrate diets as indicated by the rapid and sustained drop in
daily respiratory quotient.19,20 As further evidence that adaptations to carbohydrate restriction occur relatively quickly, adipose
lipolysis is known to reach a maximum within the ﬁrst week of a
prolonged fast45 as does hepatic ketone production.46 Although
there is some evidence that exercise performance may increase
over several weeks of adaptation to a low carbohydrate diet,47
there is no evidence for acceleration of daily fat oxidation.
Another ad hoc modiﬁcation of the carbohydrate–insulin model
of obesity suggests that it only applies to certain people, perhaps
those who are sufﬁciently intolerant to dietary carbohydrates.
In that case, our recent experiments19,20 and all previous inpatient
studies22–28,30–39 failed to conﬁrm the model predictions because
they were performed in the wrong subjects. Although this
possibility cannot be excluded, it severely limits the generalizability of the carbohydrate–insulin model to an extent that it is
highly unlikely to explain the general features of common obesity
and its increasing prevalence.
Perhaps the predicted increase in energy expenditure with
carbohydrate restriction occurs not through changes in metabolic
rate, but rather via increased spontaneous physical activity.
Therefore, such effects may not have been observed while
subjects resided as inpatients on metabolic wards that limited
their physical activities. Some support for this possibility was
provided in the recent study that found a statistically nonsigniﬁcant 126 kcal/day increase in spontaneous physical activity
energy expenditure on the days spent outside the metabolic
chamber at the end of the 2-month inpatient stay when the
subjects were consuming the ketogenic diet.20 However, this
trend for increased physical activity expenditure could also be
interpreted as the result of the subjects’ behavior being affected
by the time spent on the metabolic wards rather than an effect of
the ketogenic diet. Nevertheless, a modest effect of carbohydrate
restriction on spontaneous physical activity is certainly plausible
and might be ampliﬁed under free-living conditions.
Finally, it may be that the carbohydrate–insulin model operates
primarily by affecting energy intake such that low carbohydrate
diets decrease hunger, reduce appetite and promote satiety
without offering any particular metabolic advantage for body fat
loss. This aspect of the carbohydrate–insulin model was not
directly examined in the recent studies as food intake was strictly
controlled.19,20 Under ad libitum feeding conditions, the possible
effect of decreased carbohydrates and insulin per se may be
difﬁcult to dissociate from the effects of increased dietary protein
that often accompanies carbohydrate restriction which may
independently promote satiety, decrease overall energy intake, as
well as increase energy expenditure, and beneﬁcially inﬂuence
energy partitioning and body composition.41,42 Nevertheless, very
low carbohydrate diets with limited protein likely reduce appetite
by promoting an increase in circulating ketones,48 although the
mechanism for this effect is unclear.49
IMPLICATIONS AND CONCLUSIONS
It is important to emphasize that low carbohydrate diets may offer
metabolic beneﬁts beyond loss of weight and body fat50
© 2017 Macmillan Publishers Limited, part of Springer Nature.

regardless of whether the carbohydrate–insulin model is true or
false. Furthermore, experimental falsiﬁcation of important aspects
of the carbohydrate–insulin model does not mean that dietary
carbohydrates and insulin are unimportant for body fat regulation.
Rather, their role is more complicated than the carbohydrate–
insulin model suggests as differences in energy expenditure and
body fat have been observed to occur in diametrically opposite
directions than were predicted on the basis of differences in
carbohydrate intake and insulin secretion.19,20
The rise in obesity prevalence may be primarily due to
increased consumption of reﬁned carbohydrates, but the mechanisms are likely to be quite different from those proposed by the
carbohydrate–insulin model. For example, such diets may lead to
greater overall energy intake by increasing palatability, increasing
appetite or decreasing satiety.
Reasonable ad hoc modiﬁcations of the carbohydrate–insulin
model have been proposed, but the revised model relies on
hypothesized effects of carbohydrates and insulin to alter energy
intake and spontaneous physical activity, both of which remain to
be demonstrated experimentally.
An intriguing possibility is that several predictions of the
carbohydrate–insulin model may come to fruition during maintenance of lost weight or weight regain as suggested by recent
outpatient studies.40,44 If so, this implies that reduced carbohydrate diets may be beneﬁcial for prevention of weight regain
following weight loss.
CONFLICT OF INTEREST
I have received funding from the Nutrition Science Initiative to investigate the effects
of ketogenic diets on human energy expenditure. I also have a patent pending on a
method of personalized dynamic feedback control of body weight (US Patent
Application No 13/754 058; assigned to the National Institutes of Health).

ACKNOWLEDGEMENTS
This research was supported by the Intramural Research Program of the NIH, National
Institute of Diabetes and Digestive and Kidney Diseases.

REFERENCES
1 Frayn KN, Karpe F, Fielding BA, Macdonald IA, Coppack SW. Integrative physiology
of human adipose tissue. Int J Obes Relat Metab Disord 2003; 27: 875–888.
2 Ludwig DS, Friedman MI. Increasing adiposity: consequence or cause of overeating? JAMA 2014; 311: 2167–2168.
3 Lustig RH. Childhood obesity: behavioral aberration or biochemical drive? Reinterpreting the First Law of Thermodynamics. Nat Clin Pract Endocrinol Metab 2006;
2: 447–458.
4 Taubes G. The science of obesity: what do we really know about what makes us
fat? An essay by Gary Taubes. BMJ 2013; 346: f1050.
5 Wells JC, Siervo M. Obesity and energy balance: is the tail wagging the dog? Eur J
Clin Nutr 2011; 65: 1173–1189.
6 Astwood EB. The heritage of corpulence. Endocrinology 1962; 71: 337–341.
7 Pennington AW. Obesity. Med Times 1952; 80: 389–398.
8 Carver C. Insulin treatment and the problem of weight gain in type 2 diabetes.
Diabetes Educ 2006; 32: 910–917.
9 Foster GD, Wyatt HR, Hill JO, McGuckin BG, Brill C, Mohammed BS et al. A randomized
trial of a low-carbohydrate diet for obesity. N Engl J Med 2003; 348: 2082–2090.
10 Gardner CD, Kiazand A, Alhassan S, Kim S, Stafford RS, Balise RR et al. Comparison
of the Atkins, Zone, Ornish, and LEARN diets for change in weight and related risk
factors among overweight premenopausal women: the A TO Z Weight Loss
Study: a randomized trial. Jama 2007; 297: 969–977.
11 Samaha FF, Iqbal N, Seshadri P, Chicano KL, Daily DA, McGrory J et al. A lowcarbohydrate as compared with a low-fat diet in severe obesity. N Engl J Med
2003; 348: 2074–2081.
12 Atkins RC. Dr Atkins' Diet Revolution: The High Calorie Way to Stay Thin Forever.
Bantam Books, 1973.
13 Ludwig DS. Always hungry? Conquer cravings, retrain your fat cells and lose weight
permanetly. Grand Central Life & Style: New York, 2016.
14 Taubes G. Why We Get Fat And What To Do About It. Alfred A Knopf: New York,
2011.

European Journal of Clinical Nutrition (2017) 1 – 4

Carbohydrate–insulin model
KD Hall

4
15 Popper K. The Logic of Scientiﬁc Discovery. Hutchison & Co., 1959.
16 French AP. Special Relativity. W. W. Norton & Company, 1968.
17 Finegood DT. The importance of systems thinking to address obesity. Nestle Nutr
Inst Workshop Ser 2012; 73: 123–137; discussion 139-141.
18 Das SK, Gilhooly CH, Golden JK, Pittas AG, Fuss PJ, Cheatham RA et al. Long-term
effects of 2 energy-restricted diets differing in glycemic load on dietary adherence, body composition, and metabolism in CALERIE: a 1-y randomized
controlled trial. Am J Clin Nutr 2007; 85: 1023–1030.
19 Hall KD, Bemis T, Brychta R, Chen KY, Courville A, Crayner EJ et al. Calorie for
calorie, dietary fat restriction results in more body fat loss than carbohydrate
restriction in people with obesity. Cell Metab 2015; 22: 427–436.
20 Hall KD, Chen KY, Guo J, Lam YY, Leibel RL, Mayer LE et al. Energy expenditure and
body composition changes after an isocaloric ketogenic diet in overweight and
obese men. Am J Clin Nutr 2016; 104: 324–333.
21 Feinman RD, Fine EJ. Thermodynamics and metabolic advantage of weight
loss diets. Metab Syndr Relat Disord 2003; 1: 209–219.
22 Astrup A, Buemann B, Christensen NJ, Toubro S. Failure to increase lipid oxidation
in response to increasing dietary fat content in formerly obese women. Am J
Physiol 1994; 266(4 Pt 1): E592–E599.
23 Dirlewanger M, di Vetta V, Guenat E, Battilana P, Seematter G, Schneiter P et al.
Effects of short-term carbohydrate or fat overfeeding on energy expenditure and
plasma leptin concentrations in healthy female subjects. Int J Obes Relat Metab
Disord 2000; 24: 1413–1418.
24 Horton TJ, Drougas H, Brachey A, Reed GW, Peters JC, Hill JO. Fat and carbohydrate overfeeding in humans: different effects on energy storage. Am J Clin Nutr
1995; 62: 19–29.
25 Shepard TY, Weil KM, Sharp TA, Grunwald GK, Bell ML, Hill JO et al. Occasional
physical inactivity combined with a high-fat diet may be important in the
development and maintenance of obesity in human subjects. Am J Clin Nutr 2001;
73: 703–708.
26 Davy KP, Horton T, Davy BM, Bessessen D, Hill JO. Regulation of macronutrient
balance in healthy young and older men. Int J Obes Relat Metab Disord 2001; 25:
1497–1502.
27 Eckel RH, Hernandez TL, Bell ML, Weil KM, Shepard TY, Grunwald GK et al.
Carbohydrate balance predicts weight and fat gain in adults. Am J Clin Nutr 2006;
83: 803–808.
28 Hill JO, Peters JC, Reed GW, Schlundt DG, Sharp T, Greene HL. Nutrient balance in
humans: effects of diet composition. Am J Clin Nutr 1991; 54: 10–17.
29 Leibel RL, Hirsch J, Appel BE, Checani GC. Energy intake required to maintain body
weight is not affected by wide variation in diet composition. Am J Clin Nutr 1992;
55: 350–355.
30 Rumpler WV, Seale JL, Miles CW, Bodwell CE. Energy-intake restriction and dietcomposition effects on energy expenditure in men. Am J Clin Nutr 1991; 53:
430–436.
31 Schrauwen P, van Marken Lichtenbelt WD, Saris WH, Westerterp KR. Changes in
fat oxidation in response to a high-fat diet. Am J Clin Nutr 1997; 66: 276–282.
32 Smith SR, de Jonge L, Zachwieja JJ, Roy H, Nguyen T, Rood JC et al. Fat and
carbohydrate balances during adaptation to a high-fat. Am J Clin Nutr 2000; 71:
450–457.

European Journal of Clinical Nutrition (2017) 1 – 4

33 Thearle MS, Pannacciulli N, Bonﬁglio S, Pacak K, Krakoff J. Extent and determinants of thermogenic responses to 24 hours of fasting, energy balance, and ﬁve
different overfeeding diets in humans. J Clin Endocrinol Metab 2013; 98:
2791–2799.
34 Treuth MS, Sunehag AL, Trautwein LM, Bier DM, Haymond MW, Butte NF.
Metabolic adaptation to high-fat and high-carbohydrate diets in children and
adolescents. Am J Clin Nutr 2003; 77: 479–489.
35 Yerboeket-van de Venne WP, Westerterp KR. Effects of dietary fat and carbohydrate exchange on human energy metabolism. Appetite 1996; 26: 287–300.
36 Bogardus C, LaGrange BM, Horton ES, Sims EA. Comparison of carbohydratecontaining and carbohydrate-restricted hypocaloric diets in the treatment of
obesity. Endurance and metabolic fuel homeostasis during strenuous exercise.
J Clin Invest 1981; 68: 399–404.
37 Golay A, Allaz AF, Morel Y, de Tonnac N, Tankova S, Reaven G. Similar weight loss
with low- or high-carbohydrate diets. Am J Clin Nutr 1996; 63: 174–178.
38 Miyashita Y, Koide N, Ohtsuka M, Ozaki H, Itoh Y, Oyama T et al. Beneﬁcial effect of
low carbohydrate in low calorie diets on visceral fat reduction in type 2 diabetic
patients with obesity. Diabetes Res Clin Pract 2004; 65: 235–241.
39 Yang MU, Van Itallie TB. Composition of weight lost during short-term weight
reduction. Metabolic responses of obese subjects to starvation and low-calorie
ketogenic and nonketogenic diets. J Clin Invest 1976; 58: 722–730.
40 Ebbeling CB, Swain JF, Feldman HA, Wong WW, Hachey DL, Garcia-Lago E et al.
Effects of dietary composition on energy expenditure during weight-loss maintenance. Jama 2012; 307: 2627–2634.
41 Leidy HJ, Clifton PM, Astrup A, Wycherley TP, Westerterp-Plantenga MS, LuscombeMarsh ND et al. The role of protein in weight loss and maintenance. Am J Clin Nutr
2015; 101: 1320S–1329S.
42 Wycherley TP, Moran LJ, Clifton PM, Noakes M, Brinkworth GD. Effects of energyrestricted high-protein, low-fat compared with standard-protein, low-fat diets:
a meta-analysis of randomized controlled trials. Am J Clin Nutr 2012; 96:
1281–1298.
43 Hall KD. Comment on PMID: 22735432 effects of dietary composition on energy
expenditure during weight-loss maintenance. PubMed Commons 2016. Available at:
http://www.ncbi.nlm.nih.gov/pubmed/22735432#cm22735432_22716096.
44 Kahlhofer J, Lagerpusch M, Enderle J, Eggeling B, Braun W, Pape D et al.
Carbohydrate intake and glycemic index affect substrate oxidation during a
controlled weight cycle in healthy men. Eur J Clin Nutr 2014; 68: 1060–1066.
45 Bortz WM, Paul P, Haff AC, Holmes WL. Glycerol turnover and oxidation in man.
J Clin Invest 1972; 51: 1537–1546.
46 Balasse EO, Fery F. Ketone body production and disposal: effects of fasting,
diabetes, and exercise. Diabetes Metab Rev 1989; 5: 247–270.
47 Phinney SD. Ketogenic diets and physical performance. Nutr Metab (Lond) 2004; 1: 2.
48 Gibson AA, Seimon RV, Lee CM, Ayre J, Franklin J, Markovic TP et al. Do ketogenic
diets really suppress appetite? A systematic review and meta-analysis. Obes Rev
2015; 16: 64–76.
49 Paoli A, Bosco G, Camporesi EM, Mangar D. Ketosis, ketogenic diet and food
intake control: a complex relationship. Front Psychol 2015; 6: 27.
50 Westman EC, Feinman RD, Mavropoulos JC, Vernon MC, Volek JS, Wortman JA
et al. Low-carbohydrate nutrition and metabolism. Am J Clin Nutr 2007; 86:
276–284.

© 2017 Macmillan Publishers Limited, part of Springer Nature.

