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Abstract
Objective: To investigate incorporating a ready-to-use 2.5:1 ratio liquid feed into 
a ketogenic diet (KD) in children and adults with drug-resistant epilepsy.
Methods: Following a three-day baseline, patients (n = 19; age: 19 years [SD 13], 
range: 8–46 years) followed a KD for 28 days (control period), then incorporated 
≥200 mL/day of a ready-to-use liquid feed, made with a ratio of 2.5 g of fat to 1 g 
of protein plus carbohydrate and including medium chain triglycerides ([MCTs]; 
25.6% of total fat/100 mL) for 28 days as part of their KD (intervention period). 
Outcome measures (control vs intervention period) included gastrointestinal 
(GI) tolerance, adherence to KD and intervention feed, dietary intake, blood ß-
hydroxybutyrate (BHB) concentration, seizure outcomes, health-related quality 
of life (HRQoL), acceptability and safety.
Results: Compared to the control period, during the intervention period, the per-
centage of patients reporting no GI symptoms increased (+5% [SD 5], p = 0.02); 
adherence to the KD prescription was similar (p = 0.92) but higher in patients 
(n = 5) with poor adherence (<50%) to KD during the control period (+33% [SD 
26], p = 0.049); total MCT intake increased (+12.1 g/day [SD 14.0], p = 0.002), 
driven by increases in octanoic (C8; +8.3 g/day [SD 6.4], p < 0.001) and decanoic 
acid (C10; +5.4 g/day [SD 5.4], p < 0.001); KD ratio decreased (p = 0.047), driven 
by a nonsignificant increase in protein intake (+11 g/day [SD 44], p = 0.29); 
seizure outcomes were similar (p ≥ 0.63) but improved in patients (n = 6) with 
the worst seizure outcomes during the control period (p = 0.04); and HRQoL 
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1  |   INTRODUCTION

Ketogenic diets (KDs), a group of low-carbohydrate, 
high-fat, adequate protein diets that mimic the state of 
starvation, offer a nonpharmacological dietary alterna-
tive treatment option for patients with drug-resistant epi-
lepsy.1 KDs are recommended in the National Institute for 
Health and Care Excellence (NICE) guidelines [NG217] 
for consideration in children with ‘certain childhood-
onset epilepsy syndromes’ and with ‘drug-resistant epi-
lepsy if other treatment options have been unsuccessful or 
are not appropriate’2 and are used worldwide.3

There are different variants of the KD, such as the clas-
sical KD (CKD), medium chain triglyceride KD (MCT 
KD), and modified KDs (MKD).1 The CKD is high in long 
chain triglyceride (LCT) fat and provides a specific ratio 
of fat to carbohydrate plus protein, usually up to a max-
imum of 4:1.1 Due to the restrictiveness of the CKD, the 
MCT KD was designed in the 1970s4 to allow individuals 
greater freedom with protein and carbohydrate intake 
and a lower fat intake, as MCTs yield more ketones per 
kcal than LCT fats.5 Modified KDs, where carbohydrate 
intake is restricted to ~5% total energy or 10–20 g/day,6 
also aim to provide increased flexibility and palatability, 
with no restrictions on protein. More recently, a 2.5:1 ratio 
KD, which allows for higher intakes of protein to more 
easily meet requirements without a further restriction of 
carbohydrate intake, has been shown to be as efficacious 
as higher KD ratios in some patient groups, particularly 
younger children.7

While the abovementioned variants of the KD have 
been reported to be clinically effective in the dietary man-
agement of drug-resistance epilepsy,8,9 with high effective-
ness (≥50% reduction in seizures in 30–60% of children9), 
following such diets can be challenging, with low adher-
ence (~45%) cited.9,10 Poor adherence is often linked to 
psychosocial factors or the restrictiveness of the diet,11 or 
related gastrointestinal (GI) side effects, particularly con-
stipation.12,13 Nutritional therapies that are clinically ef-
fective, improve KD adherence and are well tolerated are 
therefore essential.

There are a number of multinutrient medical nutri-
tional feeds available for use as part of KDs. These include 
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outcomes were similar. The intervention feed was well adhered to (96% [SD 8]) 
and accepted (≥88% of patients confirmed).
Significance: These findings provide an evidence-base to support the effective 
management of children and adults with drug-resistant epilepsy following a KD 
with the use of a ready-to-use, nutritionally complete, 2.5:1 ratio feed including 
MCTs.
Plain language summary: This study examined the use of a ready-to-use, nu-
tritionally complete, 2.5:1 ratio (2.5 g of fat to 1 g of protein plus carbohydrate) 
liquid feed, including medium chain triglycerides (MCTs), into a ketogenic diet 
(KD) in children and adults with drug-resistant epilepsy. The results show that 
the 2.5:1 ratio feed was well tolerated, adhered to, and accepted in these patients. 
Increases in MCT intake (particularly C8 and C10) and improvements in sei-
zure outcomes (reduced seizure burden and intensity) and KD adherence also 
occurred with the 2.5:1 ratio feed in patients with the worst seizures and adher-
ence, respectively.

K E Y W O R D S

enteral feed, gastrointestinal tolerance, ketogenic diet, medium chain triglycerides, seizures

Key points

•	 A 2.5:1 ratio feed including MCTs as part of a 
KD is well tolerated, adhered to and accepted 
in patients with drug-resistant epilepsy.

•	 The 2.5:1 ratio feed increased patients' MCT in-
take (particularly C8 and C10).

•	 The 2.5:1 ratio feed improved seizure outcomes 
(reduced seizure burden and intensity) and KD 
adherence in patients with the worst seizures 
and poorest adherence, respectively.

•	 The 2.5:1 ratio feed decreased patients' KD 
ratio, allowing for a higher protein intake.

 24709239, 0, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/epi4.12910 by U

niversity C
ollege L

ondon U
C

L
 L

ibrary Services, W
iley O

nline L
ibrary on [11/03/2024]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense

mailto:gary.hubbard@nutricia.com


      |  3GRIFFEN et al.

powdered or liquid feeds providing either a 3:1 or 4:1 ratio 
of grams of fat to grams of carbohydrate plus protein and 
also modular feeds such as MCT emulsions. These feeds 
have been developed for children following a KD to pro-
vide variety and convenience, support adherence, and to 
help ensure nutritional needs are met. However, before 
now, there were no nutritionally complete feeds avail-
able which were suitable for older children, adolescents, 
and adults, despite the increasing use of KDs to manage 
drug-resistant epilepsy in these groups.14,15 There is also a 
growing interest in MCTs, particularly octanoic (C8) and 
decanoic (C10) acids into medical feeds for drug-resistance 
epilepsy due to an increasing evidence of their antiseizure 
effects.16 Consequently, a ready-to-use, 2.5:1 ratio, nutri-
tionally complete liquid feed including MCTs (25.6% of 
total fat) has been developed, suitable for children from 
8+ years, adolescents and adults as a sole source of nutri-
tion or as a supplementary feed, and can be used as part of 
any of the variant forms of the KD.

This study aimed to assess GI tolerance (primary 
outcome), adherence, dietary intake, blood ketone (ß-
hydroxybutyrate; BHB) concentration, seizure outcomes 
(frequency, intensity and burden), health-related quality 
of life (HRQoL), acceptability, anthropometrics, patient-
specific study goals(s), and safety of a ready-to-use, 2.5:1 
ratio, nutritionally complete liquid feed including MCTs 
when used as part of a KD in individuals aged 8+ years 
with drug-resistant epilepsy.

2  |   MATERIALS AND METHODS

2.1  |  Patients

Individuals were screened against an eligibility crite-
ria (see Supplementary Materials  S1) and recruited by 
Ketogenic Dietitians from 9 healthcare centres in the 

United Kingdom. All patients (or parents/carers, where 
applicable) provided written informed consent.

2.2  |  Study design and ethics

This was a prospective, multicentre, single-arm pilot in-
tervention study. The study was reviewed and approved 
by a UK National Health Service (NHS) Research Ethics 
Committee (South Central—Hampshire A Research 
Ethics Committee; reference number: 16/SC/0530) and 
was registered at clini​caltr​ials.​gov as NCT03196271.

The study consisted of 3 phases: a baseline period, 
a control period, and an intervention period (Figure 1). 
After a 3-day baseline period where patients continued 
their usual diet (either KD or regular diet) and baseline 
data were collected, patients entered a 28-day control 
period. During this time, patients who were already fol-
lowing a KD continued their current KD and patients 
who had not yet started a KD were established on an 
appropriate KD by their Dietitian. Immediately follow-
ing the 28-day control period, each patient incorporated 
at least 200 mL/day of a ready-to-use, nutritionally 
complete, vanilla flavor liquid feed (KetoCal 2.5:1 LQ; 
Nutricia Ltd., UK) into their KD for a further 28 days 
(intervention period). The intervention feed provided a 
2.5:1 ratio of grams of fat (84% total energy) to carbohy-
drate (3% total energy) plus protein (12% total energy) 
and contained MCTs (contributing 25.6% of total fat and 
19.5% total energy), fiber (1% of total energy), vitamins, 
and minerals (see Table S1 for nutritional composition). 
The appropriate feed prescription was determined on a 
per patient basis by the Dietitian responsible for the pa-
tient's nutritional management, based on their clinical 
requirements and preference. Patients could take the 
feed as a sole source of nutrition or as a supplementary 
feed, either orally or via an enteral feeding tube (the 
latter only for patients who were enterally tube fed at 

F I G U R E  1   Schematic of the trial design.
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baseline), depending on their nutritional requirements 
and mode of feeding.

2.3  |  Gastrointestinal tolerance

GI symptoms (diarrhea, constipation, nausea, vomiting, 
abdominal discomfort or pain, bloating, flatulence, and 
burping) and severity rating (none, mild, moderate, or se-
vere) were recorded on the final day of the control and 
intervention periods using a standardized GI tolerance 
questionnaire, which was completed by the patient and/or 
their parent/carer. Patients and/or their parent/carer and 
Dietitians were also asked at the end of the study to record 
if they were satisfied with their/the patient's tolerance of 
the intervention feed.

2.4  |  Adherence

Adherence with the KD prescription during the control 
and intervention periods was assessed by comparing 
the percentage difference in ratio of fat to carbohydrate 
plus protein intake from 24-h dietary recalls, to that pre-
scribed by the patient's Dietitian, or percentage differ-
ence in carbohydrate for patients on a MKD. Adherence 
with the intervention feed (mean daily percentage over 
the intervention period) was determined as the volume 
of intake (recorded daily by the patient and/or their 
parent/carer) relative to the amount prescribed by the 
Dietitian.

2.5  |  Dietary intake

Dietary intake (including all food, drink, and medical 
foods, including the intervention feed) was recorded at 
the end of the control and intervention periods by the 
dietitian, using 24-h dietary recalls. Data were analyzed 
for assessment of total energy, fat (including MCT), 
carbohydrate and protein intakes, fiber, KD ratio (ratio 
of grams of fat to carbohydrate plus protein), and the 
overall contribution of the intervention feed to total 
macronutrient intake using Nutritics (v5.026 Research 
Edition, Dublin).

2.6  |  Blood ß-hydroxybutyrate 
concentration, seizure outcomes, and 
health-related quality of life

Blood BHB concentration was measured upon wak-
ing and in the evenings of the final 3 days of the control 

and intervention periods by a capillary blood sample, 
taken by the patient or their parent/carer using a home 
blood ketone monitor (Freestyle Optimum Neo, Abbott 
Laboratories, Berkshire, UK). Mean morning and evening 
blood BHB concentrations were calculated over the 3 days 
during the control and intervention periods.

HRQoL was assessed on the last day of the control 
and intervention periods with a 7-point Likert scale 
questionnaire (see Table S2). A composite HRQoL score 
was calculated by summing the scores of all HRQoL out-
comes for each patient divided by the number of HRQoL 
outcomes.

The number of seizures (for all seizure types) was 
recorded daily throughout the control and intervention 
periods by patients and/or their parents/carer. At the 
end of each week, patients and/or their parent/carer 
were also asked to rate on a 7-point Likert scale (ranging 
from: 1 = not at all/very mild; 4 = moderate; 7 = severe/a 
lot) how intense the patient's seizures had been (seizure 
intensity) and how much their seizures had bothered 
them (seizure burden). Each seizure outcome was ana-
lyzed separately, and individual scores were also trans-
formed into z-scores ((value-mean)/standard deviation 
(SD)) using the mean and SD of the total sample at base-
line as the reference population. Individual seizure z-
scores were clustered into a composite score using the 
following equation: Zseizure number + Zseiure intensity + Zseizure 

burden/3.

2.7  |  Acceptability

Patients and/or their parent/carer completed a question-
naire at the end of the intervention period to indicate their 
acceptability of the intervention feed (5-point Likert scale: 
Strongly Agree, Agree, Don't Know, Disagree, Strongly 
Disagree, to indicate: ease of use, ease of taking the full 
amount, whether the feed fitted into their routine, enjoy-
ment of the taste, overall liking, and if taking the interven-
tion feed made it easier to follow their prescribed KD).

2.8  |  Anthropometry

At the end of the control and intervention periods, body 
weight and height were measured by the Dietitian using 
standard methods.

2.9  |  Dietetic goals

During the baseline period, the dietitian recorded KD and 
intervention feed goal(s), which were set individually and 
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      |  5GRIFFEN et al.

could relate to overall tolerance, adherence, liking, ac-
ceptability, seizure control, blood BHB concentration, or 
any other goal the Dietitian felt was suitable. At the end of 
the study, the Dietitian indicated whether these goals had 
been met (via Yes/No response).

2.10  |  Safety

Adverse (AEs) and serious adverse events (SAEs) were 
recorded throughout the study by Dietitians to assess po-
tential safety issues related to the KD and the interven-
tion feed. For all AEs, information regarding the intensity 
(mild, moderate, or severe) and potential relatedness (def-
initely related, possibly related, or not related) to the KD 
and/or intervention feed was recorded.

2.11  |  Statistics

The complexity and paucity of data from studies of simi-
lar feeds rendered an a priori power calculation difficult. 
As such, a sample size calculation was not conducted 
for this study. Nevertheless, post hoc analysis using the 
effect size obtained from the primary outcome measure, 
percentage of patients reporting absent GI symptoms 
(Cohen's d = 1.0), revealed the sample size achieved 
in this study (n = 19) had sufficient statistical power 
(β = 0.98) to detect a minimal detectable statistically sig-
nificant difference (p < 0.05) of 2.5% between the control 
and intervention periods. The sample size of this study 
is also consistent with prior studies that investigated 
the tolerability of KD in patients with drug-resistant 
epilepsy.17–19

Statistical analysis was performed on a per-protocol 
(PP) basis using SPSS v27 (IBM Corp., New York, USA). 
Although not planned in the original study protocol, 
to reduce any risk of bias, an intention-to-treat (ITT) 
analysis was performed for all patients who started the 
intervention period for the outcomes GI tolerance, inter-
vention feed adherence and acceptability, and safety. For 
the ITT analysis, outcomes were collected on each pa-
tient's final day of the study. Data were checked for nor-
mality using the Shapiro–Wilk test. Paired samples t-tests 
were used for comparisons of two time points (control vs 
intervention period). For nonparametric data relating to 
changes over time, the Wilcoxon Signed-rank test was 
used. Exploratory subanalyses were also conducted (e.g., 
tertile analyses) on certain outcomes. Post hoc correla-
tion analysis was performed on the prescribed volume of 
the intervention feed and changes in outcomes from the 
end of the control to the end of the intervention period 
using Pearson's correlation. Statistical significance was 

accepted as p < 0.05. Data are presented as means (SD) 
unless stated otherwise.

3  |   RESULTS

3.1  |  Recruitment and patient 
characteristics

Twenty-six patients met the eligibility criteria and con-
sented to participate. Nineteen patients completed the 
full 59-day study period, and seven patients either with-
drew or were withdrawn from the trial (see Figure S1 for 
patient flow and reasons for withdrawal). Consequently, 
19 patients were included in the PP analysis and 25 pa-
tients were included in the ITT analysis of GI tolerance, 
intervention feed adherence and acceptability, and 
safety.

Baseline characteristics of the 19 patients (n = 10 male, 
n = 9 female; age: 19 years [SD 12.9]; range: 8–46 years) 
who completed the study are shown in Table 1. Most pa-
tients (n = 17) were already following a KD at the time 
of recruitment, the majority (n = 13) for a duration of 
≥6 months. Sixteen of these patients remained on their 
prescribed baseline KD during the study. Whilst 2 patients 
were not following a KD at the time of recruitment, anal-
ysis excluding these patients (data not reported for each 
outcome) did not alter statistical interpretation of out-
comes. During the study, 11 patients were prescribed an 
MKD and eight patients were prescribed a CKD with ra-
tios between 2.75:1 and 4:1. No changes to any patients' 
KD or intervention feed prescription occurred during the 
intervention period.

3.2  |  Gastrointestinal tolerance

Most GI symptoms were absent during the control pe-
riod (PP: 81% (SD 10); ITT: 84% (SD 8) of patients across 
all GI symptoms) with a few occurrences of mild–mod-
erate symptoms reported (5–13% of patients across all 
GI symptoms for both PP and ITT analyses). Two in-
cidences of severe symptoms (n = 1 patient: bloating 
and n = 1 patient: constipation) were reported during 
the control period. No significant differences occurred 
during the intervention compared to the control pe-
riod for any individual GI symptom (PP: p > 0.32; ITT: 
p > 0.25). Likewise, across all GI symptoms pooled, no 
significant differences in the percentage of patients re-
porting mild, moderate, or severe symptoms occurred 
between the control and intervention periods (p > 0.68). 
Percentage of patients reporting absent symptoms sig-
nificantly increased by 5% (SD 5, p = 0.02, Figure  2) 
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between the control and intervention periods in the 
PP analysis, though remained unchanged in the ITT 
analysis (p = 0.44). Three severe symptoms of nausea 
and abdominal pain (n = 1 patient) and flatulence (n = 1 
patient) were reported during the intervention period. 
Dietitians reported that patients tolerated the interven-
tion feed as expected (PP: 100%; ITT: 92%) and patients 
(PP: 89%; ITT: 85%), confirmed by themselves or their 
parent/carer, strongly agreed or agreed that they toler-
ated the intervention feed well.

3.3  |  Adherence

Adherence to the KD prescription during the control 
and intervention periods was similar (78% (SD 30) vs. 
77% (SD 25), p = 0.92). In patients with adherence <50% 
to their prescribed KD during the control period (n = 5), 
adherence significantly increased during the interven-
tion period (31% (SD 12) to 64% (SD 26), p = 0.049). 
Mean adherence to the intervention feed was high (PP: 
96% (SD 8); ITT: 89% (SD 25)), with a mean prescribed 
intake of 445 mL/day (SD 252) and a mean actual in-
take of 422 mL/day (SD 264). Patients who received the 
feed via an enteral feeding tube (n = 8, of which n = 2 
received as a sole source of nutrition) had a higher in-
take (708 mL/day [SD 124]) compared to those who 
consumed the feed orally (n = 11; 255 mL/day [SD 93], 
p < 0.001), although adherence was similar between the 
two groups (p = 0.10).

3.4  |  Dietary intake

The intervention feed contributed 47% (SD 34) of patients' 
total energy intake. Intakes of total energy, fat, carbohy-
drate and fiber were similar during control and interven-
tion periods (p ≥ 0.11, Table  2), whereas total MCT, C8 
and C10 intakes were significantly higher during the in-
tervention period (p ≤ 0.002). The KD ratio of patients sig-
nificantly decreased during the intervention compared to 
the control period (p = 0.047, Figure 3). This was primarily 
driven by an 11 g/day (SD 44) increase in protein intake, 
albeit non-significant (p = 0.29).

3.5  |  Blood ß-hydroxybutyrate 
concentration, seizure outcomes and 
health-related quality of life

Three-day mean morning and evening blood BHB con-
centrations were similar during the control (morning: 
1.7 mmol/L (SD 1.4; range: 0.2–3.6 mmol/L); evening: 

1.8 mmol/L (SD 1.6; range: 0.2–4.8 mmol/L)) and inter-
vention periods (morning: 1.6 mmol/L (SD 1.3; range: 
0.1–5.2 mmol/L); evening: 1.9 mmol/L (SD 1.4; range 0.2–
4.3 mmol/L, p > 0.84)).

Seizure frequency (p = 0.98), intensity (p = 0.63) and 
burden (p = 0.94), and composite seizure z-score (p = 0.74) 
were similar during the control and intervention periods. 
Tertile analysis of patients (n = 6) with the lowest seizure z-
score during the control period (i.e., patients with the worst 
seizure symptoms) showed that composite seizure z-score 
significantly improved during the intervention period com-
pared to the control period (p = 0.04, Figure 4) in the ab-
sence of an increase in 3-day mean morning (p = 0.78) and 
evening blood BHB concentration (p = 0.76). This improve-
ment was driven by reductions in seizure burden (−0.45 
[SD 0.35] p = 0.03) and intensity (−0.43 [SD 0.48] p = 0.08) 
whilst seizure frequency remained unchanged (p = 0.66).

There were no significant differences in scores for any 
of the individual questions regarding HRQoL, or compos-
ite HRQoL score (Supplementary Table S2).

3.6  |  Acceptability

Most patients agreed or strongly agreed that the inter-
vention feed was easy to use (89%), easy to take the full 
amount (94%), fitted into their routine (94%), and liked 
overall (88%). Patients (50%) who orally consumed the 
intervention feed agreed or strongly agreed that they en-
joyed the taste of the intervention feed. Patients (63%) 
agreed or strongly agreed that the intervention feed made 
following their prescribed KD easier.

3.7  |  Anthropometry

Body weight and height were maintained during control 
and intervention periods (p > 0.08).

3.8  |  Dietetic goals

The KD goals set by Dietitians during the baseline period 
(more than one goal may have been set per patient) were 
to: maintain or improve seizures (n = 12), improve non-
seizure-related outcomes (n = 3), maintain or increase ke-
tone concentration (n = 6), improve vitamin and mineral 
intake or meet nutritional requirements (n = 3), improve 
tolerance to KD (n = 1), continued growth development 
(n = 1), and improved HRQoL (n = 1). At the end of the 
study, 89% of patients' KD goals were met.

The Dietetic goals set by Dietitians relating to the use of 
the intervention feed included: tolerating the intervention 
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8  |      GRIFFEN et al.

feed well (n = 4), easy feed preparation, reduce time pre-
paring meals, or to make the KD diet easier (n = 4), im-
proved convenience/variety (n = 3), increased protein 
intake or reduced need for additional protein feeds (n = 1), 
high compliance (n = 1), and increased MCT intake 
(n = 5). At the end of the study, 94% of patients' Dietetic 
goals relating to the use of the intervention feed were met.

3.9  |  Safety

There were 11 AEs recorded throughout the study by 
eight patients (n = 3 patients recorded 2 AEs each). Most 
AEs (n = 9) were not related (n = 7) or unlikely related 
(n = 2) to the KD or intervention feed. One AE was clas-
sified as an SAE but unrelated to the KD or intervention 
feed (pneumonia, leading to hospital admission). Most 
AEs (n = 7) were of either mild or moderate intensity. 
Two moderate intensity AEs (n = 1: loose stools and n = 1: 
GI upset) were recorded as highly probably related to 
the intervention feed and resulted in intervention feed 
discontinuation. Three AEs were classified as severe in-
tensity (n = 1 patient: first generalized and second tonic 
clonic seizures, and n = 1 patient: nosebleed). These AEs 
were either not related or unlikely related to the KD or 
intervention feed.

3.10  |  Correlation analysis

Significant positive correlations were observed between 
volume of prescribed intervention feed and changes in 

intakes of total MCTs (r = 0.67, p = 0.003), C8 (r = 0.73, 
p < 0.001), and C10 (r = 0.71, p < 0.001) between the con-
trol and intervention periods. A significant inverse corre-
lation was observed for volume of prescribed intervention 
feed and change in seizure burden z-score (r = −0.52, 
p = 0.04). No other significant correlations were observed.

4  |   DISCUSSION

This prospective, multi-centre, single-arm pilot interven-
tion study demonstrates that a ready-to-use, nutrition-
ally complete, 2.5:1 ratio feed including MCTs as part of 
a KD (either a MKD or various ratios of a CKD) is well 
tolerated, highly adhered to and accepted in children and 

F I G U R E  2   Percentage of patients reporting absent symptoms 
across all gastrointestinal (GI) symptoms during the control and 
intervention periods (means (SD), PP analysis (n = 19)). Symbols 
represent mean value for respective symptom.

T A B L E  2   Daily total macronutrient intakes during the control 
and intervention periods (means (SD)).

Control Intervention p value

Energy (kcal/day) 1663 (719) 1814 (920) 0.29

Carbohydrate (g/day) 17 (10) 21 (13) 0.11

Protein (g/day) 61 (46) 72 (53) 0.29

Fat (g/day) 149 (63) 160 (83) 0.38

Total MCTs (g/day) 12 (17) 24 (22) 0.002

C8 (g/day) 4.9 (8.9) 13.3 (12.9) <0.001

C10 (g/day) 4.2 (6.7) 9.6 (9.4) <0.001

Fiber (g/day) 13.8 (10.5) 13.0 (6.8) 0.66

Abbreviations: C8, octanoic acid; C10, decanoic acid; MCTs, medium chain 
triglycerides.

F I G U R E  3   Ketogenic diet (KD) ratio (means (SD)) during 
the control and intervention periods. Circles represent individual 
patients.
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adults with drug-resistant epilepsy. This study also high-
lights that such a feed increases MCT intake (particularly 
C8 and C10), improves seizure outcomes and KD adher-
ence in those with the worst seizures and poorest adher-
ence, respectively, and decreases KD ratio, allowing for a 
higher protein intake to more easily meet the increased 
requirements of older children and adults without a fur-
ther restriction of carbohydrate intake.

The majority of patients did not report any GI symp-
toms throughout the study; however, some patients re-
ported GI symptoms with various levels of severity whilst 
on the KD during the control period, at a similar level to 
that report in both randomized controlled trials13 and un-
controlled studies12 of the KD, and in other studies of the 
use of nutritional support in various disease areas.20–23 
More absent symptoms were reported during the inter-
vention period with the use of the 2.5:1 ratio feed com-
pared to the control period. This is encouraging and was 
predominantly driven by the lower incidence of mild and 
moderate GI side effects. MCTs have been cited as having 
the potential to cause GI discomfort,24 but have also been 
reported to be more easily digested and absorbed than 
LCTs.25 Therefore, either the amount present in the 2.5:1 
ratio intervention feed or its overall composition showed 
it to be well-tolerated compared to a ‘usual’ KD (which, for 
some patients, already contained some intake of MCTs). 
Constipation, the most commonly reported GI side effect 
of KDs,12 was not particularly prevalent in this study and 

was reported slightly less (though not significantly) whilst 
patients took the 2.5:1 ratio feed compared to patients' 
control KD, despite similar fiber intakes during both study 
periods.

Adherence to the KD prescription was similar during 
the control and intervention periods (~78%) and higher 
than that previously reported in the literature (~45%).9,10 
This may be related to patients mostly being prescribed a 
lower KD ratio, therefore less restrictive than a 3:1 or 4:1 
ratio KD, and/or the fact that patients in this study tolerated 
their KD well. Of importance, however, is the convenience 
of ready-to-use feeds such as the 2.5:1 ratio feed investi-
gated in this study, as such a feed is likely to be particularly 
useful for patients at risk of (or with actual) poor adherence 
to a KD in the first place. This is confirmed in the present 
study by: the high compliance to the 2.5:1 ratio feed; the 
63% of patients who agreed that the intervention feed made 
following their prescribed KD easier; and those patients 
who reported <50% adherence to their KD during the con-
trol period, who reported a 33% increase in adherence to 
their KD prescription with the 2.5:1 ratio intervention feed.

Although assessed over a relatively short period of time, 
the impact of the 2.5:1 ratio feed on nutritional intake is 
encouraging. The decrease in prescribed KD ratio caused 
by the 2.5:1 ratio feed was likely driven by the, albeit non-
significant, increase in protein intake. An increase in pro-
tein intake may be of particular use when prescribing a 
KD for patients with low energy requirements, or children 
to support growth,26 or older adults with increased protein 
requirements.27–29

The 2.5:1 ratio intervention feed elicited some positive 
impacts on seizures, particularly seizure burden and in-
tensity, in patients with the worst seizure control on KD. 
Interestingly, a higher prescribed volume of the interven-
tion feed also correlated with a reduction in seizure bur-
den. The maintenance of response (or, for some patients, 
improvement in seizure outcomes) during the interven-
tion period compared to the control period was observed 
despite similar blood BHB concentration and, except 
for a few isolated cases, below suggested therapeutic 
concentrations for infants and adults (2-6 mmol/L).30,31 
However, it is important to note that there is high in-
dividual variability in the therapeutic BHB concentra-
tion required for optimal seizure response, and some 
individuals achieve optimal seizure control with lower 
concentrations.30 There is also uncertainty over the long-
term correlation between blood BHB concentration and 
seizure reduction.32,33 Consequently, we hypothesize 
that the improvements in seizure outcomes observed 
in certain patients may be due to improved adherence, 
potentially, the addition (or a different formulation) of 
MCTs. The evidence for a possible role of MCTs, specif-
ically C8 and C10, in the anti-seizure effect of KDs has 

F I G U R E  4   Tertile analysis of composite seizure z-score during 
the control and intervention periods (means (SD)) in patients 
(n = 6) with the lowest seizure z-score during the control period 
(i.e., patients with the worst seizure symptoms). Circles represent 
individual patients.
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been growing over the past decade.16 This is relevant not 
just for the MCT version of the KD, although there may 
be different mechanisms of action in different KD types 
and, indeed, in different patients.

Previous work has indicated that HRQoL is poor in 
patients with drug-resistant epilepsy.34–36 Whilst a recent 
randomized-controlled trial (RCT) has shown for the first 
time that a KD may improve HRQoL compared to a ha-
bitual diet,37 HRQoL of individuals with drug-resistance 
epilepsy following a KD is still generally poor.38 In agree-
ment, in this study, HRQoL reported by patients and/or 
their parent/carer during both the control and interven-
tion periods was poor-to-fair. Interestingly, whilst not 
significant, the 2.5:1 ratio intervention feed did seem 
to improve the HRQoL of patients >16 years in employ-
ment, in particular, being able to work more.

Whilst the present study provides novel preliminary 
data and has several strengths, including the collection 
of an array of highly relevant outcomes in real-world, the 
study has limitations. These include using a design that 
was single-arm, non-randomized and without a control, 
the small sample size, and the short intervention pe-
riod. Nevertheless, post-hoc analysis revealed the sam-
ple size was statistically powered to detect a significant 
difference in the primary outcome and other significant 
improvements in key outcomes were reported over this 
intervention period with this sample size, therefore pro-
viding essential evidence for future studies. Furthermore, 
standardized assessments of HRQoL and seizure out-
comes were not used, although this would be challeng-
ing in this complex, heterogeneous population. Due to 
the difficulties in obtaining seizure diary data in studies 
including patients with drug-resistant epilepsy and the 
limitations of taking seizure frequency as the sole indica-
tor of treatment ‘response’, it is a strength of this study 
that an assessment of seizure burden and intensity was 
attempted. The potential reporting bias from 24 hr dietary 
recalls is well-documented, including under- and/or over-
reporting,39 particularly considering that patients or par-
ents/carers were aware that their Dietitian could see what 
was recorded. Although such methodology allows for a 
community-based study with minimal invasiveness for 
patients and families, these pitfalls should be considered 
when interpreting nutritional intake data in this study.

In conclusion, these study findings provide an 
evidence-base to support the effective management of pa-
tients with drug-resistant epilepsy following a KD with the 
use of a ready-to-use, nutritionally complete, 2.5:1 ratio 
feed including MCTs, widening the repertoire of keto-
genic feeds at Dietitians' disposal. As a convenient ready-
to-use feed, it may be particularly of use for those in whom 
adherence to a KD may otherwise be challenging and/or 

for young patients and adults who do not require or want 
a higher KD ratio and have higher protein requirements. 
Furthermore, the study findings suggest that generally the 
KD is well tolerated, complied with and does not nega-
tively impact HRQoL.
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