Asia Pac J Clin Nutr 2021,;30(1):113-121

113

Original Article

Ketogenic diet and growth in Chinese infants with

refractory epilepsy

Yongfang Liu MSc!%, Juan Wang MS¢®, Zhongmin Gao MSc', Lijuan Xu Ms¢,

Lin Kong MSc!

!Department of Nutrition, Children’s Hospital of Chongging Medical University, National Clinical Research
Center for Child Health and Disorders, Ministry of Education Key Laboratory of Child Development and

Disorders

’Chongqing Key Laboratory of Paediatrics, Chongqing Key Laboratory of Child Health and Nutrition
‘Department of Neurology, Children’s Hospital of Chongqing Medical University, Chongqing, China

Background and Objectives: This study evaluated the impact of 12 months of ketogenic dietary treatment (KDT)
on growth in Chinese infants with refractory epilepsy. Methods and Study Design: The KDT group included pa-
tients who were divided into groups A (age 6-12 months), B (12-24 months) and C (24-36 months). The normal

group included infants aged approximately 6-12 months, 12-24 months and 24-36 months who were classified in-
to groups Al, B1 and Cl, respectively. Data on height, weight, aspartate transaminase (AST), alanine transami-
nase (ALT), total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein choles-
terol (LDL-C), triglycerides (TGs), zinc, iron, calcium, magnesium, and haemoglobin (Hb) were extracted from

the medical records. Then, we compared the impacts of 12 months of KDT on growth. Results: Forty-one pa-
tients were included in the KDT group, and 90 infants were included in the normal group. The overall prevalence

of underweight (WAZ <-2 SD), stunting (HAZ <-2 SD), wasting (BAZ <-2 SD), and overweight/obesity (BAZ

>2 SD) were relatively lower in the A and B groups. The prevalence of anaemia in group A was significantly
higher than that in group Al. No significant differences were observed in the KDT groups with regard to HDL,

LDL, AST, ALT, iron, calcium, magnesium, or zinc. A greater than 50% reduction in weekly seizure frequency
was evident in 100% of group A, 78.6% of group B and 77.8% of group C. Conclusions: The results revealed

that patients less than 2 years old who received KDT maintained appropriate growth at the 12-month follow-up.
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INTRODUCTION

In the majority of children with epilepsy, antiepileptic
drugs (AEDs) result in seizure remission. However, 20-
30% of children with epilepsy may suffer from refractory
epilepsy, and the chance of them responding to medica-
tion decreases dramatically after the failure to respond to
more than one drug.! For children with uncontrolled epi-
lepsy, the treatment options are epilepsy surgery, vagal
nerve stimulation and ketogenic dietary treatment (KDT).
The ketogenic diet (KD), a high-fat, moderate-protein and
low-carbohydrate diet, is a valuable nonpharmacological
therapeutic option for children with refractory epilepsy.>™
Typically, one-third of patients will experience a greater
than 90% reduction in seizure frequency.® The KDT gen-
erally lasts for 1-3 years. In recent years, researchers have
been increasingly concerned about the potential effect of
a KD on children’s growth. Negative impacts on growth
percentiles have not been found in previous six-month
follow-up investigations.®” Nevertheless, numerous long-
term studies®!? on KDs have shown a decrease in height
or weight among participants. For a long time, KDs were
not recommended for use during infancy (younger than 2
years old) because that is such a crucial period in devel-
opment and there is the perception of a high risk of nutri-

tional inadequacies associated with KDs. Indeed, infants
are vulnerable and have specific nutritional requirements.
However, current research has shown that KDs are highly
effective and well tolerated in infants with epilepsy.'!!?
However, in the early stages of KDT, many paediatric
neuroscientists prescribed KDs for children after infancy
because they were concerned about nutritional inadequa-
cies during this crucial period in neurodevelopment. Most
of the studies have reported that children receiving KDT
are over 2 years old. Studies on the effects of long-term
KDT on growth in infants and young children remain
scarce. KDT requires constant nutritional monitoring over
time both to ensure its effectiveness and to reduce the
likelihood of short- and long-term adverse effects. This
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remains a problem in the context of infancy, early child-
hood and long-term effects.

The purpose of this study was to identify whether KDT
results in altered growth during infancy (before the age of
3 years) in individuals over 12 months of age with intrac-
table epilepsy. A better understanding of the long-term
effects on growth may guide improvements in the KDT
protocol to optimize growth, nutrition, and health status
in these younger children.

METHODS

Participants, inclusion, and exclusion

This study was designed as an observational study with 2
groups. Children in the KDT group who were diagnosed
with refractory epilepsy were enrolled in a 12-month
KDT plan from November 2017 to June 2019 in the neu-
rology centre. According to age, these patients were di-
vided into the A (age 6-12 months), B (12-24 months)
and C (24-36 months) groups. In the normal group, in-
fants randomly selected from the Department of Child
Health Care who were aged 6-12 months, 12-24 months
and 24-36 months were assigned to the Al, Bl and ClI
groups, respectively. All participants in this study were
selected from the Children’s Hospital of Chongqing Med-
ical University, Chongqing, China. The study design is
shown in Figure 1. This study was approved by the Ethics
Review Committee of the Children’s Hospital of Chong-
qing Medical University (approval number: 2017-122),
and informed consent was obtained from each child’s
parents or guardians.

The KDT group inclusion criteria were as follows: (1)
infants who were born full term and aged 6-36 months; (2)
children with refractory epilepsy who had seizures at least
twice a week and took two or more anticonvulsants; (3)
individuals who underwent KDT for at least 12 months;
and (4) children with no severe organ failure or thyroid
disorders. In the normal group, infants who were born full
term and without any chronic infectious diseases and in-
fants with an unconfirmed but suspected syndromal diag-
nosis (as established by the clinical geneticist) were in-

cluded. Infants with a syndromal or chromosomal disor-
der with a known influence on physical growth were ex-
cluded.

Data collection

Clinical data, including age, sex, weight, height, aspartate
transaminase (AST), alanine transaminase (ALT), total
cholesterol (TC), high-density lipoprotein cholesterol
(HDL-C), low-density lipoprotein cholesterol (LDL-C),
triglycerides (TGs), zinc, iron, calcium, magnesium, and
haemoglobin (Hb), were collected at baseline and 1, 3, 6
and 12 months after the initiation of KDT. According to
the diagnostic criteria for anaemia in infants formulated
by the World Health Organization (WHO) in 2001, in-
fants aged 6-59 months with a Hb concentration <110 g/L
were diagnosed with anaemia.

During the initiation of KD, tolerance (i.e., gastrointes-
tinal disturbances and vomiting) was assessed on a daily
basis. All patients were followed up at monthly visits, and
during these visits, each patient underwent 1) measure-
ments of fasting blood serum B-hydroxybutyrate (BOH)
and assessments of seizure frequency; 2) assessments of
compliance with the prescribed diet regimen and supple-
ment use and 3) screening for possible adverse effects of
the diet (gastrointestinal disturbances and vomiting).

To monitor the possible adverse effects of the diet on
weight, children were weighed at each monthly visit. To
rule out individual variations in the measurement process,
all anthropometric measurements were performed by the
same researchers who were from the neurology centre in
the Children’s Hospital of Chongqing Medical University
(Chongging, China). Anthropometric measurements of
the infants and young children were performed after ad-
mission using the same electronic baby scale (RCS-20).
All measurements were performed in duplicate. Weight
was recorded to the nearest 0.01 kg with the infants and
young children minimally clothed and barefoot. Length
was marked to the nearest 0.01 cm. Anthropometric data
were assessed as Z-scores in the form of height-for-age Z-
scores (HAZ), weight-for-age Z-scores (WAZ) and body
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Figure 1. The study design. KDT: ketogenic dietary treatment; AST: aspartate transaminase; ALT: alanine transaminase; TC: total cho-
lesterol; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol; TG: triglyceride; Hb: haemoglobin.
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mass index (BMI)-for-age Z-scores (BAZ) based on the
WHO Anthro 2005
(http://www.who.int/childgrowth/software/en/) and the
U.S. National Center for Health Statistics data from 2006.
A cut-off point of <-2 standard deviations (SDs) was de-
fined as a low WAZ (underweight), low HAZ (stunting)
and low BAZ (wasting); 2<BAZ<3 was defined as over-
weight, and BAZ >3 was defined as obesity.

KDT

KDT is a well-established and nonpharmacologic treat-
ment used for children and adults with refractory epilepsy.
There are currently 4 major therapies involving the clas-
sic KD: the modified Atkins diet (MAD), the medium-
chain triglyceride diet (MCT) and the low-glycaemic in-
dex treatment (LGIT). The classic KD has been used con-
tinuously since 1921 and results in ketosis by limiting the
intake of carbohydrates and protein to less than 10% of
the total combined energy intake. In this study, the classic
KD was the primary type of KD used in infants and
young children. All participants were encouraged to initi-
ate KDT while they were inpatients for at least one week.
Furthermore, all children were recommended to use a
commercial powdered formula (Qitong/Jiantong), which
is intended for infants, during the diet initiation stage to
achieve a stable blood ketone level before switching to
more flexible self-prepared food. On a KD, the infant can
continue to bottle feed. Formula may be given by bottle
and/or tube. Based on individual tolerance and/or ketosis,
a different ratio may be used (2:1-4:1) to achieve a blood
serum BOH >2.0 mmol/L. A 24-h dietary recall question-
naire was used to assess dietary intake for all infants in
the KDT group. The questionnaires were completed on
the day of the monthly visit. Intakes were then calculated
using the energy, protein, vitamin B1, vitamin B2, vita-
min C, zinc, iron and calcium contents of the ingredients
outlined in food composition tables (China Food Compo-
sition 2016). Due to the limited quantities of fruits, vege-
tables, enriched grains, and foods containing calcium that
can be consumed while on a KDT, supplementation is
essential, and the micronutrient supplements that were
taken provided 50-100% of the Chinese Dietary Refer-
ence Intakes (DRIs, Chinese Nutrition Society, 2013,
Science Press) (Table 1). The anticonvulsants were main-
tained unchanged for the first 6 months of the diet and
were then adjusted according to the children’s condition
thereafter (Table 1).

Statistical analysis

Data were analysed with SAS software (version 8.1).
p<0.05 was considered to indicate a significant difference.
The Shapiro-Wilk test was used to investigate whether
the concentrations of blood lipids, Hb, zinc, iron, calcium,
and magnesium and the anthropometric indicators were
normally distributed prior to analysis. The data are pre-
sented as the means£SDs or medians (M) (Q25, Q75) and
the 95% confidence interval (CI). Paired t-tests were used
to compare differences between the initial and final
paired data with a normal distribution, while the paired
Wilcoxon signed-rank test was used for nonnormally dis-
tributed data. Differences in prevalence were tested with
chi-square tests.

RESULTS

Demographics

In the KDT group, forty-one children were enrolled, with
56% (n=23) boys and 44% (n=18) girls. There were 9
children in group A, 14 in group B, and 18 in group C.
The average ages in group A, group B, and group C were
8.00+£3.32 months, 16.6+3.05 months, and 29.8+4.93
months, respectively. In the normal group, the 30 infants
in groups Al, Bl and C1 were randomly selected from
the Department of Child Health Care. There was no dif-
ference in age, weight or height between the KDT group
and the normal group. The prevalence of underweight,
stunting and wasting in group C were significantly higher
than those in group Cl. Moreover, the prevalence of
anaemia in group A was significantly higher than that in
group Al (Table 2). After 12 months of KDT, the preva-
lence of anaemia in group A decreased to 11.1%, while
the prevalence of anaemia in group B and group C re-
mained unchanged.

As shown in Table 3, in terms of energy intake, the
children in groups A, B, and C consumed 578 (506-650)
kcal/day, 731 (653-882) kcal/day, and 791 (688-924)
kcal/day, respectively. The energy intake levels met the
WHO recommendations for the age ranges in the study
population 75-100% of the time. However, the dietary
intakes of vitamin C, vitamin B2, and calcium were much
lower than the Chinese recommended nutrient intake
(RNI). Additionally, the intake of iron was significantly
lower in the A group than in the B and C groups (p<0.05).

BAZ distribution
There was a rapid reduction in the BMI Z-score in the

Table 1. Drug use and micronutrient supplementation in the three groups of children treated with KDT

Drugs/Micronutrient Group A (n=9)

Group B (n=14) Group C (n=18)

Drugs’ 4 (3-4)
Vitamin D (IU/d) 400
Calcium (mg/d) 200
Vitamin B-1 (mg/d) 0.25
Vitamin B-2 (mg/d) 0.3
Vitamin B-12 (ngd) 0.45
Vitamin C (mg/d) 30

4(3-5) 4(3-5)
600 600
500 500
0.5 0.5
0.3 0.3
0.45 0.45
30 30

KDT: ketogenic dietary treatment.

Drugs: Kipran, Depakine, Topiramate, Nitrazepam, lamotrigine, Methylprednisolone, Captopril, Clonazepam, Zonisamide, Immunoglobu-

lin.
fValues are medians (range in 25th and 75th quartiles).
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Table 2. Baseline characteristics of the children

Age Weight Height Underweight Stunting Wasting Overweight Hb Anaemia

GRP N (m) (kg) (cm) BAZ WAz HAZ (%) (%) (%) Jobesity (%) (g/L) (%)
A 9 8.00+3.32 8.20+1.62 67.0+4.90 0.74+2.35 0.03+1.73 -0.96+1.53 11.1% 33.3% 22.2% 33.3% 111+£8 44.4%
Al 30 8.49+2.98 8.54+1.06 69.4+3.08 0.77+1.23 0.07+0.96 -0.62+1.17 3.33% 13.3% 6.67% 10% 11949 6.67%
P - 0.66 0.45 0.08 0.65 0.85 0.48 0.36 0.14 0.19 0.10 0.0001 0.01
B 14 16.6+3.05 10.5+2.05 78.3+5.37 0.56+2.15 0.06+1.52 -0.6442.07 14.3% 14.3% 14.3% 7.14% 119+11 14.3%
Bl 30 16.0+1.78 11.2+£1.39 79.04+3.40 1.17£1.53 0.73+1.00 -0.244+0.95 0 3.33% 0 23.3% 12249 10%

P - 0.47 0.19 0.66 0.43 0.08 0.5 0.09 0.21 0.09 0.16 0.46 0.34
C 18 29.84+4.93 12.1+£2.58 86.6+6.30 -0.08+2.15 -0.78+1.41 -1.3441.52 22.2% 22.2% 22.2% 16.7% 125+10 11.1%
Cl1 30 28.44+4.25 12.94+4.25 89.6+5.07 0.22+1.04 0.07+0.82 -0.15+1.31 0 3.33% 0 3.33% 124411 10%

P - 0.32 0.24 0.07 0.81 0.02 0.006 0.02 0.05 0.02 0.12 0.80 0.36

GRP: group; BAZ: BMI-for-age Z-score; WAZ: weight-for-age Z-score; HAZ: height-for-age Z-score; Hb: haemoglobin.

Table 3. Daily consumption of major nutrients in the KDT group

Characteristic Group A (n=9) Group B (n=14) Group C (n=18)
Energy (kcal) 578 (506-650) 731 (653-882) 791 (688-924)
Energy (% Chinese RNI) 77%-99% 78%-105% 76%-102%
Protein (g) 23.8 (20.8-32.0) 26.4(22-31.2) 33.5(26.0-34.0)
Protein (% Chinese RNI) 104%-160% 88%-125% 104%-136%
Vitamin C (mg RE) 17 (11-21.4) 25.8(17-31.6) 26.1(17-29.6)
Vitamin C (% Chinese RNI) 28%-54% 43%-79% 43%-74%
Vitamin B-1 (mg) 0.3 (0-0.34) 0.25(0.1-0.7) 0.3 (0.1-0.7)
Vitamin B-1 (% Chinese RNI) 0-113% 17%-116% 17%-116%
Vitamin B-2 (mg) 0.2 (0-0.30) 0.15(0-0.31) 0.31 (0-0.4)
Vitamin B-2 (% Chinese RNI) 0-60% 0-52% 0-67%

Zine (mg) 3.6(2.7-3.7) 4 (2.7-4.8) 4 (3.1-4.6)
Zine (% Chinese RNI) 77%-106% 68%-120% 78%-115%
Iron (mg) 6.6 (5.6-7.8) 11.6 (7.2-13.6) 8.6 (7.2-12.9)

Iron (% Chinese RNI)
Calcium (mg)
Calcium (% Chinese RNI)

56%-78%
115 (114-143)
46%-57%

80%-151%
205 (115-317)
19%-53%

80%-143%
224 (135-356)
23%-61%

KDT: ketogenic dietary treatment; RNI: recommended nutrient intake.

Values are medians (range in 25th and 75th quartiles).
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first 3 months after the initiation of KDT. Children in
group A and group C had BMI Z-scores that were lower
than those before the initiation of KDT (median Z-score
0.11 & 1.42, p=0.02; -0.48 &0.2, p=0.03). Over the
course of 12 months on a KD, the BMI values in the three
groups of children gradually increased from the initially
low values, as shown in Table 4.

The overall prevalence of underweight, stunting, wast-
ing, and overweight/obesity in groups A, B, and C at
baseline were 11.1%, 14.3% and 22.2%; 33.3%, 14.3%,
and 22.2%; 22.2%, 7.1%, and 22.2%; and 33.3%, 7.1%,
and 16.7%, respectively. Over the course of 12 months of
KDT, the overall prevalence of underweight, stunting,
wasting, and overweight/obesity in children in groups A
and B decreased. The prevalence of underweight and
stunting in group C increased by 5.6% and 11.1%, respec-
tively. However, those changes were not statistically sig-
nificant (p>0.05). In addition, the prevalence of over-
weight/obesity in the three groups of children decreased
significantly, and the prevalence of overweight/obesity
among the three groups of children decreased to 0%, 0%
and 5.6%, respectively.

Serum biochemistry

As shown in Table 5, after 12 months of KDT, the con-
centration of iron increased significantly in group A. No
significant changes were shown in the KDT group with
regard to HDL, LDL, AST, ALT, iron, calcium, magnesi-
um, or zinc (p>0.05). However, the serum TC significant-
ly decreased, while the serum TG significantly increased
over the course of the study. No obvious abnormal liver
function was found among children in the KDT group.

Treatment efficacy

The serum BOH levels in group A, group B, and group C
were 3.3 (2.8-4.1) mmol/L, 3.5 (2.6-4.3) mmol/L, and 3.0
(2.8-4.4) mmol/L, respectively. There were no significant
differences in serum BOH among the KDT groups. As
shown in Table 6, 82.9% (34/41) of the children achieved

a greater than 50% reduction in seizure frequency per
week after 1 month of KDT, and 17.1% (7/41) of the
children achieved a greater than 99% reduction in seizure
frequency per week. Additionally, 3, 6, and 12 months
after starting the diet, 68.3%, 78.0%, and 82.3% of the
children, respectively, achieved a greater than 50% reduc-
tion in seizure frequency per week, while 17.1%, 19.5%,
and 22.0% of the children, respectively, achieved a great-
er than 99% reduction in seizure frequency per week.
Three of the children became seizure free at the end of the
first month and remained seizure free throughout the
study follow-up period. After 3 and 6 months of KDT,
another 4 children (9.7%) became seizure free. After 1, 3,
6 and 12 months of KDT, 11.1% (1/9), 22.2% (2/9),
22.2% (2/9), and 33.3% (3/9) of the children in group A,
respectively, had achieved a greater than 99% reduction
in seizure frequency per week. The corresponding propor-
tions of the children in group B were 21.4% (3/14), 7.1%
(1/14), 7.1% (1/14) and 7.1% (1/14), respectively. The
corresponding proportions of the children in group C
were 16.7% (3/18), 22.2% (4/18), 27.8% (5/18), and
27.8% (5/18). Furthermore, after 12 months of KDT, a
greater than 50% reduction in the weekly seizure fre-
quency was evident in 100% of the children in group A,
78.6% of the children in group B and 77.8% of the chil-
dren in group C, but the differences among the groups
were not statistically significant.

DISCUSSION

KDT is a well-established, nonpharmacologic treatment
used for children and adults with medication-refractory
epilepsy. In this study, while undergoing KDT, none of
the subjects exhibited hypoglycaemia (blood sugar <2.2
mmol/L) or high levels of ketosis. The patients had 1-4
daily stools, and there was no obvious diarrhoea, consti-
pation or abdominal distension. A 24-h dietary recall
questionnaire showed that the energy intake levels ranged
from 75-100% of the WHO recommendations for the age
ranges in the study population. The dietary intake levels

Table 4. Daily consumption of major nutrients in the KDT group

S -
GRP Mean SD 93% C()Ift;(})lretr};eezrsltlmate ;;gr:ielre Median Upper quartile p value
A
Baseline 0.74 2.31 -1.03-2.52 -0.67 1.42 2.58
1st month 0.47 1.91 -0.99-1.95 -0.32 0.78 1.75 0.25
3rd month 0.33 1.68 -1.72-0.86 -1.05 0.11 0.59 0.02
6th month 0.48 1.61 -1.54-0.93 -0.60 0.32 0.22 0.11
12th month 0.67 1.12 -0.79-0.94 -0.16 0.46 0.11 0.36
B
Baseline 0.62 2.38 -0.75-2.00 -0.50 0.67 1.93
1st month 0.40 1.81 -0.64-1.44 -1.15 0.50 1.70 0.48
3rd month 0.38 1.47 -0.47-1.23 -0.80 0.42 1.51 0.78
6th month 0.46 1.31 -0.40-1.11 -0.56 0.72 1.15 0.85
12th month 0.57 0.95 -0.08-1.02 -0.08 0.75 1.15 0.92
C
Baseline 0.09 2.36 -1.09-1.26 -1.54 0.2 1.80
1st month -0.51 2.14 -1.57-0.55 -2.21 -0.61 1.12 0.007
3rd month -0.67 2.12 -1.72-0.39 -2.45 -0.48 0.74 0.03
6th month -0.52 2.01 -1.52-0.48 -1.97 -0.07 0.48 0.11
12th month -0.18 1.76 -1.06-0.69 -1.45 0.14 0.55 0.45

KDT: ketogenic dietary treatment; GRP: group; SD: standard deviation.
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Table 5. Effects of a KD on serum biochemistry

GRP TC TGs HDL LDL AST ALT Ca Mg Fe Zn

A
Baseline 4.60+1.78 1.26+0.62 1.45+£0.39 2.75+1.76 29.0+7.85 26.4+14.1 2.42+0.72 0.86+0.11 15.7+6.47 13.6+1.97
12th month 1.61+0.94 3.77+0.56 0.92+0.34 1.94+0.47 24.1+6.44 17.4+7.08 2.48+0.18 0.93+0.06 18.1+5.51 12.7£2.3
Change -2.97 2.4 -0.35 -1.5 -5.5 -9.99 0.05 0.09 2.88 -0.40
95% CI -5.31--0.62 1.82-2.98 -0.85-0.15 -4.27-1.26 -11.2-0.17 -24.2-4.27 -0.22-0.31 -0.01-0.18 1.07-4.68 -2.50-1.70
p 0.02 0.0003 0.12 0.2 0.06 0.14 0.68 0.08 0.007 0.67

B
Baseline 4.15+0.82 1.50+0.54 1.05+0.24 2.69+0.71 34.3+13.2 23.9+12.4 2.50+0.17 0.93+0.10 21.0+10.7 11.842.12
12th month 2.36+0.54 3.56+0.25 0.88+0.11 1.94+0.21 33.449.81 20.8+13.9 2.41+0.13 0.89+0.05 20.2+7.18 14.2+3.84
Change -1.41 2.05 -0.06 -0.32 -3.66 -3.03 -0.11 -0.03 -0.85 2.38
95% CI -2.03--0.79 0.91-3.18 -0.18-0.07 -0.73-0.09 -13.4-6.10 -16.5-10.5 -0.27-0.05 -0.12-0.06 -4.76-3.11 -0.57-5.22
p 0.0002 0.01 0.25 0.08 0.73 0.71 0.06 0.26 0.47 0.09

C
Baseline 3.96+1.03 1.44+1.07 1.19+0.37 2.32+0.75 34.9+11.1 22.0+16.2 2.38+0.16 0.96+0.20 29.6+17.5 12.6+3.06
12th month 2.77+0.66 3.914+0.44 1.13£0.55 1.96+0.65 39.9+16.0 25.3+£11.7 2.14+0.60 0.87+0.06 28.0+11.1 12.9+2.78
Change -1.44 243 -0.11 -0.86 3.65 3.69 -0.26 -0.12 -1.48 0.48
95% CI -2.15--0.74 0.79-4.06 -0.81-0.60 -1.85-0.13 -4.84-12.2 -16.6-23.9 -0.67-0.15 -0.28-0.04 -4.99-2.03 -0.64-1.59
)4 0.0008 0.01 0.72 0.08 0.88 0.95 0.24 0.17 0.47 0.43

KD: ketogenic diet; GRP: group; TC: total cholesterol; TGs: triglycerides; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AST: aspartate transaminase; ALT: alanine transaminase.

Table 6. Retention rate and seizure outcomes 1, 3, 6 and 12 months after the initiation of KDT (n=41)

At the end of the At the end of the At the end of the At the end of the
Seizure frequency per week 1st month 3rd month 6th month 12th month
A B C Total A B C Total A B C Total A B C Total

90-99% reduction in seizures 1 3 3 7 2 1 4 7 2 1 5 8 3 1 5 9

50-90% reduction in seizures 5 10 12 27 5 8 8 21 6 9 9 24 6 10 9 25

<50% reduction in seizures 3 1 3 7 2 5 6 13 1 4 4 9 0 3 4 7
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of vitamin C, vitamin B-2, and calcium were much lower
than the Chinese RNI values. However, the 24-h dietary
recall questionnaire also showed that the intake of iron
was significantly lower in group A than in groups B and
C. The mean concentration of Hb in group A was signifi-
cantly lower than that in group Al, and the prevalence of
anaemia in group A was significantly higher than that in
group Al. It is suggested that 6- to 12-month-old children
undergoing KDT should take iron supplements.

Neurologists are particularly concerned about the long-
term health risks of KDs, especially those related to
growth. There is evidence that children on a KD have
impaired growth,'>!'# and younger children may be at a
relatively greater risk.'> Long-term follow-up of children
treated with a KD in the past has suggested that although
growth does improve after the KD is discontinued, height
gain remains below the expected level.!® In this study,
malnutrition was relatively common in infants and young
children with refractory epilepsy. We sought to investi-
gate the linear trend in growth in children who were treat-
ed with a KD for 12 months. The BAZ decreased rapidly
in the first 3 months. In addition, the prevalence of over-
weight/obesity decreased significantly. After 3 months,
both the weight and BAZ began to show upward trends.
By 12 months, the proportion of children in the standard
weight range increased significantly compared to that
before KDT. The results showed that patients younger
than 2 years of age maintained appropriate growth at the
12-month follow-up. The energy requirements of infants
with epilepsy may vary substantially. There is no consen-
sus in the literature on how to calculate energy require-
ments in infants younger than 6 months old. Often, a per-
centage (75-100%) of the recommended daily allowance
(RDA) of energy is used.!” For infants, the energy re-
quirements must be based on the intake recorded in the
food diary, and recent growth must be considered when
the intake is compared with the RDA for age and sex. It is
necessary to provide additional energy if the growth
curve declines or the patient fails to thrive. Using the ide-
al weight/age or weight/height should be considered to
ensure catch-up growth.

A KD is a special diet characterized by high fat, mod-
erate protein and restricted carbohydrate levels, and long-
term high-fat intake will affect blood lipids. It was report-
ed that 14-59% of the children had elevated serum TC
and TG levels; these levels in 60% of the participants
gradually recovered and remained normal after 12
months.'#! In this study, after 12 months of KDT, no
statistically significant changes were shown in the levels
of HDL, LDL, AST, ALT, iron, calcium, magnesium, or
zinc in children in the KDT group. Furthermore, no obvi-
ously abnormal liver function was observed in children in
the KDT group. While the serum TG levels significantly
increased over the course of the study, the blood TG lev-
els of children undergoing KDT significantly increased,
possibly due to the high intake of saturated fatty acids.
Furthermore, dyslipidaemia can be observed during clas-
sic KDT. Strategies to prevent KD-induced hyperlipi-
daemia include increasing the consumption of MCT and
olive oil; supplementing with omega-3 fatty acids or car-
nitine; decreasing the intake of trans fat, saturated fat, and
cholesterol; decreasing the KD ratio; and excluding all

fatty meats, egg yolks, cream, butter, animal fat, palm oil
and coconut o0il. 2!

KDT can effectively treat epilepsy in individuals from
infancy through adulthood.?? For years, it was thought
that infants had difficulty maintaining ketosis while meet-
ing their growth requirements. As a result, a KD was not
recommended for children younger than 2 years of age. A
recent case report showed that a KD was safe and effec-
tive for six-week-old infants.?* In fact, there is now pre-
liminary evidence that children younger than 2 years old
may be an ideal population for treatment with a KD.?%%
This study also found that among the 41 infants aged 0-3
years who were on the classic KD, the frequency of sei-
zures per week decreased by more than 50% after 12
months, and the proportion of infants younger than 1 year
old who achieved a greater than 50% decrease in seizure
frequency tended to be greater than the proportion of 1- to
2-year-old children and 2- to 3-year-old children (100%,
78.6%, and 77.8%, respectively). Moreover, the propor-
tion of infants younger than 1 year old who achieved a
greater than 90% reduction in seizure frequency was
higher than those of infants in Group B and Group C after
12 months (33.3%, 17.1%, and 27.8%, respectively).
These findings suggest that initiating KDT in children
with refractory epilepsy at a younger age may be more
beneficial.

Conclusion

As shown in Figure 2, this study indicated that KDT was
effective, safe, and well tolerated in infants and young
children with refractory seizures. After 12 months of
KDT, the prevalence of anaemia and malnutrition de-
creased in children with refractory seizures .The Patients
in the KDT group who were younger than 2 years old
maintained appropriate growth at the 12-month follow-up.
Furthermore, it also showed that children younger than 1
year old may be an ideal population for KDT. The results
of this study should be interpreted in light of certain limi-
tations. This was a nonblinded, single-centre, open-label
trial. In addition, because of the small sample size, we
could not assess the relationship between seizure type and
the response to the diet.
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