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Individual variation in sleeping metabolic rates in
infants

David Hull, Alastair J McArthur, Katherine Pritchard, Dilys Oldham

Abstract
Aim-To measure the variation in sleep-
ing metabolic rate (SMR) of healthy
infants in the first year of life.
Methods-Attempts were made to meas-
ure SMR in the home of one group of
infants at monthly intervals over the first
year oflife and ofanother group in the 1 to
12 age range, over three consecutive days.
Sixty one infants were recruited and 181
measurements made. In 11 infants six or
more satisfactory measurements were
made a monthly intervals and in another
11 infants, three consecutive daily meas-
urements were obtained. Parents chose
the clothing and bedding that they judged
their infant needed to fall asleep. The
room air and radiative temperatures,
humidity, and amount of insulation were
recorded.
Results-The mean (SD) SMR was 2.4
(0.4) watts (W)/ kg or 45 (10)WIm'. The
rate was the same for infants in the age
groups 0.25, 0.5, 0.75, and 1 years; indi-
vidual infants did not show a systematic
change with age. There was wide varia-
tion. Ninety eight per cent ofinfants had a
SMR between 1.8 and 3.1 WIkg. The mean
SMR for the infants measured on three
consecutive days varied from 1.7 to 3.1
WIkg, and SMR varied within infants,
from 0.06 to 0.86 WIkg. The variation
within six to 11 measurements on infants
over the first year of life ranged from 0.38
to 1.05 WIkg.
Conclusion-Infants in the first year oflife
exhibit wide variations in SMR from day
to day and from month to month. As the
range is wide, guidance on clothing and
bedding for thermal comfort can be given
only in broad terms.
(Arch Dis Child 1996;75:288-291)

Keywords: sleeping metabolic rate, thermal environ-
ment.

In a previous study we found that the sleeping
metabolic rate (SMR) of infants aged 1 to 12
months, measured in a specially designed
nursery, rose during the first months of life,
and that there were large differences in SMR
between infants ofthe same age throughout the
year.' These differences did not appear to be
related to the time of the last feed, gender, or
time of day. At a given age, the range in SMR
was so wide that the clothing and room
temperature at which the average infant might
settle would be uncomfortably warm for some
or cool for others.

The aim of the present study was to investi-
gate the extent to which these differences in
SMR occurred as a consequence of variations
in metabolism within one infant, or were due to
consistent differences between individuals.

Methods
SUBJECTS
Normal healthy infants were recruited from
the local community by placing posters in 30
general practitioners' surgeries and health clin-
ics in the Nottingham area. In addition, baby
clinics were visited on a regular basis in order
to enlist parents.
The aim was to study one group of infants at

monthly intervals over the first year of life,
starting as soon as possible after birth, and
another group daily on three consecutive days.
The programme was often frustrated because
the infants did not settle to sleep. In 11 infants
it was possible to measure SMR on six or more
occasions at monthly interval in the first year.
These infants were labelled 1 to 1 1; there were
six boys and five girls. A total of 90 measure-
ments were made on these 11 infants. The
largest number of observations (monthly) on
an individual infant during the year was 11,
and the average period between measurements
was 0.11 years (minimum = 0.05, maximum =
0.34). Successful measurements on three con-
secutive days were made on 11 infants; there
were four boys seven girls labelled A to K. It
was our intention to measure SMR at the same
time each day, but a short delay often occurred
due to a lack of cooperation from the subjects!
This delay varied between nine and 125
minutes but the longest delay (during the three
days) was usually less than 20 minutes. In 39
infants the series was incomplete. In total, we
made 188 measurements of sleeping metabolic
rate on 61 infants between November 1991
and March 1994.

EXPERIMENTAL PROCEDURE
The SMR was measured on the infants in their
homes by indirect (open circuit) calorimetry
using the Datex Deltatrac Metabolic Monitor.2
The Deltatrac measures the metabolic rate at
one minute intervals and automatically calcu-
lates the mean and SD of these readings over a
given time interval. In all instances the parents
dressed and covered the infant in the amount
of insulation that they felt was appropriate.
The air temperature in the home was not
adjusted, and the infants were placed in the
usual location and position for their daytime
sleep.
A ventilated hood was placed over the head

of the sleeping infant about 10 minutes after
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Table 1 Mean (SD) values ofSMR (Wlkg) for infants
in four age groups. Measurements were made in a nursery
or at home, as indicated

Nursery Home
Age
(years) No in SMR No in SMR

group (Wlkg) group (Wlkg)

0.25 8 2.0 (0.42) 8 2.4 (0.10)
0.50 1 1 2.6 (0.24) 9 2.4 (0.26)
0.75 12 2.6 (0.40) 9 2.4 (0.36)
1.00 8 2.3 (0.44) 10 2.5 (0.17)

The difference between the nursery and home measurements at
0.25 years was significant (p < 0.05).
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Figure 1 SMR compared with age for infants at home. The da
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bars indicate the SD of the mean of measurements made at mini
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Figure 2 Air and mean radiative temperatures of the
environment surrounding infants asleep at home (from
monthly observations).
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Figure 3 Tog value of the insulation selected by parents
when their infants were asleep at home (from monthly
observations).
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Figure 4 SMR of infants 2 and 6 compared with age
during the first year of life. The vertical bars indicate the
SD of the mean of measurements made at minute intervals
over 15 minutes.

clothing and bedding ranged from 1.7 togs
(infant B) to 6.6 togs (infant K), but the insu-
lation for each infant did not alter much over
the three days. The largest difference in insula-
tion between days was 4.6 togs for infant K
who was in a room at about 16.5°C. However,
the largest day to day difference in insulation
was less than 0.7 togs for seven of the 11
infants, and less than 1.5 togs for all except
infant K. Table 2 also shows that the difference
between the highest and lowest value of Tax for
an individual over the three days was between
0.1 and 1.0°C (mean difference = 0.4°C).
The time since the last feed was between 10

and 180 minutes. Infants A to E and infant K
had been fasted for more than one hour on all
three days, whereas infants F to H had been fed

0.5

.0l
1 2 3 4 5 6 7 8 9 10 11

Infant

Figure 5 Monthly values ofSMRfor 11 infants.

during the hour previous to measurement on
all three days. Infant I had been fasted for more
than two hours on days 1 and 2, and less than
one hour on day 3. Infant J had been fasted for
less than one hour on days 1 and 2, and for
more than two hours on day 3.

Figure 6 shows the mean (SD) values ofSMR
on the three consecutive days for infants A to K
plotted against age. The mean values of SMR
were between 1.7 and 3.1 W/kg. For individuals,
the difference between the highest and lowest
SMR during the three days ranged from 0.06
W/kg (infant A) to 0.86 W/kg (infant E).
There was a large variation in SMR for

infant E. She had fasted for 60, 80, and 70
minutes on days 1, 2, and 3, respectively, and
had been asleep for about 10 minutes before
each set ofmeasurements commenced. Table 2
shows that Ta was 2.5'C cooler on day 3 than
day 1. However, she had an 'extra' 0.5 togs of
insulation on day 3 to compensate for the lower
Ta. She lay in the same position (supine) on all
three days.

Discussion
Over 50 years ago, Clagett and Hathaway
measured the SMR of eight infants on four to
seven occasions during the first year of life.'
The difference between the highest and lowest
values of SMR they recorded for each infant
ranged from 0.19 to 0.63 W/kg, which is simi-
lar to the difference we found with ranges from
0.38 to 1.05 W/kg in the monthly studies (fig
5), and from 0.06 to 0.86 W/kg over three con-
secutive days (fig 6). These values suggest that
a large part of the differences in SMR between
infants is due to metabolic fluctuations within
individuals. Clagett and Hathaway also found
that some infants had a consistently higher
SMR than others.' So did we, our measure-
ments of SMR at intervals throughout the first
year of life indicated that some infants did have
a consistently higher metabolic rate during
sleep than others. It is difficult to calculate the
size of this difference in infants of different size
and age.
For the measurements made on three

consecutive days, the highest value of SMR for
individuals was, on average, 22% above the
lowest value (range from 2-51 %). For com-
parison, Karlberg in 1952 measured the rate of
oxygen consumption of infants (age 0.02 to
0.50 years) twice, at intervals ranging from 1 to
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Table 2 Air temperature, insulation, and axilla temperature for infants of different ages over thefirstyear of life, measured
in the home on three consecutive days

InfaAge Ta °C) Insulation (togs) T. CC)
Infant (years) Day ) Day 2 Day3 Day ) Day 2 Day3 Day I Day2 Day3

A 0.67 20.5 21.0 24.0 4.0 3.5 3.4 36.0 35.8 36.5
B 0.96 20.5 21.0 22.5 1.9 1.7 2.0 36.4 36.8 36.7
C 0.98 23.0 21.5 21.0 2.0 1.9 1.8 36.0 36.7 37.0
D 0.83 23.5 22.0 22.5 4.8 4.8 4.8 36.8 36.6 36.7
E 0.42 21.5 20.5 19.0 2.0 1.9 2.5 36.6 36.8 36.9
F 0.33 17.0 17.0 17.5 5.2 6.2 6.6 36.2 36.6 36.4
G 0.79 23.0 21.0 20.0 3.2 2.1 2.7 36.6 36.5 36.6
H 0.37 20.5 20.0 20.0 4.8 3.3 3.7 36.2 36.7 36.5
I 0.27 22.0 22.5 22.0 2.2 2.2 2.2 n/m 36.4 36.5
J 0.55 20.0 19.5 20.0 2.7 2.7 3.0 36.4 36.7 36.8
K 0.23 16.0 16.5 17.0 6.6 5.0 2.0 36.3 36.5 36.4

n/m = Not measured.
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Figure 6 SMRfor 11 infants on three consecutive days.
The vertical bars indicate the SD of the mean of
measurements made at minute intervals over 15 minutes.

10 days.4 He split the infants into three groups:
group A consisted of 22 pairs of measurements
in which the experimental conditions remained
unchanged; in group B (five pairs of measure-
ments) the observations were made at different
time intervals following feeding; and in group
C (10 pairs of measurements) the observations
were made at different times of day. The higher
value ofoxygen consumption was on average 4,
8, and 9% above the lower value for groups A,
B, and C, respectively. The corresponding
largest differences in oxygen consumption for
individual infants were 8, 14 and 23%. We
found a wider variation over three days. This is
in part because we report the difference
between the highest and lowest values of three
rather than two measurements of SMR. When
the observations made on the first two days
only are considered the higher value of SMR is
on average 11% above the lower value (range
from 0-44%), much closer to Karlberg's
finding. Secondly, a sedative was used in 69 of
the 74 (34 of 37 pairs) measurements that
Karlberg made. It is, therefore, probable that
the infants' sleep would have been more
uniform between days than the infants in the
present study who were in a 'natural' sleep.
We have measured SMR on 288 occasions in

infants aged 1 month to 1 year. Taken together,
the values follow a Gaussian distribution with a
mean (SD) value of 2.4 (0.4) W/kg. However,
the measurements were made on infants of dif-
ferent age and size, and more than one
measurement was made on individual infants.
When the metabolic rate is expressed in watts
per unit surface area, and limited to single

observation per infant, the mean value is 45
(10) W/m'. The SMR of newborn infants is
around 24 W/m2 on the day of birth, rising to
34 W/m2 by the end ofthe first week.56 The rise
must continue over the subsequent few weeks.
Our study in the nursery' suggested that the
metabolic rate (W/m') increases over the first
three months, as Azaz et al found.7 However,
our data on all the infants investigated at home
do not reveal an increase in metabolic rate
(W/m') with age. Presumably, metabolism in
infants increases at different rates over the first
weeks, rather than months, of life.

In conclusion, we report that an infant's rate
of heat production during sleep varies signifi-
cantly from day to day, and from month to
month. Consequently, infants should be
nursed in environments that allow them to
maintain their thermal balance by, for exam-
ple, adjusting rates of heat loss by postural
movements. The flexibility to increase the rate
of heat loss is particularly important when a
child develops a fever.

It is common teaching that infants and chil-
dren have higher rates of heat production per
unit surface area than adults. Our studies do
not support this conclusion. The SMR of
infants varies between 30 and 50 W/m', which
is just below the rate reported for adults at rest.
Consequently, an infant with a high metabolic
rate is likely to enjoy thermal comfort in simni-
lar circumstances to an adult, whereas an
infant with a low metabolic rate would require
extra insulation. These findings support the
general advice given in the government report
Back to Sleep. To be more specific about their
insulative requirements during sleep would not
be helpful.
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