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Abstract 

Background:  Due to the tradition of carbohydrate-rich diet, challenges exist for ketogenic diet (KD) implementation 
in Northwest China. This study was aimed to investigate the efficacy and tolerability of KD therapy administered with 
gradual initiation protocols in Chinese children with pharmacoresistant epilepsy in Northwest China.

Methods:  In this single-center study, 55 children with drug-resistant epilepsy were enrolled from June 2013 to June 
2019. The efficacy of KD, reasons for discontinuation, duration of retention and rate of adverse events were evaluated.

Results:  Fifty-five children aged from 2.2 months to 169.7 months were included, with a median age at KD initia-
tion of 14.1 months, and 32 cases (58.2%) responded to the diet therapy at the last contact. The responder rates were 
16.4% (9/55), 36.4% (20/55), 30.9% (17/55), 27.3% (15/55) at 1, 3, 6 and 12 months, respectively. Univariate analysis 
indicated that the duration of epilepsy and the duration of KD therapy were predictors for KD effectiveness. Poor 
compliance and lack of response were main reasons for discontinuation of KD. There are a few side effects of KD, most 
of which were minor.

Conclusions:  The KD therapy with a gradual-initiation protocol is effective and tolerable for children with drug-resist-
ant epilepsy in Northwest China. Early start of KD and KD duration of more than 6 months may be predictive factors 
for KD efficacy.
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Background
Ketogenic diet (KD) consisting of high fat and low car-
bohydrates is an effective dietary therapy for infants and 
children with drug-resistant epilepsy [1, 2]. It can stimu-
late the liver to generate large quantities of ketone bod-
ies. The ketone bodies have seizure-inhibitory properties, 
after they cross the blood-brain barrier [2, 3]. The major-
ity of previous studies have reported responder rates of 
more than 50% in patients treated with KD [4–8]. The 
KD therapy has a few side effects, including vomiting, 

constipation, diarrhea, abdominal pain, hypoglycemia, 
hyperuricemia, hypocalcemia, acidosis, hypomagne-
semia, hypercholesterolemia, micronutrient deficiencies 
and kidney stones [1, 4, 6–10].

In Northwest China, people have traditional diets con-
taining high levels of carbohydrates such as wheat flour 
and rice. Therefore, it is difficult to introduce KD in pedi-
atric patients in Northwest China. KD initiation gener-
ally involves a period of fasting varying from 12 h to 72 h, 
which poses a great challenge for dietary substitution. 
Compared to the fasting-initiation protocol, another 
approach that starts from full calories and progresses 
with KD ratio increasing gradually from 1:1, 2:1, 3:1 to 4:1 
provides the same efficiency at 3 months, with lower fre-
quencies of weight loss, hypoglycemia, and acidosis [11]. 
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Therefore, KD with the gradual-initiation protocol may 
be more appropriate for children in Northwest China.

Currently, few studies have reported on the KD therapy 
in Northwest China. In this study, we set out to assess the 
efficacy, tolerability and safety of KD treatment in chil-
dren with drug-resistant epilepsy in Northwest China.

Methods
Fifty-five children aged from 2.2 months to 169.7 months 
who were diagnosed with refractory epilepsy in North-
west China were enrolled in this study, including 10 
patients with structural etiology that we already reported 
in another study [12]. These patients started to receive 
the KD therapy in Xi’an Children’s Hospital from June 
2013 to June 2019. Clinical data were extracted with 
approval from the ethics committee of Xi’an Children’s 
Hospital. The patients who had failure to respond to at 
least two tolerated, appropriately chosen and adequately 
used anti-epileptic drugs (AEDs) were included, accord-
ing to the International League against Epilepsy (ILAE) 
definition. The exclusion criteria were having suspected 
or known metabolism disorder (fatty acid oxidation 
deficiency, ketolysis deficiency, pyruvate carboxylase 
deficiency, primary carnitine deficiency, porphyrinopa-
thy, etc.), or systemic conditions (liver disease, severe 
heart disease, recurrent respiratory infections, hyper-
lipidemia, chronic diarrhea, etc.). All patients under-
went baseline laboratory tests including complete blood 
count, C reactive protein analysis, electrolytes test, liver 
and renal function tests, ammonia and lactate test, lipid 
profile, blood glucose test, blood metabolism screening 
and urine metabolism screening. Electroencephalogramy 
(EEG), electrocardiogramy, and renal ultrasound were 
aslo performed before the KD therapy.

The KD was initiated under inpatient care without 
prior fasting for all the 55 patients, after the guardians 
gave their written informed consent, and the dietary ratio 
of fat to combined carbohydrate and protein increased 
gradually from 1:1, 2:1, 3:1, to 4:1. All of them were 
admitted and underwent nutritional assessments. In gen-
eral, the energy intake ranged 60–80 kcal/kg per day and 
protein intake ranged 1-1.5 g/kg per day. The patients 
also received daily supplementation of potassium citrate, 
multiple vitamins and trace elements. For patients taking 
liquid medications containing different amounts of car-
bohydrate, we modified medications by calculating their 
carbohydrate content. During the first 3 days after KD 
initiation, blood glucose was monitored 6 times a day and 
urine ketones were monitored 8 times a day. The patients’ 
parents received extensive training including how to pre-
pare the menus at home, how to keep a seizure diary, 
and possible side effects. The patients were observed for 
3-5 days for side effects and tolerability, then they were 

discharged. After discharge, we evaluated the effect of a 
particular ratio of diet for 7-10 days, and then increased 
the dietary ratio gradually by 0.3:1-0.5:1 once if neces-
sary. During the maintenance phase, the dietary ratio was 
maintained at 3:1-4:1 to maximize the benefit of the diet, 
with modifications as needed to maintain blood ketosis 
and avoid hypoglycemia or acidosis.

The patients maintained AED medication during KD 
therapy, and the treating physician modified the AED 
therapy according to the clinical response, 3 months 
after the initiation of KD. The demographic and clinical 
profiles, diagnosis, etiology, seizure type, electroclini-
cal syndrome, age of seizure onset, age of KD initiation, 
duration of epilepsy before KD initiation, and the usage 
of AEDs were recorded before KD initiation and at each 
follow-up visit.

In the initial weeks, blood glucose and urine ketones 
were monitored twice daily at home for all the patients. 
Urine ketones were monitored once a day and blood glu-
cose was monitored once a week after 1 month of the 
KD treatment. All patients had regular follow-ups with 
clinical and laboratory evaluations monthly for the first 
6 months, and every 3 months thereafter. The seizure fre-
quency, adverse events and reasons for stopping the diet 
were recorded by the patients on seizure diary between 
clinic visits.

All families could contact the dietitian by telephone 
throughout the entire phase of KD. Seizure frequency 
reduction was used to evaluate the efficacy of KD accord-
ing to a previous study [13]. Seizure reduction was clas-
sified into 5 categories: complete freedom from seizures 
(level 5); reduction by 90-99% (level 4); reduction by 
50-90% (level 3); reduction by less than 50% (level 2) and 
no seizure reduction (level 1). Patients who had a seizure 
frequency reduction of higher than 50% were defined as 
responders. Reasons for discontinuation, adverse events 
and KD duration were used to assess the tolerability of 
KD.

Frequency and percentages were used to describe the 
categorical variables. Continuous variables are presented 
as mean ± standard or median [25-75 percentiles]. Fac-
tors related to the KD efficacy were analyzed by Pearson’s 
chi-square test or Mann-Whitney U test. P < 0.05 (two-
sided) were considered to be statistically significant.

Results
Baseline characteristics of the patients
Sixty patients were eligible at the baseline training, 5 
of them dropped out before the initiation of the study 
because their parents considered KD too restrictive, and 
55 children (40 males and 15 females) completed the 
initiation process of KD. The mean age of seizure onset 
was 14.6 months (median 6.0 months [3.5-10.0]). The 
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mean age at initiation of KD was 28.97 months (median 
14.1 months [9.5-44.0]). The mean duration from sei-
zure onset to KD initiation was 14.4 months (median 
8.1 months [4.1-20.0]). Forty-five (81.8%) children 
reported development delay at baseline. Thirty (54.5%) 
children showed more than one seizure type, 40 (72.7%) 
children were on more than 2 AEDs at the time of KD 
initiation, and 38 (69.1%) children had a baseline sei-
zure frequency of more than 5 times/day. There were 15 
patients with perinatal brain injury, 8 patients with mal-
formations of cortical development, 3 patients with the 
sequelae of viral encephalitis, 12 patients with genetic 
etiology, and 17 patients with unknown reasons (most of 
the parents refused to do the gene test or lumbar punc-
ture). Characteristic information of the patients at base-
line are given in Table 1.

Follow‑up characteristics of the patients
The KD ratio was kept at 3:1 for most of the patients 
(n = 47), and at 4:1 for the remaining eight patients. All 
the 55 patients were on oral feeds at KD initiation, but 4 
patients were changed to nasogastric feeds due to aspi-
ration pneumonia. For children younger than 12 months, 

formula feeds (Keto, Ginone Medical Technology Com-
pany, Guangzhou, China) were started and breast feed-
ing was gradually stopped. For children older than 
12 months, the recipe could be completely changed to 
Chinese food catering which was provided by the dieti-
tian, if the ketone body index reached a high level of 
steady state (urine ketone body > 3+). In the recipe of 
Chinese food catering, Long chain triglycerides mainly 
consisted of ordinary meat and jade rice oil, and Medium 
chain triglycerides (MCT) was mainly provided by MCT 
oil. The mean duration of KD retention was 12.6 months 
(median 9.8 months [5.4-15.8], range 1.7-45.4 months).

Effects on seizures
Figure  1 depicts different seizure outcomes of the 
patients. The patients who achieved seizure reduction 
of more than 50% continued KD for longer periods. 
The retention rates were 100% (55/55), 92.7% (51/55), 
70.9% (39/55) and 43.6% (24/55) respectively at 1 month, 
3 months, 6 months and 12 months. The responder pro-
portions were 16.4% (9/55), 36.4% (20/55), 30.9% (17/55) 
and 27.3% (15/55) respectively at 1, 3, 6 and 12 months, 
respectively. Thirty-two cases (58.2%) responded to KD 

Table 1  Baseline characteristics of the patients at the time of KD initiation

Baseline characteristics Patients at the time of KD initiation

Age at epilepsy onset (months)
Age at KD initiation (months)
Duration of seizure onset to KD initiation (months)
Number of AEDs failed before the initiation of KD

Mean:14.6, median: 6.0 [3.5-10.0]
Mean:28.97, median:14.1 [9.5-44.0]
Mean:14.4, median:8.1 [4.1-20.0]
Mean:4.8 ± 1.8

Male/female (n)
Global developmental delay (n,%)

2.67:1 (40/15)
45, 81.8%

Number of AED (n,%)

   ≤ 2 15, 27.3%

   > 2 40, 72.7%

Number of seizure types (n,%)

  1 25, 45.5%

   ≥ 2 30, 54.5%

Seizure frequency (n,%)

≤5/day 17, 30.9%

> 5/day 38, 69.1%

Etiology
  Genetic (n,%) 12, 21.8%

  Structural (n,%) 26, 47.3%

  Unknown (n,%) 17, 30.9%

Electroclinical syndromes(41,74.5%)
  West syndrome (n,%) 32, 58.2%

  Dravet syndrome (n,%) 3, 5.5%

  Lennox-Gastaut syndrome (n,%) 2, 3.6%

  Ohtahara syndrome (n,%) 2, 3.6%

  Doose syndrome (n,%) 1, 1.8%

  Early myoclonic encephalopathy in infants (n,%) 1, 1.8%
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at the last contact, including 15 (27.3%) who achieved 
seizure freedom during maintenance phase and remained 
seizure-free after the initial control in this study. The 
retention rates and effective rates were shown in Table 2.

Among the 32 cases who responded to the KD diet, 21 
patients (65.6%, 21/32) started to respond to KD within 
3 months, including 12 patients (37.5%, 12/32) who 
achieved seizure freedom. Besides, 11 patients (34.4%, 

11/32) started to respond to the diet 3 months later. 
Details of these patients are given in Table 3.

Univariate analysis of factors affecting the KD response 
rate
Univariate analysis revealed a significant association 
between the duration from seizure onset to KD initiation 
and seizure outcome (P < 0.05), and a significant associa-
tion between the duration of KD and seizure outcome 
(P < 0.01). No significant association was found between 
seizure outcome and the other variables (Table 4).

Reasons for discontinuation of KD
In this study, 42 patients (76.4%, 42/55) stopped the 
diet till the last follow-up. Among them, 19 patients 
(34.5%, 19/55) discontinued the diet over 1 year later, 10 
patients (18.2%, 10/55) discontinued the diet between 6 
and 12 months after initiation, 13 patients (23.6%,13/55) 
discontinued the diet within 6 months after initiation. 
Among the 23 cases who discontinued the diet within 
1 year after initiation, 7 patients dropped out because of 
poor compliance, while 10 patients discontinued because 

Fig. 1  Seizure outcomes attained by children at different duration interval of KD

Table 2  Response rates of the patients during KD treatment

KD was continued 
(range − 1.7 months-45.4 months)

At 1 month
n = 55

At 3 months
n = 51

At 6 months
n = 39

At 12 months
n = 24

Seizure free
(n = 15, 27.3%)

10.9% (6/55) 23.5% (12/51) 28.2% (11/39) 37.5% (9/24)

> 90% reduction
(n = 22, 40.0%)

14.5% (8/55) 31.4% (16/51) 35.9% (14/39) 50.0% (12/24)

> 50% reduction
(n = 32, 58.2%)

16.4% (9/55) 39.2% (20/51) 43.6% (17/39) 62.5% (15/24)

Table 3  Time of patient response to the KD treatment

Duration of 
KD retention

Seizure-free
n = 15

50–99% reduction
n = 17

Total
n = 32

< 1 month 18.8% (6/32) 9.4% (3/32) 28.1% (9/32)

1–3 months 18.8% (6/32) 18.8% (6/32) 37.5% (12/32)

3–6 months 0 6.3% (2/32) 6.3% (2/32)

6–12 months 9.4% (3/32) 12.5% (4/32) 21.9% (7/32)

> 12 months 0 6.3% (2/32) 6.3% (2/32)
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of the poor effect. Reasons for discontinuation over 1 year 
later were: lack of efficacy in 7 patients, poor compli-
ance in 5 patients, transition to normal diet in 5 patients, 
severe infection in 1 patient, and death in 1 patient. The 
detailed reasons for discontinuation are shown in Table 5.

Side effects of KD
During the initiation phase of KD treatment, 4 patients 
had minor events including hypoglycemia (1), vomiting 
(2), and refusal to eat (1). During the maintenance phase 
of KD treatment, 14 patients had side effects including 
diarrhea (4), refusal to eat (3), constipation (2), hyperlipi-
demia (3) and aspiration pneumonia (2). Most of the side 
effects were minor and could be managed by adjusting 
the diet appropriately. Only 4 children (7.3%) discontin-
ued the diet during the maintenance phase because of the 
major adverse events like severe refusal to eat (2), recur-
rent aspiration pneumonia (1), and severe diarrhoea (1).

Discussion
In this study, we evaluated the effect and tolerability of 
KD which began with full calories with gradual increases 
of KD ratio, in 55 children with drug-resistant epi-
lepsy in Northwest China. We found that 58.2% of the 
patients achieved seizure reduction of over 50%, while 
27.3% of the patients became seizure-free on KD at the 
last contact. This is consistent with the studies of Baby 
et  al. which reported a responder rate of 59.4% on KD 
in children in South India [6], and of Lambrechts et  al. 
that reported 50% in a randomized clinical trial (RCT) 
in the Netherlands [14]. A systemic review on 11 stud-
ies has reported seizure freedom in 16% of children, and 
a greater than 50% reduction in 56% of children [15]. 
Another RCT from the United Kingdom reported that 
38% participants had seizure reduction of more than 
50% at 3 months [16]. A chinese prospective multicenter 
study reported that 37.4, 26.1, and 20.4% of participants 
responded to the diet at 3, 6 and 12 months after the 
initiation, including 21.7, 10.7 and 11.0% who achieved 
complete cessation of seizures [17]. The results of our 
study are comparable to previously published studies, 
with responder rates of 36.4% (20/55), 30.9% (17/55) and 
27.3% (15/55) at 3, 6 and 12 months, respectively.

A single-center study [8] enrolling 389 patients in 
Turkey reported a retention rate of 69 and 64% at 6 and 
12 months, respectively, while a Chinese prospective 
multicenter study [17] reported a lower retention rate of 

Table 4  Univariate analysis of factors affecting the response rate 
to KD

Univariate analysis Chi-Square test (χ2), Mann-Whitney U test, * level of 
significance p < 0.05

Factor Outcome Test statistic P value

Favorable Unfavorable

Gender

  Male 24 16 χ2 = 0.199 P = 0.655

  Female 8 7

Age of seizure onset (months)

  Median 6.25[3.6–14.3] 6.0[3.4–8.1] U = 326.0 P = 0.473

Age at KD initiation (months)

  Median 13.0[8.6–40.9] 19.3[10.8–45.5] U = 291.5 P = 0.192

Duration of seizure onset to KD initiation (months)

≤6

   Yes 19 5 χ2 = 7.707 P = 0.006*

   No 13 18

≤12

   Yes 24 10 χ2 = 5.633 P = 0.018*

   No 8 13

Duration of KD retention (months)

   ≤6 6 12 χ2 = 6.79 P = 0.009*

   > 6 26 11

Number of AEDs at KD initiation

   ≤ 2 10 5 χ2 = 0.610 P = 0.435

   > 2 22 18

Number of seizure types

  1 13 12 χ2 = 0.720 P = 0.396

   ≥ 2 19 11

West syndrome

  Yes 19 1 χ2 = 0.045 P = 0.832

  No 13 10

Table 5  Time and reasons for discontinuing the KD

Time Number of 
Cases

Reasons

Ineffectiveness
(n)

Side effects
(n)

Death
(n)

Severe 
infection
(n)

Lack of 
compliance
(n)

Transition to 
normal diet
(n)

≤3 months 3 1 1 0 0 1 0

3–6 months 10 5 1 0 1 3 0

6–12 months 10 4 2 0 1 3 0

> 12 months 19 7 0 1 1 5 5

Total 42 17 4 1 3 12 5
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44.8 and 26.4% at 6 and 12 months, respectively. Here, 
we reported retention rate of 70.9 and 43.6% at 6 and 
12 months, respectively, which was similar to previous 
reports [6, 7].

According to the ILAE’s updated recommendation, KD 
therapies should be offered to patients who had failed 
to respond to an average of 2.6 (standard deviation 0.9) 
AEDs [18]. However, the specific time of KD initiation 
has not been recommended. In the present study, a sig-
nificant association was found between the duration of 
epilepsy and the efficacy of the diet, which is inconsist-
ent with a previous study of Chinese children in 2013 
[13]. The discrepancy may be due to the difference in 
the defined time limits of epilepsy duration (6 months 
or 1 year in our study versus 5 years in that study) [13]. 
Another reason may be that the KD therapy is most effec-
tive in children who have experienced seizures for short-
est period of time according to previous literature [19]. 
Therefore, early and successful introduction of KD ther-
apy may be an important factor for the efficacy of KD.

In our study, we also found that the continuation of the 
diet for > 6 months was associated with the seizure out-
come, which consistent with the previous Indian study 
[6]. We also found that 71.9% (23 cases) of the responders 
started to respond to the KD within 6 months; however, 7 
cases (21.9%) became responders between 6 months and 
1 year. Similarly, a study in Turkey reported that 26 cases 
(8.2%) who did not respond to KD at 3 months became 
responders at 12 months [8]. This may be because that 
children on a traditional carbohydrate-rich diet might 
need more time to adapt to KD and maintain a stable 
blood ketone level. The most important factor that affects 
the continuation of KD is parental effort and patience. In 
this study, lack of compliance and ineffectiveness of the 
diet were major reasons for the discontinuation of KD, 
which was similar to other studies [6, 10, 13, 14]. A lot of 
parents discontinued the diet earlier, because the efficacy 
did not reach their expectation and the restrictions of the 
diet were difficult to adhere to.

The diet imposes strict restriction on content of carbo-
hydrate, which conflicts with the carbohydrate-based diet 
in Northwest China, resulting in poor acceptability and 
maintenance. By gradually increasing the diet ratio, all 
of the 55 patients completed the initiation stage without 
any severe side effects. In the study of Baby et al., KD was 
initiated following a fasting protocol, 4 children did not 
complete the initiation process due to intolerance or side 
effects [6]. In addition, the responder rate of our study 
was 58.2% at the last follow-up, which was comparable to 
the study of Baby et  al. [6]. These results indicated that 
the gradual initiation protocols might be advantageous in 
improving the patients’ compliance and tolerance during 

the initiation phase and providing the same efficacy dur-
ing the maintenance phase.

Similar to previous studies [6, 7, 13–15], there was 
no significant association of age, sex, number of seizure 
types, number of AEDs at the initiation of KD, or epi-
lepsy syndrome with seizure outcome in our study.

In the present study, the diet appeared to be safe, toler-
able, albeit with a few adverse events. Similar to previous 
reports [7, 13, 16, 17, 20], 3 patients (5.5%) experienced 
vomiting and slight refusal to eat during KD initiation. 
Without prior fasting, 1 patient (1.8%) who was younger 
than 1 year developed hypoglycemia, a much lower rate 
than that in patients with prior fasting before initiating 
the diet [11]. During the maintenance phase of KD, gas-
trointestinal disorders such as vomiting, diarrhea, refusal 
to eat and constipation occurred in 14 patients (25.5%), 
most of these symptoms could be easily corrected by 
adjusting the fatty ratio and changing the consistency of 
meals. The updated recommendations of ILAE report 
that gastrointestinal dysfunction may occur in a higher 
rate in up to 50% of patients [21–23]. One patient died 
during the diet therapy, but no KD-related side-effects 
were reported during the therapy before the patient’s 
death, which we already reported in another study [12].

There were some limitations in our study. First, as the 
numbers in each category were too small to make any 
meaningful comparison, we did not analyze the seizure 
outcome based on different etiologies or epileptic syn-
dromes. Second, we did not evaluate the effect of KD 
on EEG and cognitive development. Third, the results of 
the present study might be affected by the retrospective 
nature of data extraction.

Conclusions
Our study shows that the ketogenic diet with gradual 
initiation protocols is a safe, effective and tolerable treat-
ment for children with refractory epilepsy in Northwest 
China. The diet should be considered earlier if the chil-
dren did not respond to two appropriate AEDs. Success-
ful introduction and regular follow-ups may improve the 
parental compliance, which is beneficial in seizure con-
trol. However, large-sample and multicentric prospective 
studies are needed to evaluate the efficacy and tolerability 
of different types of diets, which may be definitely helpful 
for patients with drug-resistant childhood epilepsies.
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