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ABSTRACT (ENGLISH) 
# # 5976107333 : MAJOR FOOD CHEMISTRY AND MEDICAL NUTRITION 
KEYWORD: CARBOHYDRATES, MEDICATIONS, CHILDREN, EPILEPSY, KETOGENIC DIET 
 Thanarat Sawangrit : CARBOHYDRATE CONTENT OF THE MEDICATIONS FOR EPILEPTIC 

CHILDREN TREATED WITH KETOGENIC DIET AT KING CHULALONGKORN MEMORIAL HOSPITAL. 
Advisor: Tippawan Siritientong, Ph.D. Co-advisor: Assoc. Prof. Sirinuch Chomtho, M.D., Ph.D. 

  
The purposes of this study were to establish a database of the carbohydrate content of 

medications and investigate carbohydrate content of medications in epileptic children treated with 
ketogenic diet (KD) at King Chulalongkorn Memorial Hospital. One hundred sixty-nine KD order forms in 
3 events (KD initiation, follow-up visit, and hospital re-admission) for epileptic children whose aged 
younger than 18 years old during 2009-2017 were selected. Clinical and nutritional data were obtained 
from medical records and KD order forms from the pediatric nutrition unit. The study showed that 
oral liquid dosage forms had the highest carbohydrate content in the formulations as 0.52 (0.13-1.78) 
g/dosage unit. In the event of hospital re-admission, children were at risk of excessively received 
carbohydrate content of medications because of the increased number of medications for treating 
illnesses. However, there was no significant difference between carbohydrate content in the 
prescribed diet and carbohydrate content in the prescribed diet plus carbohydrates from medications 
in 3 events (p>0.05). Likewise, the difference between fat: non-fat gram ratio in the prescribed diet 
and fat: non-fat gram ratio in the prescribed diet plus carbohydrates from medications in 3 events 
were not significant (p>0.05). The result showed that seizure frequency was positively correlated with 
number of anti-epileptic drugs (r=0.365, p=0.021). However, no significant correlation was found 
between seizure frequency and carbohydrate content in the diet as prescribed plus carbohydrates 
from medications (p=0.462). 

This study demonstrated that medications in oral liquid dosage forms contained high 
carbohydrate content which may impact ketosis status; therefore, such dosage forms should be 
avoided in epileptic children treated with KD. Children should be closely monitored urine ketone, 
serum ketone level, and seizure frequency. 
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CHAPTER I  

INTRODUCTION 

1.1 Background and rationale 

The ketogenic diet (KD) is very high fat, adequate protein and low in 

carbohydrate diet. It is an alternative treatment in the management of intractable 

epilepsy failed with 3 or more anti-epileptic drugs (AEDs) according to the 

international ketogenic diet study group (1-4). When a patient receives KD, the liver 

metabolizes fatty acids to form ketone bodies, including acetoacetate, beta-

hydroxybutyrate, and acetone produces ketosis resulting in seizure control. This 

ketosis is associated with high fat intake corresponding with carbohydrate intake (5). 

The ketogenic ratio may be as high as 4:1 or 3:1 to get ketosis on seizure control. A 4 

or 3:1 ketogenic ratio describes a KD that is made of 4 or 3 grams of fat for every 1 

gram of non-fat nutrients (protein plus carbohydrate (6-9). Normally, the daily energy 

intake distribution should be 55% carbohydrate, 30% protein, and 15% fat of total 

energy expenditure (10). Conversely, the KD restricts carbohydrate intake that the 
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patient receives a minimum amount of less than 10 % carbohydrates, adequate 

protein, and more than 60% fat of total energy expenditure (11). Little deviations of 

carbohydrate intake can result in seizures (12). Accordingly, the KD planning requires 

the strict cooperation of the multidisciplinary team, a patient and caregiver 

adherence because the patient needs to obtain enough fat intake and limit 

carbohydrate and protein intake. 

Sources of carbohydrates that the patient receives are derived from diet and 

medications. The medication formulations usually contain carbohydrate excipients 

such as sugars, starches, sorbitol, glycerin, and etc., which are inactive ingredients. 

The children with epilepsy who have been treated with KD may commonly get 

illnesses from fever, infections or other clinical conditions. Therefore, they require 

the medications for treatment of illnesses in addition to AEDs, such as antipyretics, 

antibiotics, vitamins, minerals, and etc. Medications that prescribed to children are 

usually in the form of syrups, solutions, suspensions, elixirs, tablets or capsules, 

which often contained carbohydrate excipients in the formulation. The carbohydrate 
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excipients in medications that the body can be systemically absorbed, can markedly 

influence the effectiveness of the KD to control seizures; however, they are not 

specified on the drug labels (13). The carbohydrate excipients include glucose, 

starches, glucose-like substances such as fructose and maltose, also include 

glucogenic substances such as mannitol, sorbitol, and glycerin. These excipients act 

as sweetening agent, flavoring agent, taste-masking agent, coating agent, diluent, 

binder, disintegrating agent, viscosity increasing agent, preservative, and emollient 

(14-17). If the clinicians do not know the carbohydrate content of all medications 

that the patient receives, it will not be able to accurately determine carbohydrate 

intake in the KD regimen. These may cause the patient to obtain exceed total 

carbohydrate intake leading to poor seizure control. 

There were several studies that discuss the carbohydrate content of 

medications for patients with epilepsy treated with KD. Most studies collected the 

carbohydrate content of medications used in children and adults treated with KD 

include AEDs, antipyretics, analgesics, vitamins, iron supplements, laxatives, 
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antibiotics, and etc., to help clinicians determine the carbohydrates from medications 

(14-16). In addition, the review articles associated with the use of KD in pediatric 

patients with epilepsy suggested that pharmacists can play important roles in limiting 

the use of medications with high carbohydrate content (11).  

Carbohydrates from medications were the source of the carbohydrates that 

have been neglected. In normal practice, the carbohydrate content of medications 

was not subtracted from the total carbohydrate intake but clinicians just restricted 

the use of medications with high carbohydrate content. However, the previous 

studies demonstrated the importance of monitoring and compiling carbohydrate 

content of medications that were only used in abroad; many medications were not 

being used in Thailand. The total carbohydrate content of medications that the 

patient received was also missing. Carbohydrate content of medications that the 

patient received may change the ketogenic ratio. The change of the ketogenic ratio 

may be caused by the loss of ketosis resulted in uncontrolled seizures. In Thailand, 

no study has reported about the carbohydrate content of medications as a database 
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for epileptic children treated with KD. Accordingly, this study aims to establish a 

database of the carbohydrate content of medications for epileptic children treated 

with KD and to investigate the total carbohydrate content of medications prescribed 

to these patients. It can be evaluated the necessity of calculation of the 

carbohydrate content of medications for planning KD regimen in children. 

1.2 Objectives of the study 

1. To establish a database of the carbohydrate content of medications for 

epileptic children treated with KD 

2. To investigate the carbohydrate content of medications in epileptic children 

treated with KD 

1.3 Benefits of the study 

 This study provides information about the carbohydrate content of 

medications as a database for pediatricians in order to avoid medications with high 

carbohydrate content used in epileptic children treated with KD. It can be applied for 

the KD ratio calculation accurately.  
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CHAPTER II  

LITERATURE REVIEW 

2.1 Epilepsy and treatment options 

2.1.1 Definition of epilepsy 

Epilepsy was described as a brain disorder characterized by an ongoing to 

recurrent epileptic seizures. For practical reasons and in a clinical setting, patients 

with single seizures, provoked seizures, or febrile seizures were not classified as 

epilepsy. A seizure, which had occurred in the preceding 2 years was defined as 

active epilepsy (18). 

2.1.2 Prevalence of epilepsy 

The recent report was approximately 4-10 patients per 1,000 people (19). 

Epilepsy was common in underdeveloped countries, possibly due to the poorer 

perinatal care, requirements of adequate nutrients, and hygiene, and also the greater 

chance of brain injury or cerebral infection (20). 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 7 

2.1.3 Etiology of epilepsy 

The etiology of epilepsy was a major factor of clinical study and prognosis. 

According to the International League Against Epilepsy (ILAE) 2017, the etiology of 

epilepsy was divided as following :  

2.1.3.1 Structural etiology 

The idea of a structural etiology was that a structural abnormality had a 

considerable risk of being related to epilepsy based on suitably designed studies (21). 

A structural etiology referred to abnormalities seen on structural neuroimaging 

wherein the electroclinical evaluation collectively with the imaging findings cause a 

reasonable conclusion that the imaging abnormality was the probable cause of the 

patient’s seizures (22). 

2.1.3.2 Genetic etiology 

The idea of genetic epilepsy was a known or presumed chromosomal 

mutation in which seizures were a core symptom of the disorder. Epilepsy in which a 

genetic etiology has been concerned was quite varied and, in a lot of cases, the 

underlying genes did not seem to be known (23). 
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2.1.3.3 Infectious etiology 

The infectious etiology was the most common etiology worldwide where 

epilepsy occurred (24). The idea of associate infectious etiology was that it directly 

resulted from a recognized infection that seizures were a core symptom of the 

disorder. An infectious etiology referred to epileptic patients, in preference to with 

seizures occurring in the putting of acute infection which included meningitis or 

encephalitis (23). 

2.1.3.4 Metabolic etiology 

The idea of metabolic epilepsy was that it directly consequences from a 

recognized or presumed metabolic disease wherein seizures were a core symptom of 

the disorder. In several cases, metabolic disorders could have a genetic disorder. It 

was possible that the majority of metabolic epilepsies could have a genetic basis. 

The identification of specific metabolic causes of epilepsy was extraordinarily crucial 

because of implications for specific treatment options and potential prevention of 

learned impairment (23). 
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2.1.3.5 Immune etiology 

The idea of immune epilepsy was an immune sickness in which seizures are a 

core symptom of the disorder. An immune etiology can be explained evidence of 

autoimmune-mediated inflammation of central nervous system. The autoimmune 

encephalitis could be diagnosed with specific antibody testing (25). 

2.1.3.6 Unknown etiology 

Unknown etiology means that the motive of the epilepsy was unknown. In 

this case, it was not possible to make a specific analysis apart from the fundamental 

electroclinical diagnosis (23). 

2.1.4 Treatment options for epilepsy 

2.1.4.1 Pharmacological treatment 

 The event of a single seizure did not need the starting of AEDs. The risk of 

recurrent seizures needed to guide AEDs prescription. In children, key risk factors 

were epileptic syndrome related to seizures, atypical electroencephalography results, 

cerebral palsy, and severe head trauma. In the absence of risk factors and no 

recurrence of a seizure, clinicians ought to be contemplated delaying use of AEDs 
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until a second seizure happened due to common adverse effects in cognitive and 

behavioral functions (26-28). The treatment ought to be initiated with monotherapy. 

The suitable option of AEDs depended on the presence of epilepsy syndrome, types 

of seizures, other medications, the presence of chronic diseases, lifestyle, and 

preference of the patient (29). In children (younger than 16 years), choice of epileptic 

drugs were carbamazepine, phenobarbital, phenytoin, topiramate, valproic acid, 

clonazepam, vigabatrin, clobazam, lamotrigine, zonisamide, oxcarbazepine, 

levetiracetam, or ethosuximide, which depended on seizure disorders (focal seizure, 

generalized seizure, absence seizure, and focal/generalized seizure) (30). 

Monotherapy with all indicated AEDs ought to be tried before starting combination 

therapy. When seizure-free had been observed for 2-5 years, AEDs should be 

discontinued (26, 30, 31).  

2.1.4.2 Surgical treatment 

More than 30% of patients showed uncontrolled epilepsy. These sufferers 

had continued seizures notwithstanding of suitable AED remedy (32). Surgery in 

suitably selected patients leads to typically decreased frequency of seizures to 
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improve quality of life. More than 76% of patients were seizure-free after surgery 

(33). 

2.1.4.3 Other treatment 

For patients with seizures that were uncontrolled with AEDs or unable to 

undergo surgical intervention, alternative treatments including ketogenic diets, vagus 

nerve stimulators, and implantable brain neurostimulators might be considered (29). 

2.2 Ketogenic diet 

2.2.1 Definition of ketogenic diet 

The KD was a high-fat, low-carbohydrate, adequate-protein diet that 

promotes the synthesis of acetoacetate, beta-hydroxybutyrate, and acetone (the 

ketone bodies) (34). The ketone bodies were synthesized in the liver in the periods 

of starvation or diminished carbohydrate intake (35). The KD was a beneficial 

nonpharmacologic treatment for intractable epilepsy in children, which was 

described as epilepsy that cannot respond to three or more AEDs. This treatment 

approach could be a suitable option for patients with intractable epilepsy and 
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patients who were not surgical candidates. Most of the patients who had been 

introduced to KD have used five or more AEDs (3, 36). 

2.2.2 Types of ketogenic diet 

The four types of KD included the classic KD, the medium-chain triglyceride 

(MCT) diet, the modified Atkins diet (MAD) and the low glycemic index treatment 

(LGIT), which were effective for epilepsy treatment (37).  

2.2.2.1 Classic ketogenic diet 

The classic KD contained 3:1 or 4:1 ratio of grams of fat to grams of protein 

plus carbohydrates (fat: non-fat ratio), with 90% of total energy came from fat, 7% 

from protein, and 3% from carbohydrates. The energy was usually limited to 80-90% 

of the daily recommendations for the age of the patient. Fluid intake was restricted 

to 90% based on clinical experts in KD in the past rather than on scientific evidence 

(38, 39).  

2.2.2.2 Medium-chain triglyceride (MCT) diet 

MCT diet was developed to provide more palatable diet. MCTs provided 

more ketone production per calorie than the long-chain triglycerides (LCTs) used in 
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the classic KD resulting in increased carbohydrates and protein portions (70% of total 

calories from fat, 10% from protein, and 20% from carbohydrates). The MCT diet 

required less fat consumption to produce ketosis compared to the classic KD 

because of more rapidly metabolized. The common side effects of MCT diet were 

stomach discomfort, diarrhea, nausea, vomiting, and bloating. Even though the MCT 

diet caused intolerable gastrointestinal side effects, it could be corrected by reducing 

the total amount of MCTs and increasing the amount of LCTs (4, 40).  

2.2.2.3 Modified Atkins diet (MAD) 

 The MAD had a fat: non-fat ratio of 0.9:1, with approximately 65% of the 

energy coming from fat. In children, the carbohydrates were at first limited to 10 

g/day and increased up to 20 g/day after 3 months. Adults were initiated at 15 g/day 

and after one month increased up to 20-30 g/day. There were differences between 

the MAD and other types of KD. The MAD was no fluid or calorie restriction or 

limitation. Foods quantities were not weighed out to the gram, but carbohydrate 

counts were monitored by patients and/or caregivers. It was started outside of the 

hospital and the patient did not need to fast before starting the diet. The restriction 
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on carbohydrate intake was maintained indefinitely, fat was promoted with the 

purpose of increasing ketosis (41).  

2.2.2.4 Low glycemic index treatment (LGIT) 

 The LGIT allowed consumption of carbohydrates with a glycemic index of less 

than 50. The total of carbohydrates was up to 40-60 g/day. The LGIT mostly 

contained 45% of energy from fat, 28% from protein, and 27% from carbohydrates. 

Food quantities were not weighed out to the gram, but were based on portion sizes. 

It was started outside of the hospital different from the classic KD (42).  

2.2.3 Mechanism of actions of ketogenic diet 

There were many hypotheses of the mechanism of actions of the KD to 

control seizure. Even though the mechanisms of KD were unclear, these were usually 

related to major metabolic changes by increased ketone bodies levels, mainly 

acetoacetate and beta-hydroxybutyrate (43, 44). The changes in the levels of 

glutamate and gamma-aminobutyric acid (GABA), which were the important 

excitatory and inhibitory neurotransmitters, had been suggested as the feasible 
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mechanism of actions of the KD. The result of a clinical study, the GABA levels of 

responders were higher than those of non-responders in KD treatment (45). 

Moreover, the high levels of GABA activated chloride channel receptors, which 

increased the influx of negatively charged ions and thus inducing hyperpolarization 

(46). This event inhibited the activation of calcium and sodium channels, which were 

necessary activities for neuronal stimulation (47). The regulation of monoamine 

neurotransmitter levels was suggested as a possible mechanism of action of the KD. 

Changes in monoamine neurotransmitter levels decreased dopamine and serotonin 

levels and increased norepinephrine and adenosine levels (48-51). Another 

anticonvulsant mechanism of KD was an antioxidant effect by particularly increased 

in the activity of glutathione, which decreased reactive oxygen species (ROS) (52). 

2.2.4 Indication and contraindication for the use of ketogenic diet  

The KD had been used as a “last treatment option” in patients with 

intractable epilepsy, some epileptic syndromes, and certain metabolic disorders. The 

available evidence had been shown that the KD had beneficial in certain conditions 
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including glucose transporter type 1 (GLUT1) deficiency syndrome, myoclonic-astatic 

epilepsy (Doose syndrome), myoclonic epilepsy of infancy (Dravet syndrome), 

Lennox-Gastaut syndrome (LGS), infantile spasms, Rett syndrome, tuberous sclerosis, 

subacute sclerosing panencephalitis, glycogenesis type V, Landau-Kleffner, Lafora 

body disease, and some types of mitochondrial disorders. The KD was 

contraindicated in patients with disorders of fatty acid transport and oxidation. The 

appearance of certain clinical conditions as following were also contraindicated; 

delay of growth and development, hypotonia, cardiomyopathy, myoglobinuria, 

exercise intolerance, and fatigability. The patient ought to be evaluated to rule out 

an inborn error of metabolism before beginning the KD (38).  

2.2.5 Efficacy of ketogenic diet 

In 1998, the first multicenter prospective design in children with intractable 

epilepsy treated with KD showed that more than 50% of the patients had a greater 

than 50% seizure reduction after 6 months (53). Many clinical studies had advocated 

the overall efficacy of the KD. Two independent meta-analyses had confirmed that 
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the KD as an adjunctive treatment for intractable epilepsy constantly results in 

seizure free in 10-30% and a greater than 50% seizure reduction in 50-60% of the 

patients (54, 55). Likewise, a randomized controlled study of more than 100 children 

with intractable epilepsy confirmed that more than 50% of children on MAD had 

greater than 50% decrease in seizure frequency (56). A review of 29 publications 

reported that the patients treated with MAD had a reduction in seizures of more than 

50% in 44% of the patients after 6 months, of whom 24% had greater than 90% 

improvement (57).  

2.2.6 Adverse effects of ketogenic diet 

Even though there were many clinical studies of the KD, adverse effects were 

not constantly reported (58, 59). Metabolic abnormalities consisted of hypocalcemia 

(2%), acidosis (2%-5%), hypomagnesemia (5%), hyperuricemia (2%-26%), 

hypercholesterolemia (14%–59%), and carnitine deficiency (60-64). Gastrointestinal 

side effects included nausea and vomiting, diarrhea, constipation, and abdominal 

pain occurred in 12%-50% of children treated with KD. Moreover, ketosis resulted in 
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acidosis, which could cause patients to develop renal stones (65). Patients treated 

with KD might have been selenium deficiency, resulting in cardiac abnormalities 

including prolonged QT syndrome, cardiomyopathy, and sudden cardiac death (66-

69). Overall, many children treated with KD could represent a delay in growth (70-

72).  

The long-term adverse effects on children consecutively treated with KD for 

more than 2 years had only been reported in a small population. In these 

population, there was a high risk of kidney stones, bone fractures, and delayed 

growth, without identified dyslipidemia (73).  

2.3 Carbohydrate excipients in medications  

Medications that children received were usually in the form of syrups, 

solutions, suspensions, elixirs, tablets or capsules, which often contained 

carbohydrate excipients in the formulations (11). The carbohydrate excipients in 

medications that the body could absorb systemically, could markedly influence the 

effectiveness of the KD to control seizures (13). These carbohydrate excipients were 
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glucose, starches, glucose-like substances such as fructose and galactose, and also 

included glucogenic substances such as mannitol, sorbitol, and glycerin, which acted 

as a sweetening agent, flavoring agent, taste-masking agent, coating agent, diluent, 

binder, disintegrating agent, viscosity increasing agent, preservative, and emollient as 

shown in Table 1. The celluloses and glycols were excluded because they did not 

be digested and absorbed systemically. Furthermore, flavorings and nonnutritive 

sweeteners such as aspartame and saccharin were not included because they 

commonly contained in trace amounts and with no significance in total carbohydrate 

content (14, 15, 17, 74). There were several studies that complied carbohydrate 

content for epileptic children treated with KD. Feldstein et al., 1996 (14) compiled 

the carbohydrate content of 200 oral liquid drug products for patients on or 

considering a KD. The study showed that many oral liquid medications contained 

significant amounts of carbohydrate. Tablet and capsule formulations were preferred 

when possible. In 1998, Tallian et al. (15) provided a review of the use of a KD to 

manage patients with intractable seizures and complied the most frequently used 

drugs in patients experiencing seizures. They found that liquid preparations contained 
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carbohydrate content ≥ 1 g/5 ml. Suspensions or carbohydrate-free bases labelling 

drugs should be confirmed carbohydrate content from manufacturers.  Suppository 

preparations can be used without consideration of carbohydrate content. Later in 

2001, Mcghee and Katyal (16) collected the carbohydrate content of AEDs and 

commonly used drugs from drug manufacturers. A database about the carbohydrate 

content of drugs was recommended for dietetics professionals to accurately plan a 

ketogenic diet and achieve the desired fat to carbohydrate and protein ratio.  The 

result of this study applied to use as a database about the carbohydrate content of 

drugs for dietetics professionals to calculate a KD accurately and achieve the desired 

fat to carbohydrate and protein ratio. In 2012, Runyon et al. (11) compiled 

carbohydrate content of anti-epileptic drugs, antibiotics and antipyretics using a 

reference of the carbohydrate content from the pediatric dosage handbook.  The 

result of the study showed suspensions and solutions contained highest in 

carbohydrate content.  Tablets and capsules contained lowest in carbohydrate 

content. However, the previous studies demonstrated the importance of monitoring 
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and compiling carbohydrate content of medications that were only used in abroad, 

many medications were not being used in Thailand. 

  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 22 

Table  1 Carbohydrate excipients in medications  

Types of carbohydrate excipient 
Energy 
density 
(cal/g) 

Functionalities 

Starches 

• Corn starch, tapioca starch,   
rice starch, potato starch,   
pea starch, wheat starch 

4 Binder, diluent, disintegrating 
agent, viscosity increasing 
agent 

Sugars 

• Glucose, fructose, galactose,  
dextrose, sucrose, lactose, 
maltose, corn syrup 

4 Binder, coating agent, 
complexing agent, diluent, 
direct compression excipient, 
flavoring agent, sweetening 
agent, taste-making agent 

Sugar alcohols Glycerol  
Sorbitol  
Xylitol  
Lactitol  
Mannitol  
Erythritol 

4.3 
2.6  
2.4  
2  

1.6  
0.21 

Preservative, coating agent, 
diluent, emollient, 
humectant, solvent, 
sweetening agent, taste-
making agent, tonicity agent  

Dextrin  4 Binder, diluent, stiffening 
agent, suspending agent 

Maltodextrin  4 Binder, coating agent, diluent, 
direct compression excipient, 
osmotic agent, viscosity-
increasing agent 

Dextrate  4 Binder, diluent, sweetening 
agent 

Cal/g, calories per gram 
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CHAPTER III  

MATERIALS AND METHODS 

3.1 Study design 

This study was divided into two parts. Part 1 aimed to establish a database of 

the carbohydrate content of medications. Part 2 was retrospective descriptive design 

to investigate the carbohydrate content of medications in epileptic children treated 

with KD.  

Part 1. Preparation of handbook of carbohydrate content of medications 

for epileptic children treated with ketogenic diet 

 A list of medications for epileptic children receiving KD was accumulated from 

a database of King Chulalongkorn Memorial Hospital. A list of medication 

manufacturers was provided from 3 sources including MIMs Thailand (75), distributors, 

and drug information service (DIS) at King Chulalongkorn Memorial Hospital. 

Manufacturers were contacted to clarify the purpose of the request for data of 

carbohydrate content of medications and asked for their permission to apply the 
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data in clinical practice. Carbohydrate content of these medications were obtained 

from manufacturers by telephone, email or letter including glucose, starches, 

glucose-like substances such as fructose and maltose, also included glucogenic 

substances such as mannitol, sorbitol, and glycerin. The other carbohydrates such as 

the celluloses and glycols were not specifically requested, because they did not be 

digested and absorbed systemically. Furthermore, flavoring agents and nonnutritive 

sweeteners such as aspartame and saccharin were not included, because they 

commonly contained in very little amounts and did not add significantly to the total 

carbohydrate content. In the case of formulation confidentiality, manufacturers 

provided data in terms of the total carbohydrate content of medications, which did 

not provide details of each excipient. The handbook of carbohydrate content of 

medications for epileptic children treated with KD was created. Data of carbohydrate 

content of medications were expressed in grams per dosage unit. Date of data 

retrieval from the manufacturers was also identified. In addition, this handbook also 

contained the definition of KD, calculation of fat, protein and carbohydrate content 

for epileptic children treated with KD to provide the readers' benefit from the 
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handbook. The content validity of handbook was evaluated by index of item 

objective congruence; IOC. In this process, the questionnaire was checked by 3 

experts, who were nutrition clinicians.  

The IOC was used to evaluate the items of the questionnaire based on the 

score range from -1 to +1 as shown in Table 2. 

Table  2 The score range for index of item objective congruence evaluation 

Evaluation Score 

Congruent +1 

Questionable 0 

Incongruent -1 

 

The content validity was analyzed by calculating IOC of items in the 
questionnaire using the following equation: 

IOC of items in the questionnaire = 
∑x

N
 

∑x = total scores in each item of the questionnaire 

N = number of experts  

The IOC of items in the questionnaire were calculated the IOC of the 

handbook using the following equation: 
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IOC of handbook = 
∑y

n
 

 ∑y = the sum of the IOC of items in the questionnaire  

n = number of items in the questionnaire 

The handbook that had score higher than or equal to 0.5 had the appropriate 

content validity. On the other hand, the handbook that had score lower than 0.5 was 

then revised, the content should be improved to be appropriate and then re-

evaluated the content validity. 

Part 2. Evaluation carbohydrate content of medications for epileptic 

children treated with ketogenic diet 

 The data of carbohydrate content of medications in the handbook were used 

as a database to investigate the carbohydrate content of medications in epileptic 

children treated with KD. 

Study samples  

The study samples were KD order forms for epileptic children treated with KD 

whose aged younger than 1 8  years old during 2 0 0 9 -2 0 1 7 at King Chulalongkorn 
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Memorial Hospital. This protocol was approved by the Institutional Review Board 

(IRB) No. 350/61 and certificate of approval (COA) No. 757/2018. Approval date was 3 

August 2018. 

KD order forms for epileptic children during 2009-2017 were recruited from 

medical records at King Chulalongkorn Memorial Hospital. Clinical and nutritional 

data of epileptic children were obtained from medical records and KD order forms 

from the pediatric nutrition unit. Data collection consisted of gender, age, the age of 

KD initiation, body weight, height, body mass index (BMI), diagnosis, seizure 

frequency, urine ketone, serum ketone, number of medications and doses, daily fat, 

protein, carbohydrates, fluid and calories content, and fat: non-fat (protein plus 

carbohydrates) gram ratio. 

Three events of KD order forms including KD initiation, follow-up visit, and 

hospital re-admission were used to collect clinical and nutritional data. KD protocol 

of King Chulalongkorn Memorial Hospital, children were initiated by hospitalization to 

dietary planning and monitoring adverse effects from KD. After the children achieved 
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the target level of ketosis (serum ketone 2-5 mmol/l and urine ketone 80-160 mg/dl) 

and without serious adverse effects, children were allowed to discharge from the 

hospital. Therefore, in an event of KD initiation, data were collected on the day of 

full KD regimen that children allowed to discharge from the hospital. Follow-up visits 

were recommended initially at least every 3 months after hospital discharge. 

Children under 1-year-old or children that could not maintain the level of ketosis 

may be more frequent follow-up visits in 2-4 weeks. Thus, in an event of follow-up 

visit, data were collected on every follow-up visits that KD regimens were changed. In 

addition, due to poor physical health, children with epilepsy often had other 

illnesses leading causes of hospital re-admission in the hospital. Consequently, in an 

event of hospital re-admission, data were collected on the first day of admission and 

every 4 weeks until hospital discharge as shown in Figure 1.   
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Figure  1 Study design 
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3.2 Statistical analysis 

The quantitative data were analyzed by using Statistical Program for Social 

Sciences (SPSS) version 20. Each variable in this study was tested for data distribution 

by Shapiro-Wilk test. Non-parametric tests were used when the data were non-

normal distribution. The data were shown as median and interquartile range (IQR). 

Considering the carbohydrate content of medications, we analyzed at each event as 

shown in Table 3. 

Table  3 Statistical analysis 

Parameters Statistics* 

1. Comparison carbohydrate content of medications  Non-parametric statistics 

• Mann-Whitney U test 
2. Comparison of carbohydrate content between  
the prescribed diet and the prescribed diet plus 
carbohydrates from medications in each event 

Non-parametric statistics 

• Mann-Whitney U test 

3. Comparison of fat: non-fat gram ratio between  
the prescribed diet and the prescribed diet plus 
carbohydrates from medications in each event 

Non-parametric statistics 

• Mann-Whitney U test 

4. Factors correlated with the seizure frequency Non-parametric statistics 

• Spearman's correlation 

* Statistically significant was set at p< 0.05. 
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CHAPTER IV  

RESULTS 

4.1 Part 1. Preparation of handbook of carbohydrate content of medications 

for epileptic children treated with ketogenic diet 

In the handbook, the content consisted of the definition of KD, calculation of 

daily dietary prescription for KD therapy, the definition of carbohydrate excipients, 

and carbohydrate content of medications used in epileptic children. The IOC of the 

handbook of carbohydrate content of medications was 1.0, which had the 

appropriate content validity 

All of 211 medications in 31 classifications were collected and shown in 

Table 4. The median of the carbohydrate content of medications was 0.03 (0.00-

0.15) g/dosage unit from 40 oral liquid dosage forms (18 syrups, 10 suspensions, 10 

solutions, and 2 elixirs), 105 solid dosage forms (84 tablets, 16 capsules, and 5 

powders), and 66 injections. The median of the carbohydrate content of oral liquid 

dosage forms and solid dosage forms were 0.52 (0.13-1.78) and 0.06 (0.003-0.14) 
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g/dosage unit, respectively. This study showed significant difference between the 

carbohydrate content of oral liquid dosage forms and that of solid dosage forms 

(p<0.001) as shown in Table 5. For injections, only methylprednisolone sodium 

succinate (Solu-medrol®) injection 40 mg/vial contained carbohydrate excipients in 

the formulation as 0.025 g/vial. The rest of injections did not contain carbohydrates 

in the formulations. 
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Table  4 Classification of 211 medications in handbook of carbohydrate 
content of medications for epileptic children treated with ketogenic diet 

Classification of medications     Numbers (%) 

1. Antibiotics 68 (32.23) 
2. Antiepileptic drugs 46 (21.80) 
3. Vitamins 12 (5.69) 
4. Minerals 7 (3.32) 
5. Antipyretics 7 (3.32) 
6. Corticosteroids 7 (3.32) 
7. Electrolyte supplements 7 (3.32) 
8. Antiulcer agents 6 (2.84) 
9. Diuretics 5 (2.37) 
10. Antihypertensive agents 5 (2.37) 
11. Antiallergic agents 5 (2.37) 
12. Mucolytic agents 4 (1.90) 
13. Antifungal agents 4 (1.90) 
14. Laxatives 4 (1.90) 
15. Sedatives 3 (1.42)  
16. Antiviral agents 3 (1.42) 
17. Antidiuretic agents 2 (0.95) 
18. Chemotherapy agents 2 (0.95) 
19. Muscle relaxants 2 (0.95) 
20. Analgesic 1 (0.47) 
21. Antigout agent 1 (0.47) 
22. Antihyperkalemic agent 1 (0.47) 
23. Antiglaucoma agent 1(0.47) 
24. Anthelmintic 1(0.47) 
25. Antidysrhythmic agent 1(0.47) 
26. Anticoagulant 1(0.47) 
27. Nonsteroidal anti-inflammatory drug 1(0.47) 
28. Thyroid agent 1(0.47) 
29. Antispasmodic agent 1(0.47) 
30. Gallstone solubilizing agent 1(0.47) 
31. Phosphodiesterase-5 inhibitor 1(0.47) 
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Table  5 Carbohydrate content of the medications  

Dosage forms 
Carbohydrate content * 

(g/dosage unit) 
p-value** 

Oral liquid dosage forms (N=40) 0.52 (0.13-1.78)  

• Suspensions (N=10) 1.56 (0.04-4.19)  

• Syrups (N=18) 0.67 (0.36-2.65)  

• Elixirs (N=2) 0.31  

• Solutions (N=10) 0.17 (0.00-0.51) <0.001 

Solid dosage forms (N=105) 0.06 (0.003-0.14)  

• Tablets (N=84) 0.06 (0.01-0.14)  

• Capsules (N=16) 0.06 (0.02-0.17)  

• Powders and granules (N=5) 0.00 (0.00-3.44)  
g/dosage unit; grams per dosage unit; N, number of medications  
*Data were shown as median (interquartile range). 
**Comparison of carbohydrate content between oral liquid dosage forms and solid dosage forms by 
using Mann-Whitney U test. (Statistically significant was set at p<0.05.) 
For injections, only methylprednisolone sodium succinate (Solu-medrol®) injection 40 mg/vial contained 
carbohydrate excipients in the formulation as 0.025 g/vial.  

 

4.2 Part 2. Evaluation carbohydrate content of medications for epileptic 

children treated with ketogenic diet 

4.2.1 Characteristics of epileptic children treated with ketogenic diet 

Overall 169 KD order forms in children with epilepsy during 2009-2017 were 

recruited in this study divided into 38 orders for KD initiation, 89 orders for follow-up 

visits, and 42 orders for hospital re-admission. All KD order forms were derived from 

38 children with epilepsy. At KD initiation, the median age was 4.3 (1.7-10.8) years 
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old. Serum ketone was 2.50 (1.60-3.98) mmol/l and urine ketone was 80 (40-80) 

mg/dl. BMI was 14.15 (13.05-15.86). Body weight was 15.50 (8.15-31.13) kg. Height was 

103.50 (81.75-142.25) cm. Seizure frequency was 24 (1-71) times per week. The 

median number of AEDs was 4 (3-5). The demographic and clinical data of children 

were shown in Table 6. Ten of initial children remained on the diet. Three children 

who initiated the diet have died due to concurrent medical conditions. Twenty-five 

of 38 children discontinued KD therapy. The reasons were lack of compliance (9 

children), seizure free (8 children), lack of effectiveness (2 children), significant 

complications from KD (2 children), and unknown (4 children). At follow-up visit, 89 

KD order forms had been changed of KD regimen. The top 3 leading causes of 

changing the KD regimen in children treated KD were static weight (16.85%), inducing 

ketosis (12.36%), weight loss (11.24%), and rapid weight gain (11.24%) as shown in 

Table 7. At hospital re-admission, 42 KD order forms were collected. The top 3 

leading causes of hospital re-admission in children treated KD were pneumonia 

(21.43%), intractable seizure (9.52%), status epilepticus (9.52%), abnormal movement 
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(7.14%), febrile infection-related epileptic syndrome (7.14%), and malnutrition with 

refeeding syndrome (7.14%) as shown in Table 8.  
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Table  6 Demographic and clinical data of 38 epileptic children 
Characteristics                                                                                   Numbers (%) 

Gender   

• Males 14 (36.84) 

• Females 24 (63.16) 

Age  

• ≤12 months 7 (18.42) 

• >12 months 31 (81.58) 

AEDs used at KD initiation  

• Levetiracetam  28 

• Topiramate  27 

• Clobazam  13 

• Sodium valproate  12 

• Clonazepam  12 

• Vigabatrin  10 

• Phenobarbitone  10 

• Phenytoin  8 

• Lamotrigine  6 

• Lacosamide  5 

• Perampanel  5 

• Zonisamide  4 

• Carbamazepine  3 

Seizure etiology   
  Genetic etiology 4 (10.53) 

• Pyridoxal-5'-phosphate dependent epilepsy 2 

• Early infantile epileptic encephalopathy due to SCN2A mutation 1 

• Kabuki syndrome 1 

  Structural or metabolic etiology 18 (47.37) 

• Lennox-Gastaut syndrome 9 

• Cortical dysplasia 2 

• Acute disseminated encephalomyelitis 1 

• Brain lesion  1 

• Congenital brain anomaly 1 

• Encephalopathy 1 

• Intracranial hemorrhage 1 
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Table  6 Demographic and clinical data of 38 epileptic children 
Characteristics                                                                                   Numbers (%) 

• Multiloculated hydrocephalus 1 

• Schizencephaly 1 

  Immune etiology 3 (7.89) 

• Autoimmune encephalitis 2 

• Anti-NMDA encephalitis 1 

  Infectious etiology 4 (10.53) 

• Viral encephalitis 3 

• Meningoencephalitis 1 

Unknown etiology 9 (23.68) 
Numbers, number of children; KD, ketogenic diet; AEDs, anti-epileptic drugs; SCN2A, sodium 
voltage-gated channel alpha subunit 2; NMDA, N-methyl-D-aspartate 

 

Table  7 Causes of follow-up visit in 89 ketogenic diet order forms to 
change the ketogenic diet regimen 
Causes of changing ketogenic diet  regimen                                  Numbers (%) 

Static weight  15 (16.85) 
Inducing ketosis 11 (12.36) 
Weight loss 10 (11.24) 
Rapid weight gain  10 (11.24) 
Increasing calories intake according to age or activity 7 (7.87) 
Transitioning to oral feeding 6 (6.74) 
Switching infant formula 5 (5.62) 
Hypercholesterolemia 5 (5.62) 
Transitioning to blenderized diet 4 (4.49) 
Transitioning from classic diet to modified MCT diet 4 (4.49) 
Diarrhea 2 (2.25) 
Poor compliance 2 (2.25) 
Planning to discontinue ketogenic diet therapy 2 (2.25) 
Reducing carbohydrate intake 2 (2.25) 
Constipation 1 (1.12) 
Increasing protein intake 1 (1.12) 
Transitioning protein from casein to meat 1 (1.12) 
Transitioning to solid food  1 (1.12) 
MCT, medium-chain triglyceride 
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Table  8 Causes of hospital re-admission described in 42 ketogenic diet 
order forms 
Causes of hospital re-admission                                             Numbers (%) 

Pneumonia 9 (21.43) 
Intractable seizure 4 (9.52) 
Status epilepticus 4 (9.52) 
Abnormal movement 3 (7.14) 
Febrile infection-related epileptic syndrome 3 (7.14) 
Malnutrition with refeeding syndrome 3 (7.14) 
Acute diarrhea 2 (4.76) 
Surgery intervention 2 (4.76) 
Viral encephalitis 2 (4.76) 
Bronchitis 1 (2.38) 
Cerebellar ataxia rule out from phenytoin 1 (2.38) 
Fever provoke seizure 1 (2.38) 
Gastritis 1 (2.38) 
Influenza 1 (2.38) 
Inducing ketosis 1 (2.38) 
Lennox-Gastaut Syndrome 1 (2.38) 
Otitis media 1 (2.38) 
Overdose antiepileptic drugs  1 (2.38) 
Shaken baby syndrome 1 (2.38) 

 

4.2.2 Daily dietary prescription 

At KD initiation, 38 KD order forms were screened. The median fat, protein, 

and carbohydrate content were 112.03 (72.59-133.25), 25.29 (17.19-35.78), and 22.55 

(12.91-36.00) g/day, respectively. Fat: non-fat gram ratio was 2.02 (1.79-2.53):1. The 

median daily calories content was 1,188.50 (793.38-1,412.75) kcal/day and fluid 

content was 1,100.00 (705.00-1,400.00) ml/day.  
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At follow-up visit, 89 KD order forms were screened. The median fat, protein, 

and carbohydrate content were 116.80 (89.65-137.25), 27.00 (21.80-38.40), and 22.00 

(13.00-30.24) g/day, respectively. Fat: non-fat gram ratio was 2.18 (1.83-2.69):1. The 

median daily calories content was 1,241.90 (968.60-1,453.25) kcal/day and fluid 

content was 1,100.00 (900.00-1,325.00) ml/day.  

At hospital re-admission, 42 KD order forms were screened. The median of 

fat, protein, and carbohydrate content were 110.00 (97.10-120.81), 29.30 (21.20-

35.00), and 14.88 (3.11-25.63) g/day, respectively. Fat: non-fat gram ratio was 2.26 

(1.97-2.85):1. The median daily calories content was 1,175.95 (1,037.03-1,285.00) 

kcal/day and fluid content was 1,000.00 (750.00-1,260.00) ml/day as shown in Table 

9.  
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Table  9 Daily dietary prescription 

Details 

Daily dietary prescription* 

KD initiation (N=38) 
Follow-up visit  

(N=89) 
Hospital  

re-admission (N=42) 
Overall (N=169) 

Fat content  
- g/day 
 
- g/kg/day 

 
112.03  

(72.59-133.25) 
7.13 (4.53-9.63) 

 
116.80  

(89.65-137.25)  
6.91 (5.01-9.74) 

 
110.00  

(97.10-120.81)  
7.41 (4.44-9.53) 

 
113.00  

(89.45-133.25)  
7.10 (4.93-9.57) 

Protein content  
- g/day  
- g/kg/day 

 
25.29 (17.19-35.78)  

1.62 (1.21-2.18) 

 
27.00 (21.80-38.40)  

1.57 (1.21-2.05) 

 
29.30 (21.20-35.00)  

1.97 (1.27-2.13) 

 
26.00 (20.80-36.36)  

1.67 (1.24-2.12) 
Carbohydrate 
content  
- g/day 
- g/kg/day 

 
 

22.55 (12.91-36.00)  
1.68 (1.04-2.40) 

 
 

22.00 (13.00-30.24)  
1.79 (0.88-2.45) 

 
 

14.88 (3.11-25.63)  
1.34 (0.25-2.50) 

 
 

21.00 (12.67-30.00)  
1.68 (0.73-2.46) 

Fluid content  
- ml/day  
 
- ml/kg/day 

 
1,100.00  

(705.00-1,400.00)  
67.43 (45.85-93.44) 

 
1,100.00  

(900.00-1,325.00)  
63.35 (46.35-84.35) 

 
1,000.00  

(750.00-1,260.00)  
69.91 (48.36-84.00) 

 
1,100.00  

(800.00-1,300.00)  
67.42 (46.44-84.35) 

Energy content  
- kcal/day  
 
- kcal/kg/day 

 
1,188.50  

(793.38-1,412.75)  
75.64 (48.44-101.72) 

 
1,241.90  

(968.60-1,453.25)  
72.14 (53.48-103.57) 

 
1,175.95  

(1,037.03-1,285.00)  
79.71 (46.28-101.01) 

 
1,189.80  

(945.25-1,403.00)  
74.89 (52.06-101.61) 

Fat: non-fat  
gram ratio 

2.02 (1.79-2.53):1 2.18 (1.83-2.69):1 2.26 (1.97-2.85):1 2.17 (1.89-2.70):1 

KD, ketogenic diet; N, number of KD order forms 
*Data were shown as median (interquartile range). 

 

4.2.3 Daily number and carbohydrate content of medications  

The daily number of all medications at hospital re-admission, KD initiation, 

and follow-up visit were 11 (9-14), 10 (7-12), and 8 (6-10), respectively as shown in 

Table 10. The daily carbohydrate content of all medications at hospital  
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re-admission, follow-up visit, and KD initiation were 1.40 (0.79-2.49), 0.98 (0.63-1.54), 

and 0.81 (0.51-1.35) g/day, respectively as shown in Table 11 and Figure 2-4. 

Table  10 Number of medications in 3 events of ketogenic diet order form 

Categories 

Number of medications* 

KD initiation 
(N=38) 

Follow-up visit 
(N=89) 

Hospital  
re-admission (N=42) 

All medications 10 (7-12) 8 (6-10) 11 (9-14) 

AEDs 4 (3-5) 4 (3-4) 4 (4-5) 

Other medications** 5 (3-8) 5 (3-7) 7 (5-9) 

KD, ketogenic diet; N, number of KD order forms; AEDs, anti-epileptic drugs  
*Data were shown as median (interquartile range). 
**Antibiotics, vitamins, minerals, antipyretics, corticosteroids, electrolyte supplements, antiulcer 
agents, diuretics, and etc.  

 

Table  11 Carbohydrate content of the medications in 3 events of ketogenic 
diet order form 

Categories 

Carbohydrate content* (g/day)  

KD initiation 
(N=38) 

Follow-up visit (N=89) 
Hospital  

re-admission (N=42) 

All medications 0.81 (0.51-1.35) 0.98 (0.63-1.54) 1.40 (0.79-2.49) 

AEDs 0.37 (0.25-0.87) 0.59 (0.17-1.10) 0.92 (0.29-1.41) 

Other 
medications** 

0.63 (0.13-0.52) 0.46 (0.13-0.62) 0.77 (0.32-0.88) 

KD, ketogenic diet; N, number of KD order forms; AEDs, anti-epileptic drugs  
*Data were shown as median (interquartile range). 
**Antibiotics, vitamins, minerals, antipyretics, corticosteroids, electrolyte supplements, antiulcer agents, 
diuretics, and etc. 
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Figure  2 Carbohydrate content of all medications 
 

 

Figure  3 Carbohydrate content of anti-epileptic drugs 
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Figure  4 Carbohydrate content of other medications 

In addition, we performed subgroup analysis according to the carbohydrate 

content of medications. KD order forms were categorized by carbohydrate content of 

medications. Thirty KD order forms were shown that children were received 

carbohydrate content of medications ≥2 g/day as shown in Table 12.   

* Antibiotics, vitamins, minerals, antipyretics, corticosteroids, electrolyte 

supplements, antiulcer agents, diuretics, and etc. 
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4.2.4 Daily carbohydrate content 

 Although in normal practice, the carbohydrates from medications were not 

included in the daily carbohydrate content as prescribed, children will be restricted 

the use of medications with high carbohydrate content such as suspensions, syrups, 

elixirs, or solutions. In this study, there was no significant difference between 

carbohydrate content in the prescribed diet and carbohydrate content in the 

prescribed diet plus carbohydrates from medications (p>0.05) as shown in Table 13.   

Table  12 Ketogenic diet order forms categorized by carbohydrate content of 
the medications 

Carbohydrate content 
of medications (g/day) 

Number of KD order forms 

KD initiation 
(N=38) 

Follow-up visit 
(N=89) 

Hospital  
re-admission 

(N=42) 

<2 33 78 28 

≥2 5 11 14 

KD, ketogenic diet, N, number of KD orders, g/day, grams per day 
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Table  13 Daily carbohydrate content 

Events of KD  
order form 

Daily carbohydrate content* (g/day)  

Prescribed diet 
Prescribed diet plus  
carbohydrates from 

medications 

KD initiation  
(N=38) 

22.55 (12.91-36.00) 25.57 (14.92-36.63) 

Follow-up visit  
(N=89) 

22.00 (13.00-30.24) 24.46 (14.21-31.43) 

Hospital  
re-admission 
(N=42) 

14.88 (3.11-25.63) 17.18 (5.43-27.43) 

Overall (N=169) 21.00 (12.67-30.00) 22.71 (13.59-31.05) 

KD, ketogenic diet; N, number of KD order forms; g/day, grams per day  
*Data were shown as median (interquartile range). 

 

When considering the carbohydrate content of medications ≥2 g/day from 30 

KD order forms, there was  significant difference between carbohydrate content in 

the prescribed diet and carbohydrate content in the prescribed diet plus 

carbohydrates from medications at the event of follow-up visit and overall (p<0.05) 

as shown in Table 14.   
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Table  14 Daily carbohydrate content considering carbohydrate content of the 
medications ≥2 g/day 

Events of KD  
order form 

Daily carbohydrate content* (g/day)  

p-value** 
Prescribed diet 

Prescribed diet plus  
carbohydrates from 

medications 
KD initiation  
(N=5) 

13.78 (6.50-18.03)  15.81 (9.19-23.71) 0.421 

Follow-up visit  
(N=11) 

0.00 (0.00-21.90) 4.70 (4.23-24.46) 0.047 

Hospital  
re-admission 
(N=14) 

17.88 (0.00-31.05) 20.96 (3.92-34.18) 0.329 

Overall (N=30) 14.77 (0.00-21.93) 17.55 (4.22-25.15) 0.048 

KD, ketogenic diet; N, number of KD order forms; g/day, grams per day  
*Data were shown as median (interquartile range). 
**Mann-Whitney U test (Statistically significant level was set at p<0.05.) 

 

We found a girl who did not allow carbohydrates in the KD regimen at the 

event of follow-up visit and hospital re-admission. Her KD regimen consisted of 8 egg 

whites, canola oil 25 ml, rice bran oil 25 ml, and medium-chain triglycerides solution 

50 ml. In such children, any added carbohydrates from any sources may be 

disturbed her ketosis level. Clinicians need to be aware of the therapeutic outcome. 
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4.2.5 Fat: non-fat (protein plus carbohydrate) gram ratio 

 In each event of KD order form, there was no significant difference between 

fat: non-fat gram ratio in the prescribed diet and fat: non-fat gram ratio in the 

prescribed diet plus carbohydrates from medications (p>0.05) as shown in Table 15.  

Table  15 Fat: non-fat gram ratio 

Events of KD  
order form 

Fat: non-fat gram ratio*  

Prescribed diet Prescribed diet plus  
carbohydrates from medications 

KD initiation  
(N=38) 

2.02 (1.79-2.53):1 1.99 (1.72-2.57):1 

Follow-up visit 
(N=89) 

2.18 (1.83-2.69):1 2.06 (1.80-2.58):1 

Hospital re-admission 
(N=42) 

2.26 (1.97-2.85):1 2.20 (1.87-2.70):1 

Overall (N=169) 2.17 (1.89-2.70):1 2.05 (1.81-2.63):1 
KD, ketogenic diet; N, number of KD order forms; g/day, grams per day  
*Data were shown as median (interquartile range). 

 

When considering the carbohydrate content of medications ≥2 g/day from 30 

KD order forms, there was a significant difference between fat: non-fat gram ratio in 

the prescribed diet and fat: non-fat gram ratio in the prescribed diet plus 
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carbohydrates from medications at the event of overall (p=0.041) as shown in Table 

16. 

Table  16 Fat: non-fat gram ratio considering carbohydrate content of the 
medications ≥2 g/day 

Events of KD  
order form 

Fat: non-fat gram ratio considering carbohydrate 
content of the medications ≥2 g/day* 

p-value** 
Prescribed diet 

Prescribed diet plus 
carbohydrates from 

medications 
KD initiation  
(N=5) 

2.85 (2.17-2.99):1 2.67 (1.90-2.81):1 0.421 

Follow-up visit 
(N=11) 

2.50 (2.18-3.00):1 2.37 (1.99-2.76):1 0.243 

Hospital re-admission 
(N=14) 

2.22 (2.05-3.11):1 2.08 (1.95-2.83):1 0.104 

Overall (N=30) 2.46 (2.09-3.02):1 2.27 (1.95-2.77):1 0.041 
KD, ketogenic diet; N, number of KD order forms; g/day, grams per day  
*Data were shown as median (interquartile range). 
**Mann-Whitney U test (Statistically significant level was set at p<0.05.) 

 

4.2.6 Factors correlated with the seizure frequency 

The correlations between the seizure frequency and the factors were 

performed by Spearman's correlation. Factors considering in this study were serum 

ketone, urine ketone, fat: non-fat gram ratio, number of AEDs, carbohydrate content 

in the prescribed diet, the carbohydrate content of the medications, and 

carbohydrate content in the prescribed diet plus carbohydrates from medications. 
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The result showed a significant positive correlation between the seizure frequency 

and the number of AEDs. The correlation coefficient (r) was 0.365, and the p-value 

was 0.021 as shown in Table 17. An increase in the seizure frequency of children 

with epilepsy was correlated with an increasing number of AEDs. 

Table  17 Factors correlated with the seizure frequency (N=30) 
Factors Correlation coefficient (r) p-value* 

Serum ketone 0.059 0.716 
Urine ketone 0.203 0.215 
Fat: non-fat gram ratio 0.065 0.689 
Number of AEDs 0.365 0.021 
Carbohydrate content in the prescribed diet -0.115 0.481 
Carbohydrate content of medications 0.080 0.622 
Carbohydrate content in the prescribed diet 
plus carbohydrates from medications 

-0.120 0.462 

N, number of KD order forms; KD, ketogenic diet; AEDs, anti-epileptic drugs 
 *Spearman's correlation (Statistically significant level was set at p<0.05.) 
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CHAPTER V  

DISCUSSION 

 Each dosage form had different excipients in the formulations. Oral liquid 

dosage forms and solid dosage forms were found carbohydrates in the formulations. 

Injections were not found carbohydrate excipients in formulations except 

methylprednisolone sodium succinate (Solu-medrol®) injection 40 mg/vial contained 

carbohydrates 0.025 g/vial. Considering oral liquid dosage forms, it found that the 

suspensions were highest in carbohydrate content of the formulations, followed by 

syrups, elixirs, and solutions. For the solid dosage forms, the median carbohydrate 

content of tablets and capsules were 0.06 (0.01-0.14) and 0.06 (0.02-0.17) g/dosage 

unit, respectively. The comparison of the carbohydrate content between oral liquid 

dosage forms and solid dosage forms found that the oral liquid dosage forms had 

the median carbohydrate content of 8.7 times higher than solid dosage forms. This 

study showed the significant difference between the carbohydrate content of oral 

liquid dosage forms and carbohydrate content of solid dosage forms. In general, oral 
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liquid dosage forms contain the largest amount of carbohydrate compared with 

other formulations. They often contained sweetening agents, suspending agent, 

solvent, or viscosity-increasing agent (such as sugar, sorbitol, glycerin, mannitol, or 

corn syrup). In contrast, solid dosage forms often contained carbohydrate excipients 

such as starches, sugars, sugar alcohols, dextrin, or maltodextrin as binder, diluent, 

disintegrating agent, coating agent, direct compression excipient or taste-making 

agent (14). In this study, information on carbohydrates from medications was asked 

specifically the carbohydrate excipients could be digested and absorbed systemically 

(14). Some medications that same trade name might have to different carbohydrate 

content than the previous study (11).  

The KD was mostly used in children with intractable epilepsy. Many children 

had difficulty swallowing or feeding tube requirement, oral liquid dosage forms were 

frequently chosen (13, 14). Carbohydrates from oral liquid dosage forms could cause 

a problem because the total daily carbohydrate allowance for children 1 to 10 years 

old on the KD was 5 to 15 g (12). For example, an 18-kg-5-years-old child with a 
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maximum daily dose of carbamazepine is 35 mg/kg/day; carbamazepine syrup 

contains 7.88 g of carbohydrates in a daily dose, whereas carbamazepine as a 

prolonged-release tablet and compressed tablet does not contain carbohydrates in 

their formulations. The different dosage forms provide a different amount of 

carbohydrates. 

Dosage form selection and administration methods are the most concern. 

The injections and solid dosage forms are recommended instead of oral liquid 

dosage forms in the equivalent doses for treatment; however, injection is an invasive 

procedure. This administration may have a restriction on children that cannot find 

the intravenous line. Children with difficulty swallowing or feeding tube requirement, 

administration of solid dosage forms may be cumbersome. For example, tablets have 

to be crushed and capsules have to be opened to dissolved or dispersed active 

components in water before administration. In addition, medications with a narrow 

therapeutic index can cause adverse effects or even increase the risk of toxicity, 

through little changes of bioavailability. For example, epileptic children treated with 
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KD may receive digoxin, which is narrow therapeutic index drug, crushing or dispersing 

digoxin tablet may increase bioavailability from 70% to 100%, which may cause 

digoxin toxicity (lethargy, confusion, gastrointestinal symptoms, visual effects, and 

cardiac arrhythmias). Children should be monitored for effects, in terms of drug 

efficacy and adverse effects (76, 77). 

This is the first study that investigated the carbohydrate content of 

medications for epileptic children treated with KD. In this study, KD order forms in 

event of KD initiation, follow-up visit, and hospital re-admission have investigated the 

difference in carbohydrate content of medications of children with epilepsy. 

Considering daily carbohydrate content of medications described in KD order forms 

in 3 events, in an event of hospital re-admission, children were received the highest 

carbohydrate content from medications. Because of hospitalization for illnesses, the 

number of medications increased, so the carbohydrate content from medications 

commonly increased. 
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Interesting, thirty KD order forms were shown that children were received 

carbohydrate content of medications ≥2 g/day. Carbohydrate content of medications 

reported as per a single dosage unit. In children with high dose of any medications 

might obtain high carbohydrate content; even though, the carbohydrate content of 

medications per dosage unit was trace. There were various causes of the 

carbohydrate content of medications ≥2 g/day. One of the reasons was high doses of 

AEDs. There were included topiramate tablet (Topamax®) 100 mg, clobazam tablet 

(Frisium®) 5 mg, and phenobarbital tablet (Phenobarbitone GPO®) 60 mg, which were 

contained carbohydrates 0.139, 0.105, and 0.055 g/tab, respectively. Consequently, 

children that obtained these medications in high doses, resulting in received high 

carbohydrate content of medications. Moreover, epileptic children with problematic 

swallowing difficulties who required phenytoin infatab (Dilantin®) 50 mg were 

administrated due to crushable dosage form (carbohydrate content was 0.475 g/tab). 

In this case, the extended-release phenytoin capsule (Dilantin®) 100 mg, which had 

fewer carbohydrate content (0.115 g/cap) was inapplicable (75, 78). Another case, the 

prescription of vitamins and mineral included a high dose of pyridoxine tablet 
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(Besix®) 100 mg, multivitamin drop (Munti-Vim®), and ferrous fumarate drop (Ferdek®) 

45 mg/0.6 ml, increased carbohydrate content of medications. Furthermore, 

hydrocortisone tablet (Cortef®) 10 mg contained 0.246 g of carbohydrates per tablet, 

a child who received 60 mg/day of hydrocortisone was obtained 1.48 g of 

carbohydrates per day. For example, a child who had prescribed the diet with 

carbohydrate content as 21.90 g/day and fat: non-fat gram ratio as 2.17:1. Phenytoin 

infatab (Dilantin®) 50 mg 5 tab/day (carbohydrate content 2.38 g/day), phenobarbital 

tablet (Phenobarbitone GPO®) 60 mg 6 tab/day (carbohydrate content 0.33 g/day), 

ferrous fumarate drop (Ferdek®) 45 mg/0.6 ml 0.60 ml/day (carbohydrate content 

0.50 g/day), and multivitamin drop (Munti-Vim®) 0.60 ml/day (carbohydrate content 

0.42 g/day) were also prescribed in this patient. A total carbohydrate from 

medications was 3.63 g/day. When considering carbohydrate content of medications, 

the daily carbohydrate content of patient changed from 21.90 g/day to 25.53 g/day 

and fat: non-fat gram ratio changed from 2.17:1 to 1.99:1.  
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This study was observed that epileptic children treated with KD were 

prescribed oral liquid dosage forms with high carbohydrate content in 3 cases. 

Chloral hydrate syrup was prescribed 14 ml one-day daily dose administration for a 

child at an event of KD initiation, carbohydrates from chloral hydrate syrup was 8.33 

g/day. At an event of follow-up visit, a child obtained carbamazepine syrup 

(Tegretol®) 10 ml twice a day, carbohydrates from carbamazepine syrup was 5 g/day; 

however, it was changed into carbamazepine tablet, which had no carbohydrate 

content. Moreover, potassium chloride elixir was prescribed 15 ml every 3 hours by 

one-day dose administration for a child at an event of hospital re-admission, a child 

obtained carbohydrates from potassium chloride elixir 2.55 g/day. Dosage form 

selection is the most concern, epileptic children consuming the KD must be avoided 

unnecessary drug-related carbohydrates. 

The results of the study also suggest that the medications of each event may 

be added or removed depending on the clinical conditions of children. As a result, 

the carbohydrate content of medications prescribed to the children are dynamic. If 
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children are prescribed some of the medications in previous mentioned, closely and 

frequently monitoring of urine ketone, serum ketone level, and seizure frequency of 

the children are required. 

KD protocol at King Chulalongkorn Memorial Hospital, the carbohydrates from 

medications did not calculate, children will be restricted the use of medications with 

high carbohydrate content such as suspensions, syrups, elixirs, or solutions. This 

study showed that there was no significant difference between carbohydrate content 

in the prescribed diet and carbohydrate content in the prescribed diet plus 

carbohydrates from medications. Therefore, avoidance of medications in oral liquid 

dosage forms should be applied to children treated with KD. Moreover, considering 

carbohydrate content of medications ≥2 g/day, there was a significant difference 

between carbohydrate content in the prescribed diet and carbohydrate content in 

the prescribed diet plus carbohydrates from medications ≥2 g/day. Likewise, there 

was a significant difference between fat: non-fat gram ratio in the prescribed diet and 

fat: non-fat gram ratio in the prescribed diet plus carbohydrates from medications ≥2 
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g/day. Children should be closely and frequently monitored of urine ketone, serum 

ketone level, and seizure frequency. 

Nutrition support team plays a major role in restricting the use of medications 

with high carbohydrate content. The alert systems should be placed to provide the 

children with appropriate medications to balance with ketosis maintenance and 

medication efficacy. Besides, plan for specific situations such as fever, allergy or 

infection, might be needed in advance which medications are available as low-

carbohydrate formulations. If low carbohydrate formulations are not concurrently 

available, diet adjustments may be needed to allow for the carbohydrates from 

short-term medications. 

 The result of this study showed a significant positive correlation between the 

seizure frequency and the number of AEDs. Children who are unable to control 

seizures need to add AEDs. Combination therapy with AEDs will be required when 

monotherapy cannot control seizures (29). However, the result showed no 

correlation between the seizure frequency and carbohydrate content in the 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 60 

prescribed diet plus carbohydrates from medications, which means that 

carbohydrates from medications may not be correlated with clinical conditions when 

children avoided the use of oral liquid dosage forms with high carbohydrate content.  

Limitations of this study are 3 issues. First, this study was a retrospective 

design. Data of comorbidity, clinical response, serum ketone, urine ketone, and 

adverse effects may be incomplete. Second, this study was a single center study, 

which collected a list of medications at King Chulalongkorn Memorial Hospital. Over-

the-counter drugs, dietary supplement, and others may not be included in the 

handbook of carbohydrate content of medications, which should be collected. Third, 

new medications will be launched into the market. Updated a list of medications 

and carbohydrate content of medications are further required. 
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CHAPTER VI  

CONCLUSION 

Epileptic children treated with KD were obtained high fat and restricted 

carbohydrate intake.  Sources of carbohydrates were from the prescribed diet and 

hidden carbohydrates from medications.  The carbohydrates from medications may 

interfere ketosis maintenance and seizure control.  A database of the carbohydrate 

content of medications showed that medications in oral liquid dosage forms had the 

median carbohydrate content higher than other dosage forms. Therefore, avoidance 

of medications in oral liquid dosage forms should be applied to every epileptic 

children treated with KD.  Moreover, this study showed that carbohydrates from 

medications ≥2 g/day had significantly changed total daily carbohydrate content and 

fat:  non-fat gram ratio so that children should be closely monitored urine ketone, 

serum ketone level, and seizure frequency.  
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รหัส …………………… 

แบบบันทึกข้อมูลส าหรับการวิจัย 

(วัน/ เดือน/ ปี) ………………/………………………../……………… 

เพศ    หญิง    ชาย   อายุ ………………… ปี ……………… เดือน 

อายุท่ีเริ่มต้นได้รับการรักษาด้วยอาหารสร้างสารคีโตน ………………… ปี ……………… เดือน 

น้ าหนัก ……….. กิโลกรัม   ส่วนสูง ………... เซนติเมตร   ดัชนีมวลกาย ……… กิโลกรัมต่อตารางเมตร 

จ านวนครั้งในการชัก ………………………………... ครั้ง/สัปดาห์  

ระดับคีโตนในเลือด ………… มิลลิโมลต่อลิตร   ระดับคีโตนในปัสสาวะ ………… มิลลิโมลต่อลิตร 

สัดส่วนเป็นกรัมของไขมันต่ออาหารท่ีไม่ใช่ไขมัน (fat: non-fat) ………………………………....................... 

โรคท่ีได้รับการวินิจฉัย …………………………………………………………………………………………………………….. 

กรณีเมื่อผู้ป่วย 

 เริ่มต้นได้รับอาหารสร้างสารคีโตน 

 มาติดตามประเมินผลการรักษา ณ คลินิกโภชนาการ และมีการปรับเปล่ียนสูตรอาหาร  

    สาเหตุจาก ………………………………………………………………………………………...................................... 

 นอนรักษาตัวในโรงพยาบาลจากสาเหตุ ………………………………………………………............................ 

รายงานอาการไม่พงึประสงค์ท่ีเกี่ยวข้องจากการได้รับอาหารสร้างสารคีโตน 

………………………………………………………………………………………………………………………………………………

……………………………………………………………………………………………………………………………………………… 
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                                                                                              รหัส……………………. 

สูตรอาหารสร้างสารคีโตนท่ีผู้ป่วยได้รับต่อวัน 

ส่วนประกอบ 
ของอาหาร ปริมาณอาหาร 

ปริมาณ
คาร์โบไฮเดรต 

(กรัม) 

ปริมาณ
โปรตีน 
(กรัม) 

ปริมาณ 
กรดไขมันสาย
โมเลกุลยาว 

ปานกลาง (กรัม) 

ปริมาณ 
กรดไขมันสาย
โมเลกุลยาว 

(กรัม) 

ปริมาณ
พลังงาน 

(กิโลแคลอรี่) 

       
       
       
       
       
       
       
       
       
       

       
 

ปริมาณคาร์โบไฮเดรต โปรตีน ไขมัน พลังงาน และสารน้ าท่ีผู้ป่วยได้รับต่อวัน 

คาร์โบไฮเดรต 
(กรัม) 

โปรตีน (กรัม) 
ไขมันสายโมเลกุลยาวปาน

กลาง (กรัม) 
ไขมันสายโมเลกุลยาว 

(กรัม) 
พลังงาน 

(กิโลแคลอรี่) 
สารน้ า 

(มิลลิลิตร) 
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                                                                                             รหัส ……..…………….. 

รายการยา ขนาดยา และประมาณคาร์โบไฮเดรตในยาท่ีผู้ป่วยได้รับต่อวัน 
 

รายการยาและขนาดยาท่ีได้รับ 
 

ปริมาณคาร์โบไฮเดรตในยา 

(กรัม) 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 

………………………………………………………………………………… ………………………………………… 
 

รวมปริมาณคาร์โบไฮเดรตในยาท้ังหมด …………………………………………………  กรัม 

 

    ปริมาณคาร์โบไฮเดรตและสัดส่วนเป็นกรัมของไขมันต่ออาหารท่ีไม่ใช่ไขมันท่ีผู้ป่วยได้รับต่อวัน 
 

รายการ 
ได้รับจากอาหาร 

 (กรัม) 
ได้รับจากอาหาร 
และยา (กรัม) 

ปริมาณคาร์โบไฮเดรต 
  

สัดส่วนเป็นกรัมของไขมันต่อ 
อาหารท่ีไม่ใช่ไขมัน (fat: non-fat) 

  

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 77 

 

 

 

 

 

 

 

 

Appendix C 

Handbook of carbohydrate content of medications for epileptic children  

treated with ketogenic diet 
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Appendix D 

Invitation for the experts to evaluate content validity of handbook of carbohydrate 

content of medications for epileptic children treated with ketogenic diet 
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Appendix E 

Evaluation of content validity of handbook of carbohydrate content of medications 

for epileptic children treated with ketogenic diet by index of item objective 

congruence by 3 experts 
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