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Factors affecting rectal temperature in infancy

C S Tuffnell, S A Petersen, M P Wailoo

Abstract
The recordings of 1197 overnight rectal
temperatures from infants of up to 24
weeks of age have been analysed with
respect to 12 variables, including a
number of risk factors for sudden infant
death syndrome. Multivariable regression
was used to identify if parental smoking,
bottle feeding, sleeping position, and birth
weight affect the overnight rectal tem-
perature ofinfants.
The rectal temperature, averaged over

the period from three to five hours after
the infants were put to bed, correlated
well (R=0-36) with the collected vari-
ables. An increase in the infant's age,
birth weight, and the supine sleeping
position all decreased the night time rec-
tal temperatures. However, an increase
in the night time room temperature,
weight, and the combination of bottle
feeding and parental smoking produced
an increase in rectal temperature. The
individual effects of bottle feeding and
parental smoking were not significant.
The results show that some of the major
risk factors have the effect of raising
the rectal temperature of sleeping
infants.
(Arch Dis Child 1995; 73: 443-446)
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Epidemiological studies have identified
numerous factors which increase the risk for
sudden infant death syndrome (SIDS).1 2 Of
these, some of the most important risk factors
are the prone sleeping position, parental smok-
ing, low birth weight, and possibly non-breast
feeding. In addition, SIDS has been shown' to
somehow be related to temperature as SIDS
occurs more often at higher latitudes in temper-
ate areas3 and in cooler months of the year.4 5
Overheating may also be a contributing factor
for SIDS.67 However, the physiological link
between temperature and SIDS has not been
established.
When infants are put to bed their rectal

temperature drops by up to 10C.8-10 For new-
born infants this drop is very small, but
increases until the rectal temperature falls to
below approximately 36 5°C each night. This
is the mature or adult-like temperature
pattern. However, many factors other than
age contribute to the observed pattern of the
rectal temperature. The aim of this research is
to examine the effects of the main risk factors
for SIDS on the night time rectal tempera-
tures of infants.

Subjects and methods
From 1988 to 1994, more than 500 infants in
Leicestershire have been recruited for overnight
studies of their body temperatures. Starting
during the first few weeks of each infant's life,
overnight recordings of body temperatures
were typically made once a week for up to 15
weeks. At the time of recruitment, basic peri-
natal data were collected and for each overnight
recording the age, weight, togs (thermal insula-
tion of clothing and bedding), sleeping posi-
tion, and state of health of the infant were
recorded. For each recording, probes were
attached to the infant to measure the skin and
rectal temperatures. The temperatures of the
room where the infant was sleeping were also
recorded. The data were collected on a Grant
Squirrel data logger, sampling at one minute
intervals with a resolution of 005°C.
From within this large database, all record-

ings where the infants were suspected of being
ill or incubating an illness, or where the infants
had recently had an immunisation, were
removed. Also, only recordings where the
probes remained attached for the entire night
and the data were unblemished were con-
sidered for this analysis. Of the 159 recordings
which were removed, there was no significant
difference in distributions of the age, weight,
togs, sleeping position, feeding regimen, and
parental smoking when compared with the
same variables in the original dataset. The
remaining data were then prepared for sub-
sequent analysis and included 1197 overnight
recordings from 381 infants.

For comparison with the independent
variables, the rectal temperature was averaged
over the period from three to five hours after
the infant was put to bed. This removed the
large bias caused by the fall in rectal tempera-
ture which occurs when infants are put to bed.
After five hours, a large percentage of the
infants wake up and the rectal temperature
becomes more variable.
The independent variables of age, gender,

birth weight, weight at recording time, growth
rate, feeding regimen, parental smoking (one
or both parents); combined feeding and
parental smoking, togs, average room temper-
ature, and sleeping position were analysed
with respect to the dependant variable rectal
temperature. Multivariable regression and
correlation was used to identify which vari-
ables significantly affect the infants' rectal
temperature, I' while allowing for the possible
confounding effects of all the variables.
Dichotomous variables such as parental smok-
ing were given the value of -1 (no or false)
and + 1 (yes or true). For the feeding regimen
variable, the bottle feeding group included
only those infants who were not breast fed at

443

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.73.5.443 on 1 N

ovem
ber 1995. D

ow
nloaded from

 

http://adc.bmj.com/


Tuffnell, Petersen, Wailoo

Results of multivariable regression with the rectal temperature averagedfrom three tofive
hours after bedtime. The mean (SD) ofeach variable is included; (3 is the standard normal
z score regression coefficient, b is the raw score regression coefficient, andp is the two tail
Student's t test

Variable Mean (SD) /3 b p

Age (weeks) 12-1 (4 58) -0-432 -0-0270 1-07E-16
Gender (female=-1, male= 1) 0-0159 (1 00) -0 040 -0-0115 0-163
Birth weight (g) 3212 (696) -0-194 -7-989E-5 1-25E-5
Weight (g) 5708 (1233) 0-231 5-374E-5 1-45E-4
Growth rate (per day) 0-00552 (0-00432) 0-018 1-1729 0-617
Feeding (breast=-1, bottle=1) 0-402 (0-916) -0-036 -0-0112 0-328
Parental smoking (no=-1, yes=1) 0-021 (1 00) -0 077 -0-0223 0-193
Bottle feeding and parental
smoking (no=-1, yes= 1) -0-114 (0-994) 0-160 0-0463 0 019

Togs 10-5 (4-01) 0 001 8-8598E-5 0-967
Room temperature ('C) 20-5 (2 46) 0-061 0-0071 0-046
Supine (no=-1, yes= 1) -0-123 (0 993) -0 101 -0-0290 0-017
Prone (no=-1, yes= 1) -0-529 (0-849) -0-024 -0-0080 0-522

all. Thus, breast feeding included combined
breast and bottle feeding. Growth rate was
calculated on a weekly basis then divided by
7 and also divided by the weight to give the
daily growth rate per unit mass. Two tail
Student's t tests were used to indicate the sig-
nificance of the partial regression coefficients
such that the number of samples was taken to
be the number of infants, not the number of
recordings.
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Figure 2 Effect of birth weight on the night time rectal
temperatures of infants. Data have been averaged across all
infants in the low birthweight and high birthweight groups
and the error bars indicate the standard error. The first
eight hours of rectal temperatures after the infants have
been put to bed is shown. All variables, excluding birth
weight, were sufficiently similar to allow presentation of
these data on a univariate graph.

From the values of 13 and p presented in the
table, the infant's age has by far the largest and
most significant effect on the rectal tempera-

regression and correlation of the ture. As the infants mature, the average rectal
Lent variables is presented in the temperature falls, matching previous results
)rrelation coefficient of the multi- reported in the literature.10 The supine sleeping
ession was R=0-36 and the raw position also significantly lowers the rectal tem-
;ion constant was ko=36-7770C. perature, agreeing with previous research.'2
f 1 are the standard normal z score The individual effects of either bottle feed-
oefficients which indicate the rela- ing or parental smoking are not significant.
each of the independent variables However, the combined effect of bottle feeding
al temperature. The raw score and parental smoking is significant, the effect
)efficients are represented by the of which is approaching half the effect of age.
e values of p give the significance Figure 1 shows the effects of smoking and bot-
ssion coefficients with two tail tle feeding on the rectal temperature, averaged
-sts. The mean (SD) of the rectal over the groups within the entire dataset. The
was 36-65 (0.286). three rectal temperature curves of breast feed-

ing plus parental smoking, breast feeding with-
out parental smoking, and bottle feeding
without parental smoking are statistically indis-

* Bottle feeding and smoking tinguishable. However, the curve for bottle
o Breast feeding and smoking feeding plus smoking is approximately 0-10C

Btn-s higher than the other three curves. This
univariate result agrees with that presented in

3 Breast feeding and non-smoking the table. In addition to the results presented
in the table, the correlation between the bottle
feeding and parental smoking variables was
r=0-37 (p<0-0001).
Body weights also have a significant effect

on the average rectal temperature. A low birth
weight raises the rectal temperature, contrast-
ing with a low body weight, measured at the
time of the recording, which lowers the rectal
temperature. The effect of birth weight on
rectal temperature is presented in fig 2. The

20 40 60 80 data have been split into two groups, which are
Hours after bedtime birth weight less than and greater than or equal

of thefour combinations offeeding to the mean birth weight of 3210 g. In agree-
ental smoking on the night time rectal ment with the table, this graph shows that the
nfants. Data have been averaged across all
f the four groups and the error bars indicate lower birthweight group has a rectal tempera-
)r. The first eight hours of rectal ture which is approximately 0-05°C higher
,r the infants have been put to bed is than the high birthweight group.
cbles, excluding parental smoking and
were sufficiendy similar to allow The only other signficant variable iS the
kese data on a univariate graph. average room temperature. An increase in the
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room temperature of 10°C produces an

increase in the rectal temperature of 007°C.
Although this effect is significant, it is relatively
small.

Discussion
Because of the large number of infants studied,
it is not likely that the significance of the
variables listed in the table will change with the
addition of data from more infants. However,
these variables by no means account for the
entire variability of the rectal temperature.
Considering the feeding and smoking variables
in this study are dichotomous, when their
effect is likely to be dose related, and the
limited accuracy of response to questionnaires
required to gather the data, the multivariable
correlation coefficient of 0O36 is more than
satisfactory. Also, the analysis presented in the
table assumes linear relationships, but for all
except true dichotomous variables such as

gender, this is not likely to be the case.

The results suggest that low birthweight
infants have a raised sleeping rectal tempera-
ture throughout early life. As growth rate had
no effect on rectal temperature, it would seem

that a higher metabolism in the lower birth-
weight infants during the period when their
weight is 'catching up' with other infants, is not
the cause of the increased rectal temperature.
The effect ofbody weight (measured at record-
ing time) on rectal temperature has the oppo-
site effect of birth weight. In this result, a

higher body weight infant has a higher rectal
temperature. Typically, an infant's weight
increases with age and these results show that
older infants have a lower rectal temperature,
which highlights the result that the effect of
body weight is independent of age. Therefore,
the elevating effect ofincreased body weight on
rectal temperature probably reflects the
increased insulation or surface area to volume
ratio of infants with a greater weight.
The results also indicate that parental

smoking and bottle feeding combine to raise
the infant's rectal temperature. One possible
explanation for this peculiar behaviour is that
infants who were bottle fed and whose parents
were smokers were more likely to be incubat-
ing a mild illness which was not detected by the
parents. However, as all data from infants who
were known to be ill were removed from the
analysis, there is no direct evidence of illness
affecting the rectal temperatures. The results
also indicate that, as parental smoking only
affects an infant's rectal temperature when the
infant is not breast feeding, the effect of
parental smoking is not through breast milk
but is likely to occur either in utero or through
passive smoking. From the data collected on

maternal smoking habits, it was impossible to
establish if the effect of parental smoking
occurred in utero or through passive smoking.
The relatively strong correlation between
bottle feeding and parental smoking (r=0-37)
highlights the difficulty of isolating the effects
of parental smoking habits and feeding regi-
men for studies with low numbers of samples,
thus contributing to the uncertainty of the

importance of bottle feeding as a possible risk
factor for SIDS. However, as a synergetic rela-
tionship was also identified for bottle feeding
and parental smoking in this study, it may
prove interesting to examine this relationship
in other areas of research.
A lowering of the rectal temperature of

supine sleeping infants may be a direct result of
the infant's ability to lose heat from the skin.
An infant lying prone or laterally is likely to
have the highly radiative region of the face
partially insulated against the mattress. In
contrast, supine sleeping infants may be able to
move more freely from under the bed clothes
and use hands for cooling when they feel too
hot. However, the validity of these hypotheses
needs to be tested.

Although the average room temperature has
only a small effect on the rectal temperature, it
remains significant such that a hot room
increases the rectal temperature. However, the
data were collected for normal changes in
room temperature (mean 205, SD 2.46) and
therefore cannot be used to predict the effects
of large temperature changes. Another envi-
ronmental influence is the tog level which is
not significant. The lack of significance of tog
level is probably a result of two factors. Firstly,
the measurement of tog level is not very accu-
rate as the tog values can only be estimated,
not measured, for each item of bedding and
clothing. Secondly, the tog levels do not in
any way account for heat loss through the
uninsulated skin of the face and in some cases
the hands. The effect of small changes in
insulation on heat loss is likely to be over-
shadowed by the highly variable fraction of
uninsulated skin that loses heat considerably
more rapidly than clothed skin. As a supine
sleeping infant can easily move the bedding,
the true level of insulation cannot be accurately
assessed over an entire night.
Of the variables listed in the table which

affect the rectal temperature two are direct and
major risk factors for SIDS. Both low birth
weight and non-supine sleeping raise the rectal
temperature of sleeping infants. Although
parental smoking, which is another major
risk factor for SIDS, did not directly affect
the rectal temperature, the combination of
parental smoking and bottle feeding signifi-
cantly raised the rectal temperature. Bottle
feeding has not consistently been recognised as
a risk factor for SIDS in the UK. However, in
New Zealand bottle feeding proved to be an
important risk factor.2 Gender is also an
important risk factor in that male infants have
an increased risk for SIDS.1 However, these
results found no link between gender and the
average night time rectal temperatures of
infants.
The predicted change in rectal temperature

that occurs, when the variables in the table
which significantly affect the rectal tempera-
ture come together, is calculated by summing
the products of the b values of each variable
with the change in the associated variable from
low to high risk for SIDS. For the birthweight
variable, the low to high risk change has been
chosen as 2 SD and for dichotomous variables
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the change value is two (the difference between
the input values of -1 and 1). Although the
combined parental smoking and bottle feeding
variable is not directly related to SIDS, it is
included here because independently, smoking
and possibly breast feeding are important. The
resulting increase in the night time rectal tem-
perature, which occurs when these factors
come together, is 0 26GC.
The results suggest that some of the risk

factors for SIDS have an effect that raises the
rectal temperature of sleeping infants. None of
the SIDS risk factors lowered the rectal
temperature. None of the infants studied sub-
sequently died from SIDS, therefore no direct
relationship between SIDS and increased
rectal temperature could be established. In
addition, the effect of the variables studies on
the rectal temperature appears to be small yet
it accounts for 0-93 of 1 SD of the rectal tem-
perature. Moreover, an infant who succumbs
to SIDS may have an increased sensitivity or
may have developed under extreme conditions
of the variables which affect the core body
temperature, thus the factors which affect the
infant's rectal temperature may remain import-
ant. Further research is required to investigate
these speculative hypotheses.
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