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Abstract: 

 

Background: The prevalence of obesity in children and adolescents are 
increasing during recent years. Youth obesity is a risk for obesity in 
adulthood and associated with the development of cardiovascular risk 
factors. Increasing inflammation and oxidative stress in obesity have 
principal roles in the pathogenesis of the chronic disease. Fasting and 
low-carbohydrate high-fat (LCHF) diet are known to have therapeutic 
roles besides weight loss. 
 
Aims: To review relevant studies related to intermittent fasting and low-
carbohydrate diets and their correlation to cardiovascular disease in the 
obese adolescent. 
 
Review Result: The nutritional ketosis state enables the use of ketone 
as the primary energy source. The shifting metabolism to ketone can 
enhance insulin sensitivity and ameliorate the inflammation progress 
which resulted in improvement of metabolic syndrome features and 
oxidative stress biomarker. Weight loss occurred as a result of increasing 
lipolysis and hunger suppression effect of the ketone. Several common 
concerns related to carbohydrate restriction are carbohydrate as essential 
nutrition, risk of high free fat intake, and ketone toxicity. The potential 
side effect in the regulation of electrolytes is yet to be clinically proven. 
 
Conclusion: Ketosis nutritional benefits not limited to only weight loss, 
but also in the overall improvement of cardiovascular disease risk 
factors. 
 
Keywords: Obesity, fasting, low-carbohydrate high-fat diet, 
cardiovascular risk 
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Introduction 

Obesity in childhood is defined as a BMI at or above the 95th percentile for children and teens of the 

same age and sex.1 Globally, around one in 10 young people aged 5-17 years are overweight or obese, 

with levels increasing rapidly in recent years. Prevention of obesity in childhood is needed to ensure 

healthy lives and promote well-being for all at all ages, which was addressed in the Sustainable 

Development Goals by reducing one-third of premature mortality from non-communicable diseases by 

2030. In Indonesia, the most recent reported prevalence of overweight in children under five is 8%.2  

The primary cause of obesity is the obesogenic environment as the key driver for low physical activity 

and increase intake of high-calorie food.3 The shift in macronutrient from fat to carbohydrate 

contributed as well to the increasing obesity. In a statistical review of US macronutrient consumption, 

from 1965 to 2011 the percentage of overweight or obese Americans has increased from 42% to 66% 

with a corresponding rise in absolute consumption of carbohydrate from 39% to 51% of total caloric 

intake.4 A cross-sectional study in Indonesia performed on 92 obese adolescents in 2013 found that 

dyslipidemia in obesity was in 4,3% of subjects.5  

Overweight adolescents have a 40-80% chance of becoming overweight or obese adults.6 Inflammation 

and oxidative stress in obesity play as the main role in causing insulin resistance (IR) and 

atherosclerosis.7 Metabolic syndrome, a cluster of cardio-metabolic risk factors, have been identified in 

obese children.8 Level of c-reactive protein (CRP) and malondialdehyde (MDA), the early markers of 

cardiovascular disease (CVD), increased significantly in pre-pubertal children aged 6-10 years with 

extreme obesity (higher than 99th percentile) compared to obese and overweight subjects. 9,10,11 

Fasting and diet, a modification in caloric intake, are means to overcome childhood obesity. Fasting is 

intermittent elimination of caloric intake meanwhile, diet is a modification of type and nutrient 

composition with or without caloric restriction.12,13  Ketogenic diet, the most frequently studied type of 

diet,  is a restriction in daily intake of carbohydrate (below 50 g/day) with high fat and moderate protein 

intake without caloric restriction.14,15 In the state of low carbohydrate intake, keto-adaptation will occur 

and shift the metabolism fuel to correct metabolic syndrome. 

This article aims to review the relevant studies related to intermittent fasting and low-carbohydrate diet 

and their correlation to CVD in an obese adolescent.  

Obesity 

The prevalence of childhood and adolescent obesity has increased more than ten-fold in the last four 

decades, from 11 million in 1975 to 124 million populations in 2016. 73% of the increase was due to an 

increase in the prevalence of obesity meanwhile, the rest was affected by population growth.16 The 

conventional theory on obesity causes is a simple thermodynamic hypothesis. This physical law said that 

obesity results from a net positive energy balance or the ingestion of caloric greater than that required 

by the body thus, leading to accumulation of fat.17 

The alternative theory on obesity causes is the endocrinological hypothesis or hormonal regulation 

disorder. Insulin, an anabolic hormone in glucose homeostasis, is a primary regulator of lipid 

accumulation. 17 IR occurs when the insulin-sensitive tissue loss response to insulin.7 Selective IR still 

enables de-novo lipogenesis despite the resistance in glucose handling, which resulting in fat 
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accumulation and obesity.18 Moreover, the increase in adipose tissue results in inflammation and 

oxidative stress and aggravate IR.19 

Pulungan et al. reported the prevalence of IR in obese adolescents in Jakarta, Indonesia is 38%, using the 

homeostasis model assessment for IR (HOMA-IR) measurement method. The study revealed that IR in 

obese adolescents was highest among girls, individuals with a family history of obesity, and individuals 

with symptoms of acanthosis nigricans. Less than 10% of obese adolescents had impaired fasting 

glucose, but no obese teenagers with type-2 diabetes mellitus were present.20 Several theories have 

connected the link between the incidence of obesity, metabolic syndrome, and IR. Obesity can result in 

IR and endothelial dysfunction through a series of reciprocal metabolism of fat, hormones, and 

adipocytokines.20 

Obesity-associated inflammation is an underlying key of the pathophysiologic process in the 

development of chronic disease including type 2 diabetes, hypertension, atherosclerosis, fatty liver and 

certain types of cancer.7 Inflammation is characterized by elevated macrophage infiltration to adipose 

tissue and liver and increased levels of pro-inflammatory cytokines like CRP, interleukin 6 (IL-6), and 

plasminogen activator inhibitor-1 (PAI-1). Overreaction of inflammatory response lead to tissue injury 

and organ dysfunction. Inflammation inhibits insulin signaling activity through the inhibition of insulin 

receptor substrate-1 (IRS-1) in adipocytes and hepatocytes. IR also related to mitochondrial dysfunction, 

a reduction in mitochondrial number, density or function. Mitochondrial dysfunction may contribute to 

the accumulation of free fatty acid and fat in favor of IR.7 

Obesity and cardiovascular risk factor  

One of the important health implication of childhood obesity includes the development of CVD risk 

factor.6 One population-based study estimated that 70% of children between the ages of 5-17 have at 

least one cardiovascular risk factor.21 A concept frequently used in characterizing the relationship 

between childhood obesity and the risk of chronic disease is metabolic syndrome (Table 1).8 More than 

40 definitions for childhood metabolic syndrome have been proposed, most are the adaptation of adult 

criteria.22  Despite their differences, the common features are obesity (BMI or waist circumference), high 

blood pressure, impaired glucose tolerance (fasting glucose or insulin level) and poor lipid profile 

(triglyceride, low-density lipoprotein (LDL) and high-density lipoprotein (HDL)).8 LDL consists of several 

particle subclasses with different density including large buoyant (lb-LDL) and small dense (sd-LDL). The 

sd-LDL has a more potent atherogenic feature and is a better predictor for CVD.  

Criteria Value 

Obesity (waist circumference) Greater than or equal to the 90th percentile or adult cut off if lower 

Triglyceride ≥150mg/dL 

HDL-C < 40 mg/dL 

Blood pressure Systolic above 130 mmHg or diastolic above 85 mmHg 

Glucose ≥100 mg/dL or known type 2 diabetes 

Table 1. Diagnostic criteria of metabolic syndrome in children ages 10-1623 

Other biochemical parameters to predict cardiovascular risk in obesity are inflammation markers such as 

CRP and MDA. Serum CRP is mainly synthesized in the liver and its levels are elevated in response to 

inflammatory conditions. The high sensitivity CRP (hs-CRP) assay helps to quantify low grades of 
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systemic inflammation. The hs-CRP is the most widely evaluated biomarker for cardiovascular risk 

prediction.9 MDA is the secondary byproduct of lipid peroxidation, a reaction of reactive oxygen species 

with lipids.10 Higher concentrations of MDA has been observed in children with obesity compared to 

normal weight and reflected the oxidative stress level.19 

Ultrasound carotid intima-media thickness (CIMT) is a non-invasive technique used for the assessment 

of subclinical CVD and as a surrogate for treatment efficacy in the clinical setting.24 Increased CIMT is an 

adaptive response to the known atherosclerosis-related pathophysiology like a change in blood flow and 

increased intraluminal pressure.25 Substantial weight loss associated with a decrease in CIMT in children 

with obesity. The previous study found a decrease in CIMT (0.07mm) consistent with significant BMI 

reduction (mean 2.2 kg/m2).26 

The intervention to childhood obesity consists of adjustment in dietary habit, physical activity and 

behavior modification with parents as the role models.27 The intervention should be adjusted according 

to age and developmental stage in children. The first step is to raise motivation in children and together 

make the deal regarding the target without forcing the children. Adjustment in dietary habits should 

follow the requirement of daily allowances with food rules, stick-to-meal, and snack frequency. Daily 

physical activity affects the appetite and increases metabolism rate. The physical activity can be an 

aerobic activity, muscle or bone strengthening on a daily basis for about 60 minutes. Parental support 

and appreciation are also a main component of behavior modification, such as self-control to limit daily 

intake. The more intensive interventions are pharmacotherapy to suppress appetite and bariatric 

surgery.27  

Fasting as an intervention to overcome obesity 

Fasting is one of the interventions to achieve weight loss in obese adolescents. Fasting is defined as no 

ingestion or minimal amount of food and caloric beverages for certain periods, typically range from 12 

hours to 3 weeks.12 Fasting is distinct from caloric restriction, in which daily caloric intake reduced 

chronically by 20-40% with maintained meal frequency. Meanwhile, starvation is an extreme form of 

fasting which can result in degeneration and death. Common different types of fasting are time-

restricted feeding and intermittent fasting. Time-restricted feeding is limiting daily intake to 4 hours to 6 

hours’ time window.28 Meanwhile, intermittent fasting is a short period fasting which includes alternate 

day fasting.12 

Limitation in certain types of nutrients with or without caloric restriction is another optional method 

used to overcome obesity in the adolescent. Recently, ketogenic or low-carbohydrate diet is one type of 

diet which most frequently studied. The ketogenic diet is reducing carbohydrates intake and will 

relatively increasing the proportions of fat and/or protein without caloric restriction. 14,15 Each individual 

has a different limit of minimal carbohydrate intake to initiate ketosis and lipolysis (between 65-180 

gram/day).14  Ketogenic diet is not a high protein diet since protein is a potent trigger of insulin secretion 

thus, increasing the risk of IR.29 
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Figure 1. Glucose and insulin response to macronutrients
30 

Figure 1 shows that carbohydrate causes a significant spike in blood glucose and insulin level. The level 

then declines in a short period causing the body craves for another carbohydrate intake. Meanwhile, 

proteins cause considerably less, and fats cause almost no significant rise in blood glucose and insulin 

level. Their level decline in relatively longer periods which result in longer satiety. Thus, the conclusion is 

the elevated proportion of fat intake in a ketogenic diet does not cause in weight gain.30 

Shifting metabolism in fasting and a ketogenic diet 

The human starve-feed cycle composes of four global nutritional states:1) well-fed, 2) early fasting, 3) 

prolonged fasting or starvation 4) early re-fed. Of these four states, the most relevant model for a low 

carbohydrate diet is the metabolism of prolonged fasting.14 During prolonged fasting state, the low 

carbohydrate intake will generate ketone bodies from free fatty acid, mainly occur in the mitochondrial 

matrix of liver tissues. Ketone then exits the liver to provide energy to all cells with mitochondria. Within 

a cell, ketone is converted for a generation of adenosine triphosphate (ATP).15  

The term of ketone bodies refers to three metabolisms: acetoacetate, beta-hydroxybutyrate (b-OHB), 

and acetone. Acetoacetate mainly converted to the other two ketone bodies and acetone is primarily an 

excretory product. Therefore, b-OHB serves as transportable forms of energy (Figure 2).14 The shifting 

metabolism in ketosis nutritional state initiated when the blood ketone level reaches 0.5 millimolar 

(mM). 
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Figure 2. The overall scheme of starvation fuel metabolism. The liver derives its major energy by partial 

oxidation of free fatty acid (FFA) to beta-hydroxybutyrate (b-OHB); muscle and kidney by complete oxidation of 

FFA to CO2 and H2O. The brain utilizes both b-OHB and glucose.
31

(RBC: red blood cells) 

Blood glucose levels are sustained by breakdown muscle and liver glycogen and de novo 

gluconeogenesis from amino acids, glycerol, and lactate. Glycerol released from lipolysis of triglyceride 

in the adipocyte. This compensatory gluconeogenic mechanism is important to sustain glucose-

dependent tissue like erythrocyte, cornea, and retina.15 A combination of increased lipolysis and 

increased lipogenesis resulted in weight reduction. Moreover, modification in levels of appetite-related 

hormone (ghrelin and leptin) and neurotransmitter gamma-aminobutyric acid (GABA) result in the 

appetite-suppressant effect of ketosis.32 

Ketosis condition in low-carbohydrate intake also results in the improvement of metabolic syndrome. 

Low-carbohydrate intake leads to a reduction in cellular glucose uptake and enhancement of fat 

oxidation, in which improve IR.14 In a short term randomized controlled trial (RCT), ketogenic diet 

significantly reduced fasting insulin and HOMA-IR with a greater result compared to hypocaloric diet 

within six-months follow-up period.33 

The ketogenic effect is not only in lowering blood triglyceride but also shows a positive effect on total 

cholesterol reduction and increases in HDL. Reduced blood insulin level leads to less activation of 3-

hydroxy-3-methylglutaryl-CoA reductase, a key enzyme in cholesterol biosynthesis. This is likely to be 

the mechanism via which nutritional ketosis can improve lipid profiles.15 Furthermore, the ketogenic diet 

has been reported to increase the size and volume of LDL particles. During two years follow up HDL level 

increase approximately 23% with low carbohydrate diet.34 

Overall, carbohydrate restriction is still the most effective intervention to improve all features of 

metabolic syndrome. (Figure 3).35–37 



P a g e  | 7  www.apjpch.com 

  
Asia Pac J Paediatr Child Health          Volume 2, Sept - Jul 2019 

 
  

 

Figure 3. Two similar studies compared high cereal diet, low glycemic index diet, and low-carbohydrate 

diet. The findings showed better improvement in low carbohydrate diet.
35–37 

(BW: body weight, FG: fasting 

glucose, HDL: high-density lipoprotein, LDL: low-density lipoprotein, TG: triglyceride, TC: total cholesterol, GI: 

glycemic index) 

The decrease in CVD risk in the ketogenic diet has been associated with weight loss and reduced 

obesity-associated inflammation. In an RCT comparing high fat-low carbohydrate to a low-fat diet 

showed that low carbohydrate diet group had greater improvement in blood lipids and systemic 

inflammation despite the similar changes in body weight and composition.38  

Common concerns related to fasting and the ketogenic diet 

Several issues were commonly asked related to carbohydrate restricted diets. The first perspective is 

that carbohydrate is essential nutrition for balanced nutrition. In low carbohydrate intake, the glucose 

needs to be fulfilled by gluconeogenesis from amino acids, glycerol, and lactate, even while exercise. 

Nutritional science defines nine amino acids and two fatty acids (omega-3 and omega-6) as essentials,39  

and carbohydrate is not included. Therefore, in low carbohydrate intake, fat and amino acids can 

substitute the needs of glucose.  

The second common perspective is the risk of high-fat intake. In the ketogenic diet, daily intake consists 

of fat up to 80% for total caloric. However, ketosis state causing an increase in fat oxidation and lipolysis 

to form energy. Lipid profiles are all improved in the ketogenic diet. The decrease in triglyceride levels 

occurred before significant weight loss.14 The serum LDL level might be increased in the early phase of 

the diet, but it is well-established that not all LDL particles correlate with the risk of atherosclerosis. 

With the decrease in the ratio triglyceride to HDL showed an lb-LDL predominance.  

Another perspective is the toxic effect of the ketone. Low carbohydrate intake indeed increased ketone 

production as a result of accelerated fat breakdown, though, ketone level in the nutritional ketosis stage 

is far below the pathological ketosis in uncontrolled diabetic ketoacidosis (Table 2). In physiological 

ketosis, maximum ketonemia at ketone level 7/8 mM/L. The use of ketone as energy fuel and the 

control mechanism by insulin prevents the abnormal increase of ketone.40 In contrast, the blood ketone 

level in ketoacidosis can reach more than 25 mm/L with the change in blood pH. 
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Serum level Normal diet Ketogenic diet Diabetic ketoacidosis 

Glucose (mg/dl) 80-120 65-80 >300 

Insulin (μU/L) 6-23 6.6-9.4 ~0 

Ketone (mM/L) 0.1 7/8 >25 

pH 7.4 7.4 <7.3 

Table 2. Comparison of blood levels during a normal diet, ketogenic diet, and diabetic ketoacidosis.
15

 

Potential adverse effects 

Adverse effects that may occur including kidney stones formation and electrolyte imbalance. Yet, this 

effect has to be further monitored in clinical trials. 14 This effect related to the lower insulin level which 

decreases sodium reabsorption in the proximal tubule and inducing salt and water excretion.39 The salt 

deprivation leads to lightheadedness, fatigue, headache, and malaise. The addition of extra sodium to 

daily intake can prevent the salt deprivation effects. Enough hydration and potassium citrate 

supplementation are a strategy to reduce the likelihood of kidney stones formation. In a study with an 

healthy obese subject, low-carbohydrate high-protein diet with a mean two years follow up, there was 

no decrease in glomerular filtration rate, albuminuria nor electrolyte imbalance.41 

Bone demineralization related to relative acidosis conditions in the ketogenic diet has been reported to 

cause the increased prevalence of kidney stones.42 Bone phosphate seems to act as an acid buffer, 

though, in an RCT comparing low fat and low carbohydrate diet outcome after two years, both showed 

no difference in bone mineral density change from baseline.34 The supplementation of potassium citrate 

suggested the potential benefit to prevent kidney stones formation. Potassium citrate able to solubilize 

free calcium in the urine and increase urine pH to dissolve uric acid. 42 

Conclusion 

Childhood and adolescent obesity are a risk factor for obesity in adulthood. Obesity is related to 

increased inflammation and oxidative stress of which causing insulin resistance, the key pathogenesis 

for metabolic syndrome and cardiovascular disease. The benefit from nutritional ketosis state in fasting 

and low-carbohydrate diet not limited to only weight loss, but for overall improvement in cardiovascular 

disease risk. Several adverse effects are rarely reported and can be prevented. 
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