
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Glyconeogenesis and glycogenolysis in newborn infants

van Kempen, A.A.M.W.

Publication date
2004

Link to publication

Citation for published version (APA):
van Kempen, A. A. M. W. (2004). Glyconeogenesis and glycogenolysis in newborn infants.
[Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/glyconeogenesis-and-glycogenolysis-in-newborn-infants(9b0bf834-d318-41d7-939d-b120b0bbb46e).html


C h a p t e r r 8 8 
Generall discussion 





Generall discussion 

Generall discussion 
Afterr birth, the continuous supply of nutrients is suddenly interrupted by cord clamping, causing an 

abruptt change from the fed to a fasting state. To counterbalance this transition, major changes in 

thee regulatory factors of energy metabolism, like hormones and enzyme activities, have to take 

place.. Sufficient availability of energy stores is essential. Healthy term infants with a birth weight 

appropriatee for gestational age (AGA) are adequately equipped for this transition. In contrast, in 

pretermm and small for gestational age (SGA) infants the balance between energy supply and utilization 

iss compromised, manifesting as a higher incidence of hypoglycemia in these infants1. This is ascribed 

too limitations in glucose production capacity combined with increased energy and glucose needs2. 

Stablee isotope techniques can be used for quantification of metabolic pathways. Techniques to 

measuree endogenous glucose production in newborn infants are available since the 1970s. 

Endogenouss glucose production can only be derived from gluconeogenesis and glycogenosis. 

Non-invasivee and valid techniques to measure gluconeogenesis are relatively new, and data on 

gluconeogenesiss in newborn infants are therefore scarce. More detailed insight in the possibilities 

andd limitations of the pathways involved in glucose metabolism in preterm and SGA infants by 

applicationn of stable isotope techniques could lead to well-substantiated preventive and therapeutic 

interventionss for hypoglycemia in these infants. It is impossible to study changes in glucose production 

duringg hypoglycemia, as immediate glucose infusion is necessary to prevent brain damage. In preterm 

infantss this implicates that administration of exogenous glucose is required during the study. 

Thiss thesis explored the possibility to adapt gluconeogenesis and glycogenosis to changes in 

exogenouss glucose supply in relation to gestational age and birth weight in newborn infants in the 

firstt postnatal week. In the second part different interventions to stimulate gluconeogenesis and 

glycogenosiss were studied. 

Adaptationn of gluconeogenesis and glycogenosis 
Inn this thesis the term "adaptation" is not used as in "adaptation to extrauterine life" in general, but 

ass the response of glucose kinetics to changes in exogenous glucose supply in relation to gestational 

agee and birth weight. Although the metabolic changes on the first postnatal day are also highly 

interestingg and important, a deliberate choice was made to perform the studies after the first 

postnatall day, but within the first postnatal week. The first postnatal day is characterized by a 

metabolicc storm caused by, among others, large hormonal surges34. Combined with the variable 

clinicall condition of the newborn infant on the first day after birth, significant inter-individual variation 

cann be anticipated5 Another important difference between the first postnatal day and the subsequent 

dayss is the size of the energy stores. The glycogen stores are largely plundered by the end of the first 

postnatall day6, adding to the increased risk for low plasma glucose concentrations in the subsequent 

days.. Despite the current nutritional strategies, aimed at prevention of hypoglycemia, low plasma 

glucosee concentrations still frequently occur in the entire first postnatal week. This necessitates 
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furtherr research, in particular in infants after the first postnatal day. 

Thee capability of newborn infants to adapt glucose production to an abrupt increase in demands 

wass studied in chapter 2 and 3 by measuring the response of endogenous glucose production to 

aa decline in exogenous glucose supply. From a clinical perspective, the ability to increase glucose 

productionn to fully balance a decrease in exogenous glucose administration is an important defense 

mechanismm against hypoglycemia. The infants were classified in three groups by gestational age: 

<< 30 weeks, between 31 and 36 weeks and term infants. Each group was subdivided in AGA and 

SGAA infants. In response to a decline in exogenous glucose, endogenous glucose production increased 

inn all groups. However, the increase in endogenous glucose production only partly compensated 

thee decline in the supply of exogenous glucose. This is in contrast to the findings in adults, who 

compensatee a decline in exogenous glucose below basal requirements completely. In AGA infants 

thee magnitude of the response increased with gestational age: the compensation for the decline in 

exogenouss glucose was higher in term infants (-58%) compared to the youngest preterm group 

(-24%).. In SGA infants there was no difference in the extent of compensation between the preterm 

andd term infants. This confirms the hypothesis that the ability to increase glucose production in 

responsee to an increase in demand is more impaired in the younger and smaller infants, which may 

contributee to the higher incidence of hypoglycemia in these groups. 

Thee increase in endogenous production was due to an increase in both gluconeogenesis and 

glycogenosiss in preterm infants and in the term AGA infants. Term SGA infants showed only an 

increasee in gluconeogenesis, probably due to: a) lower liver glycogen content at the beginning of 

thee study as a result of a higher rate of glycogenosis in the pre-study period, or b) the inability to 

maintainn or increase the plasma glucagon concentration 

Bothh gestational age and birth weight therefore influenced the capability to increase endogenous 

glucosee production in response to an increase in demands. The influence of gestational age and 

birthh weight on glucose production was further addressed in chapter 4. From a substantial amount 

off earlier studies, involving -550 newborn infants, no correlation between clinical parameters like 

gestationall age or birth weight and glucose production could be determined. The conclusion that 

theree is no correlation between these parameters is not justified because of important differences in 

thee study design. In chapter 4 the data on glucose kinetics from 73 newborn infants, measured 

duringg standardized exogenous glucose supply (at a rate of -22 uJmol.kg"1.min"1), were evaluated. 

Thee influence of gestational age, postnatal age, birth weight, and plasma FFA concentration on 

gluconeogenesiss and glycogenosis was assessed by backward multiple linear regression analysis. 

FFAA was chosen because it is a well-known regulator of gluconeogenesis in adults7. Gluconeogenesis, 

measuredd at a single point during intravenous glucose supply, was positively correlated with 

gestationall age, and with FFA concentrations (independent of gestational age). But FFA and 

gestationall age also showed a positive correlation amongst themselves. Because FFA explained 

- 7 2 %% of the variation in gluconeogenesis, while addition of gestational age resulted in only - 3 % 
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additionall explanation, the higher rate of gluconeogenesis in infants with an advanced gestational 

agee was probably mediated by higher FFA concentrations. For glycogenosis, gestational and 

postnatall age showed a weak and inverse relation, meaning that glycogenosis was (slightly) lower 

inn older infants. Birth weight SD score did not influence gluconeogenesis or glycogenosis measured 

att a single point during low-rate intravenous glucose supply. 

Inn conclusion: the studies described in chapter 2, 3 and 4 show that glucose production capacity is 

moree impaired in preterm compared to term infants after the first postnatal day. Gluconeogenesis 

measuredd at a single point during standardized exogenous glucose supply was higher in infants 

withh a more advanced gestational age. This seemed mediated by the higher FFA concentrations in 

thesee infants. Gestational age played only a minor role in the regulation of glycogenosis after the 

firstt postnatal day. Birth weight SD score was not correlated with gluconeogenesis or glycogenolysis, 

measuredd at a single time point, in newborn infants between the second and eighth postnatal day. 

Evaluationn of the possibility to adapt endogenous glucose production to an increase in demands 

showedd that all newborn infants can only partly compensate a decline in exogenous glucose, but 

thatt term AGA infants are better adapters than preterm or SGA infants. 

Stimulationn of gluconeogenesis and glycogenolysis 
Followingg the studies in the first part of this thesis, showing impaired glucose production capacity in 

pretermm and term SGA infants compared to term AGA infants, the next studies focused on the 

possibilityy to stimulate gluconeogenesis and glycogenolysis, particularly in preterm infants. 

Too be able to stimulate glycogenolysis, a sufficient amount of liver glycogen content is essential. It 

iss well-known that prenatal liver glycogen content is smaller in preterm and term SGA infants 

comparedd to term AGA newborns810. Immediately after birth glycogenolysis ensues, and liver 

glycogenn content is largely exhausted within the first postnatal day5. The course of replenishment 

off liver glycogen stores in newborn infants is unknown. Therefore it is unclear whether differences 

inn liver glycogen content between preterm AGA and SGA infants after the first postnatal day 

contributee to the increased risk of hypoglycemia in preterm SGA infants. Measurement of liver 

glycogenn content in newborn infants is complicated by many practical considerations. Currently, 

thee only non-invasive technique providing direct measurements of liver glycogen content is nuclear 

magneticc resonance imaging combined with stable isotopes (13C-NMR)11, but this technique is not 

feasiblee in newborn infants for research purposes only. An indirect method is to measure glucose 

kineticss with stable isotope techniques in response to glucagon. Glycogenolysis and the response to 

glucagonn are positively correlated with the glycogen content of the liver1115. The combined use of 

stablee isotope techniques with a glucagon test provides the rate of glycogenolysis in response to 

glucagonn and, by deduction, an estimate of the liver glycogen content is obtained, avoiding invasive 

procedures.. In chapter 5 this method was applied in preterm AGA and preterm SGA infants between 
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thee third and seventh postnatal day. In response to a bolus glucagon there was a comparable 

increasee in glucose production in both groups, mainly due to an increase in glycogenosis. These 

findingss do not support the hypothesis that liver glycogen content is lower in SGA than in AGA 

infantss after the first postnatal day. Second, in comparison with adults, the response of glucose 

productionn to a pharmacological increase in glucagon concentration was relatively low with regard 

too the higher glucose demands in preterm infants. This observation has implications for clinical 

practice,, because the initial compensatory response during fasting or interruption of nutrient 

administrationn is glycogenosis. An insufficient glycogenolytic response implies a major impairment 

inn the initial adaptation to a decline in exogenous glucose, demanding a constant exogenous nutrient 

supplyy and avoiding large fluctuations. 

Gluconeogenesiss is the second pathway contributing to endogenous glucose production. In preterm 

infantss gluconeogenesis could be impaired due to insufficient availability of the gluconeogenic 

precursors,, in particular glycerol and amino acids, or FFA which are known as major regulators of 

gluconeogenesiss in adults1621. In chapter 6 and 7 the possibility of insufficient precursor availability 

andd the effect of intravenous lipid supply on glucose kinetics were evaluated. If the availability of 

gluconeogenicc precursors is insufficient, exogenous precursor supply could result in an increase in 

gluconeogenesis.. Two different precursors, alanine and glycerol, were administered to preterm 

AGAA infants. Alanine did not stimulate gluconeogenesis, in line with an earlier study that showed 

noo change in gluconeogenesis after withdrawal of parenteral amino acids22. We also found no 

stimulatoryy effect of glycerol on gluconeogenesis, at first sight in contrast with data from the 

literature23.. In that study glycerol supply at a rate of 5 jamoLkg 1.min 1 resulted in an increase in 

gluconeogenesis,, but redoubling the glycerol infusion rate did not lead to a further increase. This 

suggestss that the ability of glycerol to increase gluconeogenesis approaches a maximum at the 

lowerr rate. Due to the use of [2-13C]glycerol (-4.5 u.mol.kg-1.min1) for the MIDA technique, the 

maximumm stimulation was already reached in our study, and addition of unlabeled glycerol did not 

resultt in a further increase. The data from chapter 7 are therefore comparable to the literature. 

Inn conclusion: administration of the precursor alanine did not enhance gluconeogenesis. Glycerol 

supplyy could stimulate gluconeogenesis, although there is a maximum to this effect. The difference 

betweenn alanine and glycerol in the possibility to stimulate gluconeogenesis could be due to the 

differentt entry points in the gluconeogenic pathway; alanine enters the pathway "lower" which 

meanss alanine has to pass through more biochemical steps than glycerol. One critical step could be 

thee conversion f rom oxaloacetate to phosphoenolpyruvate, regulated by the rate l imiting 

gluconeogenicc enzyme phosphoenolpyruvate carboxykinase24. Another possibility is insufficient activity 

off the enzyme alanine aminotransferase that converts alanine to oxaloacetate25. 

FFAA are no longer considered to be ordinary substrates for energy metabolism, but they are 

recognizedd as "metabolic messengers", mediating the close interaction between insulin and glucose 

metabol ism2 6 2 7 .. Their role in the regulation of glucose metabolism is well-established in both 
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healthyy adults and in different diseases, e.g. type 2 diabetes mellitus1621. In newborn infants the 

strongg correlation between gestational age, FFA and gluconeogenesis that we found in chapter 4 

suggestedd an equally important role for FFA in newborn infants. In chapter 7 we tested whether the 

relationn between FFA and gluconeogenesis was causal in nature, by measuring the effect of an 

intravenouss lipid emulsion on glucose kinetics compared with glycerol administration and a control 

group.. During a six-hour infusion of a soybean oil based lipid emulsion gluconeogenesis increased 

comparedd to the glycerol and the control group. In addition, the soybean oil based lipid emulsion 

preventedd the decrease in glycogenosis that occurred in the control group. As a result of the 

changess in gluconeogenesis and glycogenosis, the glucose production rate increased during infusion 

off the soybean oil lipid emulsion, whereas it declined in the other groups. The different response in 

thee soybean oil lipid emulsion and the glycerol group indicate that FFA stimulate gluconeogenesis, 

independentt from glycerol. This is in line with the data in adults. The stimulating effect of the 

soybeann oil based lipid emulsion was not found during administration of an olive oil based lipid 

emulsion.. The main difference between these lipid emulsions is the unsaturated fatty acid composition. 

Thesee data therefore suggest that different fatty acids exert different effects on glucose metabolism 

inn preterm infants. 

Thee findings in chapter 7 underscore the importance of lipid metabolism in the regulation of glucose 

metabolismm in preterm infants. The two main pathways in lipid metabolism that influence glucose 

metabolismm are lipolysis and fatty acid oxidation. Glycerol and FFA are both products from lipolysis. 

Adequatee lipolysis requires sufficient amounts of precursor, i.e. fat tissue or exogenous lipid supply, 

andd lipolytic enzyme activity. In preterm infants lipolysis is limited compared with term infants, 

becausee their lipid stores are very small28 and with the current clinical practice, exogenous lipid 

supplyy by parenteral nutrition is restricted in the first postnatal week, for fear of intolerance for the 

intravenouss lipid emulsions. The other pathway, fatty acid oxidation, has also been shown to be 

impairedd in preterm infants29. We therefore hypothesize that insufficient lipolysis due to small lipid 

storess and the restricted capacity for fatty acid oxidation are important factors for lower 

gluconeogenesiss in preterm infants. 

Inn conclusion: the prenatal differences in liver glycogen content between preterm AGA and SGA are 

leveledd off after the first postnatal day. The response of glycogenosis to both physiological and 

pharmacologicall stimuli is relatively impaired in preterm infants with regard to their high demands. 

Glyceroll supply could stimulate gluconeogenesis, although there is a maximum to this effect. 

Administrationn of a soybean oil based, but not an olive oil based intravenous lipid emulsion enhanced 

glucosee production by increasing gluconeogenesis. Different FFA therefore seem to exert different 

effectss on gluconeogenesis in preterm infants. 
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Implicationss for clinical practice 
Currentt clinical practice 

Thee current feeding practices for term AGA and preterm or SGA infants show both similarities and 

dissimilarities.. In all newborn infants the routine is to start with a restricted amount of fluid which is 

graduallyy increased during the first postnatal week, albeit that the amount of fluid prescribed is 

usuallyy higher in preterm and/or SGA infants. Compared to term AGA infants, preterm or SGA 

infantss have higher nutritional requirements, combined with limited tolerance of enteral nutrition, 

andd therefore often depend on parenteral nutrient supply. On the first postnatal day parenteral 

nutritionn is usually limited to intravenous glucose administration, in the youngest preterm infants 

sometimess combined with amino acids. In the subsequent days, other nutrients are administered by 

thee gradually augmented enteral and/or parenteral nutrition. Both from data in the literature3032 

andd from the prescriptions in our own NICU (figure 1) it is evident that nutritional needs are not met 

inn the first postnatal week in preterm infants. This also applies to exogenous glucose supply. The 

ratee of glucose administration is usually dictated by the total amount of fluid to be administered. In 

otherr words: the glucose infusion is used to balance the fluid budget. In general, the actual amount 

off glucose prescribed is neither intentionally chosen nor calculated, and thus often unknown. As a 

result,, changes in the general treatment; e.g. fluid restriction, or insertion of catheters that require 

aa 'keep-open' infusion, can lead to abrupt changes in the amount of fluid available for glucose 

administration.. These changes can lead to unintentional but quantitatively important changes in 

thee amount of glucose administered. 

Inn summary, with the current feeding practices the exogenous nutrient delivery is severely compromised 

inn preterm or SGA infants in the first days after birth, while their requirements are high. Initially only 

glucosee is administered, in amounts generally dictated by the available fluid volume. 

Figuree 1. Nutrient prescription in 
thee first two weeks in preterm 
infantss < 32 weeks gestational age 
inn the year 2003 (Intensive Care 
Neonatology,, Emma Children's 
Hospitall AMC, Amsterdam). Data 
aree means  SD. 

Suggestionss for clinical practice 

Thee studies in this thesis showed that endogenous glucose production both from gluconeogenesis 

andd glycogenosis is limited in preterm or SGA infants compared to term AGA infants. Glycogenosis 

protein n 
carbohydrate e 
fat t 

postnatall age (days) 
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iss the initial counterregulatory response of the body to compensate a decline in the plasma glucose 

concentrat ion.. Both physiological (a decrease in intravenous glucose supply) as well as a 

pharmacologicall stimulus (a bolus glucagon) provoked a subopttmal response with regard to the 

newbornn infant's glucose requirements. These findings underscore the importance of an adequate 

nutritionall regime in preterm or 5GA infants, avoiding fasting periods and abrupt fluctuations in 

nutrientt administration. Implementation of a more pharmacological approach in the prescription of 

glucosee - e.g. on a mg.kg^.min1 basis - will lead to increased awareness of abrupt changes in 

exogenouss glucose supply, thereby offering the opportunity to anticipate to these unintentional changes, 

inn addition to this, strategies for prevention or treatment of hypoglycemia focusing on stimulation 

off gluconeogenesis should be introduced shortly after birth. In preterm infants gluconeogenesis can 

bee stimulated by precursor supply, in particular glycerol. Increasing FFA availability stimulated 

gluconeogenesiss in preterm infants. Intravenous lipid emulsions supply both glycerol and FFA in the 

formm of triglycerides. Stimulation of gluconeogenesis by earlier introduction of lipid emulsions could 

havee a place both in the prevention and treatment of hypoglycemia in preterm infants. 

Futuree research perspectives 
Fromm the persistent high incidence of hypoglycemia it can be concluded that the current nutritional 

regimess for preterm and/or SGA infants are inadequate and need improvement. Suggestions based 

onn the studies in this thesis are described above, but need to be evaluated in a randomized controlled 

clinicall trial with the incidence of hypo- and hyperglycemia, growth, and psychomotor development 

ass the mam endpoints. 

Nott all studies in this thesis included SGA infants Precursor supply or increasing FFA availability 

couldd have more pronounced effects in these infants. For instance: amino acid precursor supply 

couldd prove to stimulate gluconeogenesis in preterm SGA infants, in contrast to the findings in 

pretermm AGA infants. The studies on stimulation of gluconeogenesis with precursor or FFA supply 

thereforee have to be repeated in preterm SGA infants. 

Itt is impossible to study changes in glucose metabolism during hypoglycemia, because hypoglycemia 

requiress immediate intervention to prevent brain damage. However, data from the stable isotope 

studiess in normoglycemic infants can be used to design randomized controlled clinical trials evaluating 

therapeuticc interventions in hypoglycemic infants. 

Thee studies in this thesis confirm the close link between glucose and lipid metabolism. Kinetic data 

onn lipid metabolism in newborn infants are even more scarce than data on glucose metabolism. 

Thesee data are mandatory in the understanding of the pathophysiology of basal energy metabolism 

inn newborn infants, and could also provide valuable information about the mechanisms involved in 

therapeuticc strategies like (intravenous) lipid administration. Stable isotope studies could elucidate 

thee main pathways involved in lipid metabolism: lipolysis, ketogenesis and lipogenesis. 
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