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Carbohydrates are the major source of energy for humans. Following their digestion, almost all ingested
carbohydrates are converted to glucose. Glucose is the primary oxidative fuel for the brain. Although few studies
have been done in infants and children to define the upper and lower limits of carbohydrate intake, such
information may be derived from the published data on glucose metabolism in vivo. The upper and lower limits
are determined by the need to provide for total energy expenditure, need for other essential nutrients such as
protein and fats, requirements of the glucose dependent tissues such as the brain, and the need to minimize the
protein cost of gluconeogenesis and thus irreversible loss of nitrogen. With these considerations, the upper and
lower boundaries of carbohydrate intake in relation to age are described.

Introduction

Glucose is the most abundant endogenous carbohydrate in
humans. It is a major source of energy for the brain and
other vital organs. In addition, it is an important carbon
source for the de novo synthesis of fatty acids and a number
of amino acids. The majority of exogenously administered
carbohydrates are metabolized following their conversion
to glucose. Limited information is available regarding the
changes in whole body metabolism at the upper and lower
limits of carbohydrate intake in infants and children, there-
fore such data can only be inferred from the available
information on glucose metabolism in vivo.

Defining the upper and lower limits of carbohydrate
intake in infants and children is difficult due to the paucity
of such information. The majority of scientific data on
glucose and energy metabolism have been obtained in the
newborn period—a critical transitional phase of metabolic
adaptations and focus of inquiry for a long time. Very few
studies have been performed in children between one year
and puberty. Data for this period cannot be extrapolated,
neither from the newborn nor from the adolescent or adult,
because of the impact of growth, in particular the impact of
differences in growth of various organs at different periods
during this time (Falkner & Tanner, 1986). Finally, few
studies have reported the impact of the type of carbohy-
drates such as lactose, sucrose or glucose polymer, on
whole body metabolism in infants and children. Although
lactose has been shown to enhance calcium absorption, and
glucose polymers can impact gastric emptying, the effect of
these carbohydrates on physiological processes such as
fatty acid synthesis and nitrogen accretion have not been
determined (Ziegler & Fomon, 1983; Stathos et al, 1996;
Wirth et al, 1990; DeCurtis et al, 1986; Southgate, 1995).
In this context, it is significant to note that lactose is a
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primary carbohydrate source for the human neonate and
child, and the biological advantage of one of its constituent
hexoses, galactose, remains to be defined. Recognizing
these limitations, in the following review an attempt is
made to define the acceptable intake of carbohydrates based
upon available scientific data. Only those studies that have
been performed in clearly defined circumstances have been
used to make such comparisons, and therefore the review is
not all-inclusive.

Basis for calculation of acceptable intakes

The boundaries of acceptable intake of carbohydrate may
be inferred from the following:

1. Rate of endogenous production and utilization of glu-
cose

2. Response to administration of glucose

3. Glucose utilization by the brain

4. Relation between glucose/carbohydrate intake and
nitrogen sparing

5. Basal and total energy expenditure

6. Effect of the type of carbohydrate such as sucrose,
lactose, etc., on metabolism

Rates of production and utilization of glucose

Quantitative estimates of rates of production and utilization
of glucose in infants and children have been performed
using stable isotopic tracers. The majority of these inves-
tigations are limited to the immediate newborn period with
a few studies in older children and adolescents. In addition,
more recent data are, for the most part, confined to
premature low birth weight infants. Estimates of the rate
of appearance of glucose (Ra) can be influenced by the
tracer isotope used (Kalhan, 1996) and by the particular
population studied. The data displayed in Table 1 are taken
from multiple sources (Bier et al, 1977; Denne & Kalhan,
1986; Patel & Kalhan, 1992; Kalhan et al, 1986; King ef al,



1982; Cowett et al, 1983; Sunehag et al, 1993; Kalhan,
1994; Arslanian & Kalhan, 1992, 1994; Austin et al, 1994,
Amiel et al, 1991; Tserng & Kalhan, 1983). The rates of
glucose turnover in the preterm infants are approximated
from published reports because of the scarcity of true basal
data in this population. The rates of appearance of glucose
shown in Table 1 represent estimates made during the basal
state. The rates of oxidation of glucose are calculated from
the measurements of respiratory quotient (RQ). The endo-
genous rate of production of glucose expressed per kg body
weight is highest in the immediate neonatal period and
gradually decreases with age. During puberty the rate of
production of glucose is significantly higher than that in
adults (Arslanian & Kalhan, 1992, 1994; Austin et al, 1994,
Amiel et al, 1991; Tserng & Kalhan, 1983). Based on
respiratory exchange data, it can be inferred that 65—75%
of glucose produced (Ra) is oxidized to carbon dioxide.
Such a rate of oxidation will meet only ~50% of the
energy need at any age. We chose to calculate oxidation of
glucose from respiratory quotient data rather than tracer
isotope data because respiratory calorimetry data include
all sources of glucose oxidized including intracellular
glycogen (Glamour et al, 1995).

Response to administration of glucose

The relation between exogenously administered glucose
and the contribution of carbohydrate to total energy was
systematically evaluated in normal healthy adults by Gla-
mour et al (1995). Fourteen healthy non-diabetic adults
were studied either during fasting or during intravenous
glucose infusion at constant rate. As anticipated, there was
suppression of endogenous glucose production in response

Table 1 Basal rates of appearance (Ra) and oxidation of glucose in
children

Glucose Ra“ Glucose Oxidation®

(mg/kgmin)  (g/kg-d) (% Ra)  (g/kg-d)
Preterm infant ~8.0 11.5 ? ?
Term infant 5.0 7.2 65 4.7
Child ~4.0 5.8 ? ?
Adolescent 3.0 43 75 32
Adult 2.0 2.9 73 2.2

?Average from several studies (detail in text).
“Calculated from respiratory gas exchange.
? Data not available.
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Figure 1 Correlation between rate of appearance of glucose measured by

isotopic tracer dilution and non-protein respiratory quotient (NPRQ) in
normal healthy adults (Reproduced with permission, Glamour ef al, 1995).
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to glucose infusion with complete suppression at high rates
of infusion. Figure 1 shows a linear correlation between the
total rate of appearance of glucose in circulation, as
measured by isotopic tracer dilution, and the non-protein
respiratory quotient (RQ), so that at glucose Ra of
30 umol/kg-min (5.4 mg/kg-min or 7.8 g/kg-d), the non-
protein RQ became equal to 1.0, suggesting that the entire
non-protein energy needs were met by carbohydrate oxi-
dation. A carbohydrate intake of 7.8 g/kg-d will correspond
to ~30kcal/kg-d or 2100 kcal for a 70 kg adult. When the
contribution of glucose to CO, was measured by tracer C, a
constant fraction 50—60% of glucose C appeared in CO,.
The biological significance of this observation is unclear
and may represent the relation between pyruvate cycling
and the cycling of carbon in the TCA cycle (Glamour et al,
1995). Nonetheless these data are important as they point to
the problems of tracer-determined oxidation of glucose.
Based upon respiratory calorimetry studies, all the daily
energy expenditure can be met when carbohydrates alone
are administered as nutrient source. In human adults, this
will correspond to 7.8 g/kg-d.

The rates of oxidation of glucose and its contribution to
energy consumption have been examined in preterm and
term newborn infants in response to glucose alone or with
amino acid and fat administration. The majority of these
studies have utilized '*C labeled tracers and quantified the
appearance of '>C in expired CO,. Sauer et al (1986)
studied 16 infants born at 36.3 £0.9 weeks gestation at
~ 14 days after birth. All infants were recovering from
gastrointestinal illness or surgery and were receiving exo-
genous glucose infusion. The rate of glucose infusion
varied form 10 to 24 g/kg-d (Figure 2). Glucose kinetics
were measured using [U-'>C]glucose tracer. The rate of
oxidation of glucose was quantified both from respiratory
gas exchange (termed glucose utilization) and from the
appearance of '>C in CO, (termed glucose oxidation). Their
data show that newborn infants can utilize increasing
amounts of glucose in order to meet energy demands. In
addition, the use of isotopic tracers, as in adults, results in
underestimation of the contribution of glucose to CO, when
compared with data obtained from respiratory calorimetry
measurements. In fact, at any rate of appearance of glucose
(Ra), the fractional contribution of glucose C to breath CO,
as measured by '*C tracer was approximately 50%. Other
investigators have also observed similar results when glu-
cose oxidation was estimated using '*C labeled glucose
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Figure 2 Relation between glucose intake and glucose utilization (mea-
sured by respiratory calorimetry) and oxidation (measured by '*C appear-
ance in CO2) during infusion of [U-'*C]glucose in newborn infants
(Reproduced with permission, Sauer ef al, 1986).
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Table 2 Glucose Ra and oxidation in newborn infants

Total Glucose Ra* Ro/Ra®
Study  Subjects  Nutrients NPRQ (mg/kg-min) (%)
[1] Term G/AA — 16.8 50
2] Preterm
AGA G — 6.0 50
SGA G — 5.3 50
[3] Preterm G/AA 1.04 12.6 53
G/AA/F 096 9.9 45
[4] Preterm
AGA G/AA 0.97 7.9 56
SGA G/AA 0.93 8.1 66

[1] Sauer et al, 1986; [2] Van Goudoever et al, 1993; [3] Van Aerde et al,
1989; [4] Lafeber et al, 1990.

*Total glucose Ra was measured by tracer dilution during [U-'>C]glucose
infusion and glucose oxidation (Ro) by the appearance of *C in CO,.

during the administration of different nutrient combina-
tions, that is, with and without amino acids and fat (Table
2) (VanGoudoever et al, 1993; Van Aerde et al, 1989,
Lafeber et al, 1990). All of these data together suggest that
exogenous glucose can be used to provide for all the energy
needs of infants. Similar studies have not been reported in
older children and adolescents.

Glucose utilization by the brain

The brain, along with the renal medulla, and red and white
blood cells, is the primary consumer of glucose in the body.
Of these, the brain appears to be quantitatively the major
organ utilizing glucose in vivo. Detailed studies of oxygen
and glucose consumption by the brain under optimal basal
conditions in normal infants and children have not been
reported. This is in part the consequence of lack of easy
accessibility of this organ for such studies. Previous studies
have quantified oxygen and glucose consumption by the
brain in anesthetized or unanesthetized children using
Fick’s principle (Settergren et al, 1976, 1980; Mehta et
al, 1977; Kennedy & Sokoloff, 1957; Kennedy, 1956;
Sokoloff et al, 1977). Arterio-venous gradients of glucose,
oxygen, lactate, pyruvate and ketones were measured
across the brain. Cerebral blood flow was estimated by
the nitrous oxide uptake method (Kennedy & Sokoloff,
1957; Kennedy, 1956). Although the concentrations of the
various substrates in the arterial and venous blood could be
measured with minimal errors, the variance in the estimated
cerebral blood flow was relatively large, leading to a wide
range in the estimates of glucose and oxygen consumption.
Recently, a number of investigators have reported regional
rates of glucose consumption by the brain using '*F-2-
fluoro-2-deoxyglucose and positron emission tomography
(PET) (Hatazawa et al, 1987; Chugani, 1993; Chugani &
Phelps, 1986; Chugani et al, 1987; Kinnala et al, 1996;
Suhonen-Polvi et al, 1993). These studies are also con-
founded by the lack of true normative data. For example,
several of such studies were performed on infants who had
suffered perinatal asphyxia. Although these infants recov-
ered completely neurologically, the PET data obtained in
the immediate neonatal period, that is, soon after perinatal
trauma, could not be considered to represent a normal state
since (perinatal) asphyxia itself with or without edema has
been suggested to decrease cerebral metabolic rate (Suhonen-
Polvi et al, 1993). In the following, we have extracted as
much as possible the ‘most’ normative data on glucose and
oxygen consumption by the brain from the published

studies. In order to examine the impact of age and
growth, we have first presented changes in brain size with
increasing age before quantifying the rates of glucose
consumption and oxidation.

Changes in brain weight with age. Quantitative measure-
ments of brain weight from autopsy data have been
reported by Dobbing and Sands (1973) and by Dekaban
and Sadowsky (1978). As shown in Figure 3, a linear
correlation between brain weight and body weight was
observed up to 10kg body weight (corresponding to
approximately 1 year) followed by a decreased rate of
brain growth until the adult size was achieved. The
data were expressed as (brain weight/body weight
ratio) x 100 =13.6435 — 0.3673 x body weight. The sec-
ond report (Dekaban & Sadowsky, 1978) plots the relation
between body weight and brain weight from over 5000
autopsy studies (Figure 4). As shown, there is a rapid
increase in brain weight in both sexes until the body
weight reaches about 18kg (4—5 y of age); thereafter the
increase in brain weight is much slower so that by 7—8 y
(~25kg body weight), the brain has almost reached the
adult size. Thus the brain’s metabolic/nutritional require-
ments in a 7- to 8-year-old child should almost correspond
to that of an adult, while those of a 4- to 5-year-old will be
slightly less. .

Cerebral uptake of oxygen and glucose. The rate of
glucose consumption by the brain can be calculated from
published O, consumption data and changes in brain mass
in relation to age. Several studies in the literature have
quantified oxygen uptake by the brain by measuring the rate
of cerebral blood flow and arteriovenous oxygen gradient.
These data are summarized in Table 3. The average rate of
oxygen consumption in children was 235 pmol/100 g-min.
Two studies (Settergren et al, 1976, 1980) recorded lower
rates of oxygen consumption, 104 and 135 pmol/
100 g-min. These measurements were done while the chil-
dren were under general anesthesia in preparation for
surgery. In adults, the average rate of oxygen consump-
tion was 160mol/100 g-min (Kennedy & Sokoloff, 1957,
Kennedy, 1956; Sokoloff et al, 1977). Since each mole of
glucose consumes 6 moles of oxygen, and assuming all the
oxidative energy of the brain is derived from glucose, these
oxygen consumption data can be transformed into glucose
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Figure 3 Relation between body weight and brain weight in children
(Reproduced with permission, Dobbing & Sands, 1973).



Table 3 Cerebral uptake of oxygen and glucose
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02 Consumption

Glucose Equivalent
(02 Consumption/6)

Glucose Consumption
(measured)

Study Age (range, n) (umol/ 100 g-min) (umol/ 100 g-min) (umol/ 100 g-min)
[1] 5 months (11 days—12 months, n =12)* 104.4£8.0 17.4 272+£6.2

[2] 11 months £2 (n=10) 258.7+£15.8 43.1 65.6+£29

[3] 11 days—15 years (n=70)* 134.8+£5.6 224 248422

[4] 6.1 years£0.9 (3—11 years, n=9) 230.8+10.2 38.4

[5] 6.2 years (n=26) 227.6+14.2 379

[6] Children 232.1 38.6

[7] 21.8 years (n=12) 149.1+10.2 24.8

[8] 24.5 years £ 0.8 (n=12) 186.6 £20.9 31.1

[9] Adult 156.25 26.0 30.5

[1] Settergren et al, 1976; [2] Mehta et al, 1977; [3] Settergren et al, 1980; [4 & 8] Kennedy & Sokoloff, 1957; [5 & 7] Kennedy, 1956; [6 & 9] Sokoloff et

al, 1977.
Studies were performed under general anesthesia.

Average cerebral oxygen consumption for children =235 umol/100 g-brainwt-min~" (average of [2], [4], [5], [6]), and for adults 160 umol/100 g

brain wt-min~" (average of [7], [8], [9]).

equivalent of 39 umol/100 g-min in children and 26 pmol/
100 g-min in adults. The calculations are lower than actual
measurements in children (65.9 £ 2.9, study 2, Table 3), and
similar to the one actually reported in adults
(30.5 umol/100 g'min, study 9). These average data of
oxygen consumption by the brain are used to calculate the
cerebral glucose consumption per kg body weight and are
displayed in Table 4. In order to meet the cerebral glucose
requirement, glucose or carbohydrate intake should corre-
spond to 37 g/day in neonates and progressively increase, in
proportion to the increase in cerebral mass, reaching a max-
imum of 135 g/d in adolescents. In adults the estimates are
lower, corresponding to 98—100g/d. It should be under-
scored that such computation assumes that oxidation is the
only fate of cerebral glucose uptake, and that glucose is the
only oxidative fuel being utilized by the brain. The last two
assumptions are appropriate, considering that the contribution
of ketones, except in prolonged fasting in adults, is small and
that non-oxidative disposal of glucose, that is, release of
lactate and pyruvate by the brain, is also small (Settergren
et al 1976, 1980; Mehta et al, 1977).

Recently, cerebral metabolic rate of glucose has been
quantified in children and adults using positron emission
tomography (PET). The limitation and potential errors of
this method have been discussed (Hatazawa et al, 1987). The
absolute values of Local Cerebral Metabolic Rate of glucose
(LCMRglc) reported by Chugani in 29 normally developing
infants and children and corresponding adult values are
displayed in Figure 5 (Chugani, 1993). LCMRglc data are
lower than those obtained from A-V gradients in infants and
children < 3 y of age and higher in children between 3—8 y of
age. In children > 8 years of age and in adults, LCMRglc
measured by PET are similar to those reported previously.
The difference in these measurements in children < 8 y are
not easily explained except that most children studied by PET
have either had a perinatal neurological trauma or at older age
had residual neurological deficits. Similar lower rates of
glucose metabolism by brain in the newborn infant have
been reported by other investigators (Kinnala et al, 1996;
Suhonen-Polvi et al, 1993).

Relation between carbohydrate intake and
protein/nitrogen sparing

We could not find any data which have systematically
evaluated the relation between carbohydrate intake and

nitrogen loss in children. Studies in completely starving
adults by Gamble (1946) over fifty years ago showed that
‘the maximal protein sparing effect of glucose is approxi-
mately gained by providing a daily intake of 100 g’. Further
increase in carbohydrate intake did not result in a further
reduction in protein oxidation or irreversible nitrogen
loss. These rates of glucose intake (100g/d for adults)
correspond to the cerebral metabolic rate of glucose in
adults (Table 4), and approximate 20% of total energy

Table 4 Estimates of glucose consumption by the brain

Body weight Brain weight*® Glucose consumption

(kg) ) (mg/kg-min)° (g/kg-d)® (g/d)
Newborn 32 399 8.0 115 37
1 year 10 997 7.0 101 101
S years 19 1266 4.7 68 129
Adolescent 50 1360 1.9 2.7 135
Adult 70 1400 1.0 1.4 98

“Brain weight—data from figures 3 and 4.

kg =kg body weight.

Average cerebral oxygen consumption: for children =235 pumol/
100 gbrainwt-min, and for adults 160 pmol/ 100 gbrainwt-min from
Table 3. Cerebral glucose consumption (pmol/min)= cerebral oxygen
consumption (umol/min)/6 (see text for details).

Brain Weight (kg)

I L 1 1 1 1 1 1
10 20 30 40 50 60 70 80

Body Weight (kg)

Figure 4 Relation between body weight and brain weight in children and
adults (Reproduced with permission, Dekaban & Sadowsky, 1978).
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Figure 5 Change in local cerebral metabolic rate of glucose (LCMRglc)
in cerebral cortex with age (Reproduced with permission, Chugani, 1993).

consumption (~ 1800kcal/d). Similar systematic evalua-
tions of nitrogen/protein sparing by carbohydrate intake
have not been done in other studies in adults or children.
Whether one can extrapolate the observation in adults to
children is subject to conjecture.

Energy expenditure in infants and children

Quantitative measurements of total energy expenditure
(TEE) in infants and children were reviewed in detail by
the International Dietary Energy Consultative Group
(Torun et al, 1996). In all age groups measurements of
TEE by the doubly labeled water method were lower than
energy intakes recommended by WHO. The average data
for TEE in various age groups are displayed in Table 5. The
data have also been averaged for boys and girls. The
carbohydrate equivalents for the daily energy expenditure
are calculated. As shown, there is an increase in TEE per kg
body weight during the first year, reaching a peak between
1—3y of age, followed by a continuous decline until adult
levels are reached.

Type of carbohydrate

The impact of type of carbohydrate, such as lactose,
sucrose or glucose polymer, starches, etc., on metabolic
advantages in children have not been examined in detail.
Although lactose is the most abundant carbohydrate in the
infant diet, its biological significance remains unclear
except that it has been suggested to promote absorption
of calcium and other minerals (Ziegler & Fomon, 1983).
However, more recent studies using calcium isotopic

Table 5 Upper limit® of carbohydate for infants and children

Total Energy Expenditure®  Carbohydrate Equivalent®

Age (kcal/kg-d) (g/kg-d)
Newborn 70 19
1-3y 85 22
4-6y 68 18
12-13y 55 14
18—19y 44 12
Adult 35 9

Upper limit should be determined by the minimal need for protein and fat
obtained. Therefore the described upper limits here are theoretical
maximal in order to meet all the energy needs.

From reference (Torun et al). Average of data for boys and girls. Estimate
based upon double labeled water method.

“Carbohydrate equivalent = TEE/3.8, assuming each gram of carbohydrate
yields 3.8 kcal.

tracers have not confirmed these observations. Southgate
has reviewed the digestion and metabolism of dietary
sugars (Southgate, 1995). Although the source of sugar in
foods does not by itself affect the rate of absorption or
metabolism of the sugars, the form in which the sugars are
ingested and the physical and chemical properties of the
food matrices, however, do impact the rates of absorption.
These factors may influence gastric emptying and the rate
of transport of sugar across the small intestine. After
absorption, all ingested sugars converge toward glucose
and the original dietary source has only minimal effects on
metabolism. Recent data from animal studies suggest that a
prolonged high sucrose diet can induce insulin resistance
(Pagliassotti et al, 1994, 1996) and impact triglyceride
metabolism.

Other considerations include changes in the gut transit
time, particularly due to lactose intolerance in very young
infants and in certain ethnic populations. An increase in
transit time will result in increased delivery of carbo-
hydrates to the large bowel and consequently greater
bacterial fermentation (Kien et al, 1987, 1989, 1992,
1996). The quantitative contribution of the bacterial fer-
mentation products, that is short chain fatty acids, to whole
body energy metabolism, remains inconclusive (Kien ef al,
1989). Short chain fatty acids produced by bacterial fer-
mentation have been shown to affect whole body glucose
metabolism (Thorburn et al, 1993).

Upper and lower limits of carbohydrate intake

Based upon the data discussed above, one can define the
acceptable upper and lower limits of carbohydrate intake. It
should be recognized that these limits remain theoretical
since careful experimental studies examining the impact of
these boundaries of carbohydrate intake on whole body
metabolism, growth, etc., have not been possible in chil-
dren for ethical reasons.

Upper limit

The upper limit of carbohydrate intake is constrained by the
need for other macronutrients, that is, protein and fat.
Although the total energy needs of an individual can be
met entirely by carbohydrates in the short term, there is an
obligatory need for proteins and fat in order to provide for
growth and for essential nutrients. Thus the upper limits of
carbohydrate intake should be calculated after subtracting
the minimal needs for protein and fats. Table 5 presents the
estimated total energy expenditure and the corresponding
glucose equivalents. Theoretically, the calculated carbo-
hydrate equivalents could be administered to meet the
entire energy needs of the organism. High carbohydrate
could potentially cause increased lipogenesis and predis-
pose to obesity.

Lower limit

In contrast to the goals for upper limits, the goals for
estimating the lower limit of carbohydrate intake can be
more clearly defined and are as follows:

1. Meet the energy needs of the brain and other glucose
dependent organs;

2. Minimize protein cost of gluconeogenesis and irre-
versible protein and nitrogen loss;

3. Prevent ketosis and associated risk.



Table 6 Minimum carbohydrate requirement in infants and children

Ra Brain glucose  Nitrogen
glucose  Ro glucose utilization sparing
(g/kgd)  (g/kg-d) (g/kg-d) (g/kg-d)
Preterm 11.5 ? ? ?
Term newborn 7.2 4.7 11.5 ?
Children 5.8 ? 6.8 ?
Adolescent 43 32 2.7 ?
Adult 2.9 22 1.4 1.4

Ra glucose =rate of appearance of glucose.
Ro glucose =rate of oxidation of glucose.
? =not determined.

In order to meet these goals, the carbohydrate intake can
be calculated based upon (i) the endogenous rate of glucose
production, or (ii) the rate of oxidation of glucose, or (iii)
an estimate of glucose uptake by the brain, or (iv) the
carbohydrate required to minimize irreversible protein loss.
These estimates are presented in Table 6 for different age
groups. The measured rate of glucose utilization by the
brain per kg body weight matches closely the rate of
glucose production in infants and children, starts to
decrease in adolescents and is lowest in adults. It is
important to note that in adults, where actual experimental
data have been obtained (Sokoloff er al, 1977, Gamble,
1946), the glucose uptake by the brain was similar to that
resulting in minimal wasting of nitrogen in fasting adults.
The data in Table 6 suggest that administration of carbo-
hydrate in order to meet the glucose requirement of the
brain may be sufficient to minimize nitrogen loss and
therefore may also define the lower limit of carbohydrate
intake. Since lipolysis and ketogenesis are highly sensitive
to carbohydrate administration, such an intake should be
sufficient to prevent ketosis.

Limitation of the estimate of boundaries of carbohydrate
intake

The proposed limits of carbohydrate intake in children and
adolescents are primarily based upon very limited informa-
tion obtained in controlled circumstances and are indirect.
Therefore, they may not necessarily directly apply to free
living state. The following limitations should be recog-
nized:

1. The glucose kinetic data are based upon short measure-
ments and do not reflect changes throughout the day.
The impact of change in activity and the effect of
growth have not been considered. In addition, nutrient
intake is usually discontinuous (bolus). How the data of
continuous or constant rate of glucose turnover should
be translated into data for bolus feeds remains unknown.

2. All the data presented are based upon glucose as the
surrogate carbohydrate, so they cannot be directly con-
verted and applied to other carbohydrate sources such as
lactose, sucrose, fiber, etc., because of differences in
rates of digestion and absorption. In addition, since
galactose constitutes 50% of the carbohydrate in
breast milk, and since the role of galactose in human
metabolism is not fully understood, administration of
glucose alone or estimates based upon glucose alone
may not truly reflect the actual requirement.

3. The proposed lower limit assumes that glucose is the
only source of energy for the brain. This probably is not
true (Denne & Kalhan, 1986; Settergren et al, 1976).

Carbohydrate as nutrient in the infant and child
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Quantitative estimates of oxidation of endogenously
released glucose, at least in the fasting human newborn,
could not provide all the energy for the oxidative
metabolism of the brain (Denne & Kalhan, 1986).
Thus the brain may have other, although quantitatively
small, obligatory energy sources.

4. The interaction between carbohydrate and proteins has
not been considered.
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