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Effect of feeding on neonatal oxygen consumption
J. K. STOTHERS AND RUTH M. WARNER

Department ofPhysiology, The London Hospital Medical College

SUMMARY Oxygen consumption was measured in 9 short-gestation infants before feeding and for
an hour after, using a closed-circuit metabolism chamber. Using the same system, 02 consumption
of 9 term infants was measured for varying periods, beginning one hour from the end of the last
feed. In the short-gestation infants a rise was found in the 15-45 minutes after feeding; 02 con-

sumption then fell, and after 60 minutes had reached prefeed levels. The term infants showed no

decrease with time after the first hour, as would be expected if the effect of feeding on OS con-

sumption extended beyond this. It is concluded that increased O° demand after appropriate feeding
does not extend beyond one hour postprandially.

The first quantitative description of the effect of
feeding on oxygen consumption (VO2) was reported
by Lavoisier (1789). He found that, in a temperature
of 320C, V02 of an adult rose about 50% above the
resting value during digestion. Bidder and Schmidt
(1877) attributed this rise to the 'work of digestion'.
This concept of increased intestinal work was chal-
lenged by Benidict and Emmes (1912), who showed
that V02 rose equally in response to either intra-
venous or oral amino-acids. A succinct summary of
the various theories of the cause of this rise was
written by Kleiber (1961). Rubner (1902) introduced
the term 'spezifischdynamische Wirkung', which
possibly by mistranslation has become specific
dynamic action (SDA).

Early measurements of SDA in infants were made
by Rubner and Heubner in 1899. Unfortunately,
they compared the metabolic rate of a healthy 71-
month-old girl with that of a malnourished boy of
31 months, being then unaware of the effect of age
and state of nutrition on basal metabolism. Tech-
niques of measurement have now improved and
Murlin et al. (1925) reported that the SDA of
ordinary 'feedings' within the first 8 days of life was
small, the largest increase being 12% after a feed of
12% lactose. Since then a variety of workers using
different foods and in differing environments have
reported increases from 6% (Levine et al., 1927)
to 32% (Gamalero and Crosato, 1958). Mestyan et
al. (1969) investigated the magnitude and thermo-
regulatory significance of the response to feeding in
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premature babies under carefully controlled con-
ditions, and found an increase in metabolism of
30% after feeding a milk formula in a thermo-
neutral environment. Gentz et al. (1970), studying
the influence of feeding in newborn pigs, reported
that in previously unfed piglets there was a
significant rise in V02 after feeding: the maximum
increase was about 45 %. They did not, however,
find the rise in those previously fed to be significant,
although from their figures it was of the order of
10%. Gentz et al. (1976) also investigated short-
gestation infants and those of diabetic and pre-
diabetic mothers and reported a 10 to 30% rise in
V02 after feeding.
The length of time during which the rise per-

sisted in the series of Mestyan et al. (1969) was about
240 minutes, although prefeed values were ap-
proached about 150 minutes postprandially. In the
piglets (Gentz et al., 1970) the return to mean
control values was about 500 minutes in the
previously fasted group; no values were given for
the previously fed piglets. The V02 of infants
(Gentz et al., 1976) reached a maximum at 1 to 1
hours and then slowly returned to prefeed values. In
none ofthese series was sleep state taken into account.
In the human infant this can have a significant effect
on V02 (Stothers and Warner, 1978).

If these figures of duration of response are a
consistent feature of neonatal feeding, it would seem
that the infant spends little time with a basal '02,
and that feeding imposes an almost constant in-
crease in oxygen demand. The aims of the present
study were to observe the effect of feeding on V02
with special reference to the length of time such an
effect persisted, and to observe if the variation of
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416 Stothers and Warner

V02 with sleep state in the short-gestation infant
was similar to that of the term infant in a thermo-
neutral environment.

Material and methods

0102 was measured in the closed-circuit metabolism
chamber described by Hill and Rahimtulla (1965),
modified by Hey and Katz (1969). The infants were
from the maternity wards and the special baby care

unit of this hospital. Each baby was studied with
the informed consent of the mother and usually in
her presence. Because it was considered unethical to
administer nasogastric feeds to normal, term infants,
two separate studies were undertaken.

In the first series 9 short-gestation but otherwise
well infants were measured (Table 1). At the time
of measurement all were being nasogastrically fed.
In the second, observations were made of 9 term
babies, 8 of whom were being breast fed and one

bottle fed, all on demand. In both studies the infants
were measured prone, in a thermoneutral environ-
ment, the appropriate temperature having been
calculated from the data of Hey (1969). In each case
the rectal temperature was measured throughout
the period of observation. Minute-by-minute records
of behavioural states were made by an experienced
observer, continuously watching the infant for
body and eye movements. Periods which contained
more than one significant movement, such as a

stretch, in any one minute, were excluded from the
results in the first series and only used in the pre-
liminary analysis of the second.
The short-gestation infants were placed in the

metabolism chamber and the feeding tube attached
to a connector which penetrated the door in an

air-tight fashion, with a 3-way tap on the outside.
In order to standardise the rate of administration,
for each hour between feeds, 5 minutes of feeding
time were allowed; therefore, if the infant was being
fed 2-hourly, the feed would be given over a period

of 10 minutes. A volume of air equal to the volume
of feed was extracted from the chamber simul-
taneously using a reciprocating pump. In 7 of these
infants, measurement of V02 in adjacent REM and
NREM sleep states lasting for at least 8 minutes
was possible during the 2nd postprandial hour.

In the second series Vo2 of 9 healthy, term
infants was measured; 3 of them were girls. Mean
age was 3 * 5 days (range 2-5) and mean weight 3 1 kg
(range 2 6-3 7). The measurements were begun 60
minutes after the end of feeding and continued for
as long as the infant remained asleep.

Minute-by-minute values were obtained from the
traces and these data were converted into ml 02

consumed per minute, at standard temperature and
pressure, dry. In the case of the short-gestation
group, comparison was made of the differences in
Vo2 at four time intervals from the prefeed values
using a related t test. The individual minute Vo2
values of the term infants were subjected to a single
mathematical 'smoothing' (A. Hyams, 1977, personal
communication) based on binomial weightings, in
an attempt to observe any patterns or overall
trends. The minute-by-minute values were then
linearly regressed for the entire period of obser-
vation, irrespective of slight movement of sleep state.
Finally, a second linear regression was calculated,
periods of NREM sleep and those containing
significant movement having been excluded.

Results

Short-gestation infants.

Sleep states and V02
A substantial increase in VO2 accompanied the
change from NREM sleep to REM sleep (Table 2).
This was diminished when no regard was taken of
the direction of change, but was still significant.
When REM sleep preceded NREM, the change in
V02 was not significant.

Table 1 Details of the short-gestation infants, and the maximum increase in PO2 in the 15- to 45-minute period,
expressed as a percentage of the prefeed level
Case Gestational age Weight Age Frequency offeed Volume Type offeed Rise in '02

(weeks) (kg) (days) (hours) (ml) (

1 36 1*65* 6 2 45 EBM 7-6
2 35 3.5t 13 3 60 F 17.8
3 35 1.36* 20 2 25 F 3.5
4 32 1.47 14 1 15 F 13-7
5 34 1-63 11 2 25 EBM 10-0
6 36 2 51 6 3 60 F 10.4
7 32 1.48 10 1 13 EBM 20-3
8 34 1-57 12 2 27 F 51-2
9 35 2.31 25 2 35 F 36.7

*Below 2 SDs from expected mean (Usher and McLean, 1969); tdiabetic mother.
EBM = expressed breast milk; F = formula.
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Effect offeeding on neonatal oxygen consumption 417

Table 2 Effect ofREM and NREM sleep on PO2
Direction of sleep No. of infants* REM J02 NREM r02 Increase in REM sleep P
state change ml/min ml/min (%)

NREM=REM 7 6.75 6.08 11 <0-05
NREM REM 5 6-68 5-83 15 <0-01
REM -+NREM 5 6.94 6.6 5 >0 05

*Details of the 7 infants

Weight (kg) Age when studied (days) Gestational age (weeks)

Mean 2.23 16 34.7
Range 1.35-3*5 6-26 33-36

Postprandial metabolism
Because of the above observation, comparative
measurements included in this series were made
when the infants were in quiet REM sleep. With the
exclusion of movement and NREM sleep from the
periods of observation, only one of the 9 infants had
continuous data for the full pre- and interfeed period
(Fig. 1). Fig. 2 shows the results from eligible traces
at the following times: prefeed, 0-15, 15-45, 45-60,
and >60 minutes postprandially.
During the 15-45-minute period V02 was sig-

nificantly increased; the mean rise was 13 %. A
return to basal levels was achieved within the first
hour. Rectal temperature change was greatest in
the 15- to 45-minute period, with a mean rise over
prefeed levels of 0 170C (range 0-0 3). By 60
minutes postprandially this had diminished to
001OC (range 0-02).
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Fig. 1 02 consumption of one short gestation infant
who remained still, and in REM sleep throughout
the pre- and interfeed periods. Only the 15- to the
45-minute period was significantly different from
prefeed level (maximum difference 31 %)

Term infants.

Postprandial metabolism
Fig. 3 shows the original minute-by-minute V02 of
a term infant measured from 60 to 240 minutes after
the end of a feed. Superimposed is the result of a
single 'smoothing' manoeuvre. A gradual diminution
of V02 with time during each NREM sleep period
was observed, as was the variability associated with
movement. Visually, however, there was no obvious
overall trend during the 3 hours of observation.

Details of linear regression of V02 with time,
without regard to sleep state or movement are given
in Table 3. There was no significant difference in
the slopes from horizontal when the group was
considered as a whole. Exclusion of periods of
movement and of NREM sleep did not alter the
results significantly.
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Fig. 2 Results ofpooled data from the 9 short-
gestation infants. Means of the differences from the
prefeed (0) levels are shown with the SDs. Only the
15- to 45-minute period is significantly different.
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418 Stothers and Warner

REM N REM REM quiet N REM R EM active N REM REM active
Change Chtnge

24060 90 120 150 180 210
Time from end of feed (min)

Fig. 3 Minute-by-minute °2 consumiption ( A ) of a 2 9 kg breast-fed infant aged 2 days. The result ofa single
smoothing (N) is superimposed. In this case the slope value was not sigmificantly diffeerent from zero (B = - 00023).

Table 3 Individual results of the linear regressions of '02 on lime. A negative value of B, the slope of the regressiont
line, represents a diminution of PO2 with time, and a positive value an increase

Case No. ofobservations B ralue Confilence limits Pt Change in temperature*
(min)

Upper Lower

10 126 0.0011 0-0038 -0-0016 NS -0-05
11 117 0-0011 0-0074 -0 0051 NS -0-1
12 89 0-0070 0-0115 0-0026 1 % +0-1
13 180 -0-0023 0.0004 -0-0050 NS +0-3
14 91 --0-0043 0.0105 -0-0190 NS -0-05
15 139 0.0009 0.0050 -0-0031 NS -0.2
16 66 0-0099 0-0248 -0-0049 NS +0-1
17 223 0-0053 0-0079 0-0027 1% +0-3
18 110 -0-0032 0-0036 -0-0101 NS +0-2

*Rectal-environmental temperature change (OC) over the period of observation; tstatistical comparison of the slope of the line with respect to
B = 0; i.e. a horizontal line.

The rectal temperatures showed neither significant
nor consistent directional change during the periods
of observation (Table 3).

Discussion

The fact that V02 increases in REM sleep in pre-
mature infants is in keeping with the findings of
Scopes and Ahmed (1966), and also in agreement
with our own findings in term infants (Stothers and
Warner, 1978). It is interesting that the magnitude
of maximum change (15 Y.) was considerably greater
than the 6-6% rise found in the latter series, and
emphasises the fact that when comparative V02
measurements are being made over fairly short
periods of time, note should be taken of sleep states.
The results from the feeding series support

previous workers' findings of a rise in V02 post-
prandially. From the small sample of short-gestation
infants measured just before and after gavage
feeding the magnitude of the rise appeared highly
variable, ranging from 4 to 50% of the resting values.
This large variation may have been due to several

factors. The effect of age on resting metabolism is
well established, but the importance of the effect
of the energy content of the food, the state of
nutrition, and growth rate on the size of response is
less widely accepted.
Evidence that these factors are ofmajor importance

is however accumulating. In 1966 Krieger found that
insensible water loss, which she used as an index of
metabolic rate, increased after feeding only during
periods of weight gain in infants aged between 5 and
43 months. No such increase was observed when
weight was either static or decreasing. Ashworth
(1969) using indirect, open-circuit calorimetry
measured the effect of feeding on 8 malnourished
infants aged between 10 and 36 months and reported
that during the 'catch-up' phase, or period of rapid
growth, the metabolic rate increased significantly.
Once the growth rate had returned to normal there
was no such increase. She concluded that in the case
of the starved infants the classic concept of SDA
did not apply and that the size of increase in meta-
bolic rate after a meal was related to 'the energy
cost of growth and, in particular, to the energy cost
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Effect offeeding on neonatal oxygen consumption 419

of protein synthesis'. This theory has now been con-
vincingly supported by Gentz et al. (1976) who
reported measurements of V02 and respiratory
quotient (RQ) of 5 infants aged between 2 and 11
days who were either small-for-dates or of diabetic
mothers. A rise in both variables was observed after
feeding, and it was suggested that the most likely
cause was protein synthesis and lipogenesis. Thus the
simple concept of SDA proposed by Voit (1901) as
food being fuel for the metabolic fire could be made
compatible with modern views if one introduces
Ashworth's 'energy cost of growth' as a variable
'fanning' of the flames.

In the present studies the duration of the response
was more consistent. All of the babies in the first
series regained prefeed V02 values within the first
hour from the end of the feed. In general this is in
agreement with Brooke's findings (O. Brooke, 1978,
personal communication). Support for this ob-
servation was obtained from the term infants in
whom V02 did not diminish consistently with time,
as one would expect if significant effects exceeded
one hour. This is in contrast with the findings pre-
viously reported in newborn babies (Mestyan et al.,
1969; Gentz et al., 1976), and piglets (Gentz et al.,
1970) in which considerably longer 'recovery' periods
were observed. Explanation of the apparent conflict
necessitates further examination of those series.
Only group 1 of the infants of Mestyan et al. (1969)

were nursed in thermoneutrality. These preterm
infants had an interfeed period of 4 hours. The ages
of their 8 infants ranged from 6 to 24 days and their
weights from 1300 to 2100 g. 40 to 60 ml milk were
given, an amount per feed which is considerably
greater than that given in the present series, although
the daily volumes were approximately equal. The
longer interfeed intervals and the increased volumes
may explain the longer 'recovery' periods. The range
of changes of V02 was similar to our own series
(11-44 Y.), but the mean was higher (30 %).
The study by Gentz et al. (1970) comprised fed and

unfed piglets. The maximum rise in V02 and the
lengthy duration of the effect were found in
the unfed group, which is not comparable with the
infants in the present study, all of whom had been
previously and recently fed. In his fed group, how-
ever, there was a rise of about 10%, which because
of individual variation did not reach statistical
significance. In addition, the peak V02 values appear
to have been reached some 30 minutes after ad-
ministration of the sows' milk. The length of time
taken to return to prefeedVO2 levelswas not reported.

Full details of the volume and interfeed intervals
of the babies in Gentz's series unfortunately were
not reported (Gentz et al., 1976). It is interesting to
note, however, that the pattern of response was

similar to that reported by M6styan et al. (1969), sug-
gesting a similarity of feeding regimens; the maxi-
mum rise in V02 occurring in the 60- to 90-minute
period postprandially with a subsequent, gradual
return to prefeed levels.
Our results suggest that the response to feeding is

highly variable, but that in 'appropriately-fed' in-
fants the effects should not exceed an hour. Great
difficulty arises, however, in the interpretation of
'appropriate'. No firm rules of the volume or fre-
quency with which short-gestation infants should be
fed can be made from this small study. It only
supports the advocates of 'a little and often'. In the
healthy, term, demand-fed babies the recovery
period was within an hour, suggesting that the
infant knows best the appropriate volume and
timing, supporting the protagonists of demand
feeding.
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Erratum
Clinical evaluation and comparison of the Infra-
sonde, Arteriosonde, and mercury sphygmomano-
meter in measurement of blood pressure in children.
J. M. Savage, M. J. Dillon, and J. F. N. Taylor.

It is regretted that in the March issue (Archives,
1979, 54, 187-188) the legends to Figs 7 and 8 were
transposed.
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