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Abstract

In order to study the pathophysiology of hypoglycemia in idiopathic ketotic hypoglycemia 

(KH) glucose kinetics during fasting in patients with KH were determined. A fasting test 

was performed in twelve children with previously documented KH. Besides determination 

of glucoregulatory hormones, plasma ketones, FFA and alanine, the rates of endogenous 

glucose production (EGP), glucose uptake, gluconeogenesis (GNG) and glycogenolysis 

(GGL) were quantified using the [6,6-2H2]glucose isotope dilution method and the 

deuterated water method. The five youngest subjects (age 2.5 – 3.9 yrs.) became 

hypoglycemic (glucose < 3.0 mmol/L) during the test. Mean differences in glucose 

kinetics between overnight fasting and the end of the test in the hypoglycemic vs. the 

normoglycemic subjects were: EGP: -31.9 % vs. -17.9 % (p = 0.007), GGL: -66.2 % vs. 

-50.8 % (p = 0.465) and GNG 6.8 % vs. 19.5 % (p = 0.465). Plasma alanine levels were 

significantly lower (p = 0.028) at the end of the test in the hypoglycemic subjects. Plasma 

ketones and FFA levels were in the normal range for fasting duration in all subjects. 

We conclude that hypoglycemia in KH is caused by the inability to sustain an adequate 

EGP during fasting in view of the higher glucose requirement in young children. The 

decrease in GGL is not accompanied by a significant increase in GNG, possibly because of 

a limitation in the supply of alanine. Our results support the hypothesis that KH represent 

the lower tail of the Gaussian distribution of fasting tolerance in children.

Abbreviations

KH   ketotic hypoglycemia

EGP   endogenous glucose production

Ra glucose  rate of appearance of glucose in plasma 

Rd glucose  rate of disappearance of glucose from plasma

GNG   rate of appearance of glucose from gluconeogenesis in plasma

GGL   rate of appearance of glucose from glycogenolysis in plasma  

GSD-0   glycogen storage disease type 0

50



Introduction

Idiopathic ketotic hypoglycemia (KH), also named “toddlers’ hypoglycemia”, is the 

most common cause of hypoglycemia in childhood. KH is characterized by episodes 

of hypoglycemia with high ketone levels in plasma and urine, provoked by periods of 

fasting often in combination with an intercurrent illness (1-3). Beyond the age of six, a 

spontaneous remission of KH is usually seen. 

The pathophysiology of KH has not been fully elucidated. A dysfunctional glycogenolysis 

has been ruled out because of a normal postprandial glycemic response to glucagon in 

children with KH (4;5). Insufficient gluconeogenesis due to a limitation of precursor supply 

was proposed on the basis of decreased plasma levels of gluconeogenic amino acids, 

especially of alanine (4;5). Alternatively, peripheral glucose uptake may be increased in 

KH because of hampered ketone body utilization, thereby increasing glucose demand.

Others have postulated that KH is not a true disease, but represents the lower tail of 

the Gaussian distribution of fasting tolerance in children (6;7). This was supported by the 

observation that hypoglycemia occurred in a subset of healthy children after a relatively 

short fast (8-10).

In order to establish if fasting hypoglycemia in KH is due to insufficient endogenous 

glucose production (EGP) or to enhanced peripheral glucose uptake, we studied the rate 

of appearance (Ra glucose) and disappearance (Rd glucose) of glucose in plasma using 

the [6,6-2H2]glucose isotope dilution method (11;12) in twelve children with previously 

documented KH. In addition, the relative contributions of gluconeogenesis (GNG) and 

glycogenolysis (GGL) to EGP were quantified using the deuterated water method (12;13).

Materials and Methods

Subjects

Twelve children with a history of at least one documented episode of ketotic 

hypoglycemia (plasma glucose < 3.0 mmol/L with a marked ketonuria in urine collected 

immediately after the detection of the hypoglycemia) were included in our protocol. In all 

subjects, extensive metabolic evaluation, including organic acid analysis in urine, plasma 

acylcarnitine profiling and plasma amino acid analysis, as well as a full endocrinologic 

evaluation did not reveal a metabolic or endocrine disorder. Additionally, all subjects who 

became hypoglycemic during this study were screened for GYS2 mutations, sequencing 

all exons including exon/intron flanking regions, in order to exclude Glycogen Storage 

Disease type 0 (glycogen synthase deficiency; MIM#240600) which may closely mimic 

idiopathic KH (14). Either parents or legal guardians of the subjects gave informed 

consent prior to the studies. The study was approved by the institutional review board. 

The subject characteristics are summarized in Table 1.
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Study design

All subjects were admitted one day before the fasting test. An intravenous catheter 

was inserted into an antecubital vein of each arm after topical application of lidocaine 

cream. One catheter was used for administration of [6,6-2H2]glucose and the other for 

blood sampling. A blood sample was collected to determine the background enrichment 

of deuterated water in plasma. Fasting was started after the consumption of a regular 

evening meal. All subjects remained fasted throughout the duration of the test and 

were maintained on bed rest. After the evening meal, all subjects were given deuterium 

enriched water (99% pure; Cambridge Isotope Laboratories, Cambridge, MA) at a dose 

of 5 g per kg body water divided in 5 doses within 120 minutes (15). The total amount of 

body water (kg) in the subjects was estimated as 65% (until age 10 y) or 60% (from age 

10 y) of the body weight (kg) (16). Thereafter, subjects were only allowed to drink tap 

water enriched with 0.5% deuterated water ad libitum until completion of the test. At 8 

a.m. the next day, after 12 to 14 hrs of fasting and after collection of a blood sample to 

determine the background enrichment of [6,6-2H2]glucose in plasma, a primed continuous 

infusion of [6,6-2H2]glucose (99% pure; Cambridge Isotope Laboratories, Cambridge, 

MA) was started (bolus: 17.6-52.7 μmol/kg, continuous: 0.22-0.67 μmol/kg·min, both 

depending on the age of the subject in order to reach 1-2 % plasma enrichment) (11). 

Blood samples were drawn at regular time intervals and more frequently when subjects 

became hypoglycemic or towards the end of the test (Figure 1). Total blood volume drawn 

did not exceed 5% of total estimated blood volume in the subjects. Blood samples were 

centrifuged at 3000 rpm for 10 min, after which the plasma was collected and stored 

at -20°C until analysis. Blood samples for determination of fractional gluconeogenesis 

were immediately deproteinized after collection by adding an equal amount of 10% 

Table 1. Subject characteristics

Subjects Sex Age (y) Height (m) Weight (kg)

Patient 1 M 2.5 1.00 (+2.0 SDS) 21.4 (+3.0 SDS)

Patient 2 F 2.8 0.93 (-0.5 SDS) 13.0 (-0.7 SDS)

Patient 3 M 3.3 1.01 (0 SDS) 16.5 (0 SDS)

Patient 4 F 3.8 1.06 (+0.8 SDS) 16.8 (-0.5 SDS) 

Patient 5 M 3.9 1.05 (0 SDS) 16.2 (-0.7 SDS)

Patient 6 M 4.2 0.98 (-2.0 SDS) 16.0 (+0.5 SDS)

Patient 7 F 4.4 1.00 (-0.5 SDS) 18.2 (+0.8 SDS)

Patient 8 F 5.0 1.14 (+0.5 SDS) 21.8 (+0.7 SDS)

Patient 9 M 6.5 1.22 (-0.5 SDS) 25.3 (+0.8 SDS)

Patient 10 M 6.7 1.22 (-1.2 SDS) 22.4 (-0.2 SDS)

Patient 11 M 7.4 1.27 (-0.5 SDS) 26.5 (+0.5 SDS)

Patient 12 M 11.5 1.30 (-2.2 SDS) 29.1 (+0.7 SDS)
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perchloric acid. These samples were centrifuged at 4000 rpm for 20 min, after which 

the supernatant was collected and stored at -20°C until analysis. Blood glucose levels 

were monitored every hour and more frequently when glucose levels dropped below 3.5 

mmol/L. Hypoglycemia was defined as a plasma glucose level below 3.0 mmol/L (17). The 

fasting test was terminated either when the blood glucose level was ≤ 2.5 mmol/L or when 

clinical symptoms of hypoglycemia occurred, or after 22 hrs of fasting. After cessation of 

the test, subjects were immediately given carbohydrate rich drinks and a meal.

Analytical methods

Plasma glucose concentration: plasma glucose levels were analyzed with the hexokinase 

method on a Roche MODULAR P800 analyzer (Roche Diagnostics GmbH, Mannheim, 

Germany). 

Plasma [6,6-2H2]glucose enrichment: plasma glucose enrichments were determined as 

described previously (15). Briefly, plasma was deproteinized with methanol and evaporated 

to dryness. The extract was derivatized with hydroxylamine and acetic anhydride (18). 

The aldonitrile pentaacetate derivative of glucose was extracted into methylene chloride 

and evaporated to dryness. The extract was reconstituted in ethylacetate and injected 

into a gas chromatograph/mass spectrometer (HP 6890 series GC system and 5973 Mass 

Selective Detector, Agilent Technologies, Palo Alto, CA, USA). Separation was achieved 

on a J&W DB17 column (30 m x 0.25 mm, df 0.25 μm; J&W Scientific, Folsom, CA). 

Glucose ions were monitored at m/z 187, 188 and 189. The isotopic enrichment of 

glucose was determined by dividing the peak area of m/z 189 by the peak area of m/z 

187, after correction for background enrichment of [6,6-2H2]glucose.

Deuterium enrichment in glucose at position C5 and in plasma water: glucose was 

converted to a hexamethylene tetra-amine (13;15). Hexamethylene tetra-amine was 

injected into a gas chromatograph/mass spectrometer (HP 6890 series GC system and 

5973 Mass Selective Detector, Agilent Technologies, Palo Alto, CA, USA). Separation was 

Figure 1. Study protocol. After an overnight fast (14 – 16 hrs of fasting) a primed continuous 
infusion of [6,6-2H2]glucose was started at 8 a.m. and continued until 4 p.m., or until subjects 
became hypoglycemic. Blood samples were drawn hourly, or every 30 min. in subjects older than 5 
yrs (dotted arrows), and more frequently at 10 a.m. and the end of the test. 
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achieved on an AT-amine column (30 m x 0.25 mm, df 0.25 μm; Alltech Associates Inc, 

Deerfield, IL, USA). Hexamethylene tetra-amine ions were monitored at m/z 140 and 

141. Deuterium enrichment in plasma was determined by a method adapted from Previs 

et al (19). 

Hormones: plasma insulin and cortisol concentrations were determined on an Immulite 

2000 system (Diagnostic Products Corporation, LA, USA). Insulin was measured with a 

chemiluminescent immunometric assay, cortisol was measured with a chemiluminescent 

immuno assay. Glucagon was determined by RIA (Linco Research, St. Charles, MO, USA). 

Norepinephrine and epinephrine were measured by an in-house HPLC method. Plasma 

free fatty acid (FFA) levels were measured by an enzymatic method (NEFAC; Wako 

Chemicals GmbH, Neuss, Germany).

Plasma ketones and alanine levels: plasma ketone bodies, acetoacetate and 

3-hydroxybutyrate, were measured with an enzymatic/spectrophotometric method using 

D-3-hydroxybutyrate dehydrogenase (20). Plasma alanine was determined using reversed-

phase HPLC combined with electrospray tandem mass spectrometry of the underivatized 

amino acid.

Calculations and statistical analysis

Rates of appearance and disappearance of glucose: the rates of appearance and 

disappearance of glucose in plasma (Ra glucose and Rd glucose), reflecting whole body 

endogenous glucose production (EGP) and whole body glucose uptake during fasting, 

were calculated with Steele’s non-steady-state equations using body weight of the 

subjects (21). The fraction of the total extracellular glucose pool was assumed to be 

equal to the extracellular water compartment, which was between 20% and 25% of 

body weight in the subjects studied (16). A correction was made for subject 1, who was 

overweight, since this would underestimate Ra glucose and Rd glucose in this subject. 

Therefore, in the calculations his body weight was estimated at the 50th percentile.

Absolute gluconeogenesis and glycogenolysis: absolute gluconeogenesis (GNG) 

was calculated by multiplying Ra glucose by the fractional gluconeogenesis (fracGNG). 

FracGNG was calculated as follows (13):

[1] 

Absolute glycogenolysis (GGL) was calculated by subtracting absolute GNG from Ra 

glucose.

Statistical analysis: data are presented as median (range). Data expressed as percentages 

are presented as mean (95 % confidence interval). Spearman’s correlation coefficients 

were calculated for the associations between Ra glucose at baseline and the age of the 

subjects, Ra glucose and Rd glucose, and Ra glucose and plasma glucose in the subjects. 

The Mann-Whitney U test was used to determine statistically significant differences 

deuterium enrichment in glucose at C5
fracGNG(%) 100%

deuterium enrichment in plasma water
= ⋅

54



between groups. Within group comparison was done with the Wilcoxon Signed Ranks 

test. A p-value of < 0.05 was considered to be statistically significant. All statistical 

analyses were performed using SPSS 12.0.2 software (SPSS Inc., Chicago, Illinois).

Results

Plasma values

After an overnight fast (14 – 16 hrs of fasting) plasma glucose levels were in the normal 

range in all twelve subjects (Table 2). From that time onwards, a significant decrease (p 

= 0.002) in plasma glucose levels during fasting was seen in all subjects. Hypoglycemia 

occurred in five of the twelve subjects after 20 – 22 hrs of fasting (Table 2). None of these 

subjects required intravenous glucose supplementation to correct the hypoglycemia. 

Mean decrease in plasma glucose during fasting was -40.6 (-22.9 – -58.3) % in the 

hypoglycemic subjects and -20.3 (-14.6 – -25.9) % in the normoglycemic subjects (p = 

0.019).

Plasma alanine levels in the subjects after overnight fasting and at the end of the test 

are described in Table 2. At the end of the test plasma alanine levels were significantly 

lower (p = 0.028) in the hypoglycemic subjects.

Plasma levels of glucoregulatory hormones, plasma FFA, acetoacetate, 3-hydroxy-

butyrate at the end of the test in both groups are listed in Table 3. Plasma glucagon levels 

were significantly higher (p = 0.028) in the hypoglycemic subjects. Plasma insulin levels at 

the end of the test were (near) undetectable in all subjects.

Mutation analysis of the GYS2 gene

In the five subjects that became hypoglycemic during the test all GYS2 exons, including 

the flanking exon/intron regions, were sequenced. Primer sequences are available on 

request. None of the hypoglycemic subjects exhibited any mutations in the GYS2 gene, 

excluding GSD-0 as a cause for the ketotic hypoglycemia (14).

Age distribution

The median age was 3.3 (2.5 – 3.9) yrs. in the group of patients who became hypo-

glycemic and 6.5 (4.2 – 11.5) yrs. in the group of patients who maintained normoglycemia 

(p = 0.004).

Glucose kinetics

Rates of appearance (Ra glucose) and disappearance (Rd glucose) of glucose: in all subjects, 

a significant decrease in Ra glucose was observed during fasting (p = 0.002; Table 2). The 

mean decrease in Ra glucose between overnight fasting and the end of the test was -31.9 

(-20.3 – -43.5) % in the hypoglycemic subjects and -17.9 (-13.6 – -22.2) % in the subjects 
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who maintained normoglycemia (p = 0.007) (Figure 2). A strong correlation was found 

between plasma glucose levels and Ra glucose during the test in all subjects who became 

hypoglycemic (R 0.80 – 0.93, p-values of 0.005 – <0.001), whereas this correlation was 

less marked in the subjects who maintained normoglycemia (R 0.60 – 0.98, p-values of 

0.085 – <0.001). After overnight fasting, Ra glucose was inversely correlated with age (R 

= 0.93; p <0.001).

Rd glucose decreased significantly during the test (p = 0.002) and almost equaled Ra 

glucose throughout the test in all subjects (Table 2).

Table 2. Plasma glucose, plasma alanine and glucose kinetics after overnight fasting and at the end 
of the test  

Subject Glucose (μmol/L)  Alanine (μmol/L)  Ra glucose (μmol/kg·min)

overnight end test Δ (%) overnight end test Δ (%) overnight end test Δ (%)

1a 4.8 2.0 -58.3 164 125 -23.8 38.5 21.2 -45.0

2 4.0 2.9 -27.5 173 152 -12.1 37.8 26.8 -29.0

3 4.7 2.5 -46.8 172 100 -41.9 39.6 24.7 -37.6

4 4.0 2.8 -30.0 155 125 -19.3 31.2 24.5 -21.7

5 4.2 2.3 -45.2 197 91 -53.8 38.4 28.4 -26.1

6 4.9 4.4 -10.2 171 166 -2.9 28.9 22.7 -21.6

7 4.9 3.9 -20.4 203 139 -31.5 30.2 22.8 -24.6

8 4.7 3.8 -19.1 153 134 -12.4 25.7 22.2 -13.5

9 4.6 3.2 -30.4 158 135 -14.6 21.7 17.8 -18.2

10 4.8 3.8 -20.8 211 227 +7.6 23.8 21.1 -11.4

11 4.6 3.8 -17.4 222 141 -36.5 19.0 15.2 -20.0

12 5.1 3.9 -23.5 241 174 -37.8 19.9 16.8 -15.7

a Glucose kinetics in this patient were calculated using weight estimated at the 50th percentile

Table 3. Plasma hormones, FFA, ketones and alanine at the end of the fasting test

Parameter Normoglycemic (n=7) Hypoglycemic (n=5) P-valuea

Glucagon (ng/L) 110 (50 – 140) 189 (108 – 650) 0.028

Cortisol (nmol/L) 459 (233 – 1070) 843 (573 – 1116) 0.062

Epinephrine (nmol/L) 1.15 (0.11 – 3.50)  6.46 (0.67 – 8.07) 0.372

Norepinephrine (nmol/L) 1.25 (0.76 – 2.94) 2.34 (1.02 – 4.61) 0.167

FFA (mmol/L) 2.22 (1.02 – 3.08) 2.05 (1.32 – 3.20) 0.685

3-OH-butyrate (mmol/L) 1.7 (0.6 – 2.5) 2.3 (1.4 – 3.7) 0.222

Acetoacetate (mmol/L) 0.71 (0.26 – 1.00) 0.94 (0.66 – 1.47)b 0.131

a Hypoglycemic group vs. normoglycemic group
b n=4
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 GNG (μmol/kg·min)  GGL (μmol/kg·min)  Rd glucose (μmol/kg·min)

overnight end test Δ (%) overnight end test Δ (%) overnight end test Δ (%)

16.8 20.4 +21.7 21.8 0.6 -97.3 38.9 21.6 -44.5

19.9 21.7 +9.2 17.9 5.1 -71.6 37.8 25.2 -33.4

14.1 10.9 -22.9 25.5 13.8 -45.8 39.6 24.2 -38.9

15.6 21.1 +35.2 15.6 3.3 -78.9 31.2 23.7 -24.3

15.3 13.8 -9.4 23.1 14.5 -37.2 39.2 28.8 -26.6

11.7 14.0 +19.5 17.2 8.7 -49.4 28.5 22.7 -20.4

8.3 11.1 +33.4 21.9 11.7 -46.6 30.2 23.3 -22.9

14.5 12.6 -13.5 11.1 9.6 -13.6 25.7 22.1 -13.8

13.6 15.2 +11.5 8.1 2.6 -67.9 21.8 17.8 -18.2

13.1 19.2 +46.5 10.6 1.8 -83.1 23.8 21.1 -11.5

8.5 12.7 +49.4 10.5 2.5 -76.2 19.0 14.1 -25.8

6.6 5.9 -10.3 13.3 10.9 -18.3 19.9 16.8 -15.8

Rates of gluconeogenesis (GNG) and glycogenolysis (GGL): no significant differences 

were detected between GNG after an overnight fast and at the end of the test, 

even after two sets of analyses: the total group of subjects (p = 0.071), and separate 

analysis of subjects who became hypoglycemic (p = 0.345) and those who maintained 

normoglycemia at the end of the test (p = 0.091). The mean difference was 6.8 (-22.2 – 

35.7) % in the hypoglycemic group and 19.5 (-4.0 – 43.0) % in the normoglycemic group 

(p = 0.465) (Figure 2). 

GGL decreased significantly in all subjects during the test (p = 0.002; Table 2). The 

mean difference in GGL was -66.2 (-35.7 – -96.7) % in the hypoglycemic subjects and 

-50.8 (-25.6 – -76.1) % in the normoglycemic subjects (p = 0.465) (Figure 2).

Discussion

In this study, fasting glucose fluxes, including both glycogenolysis (GGL) as well as 

gluconeogenesis (GNG), were determined in twelve children with previously established 

idiopathic KH. We demonstrated that the significant decrease in plasma glucose seen 

between overnight fasting (14 – 16 hrs of fasting) and the end of the test (20 – 22 hrs 

of fasting) as observed in all twelve subjects, was caused by a significant decrease in 

endogenous glucose production (EGP) and not by an inadequate high peripheral glucose 

uptake. The observed decrease in EGP was significantly more pronounced in those five 
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subjects who became hypoglycemic, indicating an inability to maintain an adequate 

glucose production. This suggests that EGP is the main denominator of plasma glucose 

concentration in children. These data confirm the recent results of Bodamer et al (22), 

who also demonstrated a lower EGP in nine children with KH vs. eleven control subjects. 

However, they did not determine the differential contributions of GGL and GNG to EGP 

in KH.

Our data show that the observed decrease in EGP resulted from a significant decrease 

in GGL without a significant compensatory increase in GNG, despite raised levels of 

plasma FFA, glucagon and epinephrine levels, all potent stimuli of gluconeogenesis 

(23). The gluconeogenic enzymatic pathway has been proven intact since an adequate 

glycemic response to administered gluconeogenic precursors was observed in KH 

patients (5;8). A limitation in the availability of the gluconeogenic amino acid alanine 

potentially hampering an adequate gluconeogenic response has been suggested as a 

factor in the pathophysiology of KH (4;5). Limited availability of alanine has indeed been 

shown to limit gluconeogenesis in children (24). In our study plasma alanine levels were 

significantly lower in those subjects who experienced hypoglycemia. Alanine production 

may be limited in KH as the amino group for alanine synthesis is derived from branched 

chain amino acid oxidation (25;26) and a lower leucine oxidation was detected in KH 

patients (22). 

Despite this, it is not clear if the observed inability to increase GNG sufficiently to 

compensate for decreased GGL during fasting is indeed pathologic. It is known that in 

adults GGL and GNG both contribute approximately 50 % to EGP after an overnight 

fast. During prolonged fasting the relative contribution of GGL decreases as glycogen 

stores become depleted, whereas the contribution of GNG comprises over 90 % of EGP 

beyond 40 hrs of fasting. However, in absolute sense GNG only marginally increases 

during prolonged fasting in adults (27;28). Hypoglycemia is then prevented by inhibition 

of insulin dependent glucose uptake via metabolites of free fatty acids and via production 

of ketone bodies as another alternative energy substrate (29;30).

Figure 2. Mean difference (95 % 
confidence interval) in Ra glucose, 
GGL and GNG between overnight 
fasting (14 -16 hrs of fasting) and at 
the end of the test (20 – 22 hrs of 
fasting) in the hypoglycemic (open 
bars; n=5) and normoglycemic 
subjects (closed bars; n=7).
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p = 0.007 p = 0.465
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Our results suggest that normoglycemia in the five youngest children could not be 

maintained in the presence of a relatively high glucose demand. This high demand can 

be explained by the higher glucose requirement per kg bodyweight in young children in 

comparison to older children and adults as a consequence of the higher brain mass to 

body mass ratio and cerebral glucose utilization being the major contributor to peripheral 

glucose uptake (31;32). Thus, hepatic glycogen stores in young children will become 

more rapidly depleted during fasting, increasing the dependency on gluconeogenesis. 

This would be in line with the observation that a complete remission of KH is usually seen 

with increasing age. 

All our subjects showed an appropriate hormonal response in relation to their plasma 

glucose levels at the end of the test, as well as a physiological increase in plasma FFA 

and plasma ketones in relation to the duration of the fast (17). This suggests a normal 

metabolic and endocrinologic adaptation to fasting. Impaired ketone body utilization 

in our subjects also seems unlikely. Supra-physiological levels of plasma ketones would 

then be expected as well as an increased peripheral glucose uptake. However, peripheral 

glucose uptake decreased almost equally to EGP in all subjects.

Taken together, our results suggest that KH may not be a pathological condition, but 

merely represents a subset of healthy young children with a limited fasting tolerance, 

representing the lower tail of the Gaussian distribution of the normal fasting response in 

children. However, KH remains a disorder that can only be established after full elimination 

of metabolic and endocrinologic diseases that can give rise to ketotic hypoglycemia. 

Therefore, a full diagnostic work-up in all children presenting with unexplained ketotic 

hypoglycemia remains essential. Management of patients with idiopathic KH should 

include recommendations on avoidance of prolonged fasting, especially in the presence 

of an infectious disease. Finally, assessment of fasting tolerance at a later age may be 

important in order to decide on relaxation of the fasting restrictions.

In conclusion, our data suggest that in KH the higher glucose demand in young children 

due to the high brain-to-body mass ratio can not be balanced by EGP during fasting 

because the decrease in GGL is not accompanied by an increase in GNG. A subnormal 

supply of the gluconeogenic amino acid alanine may be indicated in the inability to 

upregulate gluconeogenesis despite hormonal stimulation. We suggest that KH is not a 

pathological condition but represents the lower tail of the Gaussian distribution of fasting 

tolerance in children.
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