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Key Summary Points
Aim The prevalence of MCI is underestimated owing to underdiagnosis, resulting in a lack of timely intervention and 
undetected disease progression.This article aims to assess the effect of ketogenic supplements/diets on brain metabolism, 
including evidence supporting the efficcy of ketones as an efficient fuel for the brain.
Findings The6-month randomized controlled BENEFIC trial showed that consumption of a ketogenic MCT drink improved 
cognitive performance in individuals with MCI compared with placebo.
Message There is evidence to support the efficacy of nutritional interventions such as ketogenic supplements/diets, which 
offer ketones as an alternative energy source for brain cells.

Abstract
Background Mild cognitive impairment (MCI) is characterized by a decline in cognition and mainly affects older individu-
als above the age of 60. The global incidence of MCI varies, but it is often underdiagnosed and untreated. There is a distinct 
lack of approved pharmacologic options to treat MCI. There is, however, evidence to support the efficacy of nutritional 
interventions, such as ketogenic supplements/diets, which offer ketones as an alternative energy source to brain cells. This 
article explores the effect of ketones on metabolic activity in the brain and the mechanisms by which ketogenic medium-
chain triglycerides (kMCTs) induce ketosis in patients with MCI.
Key takeaways This article reviews the effect of ketogenic supplements/diets on brain metabolism, including evidence sup-
porting the efficacy of ketones as an efficient fuel for the brain. It discusses the use of oral nutritional ketogenic supplements, 
with particular reference to the 6-month randomized controlled BENEFIC trial, which showed that consumption of a kMCT 
drink, BrainXpert Energy Complex, improved cognitive performance in individuals with MCI compared with placebo.
Conclusion While there is a need for more long-term studies, results from the BENEFIC trial revealed the benefits of a brain-
specific ketogenic supplement, as a nutritional intervention, on cognitive performance in individuals with MCI.
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Introduction

Mild cognitive impairment (MCI) can be defined as a tran-
sitional stage between normal aging and dementia [1]. It 
is seen as a decline in cognitive functioning that has gone 
beyond the expected level considering the patient‘s age and 
education [2], which does not yet impair activities of daily 
living [3]. The global MCI incidence is approximately 20 
per 1000 person-years for individuals aged between 60 and 
80 years [4–6]; however, this may still be an underestimation 
owing to underdiagnosis of the condition. Estimates for the 
incidence of MCI have broad ranges [4, 5, 7, 8] and varia-
tions within these estimates are mainly due to the diversity 
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in sample populations (in terms of age and size) [5, 9], the 
constantly evolving definitions of MCI, the heterogeneity 
of diagnostic criteria, and the increasing incidence of MCI 
with age in general [4].

Variability in prevalence estimates also exist [10–13] for 
the same reasons identified for incidence estimate variability 
[5, 14, 15]. Additionally, ethnicity, urban/rural settings and 
varied study designs, including mixed sample sources (e.g. 
clinic-based versus community-based samples) [8, 10, 13, 
16], make interpretation of results challenging. Accurately 
estimating the overall prevalence of MCI is made even more 
difficult as, according to one Cochrane review, 35% of MCI 
cases progress to dementia or Alzheimer’s disease (AD) over 
5 years [17].

The World Health Organization considers the increasing 
incidence and prevalence of worldwide dementia a ‘public 
health priority’. By 2050, it is projected that there could 
be 115.4 million people living with dementia worldwide, 
contributing to a significant epidemiologic and economic 
burden to communities and countries. These projected 
global figures for dementia make treating MCI effectively 
and delaying its conversion to AD a matter of urgency and 
necessity [18].

Risk factors for MCI are also diverse (Fig. 1). Demo-
graphic factors such as older age [5, 8, 13, 19, 20] and being 
a genetic carrier of apolipoprotein E4[7, 21, 22] are non-
modifiable risk factors associated with MCI. Ethnicity [7, 
23] and sex [6, 7, 19, 24] are also thought to contribute to the 
risk of developing MC,I but evidence that exists is not suf-
ficient to draw any firm associations. The presence of exist-
ing biological conditions, such as elevated blood pressure 
[21, 23, 25], Type 2 diabetes, and insulin resistance has also 
been associated with an increased risk of MCI [6, 21, 26]. 

There is some evidence to show that behavioral risk factors, 
such as alcohol consumption and smoking [20, 21], may be 
modifiable, and measures taken to reduce their frequency 
may slow the development of MCI. There are protective fac-
tors that have been associated with lowered risk of develop-
ing MCI, such as increased physical activity [6, 12, 19, 21, 
27]. There is also epidemiological evidence to suggest that 
maintaining a Mediterranean diet is linked with reduced risk 
of developing MCI and AD, as well as a decreased risk of 
MCI progressing to AD [26].

As MCI is a transitional stage between normal aging and 
dementia and AD [1], it is important for clinicians and sci-
entists to find ways to delay MCI disease progression [14]. 
Nutrition is a key modifiable determinant of healthy aging 
but there is a lack of published articles that address how cog-
nitive improvement in MCI can be achieved through nutri-
tional approaches. Optimal nutritional support is a crucial 
component of effective geriatric care, making this develop-
ing field one of great interest for geriatricians.

Mild cognitive impairment: a silent 
and late‑detected disease

Underdiagnosis and misdiagnosis of mild cognitive 
impairment

There are validated screening tools for detecting MCI 
but underdiagnosis remains a challenge. While the mini-
mental state examination (MMSE) is the most widely 
used instrument, the test is time consuming and its sen-
sitivity for detecting MCI is low [28, 29]. The Montreal 
Cognitive Assessment (MoCA) [30] demonstrated 97% 

Fig. 1  Risk factors for mild cognitive impairment. APOE apolipoprotein E, MCI mild cognitive impairment
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sensitivity for detecting MCI and MCI/AD combined but 
validating the MoCA using healthy controls may over-
estimate its specificity. While the MoCA may be suit-
able for assessing whether an individual does or does not 
need further diagnostic investigation, it may not be able 
to identify cognitive impairment [31]. Similarly, DemTect 
is sensitive but with low specificity [30]. The General 
Practitioner Assessment of Cognition (GPCOG) [32] is 
recommended for routine dementia screening in general 
practice as GPCOG has been validated in community, 
population, or general practice samples [30]. The chal-
lenge with many diagnostic tools is that these tools do 
not detect early stages of the disease or, once cognitive 
impairment is observed, development of MCI may already 
have progressed to early stages of dementia. For example, 
cerebrospinal fluid (CSF) biomarkers [33] are well estab-
lished and cost effective as AD predictors but along with 
lumbar puncture, are only performed in memory clinics 
that do CSF sampling. In most cases, individuals referred 
to memory clinics for CSF sampling tend to be at a more 
advanced stage in the dementia continuum [29].

Although MCI is defined by a decline in cognitive 
function, non-cognitive neuropsychiatric symptoms can 
also occur and may be indicative of an increased risk of 
progression to dementia [28, 30]. Longitudinal assess-
ments are, therefore, necessary for directly measuring 
cognitive change over time to track disease progression 
from normal cognition to MCI. Amyloid-β biomarkers 
and neuropsychiatric symptoms are measurable even 
before the development of MCI, meaning that patients 
may be identified prior to the onset of cognitive decline, 
which offers the potential for earlier intervention [34, 35].

Progression from mild cognitive impairment 
to dementia

Sometimes MCI can be reversible, but this is very much 
dependent on its cause [23]. Approximately 20% of peo-
ple with MCI return to normal cognition [10, 36, 37] and 
45% remain stable with MCI [8, 10, 23]. It is estimated 
that approximately 35% of people progress to AD or other 
forms of dementia during a time period of around 5 years 
(Fig. 2) [17, 38]. As the pathological process begins years 
before the onset of AD, it is widely agreed that early 
identification of MCI is of great importance [39]. Indi-
viduals with MCI demonstrate objective cognitive impair-
ment and report subjective complaints, but have relatively 
intact functional abilities [40, 41]. Accurate identification 
of early stages of dementia in individuals is vital for ini-
tiating therapeutic interventions.

Improving cognitive function: the role of nutrition

Early diagnosis of cognitive decline would allow early thera-
peutic intervention, with the aim of delaying progression to 
dementia and AD. However, currently, drug treatment stud-
ies have not demonstrated sustainable results for MCI [19]. 
Despite years of clinical trials, no pharmacologic treatments 
have been approved by drug regulatory agencies for either 
the treatment of MCI or for delaying the development of 
MCI into dementia [19, 42]. Although the 2018 guidelines 
from the American Academy of Neurology for MCI state 
that there are currently no approved nutritional interven-
tions for MCI [19], studies are increasingly demonstrating 
the potential of nutritional interventions in improving MCI 
[43, 44]. Ketogenic medium-chain triglycerides (kMCTs) 
are able to provide ketones as an alternative energy source 
to the brain, and thereby compensate for deteriorating brain 
glucose uptake during aging [45–47] and AD [46, 48].

Effect of ketones on metabolic activity in the brain

The 2018 update of the American Academy of Neurol-
ogy guideline on MCI recommends that clinicians advise 
patients with MCI that there are currently no “pharmaco-
logic or dietary agents shown to have symptomatic cognitive 
benefit in MCI and that no medications have been approved 
for this purpose”. These recommendations emphasize the 
need for new therapeutic approaches for managing and 
treating MCI [19]. As a result, understanding the underly-
ing mechanisms of MCTs on brain activity has become an 
area of great interest.

A recently published review found that patients with 
MCI experience approximately 10% decrease in their usual 
brain glucose metabolism resulting in a chronic brain energy 
shortage or brain energy gap [45]. The brain requires a 

Fig. 2  Progression from mild cognitive impairment to dementia. AD 
Alzheimer’s disease, MCI mild cognitive impairment
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sustained supply of energy, which predominantly comes in 
the form of glucose from oxidative phosphorylation in the 
mitochondria [45]. While brain glucose uptake is compro-
mised in MCI, brain ketone uptake and metabolism remain 
normal in both MCI and mild-moderate AD [45]. Hence, 
ketones produced in the liver can act as alternative energy 
substrates for the brain [45].

Ketogenic diets are high-fat, very low-carbohydrate diets 
that mimic the metabolic profile of fasting and permit the 
body to produce ketones endogenously [49, 50]. kMCT sup-
plements generate ketones independent of the macronutrient 
profile of the diet, thereby providing an alternative energy 
source for brain cells [50].

Ketogenic interventions, either through fasting or kMCT 
administration, have been shown to impact the brain and its 
function. Plasma ketones normally contribute to 2–5% of the 
brain’s energy requirements, but when available in moder-
ately increased amounts, they are preferentially taken up by 
the brain over glucose [51]. Proposed neuroketotherapeutic 
mechanisms are thought to include the bioenergetic effects 
of ketones and their ability to support oxidative phospho-
rylation. Ketones reportedly uncouple respiration, affecting 
histone acetylation through which they also impact gene 
expression [49]. Ketones also appear to act as substrates at 
receptors, where they can affect sympathetic nervous system 
dysfunction and reduce inflammation [49].

Ketotherapeutics for MCI and AD have been investigated 
in a number of preliminary studies [52, 53]. Studies report 
that consuming a ketogenic diet improved memory in indi-
viduals with MCI [54] and demonstrated enhanced cognitive 
scores in participants with AD [55, 56] when compared with 
those on a placebo diet. While initial data demonstrate a 
neurocognitive benefit in individuals experiencing cognitive 
decline, more investigations are required in larger sample 
populations [54]. There is mounting evidence to suggest that 
endogenous and exogenous sources of ketones may partially 
bypass brain glucose hypometabolism and improve brain 
energy metabolism in both MCI and mild-moderate AD [46, 
51, 57, 58].

Oral nutritional supplements for mild cognitive 
impairment (BENEFIC trial)

The Brain ENErgy, Functional Imaging, and Cognition 
(BENEFIC) randomized controlled trial was conducted in 
two phases to assess improvements in cognitive performance 
in MCI and AD (Fig. 3). Phases 1 and 2 combined estab-
lished that a kMCT drink, BrainXpert Energy Complex, 
improved cognition in MCI [51, 58].

A total of 39 participants who received kMCT and 43 
who received placebo completed both phases [51]. Men 
and women aged 55 and over were recruited for the two 

Fig. 3  BENEFIC trial design [51, 58]. kMCT ketogenic medium-chain triglyceride, MCI mild cognitive impairment, MMSE mini-mental state 
examination, MoCA Montreal Cognitive Assessment, SD standard deviation
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phases. Included individuals had MCI (Peterson criteria, 
2004) [59], the presence of a subjective memory com-
plaint, objective cognitive deficit in at least one cogni-
tive domain, a MoCA score of 18–26, an MMSE score of 
24–27 and/or diagnosis by a physician, two scores <1.5 
standard deviations on standard cognitive tests, normal 
autonomy of daily living, and an absence of depression. 
Phase 1 demonstrated that consumption of kMCT, a drink 
providing 30 g/day of emulsified kMCT, enhanced brain 
energy in participants with MCI compared with a calorie-
matched long-chain fatty-acid placebo. Positron emis-
sion topography imaging showed increased brain ketone 
uptake and plasma measurements showed sustained blood 
ketone response in individuals with MCI after 6 months 

of consuming kMCT (Fig. 4). The second phase of the 
BENEFIC trial involved a larger overall sample size to 
enable statistical differences in cognitive effects between 
interventional and placebo groups to be observed [51, 58].

The BENEFIC trial found that participants with MCI 
who consumed BrainXpert Energy Complex demonstrated 
improved raw scores on several cognitive tests—the free 
and cued recall test (P = 0.047), verbal fluency (catego-
ries; P = 0.005), and the Boston Naming test (P = 0.018) 
(Fig. 5). The differences between the kMCT and placebo 
groups were statistically significant. Higher plasma or 
brain ketone levels also correlated positively with the 
cognitive changes observed on these four cognitive tests, 
showing that the improved brain energy status was at least 
in part responsible for the improved cognitive results. 
Overall, the trial established that BrainXpert Energy Com-
plex was well tolerated and feasible for an MCI population 
to consume twice daily for 6 months. Blood lipids were 
also reported—total cholesterol increased by 6% in the 
kMCT group but remained within the clinical reference 
range (4.9–5.2 mM).[58]These results provide robust sup-
port for the concept that brain energy rescue with ketones 
can improve cognitive outcomes in both MCI and AD. 
While further investigations are required to determine the 
optimal dosage for maximum cognitive benefit of kMCTs, 
the results of the BENEFIC trial hold promise for future 
therapeutic treatment with BrainXpert Energy Complex 
for MCI.

Fig. 4  Sustained blood ketone response throughout the 4-h metabolic 
trial day. Arrow depicts when first dose of 15  g of kMCT drink or 
placebo was consumed. kMCT, ketogenic medium-chain triglyceride. 
Figure adapted with permission from Fortier et al. [58]

Fig. 5  Change in cognitive scores. Change in raw scores from base-
line (0) on the first trial of A Free and cued recall test (P = 0.047); B 
Verbal fluency (P = 0.005); C Boston Naming Test (P = 0.018). kMCT 

ketogenic medium-chain triglyceride. Figure has been adapted with 
permission from Fortier et al. [58]
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Conclusions

MCI is part of the dementia continuum and therefore, early 
identification of the pathological progress as well as lon-
gitudinal assessments for tracking disease progression are 
essential. Ketogenic interventions provide an important 
alternative energy supply when brain glucose stores are 
compromised. While existing ketogenic diet studies establish 
ketotherapeutic potential in the treatment of MCI, reported 
trials are currently exploratory and have mostly assessed 
feasibility; further investigation is therefore warranted. The 
randomized controlled BENEFIC trial demonstrated that 
BrainXpert Energy Complex improved certain cognitive 
outcomes in MCI in direct relation to the net change in brain 
energy status. Further investigation with a larger sample size 
will now be required to determine the long-term sustainabil-
ity of the cognitive improvement. Overall, however, studies 
such as BENEFIC show the feasibility and potential of long-
term clinical trials with kMCTs in older people.
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