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Abstract

In paediatric practice, mean reference energy requirements for groups are often used to predict individual infant energy requirements.

References from the FAO/WHO/United Nations University are based on infants not fed according to the current infant feeding recommen-

dations. The objective of the present study was to measure total energy expenditure (TEE) and determine energy requirements using cri-

terion methods, and validate the use of TEE prediction equation and mean energy requirement references for predicting individual TEE

and energy requirements, respectively, in infants who were exclusively breast-fed (EBF) to 6 months of age. EBF infants were included

from Greater Glasgow for measurements at 3·5 (n 36) and 6 (n 33) months of age. TEE was measured using doubly labelled water and

energy requirements were determined using the factorial approach. TEE and energy requirements were also predicted using equations

based on body weight. Relationships between criterion methods and predictions were assessed using correlations. Paired t tests and

Bland–Altman plots were used to assess agreement. At the population level, predicted and measured TEE were similar. The energy

requirement reference significantly underestimated energy requirements by 7·2 % at 3·5 months at the population level, but there was

no bias at 6 months. Errors at individual levels were large and energy requirements were underestimated to a larger extent for infants

with higher energy requirements. This indicates that references presently used in clinical practice to estimate energy requirements may

not fully account for the different growth pattern of EBF infants. More studies in infants EBF to 6 months of age are needed to understand

how growth of EBF infants influences energy requirements.
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The WHO recommends exclusive breast-feeding (EBF) for the

first 6 months of life, with EBF defined as giving only breast

milk(1,2). EBF is deemed adequate to fulfil infant energy

requirements for the first 6 months, although empirical evi-

dence is limited for EBF infants beyond 3 months of

age(3–5). Our recent study in well-supported women found

adequate breast milk energy intake during 6 months of

EBF(6), and this was also confirmed in a recent randomised

controlled trial in Iceland(7), but it needs to be confirmed in

other populations. Infant energy requirements are the sum

of total energy expenditure (TEE) and energy stored in

growth. TEE includes the energy needs for basal metabolism,

diet-induced thermogenesis and physical activity, and is

influenced largely by age, sex and body size(8). Growth is a

sensitive indicator of whether energy requirements are met.

Meeting energy requirements is important as both over- and

under-nutrition in infancy may impair long-term health(9).

References for human energy requirements published by

the FAO, WHO and the United Nations University (UNU) are

prescriptive at a population level to support and maintain

health and good nutritional status, and they are frequently

cited worldwide(10). For infants, the criterion method for

determining energy requirements is the factorial approach,

which is the sum of TEE, measured by doubly labelled

water, and an estimate of energy stored in growth. Such

data were used to derive mean energy requirements per kg

body weight for separate age groups, sexes and feeding

modes (breast-fed or formula-fed)(10). In the absence of a
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practical alternative, these references are often used in clinical

practice for the prediction of energy requirements of individ-

ual infants based on their body weight. However, data for

the group of breast-fed infants were derived from infants

who were not EBF according to the present WHO recommen-

dations. Feeding mode affects TEE as well as body compo-

sition and growth in infancy(11–18), and these effects are

likely to influence energy requirements. Therefore, there is a

need for more data on energy requirements in EBF infants.

With many resources currently being invested in the pro-

motion of initiation, duration and exclusivity of breast-feeding,

it is also important to know if the mean reference for energy

requirements per kg body weight is valid to use for infants

who are EBF according to the current infant feeding rec-

ommendations. Therefore, the primary aims of the present

study were to:

(1) Measure TEE of infants who were EBF, as defined by the

WHO, until 6 months of age, and determine energy

requirements using the criterion method (the factorial

approach of measured TEE plus energy stored in

growth).

(2) Compare measured TEE with TEE predicted from body

weight using the equation for breast-fed infants published

by the FAO/WHO/UNU(10).

(3) Assess the accuracy of predicting energy requirements at

the individual level, using mean reference energy require-

ments per kg body weight(10) by comparison with deter-

mined energy requirements from the criterion method.

Methods

Study design and participants

The First-Feed study was a longitudinal observational study

on milk intake, energy balance and growth in EBF infants

aged from 3·5 to 6 months, described in detail elsewhere(6,19).

In brief, healthy participants, who indicated a determination

to breast-feed according to the WHO recommendation,

were recruited from the National Health Service clinics

and local breast-feeding groups in Greater Glasgow, Scotland.

Mother–infant pairs were included for the first time point of

measurements at 15–16 weeks of age, if they were exclusively

breast-feeding, and then followed up to the second time point

at 24–25 weeks of age. All measurements were performed in

the field during home visits by one researcher (S. B. N.). The

present study was conducted according to the guidelines laid

down in the Declaration of Helsinki and all procedures invol-

ving human subjects/patients were approved by the National

Health Service Research Ethics Committee of Greater Glasgow

and Clyde Primary Care Division (ref. no. 07/S0701/15).

Written informed consent was obtained from all participants.

Anthropometric measurements

Body weight was measured on a digital scale with an

increment of 20 g (Seca 835; Medical Scales and Measuring

Systems Seca Ltd). Length was measured to the last completed

millimetre on a measuring board (Kiddimetre; Raven Equip-

ment) and reported as a mean of three readings.

Measurement of total energy expenditure

TEE was measured using the doubly labelled water method as

a mean value over 7 d, as described elsewhere(6). The doubly

labelled water method is the criterion method for measuring

TEE. In brief, doubly labelled water was purchased as ready

mixed sterilised doubly labelled water containing .99·9

atom% 2H2O and 10·4 atom% H2
18O (Rotem Industries Lim-

ited), and the dose required, which was 2·6 g/kg body

weight, was administered to the infant through a 5 ml syringe,

a feeding-tube or through the infant’s own feeding bottle(19).

Dosing equipment was measured on a precision scale

(model BA 310P; Sartorius) before and after dose adminis-

tration to calculate the actual amount of dose consumed.

Urine samples were collected from the infants by placing

cotton wool in the nappies(20), and analysed for background

abundance levels (pre-dose) and isotopic enrichment (post-

dose) by isotope ratio mass spectrometry equilibration

expressed relative to Vienna – Standard Mean Ocean

Water(21), as described previously(22). Dilution spaces and iso-

tope elimination rates were calculated by the back extrapol-

ation method(23), using a pre-coded spreadsheet(24) to derive

values of body composition (fat mass; FM and fat-free mass;

FFM) and TEE, as described previously(6). TEE was calculated

from CO2 production rate as:

rCO2
¼

ðN O £ kOÞ

2 £ f 3
2

ðN D £ KDÞ £ ððX £ f 2Þ þ 1 2 XÞ

2 £ f 3 £ ððX £ f 1Þ þ 1 2 XÞ
;

where NO and ND are the 18O and 2H dilution spaces, respect-

ively, kO and kD are the 18O and 2H elimination rate constants,

respectively, f1 is the fractionation factor for 2H between

vapour and liquid (0·93), f2 is the fractionation factor for 18O

between vapour and liquid (0·99), f3 is the fractionation

factor for 18O between CO2 and water (1·04) and X is the pro-

portion of water subject to fractionation (assumed to be 0·15).

Oxygen consumption was predicted from CO2 production rate

using an assumed respiratory quotient of 0·85. TEE was calcu-

lated using Weir’s equation(25). In order to ensure that only

high-quality isotopic data were included, isotope space ratio

had to be within 1·010 to 1·090 and the estimated total error

on energy expenditure had to be ,10 %.

Energy requirements determined using the factorial
approach

For the EBF infants, a sample who grew normally relative to

the WHO Child Growth Standards(26), the infant energy

requirements were determined using the criterion method of

adding measured TEE to estimated energy stored in growth

(the factorial approach). Energy stored in growth (kJ/d) was

calculated from weight gain over the 7 d of the TEE measure-

ment, as described previously(6). In brief, data on total body

water (TBW) on day 0 were calculated as the 18O dilution

space divided by 1·01(27). FFM on day 0 was calculated

from TBW using an age- and sex-specific factor of hydration
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of FFM(28). FM on day 0 was then calculated as body weight

minus FFM. Weight gain over the 7 d was assumed to have a

linear increase in the proportions of FM and FFM(29). Gain

in FM (g) was calculated directly as the difference in FM

between day 0 and day 7. Gain in FFM was corrected for

age- and sex-specific changes in hydration and in the pro-

portion of FFM, i.e. protein, using regression equations

derived from data on the reference child(28), resulting in a

value of protein gain (g). Finally, the energy stored as fat

and protein was calculated, assuming an energy value of

38·7 kJ/g for fat and 23·6 kJ/g for protein.

Total energy expenditure prediction using the FAO/WHO/
United Nations University equation for breast-fed infants

TEE was predicted from the equation published by the FAO/

WHO/UNU for breast-fed infants(10):

TEE ðkJ=dÞ ¼ 2635 þ 388 £ body weight ðkgÞ

see ¼ 453 kJ=d;

where SEE is standard error of the estimate.

Energy requirements prediction using a multiplier of the
mean FAO/WHO/United Nations University reference

Individual infant energy requirements were predicted from

the mean energy requirements per kg body weight for

breast-fed infants published by the FAO/WHO/UNU(10) using

the values 355 kJ/kg £ d at the first time point (3·5 months)

and 330 kJ/kg £ d at the second time point (6 months)(10).

Statistical methods

Power for the present study was fixed by the First-Feed

study, which was powered to detect changes in metabolisable

milk intake between 3·5 and 6 months of age during EBF(6).

A study investigating energy requirements by Butte et al.(18)

included seventy-six infants (forty breast-fed infants), and a

review of similar studies by Butte(8) indicated the typical

sample size to be about forty infants. A post hoc power cal-

culation, based on the results from the first time point, for

a two-tailed test with a mean paired difference of 178

(SD 221) kJ/d; D of 0·81 (SD 178/221); and with a power of

0·9 at the ,0·05 significance level, we would need 20–25

paired observations.

The outcome measures were the variables of the criterion

methods of measured TEE (from the doubly labelled water

method) and determined energy requirements (from the

factorial approach), as well as variables of predicted TEE

and predicted energy requirements. Measured and predicted

TEE, as well as determined and predicted energy require-

ments, were compared using paired t tests, where the mean

difference between the criterion method and the prediction

indicates the size of bias, while the standard deviation of

the mean difference indicates how different the two methods

can be for the majority of the population(30) (of exclusively

breast-fed infants). Pearson correlations were performed

to explore the relationship between criterion methods and

predictions. The agreement between criterion methods and

predictions was assessed using Bland–Altman plots(30) of the

difference between criterion and prediction v. the mean of

the criterion and prediction for each data point, and the

mean ^ 2SD of the differences was identified as bias ^ limits

of agreement. This was done for both measured and predicted

TEE, and for determined and predicted energy requirements.

Normality was ascertained by Shapiro–Wilk’s test and statistical

tests were performed using PASW statisticsw 18 (SPSS Inc.).

Results

Participant characteristics

Characteristics of mothers and infants are shown in Table 1, and

have also been described elsewhere(6). Of fifty mother–infant

pairs included, forty-seven mothers completed the study. Six

had introduced complementary foods by the second time

point, while forty-one mother–infant pairs were EBF as defined

by the WHO(2). The median socio-economic status categorised

by Scottish Index of Multiple Deprivation decile (where 1 is

the poorest decile) was 8 (range 2–10) for EBF infants (n 41).

The majority of participants (thirty six, 88 %) were white

Europeans. The infants showed normal growth relative to the

WHO Child Growth Standards(26), with a mean weight-for-age

z-score of 0·06 (SD 0·92) and 0·08 (SD 0·92) at the first and

second time points, respectively(6).

Infant characteristics, growth, body composition, TEE and

predicted variables are summarised in Table 2. At the first

time point, eleven data points were lost due to unsuccessful

dose administrations (infants not able to consume the

doubly labelled water or having reflux) or analytical problems

(isotope analyses not complying with quality criteria stated

earlier), and at the second time point, six infants were not

EBF and a further eight data-points were lost due to unsuc-

cessful dose administrations or analytical problems. The ana-

lytical problems were not necessarily problems with the

isotope ratio mass spectrometry itself, but had resulted in

Table 1. Characteristics of participants

(Mean values and standard deviations; number of participants and
percentages)

Included
participants (n 41)

n %

Self-reported educational attainment
Higher grades* 1 2
College 4 10
University 36 88

Parity
First child 29 71
Second child 9 22
Third child 3 7

Maternal age (years)
Mean 33·5
SD 4·1

Infant birth weight (kg)
Mean 3·64
SD 0·37

* Equivalent to 12 years of school education.
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isotope space ratios ,1·010 or .1·090 or an estimated total

error on energy expenditure .10 %. This meant that thirty-

six and thirty-three data points were available at the first and

second time points, respectively.

Comparison of measured total energy expenditure and
total energy expenditure predicted from the FAO/WHO/
United Nations University equation

Measured TEE from the doubly labelled water method and

predicted TEE from the equation by the FAO/WHO/UNU(10)

were significantly positively correlated at both time points

(first and second time points: r 0·39, P¼0·018 and r 0·37,

P¼0·035, respectively) (Table 3). There was no significant

bias at the population level, and mean paired difference

between predicted and measured TEE was 241 (95 % CI

2146, 63) kJ/d (P¼0·423) and 33 (95 % CI 2114, 180) kJ/d

(P¼0·649) at the first and second time points, respectively.

Bland–Altman plots are shown in Figs. 1 and 2 for the two

time points. Limits of agreement (bias ^ 2 SD) were 2657 to

575 kJ/d and 2795 to 861 kJ/d for the first and second time

points, respectively. The errors in prediction of TEE were

significantly negatively correlated with measured TEE at

both time points (first and second time points: r 20·54,

P¼0·001 and r 20·69, P,0·001, respectively). When the vari-

ables of measured and predicted TEE were expressed as ter-

tiles for the first time point, sixteen out of thirty-six (44 %)

infants were classified in the correct tertile when comparing

Table 2. Infant characteristics and energy balance variables for first and second time points†

(Mean values and standard deviations, n 26)

First time point Second time point

Boys (n 17) Girls (n 19) All (n 36) Boys (n 16) Girls (n 17) All (n 33)

Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD

Infant characteristics
Age (weeks) 15·2 1·1 15·7 1·6 15·4 1·4 24·4 1·5 24·8 1·0 26·6 1·3
Body weight (kg) 6·81 0·77 6·41 0·69 6·60 0·74 7·88 0·81 7·46 0·83 7·66 0·83
Length (cm) 62·4 2·1 61·3 2·2 61·8 2·2 66·3 2·0 65·5 2·3 65·9 2·2
Weight-for-age (z-scores) 0·12 1·17 0·15 0·96 0·14 1·05 0·39 0·98 0·24 0·84 0·31 0·90
Length-for-age (z-scores) 2 0·13 1·08 0·11 0·92 2 0·01 0·99 2 0·36 1·02 0·06 0·98 2 0·14 1·01
Weight-for-length (z-scores) 2 0·02 1·03 0·13 0·84 0·06 0·92 0·03 0·99 0·14 0·88 0·08 0·92

Body composition
FFM (kg) 4·92 0·55 4·64 0·46 4·77 0·52 5·60 0·62 5·22 0·58 5·40* 0·62
FM (kg) 1·81 0·39 1·69 0·37 1·74 0·38 2·21 0·51 2·19 0·39 2·20* 0·44
FM (%) 26·8 4·4 26·5 4·2 26·7 4·2 28·2 5·0 29·6 3·6 28·9* 4·3

Growth
Weight gain (g/d) 25·6 13·6 22·9 12·0 24·2 12·7 20·9 15·3 16·0 12·6 18·4 14·0
FFM gain (g/d) 12·6 9·6 9·6 8·1 11·0 8·8 15·1 10·1 9·1 8·7 12·0 9·7
Protein gain (g/d) 2·2 1·5 1·8 1·3 2·0 1·4 2·6 1·6 1·8 1·4 2·2 1·6
FM gain (g/d) 13·1 4·3 13·3 4·2 13·2 4·2 5·8 5·9 6·9 4·1 6·3* 5·0
Protein stored (kJ/d) 53 35 43 31 48 33 62 38 42 34 52 37
Fat stored (kJ/d) 505 165 513 161 509 161 223 230 265 157 245* 194
Energy stored (kJ/d) 558 198 556 189 557 191 286 261 307 189 297* 224
TEE (kJ/d) 2024 340 1846 173 1930 276 2440 480 2130 249 2280* 405

Predictions
Predicted TEE (kJ/d) 1968 294 1818 257 1889 282 2398 315 2233 317 2313* 322
Predicted Ereq (kJ/d)‡ 2381 269 2244 235 2309 258 2580 268 2440 270 2508 274

FFM, fat-free mass; FM, fat mass; TEE, total energy expenditure; Ereq, energy requirements.
* Mean values were significantly different between the first and second time points tested with paired t tests (P#0·001).
† One extreme outlier (boy) at the second time point resulted in some variables not being normally distributed and resulted in wider variation (high SD) in the summarised data.

Repeating analysis using Mann–Whitney tests did not change any results.
‡Ereq predicted as a multiplier of body weight using the mean reference of energy requirements in kJ/kg £ d from the FAO/WHO/United Nations University(10).

Table 3. Relationship and agreement between criterion methods and predictions for total energy expenditure (TEE) and energy requirements

(Mean values and standard deviations)

Pearson
correlation Paired t test

Limits of
agreement

r P Mean difference SD P Lower (kJ/d) Upper (kJ/d)

First time point (n 36)
Measured v. predicted TEE (kJ/d)* 0·392 0·018 242 308 0·423 2657 575
Determined v. predicted energy requirements (kJ/d)† 0·702 ,0·001 2178 221 ,0·001 2620 264

Second time point (n 33)
Measured v. predicted TEE (kJ/d)* 0·369 0·035 33 414 0·649 2795 861
Determined v. predicted energy requirements (kJ/d)† 0·428 0·013 269 407 0·336 2883 745

* TEE measured by doubly labelled water and predicted using the prediction equation published by the FAO/WHO/United Nations University (UNU)(10).
† Energy requirements determined using the factorial approach and predicted using a mean reference value published by the FAO/WHO/UNU(10) as a multiplier of body weight.
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predicted TEE with the measured TEE. For the second time

point, eighteen out of thirty-three (55 %) infants were correctly

classified within their tertile when comparing the predicted

with the measured TEE.

Accuracy of predicting energy requirements using the
FAO/WHO/United Nations University reference

There was a significant bias in the prediction of energy

requirements using the reference by the FAO/WHO/UNU(10)

as a multiplier of body weight at 3·5 months, but not at

6 months. The mean paired differences between determined

energy requirements (the criterion method) and predicted

energy requirements were 2178 (95 % CI 2253, 2104) kJ/d

(P,0·001) and 269 (95 % CI 2214, 75) kJ/d (P¼0·336) at

the first and second time points, respectively (Figs. 3 and 4).

Limits of agreement were 2620 to 264 kJ/d and 2883 to

745 kJ/d at the first and second time points, respectively.

Both time points showed significant negative correlation

between error and energy requirements (first and second

time points: r 20·56 and r 20·80, respectively, both

P,0·001); hence, energy requirements were underestimated

to a larger extent for infants with higher energy requirements.

When the variables of determined and predicted energy

requirements were expressed as tertiles, twenty-six out of

thirty-six (72 %) infants were classified in their correct tertile

at the first time point, and at the second time point, twenty-

two out of thirty-three (67 %) infants were classified in their

correct tertile.

Discussion

In the present study, the accuracy of prediction of two

variables (TEE and energy requirements) was assessed at

two time points and across the range of variation in TEE

and energy requirements. The ability to detect significant

prediction errors in each variable will depend on the study

power, on the nature and magnitude of individual biological

variation and on the variation between individuals at each

time point. We found TEE to be similar at the population

level, whether it was measured using doubly labelled water

or predicted from the FAO/WHO/UNU equation for TEE(10).

Additionally, we found a large and statistically significant

bias as well as large errors at 3·5 months of age, when

energy requirements were predicted from a simple multiplier

of body weight based on the reference by the FAO/WHO/

UNU(10). The predicted energy requirements revealed an

underestimation bias of 7·2 % at the population level com-

pared with the determined energy requirement using the cri-

terion method. There was no bias at 6 months of age, but

large errors at the individual level remained. Therefore, the

present study shows that using this simple multiplier of

body weight for predicting infant energy requirements is

biased in EBF infants at 3·5 months, and has too large errors

to be used with confidence at an individual level (e.g. in clini-

cal practice), as shown by wide limits of agreement, in EBF

infants at both 3·5 and 6 months of age.

Predicting TEE at the individual level is notoriously difficult

due to the many factors that influence TEE, which are not

taken into account in prediction equations, and due to

errors in the measurement of TEE. However, these errors are

expected to level out at the population level, and when con-

sidered at this level, the equation published by the FAO/

WHO/UNU seemed sufficiently adequate for predicting TEE

in EBF infants. Previous studies have shown similar problems

in predicting TEE in other populations(31–33). Furthermore,

studies have found body size alone to be a poor predictor

of TEE during infancy(34), and that FFM and behavioural fac-

tors together accounted for 46 % of the variation in TEE in chil-

dren aged 9 and 12 months(35). One study suggested
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improvement in the error of prediction equations for RMR by

computing an average from several independently derived

prediction equations(36). The ‘wisdom of crowds’ approach

confirmed the weakness of using predictions based on

one or few factors(36), but more independent equations

are needed for infant TEE before it can be implemented in

clinical practice.

The references for infant energy requirements published by

the FAO/WHO/UNU are meant to be used at the population

level, but are commonly used for predicting energy require-

ments at the individual level in clinical practice. We found

that using these references as a simple multiplier of body

weight significantly underestimated energy requirements for

EBF infants at 3·5 months of age at the population level,

whereas there was no bias at 6 months. As there was no

bias in predicting TEE, it is possible that the equations

tested in the present study for predicting energy requirements

in infancy do not sufficiently take into account the different

growth patterns in EBF infants(12–14,16). Growth rate is

slower at 6 months than at 3 months of age, and constitutes

a smaller part of infant energy requirements. Butte et al.(18)

performed a thorough study and were able to generate

regression equations for infant energy requirements that

took feeding mode into account as a factor in determining

energy requirements, although the breast-fed infants in that

study were not fed according to the current infant feeding

recommendation. When using the factorial approach to

determine energy requirements, the estimation of energy

stored in growth is prone to error. As growth varies between

formula-fed and breast-fed infants, and as EBF is now

recommended to 6 months of age, there is a great need to

expand the evidence base of energy stored in growth in

EBF infants in order to more accurately estimate the energy

requirements in this group of infants.

The present study had a number of limitations. The pre-

cision of the estimate of energy stored in growth relies on

repeated measurements of weight to determine weekly

weight gain, and we observed a relatively wide variation in

the data on weight gain. This could partly be due to lack of

precision of the scale for measuring weight; however, more

precise weighing scales may not be suitable for use in the

field, as this will affect their calibration. More importantly,

the daily fluctuations in body weight are much greater than

the weekly weight gain for each infant, particularly at

6 months, and as it was not possible to standardise the weigh-

ing relative to, for example, feeding times, this might have

introduced an extra factor of imprecision in the estimate of

energy stored in growth. We also observed a larger variation

in data of measured TEE as well as estimate of energy

stored in growth at 6 months of age, than at 3·5 months,

partly due to an outlier in the dataset and partly due to

increased variability in factors influencing TEE, for example,

physical activity, which was not measured in the present

study. Subsequently, errors between predicted and deter-

mined energy requirements were larger at 6 months, reducing

the power to detect any bias. The application of the doubly

labelled water method to infants also introduces a factor of

imprecision to this criterion method, because the precision

of dose administration is compromised (relative to children

and adults) when infants do not comply with the procedure.

This can cause spills of doubly labelled water and, in a

worse case, a missed data-point if the dose administration

has to be abandoned. The imprecision caused by spills has

been discussed elsewhere(19). Even though there were no

differences between infants with successful and unsuccessful

measurements (data not shown), the loss of data points

reduced the power of the present study. Finally, the infants

were well-nourished and living in a relatively affluent envi-
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ronment. Both socio-economic status within a country as well

as provenance in general might influence energy requirements

and limit the generalisability of the present study.

The present sample of infants was unique in the

sense that only infants who were strictly EBF, as defined

by the WHO, were kept in the analysis. Therefore, any

variation in data caused by feeding mode was eliminated,

and such data have, to our knowledge, not been published

previously.

It is common practice in clinical settings to combine a mean

reference value per kg body weight with individual body

weight to predict individual energy requirements. For such

prediction equations, errors are large and lack of consider-

ation to this might result in over- or under-estimation of

energy requirements. Furthermore, in the present study,

errors were negatively correlated with energy requirements,

suggesting that the underestimation is greater when energy

requirements are high. This is important to have in mind

whenever prediction equations are used at the individual

level, e.g. in the clinical setting. Finally, indications of suffi-

cient growth should always be ascertained, as this remains

the most sensitive indicator of whether infant energy require-

ments are being met.

In summary, TEE was predicted fairly accurately in EBF

infants at the population level by using the equation by

the FAO/WHO/UNU(10), compared with the criterion method

of measured TEE using doubly labelled water. Predicted

energy requirements underestimated energy requirements in

3·5-month-old EBF infants by 7·2 % at the population level,

which is clinically important, compared with the determined

energy requirements using the criterion method (the factorial

approach). Prediction equations for both TEE and infant

energy requirements had errors that were too large for them

to predict TEE or energy requirements with confidence at an

individual level.
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