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Purpose of review

This review will evaluate the recent scientific literature on the efficacy of the ketogenic diet for enhancing
weight loss and maintaining capacity for physical activity.

Recent findings

With the increasing obesity epidemic, the 21st century has witnessed the emergence of various diet
programs aimed at promoting weight loss and enhancing physical performance. The ketogenic diet, a diet
high in fat and low in carbohydrates, has been at the forefront. Recent literature has documented
significant weight-loss following ketogenic diet interventions. This has been associated with a decrease in
systemic inflammation, reduced insulin resistance, and improved lipid profile. Given the importance of
physical activity to sustaining a healthy weight, the impact of a ketogenic diet on physical performance has
been investigated. The majority of the current literature supports a positive influence of the ketogenic diet
on physical activity owing to its ability to maintain performance of both endurance and resistance activities.
We highlight the most important recent advances that have been made on the ketogenic diet in relation to
obesity and capacity for physical activity.

Summary

The ketogenic diet is a potentially promising diet for reducing obesity while maintaining capacity for
physical activity. However, questions surrounding the sustainability of this diet for the long-term remain.
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INTRODUCTION

The findings from the Global Burden of Disease
indicate that a total of 107.7 million children and
603.7 million adults are obese [1]. Indeed the preva-
lence of obesity in the United States is now 39.8% for
adults and 18.5% for youth [2]. This is largely
because of excessive consumption of energy-dense
foods and lack of physical activity. Despite decades
of dietary guidelines promoting consumption of
low-fat diets, the rates of obesity continue to rise.
Increasing evidence links excessive carbohydrate
intake, namely sugars, to the obesity epidemic [3].
Even worse, nutritive carbohydrates have been asso-
ciated with increased total mortality [4] and a short-
ened lifespan [5]. A review of sugar consumption
from nationally representative dietary surveys
across the world indicates that sugar constitutes
13.5–24.6% of total energy consumption in adults
[6], well above the recommendations (<10% of
energy intake) provided by the WHO [3]. The
 2019 Wolters Kluwer H
ketogenic diet, a diet high in fat and low in carbo-
hydrates, has gained recent attention for its poten-
tial to promote weight loss. This diet restricts daily
carbohydrate intake to 20–50 g/day, which leads to
a reduction in insulin secretion and a switch to
burning fat for fuel via the conversion of fatty acids
to ketone bodies. This review is focused on the
recent scientific literature on the efficacy of the
ketogenic diet for reducing obesity and associated
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KEY POINTS

� The ketogenic diet promotes rapid weight loss in obese
individuals; this is largely attributed to losses in fat mass
but some loss of fat free mass also occurs.

� Weight loss associated with the ketogenic diet is
dependent on a significant reduction in calorie intake.

� The ketogenic diet is associated with decreased insulin
resistance and an improved lipid profile that appears to
be dependent on loss of fat mass.

� The majority of the literature indicates that the
ketogenic diet does not reduce capacity for physical
activity despite some reports of a reduction in
endurance performance.

� Additional studies are necessary to fully evaluate the
long-term impact of a ketogenic diet for promoting
weight-loss and maintaining capacity for physical
activity.
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perturbations. Given the importance of physical
activity to sustaining a healthy weight, the impact
of a ketogenic diet on maintaining the capacity for
physical activity also will be reviewed.
OBESITY

Perhaps the most persuasive evidence to support an
effect of the ketogenic diet on weight loss emanates
from studies performed in bariatric surgery patients
[7,8

&&

]. Schiavo et al. [7], examined the effectiveness
of a 4-week preoperative ketogenic diet in reducing
body weight in morbidly obese patients (BMI¼
45.2 kg/m2). A highly significant decrease in body
weight was observed; 10.3% in men and 8.2% in
women. The majority of the weight loss was attrib-
uted to loss of fat mass (men 18% and women
15.5%) with a modest reduction reported for fat free
mass (FFM; men 3.6% and women 3%) [7]. However,
it should be noted that no nonketogenic diet control
group was included in this study. In a similar single-
arm study of obese (BMI¼41.5 kg/m2) bariatric sur-
gery candidates, a very-low calorie ketogenic diet
intervention for 30-days dramatically reduced body
weight (101.6�26.6 vs. 117.4�27.3 kg), BMI
(34.1�5.2 vs. 41.5�7.6 kg/m 2), waist circumfer-
ence (107.0�3.9 vs. 116.3�5.0 cm) and percentage
fat mass (36�3.2 vs. 44.5�4.2%) vs. baseline [8

&&

].
Similar trends have been reported in nonbariatric
surgery patients [9

&&

]. For example, the effects of a 4-
month single arm very-low calorie ketogenic diet on
weight loss and resting metabolic rate was assessed
in obese subjects (BMI �30 kg/m2) [9

&&

]. Despite the
highly significant weight loss (20.7�6.9 kg), there
 Copyright © 2019 Wolters Kluwe
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was no significant decrease in resting energy expen-
diture (REE) when compared with REE measured
prior to the study intervention implicating a poten-
tially favorable effect on prevention of weight recov-
ery [9

&&

]. In another study, previously diagnosed
metabolic syndrome (MetS) patients, were ran-
domly assigned to one of three groups: a sustained
ketogenic diet with no exercise, standard American
diet (SAD) with no exercise or SAD with 3–5 days per
week of exercise for a 10-week duration [10]. The
change over time (0–10-week) was significant in the
ketogenic diet group for weight, body fat percent-
age, and BMI [10]. Further, all anthropometric var-
iables for the ketogenic diet group out-performed
those of the exercise and nonexercise groups [10]. As
with any weight-loss diet, there are concerns about a
possible reduction in FFM. Gomez-Arbelaez et al.,
assessed body composition in obese participants
consuming a very-low calorie ketogenic diet for
4 months using dual-energy X-ray absorptiometry
(DXA), multifrequency bioelectrical impedance
(MF-BIA), and air displacement plethysmography
(ADP) techniques [11

&

]. The very-low calorie keto-
genic diet induced a 20.2�4.5 kg weight loss, at
expenses of reductions in fat mass of 16.5�5.1 kg
(DXA), 18.2�5.8 kg (MF-BIA), and 17.7�9.9 kg
(ADP); however, small yet significant changes in
FFM also were documented in relation to baseline
[11

&

].
The aforementioned studies are overwhelm-

ingly positive in favor of a beneficial effect of a
ketogenic diet on enhancing fat loss. However, it
is important to note that all of these studies used a
low-calorie ketogenic diet [7,8

&&

,9
&&

,10,11
&

] and the
majority did not include an appropriate control
group [7,8

&&

,9
&&

,11
&

]. Conversely, a study by Hall
et al., examined energy expenditure and body com-
position changes following an isocaloric ketogenic
diet in overweight and obese men to determine
whether isocaloric variations in dietary macronu-
trients have physiologically important effects on
these variables [12

&&

]. Overweight or obese men
consumed a high-carbohydrate baseline diet for 4-
weeks followed by 4-weeks on an isocaloric keto-
genic diet [12

&&

]. Findings indicate that a carefully
controlled isocaloric ketogenic diet resulted in a
small increase in energy expenditure that dimin-
ished over time [12

&&

]. Total body fat loss was limited
to 0.5�0.2 kg and was similar to the baseline diet
[12

&&

]. These findings do not support the carbohy-
drate-insulin model predictions of greater body fat
loss in response to an isocaloric ketogenic diet [12

&&

].
Thus, the rapid weight loss reported following keto-
genic diets is likely due, at least in part, to an
increased tolerance for the reduced energy intake.
There is some evidence that this may be mediated by
r Health, Inc. All rights reserved.
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a reduction in ghrelin and subsequent suppression
of appetite [13,14]. Nonetheless, a ketogenic diet
restricting daily carbohydrate intake to less than
50 g/day does appear to be an extremely effective
diet for rapid fat loss in obese individuals, at least in
the short-term. However, there is a scarcity of liter-
ature on the long-term (>6 months) effects and the
sustainably of a ketogenic diet.
Inflammation

Low-grade chronic inflammation is associated with
obesity. It has been linked to the prevalence of
various pathological conditions, including type 2
diabetes mellitus (T2DM), nonalcoholic fatty liver
disease, various types of cancer, and cardiovascular
disease, among others [15]. Given the significant
weight-loss associated with ketogenic diets the incli-
nation is to hypothesize that a reduction in inflam-
mation will follow the dramatic decrease in fat mass.
As such, a very low calorie ketogenic diet was exam-
ined for its ability to reduce inflammatory mediators
in obese subjects. The ketogenic diet decreased cir-
culating levels of C-reactive protein (CRP) and
tumor necrosis factor alpha compared with baseline,
likely a consequence of the dramatic weight loss
experienced over the 6-month intervention period
(20.36�5.02 kg in ketogenic diet) [16

&

]. Another
study tested the effects of three very low calorie
ketogenic diets that differed in the percentage of
protein and carbohydrates, on body composition
and inflammatory mediators using a cross-over
design [17]. Despite a significant reduction in BMI
across all diets only one of the diets resulted in a
decrease in circulating CRP and there was no change
in the expression of nuclear factor kappa B or mono-
cyte chemoattractant protein 1 across any of the
diets [17]. Given the dearth of literature on the
effects of a ketogenic diet on inflammatory media-
tors, firm conclusions cannot yet be surmised; stud-
ies using both calorically restrictive and isocaloric
ketogenic diets are needed to fully evaluate weight-
loss dependent and weight-loss independent effects
on inflammatory processes.
Insulin resistance

Obesity is associated with accumulation of excess
lipids in the liver and alterations in insulin signal-
ing. The consequential insulin resistance that
ensues is linked to T2DM and a wide array of patho-
physiologic sequelae. Given the reported weight loss
associated with ketogenic diets, it is no surprise that
studies have probed for potential improvements in
insulin resistance. Consistent with the reported
weight-loss following a short-term very low-calorie
 Copyright © 2019 Wolters Kluwer H
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ketogenic diet in bariatric surgery patients, signifi-
cant improvements in fasting insulin and glucose,
HOMA-IR, and hemoglobin A1C (HbA1C) were
reported in relation to baseline [7,8

&&

]. Similarly,
de Luis et al. [16

&

], reported that a ketogenic diet
leads to changes in glucose, insulin and the HOMA-
IR in obese subjects. Further, a 10-week ketogenic
diet intervention was successful at reducing HbA1c
levels in adults with MetS compared with a non-
exercise and exercise control group [10]. Despite the
overwhelmingly positive findings documented in
the aforementioned studies, Hall et al. [12

&&

]
reported a small change in insulin but no change
in fasting blood glucose concentrations when an
isocaloric ketogenic diet was utilized leading us to
conclude that improvements in insulin signaling
following ketogenic diet interventions may be
largely dependent on weight-loss.
Dyslipidemia

Obesity is associated with increased triglycerides
and free fatty acids (FFA), decreased high-density
lipoprotein (HDL) cholesterol with HDL dysfunc-
tion and normal or slightly increased low-density
lipoprotein (LDL) cholesterol. The impact of keto-
genic diets on dyslipidemia has been examined to
determine the potential benefits that may be asso-
ciated with the reported weight loss as well as possi-
ble detrimental effects that could result from
consumption of a high content of fat. A short-term
very low calorie ketogenic diet given to preoperative
bariatric surgery patients resulted in a decrease in
triglycerides, LDL, and total cholesterol compared
with baseline measures with no change in HDL
[7,8

&&

]. Similar results were reported in obese sub-
jects consuming a ketogenic diet [16

&

]. These results
are not particularly surprising given that all of these
studies reported substantial weight loss. The
recently reported isocaloric ketogenic diet interven-
tion did report a decrease in circulating triglycerides,
independent of significant weight loss, but unfortu-
nately levels of cholesterol were not reported [12

&&

].
Thus, it is unclear whether the positive effects of a
ketogenic diet on dyslipidemia are largely depen-
dent on weight loss. What is distinct, however, is
that a ketogenic diet does not appear to have nega-
tive effects on the lipid profile despite the require-
ment of a high consumption of dietary fat.
PHYSICAL ACTIVITY

Physical activity is critical for sustaining a healthy
weight and ideal body composition. Carbohydrates
are a prime fuel for sustaining energy during physi-
cal activity. Hence, it is no surprise that recent
ealth, Inc. All rights reserved.
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literature has questioned the ability of a ketogenic
diet to maintain capacity for physical activity.
Body composition

The ketogenic diet may be of particular interest for
athletes seeking to optimize body composition
changes during training or to achieve a target body
weight for competition. However, whether weight-
loss following a ketogenic diet intervention comes at
the expense of a loss in FFM is of concern. McSwiney
et al., assessed body composition in endurance
athletes following 12 weeks on a low carbohydrate
ketogenic diet (LCKD) compared with a high carbo-
hydrate diet. Body mass significantly decreased in the
LCKD group with a loss of 5.9 kg compared with
0.8 kg in the high carbohydrate diet group, but lean
body mass was maintained (þ0.3 kg) [18

&

]. In a case-
study design of endurance athletes undergoing a 10-
week ketogenic diet intervention, mean body weight
was reducedby4 kg� SD3.1 [19]. Similar studieshave
been performed in resistance trained athletes. For
instance, body composition was assessed in a study
of elite competitive lifting athletes that consumed an
ad libitum usual diet and an ad libitum LCKD in
random order, each for 3 months in a crossover
design [20]. Although a significantly lower body mass
was observed in the LCKD phase (�3.26 kg), a signifi-
cant portion of this was attributed to a loss in lean
mass (�2.26 kg) [20]. In a similar study, men perform-
ing an 8-week resistance training program were ran-
domly assigned to a ketogenic diet group, a
nonketogenic diet group, or a control group in a
hyperenergetic condition. There was a significant
decrease in fat mass and visceral adipose tissue in
the ketogenic diet group compared with the other
groups, whereas lean mass was preserved [21

&

].
Weight loss in healthy adults was �2.0�1.9 kg fol-
lowing a 6-week single arm ketogenic diet interven-
tion with approximately equal losses of FFM and fat
mass [22]. To date, the literature is positive for a
decrease in fat mass with the ketogenic diet in physi-
cal activity studies. However, the evidence for a
decrease in FFM is controversial; the majority of
studies report preservation of FFM but there is some
evidence that losses in lean mass may accompany the
loss in fat mass.
Endurance exercise

There is growing interest in the utilization of
ketones to enhance endurance performance. Prior
to and following successful completion of 12 weeks
of a high-carbohydrate diet or LCKD and training
intervention, endurance athletes completed a
100 km time trial, 6 s sprint, and a critical power
 Copyright © 2019 Wolters Kluwe
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test (CPT). There was no significant change in per-
formance of the 100 km time trial, between groups.
However, 6 s sprint sprint peak power increased by
0.8 W/kg bodyweight in the LCKD group, vs. a
�0.1 W/kg reduction in the high-carbohydrate diet
group. Further, CPT peak power increased by 1.4 W/
kg in the LCKD group whereas it decreased by
�0.7 W/kg in the high-carbohydrate diet group
[18

&

]. Cox et al. [23
&&

] reported a 2% increase in
distance cycled in highly trained endurance athletes
following consumption of a ketone ester-based form
of nutrition using a blinded cross-over design. The
improvement was attributed to altering fuel compe-
tition for oxidative respiration [23

&&

]. In a study of
nonathletes, obese participants underwent a very
low calorie ketogenic diet intervention for 4 months
and improved walking distance and time spent in
vigorous activity; however, these results appeared to
be dependent on the phase of ketosis [24]. In spite of
these promising findings not all results have been
positive. A LCKD resulted in 7% lower peak power
(801�58 vs. 857�61 W) and 6% lower mean power
(564�50 vs. 598�51 W) during the Wingate test
following 4 days of either a LCKD or a high-carbo-
hydrate diet, matched for total energy, in a random-
ized-sequence, counterbalanced crossover study
design [25]. Total distance ran in the yo-yo inter-
mittent recovery test was 15% less after LCKD diet
(887�139 vs. 1045�145 m) [25]. Similarly, follow-
ing a 6-week single arm ketogenic diet intervention,
VO2peak and peak power decreased by 2.4 and 4.1%,
respectively [22]. In elite race walkers, adaptation to
a low carbohydrate high-fat diet negated perfor-
mance benefits compared with training with diets
providing chronic or periodized high-carbohydrate
availability [26]. There is no clear consensus on
whether a ketogenic diet provides benefits to, or
hinders, endurance performance. Variation in inter-
vention duration and intensity, modes of exercise,
study design, and study populations likely contrib-
ute to the controversial findings. Further studies are
needed to fully evaluate the impact of a ketogenic
diet on endurance performance with consideration
given to intensity and duration of physical activity.
Resistance exercise

Given the excitement surrounding the benefits of the
ketogenic diet for enhancement of weight loss, ques-
tions regarding its ability to maintain muscle
strength have been warranted. In competitive lifting
athletes and using a cross-over design, 3 months on a
LCKD compared with an ad libitum usual diet did not
affect lifting performance despite a decrease in lean
mass [20]. Similarly, there was no change in resis-
tance performance following a 12-week ketogenic
r Health, Inc. All rights reserved.
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diet intervention in cross-fit athletes compared with
a control group [27]. Wilson et al. [28

&

] examined the
impact of an isocaloric ketogenic diet vs. a traditional
western diet on performance in athletes while partic-
ipating in a resistance-training program. Strength
and power increased to the same extent in the west-
ern diet and ketogenic diet groups. In healthy adults,
a 6-week single-arm ketogenic diet intervention
resulted in an increase in grip strength vs. baseline
measures [22]. Although the available literature is
limited, the data suggests that a ketogenic diet does
not impair performance of resistance exercise even in
the presence of some loss in lean mass.
CONCLUSION

The ketogenic diet appears to be an effective diet for
rapid fat mass loss in obese individuals, but some loss
of FFM also is evident. Weight loss is dependent on a
significant reduction in calories, which seems to be
well tolerated on this diet. The majority of the physi-
cal activity literature indicates that the ketogenic diet
does not reduce capacity for physical activity; how-
ever, there are some reports of a reduction in endur-
ance performance. The utility of the ketogenic diet
for long-term use to enhance weight loss and main-
tain capacity for physical activity remains unknown.
Additional studies are necessary to fully evaluate the
long-term impact (>6 months) of a ketogenic diet in
this regard. Long-term use of the ketogenic diet for
weight loss and maintaining capacity for physical
activity should be implemented with caution.
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This study examined the impact of an isocaloric ketogenic diet vs. a traditional
western diet on performance in athletes while participating in a resistance-training
program. Strength and power increased to the same extent in the western diet and
ketogenic diet conditions.
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