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Introduction

Purpose: In the past, the use of medium-chain triglycerides (MCTs) for a ketogenic diet (KD) was
expected to improve both patients' and caregivers' adherence to treatment, but many gastroin-
testinal problems have been reported. Through a calculated partial administration of MCTs in a
KD, we aimed to reduce these complications, while maintaining acceptable seizure reduction.
Methods: At a tertiary referral center for pediatric patients with epilepsy, MCT oil was given in a
1:1 ratio with long-chain triglycerides to patients on KDs. Patients who began the diet from Feb-
ruary 2019 to February 2020 were reviewed retrospectively, and 47 patients with at least 3
months of follow-up records were enrolled in the study

Results: Overall, 29.8% of patients on a KD with an adjusted MCT ratio experienced complica-
tions, such as gastrointestinal symptoms and behavioral food refusal, compared to 63.0% of prior
KD patients. The mean seizure reduction rate was 68.45%%40.61%, which was not significantly
different from the comparison group'’s rate of 64.84%*34.24%.

Conclusion: Adjusted MCT incorporation into a KD showed comparable seizure control results,
with better tolerability of the diet.
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to some extent [4]. Several studies have shown that KD therapy is

effective for treating drug-resistant epilepsy and metabolic disor-

The ketogenic diet (KD) has been widely recognized as one of the
most effective therapies for drug-resistant epilepsy in the pediatric
population [1,2] since its introduction by Wilder [3]. The KD,
which involves a restricted diet of high fat and low carbohydrates, is
expected to increase ketone body concentrations, which can en-

hance inhibitory neurotransmission and thereby control seizures

ders such as glucose transporter 1 (GLUT1) deficiency [5] and
pyruvate dehydrogenase deficiency [6] in children and adoles-
cents. Several randomized controlled trials have shown that dietary
treatment can reduce seizure frequency by half in 38% to 72% of
patients with 3 months of therapy [2,4,7].

There are several types of KDs, with the classical KD comprising
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fat in combination with carbohydrates and protein in specific ra-
tios, ranging from 2:1 to 5:1, and typically utilizing long-chain tri-
glycerides (LCTs) for fat [8]. Adherence to restricted food choices
and amounts must be strictly enforced in order to maintain the tar-
geted ketone range, and even minor lapses, such as sugar-contain-
ing syrup medication, can compromise treatment efficacy. These
dietary restrictions can be challenging for both patients and care-
givers, especially for children whose adherence may be inconsis-
tent. Food refusal, limited daily intake, and behavioral problems
(e.g., anger and non—acceptance) are common manifestations of
adherence problems [9]. Various types of KDs have been designed
to improve adherence without compromising the seizure control
effects: the modified KD, modified Atkins diet (MAD), low glyce-
mic index treatment (LGIT), and medium-chain triglyceride diet
(MCD) [10].

Medium-chain triglycerides (MCTs), such as triglycerides (TG)
of octanoic and decanoic acids, are more ketogenic than LCTs, as
they lead to the generation of more ketones per kilocalorie of ener-
gy. By replacing LCTs in a KD, MCTs can allow more carbohydrate
and protein consumption with less total fat, resulting in more ac-
ceptable meals and snacks for patients [11]. Huttenlocher et al.
[11] first used MCTs for a KD with the expectation of providing a
more acceptable diet, and their study in 1971 found that the MCD
showed similar seizure reduction rates to the classic KD. Other
studies by Schwartz et al. [ 12] and Neal et al. [ 13 ] found no signifi-
cant difference between the classic KD and MCD when using
MCTs with a KD. However, gastrointestinal (GI) problems such as
vomiting, bloating, diarrhea, and abdominal pain were common,
and MCTs have not been widely used in KDs despite their non-in-
ferior efficacy in seizure control [11-13].

If this high incidence of GI side effects can be offset by modify-
ing the previously used MCD, the advantages of MCTs over LCTs
could be utilized more widely. This may be more beneficial for
some patients who need more leniency from the classic KD. Both
a greater variety of choices of food and larger amounts of food
would be desirable for young patients, allowing more freedom of
diet and more materials to support ongoing body growth. In the
early MCD studies, MCTs comprised 60% of the diet’s total ener-
gy, and this amount could have caused the frequently reported GI
troubles [11]. Few studies have reported the implementation of
MCD and even fewer have discussed any new modifications of the
MCD to control the side effects.

After incorporating lower percentages of MCTSs than previously
reported in other MCD studies, we have observed that patients
were able to tolerate the therapeutic diet better than what was ex-
pected from past literature reviews.

Subsequently, there have been a small number of studies that

https://doi.org/10.26815/acn.2022.00094

have tested other versions of MCDs with lower percentages of
MCTs and supplemental LCTs. Along with the levels of ketosis,
the amount of total fat and MCTs in various forms of food was also
taken into consideration, and a mixed-lipid diet (MLD) witha 1:1
ratio of MCTs and LCTs was tried in a number of patients at our
center. By comparing them to previous KD patients, we aimed to
investigate the tolerability and efficacy of the MCT and LCT
mixed diet, which may become a more feasible KD for pediatric
epilepsy patients.

Materials and Methods

1. Patients

Patients from the ages of 6 months to 18 years who initiated a KD
at a tertiary referral center between February 2019 and February
2020 were recruited retrospectively by reviewing their medical re-
cords, and those who incorporated MCTs into their diet were en-
rolled in the study. Patients who had been followed for less than 3
months or who had not visited the clinic regularly after starting the
diet were excluded.

As the primary endpoint of the study was to assess and analyze
the complications of the MCD, patients who started the diet for
cognitive or developmental improvement were also included in
the study to increase the pool of patients. The small number of re-
cruited MCD patients, with an even smaller number of complica-
tions, may have resulted in incomparable analyses.

A cohort of patients on a KD without MCTs was selected from
the patients treated at the same tertiary center from 2017 to 2020.
Patients’ sex, age at the start of KD, and type of KD were taken into
account, and those who had maintained the therapy for less than 3
months were excluded. Patients who were put on the diet for cog-
nitive and developmental reasons were also selected in similar pro-
portions to those of the patients in the MCT diet group.

2. Ketogenic diet

Patients on a KD with MCTs began with one of the various KDs:
4:1, 3:1, 2:1 ratio, MAD, and LGIT. Only after the full implemen-
tation of one of these diets were MCTs introduced into the diet,
starting with 5% of the total calories. During admission, the
amount of MCTSs was gradually increased by 5% of the total calo-
ries, usually over a 1- to 2-day period. The target MCT quantity
was 50% of the total fat amount for the designated KD, with the re-
maining fat being LCT oil, resulting in a 1:1 ratio of MCTs in
quantity. However, the serving amount was limited to 14 g per
meal and 52 g per day to minimize potential side effects, and the
lower-ketogenic-ratio diets allowed a wider range of food into the
diet, reducing the necessary amount of supplementary oil and the
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quantity of MCT oil, therefore resulting in a lower amount of
MCT oil than the target. When the calories from each type of oil
were calculated, the aim was for MCTs to provide approximately
25% to 30% of the total fat calories, and about 20% to 25% of the
diet’s total calories. Supplemental vitamins and minerals were fully
provided.

If any complications pertaining to the diet arose, such as abdom-
inal pain, vomiting, diarrhea, or other GI symptoms, the amount of
MCTSs was usually reduced by 10%.

3. Data acquisition

According to the center’s KD protocol, the majority of patients
were admitted and evaluated at the start of KD. Patients were regu-
larly followed up at the outpatient clinic after successful diet induc-
tion. The admission, hospital stay, and clinic medical charts were
reviewed, and patients’ epilepsy status and general condition were
evaluated at baseline during admission, as well as at 1, 3, 6, and 9
months at the outpatient clinic.

The primary endpoint of this study was the occurrence of side
effects while patients were on the MCT-including KD, including
clinical symptoms and laboratory results. Any related findings were
categorized as early or late complications based on the time since
the start of the KD. Tolerability was determined by the responses
of parents or caregivers.

The secondary endpoint of this study was to assess the change in
the seizure rate when compared to the baseline seizure frequency
at diet initiation, in order to establish whether the MCD had
non-inferior efficacy for epilepsy. This was assessed by parental or
caregiver seizure records. Another secondary endpoint was any
unexpected abnormal laboratory findings regarding the incorpora-
tion of MCTs into the KD. Total cholesterol, low-density lipopro-
tein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), and TG levels were compiled. These laboratory results
were also compared from baseline to 1, 3 months, and if possible,
also for 6 and 9 months. Withdrawals from the dietary treatment at
any period were documented, and the reasons for withdrawal were

also reviewed.

4. Statistical methods

SPSS version 25.0 for Windows (IBM Corp., Armonk, NY, USA)
was used for the statistical analysis. To compare the basic charac-
teristics and seizure outcomes of the MCT group and its compara-
tive cohort group, the Student t-test, chi-square test, Fisher exact
test, and Mann-Whitney U test were used. The Fisher exact test
was used to compare complications between the two groups, and
the Student t-test and, primarily, the Mann-Whitney test were used
to analyze the lipid profiles of the two groups. The threshold for
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statistical significance was set at P=0.0S.

Results

Fig. 1 depicts how the patients were recruited and grouped for this
study. From February 2019 to February 2020, 65 patients on the
KD had MCT oil added to their diet, and 49 patients were able to
stay on the diet for at least 60 days after starting. In total, 47 patients
continued the KD with MCT oil for at least 3 months, 37 for more
than 6 months, and 18 for 9 months.

1. Characteristics of the study patients

The study patients’ clinical characteristics are summarized in Table
1. The group was made up of more boys (61.7%) than girls, and
the patients ranged in age from 12.4 to 197.6 months. About half
of them experienced daily seizures, and the patients with seizures
were prescribed an average of 2.47 + 1.53 anti-seizure medications.
Several etiologies were suspected as the causes of the patients’ sei-
zures, mainly genetic conditions such as Dravet syndrome,
GLUT1 deficiency syndrome, or alterations of genes such as
CDKLS, CSTB, DNM1, GRIN1, and KCNQ2. Other etiologies in-
cluded epilepsy with metabolic causes and structural etiologies
such as focal brain lesions, while many patients had undetermined
etiologies. It was difficult to match the comparative cohort group
in terms of a similar variety of etiologies; however, the two groups

showed no significant differences in the etiologies of epilepsy.

| Total 65 Patients on ketogenic diet with MCT oil |

A4

| 49 Patients treated for minimal 60 days }—l

2 Patients dropped out
- Poor cooperation

}_l

5 Patients ongoing

4 Patients stopped diet

- 3 Patients due to inefficacy
- 1 Patient follow-up loss

}_l

11 Patients ongoing

9 Patients stopped diet

- 4 Patients due to inefficacy
- 3 Patients for break

- 2 Patients follow-up loss

A4

| 47 Patients treated for 3 months

A 4
| 38 Patients treated for 6 months

A4

18 Patients treated for 9 months

Fig. 1. Flow of patients: study enroliment and follow. MCT,
medium-chain triglyceride.
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Table 1. Characteristics of patients who received a ketogenic diet with MCT oil and the comparative cohort group

Characteristic MCT oil group (n=47) Comparative cohort (n=27) Pvalue
Age at initiation of the ketogenic diet (yr)

0-<3 18 n 0.385"

3-<7 20 7

7-<10 6 7

<10 3 2
Age (mo) 59.47 (27.17-81.03) 51.40 (23.83-93.03) 0987
Sex (male:female) 29:18 16:11 0.979¢
Etiology 0.682°

Dravet syndrome 1

GLUT1 deficiency syndrome 1

Genetic epilepsy 1 9

Metabolic causes 3 1

Structural etiology (focal) 4

Periventricular leukomalacia 3 2

Unknown etiology 12 9
No. of ASMs 247+153 248+ 142 0.932°
No. of seizures at initiation 43 24 0.119°

Daily 21 17

Weekly 5

Monthly n 1

Yearly or less 6 1

Values are presented as median (interquartile range) or meanz+standard deviation.

MCT, medium-chain triglyceride; GLUT1, glucose transporter 1; ASM, anti-seizure medication.

*Fisher exact test; "Mann-Whitney U test; “Chi-square test.

Twenty-six patients started with the MAD, 16 patients with a
3:1-ratio KD, and one patient each received LGIT, a 2:1-ratio KD,
and a 4: 1-ratio KD. During the 9-month follow-up period, 10 pa-
tients adjusted their diet ratio: five for better tolerability and five for
better seizure control or cognitive improvement. The use of MCT
oil was maintained during these adjustments.

2. Seizure outcomes

To evaluate short-term seizure outcomes, changes in the seizure
rate were measured by comparing the seizure frequency from each
time interval to the number of seizures at baseline. As four patients
were put on the diet with the expectation of improving their cogni-
tive development, they were excluded from the seizure outcome
analysis. At the 3-month follow-up visit, 27 patients (27/43,
62.8%) had more than 90% seizure reduction, and 22 patients
(22/43, 51.2%) were seizure-free. Altogether, 86.0% of the patients
(37/43) showed a 50% or greater reduction in seizure frequency at
the 3-month follow-up visit. Six months after starting the diet with
MCT oil, 37 patients maintained the diet, and 21 patients (21/37,
56.8%) were seizure-free. Furthermore, 70.3% (26/37) were able
to reduce their baseline seizure frequency by 90% or more. Thir-
ty-one patients (31/37, 83.8%) had their seizures reduced by 50%
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or more at the 6-month follow-up interval. At the 9-month inter-
val, corresponding to the last follow-up visit for the study, 18 pa-
tients remained, of whom 11 (11/18, 61.1%) had achieved seizure
freedom. Twelve patients were able to reduce their baseline sei-
zures by 90% and 16 by 50% or higher.

At the 3- and 6-month follow-ups, the MLD and comparative
cohort group showed statistically significant differences in the me-
dian values of the seizure reduction rate (100.00%, 50.00%—
100.00% vs. 75.00%, 50.00%-99.00%, P=0.041 at 3 months; and
100.00%, 50.00%-100.00% vs. 66.66%, 50.00%-91.76%,
P=0.027 at 6 months). However, at the last follow-up (after 9
months), the two groups showed no significant difference in the
median seizure reduction rate (100.00%, 72.50%-100.00% vs.
90.00%, 61.67%-100.00%, P=0.403). The overall average seizure
reduction rate at the last follow-up for patients who were treated
for a minimum of 3 months was 68.45% *40.61% in the MLD
group and 64.84% £ 34.24% after treatment for a median duration
of 6 months in both groups (Table 2). The 43 patients who main-
tained the KD with MCT oil for at least 3 months were prescribed
an average of 2.47 * 1.53 anti-seizure medications at the time of
diet initiation. While 17 (39.5%) of them were able to reduce the
number of medications or lower the dosage of the medications, the
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Table 2. Ketogenic diet implementation and comparative seizure outcomes

Variable MCT oil group (n=47) Comparative cohort (n=27) Value
Type of ketogenic diet
4:1 1 1
3:1 17 7 0.865°
2:1 1 1
1.5:1 1 0
Modified Atkins diet 26 18
Low glycemic index treatment 1 0
Follow-up KD period (mo)
23 47 27
26 38 20 i =0.465, 0.495°
29 18 13 + =0.684, 0.408°
Seizure outcomes 43 27
Seizure reduction rate 68.45+ 40,61 64.84%34.24 0.352°
Seizure freedom 21(48.8) 8(29.6) ¥=2522, P=0.112°
>900% reduction 26 (60.5) 10 (37.0) xz =3.644, P=0.056°
>50% reduction 34(79.1) 23(85.2) P=0.753"

Values are presented as meansstandard deviation or number (%).
MCT, medium-chain triglyceride; KD, ketogenic diet.
*Fisher exact test; °Student t-test; “Chi-square test.

mean number of anti-seizure medications after MLD was
242 % 1.71, with no significant difference between before and after
the diet (P=0.90). The other KD group also showed no statistical-
ly significant change in the mean number of prescribed medica-
tions (P=0.92).

3. Tolerability of dietary treatment

Early complications of dietary therapy occurred in 14 patients
during diet implementation or within the first month after diet ini-
tiation, with 19 total cases of insufficient oral intake, dehydration,
metabolic acidosis, vomiting, or abnormal laboratory results. Fol-
lowing the first month of the diet, three patients experienced
weight loss, frequent vomiting, and hypercalciuria, which were re-
corded as late complications (Table 3). In contrast, 63.0% of the
patients in the comparative cohort group (17/27) reported a total
of 25 cases of KD-related problems. Vomiting (n=3), poor oral in-
take (n=2), food refusal (n=2), and single cases of diarrhea, ab-
dominal discomfort, constipation, and several abnormal laboratory
findings (n=9) were noted during the first month after KD induc-
tion, and similar cases of GI symptoms and laboratory results were
reported, albeit with a lower incidence, during the latter part of KD
(Table 3).

In a comparison of the number of reported troubles due to the
KD between the MLD group and the non-MLD group, no signifi-
cant differences were found in any categories in both the early and
late stages of the dietary treatment. Taking all the complications
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into account, the patients from the MLD group reported fewer
complications in the later stage of the diet, constituting a significant
difference from the comparative group (P=0.014). Overall, fewer
patients experienced KD-related complications in the MLD group
during the entire KD process than in the non-MLD (P=0.005).
These complications, in both the early and later stages of the di-
etary treatment, contributed to termination of the diet in some pa-
tients. Thirteen patients (13/47, 27.7%) discontinued the MCT
oil diet during the 3- to 9-month follow-up period; while five of
them had suffered from the abovementioned complications, eight
patients stopped the diet due to poorer than expected seizure con-
trol and either added anti-seizure medications or considered other
treatment modalities, such as corpus callosotomy or vagus nerve
stimulation. In the comparative cohort group, 16 patients discon-
tinued the KD, half of whom did so due to poor seizure control.
Four other patients could not continue the diet because of GI
symptoms such as vomiting or abdominal discomfort, two patients
due to poor oral intake, and two patients due to the caretaker’s

poor adherence to the diet regimen.

4. Changes in the lipid profile after MCT-oil KD

Laboratory results from baseline and follow-up visits of the pa-
tients in both groups were collected and statistically analyzed (Ta-
ble 4). Mean values were obtained from the remaining patients at
each follow-up period. While total cholesterol, HDL-C, LDL-C,
and non-HDL-C levels all increased during the KD, there was no

https://doi.org/10.26815/acn.2022.00094
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Table 3. Early and late complications of ketogenic diets in the two groups

Types of complications MCT oil group (n=47) Comparative cohort (n=27) Pvalue
Early (start-1 mo)  Late (>1 mo) Early (start-1 mo)  Late (>1 mo) Early Late All

Gastrointestinal symptoms 2 1 6 4 0.045" 0.056 0.008"

Vomiting 2 1 3 2

Diarrhea 0 0 1 1

Abdominal discomfort 2 0 1 0

Constipation 0 0 1 1
Poor oral intake 7 0 2 1 0.472 0.365 0.738
Behavioral food refusal 0 0 2 0 0.130 0.130
Abnormal laboratory results

Hypertriglyceridemia 0 0 2 0

Liver enzyme increase 1 1 1 1

Acidosis 3 0 4 0

Dehydration 4 0 2 0

Hypercalciuria 0 1 0 2
Total 19 3 17 8
Total patients 14 3 15 8 0.047° 0.014°
Overall cases 20 25
Overall patients 14 patients (29.8%) 17 patients (63.0%) 0.005

MCT, medium-chain triglyceride.
*Fisher's exact test.

significant difference between the two groups from baseline to 1
and 3 months. When compared to the MCT oil group, TG levels
in the comparative cohort group increased significantly faster at 3
months.

According to the pediatric panel of the National Cholesterol Ed-
ucation Program (NCEP) in the United States, each component of
the lipid profile can be categorized into high, borderline, and low
levels, and the lipid results of the patients in both groups were ana-
lyzed in those terms (Fig. 2). Only 7.7% of the MCT-oil-added pa-
tients and 8.7% of the patients in the comparative cohort group
had high LDL levels (above 130 mg/dL) at the start of the diet,
and this proportion increased throughout the treatment period,
ending up with 41.7% and 50% of respective groups having high
LDL levels. At baseline, 9.5% and 12.5% of both groups had total
cholesterol levels above the acceptable range (200 mg/ dL), respec-
tively, and after 9 months of the KD, 46.2% of the MCT-oil group
and 62.5% of the comparative cohort group had high total choles-
terol levels. Acceptable HDL-C levels (>45 mg/ dL) were found
in 68.3% of the patients in the MCT oil group and in 75.0% of the
comparative cohort group at baseline; however, this higher per-
centage in the comparative cohort group changed after 9 months,
when the corresponding proportions were 91.7% and 57.1%, re-
spectively.

The NCEP pediatric panel recommends different acceptable
TG ranges for children aged 0 to 9 and children aged 10 and up;

https://doi.org/10.26815/acn.2022.00094

because the study group mostly comprised children under the
age of 10 (40 out of 43), only TG levels in this specific range
group were compared. After baseline, 23.7% of patients in the
MCT-oil group and 32.0% of those in the comparative cohort
group had elevated TG levels (100 mg/dL); by 9 months after
KD initiation, these proportions changed to 20.0% and 66.7%,

respectively.

Discussion

As the history of MCT oil incorporation into KDs is not short,
some previous studies have evaluated its efficacy and clinical appli-
cations. Neal et al. [13] conducted a randomized controlled trial
demonstrating that the classical KD is not superior to an MCT-
based diet in terms of efficacy and tolerability. A prospective long-
term study (2 years of follow-up) on KD patients, 79.2% of whom
were supplemented with MCT oil, also showed good tolerability
and non-inferior efficacy of the diet [14]. However, considering
the ability of MCT oil to facilitate relaxation of dietary restrictions,
the benefits of using MCT oil over other LCTs were not as promi-
nent as expected. By fine-tuning the MCT oil application in KD,
with a 1:1 ratio between MCT oil and LCTs, we aimed to optimize
the patients’ KD experience with fewer adverse effects and compa-
rable seizure control.

GI dysfunction such as vomiting and abdominal pain or discom-
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Fig. 2. Percentage of high levels of lipid profile at baseline, and after 1, 3, 6, and 9 months of ketogenic diet. (A) Comparison of
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many patients and families. Aside from adjusting the ratios of the
KD, utilizing MCT oil as an alternative source of fat can be just as
effective, despite near-failures or complications in the past. This
study demonstrated the possibility of a more tolerable, and thus
sustainable, solution for dietary therapy by designing a KD with a
1:1 ratio of MCT and LCT oil.
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