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Introduction

A ketogenic diet (KD) was first reported to be an effective 
treatment for children with intractable epilepsy in the 1920s.1 
The primary goal of a KD is to mimic the starvation state in 
the body’s tissues and to produce urinary ketosis by restrict-
ing carbohydrate intake and shifting the predominant caloric 
source to fat.2 KDs include the classical KD (CKD), which is 
a high-fat, low-carbohydrate diet that usually has a ketogenic 
ratio (i.e., grams of fat: grams of carbohydrate+protein com-

bined) of 3–4:1, and variants thereof, such as the modified 
Atkins diet (MAD), medium-chain triglyceride diet (MCT), 
and low glycemic index treatment, the aim of which is to im-
prove the diet tolerability.2 The MAD, which was first intro-
duced in 2006,3 is usually characterized by a ketogenic ratio 
of 1–2:1 and a net carbohydrate intake of 20 g/day. The most 
frequently used variants in adults are the CKD and MAD. 
The CKD is typically started in the hospital by a dietitian,4 
while the MAD is usually initiated at outpatient departments 
without a fasting period. The latter has been used increasing-
ly in the adult population due to its better operability and tol-
erability.5

Since its first use, the KD has been used mainly to treat 
pediatric epilepsy. There is increasing evidence for its high 
effectiveness, with reportedly 30–60% of children achieving 
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Background and PurposezzDespite the successful use of a ketogenic diet in pediatric epilep-
sy, its application in adults has been limited. The aim of this meta-analysis was to summarize the 
findings of relevant published studies in order to identify the efficacy of and compliance with a 
ketogenic diet and its main subtypes (i.e., classic ketogenic diet and modified Atkins diet) in 
adults with intractable epilepsy, and to provide useful information for clinical practice.

MethodszzElectronic searches of PubMed, EMBASE, Google Scholar, and the ISI Web of Sci-
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ResultszzIn total, 12 studies qualified for inclusion, and data from 270 patients were evaluated.
The results of the meta-analysis revealed combined efficacy rates of all types of ketogenic diet, 
a classical ketogenic diet, and a modified Atkins diet were 42%, 52%, and 34%, respectively; 
the corresponding combined compliance rates were 45%, 38%, and 56%.

ConclusionszzThe results indicate that a ketogenic diet is a promising complementary therapy 
in adult intractable epilepsy, and that while a classical ketogenic diet may be more effective, 
adult patients are likely to be less compliant with it than with a modified Atkins diet.
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a reduction in seizures of at least 50% after 6 months of treat-
ment.6 Despite its successful use in children and given that ap-
proximately 30% of patients cannot be adequately controlled 
by drugs,7 the application of a KD in adult refractory epilepsy 
has been limited. The main reasons for this could be the on-
going development of new anticonvulsant drugs, the poor com-
pliance of patients, and the lack of familiarity among physi-
cians with dietary therapies. Therefore, studies on the efficacy 
of the KD in adults with refractory epilepsy are limited in both 
quantity and quality, which in turn constrains its clinical ap-
plication.

We present herein a meta-analysis of the currently available 
evidence exploring the efficacy of and patient compliance 
with a KD, with a view to provide neurologists with more in-
formation for making clinical decisions. Such information is 
currently lacking in the literature.

Methods

Search strategy
Searches of the following electronic databases searched were 
conducted for studies reporting on the efficacy of and patient 
compliance with a KD in adults with intractable epilepsy: 
PubMed, EMBASE, Google Scholar, and the ISI Web of Sci-
ence. The keywords “ketogenic diet”, “modified Atkins diet”, 
“medium chain triglyceride diet”, and “low glycemic index 
treatment” were used, cross-referenced with “adults” and 
“epilepsy/seizure”. The reference lists of suitable retrieved ar-
ticles were manually searched for any missed references, as 
were the reference lists of existing relevant systematic reviews 
identified in the original search. The final search was carried 
out on June 10, 2014.

Inclusion and exclusion criteria
Published studies were included if they fulfilled the follow-
ing criteria: 1) observed the efficacy of and patient compliance 
with a KD in adults with refractory epilepsy; 2) produced 
original information needed for the meta-analysis, such as 
the subtype of KD, number of enrolled patients, numbers of 
adherers (those who continued to follow the diet up to a given 
time point, usually the endpoint of each study) and dropouts 
(i.e., those who ceased following the diet prior to a given time 
point), number of patients achieving a seizure reduction of 
≥50% (defined as therapeutic success for the purpose of me-
ta-analysis); and 3) produced original information from which 
the aforementioned factors could be calculated. Non-English 
articles, small case series, and review articles were excluded.

Data extraction and statistical analysis
All of the included papers were carefully reviewed by two 

independent reviewers to extract relevant information. Dis-
crepancies were resolved by consensus. The numbers of en-
rolled patients and patients achieving therapeutic success were 
used to calculate the efficacy rate of each included study; me-
ta-analysis was then performed to calculate the combined ef-
ficacy rate of KD. A combined KD patient compliance rate 
was calculated using the numbers of enrolled patients and 
numbers of adherers in each study. The data extraction was 
based on the total diet duration except those lasting until all 
of the patients quitted the diet; and the medians of the follow-
up durations were prespecified as cutoff points for the latter 
when calculating the combined efficacy and combined com-
pliance rates. Subgroup analyses were performed according 
to the subtypes of KD (i.e., CKD, MAD, and MCT). The chi-
square test was used to compare the combined results of two 
of the subgroups (CKD and MAD). The heterogeneity among 
studies was assessed using the I2 statistic and, where statisti-
cally significant heterogeneity was found (p<0.05), the ran-
dom effects model was used to combine results. Publication 
bias was investigated using a funnel plot analysis. All analy-
ses were performed using STATA (version 12.0, StataCorp, 
College Station, TX, USA).

Results

The literature search yielded 12 qualified studies,8-19 all in 
English and focusing on intractable epilepsy. Eleven of them 
were published as original research articles in professional 
journals, and the twelve was published as a conference pa-
per.12 Fig. 1 shows the study inclusion/exclusion process. It 
had been planned that studies in which mainly pediatric pa-
tients were enrolled, but had at least five adults and complete 
data were present, would be included in order to boost the 
sample size, but in fact no such studies were found; three 
studies8,13,18 that included both adult and pediatric/adolescent 

Fig. 1. Flowchart of studies included and excluded. KD: ketogenic 
diet.

Database search
Hand-searching of references 
  of relevant reviews and articles

12 included articles

149 potentially relevant articles

Excluded
- �49 were not studying efficacy of KD on  
 intractable epilepsy

- 26 reviews
- 11 animal studies
- 26 studies about children and adolescents
- 2 reported incomplete data
- 23 case reports/series   
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patients were retained, but with only the data for the adults 
patients (i.e., aged ≥18 years) being entered into the meta-
analysis. In addition, the data extraction was based on the to-
tal diet duration for all except two of the included studies.11,18

A final total of 270 patients was evaluated. In all of the stud-
ies, the KD was used as a complementary therapy to the previ-
ously prescribed anticonvulsant drugs. The CKD was used in 
six studies (n=168 patients) and the MAD was used in five 
(n=87 patients). The study of Lambrechts et al.19 (n=15 pa-
tients) used both MCT and CKD. Table 1 lists the baseline in-
formation and relevant data of all of the included studies.

The efficacy rates of KD in adult intractable epilepsy 
ranged from 13%14 to 70%12 in the 12 included studies. The 

meta-analysis yielded a combined efficacy rate of the KD of 
42% (random effects model). There was evidence for a sig-
nificant heterogeneity among the studies (I2=68.7%, p<0.001). 
The combined efficacy rate of the CKD was 52%, while that 
of the MAD was 34%; the heterogeneity for both of these 
was less than for the KD. The chi-square test indicated that the 
odds ratio (OR) for the therapeutic success of the CKD rela-
tive to the MAD was 2.04 [95% confidence interval (CI)= 
1.19–3.49, p=0.009], indicating a significant difference be-
tween the efficacy rates of the two KD subtypes. The funnel 
plot revealed a fairly symmetrical distribution of the efficacy 
rates, with four studies falling outside the 95% CIs. The forest 
and funnel plots of the combined efficacy rates are shown in 

Funnel plot with pseudo 95% confidence interval limits
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Fig. 3. The forest and funnel plots of the combined compliance rates of ketogenic diet and its variants. CI: confidence interval, CKD: classi-
cal ketogenic diet, MAD: modified Atkins diet, MCT: medium-chain triglycerides diet, % weight: percentage that each study counts in the re-
sults of the meta-analysis.

NOTE: Weights are from random effects analysis
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Fig. 2. The forest and funnel plots of the combined efficacy rates of ketogenic diet and its variants. CI: confidence interval, CKD: classical 
ketogenic diet, MAD: modified Atkins diet, MCT: medium-chain triglycerides diet, N: number of total subjects, n: number of patients achiev-
ing success in total subjects, % weight: percentage that each study counts in the results of the meta-analysis.

NOTE: Weights are from random effects analysis
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Fig. 2. Among the included studies, only that of Barborka8 
was a retrospective one, and dated back 80 years. Therefore, 
that study was excluded from the meta-analysis of combined 
efficacy rates in order to evaluate the possible bias that it 
might cause. The combined efficacy rates of the KD, CKD, 
and MAD were 40%, 49%, and 34%, respectively. The OR 
of therapeutic success for the CKD relative to the MAD was 
1.81 (95% CI=1.06–3.10, p=0.03), indicating that the efficacy 
rate differed significantly between the two KD subtypes. 
Therefore, it appears that the main findings of this study would 
not differ regardless of whether or not the study of Barborka8 
was included.

The number of adherers was reported for 11 studies. The 
meta-analysis revealed a combined compliance rate for the 
KD was 45% (random effects model). There was evidence for 
clear heterogeneity among the studies (I2=76.3%, p<0.001). 
The combined compliance rate of the CKD was 38%, with 
significant heterogeneity (I2=78.6%, p=0.001), while that of 
the MAD was 56%, with insignificant heterogeneity (I2= 
44.5%, p=0.125). The chi-square test revealed that the OR of 
the compliance rate for the CKD relative to the MAD was 0.48 
(95% CI=0.28–0.81, p=0.006), indicating that the compliance 
rate differed significantly between the two KD subtypes. The 
funnel plot showed a relatively mild publication bias of the 11 
studies, with 2 studies lying outside of the CIs. The forest and 
funnel plots of the combined compliance rates are shown in 
Fig. 3.

Discussion

The aim of this study to summarize the published studies in 
order to identify the efficacy of and patient compliance with 
the KD and its main subtypes in adults with intractable epi-
lepsy. The review of Payne et al.20 published in 2011 focused 
on the KD and related diets in both adolescents and adults; 
the results of the included studies were simply listed, without 
being analyzed statistically. Since then, several studies on KD 
in adult epileptics have been published. These studies were 
subjected to meta-analysis herein using statistical methods in 
an attempt to quantitatively determine the efficacy of and pa-
tient compliance with this dietary treatment and its main vari-
ants in adults.

Efficacy of and patient compliance with the KD
The present meta-analysis of 12 studies yielded a combined 
efficacy rate of the KD of 42%, with significant heterogene-
ity. As mentioned in the Introduction, a high effectiveness (a 
reduction in seizures of at least 50%) of 30–60% can be 
achieved when applying the KD in pediatric epilepsy.6 Thus, 
the efficacy of the KD in adults was comparable with that in 

pediatric patients. In fact, therapeutic success rates of up to 
70% were reported at the third International Symposium on 
Dietary Therapies by several groups who have been applying 
the KD (including both the CKD and MAD) in their adult 
epilepsy diet centers.12 Therefore, the KD could be a promis-
ing complementary therapy in adult intractable epilepsy.

The significant heterogeneity found on meta-analysis of 
the combined efficacy rate of the KD could be at least partly 
attributable to the different subtypes of KD used in the vari-
ous studies (i.e., CKD versus MAD). Subgroup meta-analy-
sis revealed a reduced heterogeneity. Other factors that might 
cause heterogeneity are discussed in Section 4.3.

The meta-analysis of 11 studies (i.e., excluding the study of 
Barborka8) revealed a combined rate of patient compliance 
with the KD of 45%. This relatively low compliance rate, which 
is consistent with previous studies,20 was caused mainly by in-
effectiveness or lack of compliance (Table 1). Lack of compli-
ance could be attributed to intolerability caused by severe side 
effects or discontinuation caused by either psychosocial fac-
tors or the restrictiveness of the diet.12,13,15 With few reports 
of severe or fatal side effects,6,10,11,15,16,19,20 it is possible for 
neurologists and dietitians to make efforts to increase patient 
compliance, which could in turn increase the efficacy of the di-
etary therapy.

Comparison of the CKD and the MAD
The present meta-analysis revealed that the combined efficacy 
rate was significantly better for the CKD (52%) than for the 
MAD (34%, p=0.036), whereas the combined compliance rate 
was significantly higher for the MAD (56% vs. 38%, p=0.006).
Thus, the subgroup analysis of the existing studies suggests 
that while the CKD is more effective, patients with intractable 
epilepsy are less likely to comply with it than with the MAD.

In pediatric applications, two case-control studies compar-
ing the CKD and MAD yielded inconsistent results: Miranda et 
al.21 demonstrated a similar effectiveness of the two KD sub-
types, while El-Rashidy et al.22 found a higher efficacy for 
the CKD and a similar tolerability for both. However, Kossoff 
et al.23 observed additional seizure control following a switch 
from the MAD to the CKD, indicating that the latter likely 
represents a “higher dose” of dietary therapy than the MAD. 
There have been no direct comparisons of these two KD sub-
types in adults. The present study performed an indirect com-
parison of the CKD and MAD, shedding a little light on the is-
sue. It can perhaps be concluded that, as reported in a previously 
published review pertaining to childhood epilepsy,24 dietary 
therapy for adult patients with intractable epilepsy should be 
initiated with the MAD, with a switch to the CKD being con-
sidered if greater seizure control is required. Further case-con-
trol studies in adults are needed to confirm this conclusion.
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Limitations
This meta-analysis should be interpreted in the light of certain 
limitations. First, the number of patients was small; ethical 
factors limited the enrollment of patients, there were practical 
difficulties, and the included studies were all observational and 
without control groups; thus, the conclusions provide only 
class III evidence assessing the efficacy and compliance of 
the KD in adults. Second, the long follow-up duration (3–118 
months), different distributions of age, gender, and seizure 
type, and other uncontrolled confounding factors might add to 
the bias of the meta-analysis. Third, the included patients un-
dertook dietary therapies based on the practices of individual 
treating centers and providers, which might also have intro-
duced some bias.

In conclusion, this meta-analysis provides formal statistical 
support for the efficacy and compliance of the KD and its two 
variants (CKD and MAD) in the treatment of adult intractable 
epilepsy. The results indicate that this diet is a promising 
complementary therapy in adult intractable epilepsy, with an 
overall efficacy of 42%. The overall compliance rate was rel-
atively low, at 45%. Subgroup analysis revealed that the CKD 
might be more effective but less tolerable than the MAD in 
adults. Together these findings indicate that previous studies 
have provided valuable statistical evidence supporting the ap-
plication of the KD in adults with refractory epilepsy. Con-
trolled studies with large samples should be conducted to 
confirm these conclusions.
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