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Objectives: To determine plasma lactate and beta-hydroxybutyrate concentrations of 

healthy infants in the first 5 days and their relationships with glucose concentrations.  

Study design: Prospective masked observational study in Hamilton, New Zealand.  Term, 

appropriately grown singletons had heel-prick blood samples, 4 in the first 24 h then twice 

daily.  

Results: In 67 infants, plasma lactate concentrations were higher in the first 12 h (median 

20, range 10 - 55 mg/dL [2.2, 1.1 - 6.2 mmol/L]), decreasing to 12 (7 - 29) mg/dL [1.4 (0.8-

3.3) mmol/L] after 48 h.  Plasma beta-hydroxybutyrate concentrations were low in the first 12 

h (1.9, 0.5 – 5.2 mg/dL [0.1, 0.05 - 0.5 mmol/L]), peaked at 48 -72 h (7.3, 1.0 – 25.0 mg/dL 

[0.7, 0.05 - 2.4 mmol/L]), and fell by 96 h (0.9, 0.5 -16.7 mg/dL [0.1, 0.05 - 1.6 mmol/L]).  

Compared with infants with plasma glucose concentrations above the median (67 mg/dL 

[3.7mmol/L]) those with lower glucose had lower lactate concentrations in the first 12 h and 

higher beta-hydroxybutyrate concentrations between 24-96 h.  Lower interstitial glucose 

concentrations were also associated with higher plasma beta-hydroxybutyrate 

concentrations but only if the lower glucose lasted >12 h. Glucose contributed 72 to 84% of 

estimated potential ATP throughout the 5 days, with lactate contributing 25% on day 1 and 

beta-hydroxybutyrate 7% on days 2 to 3.  

Conclusions: Lactate on day 1 and beta-hydroxybutyrate on days 2 to 4 may contribute to 

cerebral fuels in healthy infants, but are unlikely to provide neuroprotection during early or 

acute hypoglycemia. 
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Blood glucose concentrations change rapidly in the hours after birth, and hypoglycemia is 

common.1  The availability of alternative fuels to sustain cerebral cellular metabolism has 

long been proposed as an important mechanism to prevent injury when glucose availability 

is reduced2-4, but the relationship between availability of glucose, lactate and ketones in 

healthy infants remains unclear. Glucose oxidation is estimated to supply up to 70% of 

cerebral fuel soon after birth5, with the remaining cerebral fuel requirement provided largely 

from ketones and lactate.  The newborn brain is able to extract and utilize ketones at rate 

between 4 to 5-fold greater than that of an adult.6 The cerebral availability and utilization of 

both ketones6 and lactate7 is related to the plasma concentrations.  Factors including 

gestation, postnatal age, the type milk received along with feeding intervals all impact on the 

plasma concentrations of both fuels.3, 4, 8  Ketogenesis is also dependent on suppression of 

insulin secretion, allowing mobilization of fatty acids for ketogenesis.   

 Guidelines published to assist with the identification and treatment of infants at risk of 

hypoglycemia suggest that infants are able to compensate for low plasma glucose 

concentrations by using alternative cerebral fuels.9, 10  It has also been suggested that 

breastfeeding is associated with enhanced ketogenesis11, and that breastfed infants are 

therefore relatively protected from adverse effects of hypoglycemia.12  However, at-risk 

newborn infants are reported to have very low plasma ketone concentrations during 

hypoglycemic episodes11, 13, 14, in part due to lack of suppression of insulin secretion in many 

of these infants.13, 15  Further, although lactate may provide an alternative energy source, 

concentrations are variable and in most well infants are low and fall quickly after the first 

day.11, 16 

 Previous reports from healthy infants have been cross-sectional, with a single sample 

taken from each infant.  Hawdon reported values for glucose, lactate, pyruvate, alanine, 

glycerol, non-esterified fatty acids, and ketone bodies from 156 term infants in the first 

week.3  A larger study from Nepal reported similar metabolites from 578 infants in the first 48 

hours.  However, the authors of this study reported the infants commonly had low birth 
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weights and that maternal nutritional status was poor.2  There has not yet been a detailed 

analysis of sequential measurements of potential cerebral metabolic fuels over many days in 

healthy newborn infants.   

 We undertook this prospective observational cohort study of potential cerebral fuel 

concentrations in healthy, term, appropriately grown infants fed according to parental choice, 

using repeated intermittent blood sampling for glucose, lactate and beta-hydroxybutyrate 

(BHB) concentrations and continuous interstitial glucose monitoring over the first five 

postnatal days.  

 

Methods 

Details of the GLOW study have been previously reported.1, 17  In brief, eligible infants were 

healthy singleton term infants, born in Hamilton, New Zealand, between 11/2015 and 

8/2017.  Each infant underwent capillary heel-prick sampling over 5 days (4 on the 1st day, 

and 2 on each subsequent day), as well as continuous interstitial glucose monitoring from as 

soon after birth as possible.  Infants were cared for in hospital, birthing center, and home as 

determined by the parent and the midwife.  All completed the study in their own homes.  

Infants were fed according to maternal choice.  The researchers and families were blinded to 

all metabolite concentrations and remained so until the data collection phase was complete 

and statistical analysis plans were finalized.  The minimum sample size of 50 infants was 

based on an estimation of a mean glucose concentration with a 95% CI of +/-3 mg/dL 

[0.19mmol/L].   

 Glucose and lactate concentrations were measured on either an epoc® blood 

analyzer (Siemens Healthineers), or blood gas analyzer if the infant was still in the hospital 

(Radiometer ABL800 FLEX).  Both systems use glucose oxidase and lactate oxidase 

methods.  BHB concentrations were measured on a Stat-Strip point-of-care analyzer 

(Statstrip meter, Nova Biomedical) using a BHB-dehydrogenase method.18  Interstitial 
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glucose data were obtained using Ipro2 subcutaneous sensors (Medtronic Minimed) and 

were recalibrated according to a previously published algorithm.19  BHB concentrations that 

were below the level of detection <1 mg/dL [<0.1 mmol/L] were assigned a value of 0.5 

mg/dL [0.05 mmol/L] for analyses. 

 We hypothesized that potential alternative cerebral fuel concentrations would be 

elevated when the plasma glucose concentration was low, and therefore we pre-specified 5 

different glucose thresholds (12, 36, 46, 59, and 72 mg/dL [1.5, 2.0, 2.6, 3.3, and 4.0 

mmol/L]) and planned to examine the mean concentrations of lactate and BHB in infants with 

glucose concentrations above and below each threshold.  We utilized the interstitial glucose 

recordings to identify the duration of glucose concentrations below and above the median 

glucose, grouped as 1 to <6, 6 to <12, 12 to 18, and >18 hours.  We then compared the 

alternative fuel concentrations between groups, adjusting for the simultaneous plasma 

glucose concentration, age epoch (see below), and weight loss.  

 We also compared cerebral fuel concentrations in pre-specified subgroups of 

maternal body mass index (BMI), weight gain during pregnancy, weight loss from birth to 5 

days of age (all above vs below the median), mode of delivery (vaginal vs cesarean), sex, 

and gestational age (<40 weeks vs ≥ 40 weeks).  We estimated total potential cerebral fuel 

availability by attributing an adenosine triphosphate (ATP) equivalent to each fuel (glucose 

31 lactate 15, BHB 21.5). 20  

 Data were analyzed in age epochs: 0 to <12 hours, 12 to <24 hours, and then each 

subsequent 24 hours.  The simple relationship between glucose and BHB concentrations 

was analyzed using linear regression within each epoch.  All other analyses for BHB 

concentrations were log-transformed and the confidence intervals were obtained by 

bootstrap with 1000 repeats.  Mixed model analyses were used to account for repeated 

measures within the same infant, with covariance and residual structures chosen to minimize 

the Akaike information criterion (AIC).  Percentile curves were calculated using the 

skewness median coefficient of variation (LMS) method 21, and fitted using LMSchartmaker 
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Light Version 2.54 (Institute of Child Health, 2011).  Bonferroni adjustment was used for 

repeated separate regressions where appropriate.  Analyzes were undertaken using Stata 

V16, 2018 (Statacorp).  Categorical variables are presented as frequencies and 

percentages, with comparisons presented as risk ratios and 95% confidence intervals (CI).  

Continuous variables are presented as mean (SD) or median (minimum-maximum).  Mixed 

model results are presented as mean (95% CI). 

 The GLOW study was approved by the Northern A Health and Disability Ethics 

Committee Ref: 15NTA and is registered with the Australian and New Zealand Clinical Trials 

Registry Ref: ACTRN12615000986572.  The study protocol is available online: 

http://hdl.handle.net/2292/32066.  Written informed consent was obtained from all 

participating families. 

Results   

Sixty-seven infants completed the GLOW study with a mean (SD) birth weight of 3584 (349) 

g and gestation of 40.1 (1.2) weeks.  Parents identified most infants as New Zealand 

European (Table 1, available online).  The first plasma samples were obtained at 2.1 (0.5) 

hours and the last samples at 123.9 (4.0) hours.  The median (range) number of samples 

per infant were glucose 13 (11-14), lactate 13 (11-14), and BHB 13 (10-15).  

 Lactate concentrations were higher in the first 12 hours (median 20 mg/dL [2.2 

mmol/L]) and decreased to a steady state by 48 hours of age (median 12 mg/dL [1.4 

mmol/L]), Table 2, Figure 1).  Lactate concentrations of > 22 mg/dL [> 2.5 mmol/L] after 48 

hours were above the 97th percentile.  Conversely, BHB concentrations were low in the first 

12 hours (median 0.9 mg/dL [0.1 mmol/L]), increased to a peak at 48 to 72 hours (median 

7.3 mg/dL [0.7 mmol/L]), and decreased again by 96 hours of age (Table 2).   

 As previously reported22 the mean (SD) glucose concentration in the first 12 hours 

was 57 (11) mg/dL [3.2 (0.6)] mmol/L, increasing to 88 (13) mg/dL [4.6 (0.7)] mmol/L after 72 

hours, and remaining stable thereafter.  Because of this substantial change in glucose 
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concentrations over time, the pre-specified glucose thresholds resulted in too few infants 

above or below the threshold in some epochs to explore relationships with lactate and BHB 

concentrations.  We therefore compared lactate and BHB concentrations in infants with 

glucose concentrations above and below the overall median value for the 5 days of 67 

mg/dL [3.7 mmol/L] (Table 3).  In the first 12 hours lactate concentrations were higher in 

infants with higher glucose concentrations, but there were no differences thereafter.  In 

contrast, BHB concentrations were higher in infants with lower glucose concentrations, after 

24 and until 96 hours (Table 3, Figure 2, available online).    

 When interstitial rather than plasma glucose concentrations were considered, BHB 

was higher when the interstitial glucose concentration was below compared with above the 

median for longer than 18 hours (4.3 vs 1.6 mg/dL, adjusted mean difference 2.7 (95% CI: 

1.5, 4.0 mg/dL [0.41 vs 0.15 mmol/L, adjusted mean difference 0.26 (95% CI: 0.14, 0.38) 

mmol/L; p<0.001]), but not if the low glucose lasted less than 12 hours.  This relationship 

between duration of low interstitial glucose concentrations and higher BHB concentrations 

was seen on days 2, 3 and 4, which is consistent with the findings for blood glucose (Figure 

2).  There was no relationship between lactate concentrations and duration of low interstitial 

glucose concentrations. (Table 4).  

 When all three fuels (glucose, lactate, BHB) were combined using their ATP 

equivalence, glucose contributed 72 to 84% of potential ATP in all epochs (Table 5, available 

online).  Lactate contributed 25% of potential ATP on the first day and remained the largest 

potential source of ATP other than glucose throughout the 5 days.  BHB was most available 

on days 2 to 3 but still only contributed 7% of potential ATP.  Total potential ATP available 

from these fuels was 17% lower on days 1 to 2 than on days 4 to 5.  

 Weight loss over the first 5 days was common, with median (range) change of -3.8 % 

(-11.5 to 7.2%) of birthweight.  Lactate concentrations were similar in infants whose weight 

loss was less than or greater than the median (Table 6, available online).  However, mean 



 9 

BHB concentrations were higher in infants who had weight loss greater than the median (3.1 

vs 1.7 mg/dL, difference 1.4 (95% CI 0.7, 2.0) [0.30 vs 0.16 mmol/L, difference 0.13 (95% CI 

0.07, 0.19)]; p<0.001), even after adjustment for glucose concentration.  Infants born at ≥ 40 

weeks had higher lactate concentrations than those born earlier (mean difference 1.7 mg/dL, 

95% CI 0.0 to 2.6 [0.2 mmol/L, 95% CI 0.0 to 0.3], p = 0.02).  Infants of mothers with lower 

BMI (<23.1 kg/m2) had higher BHB concentrations than those of mothers with a higher BMI 

(mean difference 0.6 mg/dL, 95% CI 0.1 to 1.0 [0.05 mmol/L, 95% CI 0.01 to 0.10], p=0.02).  

Maternal weight gain, mode of delivery, and sex were not related to fuel concentrations. 

Discussion 

We describe plasma concentrations of BHB and lactate over the first 5 postnatal days in 

term, healthy, appropriately grown infants, most of whom were breastfed.  While most infants 

were born in a hospital, all completed the study in their family homes and were cared for by 

their parents.  BHB concentrations increased after day 1, peaking on day 3 and then 

decreasing by 96 hours, whereas lactate concentrations were higher on the first day and 

then fell to concentrations similar to those found in children and adults.  Glucose contributed 

72-84% of estimated potentially available ATP throughout the 5 days.  

 When glycogen stores within the liver are low BHB is produced from fatty acids via 

acetyl coenzyme A.  BHB is then available to be used within the Krebs cycle, and within the 

mitochondria it is converted to ATP.  The availability of essential enzymes to allow the 

conversion of ketones to acetyl CoA is tissue specific, but includes the nervous tissue. 23  

 BHB concentrations increased between 24-96 hours but were generally low before 

and after this age.  Hawdon et al 3 reported similar time-related changes in ketone body 

concentrations (BHB + acetoacetate).  In the de L Costello study2, BHB concentrations were 

reported to be increasing up to 48 hours of age, consistent with our findings, but their data 

did not go beyond this.  The post-term infants in that study were also reported to have a 

higher BHB:glucose concentration ratio, but we did not find a difference in BHB related to 
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gestation. It is possible that the relatively low birthweight of that cohort may have contributed 

to these differences. 

 Our data show that BHB is not available as a potential alternative cerebral fuel 

initially, but many infants begin to produce it in low concentrations by 24 hours of age, and 

some have high concentrations >20 mg/dL [2 mmol/L] between 48 and 96 hours of age.  

Infants with lower glucose concentrations tended to have higher BHB concentrations, 

although this appeared to require more than 12 hours of low glucose concentrations.  

However, even the higher BHB plasma concentrations seen on days 2-4 in our data are 

much lower than those reported in starving children and adults.24  It is possible that many 

infants experience a period of relative fasting in the first 3 days after birth prior to secondary 

lactogenesis, during which fatty acid mobilization provides the substrates required for 

ketogenesis.  The association between higher BHB concentrations and greater weight loss is 

likely to reflect a similar process, with infants whose mothers produce sufficient breast milk 

soon after birth producing little BHB.  The same may apply to infants who receive formula 

milk and for whom greater volumes of formula milk are reported to correlate with lower 

concentrations of ketone bodies. 4  However, there were few formula-fed infants in our 

cohort to allow further exploration of this relationship. 

 Our data suggest that BHB is a potential contributor to cerebral fuels in infants with 

low glucose concentrations, but only after prolonged not acute periods of low glucose 

concentrations.  We are unable to provide data on the critical concentration of this alternative 

fuel that might prevent brain injury in a hypoglycemic infant, but our data suggest that the 

BHB response to hypoglycemia is too low and too slow to be useful in the acute situation. 

 Lactate concentrations are higher in the first 48 hours, falling from a birth range of 13 

to 44 mg/dL [1.5 to 5.0 mmol/L] to between 9 and 22 mg/dL [1.0 and 2.5 mmol/L] after 48 

hours.  These data are consistent with other reports from more restricted cohorts.  Hawdon 

et al3 showed a nearly identical pattern in single samples taken from 71 breast-fed infants.  

Neilsen et al25 reported a mean lactate concentration of 11 mg/dL (95% CI 0 2.6, 19.5) [1.2 
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mmol/L (95% CI 0.3, 2.2)] on day 4 in 141 infants.  However, a cross-sectional study2 of 558 

infants over 48 hours did not show a decline in lactate, contrary to our findings. 

 The production of lactate from glucose can produce ATP in anaerobic conditions, and 

hence a high lactate concentration is frequently interpreted as an adverse health indicator.  

However, both muscle and brain can produce lactate in the presence of adequate amounts 

of oxygen26, and lactate can also be used as a fuel source, being metabolized via pyruvate 

through the tricarboxylic pathway and releasing amounts of energy that are comparable with 

glucose.16  In adults, infusions of lactate improved cerebral function in the presence of 

hypoglycemia27, 28, supporting the potential role of lactate as a cerebral fuel.   

 It is possible that the higher lactate concentrations on the first day after birth may 

reflect anaerobic metabolism during the stresses of labor or aerobic glycolysis to assist with 

energy provision, or some combination of the two.  Our data show no relationship between 

low glucose and high lactate concentrations at any age, and notably in the first epoch (<12 

hours) higher glucose concentrations were seen with higher lactate concentrations. It is 

possible that this reflects stressed infants developing both anaerobic lactate production and 

catecholamine-induced glucose production in the first few hours after birth.   

 The total energy available from the 3 fuels we studied suggests a small potential role 

for lactate on day 1, and BHB on days 2 and 3 as alternative cerebral fuels if glucose supply 

is limited.  However, the estimates of available ATP are made based on plasma 

concentrations, and although cerebral uptake of lactate and BHB has been shown to be 

proportionate to plasma concentrations 5, 7 the intracellular availability of these fuels for ATP 

production may not be well reflected in our estimates.  Nonetheless, our data suggests that 

glucose remains the major circulating cerebral fuel in well infants over the first 5 days.  

 Strengths of this study include analyses of repeated blood samples from a cohort of 

healthy term infants from birth until 120 hours of age, while they were being cared for 

according to current practice recommendations.  Continuous glucose monitoring also made 
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it possible to examine the relationship between alternative fuels and duration of changes in 

glucose concentration.  Possible limitations include that although our data were obtained by 

repeated sampling of individual infants, our analyses of percentile curves are nonetheless 

cross-sectional.  We were not able to measure BHB concentrations <1.0 mg/dL [< 0.1 

mmol/L], but this is unlikely to have influenced our findings because the concentrations of 

interest were well above that lower limit of detection.  

 We present percentile curves for plasma concentrations of BHB and lactate in 

healthy term newborn infants over the first 5 days.  Our data show that circulating plasma 

BHB on days 2 to 4 and lactate on day 1 may provide a small contribution to the overall 

available cerebral fuels.  However, when plasma glucose concentrations are low, the lactate 

concentration does not increase, and an increase in BHB plasma concentration is slow and 

only seen after the first postnatal day.  Therefore, we conclude that these potential cerebral 

fuels are unlikely to provide neuroprotection in the face of early or acute neonatal 

hypoglycemia. 
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Table 1: Characteristics of mothers and infants 

 

 

Mothers, n= 67   

 Age (years) 32.3 (4.1) 

 Parity  0 (0 to 3) 

 Maternal BMI (kg/m2) 23.1 (19.3 to 29.3) 

 Maternal weight gain (kg) 14.0 (0 to 27) 

 Vaginal delivery (n) 57 (85) 

 Arrival home after birth (h) 60.9 (19.5) 

Infants, n= 67   

 Males (n) 41 (61) 

 Birth weight (g) 3584 (349) 

 Gestation (weeks) 40.1 (1.2) 

 Apgar score at 5 minutes of age  10 (8 to 10) 

 Ethnicity  

     New Zealand European  56 (84) 

     Maori 2 (3) 

     Other* 9 (13) 

 Exclusively breast fed (n) 57 (85) 

 Weight change (% of birth weight) -3.8 (-11.5 to 7.1) 

 

 

 

Data are mean (SD), number (%), or median (range).  

* Asian (4), English (2), South African (1), Australian (1), Spanish (1) 

 

Table 1



 

 

 

 

 

 

 

 

Lactate (mg/dL [mmol/L]) 

(N=798 samples) 

Beta-hydroxybutyrate (mg/dL [mmol/L]) 

(N=798 samples) 

Postnatal 

Age (h) 

n 

samples 
Median  (range) 

n 

samples 
Median   (range) 

0-12 158 20 (10, 55)    [2.2 (1.1, 6.2)] 164 0.9 (0.5, 5.2)   [0.1 (0.05, 0.5)] 

         

12-24 105 17 (9, 41)     [1.9 (1.0, 4.7)] 103 2.0 (0.5, 13.5)  [0.2 (0.05, 1.3)] 

         

24-48 138 14 (7, 35)    [1.6 (0.8, 3.9)] 137 6.2 (0.5, 21.8)  [0.6 (0.05, 2.1)] 

         

48-72 133 12 (7, 29)     [1.4 (0.8, 3.3)] 131 7.3 (1.0, 25.0)  [0.7 (0.05, 2.4)] 

         

72-96 134 13 (8, 27)     [1.4 (0.9, 3.0)] 133 2.0 (0.5, 31.2)  [0.2 (0.05, 3.0)] 

         

96-120 130 13 (8, 30)     [1.4 (0.9, 3.4)] 130 0.9 (0.5, 16.7)  [0.1 (0.05, 1.6)] 

 

Table 2. Plasma concentrations of lactate and beta-hydroxybutyrate at differing postnatal ages 

 

 

 

 

Table 2



Table 3: Plasma concentrations of alternative fuels when simultaneous blood glucose concentrations were either below or above the 

overall median (67 mg/dL [3.7 mmol/L) 

 

 
  

Glucose below 

median  

Glucose above 

median 
Difference 

  Age (h) n mean n mean estimate 95% CI p 

Lactate 0-12 138 21 [2.4] 20 27 [3.0] -6 [-0.6] (-8, -2)  [-0.9, -0.2] <0.001 

  12-24 88 19 [2.1] 17 19 [2.2] 0 [-0.1] (-4, 3)  [-0.5, 0.3] 1 

  24-48 103 15 [1.7] 35 14 [1.6] 1 [0.1] (-2, 4)  [-0.2, 0.4] 1 

  48-72 63 14 [1.6] 70 12 [1.3] 2 [0.2] (0, 4)  [0.0, 0.5] 0.08 

  72-96 13 13 [1.5] 121 13 [1.5] 0 [0.0] (-4, 4)  [-0.4, 0.5] 1 

  96-120 8 15 [1.7] 122 13 [1.5] 2 [0.2] (-3, 7)  [-0.3, 0.8] 1 

  0-120 413 16 [1.8] 385 17 [1.9] -1 [0.0] (-1, 1)  [-0.1, 0.1] 0.87 

Beta-

hydroxybutyrate  

0-12 137 0.9 [0.09] 27 0.7 [0.07] 0.2 [0.01] (0.0, 0.3)  [0.00, 0.03] 1 

12-24 86 2.1 [0.20] 17 2.1 [0.20] 0.1 [0.01] (-0.7, 0.8)  [-0.07, 0.08] 1 

  24-48 103 5.7 [0.55] 34 3.7 [0.36] 2.0 [0.19] (0.5, 3.5)  [0.05, 0.34] 0.03 
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  48-72 62 7.9 [0.76] 69 3.7 [0.36] 4.2 [0.40] (2.5, 5.9)  [0.24, 0.57] <0.001 

  72-96 13 5.5 [0.53] 120 2.2 [0.21] 3.3 [0.32] (0.6, 6.0)  [0.06, 0.58] 0.001 

  96-120 8 2.1 [0.20] 122 1.4 [0.13] 0.8 [0.08] (-0.7, 2.3)  [-0.07, 0.22] 0.84 

  0-120 409 3.0 [0.29] 389 1.9 [0.18] 1.1 [0.11] (0.3, 2.0)  [0.03, 0.19] <0.001 

 

Values are mg/dL [mmol/L]. Beta-hydroxybutyrate analyzed after log conversion, results obtained by bootstrap (1000 repeats), p-values obtained after 

Bonferroni correction. 

 

 

 



Table 4: Plasma concentrations of alternative fuels when interstitial glucose concentration has been below of above the overall median 

(67 mg/dL [3.7 mmol/L] for different periods of time 

 

   
Interstitial glucose 

below median 

Interstitial glucose 

above median 
Difference 

 

Duration of 

glucose 

concentration 

(h) 

n mean n mean estimate 95% CI p 

Lactate 1 - 6 77 14  [1.6] 110 15  [1.7] -1  [-0.1] (-3, 1)   [-0.3, 0.1] 0.33 

 6 - 12 55 15  [1.7] 44 14  [1.6] 1  [0.1] (-1, 4)   [-0.1, 0.4] 0.34 

 12 - 18 30 17  [1.9] 29 16  [1.8] 1  [0.1] (-2, 4)   [-0.2, 0.5] 0.38 

 ≥18 100 15  [1.7] 83 16  [1.8] -1  [-0.1] (-3, 2)   [-0.3, 0.2] 0.67 

 All 262 15  [1.7] 266 15  [1.7] 0  [0] (-2, 2)   [-0.2, 0.2] 0.88 

Beta-

hydroxybutyrate 

1 - 6 78 2 .4 [0.23] 107 2.5  [0.24] 
0.1  [-

0.01] 

(-0.1, 0.7)   [-0.09, 

0.07] 
0.8 

6 - 12 55 3.0  [0.29] 45 2.2  [0.21] 0.8  [0.08] 
(-0.3, 1.9)   [-0.03, 

0.18] 
0.18 

12 - 18 29 2.5  [0.24] 28 1.5  [0.14] 0.8  [0.10] (0, 2.1)   [0.00, 0.20] 0.05 
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 ≥18 99 4.3  [0.41] 82 1.6  [0.15] 2.7  [0.26] (1.5, 4.0)   [0.14, 0.38] <0.001 

 All 261 3.1  [0.30] 262 2.0  [0.19] 1.1  [0.11] (0.2, 2.0)   [0.02, 0.19] 0.01 

Values are mg/dL [mmol/L]. Beta-hydroxybutyrate analyzed after log conversion, results obtained by bootstrap (1000 repeats). Analysis of difference is 

adjusted for repeated measures, epoch, simultaneous blood glucose and weight loss. 

 

 

 



Table 5: Adenosine Triphosphate (ATP) equivalents from 3 metabolic fuels in different 

periods after birth. 

  Number Percent of total ATP  

Age  
Samples Babies Glucose Lactate BHB 

ATP total 

(hours) (mmol/L) 

0-24 256 67 72.2 25.2 1.9 138.5 (2.3) 

24-48 134 67 72.5 17.4 7.4 142.1 (2.1) 

48-72 129 67 75 13.9 6.9 157.0 (2.2) 

72-96 130 67 81.9 13.1 2.8 172.3 (2.1) 

96-120 126 67 84.2 13.2 1.6 169.2 (2.2) 

 

Data are n or mean (se). BHB means Beta-hydroxybutyrate.  

Assumes ATP equivalents to be: 31 mmol ATP per 180 g [1 mmol] of glucose, 15 

mmol ATP per 89 g [1 mmol] of lactate, 21.5 mmol ATP per 104 g [1 mmol] of 

BHB. 
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Table 6: Plasma concentrations of alternative fuels in infants with different maternal and birth characteristics 

  Yes No Difference 

  n Mean n Mean Estimate CI 
P 

value 

Lactate 

Maternal BMI < 23.1 kg/m2 33 16  [1.8] 34 15  [1.7] 1  [0.1] (-1, 2)   [-0.1, 0.2] 0.24 

Maternal weight gain <14 kg 32 16  [1.8] 35 16  [1.8] 1  [0.1] (-1, 2)   [-0.1, 0.2] 0.49 

Vaginal Delivery 57 16  [1.8] 10 16  [1.8] 0  [0.0] (-2, 3)   [-0.2, 0.3] 0.76 

Male 41 17  [1.9] 26 15  [1.7] 1  [0.1] (-1, 3)   [-0.1, 0.3] 0.07 

Gestation < 40 weeks 32 15  [1.7] 34 17  [1.9] -2  [-0.2] (-3, 0)   [-0.3, 0.0] 0.02 

Weight loss > 3.8% 33 16  [1.8] 34 16  [1.8] 0  [0.0] (-2, 1)   [-0.2, 0.1] 0.82 

BHB 

Maternal BMI < 23.1 kg/m2 33 2.6  [0.25] 34 2.0  [0.19] 0.6  [0.05] (0.1, 1.0)   [0.01, 0.10] 0.02 

Maternal weight gain <14 kg 32 2.1  [0.20] 35 2.5  [0.24] -0.4  [-0.04] (-0.8, 0.0)   [-0.08, 0.00] 0.08 

Vaginal Delivery 57 2.2  [0.21] 10 3.0  [0.29] -0.8  [-0.08] (-1.7, 0.5)   [-0.16, 0.05] 0.05 

Male 41 2.3  [0.22] 26 2.2  [0.21] 0.1  [0.01] (-0.3, 0.6)   [-0.03, 0.06] 0.61 

Gestation < 40 weeks 32 2.3  [0.22] 34 2.3  [0.22] 0.0  [0.00] (-0.5, 0.4)   [-0.05, 0.04] 0.91 

Weight loss > 3.8% 33 3.1  [0.30] 34 1.7  [0.16] 1.4  [0.13] (0.7, 2.0)   [0.07, 0.19] <0.001 
 

Data are in mg/dL [mmol/L]. Beta-hydroxybutyrate (BHB) estimates derived from bootstrap (1000 repeats). BMI = body mass index. CI  = 95% confidence 

interval. Maternal weight gain refers to weight gain during pregnancy. 
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Figure 2 Title and legend – online only 
 
The relationship between plasma beta-hydroxybutyrate and glucose concentrations at 
differing postnatal ages 
 
Figure 2 Legend  
 
r2    and p values are for simple linear regression analysis 
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