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SUMMARY

The ketogenic diet (KD) is an effective treatment for children with drug-resistant epi-

lepsy and has been widely used in young children. Adult patients with intractable epi-

lepsy would also benefit from this dietary treatment. However, only a few studies have

been published, and the use of the KD in intractable epilepsy in adults has been limited.

This meta-analysis summarized the findings of the relevant published studies to iden-

tify the efficacy of the KD for the treatment of intractable epilepsy in adults. In this

meta-analysis, PubMed, Embase, and Cochrane Library were used for searching stud-

ies concerning the effects of the KD and its major subtypes with intractable epilepsy in

adults published up to January 10, 2017. The primary outcomes were seizure freedom,

seizure reduction by 50% or more, and seizure reduction by <50%. The quality of the

methodology of the observational studies was reviewed by using the Newcastle-

Ottawa Scale. We identified 402 articles, of which, 16 studies including 338 patients

met the inclusion criteria. The results of the meta-analysis showed that the combined

efficacy rates of all the symptoms of seizure freedom, seizure reduction by 50% or

more, and seizure reduction below 50% in adults with intractable epilepsy were 13%,

53%, and 27%, respectively. The adverse reactions of the KD were mild, whereas low

glycemic index diet (LGID) and low-dose fish oil diet (LFOD) may have fewer side

effects. Weight loss, high level of low-density lipoprotein, and elevated total choles-

terol were most frequent. The meta-analysis indicates that the KD for refractory epi-

lepsy in adults is a well-tolerated treatment and that its side effects are acceptable,

which show that the KD is a promising treatment in adult intractable epilepsy. Further

research is needed to assess which type of diet or ratio is more effective in the KD

treatment.

KEY WORDS: Ketogenic diet, Dietary treatment, Intractable epilepsy, Efficacy,
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Epilepsy is a serious and common neurologic disease,
which can be controlled successfully in most patients with
one or more antiepileptic drugs. However, about 20%-30%

of patients still have intractable epilepsy despite all avail-
able antiepileptic drug options.1,2 For nearly a century, the
ketogenic diet (KD) has been used to treat intractable
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seizures in children because of its beneficial role in seizure
control.3–6 The KD for intractable epilepsy is a high-fat,
low-protein, and low-carbohydrate diet.7 It could mimic the
starvation state, which may induce a shift away from gly-
colytic energy production (restriction of carbohydrate
intake) toward energy generation through oxidative phos-
phorylation (fatty acid b-oxidation and ketone body produc-
tion).8 Increasing c-aminobutyric acid (GABA) synthesis,
limiting reactive oxygen species generation, and boosting
energy production may be possible anticonvulsant mecha-
nisms of the KD.8 The diet therapies of the classical keto-
genic diet (CKD), modified Atkins diet (MAD), low
glycemic index diet (LGID), and low-dose fish oil diet
(LFOD) have been applied in the treatment of intractable
epilepsy in recent years.3,9–11

The efficacy of the KD was evaluated with the use of the
original research and evaluation system, which showed that
the diet was an effective and well-tolerated treatment for
refractory childhood epilepsy.12,13 Many pediatric epilepsy
centers offered this therapy in addition to surgery and medi-
cations. In recent years, interest in the KD as treatment for
intractable epilepsy has spread to adults. The KD and its
variants may lead to reductions in seizure frequency in
adults similar to those seen in children.14,15 However, the
studies on the efficacy and tolerability of the KD in adults
with refractory epilepsy are still lacking. To a certain extent,
this may restrict the clinical application for adult intractable
epilepsy. Therefore, we collected the relevant studies about
KD therapy in adults with refractory epilepsy and conducted
a meta-analysis to evaluate the efficacy and adverse reac-
tions of the dietary therapy.

Materials and Methods
Search strategy

The following electronic databases were searched for
studies reporting on the efficacy of KD treatment for intract-
able epilepsy in adults: PubMed, Embase, and Cochrane
Library. The keywords “ketogenic diet,” “intractable epi-
lepsy,” “dietary treatment,” and “refractory epilepsy” were
used. The final search was carried out on January 10, 2017.

Inclusion and exclusion criteria
The inclusion criteria were designed according to the

PICOS (Participants, Intervention, Comparator, Outcome,
Study design) principle. Published studies were considered
appropriate for the meta-analysis when they met the follow-
ing criteria: (1) research objects were adult patients (aged
≥16) years with refractory partial or symptomatic general-
ized epilepsy; (2) dietetic treatment (the subtype of KD)
was the basic treatment method; (3) the outcome index
needed for the meta-analysis was seizure frequency of epi-
lepsy, mainly including seizure freedom, seizure reduction
by 50% or more, and seizure reduction below 50%; (4) other
basic information required for meta-analysis, such as demo-
graphic characteristics of the subjects, duration of the trial,
ratio or dosage of KD, number of enrolled patients, and
numbers of adherents and dropouts; (5) the preceding 4
main points were included without limitations to geographi-
cal region or language.

Studies were considered unsuitable for meta-analysis if
the following factor were identified: systematic reviews.

Literature screening, data extraction, and
methodological quality assessment

All the included articles were carefully reviewed by 2
independent review authors to extract relevant information,
and the filtered information was crosschecked to ensure the
integrity, objectivity, and correctness of the data. Discrep-
ancies were resolved by consensus. When articles provided
insufficient data, we contacted the authors for the required
details or sought help from others to determine if data were
missing at random or not. The quality of the methodology of
the observational studies was reviewed by using the New-
castle-Ottawa Scale.16 The following aspects were used:
selection and comparability of study groups and exposure/
outcome of interest. The semi-quantitative principle of star
system was adopted, and the full score is 9 stars. Across
studies, high-quality papers reached 70% or more of the
maximum number of stars.

Statistical analysis
Stata software (version 13) was utilized for statistical

analysis. The heterogeneity of similar studies was evaluated
with the Ι2 test. A random-effects model of meta-analysis
was used for quantitatively combined analysis on research
literature about KD treatment for intractable epilepsy. The
efficacy rate of each included study was calculated on the
numbers of completers (those patients who did not with-
draw) and patients achieving therapeutic success. Then, the
meta-analysis was made to calculate the combined efficacy
rate of KD. When the raw efficacy rate in a certain study is 0
(when incidence number = 0) or 1 (when incidence num-
ber = total number), the efficacy rate should be converted
with the following formula before being used for meta-ana-
lysis. If the incidence number = 0, and meanwhile the total
number <50, compute efficacy rate as r = 1/(4*total

Key Points
• There is limited evidence for the effectiveness of the
KD and its major subtypes in the prevention or treat-
ment of seizures in adults with intractable epilepsy

• Promising evidence was shown for the use of the diet-
ary treatment in assisting the management of intract-
able epilepsy in adults to reduce seizures

• More effective comprehensive evaluation of the diet-
ary treatment is necessary for the management of
intractable epilepsy
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number); if incidence number = total number, and mean-
while total number <50, compute efficacy rate as r = (total
number-0.25)/total number. Efficacy was based on a com-
parison of the average monthly baseline seizure frequency
(1 or 3 months before diet initiation) to the seizure fre-
quency during every month after initiation of the KD.17 The
percentage change in seizure frequency to baseline seizure
frequency was calculated after the initiation of diet. Effi-
cacy was rated using the following categories10: (1) seizure
freedom (100% seizure remission); (2) seizure reduction by
50% or more (50–99% reduction in seizure frequency); (3)
seizure reduction below 50% (1–49% reduction in seizure
frequency); (4) unchanged; (5) worsened when the seizure
rate increased. Seizure reduction by 50% or more was estab-
lished as the proportion of patients with ≥50% reduction in
the monthly frequency of seizures compared to baseline
during the treatment periods. Seizure freedom was defined
as the percentage of intent-to-treat patients who did not
withdraw and were free of seizures during the treatment
periods.25,27 We planned to present seizure freedom, seizure
reduction by over 50%, and seizure reduction below 50% as
odds ratios (ORs) and 95% confidence intervals (CIs).
Publication bias was analyzed by funnel plot.

Results
Search results

A total of 402 potentially relevant publications from
inception through January 10, 2017, were systematically
identified in the electronic databases (PubMed, 153 studies;
Embase, 207 studies; and Cochrane Library, 42 studies). A
total of 16 studies met the inclusion criteria, including 338
patients (209 patients on sticking to the diet and 129 patients
in dropping a diet) included in the meta-analysis written in
English and focusing on intractable epilepsy. The study
excluded and included processes, as listed in Figure 1.

The 16 studies from 8 countries were all open-label and
prospective. Strict inclusion and exclusion criteria were
used in all studies. A total of 338 patients (including two
children aged 15 and 11 years) aged 16–86 years with
symptomatic generalized, focal, and idiopathic generalized
epilepsy experienced evidence of at least 2 or 3 seizures per
month during the 4-week baseline. Furthermore, one or 2
concomitant antiepileptic drugs were included in the popu-
lation. At the same time, adults with hypercholesterolemia,
cardiovascular diseases, or renal diseases were excluded, or
patients who were able to use the KD were included. In all
studies, KD was used as a complementary therapy to the
previously prescribed anticonvulsant drugs. KD was used in
5 studies (n = 76 patients); the MAD was used in 8
(n = 209 patients); the LFOD was used in one (n = 24
patients); and the LGID was used in one (n = 6 patients).
The studies of Schoeler (n = 23 patients) used both KD and
MAD. Table 1 shows the baseline information and relevant
data of all the included studies.

Meta-analysis of efficiency in patients with intractable
epilepsy

During the analysis, 209 of the original 338 participants
who began KD remained on the diet. The meta-analysis
revealed that the combined efficacy rates of the diet
achieved seizure freedom of 13% (random effect model)
(r = 0.13, 95% CI = 0.01–0.25, p < 0.05; Fig. 2). Evi-
dence suggested a significant heterogeneity among the stud-
ies (I2 = 80.2%, p = 0.000). The combined efficacy rate of
seizure reduction by 50% or more and no seizure freedom
was 53% (r = 0.53, 95% CI = 0.42–0.63, p < 0.05; Fig-
ure 3). Evidence indicated a significant heterogeneity
among the studies (I2 = 57.4%, p = 0.002). The combined
efficacy rate of seizure reduction below 50% was 27%
(r = 0.27, 95% CI = 0.18–0.35, p < 0.5; Figure 4). Low
heterogeneity was detected for the outcome of seizure
reduction below 50% (I2 = 41.6%, p = 0.051).

Summary of common adverse effects in ketogenic diet
A meta-analysis was not conducted to pool the results

because a particular complication cannot be identified from
each included study. Instead, a summary of these common
adverse effects in KD was created, as shown in Table 2.
This table shows the various adverse effects that occurred
with the KD. Among them, the most common were weight
loss, high level of low-density lipoprotein, and elevated
total cholesterol.

Sensitivity analysis
Sensitivity analysis was used to determine the seizure fre-

quency of intractable epilepsy, and the quantitatively com-
bined analysis of each trial had a little change after one
article and was excluded individually. Then the data were
analyzed by the random-effects model to see the irreversible
meta-analysis results, which illustrated that the results were
reliable.

Publication bias analysis
The funnel plot revealed a fairly symmetrical distribution

of the efficacy rates, with three studies were excluded from
95%CI. The results of the funnel plot showed that the points
on both sides of the fitted curve had better symmetry, which
suggested no significant publication bias (Figure 5).

Discussion
The KD has been of increasing interest for intractable epi-

lepsy in adults in recent years. The aim of this meta-analysis
was to establish whether adult patients with drug-resistant
epilepsy might benefit from the KD and assess to its side
effects. The analysis showed that the KD was effective for
intractable epilepsy in adults, with 13% of patients becom-
ing seizure free, 53% with a seizure reduction by 50% or
more, and 27% had a reduction of less than 50% among
completers. The adverse reactions of the KD were mild and
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acceptable. Therefore, the KD is an effective therapy for
adult intractable epilepsy. Effectiveness was mainly
reflected in the reduction of seizure frequency. Our findings
are similar to those of previous reports.31 The KD treatment
should be further investigated in the future.

This meta-analysis evaluated all the published studies
that focused on the KD in adults with intractable epilepsy
and aimed at providing a comprehensive evaluation of cur-
rent evidence on dietary treatment. Different from those of
previous studies, in our study, 4 kinds of dietary therapy
(CKD, MAD, LGID, and LGIT) were included and referred
to as the KD. Although the energy proportion from the 3
main nutrient groups (carbohydrates, protein, and fat) dif-
fered in the 4 kinds of dietary therapy, all these diets were
essentially high in fat and low in carbohydrates, mimicked
the metabolic state of starvation, and forced the body to uti-
lize fat as its primary source of energy for the treatment of
intractable epilepsy. Our study showed that the efficacy
rates of all the symptoms of seizure freedom, seizure reduc-
tion by over 50%, and seizure reduction below 50% in
adults with intractable epilepsy were 13%, 53%, and 27%,
respectively. Related research reported that the rates of sei-
zure freedom reached as high as 55%, and that the rates of
seizure reduction reached as high as 85% when the KD was
applied in refractory childhood and adolescent epilepsy.12

Other KD trials in children have reported similar results.4–6

The efficacy in adult was less than that in children and ado-
lescents. Lack of compliance (Table 1) may be one of the
causes of low efficacy of the KD therapy. The chief signs
were ineffectiveness, loss to follow-up, lack of motivation,
and poor compliance.

The relevant side effects that were summarized would be
minimized by interventions and monitoring. All adverse
effects were reported in 12 of the 16 articles. A total of 26
patients had no adverse effects in the LFOD and the LGID
for the treatment of intractable epilepsy.10,30 Exactly 29
patients experienced no side effects in all studies. This find-
ing showed that further study of the efficacy of the LFOD
and LGID for the treatment of intractable epilepsy in adults
is necessary. The adverse effects in 2 articles22,23 were not
reported due to abnormal laboratory results or increased sei-
zure frequency. Immediate, short-term, and long-term side
effects need to be differentiated. Immediate side effects
(acidosis, lethargy, and others) may reduce the enthusiasm
and optimism of patients. The most common short-term side
effects are gastrointestinal symptoms (vomiting, diarrhea,
constipation, and so on), which may lead to poor compli-
ance, affecting efficacy. Long-term side effects (kidney
stones, excessive weight loss, and others) could occur with
higher prevalence than short-term side effects. However,
most of the adverse effects, including metabolic abnormali-
ties, gastrointestinal symptoms, and nutritional deficiencies,
are preventable and have been proven to be treatable.32

Given the few reports of severe or fatal side effects, increas-
ing the efficacy and availability of the dietary therapy is
possible. Moreover, the prevention and control of side
effects should be considered during KD treatment; for
example, it is necessary to be cautious and careful supervi-
sion of the patient by an experienced dietitian and neurolo-
gist while on the KD treatment.33

This meta-analysis provides clinical application and sup-
port for the efficacy of the KD for the treatment of

Records iden�fied through database searching (n = 402)

Pubmed (n = 153) 

Embase (n = 207) 

Cochrance (n = 42)
 Records a�er duplicates removed (n = 195) 

Title and abstract screening (n = 207) 

Records excluded (n = 178) 

- Topic irrelevance 

- Animal trials 

- Studies about children 

- Review or reportsFull-text ar�cles assessed for eligibility (n = 29) 

Full-text ar�cles excluded (n = 13)  

- studies about children 

- reported incomplete data 

- case reports/series 

Included ar�cles (n =16) 

Figure 1.

Literature selection. n: Number of articles.
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intractable epilepsy in adults. Despite nearly a century of
use, the mechanisms underlying the clinical efficacy of the
KD remain unknown.8 A recent study showed a novel epi-
genetic mechanism of the diet and indicated that the KD
also affects DNA methylation.34 Although the number of
patients using the KD has increased, numbers remain low
due to lack of referrals and funding or different centers

according to the level of expertise, experience, and knowl-
edge regarding the diet as a therapeutic option.32,35 Rela-
tively few reports about the effects of the KD on epilepsy
exist. Several studies showed that the KD has effectively
improved the intractable epilepsy caused by various causes,
including viral encephalitis, autoimmune encephalitis, feb-
rile infection-related epilepsy syndrome and dravet

Figure 2.

Meta-analysis of seizure freedom in patients with intractable epilepsy.

Epilepsia Open ILAE

Figure 3.

Meta-analysis of seizure reduction by 50% or more in patients with intractable epilepsy.

Epilepsia Open ILAE
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syndrome.36–38 Because the cause of epilepsy is different,
and the degree of attack is inconsistent, the KD has not
become a routine treatment for intractable epilepsy. There-
fore, the KD could be a promising complementary therapy
in adult intractable epilepsy, which is consistent with those
of previous studies.39 In addition, a larger sample of studies
is needed to further confirm the above findings.

Nevertheless, some limitations were encountered in
our analysis. First, our analysis was conducted in a sub-
population of patients (completers), which may intro-
duce a bias, since it is possible that completers are
those who had a better response. The main reason that

Table 2. Summary of common adverse effects in

ketogenic diet

Adverse effects Numbers Adverse effects Numbers

Weight loss 63 Gastroesophageal

reflux

1

None 29 Acne 2

Low-density lipoprotein

(LDL) ≥ 130 mg/dL

27 Carnitine

deficiency

2

Elevated total cholesterol 20 Osteoporosis 2

Menstrual irregularities

(female patients)

10 Lethargy or

drowsiness

2

Hunger 8 Lipid disorder 2

Diarrhea 6 Flatulence 1

Constipation 8 Abdominal pain 1

Worse seizures 8 Increased seizure

frequency

1

Fatigue 7 Metabolic acidosis 1

Triglycerides ≥
150 mg/dL

7 A temporary

increase in

serum

cholesterol

1

Vomiting 5 Alopecia 1

Weakness 4 Cholecystitis 1

Mild intermittent

constipation

4 Ecchymosis 1

Weight gain 3 Halitosis 1

Nausea 3 Leg cramps 1

Nephrolithiasis 3 Symptoms of

gallstones

1

Abdominal cramps 2 Thirst 1

Headache 2 Psychosis/

hallucinations

1

High-density lipoprotein

B 40 mg/dL

2

Figure 4.

Meta-analysis of seizure reduction by below 50% in patients with intractable epilepsy.

Epilepsia Open ILAE

Figure 5.

Funnel plot.
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we use per protocol (PP) is that subjects with unknown
outcome were missing data in some of the included lit-
erature. For example, reasons that some participants quit
the trial are unknown or unexplained, or outcome indi-
cators of respondents who completed the trial were not
fully described. Second, only 16 studies were included
in this meta-analysis, and the sample size was relatively
small, which may have affected the accuracy of the
results. Third, low-dose fish oil diet and low glycemic
index diet were assessed in only one study and 2 stud-
ies, respectively. This assessment might not be a repre-
sentative. Moreover, eligible trials varied in several
respects, including differences in trial populations, test
sites, and treatment regimens. Methodological differ-
ences might have confounded the differences recorded
across the data of trials.

Conclusion
This meta-analysis indicates that the KD for refractory

epilepsy in adults is a well-tolerated and that its side effects
are acceptable. These findings show that the KD is a promis-
ing treatment for intractable epilepsy in adults. Further
research is needed to assess the therapeutic effects of the
KD between adult intractable focal epilepsy and adult
intractable generalized epilepsy, as well as which type of
diet or ratio is more effective in KD treatment.
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